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DETERMI}EITION OF GAS @N]BrI

cF coAl SBI{S

BY

n.o. Un 1 ard H. Bartoslq,ticz2

ABSIRACI

A methcd for the deternrination of the gas

content of coal seans is presented whidt

jmproves r:pon existing metl:ods. Tl:re metLpd

makes r.rse of a grawitational techniqL:e for

neasursr€nt of the gas desorbed. The arror:rtt

of lost gas is esti:nated by detertn-inj-rrg an

srpiricaJ. relationsL:-ip retating the desorpLion

of gas with tjne for each sanple separately'

This is to repiace ttre assrmqtion tlEt desc4>-

tjon folls,vs a square rcot la!'I with tine'

Inboratory i-nvestigations irave been ccrdtsted

wlr-ich indicate that the square rcot desorption

law dces nct frold good for carbon dj-oride'

Resul-ts of i.nr,esLigaeions on varior.rs factors

j-nfluencing the tecfrrique are presented' It

is shov,n that ce-efficients of tlre erpi-rical

equation are deperdent r:pon the elapsed tfue

and t].e period of cbsenraLion- Data about

gas pressure measursosnts is presented arrd it

is ccmcluded that gas pressure can be aprprori-

mated to 0.6 times the pressure bel-cr'r a qrLunn

of water equal to tle depth of cover. this

estinate is gocd enough for adsorption tests

to ela'llrate desorption cc-efficients' The

technique for repressurisation of the sanple'

\,lu*g"t Technology, Kenbla Coal & Coke Pty'

Ljmited, !,lollongrong, Nett South wales-

(Previor:sly C.S.I.R.O., Division of Alplied

Gec{r€chanics' syrdal, victoria' )
2c.s.r.n.o., Division of Applied cffr€cLlarlics,

Sr,rdal-, Victoria.

alorrg witJ. the equigrent rqrrired, is described'

]NTFODTJCTICN

The deterrninatjon of the gas c-ontent of

coal seams is of firndanental jrrportance in

the planning of ventitation s)€tsns in coal

nr-ines. Its ilrqDrtance lns increased verl

rapidly over the last 10 years, majlly due to

developr€nts in highly productirre longwall

eqr:ipent. l4odern eguiprnerrt capable of

producing r4> to I 000 tonnes per how,

reqriJes that the errvironnenrtal corditions'

both gas and dust, be kept witl:-in specified

the effect of specific nethane snission

(*3rzt) on tlre production potential of the

rrcrking face is given in Fig' l' It is

obvior:s that in the plaln-ing of any operatl-on

jl gasql mines, slecific gas gnissions for

thre area must be }rrorn:r h advance' For

o<anple, i-nvesligatior.s cn gas qn-ission at

west cliff collierlz were @ndust€d before the

jltroduction of longn"a1l njlliJlg' It was

onlcuded ttlat gas enr-ission frcrn the Bulli

Seam must be reduced by at least 508' if

prodrrction of 6 000 - 7 000 tonnes per day ls

to be adtieved.

Estination of gas content is rot only

essential for rentilation, but al-so perrrlits

assessnent of outbursts of gas ard coal

hazards j-n advance. rt helps il tire pfann-ing

of suitable rnining netbods, selecLion of
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trt.irri.ng equiFEnt and layout to cqnbat these

conditions. Gas cont€nt estimation, as orie

of tl:e ijrportant IErar€ters to be measured in

the early stages of e><ploration, is beonjlg

- : n i n l r r  r m a # q l

MHTTIODS OF ESIIj4ATIIG TIIE GAS CI]NIENT OF

COAL SEAI4S

Sone of the earliest atternpts to flpasure

the gas content of coal were nnde by Graham,

(1937-8), but intensive investigations realIy

began in the mid-sixties with develo;rents in

the U.K., Cernany, France, BeJ.giun and the

U . S , A .

l4ethods for the estjration of the gas

content of coal seams can be qrouped into bvo

categories:

(i) Direct

R.D. Lana ard H, Bartosisricz

I  -  a .ea  -  4  a2  ,  a i r  san t i t y  =  L6  n l ,  d rahage =  u l

2  -  3 rea  -  +  m2,  " i r  quet i . t y  =  16  63 ,  d r3 inage -  50 !

3  -  a rea  -  e  n2 ,  a i t  q ranr i l y  =  24  ml ,  Cra inage =  n i l

4  -  eea =  6  n2 ,  a i r  qu i l t i t y  =  ?4  n3 ,  a ra inage =  5or

5  -  {ea  =  a  o2  ,  : i r  qudt i t y  =  32  n l ,  a ra i .nage =  5o t

(ii) Indirect

Direct metiods are based upon extracting

a coal sanple, encl-osing it in a sealed

ctranber and neasuring the gas evolved frqn

it. Indirect nethods are based upon either

gas adsorption characteristics of c€1 under

given pressure and telperature conditj-ons, or

other erpirical data obtained fron existing

mjnes which relate the gas content of coal- to

certain other related paraneters. A swrnary

of the various fiEthods is qiven in Table 1.

DIRFI MHNXCD

Sr:.s nei-hod was f,irst developed on a

scienti.fic basis by CERCHER and has since

been used in IYancen BeLgiun, Cernany and the

u.K.
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1 8 . R . D .  L e a  a n d  H .  B a r t o s i e w l c z

l a D r e  1 Methods o f  es t imt ion  o f  gas  conten t  o t  coar  seans

M e  t h o d
l '{e chods o f

K e q u l r e m e n t s  
i n E e r p r e t a i i o n

c o , r n r r v  
l t e c h o d  o f .  A p p r i c a b i L i c yu v u r r L ! J  

m e a s u r e m e n t

D IRECT Co res Requ i res
knowledge o f
gas  emiss ion

n 6 n a n , l i  n o  r t n ^ n

t i m e  l o s t ,  c o r e

qua l i t y  and

app l icab  i1 i  t y

u !  t s d >  s r r ! J J r u r r

laws .
1 5 g l + + 2 0 2

U .  K .
I T  q  A

Aust ra l ia

Vo lumet r ic
gas  emiss ion

at  a tnos-
p h e r i c
pres  sure
fo l lowed -bY
crush ing  '

Good f rom

s u r f a c e  b o r e -

ho les  and
d o u b t f u l  f r o m

underground
b o r e h o l e s ,
f  rac  tu red

c o r e s  e f c .
D e g r e e  o f
C - ^ ^ t , , - : ^ n
! r d L L u r r r L 6

i n f luences

D IRECT
o f

f r a c t i o n s .

