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four methods of obtaining Q i :—

i) Providing Qi Is not more than 15 - 20% of

I
the total desorbable gas content 'Q' then:-

Q1 ■* k tn 

k - a constant

n - 0,3 - 0,5 depending on the type of coal, 

but usually 0,5 Is taken.

11) Alternatively Qi can be determined 

graphically by extrapolating from time t ■ 0 

when coring Intersected the coal, until time 

t when the core was inserted in the cylinder

(FIGURE__Sometimes this method is quite

rough (13).

ill) To get Ql, normally a reading 'q' is taken 

by desorbing the sample for the same amount 

of time t, that it took to extract the 

sample and place it In the canister (5).

Then for n ■ 0,5

Ql - q(2 + 2) 

where q ■ Vflask x P_

PF

PF - atmospheric pressure 

underground 

P - pressure rise.

lv) In Germany Qi is simply considered as 

10% of Q2 * Q3-

b) By allowing gas to desorb and measuring it as

above (i - 111) until the rate of emission Is

below 0,05 cm3/g for 5 days 'Q2' Is

determined (53). Ql + Q2 is the desorbable
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FIGURE 1 9 • Emii*lon ral« cutv«»: .4, Cot* fiom Inland til* 1 — 111moi* No. 6 cojlb«d, 
B, coi» ftoffl Inland tile 2 — Illinois No. 5 coalbtd; C, cor§ Iroffl Kipln 
»iU-Pocal\onlu» No. 3 coalbtd, ond 0. co«« Irom Prie* liU-CoslUjol* 
coalbcd (sobseum 3). ( 45)



gas content of coal which is considered relevant 

to t b * flow of methane into workings In the 

literature this figure is always expressed with 

respect to dry, ash free coal given by:-

Mass of clean coal - m (1 - 1,1c) 

m - mass of sample 

c - a 3 h  content

1) If the desorption meter method is used 

then

Q2 ■ Vfiask X - Xo

Xo “ initial methane content of the 

flask

X - final methane content of the flask 

before the sample is removed for 

determining Q3-

il) If the test tube and level meter method is 

used then

Pj - atmospheric pressure on surface

PF ■ atmospheric pressure underground

Tj ■ absolute temperature on surface

TF =• absolute temperature underground.

The residual gas 1Q 3 ' is dependent on whether 

coal is blocky or friable and is found by one of 

the methods described below.

i) crushing the sample to 200 mesh in a 

nitrogen atmosphere to prevent oxidation 

of the pulverised coal (16).

1 - X
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ii) Graphical means provided the coal can be 

classified a3 friable of blocky. For 

friable ccais only 6% of their gas content 

Qcis retained as residual gas but for 

blocky coals this figure can be 60%. 

Friability is related to fixed carbon FC 

(blocky <57% <friable) and Hardgrove 

Grindability Index (blocky <70<friable). 

Other less certain but none the less 

correlating factors are ucpth (blocky 

<LOOm < friable) tectonic activity, cleat 

spacing and fusinitd content. Results 

obtained by this metnod are shown in 

FIGURES 20 to 23 inclusive (53).

d) The total gas content 'Qt' is given by:- 

Qt » Ql + Q2 + Q3 m3/t

Often for comparisons this figure is converted to 

standard temparature and pressure (STP) (0°C, 

101,325 kPa) by:

or to atmospheric parameters for the underground 

site. It is considered that, with care, this 

method is accurate to within +- 0,5 m3/t.

Coal samples from various areas of the coalbed are 

commonly used to determine adsorbtion isotherms using 

the indirect methods. Once these isotherms have bee.' 

plotted, only pressure and temperature readings need be

2. 3. 2 Indirect method
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FIGURE 22

M W U  641 *1

R e s i d u a l  g a t  v t  f i n t d  c a r b o n .  ( 5 3 )
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FIGURE 23 Residual a».s vs

depth of coal (53).

1. Methane pressure = total 

pressure; water pressure 

= zero.

