
Winning more coal from 
underground mines 

As the miners put it, coal irretrievably lost to recovery 
is 'sterilized'. It has been left in the mine perhaps be­
cause it would have been difficult to extract, because 
extraction would have destabilized the mine, or be­
cause roof falls or outbursts cut off access to it. The 
result is that, from the time underground coal-mining 
began in Australia in the early 1800s, more coal has 
been sterilized than has been brought to the surface. 

In round figures, that means m o r e than 

1000 m i l l i o n tonnes o f this valuable re­

source have been rendered inaccess ib le 

to further m i n i n g . After e x a m i n i n g o ld 

m i n e plans, a former m e m b e r o f the Joint 

C o a l Board , M r John Smi th , n o w a c o m ­

pany m i n i n g engineer , bel ieves that the 

a m o u n t c o u l d we l l e x c e e d 2000 m i l l i o n 

tonnes . T h e higher figure a c k n o w l e d g e s 

the l imi ted t e c h n o l o g y available in what 

was v i r tua l ly a h a n d - w o r k e d indus t ry 

unti l less than 40 years ago , and takes 

into cons idera t ion the losses due to fires, 

f l ooded work ings , and other causes . 

T o d a y , Austral ian unde rg round min ­

ers gene ra l ly r e c o v e r abou t 5 0 % o f a 

seam. A variety o f g e o l o g i c a l , t echnica l , 

and e c o n o m i c factors de termine a par­

ticular m i n e ' s recovery percentage. M u c h 

o f the coa l , for example , must , for safety 

reasons , be left in suppor t ing pillars. T h e 

A u s t r a l i a n p e r f o r m a n c e p r o b a b l y 

matches or e x c e e d s that expe r i enced in 

other m i n i n g count r ies . 

Y e t , w h i c h e v e r way w e l o o k at. it, the 

loss is real and, in terms o f nat ional re­

sou rces , regrettable. Australia has vast 

c o a l r e s o u r c e s — e s t i m a t e d at a b o u t 

200 000 m i l l i o n tonnes — but, increas­

ingly , coa l wi l l be ca l led u p o n to supply 

our expand ing energy needs as o i l be­

c o m e s scarce. 

In 1975—76 this country extracted 4 0 

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

a b o u t the s ame quant i ty as r e c o v e r e d 

f rom o p e n cuts . By the year 2 0 0 0 w e wil l , 

p robably need to p r o d u c e s o m e 200 mi l l ­

i o n t o n n e s annua l ly . I f o i l - f r o m - c o a l 

plants b e c o m e es tabl ished, that f igure 

w o u l d rise cons iderably . 

T o satisfy demand , underground min ­

ing wi l l , in the l o n g term, remain a major 

A roof fall in a colliery in the Western 
Coalfield. The normal roof line is shown 
by the remaining roof supports at the 
lower left. 

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

open-cu t m i n e s . M o s t o f ou r high-quali ty 

coa l l ies at depths that are b e y o n d the 

reach o f open-cu t t echn iques . 

T o keep the coa l pour ing ou t o f the 

g round , vorac ious m i n i n g m a c h i n e s eat 

in to the coa l seam. Whereas in 1948, on ly 

3 7 % was w o n by m a c h i n e , in 1977 the 

f igure was 9 8 • 7 % . M e c h a n i z a t i o n has 

m e a n t that, du r ing that t ime interval , 

p r o d u c t i o n has m o r e than trebled, the 

n u m b e r o f m i n e s has ha lved , and the 

average scale o f operat ions in e a c h m i n e 

has therefore increased at least s ix-fold. 

H o w e v e r , mechan iza t ion d o e s no t nece s ­

sari ly avo id la rge p r o p o r t i o n s o f c o a l 

seams b e c o m i n g sterilized. 

In a study by the Joint C o a l Board , 48 

o f the 71 underground m i n e s operat ing 

in N e w Sou th Wales were e x a m i n e d in 

1976 to de termine the propor t ion o f the 

c o a l s eam they were r e c o v e r i n g . ( T h e 

survey d id not inc lude any m i n e s that had 

b e e n w o r k e d out , abandoned , or c l o s e d 

for any reason.) 