Enpi r i ca l Po land V o l u m e L r i c  E x i s r i n g  m i n e i

g a s  e n i s s i o n .

I n d l r e c t  L u m P s  o f

S  t a t i s  t i  c a l  c o a l

S t a t i s t i c a f
^ - . ^ 1 . , ^ i ^  ^ €
d L r d l t  J ! J  u !

gas conten t

+  2 0 7 ,  s r .  a t i s -  U . K .

E ica l l y  measured

va lues  f rom face

samples  are  con-

s i s t e n t l y  h i g h e r .

S a m p l e  ( 3 0 -

4 0  m  s i z e ) ,

co .L fec t ion
a t  t h e  f a c e

and es t imat -

i o n  o f  g a s

c o n t e n t s .

For  seams
under  n in ing '

f a c e  s a m p l i n g ,

a p p l i c a b i l i t Y
r o  h i g h l y

var iab le  and

h i g h  r a n k  c o a l s

u o t  p r o v e d .

I n d i r e c t  P r e s s u r e

Adsorp t ion  measurement

iso  thems and
sanPI ing .

D i r e c t
r o e r l i n o  f n r

adsorp t ion
i s o t h e r m s .

Depend ing  upon Po land Vo lumet r lc  For  seams

pt l r " t t "  USSR techn iques  under  n in ing

measurements  Aus t ra l ia  and grav i -  and seams

and sampl ing .  Gernany  met r ic  l y ing  above or
-  

L O - 2 0 7 . .  t e c h n i q u e s '  b e l o w '

I n d i r e c t Prox imate
- - ^ 1 . . ^ i ^

o f  c o a l .

L n e m l  c a r

a n a l y s i s

New and
e x i s t i n g  n i n e s .

Ch erical

r00",1 U  S S R
i l q t

v o l a n o

I n d i  r e c t Exhaus t
Vent i la t ion

Sub t rac t ion
techn iques

Aust ra l ia  CH4 or  C02
gas
ana lYs is

Ex ls t ing  n ines+ zo7.

l nd i  rec  t Sanp l ing  o f

exhaus !
mine  a i r

Empi r i ca l + 50"4 Germany
U . S . A ,

"t

V o l u m e t r i c  E x i s t i n g n i n e s
sene ra.I make

e m i s s i o n .  o f  g a s .
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The originat nrethod consists of sampling coal

searns by drilling and enclosing the cuttings

in a contalner as soon as possible from which

the gas conten! QZ is measureo

volunetrically (Bertard et al., 1970; Belin'

1971) .

lbe sarnple is then crushed in a sealed

chanber and additional gas evolved (03) is

measurd. Crushing is done at atlTosFheric

pressure (GerTnany, FYance, Belgiun' Poland

and the U.S.A.)  '  or  at  zero part ia l  pressure

(U.K. ) . The arnount of gas l-ost during

extraction and transfer (Qf) is calculated

using the relationshiP

o  = K i F l n  { r )

'Ihe value of n is either caLculated from

desorption daf-a or assr-::ned. the ltench

(tsertard et .  d l . ,  i970) and the U'S"A'

r -nvest i .gators (Kissel  et-  aI- ,  l -973) bel ieve

this to be 0.5;  U.K.  (Aire l r ,  1958) '  bel ieve

'"hat its value varies between 0.25 - 0.3' and

"krmans' betvTeen 0.3 and 0.35. The error rn

ihe val-ue of Qi, however, by using n = 0'3

instead of 0.5 will be al-nrost I00t' The

rotai gas content rs then given bY

1 .
Q-{] +Qr+Qa m'z't i2)

Certain irodifications of the direct

method have been tried- These include

sealing of the sample in situ (Ettinger et

a l . ,  1958; L j -d in et  a l . ,  1965),  and seal ing

of '.he core barrel (Tarnowski, 1960). sorne

investigators believe that the methods of

direct determination are not accurate enough

io warrant the calculation of lost Eas and

instead assurne this quantity to be IOt of

(O2+Q3) -

Ttre size and shape of the sampfe ls an

important consideration in the direct method

and it is here that conflicting views exist'

The authors believe that it is im[Eratlve to

obtain full cores to determine accurate.l-y the

gas content. The FYench (C$CHER) bel-ieve

that it is sufficient to obtain cuttings of

Zm size and above with a total mass of

tOS. In the U.K.,  a saq) le of  30S is

supposed to be sufficient to grve the

required accuracy.

INDIRtrI METTIOD

The i-ndirect metirod has many

rzariations, llnese include:

{a) adsorption techniques where adsorption

isotherrn's are obtaj-ned in the laboratory

and pressure fieasurements are done in the

field' and

(b) empirical 'Lechniques based on estl'mation

of the gas content frcxn certain indirect

measurenents where the correlation has

already been established between these

indirect measurenents and the gas content

of a coai sean or an area.

}.basurernent of pressure in the field

presents problerns in highly porous seaflls

where the pressure gradients are low and the

iength to which holes must be drilled is

J-ong, particuJ-arl1r when measurement is done

from underground. Sealing of holes, length

of seals and measurement tirne are some of the

problems that need to be satisfactorily

overcome before Lhese measurements can De

made. l4ethods are available to sol-ve these

problers, and ap[xolxiate answers have been

found and tried with success.

A nunber of indirect methods exist and

have been used to estirate the gas content of

coal seans. These include exhausE

ventilation sampling (Lana' 1980) t sarnpl-ing

from r ibsj .des (Tarnowsr i ,  L972);  use of
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4 0 .

arpirical data relating ttle gas ernitted into

ventilating air and the gas c€ntent of ttre

coal (Noak, l-975); proxirnate analysis and gas

adsorption correlation (Ettinger et &1.,

1958 ;  K in ,  1977 ) .

DIRESI MHTIIOD USINTG GRAVITP{TIOT{AL TMNIQUES

ltrile conducting tests using the

conventional direct lrEttlod' as develoSnd by

Bertard (1970) and nodified by USBM, it was

realised that large errors resulted in the

estjrEtion of the gas content of coal seans

because of the follovring factors:

(i) the emission of gas from coal

samples is sensitive to changes ln

pressure. The use of large sized safiIpl-e

containers to accomncdate the full length of

the core requires large capa.city measuring

cylinders. Ttris resu.l-ts in subjecting the

coal samsrle to a sudden vacuum as t}le sanple

container is connected to the llEasurrng

cylinder.

(ii) When the gas content of a coal

seam is large the neasuring ryIinder needs to

be reptaced frequently. D.rring this stage,

there is a build up of pressure (above

atsnospheric Pressure) which causes a change

in the cqtdition of gas emission fiom tie

sarnple (slowing down of the gas ernission

rate)  .