2. Methane pressure water 

pressure.

3. Methane pressure = water 

pressure.

4. Methane pressure water 

pressure.

5. Methane pressure = Zero; 

water pressure = total 

prossure.

Typical forms of pressure - time curves in 

boreholes into coal seams (14).

8
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measured in-situ. This i.s done by sealing the face area 

of the borehole either pneumatically by means of an 

expanded rubber collar, or mechanically. The gas 

pressure is taken as the in-seam gas pressure. Care 

must be taken if water Is used for drilling as the 

hydrostatic head .̂an lead to incorrect pressure 

readings. This can oe avoided by recognising the shape 

of the pressure build-up curve as shown in FIGURE 24. 

However, if adsorbtion data is not available, 

predetermined relationships between gas content, coal 

rank (which is related to fixed carbon) and depth can

be used (FIGURE__25)- If the natural moisture content,

percental volatlles and ash content are known, they 

can also be used (41). In addition if the geothermal 

gradient and pressure gradient for the area are known, 

temperature and pressure measurements are not 

necessary.

The volume of gas adsorbed by coal 'Q ' is given by

Q - k0Pn°-bT

where b - 0,14 cm3/goc

ko - 0,8 FC + 5,6 (FIGURE 26)

VM

n0 » 0,315 - 0,01 FC 

VM

- 0,39 - 0,13 k0

ko - constant (cm3/g atm) relrted to 

rank

no ~ constant 0,1 to 0,38 related to 

rank
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and pressure 'P'(atm) and temperature "I" 

(oC)are functions of depth 'h' (metres).

Phydrostatic ■ 0,096h

Usually seam pressure is less than hydrostatic

pressure and Phydrostatic la the upper

limiting case. In the U.S. the function normally 

used is:

P - 0,003 x h.

T - i,8 _h_ + 11 

100

1,S - average geothermal gradient in the 

U.S.

11 ■ average surface ground temperature 

(OC) in the U.S.

Combining the above gives

Q ■ (100 -  moisture -  ash) x Qw x

Qd

ko ~ b(1,8 h + 1 1 )

100

where the ratio of gas adsorbed for moist ccal 

gas adsorbed for dry coal Is given by:-

Qw ■ 1_____

Qd (Coxm + 1 )

- Am + 1



Co ~ constant

m - moisture content (wt %)

A - constant * 0,23

The above ratio generally increases with rank from 0,55 

0,85 with an average of 0,73 but an average of 0,75 

is generally used. To obtain this ratio accurately, 

isotherms must be determined for various moisture 

contents.

When compared with results achieved in the U.S., 

Belgium, France and Germany, by the direct method, the 

indirect method yielded 3,5 % greater valuos. The two 

results were within +- 30% but more usually within +- 

20% of each other.

Other indirect methods are:-

I) Continuously logging of gas emissions during 

surface drilling operations and then plotting gas 

content at intervals throughout the geological 

sequence, but this is laborious and expensive.

II) Taking samples from the sidewalls and using a 

relationship between the gas content of these 

samples and 1n-seam gas content (FIGURE 27) (1^9).
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FIGURE  27 Correlation between gas conten in the coa! of sid« 

walls and in the virgin coal seams in Poland ( 1 4 ) .
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TABLE 7

ADVANTAGES DISADVANTAGES

DIRECT METHOD

(i) If It la done In

conjunction with normal 

exploratory drilling it 

can be more convenient 

and less expensive than 

the indirect method, if 

this method aas to take 

pressure and temperature 

measurements into 

account.

(i) The results are 

only accurate for 

that particular coal 

in that area and not 

for the coal bed in 

general, especially 

in areas of the seam 

exists at moderate 

differences in 

depth.

(ii)Where workings already (ii) It requires drilling 

exist results are more of a hole to

easily and rapidly acquire a sample,

obtained by the direct 

method.
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ADVANTAGES DISADVANTAGES

INDIRECT METHOD

(i) More precise results can 

be achieved for distant 

seams which can only be 

reached by a borehole

(70).

