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overseas for alnrcst haLf a century. Real

advances in drainage of gas to conbat higth

emissions becalre practicable in the late

fifties and early sixties when the technology

',{as standardised to use it under a variety of

nining and geological condj.tions- Ttoday

melhane drainage is Sracticed in the United

Kingdcm, Germany, France, Belgiun, Poland,

Czechoslovakia, Hungary, brnania, U.S.S-R.,

China, Japan, Canada, U.S.A. and lbxico.

Australia entered the list of countri.es using

gas drainage on 3rd March, 1980 ,*ren the

frrst fuII scale gas drainage systeln was set

up and conunissioned at West Cliff Colliery to

drain gas from the tuI1i Seam. lbthods used

in Europe are different from those used in

fJ,crth America, Japan and Australia nainly

because of the different mining nethods and

al-so because of the timi.ted nuricer of seams

under extraction, relatively new coal fields,

and conparativeJ-y larger distance between the

seams. In spite of the difference in the

technj.que, the basic aj.rn is the same and that

is to improve ventilation and reduce

ventil-ation costs, alleviate dangerous gas

accumnulationr oV€rcoro€ outburst hazards and

ulti.mately nake mining safer and nore

efficient. Orer the last decade, there has

been large growth in the nunber of mines using

fiethane drainage. Ihis has chiefly come

about due to an increase in mining depth

resulting in higher gas contents of coal seams.

In the seventies six countries (l"lexico,

Australia, (trina, Canada, U.S.A., Rornani-a)

have adopted rnethane drainage as a standard

practice in sorne mines, In A:stralia there

are t14o mines which have surface gas drainage

insta]lations and at the end of l-981 there

were three cther mines (Collinsvill-er

Ieichhard, Tbhnoor) which were conducting

investigation on drainage of gas, There are

ottrer mines in lbw South Wales and Queenslarid

which fiIay be brougtrt into the category, but

may not necessarily adopt the technj.ques of

drainage that have been adopted at west Cliff.

},lINI}G CONDITIONS AT WEST CLIFF COI,LIERT

West Cliff Colliery mines the Rrll-i Seam

at a depth in excess of 500m (430-530m). The

thickness of the Bulli Seani varies for

2.3-3.0n. The innediate roof of the B:lli

Seam consists nainly of Coaf CLiff sandstone

(fine to mediun grained sandstone containing

occasional conglofiErales and shafe sands) but

in the northern and western li:nits of the

colliery holdings the funnedi.ate roof becornes

shale. A nufiber of minor dip-s]-ip
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faults occur in the searn and at sone places

have displaced it up to a maximum of lOrn, but
flDSt of the faults are srEl-ler ( < fm). The

seam is interfaced by a nurber of shear zones
(Strike-slip fault) running E-w wirich contarn

hrghly pulverised coal and form focii of
outbursts of gas and coal.

The devel-oFnent workings are affected by

outbursts and 125 outbursts (February I9g2)

have occurred since production conrnenced in
October 1976.

Srnce 1976, in excess of 6M tonnes of
coal (ROl) has been produced. Tfris coal has

been mined by developnent and depi-Ilaring

operations using the nrcdified l,bngawilli

meLhod of mining. In June 1992, a high

capact-Ly longwall system will become

operational. The system will use 900t yield

chock shield supports with a doubl-e ended

shearer and is planned to produce 6AOOL/day

with a face length of 130m.

PROBLEI\.IS OF GAS AT WESI CLIFF @LLItrPJ

C,as compositions at the colliery vary

from almost pure methane in the western and

southern sections and reaching up to g0? of

COZ in the northern areas. The nrajority

of workings however, contaj-ns about 9Ot of

cH4'

High gas emission at the faces in the

devel-oprnent headings have resulted in reduced
prcducti.vity rates in some panels.

Conparat.ively favourable roof conditions,

efficient layout, proper selection of

equignent, and innovative mining and

nanagement techniques have ensured that higil

outputs could be obtained usj.ng Joy

Continuous l4iners and shuttle cars. A

production rate of 2000t per day for a single

machine is possible and has been achieved

except when gas ernissions becane so large ac

the face that mining had to be stopped and

dilute away excessive methane emissions.

Presence of quartz in the roof has aggravated

the situation and a few ignj,ti.ons have

occurred at the face as a result of spa.rking.

The present production of the rnine is

about 7000 Eonnes per day. The ventil-ation

capacity of the fan is 350 m3ls. The

e*raust shaft. i.s equipped with the coal

winder and in accordance with the f,lew g:uth

Wales Coal l4ining Iaw, the maximum anrount of
pure methane in the main return shaft

vent i lat ing current  is  l imi ted to 3-544
1 .

m'ls. Investigations over two year period

(Fig. 6.) showed that the anrount of methane

emitted wi.th the ventil-ation circuit

continues to increase a1'rrx:st linearly with

trne and reaches a critical limrt even when

there is no extraction of coal. In Decenber

L979, the gas emission had al_ready reached

2.3L5 *3/". Thi.s quantity had increased

by 309 over the six months period. This

woufd necessitate changing fan capa.cities and

relocatrng of winding necessitating sinki.ng

of another shaft unless stelE are taken to

decrease gas emission into mine workings.

Ihe only accepted method of control is
drainage of gas. It was also realised thac

if seam can be pre-drained, it may be
possi.ble to decrease the intensity and

frequency of outbrusts, i,inprove safety and
j.ncrease efficienry of cutti.ng operations at

the face.

Changes that have occurred in mj.ning

technology over the last decade and

particul-arly in the last 5-6 years in the

develoSment of hi$ capacity shield roof

suPports for mining of thick searns cannot be

overlooked in any progressive operations.

In 1979, it was realised that if a high
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capa.city retreat longrwall mining h,as to be
introduced, rnethods of reducing high gas
emissions were necessary. These factors led
to the conclusion that gas drainage is a
necessi:y for the fut'.re of the mine.