(iii) When cores are fracturedrloss of

gas in the initial- stages is verY high and it

is advisabLe to close the valve of the sanple

container j.nnediately on enclosing the

sample. The tinre efap6ed between the start

of measuring gas (first reading) and

enclosure of the safiq>le results in a build up

of positive [xessure invalidating the rEthod

of analysis.

R.D. Lm and 11. Bartoslericz

(iv) Artonntion of the gas Ineasurrng

systen is very difficult and costly.

To overcome these difficulties, the gas

emission measurefi€nt technique has been

fipdified and a new IIEthod has been used

where, instead of voIuIIEtric fl€asure$Ents,

graviJr€tric techniques are adopted to measure

the gas emission of a samPle.

the equignent used in the nethod is shovm

i-n Fig. 2. It consists of a sanPle

container, a lercury seal, an electronic

digital balance and a digital recorder (not

shown in the figiure). In case of a high

moisture content of the sample (wet drill-ing)

a moisture absorbing attachnent is connected

to the sanpling tube.

Eig.  2 Gravi:retric gas

adsorption ceII with rnoisture

adsorber

Ihe accurasy of the syslem dePends upon

the balance. For coa1 54mp1es uP to l-5kg

weight catEcity the accuraql in measurenent

is l.5cc for CII, and 0.5cc for Cl3r. For

The Aus. l .M.M. l l lawarra Branch Symposium,
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R.D. L@a anal lI. Baatosiewicz 4 L

samples greater than l.5kg weight, the

accuracy drops because of balance limitations

and is approxinately l5cc for CH4 and 5cc

for CO". The accurary in gas measurernent

in aa/o i  s l^raf l -ar Fh:n O f t f t - |aa/a F^r aH

; a A  n  n n ) c ^ d / a  F a -  6

the method of measurement of the gas

content is as follov,rs:

(i) Transfer the coaf sample inEo the

pre-cleaned and pre-weigkred sample container

as soon as possible.

(ii) Record the ctranEe in weight every

30 seconds in the begi.nning with the time

bebneen readings extending to several hours
^ F  1 - ! ^ -  - ! ^ ^ ^ ^
a L  ! a L E !  r  6 9 s >  .

(iii) Continue gas emission tests until

the rate of gas emissi.on drops to less than

0.l-cc/g/day, then transfer tne sample to an

adsorption bomb.

1iv) Pressurise the adsorption bonb

contarning the sampl-e to a pre-determined

pressure unt.j-l equilibrium is obtained, as

determined by the change in weight not

exceeding O.Alcc/g/day- the rnethod of

pressurisation is described in the following

sectron. The sample is then allowed to

desorb at constant temperature and the

desorption rate is neasured, starting within

45 seconds. The desorption data is

interpolated to obtain the value of n (8q.7)

using the Least square rEthod by using data

€or d i fEerent  t ime intervals (60-500s;

60-1000s and 500-1000s,  etc.)  depending on

the expected time lost. in field sampling.

The field curve is superinposed on the

laboratory obtaj.ned curve and the val-ue of n

rs obtained by matching the field curve with

the laboratory curve. Ttris value is then

used in calculating the losL gas.

RPRBSSURTSATION OF. SOAL SAI{PLAS

The coal- sampl-es are carefully renoved

from the sarnple containers and placed into

the adsorption borb. Ttre schenatic of tne

apparatus is gi-ven in Fig. 3 and is shown in

F i g . 4 .

The equiprent consj.sts of a gas supply

cylinder which is connected to a manj-fold

througt'l a storage reservoir and a pressure

regulating va1ve. The manifold has srx

independently controlled outlets to which

sarnple containers are attached using flexible

nyJ-on hoses and high pressure quick attach

fittings. The manifold is attached to a

/acuun pump wit-h a faciLity to monitor both

pressure and vacuum in the manifold, and to

the sample contaj-ners. pressure release

val-ves are incorporated to release pressure

in the manifold Iine on any of the sample

containers independently.

Sample containers (sampLe bonbs) have

isolation valves mounted on thern and are

placed in a ternlErature controlled water bath

surrounded by a copper sleeve. The copper

sleeve permits good thernral, conductivlty

without wetting the boft) surface.

The system is designed so that gas

adsorption tests can be conducted up to 7000

kPa gas pressure and at tqnperatures frorn
-lOoC to 40oC, All tests are conducted

at the temperature measured in the coal seam.

Before starti.ng tests, sampLe bonbs are

calibrated to determine Lhe gas holding

capacity of the bombs individually. The

bofibs are weighed when fuJ-Iy evacuated.

They are then pressurised to equilibrium at a

defined te{rq)erature and re-weighed to

determj.ne the gas capacity of the bontrs.

Cal-ibration curves are obtained for each bonb,

The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympos ium,
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4 2 . R.D.  Lma and H.  BaLtos iewicz

P re  s  sure
t r a n s d u c e r

Power
s u p p l y

Vo l  tmeter
I
I

-r
t l
';il;'

R e g u l  a t o r

C o a l  s a m p l  e

Fligh presswe aCprpLion systm.
,/a1ves; 13-lB Isolation valres;

I-6 Pr iruy suoply systfl; 7-I2 Presswe re
A-F Sar€1e bqirs

These curves show very clearly that for

methane the j-deal gas equation is acceptable

at pressures up to 4000 kPa' but for carbon

dioxide the ideal gas eguation is not

acceptaole at lxessures beyond ll-00 kPa.

The bofib containing the samPle j-s

pressurised Eo a given pressure. Gtange in

weight is nronitored until- equiJ.ibrium is

reachd. The increase in weight gives the

afiDunt of gas adsorbed in coal plus the

annunt of gas present in the enPty space of

the bornb.