T h e f o l l o w i n g signif icant c o n c l u s i o n s 

emerged f rom the study: 

• 24 mines (half o f those e x a m i n e d ) are 

m i n i n g less than the full he igh t o f the 

seam, the propor t ion o f seam he igh t 

w o r k e d g o i n g as l o w as 3 0 % . 

• O f the seam height worked , m i n i n g re­

cove ry varies be tween 30 and 8 0 % . 

• C o n s i d e r i n g all the c o a l in al l the 

work ing seams studied, m i n i n g recov­

ers be tween 17 and 8 0 % , wi th the mean 

at 4 7 % . 

• After wash ing out rock and other i m ­

purities f rom the coa l , the saleable re­

covery o f the seams w o r k e d varies be­

t w e e n 12 and 7 5 % , w i t h a m e a n o f 

4 0 % . 

Most of our high-quality 
coal lies at depths that are 
beyond the reach of 
open-cut techniques. 

T h e survey also s h o w e d that, in poss ib ly 

five cases , w o r k a b l e v i rg in seams had 

been steri l ized by nearby unde rg round 

m i n i n g activities. 

T o da te , m i n e r s have na tu ra l ly at­

tacked the easy stuff — c o a l seams at 

sha l low depths in g o o d stable envi ron­

ments . W h e n that coa l has been recov­

ered, m i n i n g c o m p a n i e s have to tackle 

the m o r e diff icul t depos i t s , w h i c h are 

genera l ly deeper and h e n c e sub jec t to 

greater pressure and l i ke l ihood o f r o o f 

failure. T h i s wi l l make it difficult to im­

prove c o a l recovery rates. 

What's going on? 

T h e earth hundreds o f metres b e l o w the 

s u r f a c e is u n d e r c o n s i d e r a b l e s t ress . 

W h e n a miner extracts the coa l , he leaves 

a cavity a round w h i c h these stresses must 

be redistributed. T o he lp keep the r o o f 

up , he g ives it suppor t in the fo rm o f 

w o o d e n p o s t s and s teel b e a m s . R o c k 

bol ts driven into the r o o f overhead often 

he lp in p o o r r o o f cond i t i ons , and wire 
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m e s h is also employed . A p r o b l e m is that 

it takes s o m e t ime to erect these supports . 

Often a weak r o o f wi l l co l l apse before it 

can be trussed up, and gas outbursts usu­

ally give n o t ime at all to act — they blast 

straight out f rom the work ing face. 

A supported r o o f can co l l apse t o o , but 

then the warn ing signs are often there to 

b e o b s e r v e d : the r o o f w i l l c r a c k and 

groan, the support ing posts w i l l b e g i n to 

bend , and their bo t tom ends , deliberately 

sharpened, wi l l beg in to splay. 

M i n e r s have their o w n terms to d e ­

scr ibe bad r o o f c o n d i t i o n s , and the n o v i c e 

s o o n learns to co r r ec t ly identify sca ly 

roof, heavy roof , very heavy roof, gutter 

falls, d o m e falls, and o ther manifesta­

t ions o f deteriorated r o o f cond i t i ons . 

Even wi th today's mechan i zed m i n i n g 

t echn iques , bad r o o f cond i t i ons are to be 

a v o i d e d w h e n e v e r p o s s i b l e . U n s t a b l e 

roofs d e m a n d that miners make m o r e ef­

fort to support the roof, and rates o f ad­

vance can s l u m p f rom a standard 10 m 

per shift to 1 or 2 metres. Cos t s in lost 

p roduc t ion and extra work can be severe. 

To date, miners have 
naturally attacked the easy 
stuff. 

In m o s t co l l i e r i es , it is very expens ive 

to abandon o n e w o r k i n g face and drive a 

n e w heading. I f bad r o o f zones are unex­

pec ted ly encoun te r ed , the m i n e layout 

may have to be c h a n g e d , invo lv ing the 

wi thdrawal o f the b ig m e c h a n i z e d miners 

f rom the face , re-laying tracks and ser­

v i ce s , and o p e n i n g up a n e w l ine o f de­

ve lopmen t . 