Methane gas content of B:Ili, Balgownie,
Capehorn and !,ficngawilli seans and the
interlaying rocks has been estjrnated. Tlotal
reserves of methane gas at West Cliff, l$est
Cliff E<tended and t{orth Cli-ff leases is of
the order of  7.7 x I09 *3.  I t  is
possible to pipe 40-50t of this gas usi.ng
drainage technology. Without gas drainage,
rnethane wil-I enter the workings and dil-ution
using standard ventilation techniques will
not be adequate. It is jmpossible to work
these areas efficiently without supplementarv
gas emission controls.

INVESIIGATION II\NO DRAT}{A@ OE GAS

AT WESI CLITF COLLIER(

Tb properly plan a gas drainage system at
a mj-ne, requires infornration on gas [xessure,
gas qualities, location of the gas
reservolrs, per[Eabi]-ity of ttre seam. It rs
essential to determine opti:num suction, area
of influence of the drainage holes, effect of
various geological factors on flow rates and
rnteraction of mining method, stress and rock
properties and develoSxrent of fractures and
refaxation zones around mine excavati-ons.

Phase I of the investigation included gas
content, in-seam gas [tressure, optirnun
suction, area of influence of holes placed in
coal in pre-drainage. The results of these
investigations and developnent work required
for the purpose are desqibed el-sewhere
(rama, R.D- I9g0), and are only sunrnarised

he re .

Gas content of the seam determined by

both direct and indirect methods resulted in
a

a value of 13 m,/tonne (raw coal-) for the
&:]-1i Seam. Gas pressure measurenents gave
a maxrulm pressure of 26-10 kpa, at a hole
depth of 4ftn but it is expected that higher
pressures of the order of 3500 kpa do
occur. The zone of fracturing around
roadways was measured using indirect
techniques and it was found that the zone
extended not beyond gm from the coaL rib.
Ihese paralreters formed the basis of the
deslgrn of grouting system. The sprere of
influence of drainage hol_es in coal- was
determjrred utiJ-ising insitu gas pressure and
it was found that the maximr-rm distance
between drainage holes could be as high was
60m. The various trEranEcers are given in
Thble 1.

Tbble l-

Pre-drainage parameters,

BulLi Seam, West Cliff Colliery

Paramater VaIue

Maximun

gas Pressure

Gas Content

Zone of fracturing

around roadways

Sphere of inffuence

of hol-es in coa]-

Initial flow rate

(zure methane at

free flow)

Fl-ow rate at a

suction of

150nrn of Hg

2670 kpa

1: m37t (raw coal)

6 - 8 m

21 - 60n

3.3 x ro3 t/d/m

6.6 x La3 r/d/n
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Fig" 2

optimum spacing of drainage holes drilled

into the solid was determined based upon flow

rates and Iead tifte and varied belween

l2-18m. Ttre suction at the holes varied from

25-30 kPa and the lErcentage of nethane gas

frorn the soli.d has varied between 95 - 97t.

Orerall percentage of methane drained from the

solid varied betueen 80 - 85t' Figs. 1 and 2

P, I4arsh-Il, R.D. Ialrla and Eric TlolTrlinscn

Fiq. I Arrangs(ent at an -in-seam drai:rage hole, I'trest Cliff Co11iery
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Effect of suctioo on flc,!,/ rate from an in-seam hole,
Bu1li sedn, West Cliff Colliery

3 5

give the general arrangement at the hol-e and

t)pical effect of suction on drainage of Eas

from the holes in the solid coal.

Drainage holes are connected to 250lTm

diameter nnin gas drainage ranges v.&ich are

connected to the district ranges having a

dianeter of 350mn.
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ALI district ranges are moniEored for

purity of gas and can be isolated in case

the purity drops below a certain ljrnit or,

if these ranges require repair or extension.

Artonatic continuous rrrnitoring of nethane

lErcentage incorporating an alarm system

ensures that necessary renredial action can be

performed quickly.

In the last 24 nonths to March 1982,

482 holes have been drilled in coa]- with a

total length of approxirnately 51000 metres.

a
g

E

'

:

a

5 0 L

J O

{ q o l  i e d  S u c t i o n , k P a

Fl-g. 3 Effect of suction on gas e:<tracted and drainage syst-em paraneters

Tbta-L nr-rnber of holes on l-ine 306 - goaf drinage, test duralion 24 hours at

eacir sucLion.

TE:st Pcint 1: L\:C.,3002 with 30? recirculation; tbst Poilt 2: 1x9,3002

wit-h no cj-rculaLion; Test Poillt 3: L.10,3002 + I 9.3002 with 502 recircu.Iation;

Tbst Point 4: 2{J,3002 with no circul-alion

Monitoring of drainage holes is conducted

at regular intervals througrfrout the Iife of

the holes. Each hole is monitored with

respect to the foll-owing pararneters:-

flow rate

gas composition

applied suction at the borehole

Drainage holes are dj-sconnected when flow

raLe drolE to about I0? of the initial flow

rate, or if the percentage of nrethane gas

drops beloc,r a 6re-determined limit.

The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympos ium,
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The effect of suction on the increase i-n

F !  ^ '  '  -  rpqt i  oncd hv var i  ousY u s - r r v r r c u  v I

invest igat ions on theorecical  grounds.

Lkperiments however, show very clearly that

suction does increase flow rates not only rn

short term tests but also i-n tests over

extended periods. Fig. 3 shows the effect of

suction over 360 holes. Ihese tesLs were

conducted over a 24 hour pericd. These

rcqrr l  fq qnnmrj-  1.hp Shoft  tefm tests that

suction does increase fl-ow rates by a factor

of approxi:nately tvo (Fig. 2).