I€t the weight of the bo(b = 
\ 

(S)

Weight of the sample and borb = w, (9)

!,leight of the sarnple

in the bontr = W, - W, (S)

!,]eight of bonb and sarnPle when saturated with

gas at  pressure 'Pr '  = w3 (g)

Density of gas at rqrP = .Pg (cc,/g)

V'clufte of gas (free and adsorbed at NIP)

in the bonrb = 
| 

Ut 
\11 n - J

L  J ,

Density of coal (Heliun density) = fc @c/g)

Vorurne of coar in the bonb = ( *- 
N')

\ P /
J E

I-et the volune of bonb (at NIP) = Vo (cc)

Free volurne of bonrc.not occupid by coal

(  "  l J ' I= I Y o -  n 2 -  
|

L l " J
Vohnne of gas (at NPT)contained in bornb at

oreqqrrre 'p- '  as obtained f rorn cal ibrat ionr 1

curve = Vf

FYee gas volume present in bodc at pressure

I n  |  . - j ! L  - ^ ^ r  - - - ^ r ^  : o n t a i n e d  i n  i tt l  w f  u l  u u a l  > d r b , r e  \

^ /  f  w - - h l '  I=  ' ,  l V " -  
' ' a  '  

I
Vo ' J6'
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R.D,  Lma and H.  Bar tos iewicz 4 3

r f t rn r rnh  +ho € i  r+  road i  ra  i  c  + r lzan  r  F fa r

about 45 seconds, tie afiotrrrt of gas released

in t-l.e fi_rst 45 seconds can be calcu-lated by

krrrvzing the total- anicr,lrrt of gas adsorbed ard

subtracting fror it t})e aror.mt of gas present

at the tir€ of tlrc first reading. Ttris

pennits the corq>lete desorption curve for the

sanple to be obtained.

DFSORPTION OF GAS FROM COAL

Tb ca-lculate tie anDunt of gas present

in a oal sanple and particularly tire losc
i !  r -  -^-- - ! r^ '  ' f  r .mderstand the9 d 5 r  a L  ! s  E - > s r u a f  u

necfianism of adsorption and desorption of

gas from @a1. A nunber of studies har,e been

conducted v/ridr npdel gas emi-ssion as flow or

diffusj-on. In ttre absence of lcrcr+1dge of

the varior:s pa:rafieters involved such as

pe.rr.eab 1-I iLy, d-i f fusion, particle dianeter

and shape, total quantity oE gas present and

initial pressure, the use of tieoreLical

fornulations is ncrt very useful in

ca-lculating desorption of gas frcrn coal

r:nder field conditions, Certain enpirical

formul-ations, based on sinpl ified relation-

slrips, are nore usefu-I. These are as

foll-ows (Lara, 1981) :

Fig. 4 High pressure gas adsorption/

desorption systen

Iherefore volume of gas adsorbed in coal_

t{IP)

The gas pressure in the sample is then

released. Tests have indicated that the gas
pressure tn the bonb reaches equilibrium

within 5-45 seconds after opening the valve,
depending upon the gas pressure and sa4>le
volLnne. The change in weLght of the sample
is monitored and the amount of gas released

IEr grarn of coal is cal-cul_ated. A typical-

Cesorption curve is given in Fig. 5.

3 _
q t = A J t

Q t =

Q * =

Q-

Qt

Q""

=[!r_r^,r,1 _ V ln"_
L  f ,  )  v " L

( 3 )

( 4 )A J t

,z l5T-
a-J T

[, - argf I
L r

a (+iQ t =
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R.D.  Lma and 11 .  Bar tos iewicz
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-:
;

I i m e  I  o s t

T i m e  ( L a b o . a t o r y )

s
T i m e  ( F i e l d )  4 0 0 0

.:

:

e

.Lr .  . .  Res , l t s  J i  labora@r ' l . .a1  f ie .d  desorp t im :ess  Mo L \e  u€  o f  l ry . rabry  lebmmed cc [ f i c -q t  n  - ,

estmte lost gas. (Sarple No. 12, gas m?, lost Lire 600 s€onds) .

itrere:

Q- 
= gu" desoroed cc,/g at time

O- = qas desoroed cc/g tn tjlne E,-1:

gas presenc cc,/g ilrunediatelY

before desorPtion,

A = constant,

L = tifie seconds,

. l  =  m r r i r r : l a n l -  ^ _ _ ! :  - r  _  I i  _ - ^ ! ^ _
v  e y u f j u  L ! , ' e  l € L  u ! ! r s  u r d r E u c l  t

)
D = coefficient of diffusion, qtt-/s

T = constant

Tb estijlate lost gas it is essential to

knc&r the law that a given coal would follotr

to permit interpolation of the curve.

The method adopted by USBI4 asslnned a

square root law (Eq.4). Ttris law was tested

under laboratory conditions and it was found

that cal-culating lcst gas using this rnethod

wou.Ld be seriously in error.

Table 2 shov'rs the results of cal-culati.on

of lost gas from the two conrnonly used

equations. these results show that the use

of the square root law to calculate lost gas

gives consistently low values. It is

therefore suggested that j-nstead of the

square root law, the modified Eq.7 be used.

The Aus. l .M.M. l l lawarra Branch Symposi i lm,
"Seam Gas Drainage wi th part icular  reference to the Working Seam",  May 1982
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M o : c r r r o z l

Snple no. gas lost

( c c  / q )

Cal-culated Cal-culated
1  ̂ . -  F  . . ^  -  1  ̂ - !  ^ ^ ^
r v - u  Y q -  a u r L  9 d r

( c c / g )  ( c c / q )

€*.7 E4'.+

Table 2 Conparison of actual and
rurL ydr (l-aboratory

investigation, dry sample, CQ)

nuch affected by the initial pressure within

lirits (5). The best nethod wculd be to

deterrnile the gas pressure i_n situ. In the

absence of this data an estiJrEte carl be made

frcrn the depth paraneters. Scrre data

cbtained fron Australia and overseas

ccr:ntries is given il Tabfe 4. Tris table

irrdicates tllat except for special

circLunsLances (close to outcops, hiSr-fy

faulted and fofded areas), pressure ould be

takerr as 0.6 - 0.7 of tl1e pressr:re at the

base of a cohlrn of water equal to tJ:e deptn

of cover. rtris girzes a reasonable estinate

of the pressure and pennits calculation of

the oefficients n ard T.

CASE STUDY

Coaf samples v/ere obtained from surface

drill cores. The gas composition was

analysed and it consisted rnainly of carbon

dioxide. Ttre lost tjme was estrnnted using

the following relationship:

tost Time = (Tirne core in sample container
- Tinre core on the surface)

+  0 . 4  x

(Tirne core on surface - Tirne core

extraction started)

Ftom fixed desorption measuronents the

a:nount of gas desorbed cc/g ).s calcul-ated and

is plotted. The best desorption

relat ionship is  g iven by Fq.7.  Therefore,
yl

Q t  =  A  ( ? /

The Iost gas (@) is desorbed during the lost

t.ines (to) .