(1) This method has only 

been proven for 

coals of rank 

exceeding sub- 

bituminous grading.

(li)More general estimates 

can be made for the 

whole seam in an arr , 

rather than relylnr on 

the precise result which 

only relates to that 

part of the seam 

tested.

(11) It has not been

conclusively proved 

that the laboratory 

derived equilibrium 

adsorbtlon isotherms 

hold true for the 

coal underground.

2.4 Methane Release and Flow

The desorbable gas content (Qi + Q2 using the 

direct method or Q using the Indirect method) from a 

worked seam can be released into the mine ventilatiou

by:

i) Migrating through the seam to the coal face,

il) Migration through adjacent strata V > the relaxed 

zone behind the advancing face,



3 .

iv ) Desorbing whilst being transported out of the 

workings.

There is a considerable pressure difference between che 

workings at atmospheric pressure and the 'igher gas 

pressure in the searj and adjacent strata, The 

adsorbtion equilibrium is disturbed and methane is 

released into pores and fissures. Some fissures are 

inherent in virgin strata, while others have resulted 

from fracturing of the strata due to abutment stresses 

and later relaxation of the strata (22). The methane 

desorbtion front moves slightly ahead of the face 

(10,43,54,58), but there can be a significant lag 

between mining operations and the resulting fall of 

pressure (69).

The mechanisms for this procedure is a two step process 

(64). The diffusion step is described by Fick's Law 

(64,125) which scates:-

iii) Desorbing from cut coal,

- 1 - a e"it

Q2 - quantity of gas emitted 

Q - initial gas content =* Q 1 + Q2 + Q 3 

a - constant - 0 , 6

- constant - D 2/r 2 » 0,006 - 0,010

R - radius of sphere (particles considered as 

spheres)

D - coefficient of diffusion » 1,9 - 3,2 x 

106 cm2 /sec

Q-

Qe - 1 - I e -Dw2n2t/R2
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For time ' t' small

Qe - 

Q-

2 s 

v

- G 

s - external surface area of particles

v - volume of particles 

G - constant

For most coals studied the equation for *t' fairly 

large has been found to be more suitable. The larger 

the coal lumps the slower the diffusion process.

The second step is laminar flow within fissures in 

accordance with Darcy's flow equation (64) which 

states: -

The rate of gas flow dq̂  ** A

dt M A I.

K - permeability of the solid

w - dynamic viscosity of the g s

Ap - pressure differential

A - crost. sectional area

AL - distance over which pressure drops

This equation requires the fluid flow to be viscous 

with the fluid adhering to the walls of the fissures. 

With gas flow this does not happen and slip occurs 

along the fissure walls giving rise to a greater flow 

and an apparent dependency of permeability on gas 

pressure. This is known as the Klinkenberg effect 

(58,74) which states that the relationship between

6/D 1 +V n  erf C 1 R 

R2 [r* n=l D t

- 3 D t 

R2

 D_t
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apparent permeabi. 

Darcy's permeability

where slip occurs (ka) and 

civen as:-

ka - k(l + b)

P

■ k(i + 4 c y )

b - constant

c - constant

r - pore radius

 - mean free path of gas

However for higher flowing pressures ( AP) and the 

permeability (k) below 20 m d , the Klinkenberg effect 

disappears.

The rate of emission is determined by either the first 

diffusion step or the second laminar flow-step, 

whichever provides the slower rate. That slower step is 

the rate determining step (RDS) (114). More methane is 

released per unit drop in pressure if the original 

virgin pressure was in the 0 , 1 - 4  MPa range than if 

the virgin pressure was above 4 MPa.

2.5 Porosity and Permeability

Porosity describes the storage capacity of methane in 

the free gas state in pores of coal. These pores take 

up 3-10% of the volume of coal (64) and can be 

sub-divided into two systems :-

i) Micro-pores - capable of being penetrated by 

helium
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11) Macro-pores - capable of being penetrated by 

mercury

Coal structure can be modelled as flat poly- condensed 

aromatic lamellae (33).