I f r o o f c o n d i t i o n s de ter iora te suffi­

c i e n t l y , m i n i n g b e c o m e s unpro f i t ab l e 

and the work ings may need to be aban­

d o n e d . 

Research to help 

Agains t this backdrop , research is he lp­

ing to improve the ef f ic iency o f extrac­

t ion o f coa l and to make the j o b safer and 

easier. Scientists are assisting the m i n i n g 

eng ineer to predict the loca t ion o f bad 

r o o f cond i t i ons (and h e n c e avoid them) , 

to predict i m m i n e n t r o o f failures and gas 

outburs ts , and to d e v e l o p n e w m i n i n g 

m e t h o d s . A m o n g the r e s e a r c h e r s in ­

vo lved in this w o r k are scientists f rom the 

C S I R O Institute o f Earth R e s o u r c e s , and 

descr ip t ions o f s o m e o f their studies fo l ­

l o w . S o m e o f the research receives fund­

ing support f rom the Na t iona l Ene rgy 

R e s e a r c h D e v e l o p m e n t and Demons t r a ­

t ion C o u n c i l , as it is r e cogn i zed that an 

increased level o f research into coa l ex­

traction is a way o f mak ing better use o f 

our energy resources . 

T h e C S I R O D i v i s i o n o f A p p l i e d 

G e o m e c h a n i c s has been invo lved in the 

study o f m i n i n g p rob lems for a decade , 

but o n l y in the last few years has the D i ­

v i s i o n , in a d d i t i o n to its r e s e a r c h in 

metal l i ferous m i n e s , directed its efforts 

to the d i f f i c u l t i e s p e c u l i a r to u n d e r ­

g r o u n d c o a l - m i n e s . M a n y o f the 

g e o m e c h a n i c a l factors invo lved are s imi­

lar; others differ cons iderably . A s coa l is 

m u c h softer and m o r e elastic than ore 

a n d c a n c o n t a i n m e t h a n e o r c a r b o n 

d i o x i d e , the pressure unde rg round im­

parts m o r e energy to it. A s a result, out­

bursts are l ikely to be m o r e dangerous to 

miners than rock bursts in meta l -mines . 

T h e n , o f cou r se , coa l -mines w o r k in 

g e n e r a l l y h o r i z o n t a l s e a m s , w h e r e a s 

metal l i ferous mines tend to the vertical. 

T h e geophys ic i s t therefore must exerc ise 

his scient i f ic pr inciples in significantly 

different ways . Resul ts to date have been 

e n c o u r a g i n g , and w e wi l l l o o k at s o m e o f 

them b e l o w . 

Under we go 

O n e o f the D i v i s i o n ' s high-priori ty areas 

is study o f the causes o f outbursts , be­

cause the difficulty o f p red ic t ing them 

m a k e s t h e m par t icular ly t r o u b l e s o m e . 

Fortunately, gas outbursts d o n o t affect 

every c o a l - m i n e , but as m i n i n g progres­

ses to greater depth, overseas exper ience 

indicates that the p r o b l e m wil l wor sen . 

Outbursts currently o c c u r in t w o main 

areas: the Southern Coa l f i e ld in the Syd­

ney basin o f N e w Sou th W a l e s , and the 

B o w e n b a s i n i n Q u e e n s l a n d . I n the. 

Sou the rn Coal f ie ld , n e w mines are pre­

s e n t l y b e i n g d e v e l o p e d at d e p t h s o f 

500 m . In the B o w e n basin, underground 

m i n e s are e n c o u n t e r i n g o u t b u r s t s at 

depths as little as 2 0 0 m . 

T o measure stress in the rock above a 
coal seam, a mining engineer from 
C S I R O , Mr Jim McKay , uses a 
pneumatic drill to make a hole in which 
he will locate stress gauges. 