1
2
3
4
5
6
l
I
9

10
l1
L2
l3
1 i

I 5
l 6
L]

8 . 4 8
2 l  . 7 2
1 4 . 0 3

5 . 4 2
6 . 9 0
b . ) )

1 3 . 4 0
a u . f a

6 . 7 5
9 . 2 6

l_0 .50
b . d )

8 . 4 8
1 0 . 4 0
r -3 .07
1 3 . 9 4
L4.I4

I  . 4 8

14 .02
5  . 8 6
7  . L 9
8 . 0 5

1 3 . 5 0
10  . 45

6 . 5 6
a . z )

t 0  . 45
6 . 8 4
8  . 4 4

10  . 28
1 3 . 0 7

2 . 7 r
o .27
2 . 2 7
3 . 2 6
4 . 3 4

a u . a )
r . 8 4
L . 2 6

r .  6 ]
o . 7  6
2 . 2 8
n t o

1 . 4 3
0 . 2 7
0  . 3 0
0. r-0

CAI-CUIATION OF 'fttE \ALUE OF THE COEFFICIETf n

The value of the coefficient n (8q.7) is

calculated b1z using the desorption data.

The results have shown that the value of n to

fit the curve is not constant, but depends

upon which section of the curve is taken.

The values cf n as obtained at various test

intervafs are given in Tabl-e 3. The value

of coefficient n is variable but it usually

decreases with increase in the elapsed time

from the start of desorption and the value of

T increases. The relat.ionship of (n/T) as a

function of elapsed tinre is given in

Fig. 6- It is therefore not possible to

assune any value of n, but it has to be
determj.ned for the sarnpJ_e under investigation

and the eJ-apsed tinre.

It is possrble Ehac the values of n and T n L I'  H D =  ̂  \
are dependent upon [tressure. Some initial

studies have shown that its value is not very

. n
f \- o l

T /
( 8 )

The  Aus , l .M .M .  l l l awa r ra  B ranch  Svmoos ium.' 'Seam Gas Drainage wi th part icular  reference to the Working Seam",  May 19g2
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lbble 3 Values of ceffieients n ed T lor coa-l saples, gas Gl4,
:'!iddle Go@nyella sed

Sanple no.

a imF in rF . , , r l  aondr - -d  r . Iue

used to  compure  or  jo . i i - c -L inLS

(s) (n) (r)

Coei: i . rent of  
.n.  _ __5

corlef3clon (c Y 10
\ t )

4 1  -

341 -

64r -

94r -

L24I -

1901 -

0 . 9 9 1
1 . 0 0 0
1 . 0 0 0
0 . 9 9 9
0 . 9 9 8
0 . 9 9 8

2 . 6 \
1 . 6 5
2 . 2 4
r . 5 8
l . 2 f

34r
64r
94L

L24L
190t
2501

0.337 4325
0.256 9a2r
0 .22a 8789
0.249 lf]38
0.223 14081
0-246 17043

340 - 640
640 - 940
940 - 1240

1240 - 1540
1540 - 1900
1900 - 2500

0 . 2 2 4  9 5 6 0
0,2I1 11400
0 . 1 9 5  1 3 5 3 4
0.206 t2067
0.203 l2aI4
0.184 15558

0 . 9 9 8
0 . 9 9 9
0 . 9 9 5
0 . 9 9 5
0 . 9 9 4
0 , 9 9 9

2 . 3 4
I .  B 5
1 . 4  4
t .  ? 1

l . 1 8

3 5 -
335 -
635 -
93s  -

1235 -
LB35 -

0 . 9 8 8
0 . 9 9 9
0 - 9 9 9
0 . 9 9 9
0 . 9 9 9
4.99' ,7

10.3?
2 . 3  4
I. it l-
1 . 3 r

335
6 3 5
9 3 5

IB35
2435

0.323 3114
0-224 9567
0.20s  L210\
0.194 L4826
0.204 12985
0.150 26230

4 5  -  3 4 5
345 - 645
645 - 945
945 - 1245

L245 - 1605
1605 - L965
1965 - 2645

0.307 4093
o.228 10284
0.232 r0023
0.208 )-2411
0.203 13?50
0.210 r269a
0.2r0  13817

0 . 9 9 3
0 . 9 9 8
0 . 9 9 9
0 . 9 9 9
0 . 9 9 0

0 . 9 9 9

1 . 6 2
r . 4 B

Table 4 Gas plessure in relatioo to depth in Australim
&d overseas @aI mines

CoILiery
(coa-I sem)

Gas Depth Gas
(td pressuae

sar yrerJuc

HlrC{ostatic tead

AIJSTRALIA

l{est Cliff
{Br1].i Sem)

Appin
(Brlli Seil)

I€ichhardt
(Gemini Sed)

CoUin*i11e
(Boren Sem)

Ib tropol i taa
(tuUj. Sed)

U . S . A .

(P@ahontas 140]
CoaI Bed)

(Pj.ttsburgh Coal
See)

Beatrrx ColLiery

clr^

cH4

0 . 6 0

0 . 7 1

0 . 9 1

0 . 5 4

0 . 4 9

0 . ' 7 2

0 . 5 4

0 . 8 5

520 4200

w2

L2

CHr

3000

4330

I360

4000

252

410

lillte: Eydrostatic head is taken as equal to depth withouE a€osting for
depth of water table.

The Aus. l .M.M. l l lawarra Branch Symposlum,
"Seam Gas Drainage wi th part icular  reference to the Working Seam",  May .1982
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( n / T  )  x  t o -
r a t i o

5
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F 1  ^ n < a d  f i m a  f  <  l

r ig .  o .  Va lues  oF ( re f f  i c iq t  (1 /T)  as  a  5mcr ion  o t  e lapsed L i re

Tabl-e 5 Cal-culation cf lost gas using the Al. Qt=A(t/T)n

{ t "  = s""  }
! n = o . 2 9 3 1

Desorption VOLUI,IE
TIME DESORBED

(t  )n ( t+t  )n- t t' o  o  o
{rL(Ot)

Y

- ' l

Solrt+t )n-t- n I
I  o  o l

60
r20
180
240
300
360
420
480

0 .085
0 .181
0 .250
0 . 3 1 9
0 . 4 2 0
0.49"7
0.5 '72
0 . 6 3 8

-2-464
- r .  /  t a

- 4 .  l d  /

- 1 .  I 43
-0  . 867
- 0 . 5 9 9
-0  . 559
-0  . 449

7 .338 0 . I 4 0
0 . 2 7 4
0  . 4 0 3

0  . 645
0  . 760
0 . 8 7 r
o .979

- r  .966
-L.294
-0 .91-0
-0 .642
- 0  . 4 3 8
-0  .21  4
-0 . I38
-0 .021-

The Aus. l .M.M. l l lawarra Branch Symposium,
"Seam Gas Drainage wi lh part icular  reference to the Working Seam",  May 1982
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Therefore the real anrrunt of gas desorbed

