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K s u r f a c e  m e t h o d s . I t  s h o u ld  be no ted  t h a t  c a t e g o r y  IV 
r e s e r v e s ,  t h o s e  m in e a b le  by s u r f a c e  m in in g  m e th o d s ,  do n o t  

i n c l u d e  r e s e r v e s  c o n t a i n e d  in c " cr ly in g  seams which  a r e  l e s s  

th a n  4 m t h i c k  b u t  which  would a l s o  be e x t r a c t e d  in  th e  
c o u r s e  o t  e x t r a c t i n g  t h i c k  seam r e s e r v e s .

2 -4  The S i g n i f i c a n c e  o f  South A f r i c a n  T h ic k  Coal  
Seam R e s e r v e s

The P a t r i c k  C o m m i s s i o n ' s  ( P a t r i c k  e t  a l . 1 9 75)  e s t i m a t e s  o f  

m i n e a b l e  and e x t r a c t a b l e  c o a l  r e s e r v e s  have  b een  w i d e l y  

d i s p u t e d  ( r e t »  e . g .  Anon 197 6 ,  Anon 1 9 7 8 ,  P r i e d l a n d  1 9 7 9 ,
King 1 9 7 9 ) ,  In g e n e r a l  i t  i s  c o n s i d e r e d  tha" r e s e r v e  

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

a r e  b a se d  on a c o n s i d e r a t i o n  o f  econ om ic  and t e c h n o l o g i c  
c o n d i t i o n ;  e x i s t i n g  a t  the  t ime ( 1 9 7 0 - 1 9 7 5 ) .  i n  the  

p a r t i c u l a r  c a s e  o f  t h i c k  scam s,  f o r  e x a m p le ,  t h e s e  

c o n s i d e r a t i o n s  r e s u l t e d  in a l i m i t  o f  6 m b e i n g  p l a c e d  on th e  

maximum e x t r a c t a b l e  scam t h i c k n e s s .  F u r t h e r m o r e ,  s i g n i f i c a n t  
m i n e a b l e  c o a l  r e s e r v e s  c o n t a i n e d  in  seams in c l o s e  p r o x i m i t y  
t o  e a ch  o t h e r  w ere  e x c l u d e d  from e x t r a c t a b l e  r e s e r v e  

e s t i m a t e s  b e c a u s e  i t  was c o n s i d e r e d  t h a t  the  th en  p r e v a i l i n g  
c o n d i t i o n s  p r e v e n t e d  the  e x t r a c t i o n  o f  a l l  s e a m s .

N e v e r t h e l e s s ,  u n t i l  the  c u r r e n t  r e v i s i o n  o f  r e s e r v e s  by the  

D epartm ent  o f  M in e r a l  and Energy A f f a i r s  i s  c o m p l e t e d ,  t h e  

P a t r i c k  C o m m i s s i o n ' s  r e s e r v e  e s t i m a t e s  r e p r e s e n t  the  m ost  
a c c u r a t e  and d e t a i l e d  a s s e s s m e n t  o f  b o th  m i n e a b l e  and 

e x t r a c t a b l e  c o a l  r e s e r v e s  in  S o u th  A f r i c a ,  C o n s e q u e n t l y ,  

t h e s e  r e s e r v e  e s t i m a t e s  a r e  u t i l i z e d  t o  h i g h l i g h t  t h e  

s i g n i f i c a n c e  o f  the  m agnitude  and d i s t r i b u t i o n  o f  th e  

m in e a b l e  t h i c k  scam r e s e r v e  e s t i m a t e s  p r e s e n t e d  in  T a b l e  2

On the  b a s i s  o f  the  P e t r i c k  C o m m is s io n ' s  e s t i m a t e  o f  c o a l  

r e s e r v e s ,  t h i c k  scam r e s e r v e s  r e p r e s e n t  o v e r  50 p er  c e n t  o f  

the  c o u n t r y ' s  m in e a b l e  c o a l  r e s e r v e .  An a d d i t i o n a l  5 190 

m i l l i o n  t o n n e s  o f  t h i c k  seam r e s e r v e s  have  b een  g e n e r a t e d  by
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r e m o v i n g  t h e  P a t r i c k  C o m m i s s i o n ' s  l i m i t  o f  6 m on t h e  maximum 

m in in g  h e i g h t  and hy t a k in g  i n t o  c o n s i d e r a t i o n  c e r t a i n  

m u l t i - s c a m  s i t u a t i o n s  which  a p p r o x im a te d  to  t h i c k  s e a m s .

T h i s  a d d i t i o n a l  r e s e r v e  r e p r e s e n t s  a l m o s t  12 p er  c e n t  o f  th e  

t o t a l  t h i c k  scam r e s e r v e  and, t h e r e f o r e ,  i s  s i g n i f i c a n t .