S o m e m i n e s that exper ience outbursts 

have adopted the precaut ion o f measur­

ing the flow o f gas f rom ho les dri l led into 

the w o r k face. I f the amoun t o f gas be­

c o m e s excess ive , extra ho les may be dril­

led or a charge detonated to relieve stress 

and d i m i n i s h t he gas p r e s s u r e . T h e 

drawback to this approach is that it inter­

rupts p roduc t ion . 

Mechan i za t i on adds to the difficulty of 

detect ing i m m i n e n t outbursts. Con t inu ­

ous miners — w h e e l e d m a c h i n e s wi th a 

rotating array o f teeth at the front that 

bite in to the coa l seam — provide rapid 

coa l extract ion, but their no i se swamps 

the warn ing sounds that o ld- t ime miners 

c o u l d listen for. 

M r B y r o n M c K a v a n a g h ( n o w at the 

Universi ty o f Queens l and ) and M r Jim 
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Scientists are assisting the 
mining engineer to predict 
the location of bad roof 
conditions (and hence avoid 
them). 

Enever o f the D i v i s i o n have deve loped a 

' m i c r o s e i s m i c ' warn ing sys tem that b e ­

c o m e s the 'ears' for the m o d e r n miner . 

U s i n g a m i c r o p h o n e e m b e d d e d in the 

coa l face, the system constant ly l istens 

for the low- leve l h igh- f requency sounds 

(be tween 8 and 50 ki lohertz) that s ignal 

coa l under stress. M i n i n g no i ses , gener­

ally be tween 0 · 1 and 2 kHz , are ignored . 

A similar m e t h o d has been used in P o ­

land, Russ ia , and the Uni ted States for 

w a r n i n g o f r o c k bursts and r o o f falls. 

T a k i n g their equ ipmen t to a co l l i e ry in 

the Sou the rn C o a l f i e l d o f N e w S o u t h 

W a l e s , M r M c K a v a n a g h and M r Enever 

w a n t e d to see wha t it c o u l d d o in an 

Austral ian c o a l - m i n e . 

M i n i n g there is c o n d u c t e d at a depth o f 

nearly 500 metres in a 2 • 5 - m seam o f 

b i t u m i n o u s c o k i n g c o a l . A l t h o u g h the 

m i n e has o n l y been operat ing 3 years, it 

has e x p e r i e n c e d m a n y i n s t a n t a n e o u s 

outbursts dur ing its short history. A n av­

erage outburst d isplaces about 4 0 tonnes 

o f coa l in to the w o r k i n g s . T h e ma in dan­

gers are the sudden m o v e m e n t o f the c o n ­

t inuous miner and burial in the p o w d e r e d 

c o a l . H o w e v e r , substantial quantit ies o f 

gas are emit ted, and this may pose a ven­

ti lation p r o b l e m in s o m e e n c l o s e d areas. 

T h e research pair m o n i t o r e d a total o f 

3 0 m i n i n g shi f t s , d u r i n g w h i c h they 

were lucky e n o u g h to record five sepa­

rate o u t b u r s t s , o f v a r y i n g i n t e n s i t y . 

A n a l y s i n g the r e c o r d s , it s e e m e d that 

four o f the f ive ou tburs t s c o u l d have 

been predicted. Apparent ly , f o l l o w i n g a 

short per iod o f h i g h no i se leve l , the coa l 

g o e s quiet just before an outburst , so the 

researchers sugges t that a practical auto­

mat ic warn ing d e v i c e c o u l d wa tch out for 

this p h e n o m e n o n . T h e dev ice c o u l d be 

m o u n t e d o n the c o n t i n u o u s miner and 

g ive the operator a warn ing l ight or s o u n d 

wheneve r the no i se c o u n t d ropped to a 

l o w level . 

M r J o h n S m i t h o f the C S I R O F u e l 

G e o s c i e n c e Uni t has a lso been invo lved 

over recent years in e x a m i n i n g this p rob ­

l e m at the same m i n e . M r Smi th has c o n ­

centrated his efforts o n analysing the gas 

f rom different parts o f the m i n e , and has 

c o m e u p wi th another d i s t inguish ing fea­

ture that h e s u g g e s t s m a y w a r n o f a 

potential outburst . 