1) Low-rank coals (< 85% carbon (C)), have randomly 

connected lamellae connected by cross-links. Tbis 

coal is highly porous.

li) Bituminous coals (85-91% C) have some lamellae 

orientation but little cross-linking. Pores are 

practically absent and this coincides with a 

minimum porosity at 89% C.

iii) High-rank coals (> 91% C) have no cross- links 

but orientation has increased and so porosity 

Increases again.

For any type of coal porosity is relatively stable 

(112) and little affected by confining pressure.

Permeability describes the methane conductivity of 

coal. it is a principal factor relating to gas emission 

and again is subdivided Into:-

I) Micro-permeabllity - permeability of micro-pores. 

Methane flow is by diffusion.

II) Macro-permeabillty - permeability of fissures 

(also called macro-pores). This provides the main 

path for eruieslon by laminar flow.

Permeability is mainly dependent on the number an.l 

width of fissure!' and their (ontinulty in the direction 

of flow (74). The density of Inherent fissures or 

cleats is dependent on coal rank (60) and overburden
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pressure (14). These cleats are subdivided lnto:-

i) Primary or face cleats. Coal is more permeable in 

the dire tion of primary cleats than secondary 

cleats.

ii) Secondary or butt cleats. Typically these are 

roughly at 900 to the primary cleats.

High fusinite contents in coal cause the coal to be 

more friable and hence have more persistent bedding 

fractures (cleats) and therefore increased permeability 

(14). Coal full of connate water is virtually 

impermeable (13is).

As gas is emitted, coal contracts 0,2 - 0,5%, and the 

number and width of fissures Increases (64). Relaxation 

of strata has thy same effect (104,43 75,113) but to a 

far larger degree (up to 10%) (89). Initially 

permeability decreaa ^ by more than 3 orders of 

magnitude (21) in the abutment zone since the 

increasing stress closes the pores, causing a gas 

barrier ahead of the coal face (80,89,108,121) (FIGURES 

28,29). Further increasing strebo propogates fractures 

and increases permeability, but this happens only after 

the gas barrier has formed in front of this zone. 

Permeability of ccal shows a stress hysteresis effect 

(74) so even if recompression following fracturing 

again reduces permeability, it will still be greater 

than that of the virgin seam. PermeF.bilities range from

1 darcy t,o 1x10"° darcy (21).

Methods of measuring permeability of coal are:-

1) Placing a core in a triaxial loading cell and 

passing gas which is under pressure through it 

(FIGURE 30). Although accurate, results obtained
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are suspect because core drilling induces 

fractures. Also the core’s permeability may be 

orders of magnitude less than the perm.ability 

of the in-situ strata as a whole (48).

The cores must not be evacuated prior to testing 

as this causes a reduction in permeability (28).

II) Drilling two holes and injecting one hole with 

methane and a tracer gas (carbon 14 or sulphur 

hexaflourlde) and receiving some of it at the 

other hole (57). This method 13 liable to errors 

caused by gas leakage (14).

III) Placing a camera in a borehole and photographing 

the hole walls. The photographs are then computer 

analysed for permeability.

iv) Sonic velocity testing hao been tried buc attempts 

to correlate sonic behaviour with permeability 

have generally been unsuccessful (139).

2.6 Geological and Mining Factors Influencing 

Emission

2.6.1 Geological Factors

Large differences in gas content in the same seam ht.ve 

been measured on either side of a geological 

disturbance (72) especially large throw faults (more 

than 1,5 m ) . Where gas has to flow up dip through 

strata containing water, the water may also retard 

methane flow (94). Minor geological changes such as 

rolls, bad roof and a thinning in the coal seam 

generally Increase gassiness. Big variations such as a
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are suspect because core drilling Induces 

fractures. Also the core's permeability may be 

orders of magnitude less than the permeability 

of the in-situ strata as a whole (48).