Rate of flow for holes varies

c.cnsiderably. Very high flow races are

P. ihrsha.l-l, R.D. Larna and E. TbnrLinson

0 . i
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Erq. 4 Fld./ rate frcrn horizontal drainage holes in coal

(BuJ.li Seam) as a fi.:nction of Li:re. Average Lenqtn 9&n'

a\,erage sucLion = 25 kPa.

obtained when hofes intersect outburst

zones. In such cases average flow rate are 3

- 7 tinres higher compared to other holes.

ll:e effect of tinre on fl-ow rates from

hoLes is  g iven j -n Fig.  4.  Flow rates have

been corrected for any change in suctj.on

during the period. The life of the holes is

aFproxinrately 4 months. The lxedi.cted values

at no sucti.on were ai,,,r'- 240 days" Since

suction increases flow rate by a factor of

approxftEtely 2, the proo-rctiuon time has
l - ^ ^ - r  F ^  L - l  F  c i ^  ^  . ^ ^ 1 , , -  i .  . l , ,  n - a , , ^A U [ r [ € u  L O  l l d f  - .  l l l ] S  U  l : l U I u J J  c I l  P t u V e S

the ef fect  of  suct ion on rncre:s ino rate of

TIOW.
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Table 2

Drilling perfornrance using Aci<er "Big John" drill nnchine

Hole

Nurnber

Iength Drilling

of llcle, Time

rT|eters

I

2

3

4

5

2ll-

2IL

2LI

3L2

3L2

'72

352

223

L96

I hour

8 days

4 days

5 days

Ionqhole Drilling

Thp f fpqanl-  qvqf cm nf dr i  |  1 i  no hol eq inJ J s e e r r !  v r

coal and in the floor utilises a modified

Atlas Copco Diarnec 250 nrac*rine. this nrachine

has capaciLy Lo drill up to 200m, and hole

length of f74m have been drilled successfully

in coal and l20m in rock. The diarneter of

holes for pre-drainage in coal is 50m with

reaming of the hole col-l-ar to 85m to a depth

of 9m to acconrnodate PVC carbon impregnated

anti-static standpipe. The diameter of the

floor holes is 57nrn with the top 6m reamed to

I0Onrn.

Ionghole drilling in coal presents some

najor problems. It is essential that both

the horizon and the direction is maintained

within limits. A nunber of different

machines including C'ardner Denver, Edeco and

Acker "Bj.g John" drill- have been tried. A

Iength of 160m was successfully Crilled with

Edeco. The naxim-m length that has been

dri-Iled with Gardner Denver was 40m. Both

these nrachines proved very slow lhough the

hol-es nrainr.-ained their horizon and direction

within li.mits.

A large scale trial was conducted using

the Acker "Big John" dril-l in conjr.rrction with

A.C.I .R.L.  This system ut i l ises stabi l i -sers

and nonitoring of both azimuth and inclj-nation

is done using Eastran single shot survey too1.

A total of t holes were drilled using thrs

machine with a total length of 2200rn. The

maximum length of the hol-e drilled was 47fm

The exg:erience in mai.ntaj.ning both the horizon

and the azimuth of the holes has not been

encouraging. The major problem occurs when

the holes hi t  a mvloni t ic  zone. At  th is

stage, stabili,sation of the drill string was

to be discontinued due to blockaEe around the

stabilisers, slowing down of penetration and

stalling of the machine. Drilling Lhrough

these zones needs higher horse power than

provided by a 50hp motor on the machine. The

machine also suffers due to high ifircbility if

it has to be moved from one section to

another. Setting up tirne is long and

tranrning of the drilJ- rig under its ovin power

is not possible except over srrEll-

Granges in

Height over

tie length

Deviation in

azimuth over

the Iength

0 '

440
. - or . l

IO

180

- 2

+ 1 2
- ' 7

+ 1 3

The  Aus . l .M .M . ' l l l awa r ra  B ranch  Sympos ium,
"Seam Gas Drainage wi th part icular  reference to the Working Seam",  May 1982



1 4 8 . P.  Marsha1 l ,  R .D.  Lam and E.  Ton-L inson

]Tz ' . -

\-

r -]I
il

l
I lo le  No 6  | /  H o l c  r o  5

It--l
l t

F i o .  5  l r n r i z o n t a l  d e v i a t i o n  o f  h o l e s  d r i l l e d  l d i n o  l c k e r  D r i l  I

d i s r a n c e s .  E x e e s s i v e  L e n g r h  o f  L h e  m c h i n e

m a k e s  i r . .  c e ' l  i n t  r t n  t .  9 O o  t o  C h e  u i s  o f

r o a d w a y - s  i m p o s s i b l e .  T a b l e  2  g i v e s  s o m e  d e r a i l s

o f  t h e  e x p e r i e n c e  r l r h  r h i s  m a c h i n e ,  l 4 o r e

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

a c  t h e  S y m p o s i u m  ( H e b b e l w h i t e ,  B .  1 9 8 2 ) .

D r r i n r q e  R e q u i r e n e n r s  o i  L o n g w a l l  M i n i n g

V a r i o u s  c o n s i d e r a t i o n s  h a v e  b e e n  g i v e n  t o

v A n r i l r ) r i o n  r e n i l i r - m p n l c  n F  e  h i o h  n r n a n i t v

l o n g w a l l  n i n i n g  o f  B u l l i  S e a m  a t  W e s t  C l i l f

C o L l i e r y .  T o t a l  e n i s s i o n  r a t e  m e a s u r e m e n t s

a L  L h e  n i n e  w i t l r  B o r d : n d  P i l L a r  n i n i n g
?

w i t h o u t  d e p i l l a r i n g  s h o w  E h a t  a b o u t  4 0  n ' / t

o f  o a s  i s  b e i n g  I  i b e r a t e d  a t  a  p r o d u c t i o n

r a t e  o f  4 0 0 0  t / d a y ,

J e p i l l a r i n g  a r e a s  i n c r e a s e d  g a s  e m i s s i o n
3 ,L r  o v e r  J )  n - / t  f r o m  t n e  g o a f  a r e a .  T h e s e