Mechanization has increased production, 
but the proportion of coal 'sterilized' 
(irretrievably lost to recovery) still 
stands at about 50% of a seam. 

If, as mining progresses, a constant 
check is made on the number of small 
cracks, or joints, encountered in the 
coal, outbursts can be anticipated. If the 
number of joints exposed per metre 
exceeds a certain threshold, an outburst 
can be expected ahead. 

M r S m i t h r e c o g n i z e d that gas f rom 

outburst-prone zones is, c o m p a r e d with 

that in m o r e stable parts o f the m i n e , rela­

tively r i ch in ca rbon d i o x i d e (more than 

2 % and u p to 7 0 % by v o l u m e ) and corres­

pond ing ly depleted in methane . T h i s is a 

g o o d pointer , but by itself it is too broad a 

cri ter ion o n w h i c h to base a predic t ion. A 

further pointer derives f rom the i so top ic 

c o m p o s i t i o n o f the gas. It seems that the 

a m o u n t o f carbon-13 in ca rbon d i o x i d e 

f rom outburst-prone sec t ions is less than 

e l sewhere . T a k e n together, these two in­

dicators c o u l d give useful warn ing s igns. 

Faults and outbursts 

O n another front, this t ime the g e o l o g i ­

ca l , the m i n e has been surrendering more 

o f its secrets to D r John Shepherd and M r 

John Creasey, o f the C S I R O D i v i s i o n o f 

Minera l Phys ics . T h e y have found that 

outbursts general ly o c c u r w h e n m i n i n g 

reaches wi th in 4—5 m o f certain types o f 

faults. O n c e an Outburst zone ' has been 

uncove red , the approximate loca t ion o f 

similar zones in adjacent work ings can 

be estimated by no t ing the d i rec t ion o f 

the fault. T h e scientists have also u n c o v ­

ered g e o l o g i c a l features that a l l ow them 

to forecast the appearance o f an outburst 

zone up to 45 m away. 

T h e faults near w h i c h outbursts o c c u r 

are a lways 's tr ike-sl ip ' o n e s , in w h i c h 

material o n o n e side o f the fault has slip­

ped, usual ly less than half a metre, rela­

tive to the other. 

T h e tell-tale features that spread m u c h 

fu r the r f r o m the o u t b u r s t z o n e are 

n u m e r o u s natural cracks ca l l ed jo ints . 

D r Shepherd and M r Creasey d i scovered 

that the spac ing o f these joints b e c o m e s 

markedly reduced near strike-slip faults. 

S o m e t i m e s the jo int spac ing is 6—8 times 

less w h e n a strike-slip fault is c o m i n g up . 

T h e various l ines o f research therefore 

po in t to a broad set o f gu ide l ines . If all 

the warn ing s igns are heeded and o n e or 

t w o m o n i t o r i n g techniques emp loyed , it 

shou ld be poss ib le to cons iderably reduce 

surprise outbursts. 

D r Shepherd and M r Creasey have also 

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

w h i c h were having p r o b l e m s — no t wi th 

outbursts , but wi th bad r o o f co l l apses . 

Here in the Western Coa l f ie ld o f N e w 
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The nether world of a coal-mine. 

S o u t h Wales , s o m e w o r k i n g s have been 

abandoned because reserves c o u l d not be 

r e a c h e d ac ros s bad r o o f z o n e s . C o u l d 

s u c h areas be p r ed i c t ed so that m i n e 

m a n a g e m e n t c o u l d avoid them w h e n lay­

ing out the des ign o f the mine? 

I n d e e d , o n c e aga in the r e sea rche r s 

w e r e ab le to a s s o c i a t e areas o f m a n y 

small jo in ts and faults (a ' swarm' ) wi th 

bad r o o f cond i t i ons . T h e y found that un­

derground m a p p i n g o f these jo ints c o u l d 

g ive a short-range predic t ion that, if the 

f requency o f the joints rises above 4—5 

per m , potential m i n i n g difficulties are 

l ikely. 