.  1 1  -  A  ( t + t " f
L { t f  E ( o -  "  \ - a -  |

Taking logs

f'(QJ= l, (|,) * t"[t'.ti-

-  t  I ^  \
A PIot ot trr $g) aqatnsc

should be a straight lj.ne relationship wittt

slope approaching 45o. Ttre intercePt

sives Ehe varue of I" (L--) ,
' t

'Ihe amount of gas IosL (Qo) can 
, 

be

calculated by j"ntro<lucing the value of to

into 8q.8. The total gas desorbed is then

caLcufated by adding the gas lost to the gas

desorbed froin actual rneasurefients. Table 5

gives details of calculations. Fig. 5 gives

results of actual measurements and the

desorption tests conducted on field

sanples. Thre close approxinati-on of the

curve obtained from calculated values of n

based on laa'oratory tests for the assurned

tlme to those based on field investigations

^^^^^*-nr ^ G^ f j.eld and calcul_atedl 5  duue l ,L@aE .

desorption curves in the region of lost time

lie very close to each other.

Eq. 7. The coefficierrts n and T are

dependent upon thre tirre elapsed from starE of

desorption. These can be deternriled

reasonably accurately by repressr:risilg the

sanple an<1 neasurilg tlre gas desorbed ol,er a

short lEriod of esti:rated tirre lost'
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CO}CLUSIONS
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and in the laboratory, is superior to the

volurnetric method conrnonly used. It has

also been shown that the square root law of
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under laboratory conditions. The lrpst

suitable ernPirical relation is given by
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. L ^ -  , l n e q  r h p  f i r e r  d p s o r n t  i o nq u c 5  L  r u r r

s t a r t  w i l l  d e p e n d  u p o n  h o w  t h e  d r i l l i n g  i s  d o n e

and what  the  loca l  cond i t ions  are .  Yes  i t  i s

f  n , a  r h p  i i m p  i q  c c f  i m . r a , J  F ^ r  a v e m n l p  : n

49

DISCUSS ION

R . J .  W I L L I A M S  ( C o l l i n s v i l l e  C o a l  C p n p a n y  L t d . ) :  t h e r e  i s  r e s i s t a n c e  t o  f l - o w  d u e  t o  c o n f i n e m e n t

I t  i s  s u g g e s r e d  t h a t  t h e  l o s t  g a s  c a l c u l a t i o n s anC to  the  core  bar re l .  UP unt i l  tha t  t ime a

or  - f ,he  los t  gas  de terminat ion  f rg .g  the  labora t -  much lower  desmpt ion  ra te  occurs  so  i . t  cor - id  be

ory  method descr ibed *y= i .  r .U t t tn t ia l l y  over that the true lost gas value isttsinso,h.r. 
'  '

what  rea l l v  i s  the  case.  I t  was  ind ica ted  tha t  be tween what  has  been caJ .cu la ted  and vhat  the

the  zer r l  t ine  is  a t  lhe  po in t  when th 'e  coat r  i s U . S . B , l ' I .  s h o w s .

cu t  a t  the  bo t tom o f  the  ho le  and under  thosa

c o n d i r i o n s  t h e r e  i s  a  h y d r o s t a t i c  h e a d  o f  w a t e r  R .  L A I I A  ( K e u r b l a  C o a l  a n d  C o k e  P t y .  I ; t d . ) :  W h a t

o n  t o p  o f  t h e  c o a 1 ,  A s  w e l l  t h e  c o r e  b e i n g  c u t  h a s  b e e n  s h o m  b a s i c a l l y  i s  t h e  t e c h n i q u e .  T h e

t h e  d e s o r D t i o n  r a t e  i s  s i m i l a r  t o  w h a t  h a s  b e e n  t h e  p a p e r ,  t h e  l o s t  t i m e  h a s  b e e n  e s t i m a t e d f r o m

done in  lhe  labora tory .  Up un t i l  tha t  t iEe the  t ime pu l l ing  ou t  tha t  core  is  s ta r ted  to  the

The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympos ium,
'Seam Gas Drainage wi th part icular  re{erence to the Working Seam",  May 1982
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t ime i t  reaches  the  sur face  bu t  nu lE ip l ied  by

the  fac lo r  o f  0 .4 .  That  i s  the  los t  t ine  wh ich

has  been taken as  i f  the  ho le  i s  fu l l  o f  water '

I t  i s  asswed tha t  the  gas  Pressure  is  on ly

a b o u t  0 . 6  o f  t h e  v e r t i c a l  d e p r h .  I t  i s  n o t

asswed tha t  the  8as  s ta r ts  l ibera t ing  f rom

the sample  imed ia te ly  on  s ta r t ing  to  pu l l  the

s a n p l e  o u E '  b u t  i L  s t a r t s  l i b e r a t i n g  o n l y  i f

i t  has  reached a  cer ta in  amount  o f  depth  where

the  gas  pressure  in  the  coa l  smple  is  equa l

to  the  hydros ta t i c  head o f  water  in  tha t

par t i cu la r  ho le .  The f igure  shown had rwo

sca les ,  one labora lo ry  and one f ie ld '  The

reason beh ind  tha t  was  tha t  knowi 'ng  very  we l l

tha t  p ressure  n igh t  in f luence,  the  samples  were

sub jec ted  co  h igher  p ressure  in  the  labora tory '

Us ing  the  da ta  even f rom very  h igh  pressures

and cor re laE ing  iE  w i th  the  f ie ld  da ta ,  i t  was

s t i l l  found tha t  the  cor re la t ion  is  p re t ty

good.  The fac to r  n  i s  no t  in f luenced by  the

pressure .  The fac to r  ob ta ined in  l :he  labora t -

o ry  cou ld  be  used to  t rans fer  the  daLa to  the

f ie ld  cond i t ions  a l though the  labora tory

pressure  cond i t ions  are  qu i te  d i f fe ren t  than

t h e  f i e l d  c o n d i t i o n s .

R .  K I N G  ( U . S .  B u r e a u  o f  M i n e s ) :  C o n c e r n i n g

the  dry  sample  wh ich  was used '  Cou ld  no t  the

over -es t imEion  o f  the  labora tory  versus  Lhe

los t  gas  be  due to  the  fac t  Ehat  the  sampl -e

was dry?  The same prob len  is  exper iencedwi th

iso therms.  Wi th  a  d r ied  iso them smple  the

theore t ica l  max imm gas  s to rage is  nuch h igher

than what  i !  i s  in  rea l i t y  because the  mois tu re

and the  gas  are  bo th  t ry ing  to  share  the  same

home.  Has th is  fac to r  been addressed in  th ls

over -es  t imat  ion  ?