-  I  ' J  ^ - - - ^ ^ c h, u , r 5  P ! u u L P L e u  d  ! c v r > c u  d y P ! u d

i n t o  r h e  r a t e  o f  e m i s s i o n  f r o m  t h e  I o n g w a l L
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, ! a c e .  V a r l o u s  m e t h o d s  w e r e  u s e d  t o  p r e d i c t  g a s

e f r i s i j . o n  q u a n t i t i e s .  T a b l e s  I  a n i  4  g i v e  t l r e

r e s u l t s  o f  s e l e c t e d  c a l c u l a t i o n s ,  I t  i s  o b v i o u s

t h a t  t h e  v e n t i l a t i o n  o f  s u c h  a  f a c e  w o u l d  b e

i m p o s s i b l e  w i t h o u t  p r e - d r a i n a g e .  P r e - d r a i n a g e

o f  t h e  c o a l  s e a m  w a s  e s s e n t i a l  t o  i n c r e a s e

F  r  " + l o o n e n L  \ P a d i n p " .  P o i L -

d r a i n a g e  i s  e s s e n t i a l  t o  r e d u c p  e m i s s i : n  f r o m

L h e  g o a I  a r e a s .  T h e  m e t h o d  o I  g o a f  d r a i n a g e  i -

g i v e n  i n  F i g .  7 .  I t  i s  e s t i n a t e d  t h a t  a b o u t

t ^ o /  ^  c  ! L ^  " :  g o a f  s h a l l  b e  c a p t u r e d  b 1 r6 4 b  ! ! u ! '  L r r (

f l o o r  h o l e s .  I n - s e a m  d r a i n a g e  w i l l  r e d u c e  g a s

e m i s s i o n  a L  t h e  f a c e  b y  5 0 7 .  T h i s  w o u l d  r e s u l r

in  an  overa l l  e f f i c iency  o f  about  60 i i .  The

' - '  a t  r h e  f a c e  w i I I  b ed r r  9 u d L r r ! L f

r e d u c e d  t o  a b o u t  3 0  n 3 / s ,  a n d  i n  t h e  w h o l e

d i s E r i c t  t o  f e s s  t h a n  7 0  m f / s ,

ET'FECT OF Dfu{INAGE ON VENTILATION CONDITIONS

AT FACES AND OUTBURSTS

Pre-dra inage o f  Bu11 i  coa l  seam has
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Tab le  3

Smary  o f  gas  emiss ion  ca lcu la ted  by  us ing

d i f fe ren t  methods ,  Longwal l  Pane l ,  West  C l i f f  Co l l - ie ry

( L a n a ,  R . D . ,  1 9 8 2 )

1 4 9 .

S p e c i f i c
C . c

M e t h o d  -  .  
" * :

l lmls s lon
(F1oo r )

( 1 3  / r  )

S p e c i f i c  T o E a l
c a s  S p e c i f i c

Emiss ion  Gas
(Seam)  En iss ion

(m3/ r )  ( r3 / r )

Emiss  i  on

(13 / * i .

T o t a l  G a s
Emiss lon

In to  Vent
A i r

( *3  / r i . )

R a d i l i  r a d  t ^

Di- lu te  Eo
|  . 2 5

?
( n - l S )

Sweep ing
a long L . l , J

f a c  e

( '3 /  s  )

A i r  O ' , . n r i  F v n f r  Y u d L L L l L v

Fluge.

Gunther

Jeger

L i d i n

Schu l  z

W i n t e r

Koppe

Al  rey

Barbara  )

F v n  Y i  n p )

t .  L ]

1 4 . 7 9

r 0 . 4 1

I  t ' l

2 . 1 6

1 . 8 9

1 0 . 6 2

L 5  . 0 1

6  . 8 8

4

2

2

4

4

4

4

1 . 8 2

4 .  1 6

5 . r 1

t 6 . 7 9

I ?  . 4 1

5 . 1 3

6 . 7 6

I I . 8 9

1 4  " 6 2

1 6 . 8 3

1 1 . 0 5

2 1 . 5 4

6 9 . 9 6

5 L  . 7 1

2 l -  . 3 8

2 8  . 1 1

4 9 . 5 4

6 0 . 9 2

7 0 . 1 3

4 6 . 0 4

t 9 . 1 0

3 9 .  1 5

3 0 . 0 2

1 9  " 0 2

2 2  . 4 2

3 3 .  1 0

3 9 . 2 1

3 8 . 8 5

3 r  " 6 1

3 7 . 6 3

7 7 . t 3

5 9 . r 4

3 7  . 4 3

4 4 . t 7

6 5 . 2 1

i 7 . 2 4

7 6 . 5 3

6 2  . 3 9

5 5 . 2 8

2 , 1 . 6 4

2 7 . 6 4

5 5 . 2 8

5 5 . 6 4

5 5 . 6 4

5 5 . 6 4

2 5 . 1 5

5 l  . 4 9

P r o d u c t i o n  i n  3  s h i f t s  a t  a  r a t e  o f  6 , 0 0 0 T / d a y .

A s s u m j n g  5 0 2  c e p r u r e  r a t e  f o r  t h e  g : s  f r o n  L h e  I i o o r ,
g a s  f r o r  w o r k e d  s e a n  e n i t f e d  f u l l y  i n t o  r h e  a i r  s t r e a n .

A s s u m i n g  i r r e g u L a r i t y  c o e f f i c l e n r  o f  1 . 5 .

^ - 1 ^ " 1 ^ F ^ i  ^ -  a s s u m p t i o n  t h a t  C H ,  Z  m u s !  n o t
e x c e e d  

, )  
5 .

T a b l e  4

l loor  Boreho le  Parameters
( L a m a ,  R . D .  ,  L 9 8 2 )

A s s u m p t i o n s :  N u m b e r  o f  b o r e h o l e s  o p e r a L i v e  =  6  a t  a  g i v e n  t i n e .