The cores must not be evacuated prior to testing 

as this causes a reduction in permeability (28).

ii) Drilling two holes ,\nd injecting one hole with 

mechane and a tracer gas (carbon 14 or sulphur 

hexafloarlde) and receiving some of it at the 

oth9r hole (57). This method Is liable to errors 

caused by gas leakage (14).

ill) Placing a camera in a borehole and photographing 

the hole walls. The photographs are thtn computer 

analysed for permeability.

it) Sonic velocity testing has been tried but attempts 

to correlate sonic behaviour with permeability 

have generally been unsuccessful (130).

2.6 Geological and Mining Factors Influencing 

Emission

2.6.1 Geological Factors

Large differences In gas content in the same seam have 

been measured on either side of a geological 

disturbance (72) especially large throw faults (mo"e 

than 1,5 m) . Where gas has to flow up dip through 

strata containing water, the water ma> also retard 

methane flow (94). Minor geological changes such as 

rolls, bad roof and a thinning in the coal seam 

generally Increase gassiness. Big variations such as a



change In gradient can change the gas emission pa ' e m . 

Gas lv known to accumulate in anticlines and domes and 

their related synclines and valleys are less gassy. 

Pockets of gas occur where coal has been pulverised by 

tectonic activity. This can lead to outbursts where 

other conditions such as depth are conduslve (57,118).

The porosity, permeability and strength of adjacent 

strata are important factors as a considerable amount 

of emission comeg from adjp.cent strata. For Instance a 

porous bed which is also permeable could release the 

gas it contains into the workings, whereas an 

impermeable strata in the roof or floor which is strong 

and does not readily fracture, forms a barrier to gas 

entering workings (108).

Geological anomalies caii be determined before mining by 

the Radar Imaging Method (RIM) (96). these surveys can 

be done from surface by lowering a transmitter down one 

hole and a receiver down another, within 500 m of the 

first hole. By repeating this process at regular 

intervals a picture of conditions in the area can be 

built up.

An electromagnetic wave is passed through the coal and 

if some Intrusion is encountered the receiver will pick 

up a weaker signal. The signals are analysed by 

computer and a graphical depiction of the seam is made. 

Once mining has started, the transmitter can be placed 

at the headgate and the receiver at the tailgate.

2.6.2 Mining Factors

The proximity of previous workings which by now have 

become partially drained, may reduce gas flow into new 

workings. In this way, planning of extraction of seams
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can assist in methane control.

In gassy conditions, single heading development may be 

Impractical because of excessive concentrations of 

methane In the ventilation. A twin entry system suffers 

from methane pickup from the Intake rlbside before the 

air reaches the face. If three or more headings are 

used, the Inside entries are bordered by partially or 

completely predrained pillars. They can be used for the 

Intake, so reducing methane levels at the face. The 

outside entries are then uaed for returns.

To provide Increased volumeR of air to the face, use Y, 

H or W rather than U or Z ventilation systems, (FIGURE 

31 ) although the former three systems require at least 

one additional gateroad to the main intake or main 

return airways (02,117).

Another factor Is the type of ventilation fan employed. 

Waste areas are pressurised on starting a forco fan and 

become depressurised when it is stopped. Large volumes 

of accumulated waste gas then flood into the workings. 

Therefore no mine with ... methane problem should be 

force ventilated although the exhaust fans should be 

equipped with reversal arrangements. In an emergency 

modern radial flow fans or axial flow fans can 

respectively produce 90% or 40% of normal mine 

ventilation when reversed (102).

1) Advancing Longwall Mining

Generally a little gas enters the ventilation 

along the intake rlbside, more gas along the face 

and a little along the return rlbside. The 

pressure drop from the intake to the return causes 

leakage across the goaf and this flushes the goaf. 

Flushing prevents methane accumulations in the
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