B e t t e r s t i l l , a t e c h n i q u e a l l o w i n g 

l o n g - r a n g e p r e d i c t i o n o f bad m i n i n g 

cond i t i ons was deve loped . It depends o n 

aerial pho tography and Landsat satellite 

pictures , to find surface fracture traces 

that can be projected d o w n into a virgin 

coa l seam. 

In this w o r k , a c o l l e a g u e , D r J o h n 

Hun t ing ton , contr ibuted his expert ise in 

enhancemen t and interpretation o f aerial 

images . H e found one trace o f a fracture 

25 k m l o n g , w h i c h c r o s s e d o l d c o a l ­

m i n e s that h a d b e e n f o r c e d to sk i r t 

a round its zone o f in f luence . In o n e case , 

a m i n e was abandoned because o f the in­

f luence o f a fracture. W h e n o p e n i n g up a 

n e w m i n e or heading , then, the scientists 

suggest that m i n i n g c o m p a n i e s shou ld 

no t venture in to areas benea th surface 

features that indicate a severe fault. 

T o give odds o n the strength o f their 

advice , the researchers note that, o f all 

t h o s e e x a m i n e d , 7 3 % o f the bad r o o f 

z o n e s c o i n c i d e d w i t h faul t and j o i n t 

swarms, and 6 0 % wi th individual large 

faults that c o u l d be detected o n aerial and 

satellite photographs . 

Rocking the rock 

O n e o f the earliest me thods miners used 

to gauge the integrity o f a r o o f — and o n e 

c o m m o n l y used by mine r s today — is 

tapping the r o o f wi th a bar or hammer . 

Mine r s k n o w that intact rock responds 

w i t h a h i g h - f r e q u e n c y s o u n d and d e ­

tached r o c k gives a dul l response . T h e 

difference resembles that be tween a g o o d 

bel l and a c racked o n e . 

T h e a im o f w o r k be ing d o n e by M r 

T o n y S igg ins o f the D i v i s i o n o f A p p l i e d 

G e o m e c h a n i c s is to extend the m e t h o d 

and to make it less subject ive and m o r e 

scient i f ic . T h e t echn ique cal ls for a v ib­

ration generator and a detector implanted 

in the m i n e ' s r o o f (either coa l - or any 

other sort o f m i n e for that matter). 

He at first c o n s i d e r e d using an ul­

trasonic, t echn ique , w h i c h relies o n re-

flection o f the ultrasonic vibrations from 

cracks and jo in ts to def ine a potent ial 

fai lure z o n e . H o w e v e r , h igh - f r equency 

vibrat ions are absorbed qu ick ly wi th dis­

tance , and, as mos t rock conta ins imper­

fec t ions o n both a small and a large scale, 

interpreting the results is difficult . 

T h e alternative is to use s o u n d i n g fre­

q u e n c i e s in the audible range. Vibra t ions 

o f these f requencies penetrate deeply and 

it is poss ib le to characterize a particular 

r e g i o n o f the m i n e env i ronment by its 

r e sonances and damping behaviour . 

A mathemat ica l analysis s h o w e d M r 

S igg ins that, as cracks d e v e l o p in rock 

d u e to stresses o n jo in t s and b e d d i n g 

p l anes , the natural f r equenc i e s o f the 

rock mass b e c o m e lower . T h u s , the idea 

is that de tec t ion o f a decrease in a rock 

mass ' s resonant f requency wi l l indicate 

that failure is imminen t . Tr ia l s in mines 

are n o w under way. 

Alternative mining methods 

T h e m o s t c o m m o n m i n i n g t echn ique is 

k n o w n as b o r d - a n d - p i l l a r m i n i n g , 

whe re in a cr iss-cross pattern o f tunnels 

(bords) is dr iven to leave a regular pattern 

o f pil lars. C o a l in the pillars may be r e c o ­

vered dur ing a s e c o n d extract ion. T h e 

r o o f material is then a l l owed to subside 

in a con t ro l l ed manner . T h e W o n g a w i l l i 

system, a mod i f i ca t ion o f the bord-and-

pillar system, was deve loped in Australia 

in the 1960s . T h e system has resulted in 

h igher seam recovery and the successful 

extract ion o f coa l at depths as great as 

550 m . 