Average length  =  100 n .
D i l u t i o n  =  2 0 %

To ta l

.  Ue thane
fle r nod

L a p f u r e c

(*3  / * i r )

Toca l  Mean F low
R a t e  p e r

l4Lx ture
n o a e

1 n 3 / m i n )  ( r l  s )

Max imua Pressure
Boreho le

,  L O S S  ( K T A '
v e f o c l t y

(n /s )  V  =  57m
W max

P r e s s u r e

L o s s  ( k P a )

/ t  =  t n n m m
Y  - " -  " '

c u n t h e r  3 0 . 8 1

J e g e r  2 L . 6 9

l v r n E e r  r o . 4 +

A i r e y  3 1 . 2 8

3 8  . 5 2  1 0 6

2 7  . L r  1 6

2 0 . 5 5  5 l

3 9 .  1 0  1 0 8

4 3

3 0

2 ?

4 2

T 2

6

3

l 2

1

3 . 4

1 . 7

1 0 . 8
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Fig. 7 Patt€rn of dra-inage of gas frcrn the goaf r:sing floor Lrcles

1 5 1 .

nproved ventilation conditions at the faces

(Fig. 8) considerably. The 304 panel (Fig.

8) was driven as a three heading develofnent

over a length of 1800m. the average shift

production over the whoLe length of the panel

was l8Ot/shift. The general body methane

IErcentage at the return end of the panel was

0.6-0.658 wi th a totaf  vent j " lat ing ai r

quanti.ty of approxinrately 25 ^3/". Fhce

stoppages occurred intermittentl-y and there

was one ignition of gas at the face.

The northc;n rib was drai.ned using 50nrn

diameter holes placed in coal- at distances of

I2-l-8m for a perj-od of about 270 days. A

total of 97 holes were drilled in the block

of coal. Fl-ow rates varied frorn 300-1200

l,hin inj.tially which dropped over a perj.od

cf 100-150 days to negligible l_imits. The

length of hol-es varied between 70-90rn though
r-:re planned length was 9&n"

The 410 panel was a two heading

oeveloSxnent. The rib side of the heading A
',{as at a nominal distance of L00m from the

collar of the drainage hole and 10m from the

planned end o€ the drainage hole (Fig.  8) .

The product.ion rate achieved during the

compl-ete l-ife of Panel 470 was 260tlshift.

The 1800m length of the roadway was driven in

300 shifts. The rib emission in the intake

roadway was al:nf,st eliminated and ti-re methane

gas content of the fresh air reaching the

face was below the resol-ution of

methanorneters. The return air from the

pa.nel had gas content of 0.2t at lgm3,/s.

The stoppages in the driveage of the intake

heading (A) were conpletely eliminated. The

heading B of the 470 panel had a fg,v problems

at the face due to gas emissions.

The effect of drainage on the outbursts
j.s indicated i.n Fig. 8. The shear zone ar

point where it intersects the heading A has a

width of about 0.7rn" !.iherever this shear

zone i,ras intersected by other headings in

Panel 304, i-t precipitated an outburst. The

effect of draj.nage resul-ted in the absence of

violent failure on intersection of the shear

zone by heading A (Panel 470). The face

just slumped in front of the continuous miner

wich emission of  gas suf f ic ienc to t r ip of f

the miner. The left side of the heading

though sheared stood well without much darnage.

Itrowever, when this shear zone was

The  Aus . l .M .M .  l l l awa r ra  B ranch  Symoos ium.' 'Seam Gas Drainage wi tn par l icular  reference to the Working Seam",  May 13g:
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L o w  A c r i v i t y

[|\

I 
- 

'--- 
-]t-'

PANEL 470

Fiq. 8 Effect of drainage of gas on outburst acLivity

intersecLed by the heading B of the 410

Panel, an outburst rccurred. A total of

about 32 tonnes of coal \,/as ejected. the

occurrence of the outburst in the B headi.ng

was expected. The average radius of

influence of a hole in the tuIIi Seam at West

CLiff CoJ-liery is 2hn, and the maximum

distance is 30m. the distance from the end

of the drai.nage hoLes to the B heading in 470

panel was 36m which is far in excess of the

radius of i.nfluence and hence the headi.ng B

could not be draj-ned effectively- This

cfearly demonstrated not only the accuracy of

the measwements of radius of influence of

boreholes but also the beneficial effect of

drainage on increased Production' reduction

in stoppages, decreasing danger of ignition

of gas on the face, irqxovement in safety and

reduction in overall gas enissions in the

hoadinoq dr i , ren info sol id.  Slccessfu]

drainage also helped in cuttj-ng down the

nurber of headings to be driven' decreased

develognent time' decreased ventiiation

requj.rements in the district and improved

ventilat.ion eff iciency.

Surface Installations and Controls

M o f h A n a  F r n m  f h a  n :  i n  r : n n a q  i  ^
Y q "  

!  d  I Y L J

brought to the surface cnrough a 500nm

diameter cased borehole especially drilled

for the purpose (Fig. 9). A schernatic of

the surface plant is shown in Fig. 10. Gas

from the borehole passes through a nater trap

and flanre arrestors before going to the pLnnPS

and is elhausLed on Ehe top of the fan evasee

for quick dilution. A secondary exhaust

system is provided to discharge gas in case

of the main ventilation fan shut down. The

evasee discharge range is protected against

li$tening strikes by liqhtening arrestors.

An autonatic pressure relief vafve is

provided which by-passes the Pt.urps anc

delivers gas to the secondary eltraust in case

gas pressure on the intake sj-de exceeds l-03

kPa (abs) " The FLP and I.S. equitment anc

the open spa.rking equilment are housd in

separate roons. The present capacity of the

drainage plant consists of the followi.ng: -

l- lbsh Hytor HB Purnp - 1000 m3,4n
1

I Nash Hytor Hl-0 PumP - 2000 m-,zh 
.