R.  LAMA:  Yes '  the  e f fec t  o f  rc is tu re  on  the

adsorp t i -o r r  o f  gas  in  Ehe sample  is  very  la rge '

The f i -gures  vary  f rom any th ing  f ron  10-15 per

cent .  The ques t ion  ar ises  is ,  tha t  thesample

wou ld  no t  d ry  i f  the  sanp le  i s  sub jec ted  as

ear ly  as  poss ib le  to  the  labora tory  cond i t ions '

I t  i s  no t  necessary  to  evacuate  the  sample '

Normal  absorp t ion  tes ts  a re  done where  a l l  the

gas  is  f i r s t  evacuated  and then gas  is  pmped in

i t .  The f ie ld  samples  are  no t  evaeuted '  Ne i ther

are  the  smples  evacuated  in  the  labora tory  tes ts '

They  are  kept  as  they  are '  and tha t  i s  t rue '

though a  cer ta in  a rcunt  o f  water  s t i l l  ge ts  ou t

f rom the  coa l  sample .  But  the  ques t ion  is  tha i

i t  l s  no t  an  a t tempL to  de temine the  amunt  o f

gas  wh ich  is  Present  in  the  coa l  seam f rom

ind i rec t  method us ing  sorp t ion ,  i t  i s  an  a t temPc

to  de termine Ehe va lue  o f  the  parameter  n '

Resu l ts  show tha t  h igher  p ressure  adsorPt ion  Puts

in  more  gas  (w i th  o r  w i thout  water )  '  The arcunL

of  gas  though Put  in to  the  sanp le  i s  la rger '  bu t

the  va lue  o f  n  does  no t  change '  German inves tag-

a t ions  us ing  th is  fomula t ion  do  show tha t  even

Lhe va lue  o f  n  i -s  mre  or  less  independent  o f

the  gra in  s ize  o f  the  par t i -c les .  There fore  i t

i s  be l ieved thaE though th is  i s  a  b i t  more  t lme

consun ing  techn ique,  the  l im i ta t ion  o f  the  anount

o f  g a s  l o s t  i s  f a r  b e t t e r '  T h e  d e t e r m i n a t i o n  o f

gas  los t  i s  fa r  more  accura te '

I .  GRAY CAust ra l ian  Coa l  Indus t ry  Research  Lab-

o ia to r ies )  :  Ac tua l l y  there  seems to  be  a  vary -

ing  boundary  cond i t ion  as  the  sample  is  ra ised '

The sanp le  i s  cored  and then ra ised up  the  bore-

ho le  and Lhe hydros ta t i c  head over  the  smple  is

chang ing  en t i re ly  dur ing  tha t  per iod '  I f  the

e m p i r i c a l  0 . 4  i s  c o r r e c t  t h e n  l h a t  i s  f i n e '  b u t

i t  must  be  empi r i ca l l y  done.  The second th ing

is  tha t  in  work ing  in  conb ina t ion  w i th  Co l l ins -

v i 1 l e  C o a l  C o m p a n y ,  A . C . I ' R ' L '  f o u n d  t h a t

compar isons  o f  f ie ld  tes ts  a t  Co l1 insv i l le  Coa l

us ing  the i r  desorp t ion  and back  ana lys is  p roced-

ure  gave a  very  c lose  cor respondence indeed '

wh ich  g ives  some fa i th  in  the  ne thod '  I t  i s  a

log- t ime back  ana lys ls '  tak ing  in to  account  when

desorp t ion  wou ld  comence and f ie ld  va lues

measured underground 'us ing  pressure  and sorp t ion

curves .  I f  i t  i s  to  be  researched fu r ther '
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p o s s i b l v  t h a c  m e a n s  g o i n g  i n l o  t h e  r e a l n s  o f

s i n u l a L o r s  a n d  m u I t i  p h a s e  f L o w ,  b u t  p o s s i b l y

i t  i s  no t  worEh i t  l f  a  reasonab le  compar ison

c a n  b e  o b r a i n e d  w h i c h  a p p e a r s  t o  b e  t h e  c a s e

. , r F L  t s f l  ^ , . 1 - -  -w  L L n  L n  t 5  P a r  L  r c u r a L  r 1 n e .

R.  LAMA:  The coments  mde were  no t  on  use  o f

s o m e  s o r L  o f  q u a d r a c i c  e q u a r i o n s  t o  f i t  d e s o r p -

t i n n  n f  o e c  f r n m  r h o  n r - 1
6 c J  '  l v r u  > d u P r E  d 5  u s e u  u f

Col l insv i l le .  The coments  were  made on Lhe

s tandard  methods  wh ich  have been ac .cepted  wor ld

' -  ' -  - ^ ^  ' ' - b l e
w r q Y  L u r  c s L l r u d L ! r r B  L ' r <  L U 5 e  6 d > .  ! L  ! r  P u r - r

f h A r  r h e  o u a d r a i i c  e o r r a t i o n  c a n  b e  f i t t e d  i n  t o

t h e  d a t a  a n d  p r e t t y  c l o s e  v a l u e s  m a y  b e o b t a i n e d .

r F , . -  ^ , 1  t s q ^ t s  i ^  -  d , , r c r i n n  n F  a r r r r r o  € i f r i n od  9 u L J u ! v ' r

. . ^ ^  |  ^  A ^ ^  i ^ -  t s L ^  r L ^ +  . , i  F L
w d 5  L U  u E 5 ! 5 r t  L r r E  > ) > L e u r

va lues  o f  coe f f i c ien ts  de termined under  s imi la r

cond i t ions  on  the  same coa l  sample ,  an  in te rpo l -

a t ion  cou ld  then be  made '

That  seems more  sc ien t l f i c

r . F h a r  t s h r n  F r f  i n o  r ^  f i  r  -  ^ , , - i F . F i -  6 ^ , , . r i ^ r- r L  a  q u a q r a L L e  c q u a L f o n ,

. , ^ -  ^ ^ a ^r  u u  s d y ,  ' r u  d L L c u ' y L  L U  u 5 e  d , r )

T h e  n u m b e r  o f  c o n s t a n c sq u d u ! d L r u  c q u d L l w r r o .

tha t  wou ld  be  invo lved and have to  be  de ter -

n ined wou ld  be  so  many.  I t  seems bet te r  to  use

a s inp le r  fo rnu laL ion .