H o w e v e r , bo th these t echn iques and 

others n o w in use can lead to s ignif icant 

amounts o f coa l be ing left beh ind , par­

ticularly in difficult m i n i n g cond i t i ons , 

and a l t e rna t ive t e c h n i q u e s o f fe r p o s ­

s i b i l i t i e s o f h i g h e r t o t a l r e c o v e r i e s . 

' L o n g - w a l l ' m i n i n g , in w h i c h con t inu ­

ous thin s l ices are extracted f rom c o a l 

faces u p to 130 m l o n g , is not c o m m o n in 

Austral ia, but is gradually be ing intro­

d u c e d . T h e greater c o a l r e c o v e r y c a n 

repay the h i g h initial cos t . 

Y e t , even wi th long-wa l l m i n i n g — in 

cer ta in s i tuat ions , s u c h as w i th th ick, 

deep , or irregular seams — signif icant 

losses can o c c u r . T h e r e is a need to in-
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The arrows point to surface fractures in 
this low-level aerial shot of an area in 
the Western Coalfield. The fractures 
relate to bad roof zones in the mine 
beneath. 

t r o d u c e n e w m e t h o d s and to i m p r o v e 
ex is t ing o n e s . M r J im Enever and M r 
C h r i s R a w l i n g s , o f t h e D i v i s i o n o f 
A p p l i e d G e o m e c h a n i c s , are c o n d u c t i n g 
studies a imed at assisting the industry to 
c h o o s e the m o s t su i table m e t h o d s for 
spec i f ic areas. 

T h e i r research invo lves m o d e l l i n g o f 
n e w or m o d i f i e d systems, and c o l l e c t i n g 
data f rom the field wi th w h i c h to c o m ­
pare the informat ion obta ined f rom the 
m o d e l s . Mathemat ica l m o d e l s are be ing 
used, for e x a m p l e , to evaluate the stabil­
ity o f pillars used in long-wal l m i n i n g . 
T h e y can g ive valuable gu ides to m i n e 
planners . 

M e m b e r s o f the D i v i s i o n have buil t a 

large test frame in w h i c h they c a n p lace a 

m o d e l o f part o f a m i n e , buil t wi th synth­

es ized c o a l - m i n e mater ia ls . N u m e r o u s 

hydraulic rams o n the e d g e o f the frame 

can sub jec t the m o d e l to a fo rce o f 6 

m e g a n e w t o n s . T h e t eam is c u r r e n t l y 

s tudying the loads that c o u l d o c c u r at the 

coa l face in long-wa l l m i n i n g . T h e actual 

loads dur ing m i n i n g w i l l be m o n i t o r e d 

for c o m p a r i s o n . 

The future 

In the short term w e c a n expec t to see 
m u c h m o r e r e l i a n c e pu t o n o p e n - c u t 
m i n i n g , s ince this m e t h o d is cheaper and 
total recovery can be about 9 0 % . H o w ­
ever, in the l o n g term this is not the ans­
wer to l o w underg round recovery factors. 
T h e r e wi l l be m o r e o p e n cuts and they 
wi l l g o deeper (Ch ina p roposes to m i n e 
an 8 5 - m th ick seam at Fushun , presently 
b e i n g o p e n - c u t m i n e d at a d e p t h o f 
280 m , d o w n to a depth o f 500 m by the 
same m e t h o d ) . 

Never the less , the fact remains that the 
grea t m a j o r i t y o f o u r c o a l r e s o u r c e s , 
perhaps 8 5 % , l ie at depths that can on ly 
b e w o r k e d b y u n d e r g r o u n d m e t h o d s , 
even a l l owing for advances in open-cu t 
t e c h n o l o g y . 

F o r a l o n g t ime to c o m e w e wi l l c o n ­
t inue to rely o n the unde rg round miner , 
and his expert ise, for the w i n n i n g o f ou r 
b lack coa l inheri tance. 

Andrew Bell 
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