2 Nash Hytor CL3002 PumPs - 6000 m',zh

I I'lash Hytor CL4002 Punps - 4000 mJ.4:)

The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympos ium,
'Seam Gas Drainage wi th part icular  reference to the Working Seam",  May 1982
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Secondary Discharge

Pump hous€

Water  coo l ing  tank

Pump control room

Power t ransformer

Gas f l ow  me te r

Gas  d i scha rge  range
to fan evasee

Flame trap

Water t ra p

Bo reho le
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Fig. l0 Iayout of surface plant for gas drairrage system
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The systefl provides that pum{E can be

operated in parallel. The system aPplied

vacuum can be regulated by recirculation if

required. Presently, the systen i-s working

at a vaculnn of 30-40 kPa.

Control systems on the surface planL

inc.l-ude the following features:-

1. Autornatic Irpnitoring of purity with a cut

off system and alarm signal if the

methane percentage drops below a pre-set

l imi t .

2- Continuous flow nonitoring with visual

dj-splay of flow rate and cr-:mulative flow'

3. Safety arrangernents which include leakage

detection, excessive rise in iemperature

of equiFnent' IIDtors' bearings, cooling

water temperatures and p\nnp shut dortn,

etc. are provided along ttith automatlc

fire Prctection and faul-l detection

systen.

Surface drainage plant became operationa-

on 3rd March, 1980 and in the last two years,

:onroxim:fe lv 50 x 106 m3 of  methane air

mixture has been punPed. By the end of

1982f it is estimated that about 86 million

c'Jb1c rnetres of methane air mixture would be

pumped and thereafter the punping rate wouid

be of the order of 80 million cubic rnetres of

mechane air mixture Per annum.

GA'S UTILISATION

In the year 1981, West Clj-ff Colliery

exhausteC tc aErosl*rere 35.5 rnilrion cubic

meters of nethane air mixture of calorific

ra]-ue of 18-23 nregajoules IEr cubl-c meter'

'lhis i-ri',portant source of energy has ceen

,,-er--d inic the atrnosltlere. I: is possj'bie

--  - -mere i : l  l r '  : : : :  I  ise th. is  gas ar :d i re

P. Marshal-l, R.D. Lama ard E. Tbntinson

corrl[Eny has invescigated a

options. These include:

(a) upgrading of tne gas

sale to the lTlarketrng companres

nunber o f

and direct

(b) uSr3rading and converston to ot'her

chemicafs such as methanol etc'

(c) generation of electric power using

gas turbines

Considerati-ons have shown that under

present conditions, the third proposaf is

nost economical. A pilot gas turbine of

1.2I"$I capacity is being planned which is due

to become operational by end of 1982' The

unit is a KG2 l(ongsberg gas turbine which j-s

catEble of operating between 45-70? methane

mixture without any substantial lcss in its

efficiency. This unit wi-li ccnsume 750

m3,Aour of methane-air rnixture' The fflit

has a high degree of autornation control and

has a proven rel-rabi-lity record. A similar

unit is operating at Pojnt of A,we Colliery

(Wbles) at 50t methane air rnixture' lre

unit wil-f provide enough power for essentia-

services such as gas drainage plant' slope

winder and ventilating fan (at reduced speed) '

With the inlrcduction of the longwalL

face, the gas output in the drainage syscem

will increase by at least 25000 n3 /day

(pure methane). this would Fermit

increasing the generating capacity to rr€et

al-rrost all the power dennnds at the viest

Cliff and West Cl-iff E<tended Collieries'

Conclusions

D<IEriences at West Cliff Ccll-lery have

shown ver:' clearly that In-ethane drainage is

successful i-n contrcl-ling Eas e'r'ission rates

ac the face i-n a sean under e:<t:acticn bl1'

; i le  Aus. i . iv i . ,v i .  i  I  rawarra tsrancn S,vrnDosi  urn.
' ' sea inGasD ia i nagew i t hpa r t i r : u l a r i e i e rence io the l vc r k i ngSeam" ,L ' i a )11982



n r e - d r ^ i  n i . -  f h a  e a : m  /- . .  Jas  us fng  1n-seam

h o r i z r n l a f  h o l e s .  I t  h a s  a l s o  p r o v e d  E h a L

n - - - d r r  i - : o o  ^ a n  - . -  d o w n  t h e  n u n b e r  o F  d e v e l -

o p m s t  h e a d i n g s  E ,  t w o  ( i n t a k e  a n d  r e L u m )  i f

need be  and - 'ha t  r ib  emiss ions  cm be a lmost

e l im ina ted .  Dra ineC areas  have reduced the

i  n r - n <  i  f 1 f  - F  - l r r h l r r s r <  > r  e h a : r  z ^ n a e  - r a : r l ,

L o  L h e  e x r s L  o E  a l m o s t  e l - i m i n a c i n g  c h e m .

I n  L h i s  c a s e ,  h o w e v e r ,  a d v i l c e  t i m e  f o r  d r a i n a g e

-  T h e  s u c c e s s  o f  C r a i n a - ou L  q r d r i r o 9 c

d L  t e s r  C I i E f  h a s  i e d  c h e  r a y  t o  d r a i n a g e

i  n - r d < - :  e . - ' ^ r <  : -  .  r r . . r b e r  o f  m i n e s  i n

A r l e l  r a l u  A n . l  h F l n c d  r n n r r i n n o  ^ n a r : i ^ r e  t h : r

, F :  r r \ ,  ^ ^ r -  < e a m s  i n  A u s t . r a l i a  c i l

L c  q i , - - p c q f i t l l { /  . l r : i n F l , , c i n n  r h e  e w i c r i n a

techno log ies .