W .  H I G H T O N  ( N a t i o n a l  C o a l  B o a r d ,  U . K . ) :

_ ^ r - 1 . .  ! ^  . L ^  b e n e f i t s  t h a t  h a v e  t o  b eL U U N a r r S  n E r r r r t  L v  L r r c  L

obta ined f rom th is  research  work  i t  must  be

- - - ^ ^ i  F L - r  i f  i -  t , ^ F F h l o . c  l n i n o  r o c a r r r h  i Fd 5  L  c s u  L L r d L  L r , r s r r  u v r , r b

r  h e r p  i s  n o t  s o n e  D r o d u c t i o n  b e n e I i  C .  T h e

requ i rement  was ment ioned fo t  a  50% capture  by

m e L h a n e  d r a i n a g e  t o  m i n t a i n  a c c e p t a b l e  1 e v e 1 s .

Does th is  mean fo r  the  work ing  seam or  fo r  the

' ' -  F - ' f  t h e  s t r a t a  a b o v e  a n dL w  L d 1  E d D

be low the  work ing  sean?

N . C . B .  e x p e r i e n c e  h a s  b e e n  t h a t  o n l y  3  t o

5Z o f  the  gas  f rom the  work ing  seau is  capEured

b y  a  c r o s s  m e a s u r e  n e r h a n e  d r a i n a g e  s y s t e m .

Tracer  gases  were  used to  conduct  these t r ia ls .

F i n a [ I y ,  a p a r t  f r o m  u s i n g  c h e  p r e d i c E i o n  w o r k

* h e . r e a ]  v a l u e  o f  d e t e m i n -r r r  L t c 4 u a L , 5 5  t

i n o  r h o  r ^ r . l  o r e  p m i c - i ^ ^  . - ^ -  I . - - , . - l  tr r u , , ,  r u " S w d r  r

d  i s t r i c t s .  N .  C . B  ,  e x p e r i e n c e  u p  t o  n o w  h a s

been tha t  there  has  been an  er ro r  o f  as  much as

2  t o  I  i n  c h e  p r e d i c r e d  f i g u r e s .  I L  w a s  f o u n d

Eha l  p red ic t ions  are  mre  re l iab le  when based

o n  p a s r  e x p e r r e n c e .

R.  LAUA:  That  i s  a  very  in te res t ing  ques t ion .

In  re fe r r ing  to  the  amount  o f  coa l  wh ich  can be

p r o d u c e d  f r o m  a  l o n g w a l L  f a c e ,  o n l y  t h e  g a s

conta ined in  the  coa l  seam,  no t  o f  the  sur round-

' n t o  c o n s i d e r a t i o n .  A l s or u 6  s L r d L d

the  assumpt ion  in  the  paper  was based on  some o f

t h e  o b s e r v a t i o n s  f r o m  d r i v i n g  o f  h e a d i n g s ,  t h a t

poss ib ly  30-40% of  gas  is  l ibera ted  ln  the

d i s t r i c t .  M a y b e  u p  t o  5 0 2 ,  T h e  a s s u m p t i o n  w a s

' - r "  c ^ o / ' t  r h e  s a s  c o n t a i n e d  i n  f h cv t t L J  ) w t o

coa l  seam wou ld  be  l ibera ted  a t  the  re tu rn  end

- t , A ^  1 ^ - - , - l l  F - ^ ^  T t  i c  q o r a p r l  i i  i c  v aO r  L n e  r o n g w a t r u c e .  - -  - -  .  - r Y

hard  to  de termlne the  to ta l  a rcunt  o f  gas  tha t

w o u l d  b e  l i b e r a E e d  i n  a  d i s t r i c t ,  w h e t h e r  i t  i s

longwal l  m in ing  or  bord  and p i l la r  deve lopnent ,

The exper ience w i th  some ca lcu la t ions  fo r  West -

c l i f f  C o 1 1 i e r y ,  w a s  l h a t  t h e y  w e r e  w r o n g  b e t w e e n

1 0 0  a n d  1 5 0 % .  T h e  t h i n g  w h i c h  w i I I  h e l  p  t o

u n d e r s t a n d  w i  I  I  b e  h a v i n g  s u c h  t h e o r e c i c a l  u r o d e  I  s .

o r  r r s i r c  d i  F F e r e n t  L v D e s  o . [  f o r m u l a t i o n  f o r

d i f f e r e n r  t y p e s  o f  m o d e l s  a n d  i d e n t i f y i n g  w h i c h

mode l  poss ib ly  g ives  resu l ts  wh ich  are  c loser  to

what  a re  observed in  p rac t ice .  The ca lcu fa t ions

cannoE be done pure ly  on  any  maEhemt ica l  o r  any

hypothe t ica l  node l  w i thout  conf ron t ing  those

ca lcu la t ions  w i th  ac tua f  measurements .  The

) t F F i  ^ , , 1  r , ,  - - i  . . -  , . h ^ -  r h o r o  r r o  n n  r l e r r

par t i cu la r ly  in  some o f  the  cases  where  there  is

n o  e x p e r i e n c e  o f  w h a c  w i l l  h a p p e n .  I n  s u c h

cases  there  is  no  o ther  op t ion  except  to  go  to

some o f  those mode ls .  In  the  paper  by  Marsha l l ,

Lama and Toml inson ( to  fo l l -ow)  some daca w i l l  be

presented  in  wh ich  some 12 d i f fe ren t  methods  are

used.  These methods  have been used overseas  to

ca lcu la re  the  amount  o f  gas  tha t  w i l l  be  l iber -
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ared in  a  longwal l  opera t ion .  IE  is  found tha t  adapt ing  them to  West  C l i f f  cond l t ions ,  the

va lues  cou ld  be  any th ing  f ro0  x  to  5x .  I t  i s  amount  o f  gas  emiss ions  ar r i ved  a t  a re  so  la rge

very  good fo r  peop le  in  Europe,  hav ing  had an  tha t  lhese are  somet imes incomprehens ib le .  Once

exper ience.  West  C l i f f  has  used the  method tha t  these methods  are  used and conf ron ted  w i th  ac tua l

p e o p l e  u s e  i n  G e m a n y ,  t h e  u . K . ,  F r a n c e , P o l a n d ,  m e a s u r e m e n t s ,  p r o b a b l y  a  b e t t e r  a n s w e r  t o  t h i s

Russ ia  and Be lg ium.  Us ing  these methods  and prob lem o f  gas  emlss ion  w i l l  be  ob ta lned '
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