P.  Marsha l l ,  R .D.  Lma and E.  Toml inson
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1 5 5 .

1 . .  P H T L L I P S  ( C a p r i c o r n  C o a l  M a n a g e n e n r  D L y ,

L L J .  )  :  H a s  L h e  p e r c e n f a g e  o  r  t h e  c o n t e n t  o f

n . L h a n e  p e r  L o n n e  o u t  o f  a  d r a i n e d  b l o c k  b e e n

de t  e rmined ?

E .  T O M L I N S O N  ( W e s t  C l i f f  C o l l i e r y ) :  N o t

s p e c i f i c a l l y ,  n o t  t h e  w a y  d e s c r i b e d  b y  H i g h t o n .

I t  has  been de termined in i t ia l l y  tha t  the

c o n L e n I  o I  t h e  s e a n  i s  i n  t h e  r e g i o n  o f  I J  c u b i c

m e - r 6 q  a e r  |  ̂ n n p  A l  I  t h a t  h a s  b e e n  d o n e  w a S

t o  e s t i n a t e  f r o m  t h e  t o t a l  f L o w  o f  a  b l o c k  o f

h ^ l - -  : r  r n d  r h o nd  P d L  L ! u q r d !

L h a r  w i t h  r h e  t o t a - I  L o n n a g e  o f  c o a l  i n  E h a t

'  - -  r - r c p d  f i o l r o c  n f  F n rL ' r  r  5  L ' d b  P !  u u L

a a / o ( o  r - - : - - . e  f r n n  r h r t  h l n o l .  i n _
5 "  - - " - .

c e r m  r l  r :  i  n e o o  T h  i  c  h c -  h 6 6 n  i ^ - ^  - - ,  t s L ^

d a l a  h a s  b e e n  p r e s e n t e d  b y  H a y e s .  T e s r s  d o n e

h v  H : v e c  h : v c  n r o r r e r ;  i h r r  f h a  o . c  . ^ n r a n r  ^ €  t s L -

sem has  been reduced f ron  13  dom to  as  1ow as

r  n r r h  i  e  r ^ n n ^  -  F F  ' F  r F -  i  r -  '
e g  1 e _  L , r . . - c  d r e E !  u r d ' i i d B : .

per  day  versus  app l ied  suc t ion .  For  how long

w e r e  t h o s e  t e s t s  p e r f o r m e d  t o  g a i n  t h a t  e x t r a

f1ow.  I t  shows qu i te  narked ly  an  inc rease in

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

marked ly  fo r  a  shor t  per iod  a f te ruards  and then

decay  back .  Is  the  va lue  g iven a f te r  the  decay

b a c k  a n d  a L  a  s t e r d y  s L a t e  F L o w ?  r i a s  i t  l e l t

fo r  one hour ,  one day ,  one week or  a  month

before  the  measurement  shown?

E.  TOMLINSON:  F igure  3  shows the  e f fec t  o f

s u c t i o n  o n  g a s  e x t r a c L e d  a n d  d r a i n a g e  s y s t e m

parameLers  and is  spec i f i ca l l y  re fe r r ing  to  the

e x t r a c t i o n  s t a t i o n  o n  t h e  s u r f a c e .  T h e s e  t e s t s

were  done w i th  a  dura t ion  o f  24  hours  a t  each

s u c t i o n  p e r i o d  -  o v e r  2 4  h o u r s .  T h e  t o p  l i n e

shows the  f low ra te  o f  pure  methane.  The tangent

o f  the  l ine  be tween fo r  ins tance one and two

ind ica tes  the  inc rease in  f low between .A  hav in .

o n e  C . L .  3 , 0 0 0  e x t T a c t o r  o n  i t s  o w n  w i t h  3 C i X

rec i rcu la t i cn .  In  o ther  words  i t  i s  d rawing

L ,  CR . \Y  ( ; \ ,C , I .R ,L " ) :  I n  F i gu re  3  r he  t op -mos r  some  o f  i t s  om exhaus t ,  wh i ch  g i ves  a  1ow
curve g:v3s the f iowrate oi -  nethane, pure meihane, vacuw" That is  s i tuat ion one,  g iv ing a 1ow

The Aus. l .M.Ld.  l i la lvarra Branch Symposium,"Seam Gas Drainag-^ v.v i ih part jcuiar  i .eference to the Working Seam, ' ,  fu iay 1gB2
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v a c u u m  a n d  a  f L o w  r a t e  o f  j u s t  u n d e r  2 , 0 0 0 .  I t

i s  o v e r  a  2 4  h o u r  p e r i o d .  B u t  j u s t  t o  e x p a n d

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

t h a t  u s i n g  v a r i o u s  c o n i i g u r a t i o n s  o f  p u m p s  o n

s u c t i o n  a t  a n y  o n e  l i m e  t h e r e  i s  a n  i n c r e a s e  r n

i l o w  t o g e f h e r  w i t h  a n  i n c r e a s e  l n  v a c u u m ,  b u t

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

shor r ' s  pur i i y  s tays  the  sane.  The vacuum can

b e  i n c r e a s e d  t o  a  c e r t a i n  l e v e 1 ,  p u l l i n g  m o r e

g a s  o u t  o f  t h e  p l t  a n d ,  p r o v i d i n g  t h e  s o u r c e

i :  r l r . r c ,  p r o v l d i n g  L h s t  i r  i s  n o r  p u l l i n g

f r o n  h o l e s  t h a t  h a v e  b e e n  o n  l i n e  f o r  m o r e  t h a n

1 2 0  t o  I 4 0  d a y s ,  t h a t  p u r i t l z  w i l l  s t i l l  b e

n a i n t a i n e d .  B u t  t h e r e  w i l l  b e  m o r e  o f  i t .

L .  LU- \ARZEWSKI  (V is l  t ing  Po. l i sh  Methane

D r a i n a g e  S p e c i a l i s t  t o  B H P  S t e e l  D i v i s i o n

C o l l i e r i e s )  :  W a s  t h e  a c c u r a c y  o f  t h e  P r e d i c t i o n

- " r ^ n  ^ i r - . . i n ^ d  a t  l ' I e s t  C l i f f  C o l l i e r yu  I  F , d 5  c , , ' r 5 >  !

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

R .  L . \ I l . \  ( K e n b l a  C o a l  &  C o k e ) :  I t  h a d  b e e n

e s t i m a t e d  t n a t  t h e  h o l e s  s h o u l d  b e  u n d e r

s u c t i o n  a n d  e x t r a c t i n g  a b o u t  B 0 i l  o f  d r a i n a g e

i r o m  t h e  b L o c k .  T o  a c h i e v e  t h i s  t h e  h o l e s

s l r o u l d  b e  d r i l l e d  i o r  a b o u t  2 4 0  d a y s .  T h e s e

h o l e s  h a d  b e e n  d r i l l e d  f o r  2 4 0  d a y s  a n d  a  b i t

m o r e  ( 2 7 0  d a v s  e x a c t l y ) .  T h e  v a l u e s  c m e  o u t

l . i k c  t h i s ,  T h e  a m o u n h  o f  g a s  e m i t t e d  i n  t h e

h e a d i n g s  d r o p p e d .  T h e  a m o u n t  o f  g a s  r e l e a s e d

i n  t h e  h e a d i n g s  w h e n  P a n e l  4 7 0  w a s  d r i v e n  w a s

a L m o s t  a  q u a r t e r  o i  w h a t  w o u l d  n o r n a l - l y  h a v e

b e e n  e x p e c t e d  i f  t h e r e  w a s  n o  d r a i n a g e .  S o

w h i l e  e x p e c t i n g  a n  e f f i c l e n c y  o f  8 5 2 ,  a c t u a l l y

a b o u t  / l ; ;  w a s  a c h i e v e d ,  a n d  t h a t  w a s  a l r i g h t  a s

f a r  a s  d r a i n a g e  f r o m  t h e  s o l i d  w a s  c o n c e r n e d '

O n e  r e a s o n  w a s ,  t h a t  q u i t e  a  b i t  o f  i n v e s t i g -

a t ion  had been done and the  parameters  were

f a r  b e t i e r  f o r  s o l i d  c o a l .

F r o m  t h e  d a t a  a b o u t  t h e  f l o o r  h o l e s  v n i c i r

w a s  u s e d ,  i t  w a s  e s t i m a t e d  t h a t  d r a i n a g e  f r o m

t h e  f l o o r  h o l e s  w o u l d  c e a s e  a s  t h e  f a c e

a d v a n c e d  t o  a  d i s t a n c e  o f  s o m e  7 0 / 8 0  n .  B u t

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

i n d i c a t e  t h a t  i s  n o t  s o .  T h e  d r a i n a g e  f r o n

t h e  f l o o r  h o l e s  c o n t i n u e s  t o  b e y o n d  a b o u t

2 5 0  n  b e h i n d  t h e  f a c e ,  s o  t h e  e s t i m a t e  s h o u l d

h a v e  b e e n  2 0 0  t o  2 5 0  m .  A l s o  i t  i s  f o u n d

t h a t  f l o w  r a t e s  t h a t  h a v e  b e e n  e s t i m a t e d  a r e

a  b i t  h i g h e r ,  b u t  t h e n  t h e  e s t i m a l e s  a r e  f o r

longwal l  and no t  fo r  the  bord  and p i l la r

m i n i n g .  S o  p o s s i b l y  i t  m a y  b e  f o u n d  t h a t  t h e

f l o w  r a t e s  w o u l d  b e  l e s s  t h a n  t h e  e s t i m a t e d

f low ra tes .  l low the  ac tua l  observa t ions  woufd

c o m p a r e  w i t h  t h e  t h e o r e t i c a l  c a l c u f a l i o n s

remains  to  be  seen.

A , J ,  H A R G R A V E S  ( B H P  S t e e l  D l v i s i o n  C o L l i e r i e s ) :

F i g u r e s  o f  o u t p u t  o f  t h e  p l a n t  o f  5 %  t o  7 , 0 0 0

c u b j . c  m e t r e s  p e r  h o u r  w e r e  g i v e n ,  h a s  t h e

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

o f  w h a t  t h e  f r e e  f l o w  w o u l d  r l s e  t o  a f t e r  a

p e r i o d  o f  s h u t  d o w n ?

E .  T O M L I N S O N :  Y e s ,  o n l y  l a s t  w e e k  t h e r e  w a s

o c c a s i o n  t o  c l o s e  t h e  p l a n t  d o m  b e c a u s e  o f

a  m a l f u n c t i o n  l n  t h e  g a s  a n a l y s e r .  h ' i t h i n

3 0  n i n u t e s  o f  c l o s i n g  t h e  p l a n t  d o w n  t h e r e

w a s  f r e e  f l o w  a t  t h e  s u r f a c e  w h i c h  a i t e r  2  h o u r s

r e a c h e d  4 Z  a s  a g a i n s t  5 0 i j  w h e n  t h e  t w o  C . L .

3 , 0 0 0  p u n p s  w e r e  r u n n i n g '  4 2  o f  i 0 , 8 0 0  1 s

what?  400 cub ic  met res  an  hour  on  f ree  f lo r . '

c o n d i t i o n s ,  a t  a  p u r i t y ,  m e a s u r e d  w i t h  t h e

Riken in te r fe rometer  because the  ana l - ' rser  was

m a l f u n c t i o n i n g ,  o f  7 8 - 8 0 %  m e t h a n e .  T h i s  g a s ,

apparent ly  was pr inc ipa l l y  f rom the  f l61 ;5

h o l e s  u n d e r l y l n g  t h e  2 2 3  a n d  2 2 2  e x t r a c t i o n

p a n e l s .

The  Aus . l .M .M .  l l l awa r ra  B ranch  Sympps ium,
'Seam Gas Drai .nage wi th part icular  reference to the Working Seam",  lv lay 1982