In  e x c e s s  o f  8 5 p e r  c e n t  o f  t h i c k  seam r e s e r v e s  ca n  o n l y  be 

e x t r a c t e d  by underground m in ing  m e th o d s .  C o a l  seam s  b e t w e e n  
4 and 6 m t h i c k  c o n t a i n  j u s t  o v e r  70 p e r  c e n t  o f  th e  t h i c k  

seam r e s e r v e .  However ,  t h e  o v e r a l l  p e r c e n t a g e  e x t r a c t i o n  
a c h i e v e - :  from th e  underground m in in g  o f  t h e s e  seam s i s  l e s s  

th a n  2 j  p e r  c e n t .  S i m i l a r l y ,  th e  o v e r a l l  p e r c e n t a g e  

e x t r a c t i o n  a c h i e v e d  from th e  underground m in in g  o f  seams more  

cnan 6 m t n i c k  i s  l e s s  than 16 p e r  c e n t ,  T h u s ,  t h e  o v e r a l l  

p e r c e n t a g e  e x t r a c t i o n  a c h i e v e d  from th e  u n d erg ro u n d  m in i n g  o f  
ams more than 4 n t h i c k  i s  o n l y  o f  th e  o r d e r  o f  20 p e r  

t .

u t t s iv o  d o l e r i t e  s i l l s  o v e r l i e  7 , 6  p e r  c e n t  o f  t h i c k  seam  

r e s e r v e s .  Over  9 7  p er  c e n t  o f  t h e s e  a f f e c t e d  r e s e r v e s  a r e  

l o c a t e d  in  t h e  S o u tn  Rand and V e r c o n i g i n g - S a s o l b u r g  

C o a l f i e l d s ,  i n  t h e  S o u th  Rand C o a l f i e l d  a l m o s t  60 p e r  c e n t  

Oi tn v  t h i c k  seam r e s e r v e s  a r e  o v e r l a i n  by m a s s i v e  d o l e r i t e  

s i l l s ,  w h i l s t  in  t h e  V e r e e n i g l n g - S a s o l b u r g  C o a l f i e l d  t h i s  
f i g u r e  i s  16 p er  c e n t .

: y y y #

s

:

% c o m p a r i s o n  o f  t h e  m in e a b l e  r e s e r v e  e s t i m a t e  o f  t h i s  t h i c k  
s c a n  s u r v e y  f o r  th e  Sou th  Rand c o a l f i e l d  w i t h  th e  

c o r r e s p o n d i n g  e x t r s c t a b l e  r e s e r v e  e s t i m a t e  o f  t h e  P e t r i c k  

C om m iss ion ,  r e v e a l s  t h a t ,  u t i l i z i n g  l o c a l  c o n v e n t i o n a l  m in in g  
m e t h o d s ,  p a r t i c u l a r l y  uord and p i l l a r  m in in g ,  o n l y  1 2  p e r  

c e n t  v o l u m e t r i c  e x t r a c t i o n  w i l l  be a c h i e v e d  from th e  t h i c k  

c o a l  scams o f  the  S o u th  Rand C o a l f i e l d ,  & r e v i e w  o f  t h i c k  

seam m in in g  o p e r a t i o n s  in t h i s  c o a l f i e l d  o v e r  th e  l a s t  f o r t y  

y e a r s  r e v e a l s  t h a t  econ om ic  and t e c h n o l o g i c  r e s t r i c t i o n s  have  
r e s u l t e d  in o n l y  a b o u t  9 per  c e n t  e x t r a c t i o n  h a v in g  been  

a c h i e v e d .  T h i s  c l o s e  a g reem en t  b e tw een  a c t u a l  and p r e d i c t e d

xy yy.-yy-x.
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percentage extraction is an indication of the accflracy oE 
SGam r o s c r v e  • » t i - t e .  derived fro,,, the data b a s e .

2«5 Conclusions

m m

■t i ,  a p p a r e n t  t h a t  the low p e r c e n t a g e  e x t r a c t i o n  and p o o r  

^  i . a t i o n  o f  c a p i t a l  » . o . r c .  c u r r e n t l y  » ^ l r  Td w i th

a l  S6a'”s ' However, b e c a u s e  o f  th e  r a p i d l y  
l o p r o v m ,  e c o n o m ic  v i a b i l i t y  o f  the  South  A f r i c a n  c o a l  m in im  

i n - u s t r y  th e  p o t e n t i a l  may now e x i s t  to i n t r o d u c e  e f f i c i e n t  '

SMm m m i n 3 ^ t h o d s  in t h i s  c o u n t r y .  In v i e w  o f  th e  
e x t r e m e  i m p o r t a n c e  o f  South A f r i c a ' s  c o a l  r e s e r v e  to  t h e  

M t u r e  e c o n o m ic  d ev e lo p m e n t  o f  the c o u n t r y ,  th e  s i g n i f i c a n t  
c o n t r i b u t i o n  o f  t h i c k  c o a l  seams to  t h i s  r e s e r v e ,  and th e  low  
p e r c e n t a g e  e x t r a c t i o n  c u r r e n t l y  b e i n g  a c h i e v e d  from t h i c k

"  ** c o n s t H o r e , t h a t  r e s e a r c h  i n t o  th e  i n t r o d u c t i o n  
i n t o  bou th  A f r i c a  o f  s u i t a b l e  t h i c k  seam m in ing  m eth od s  i s  
n o t  o n l y  j u s t i f i e d  b u t  i s  r e q u i r e d  u r g e n t l y .



CHAPTER 3

T H E MINING OF SOUTH AFRICAN THICK COAL SEAMS -  

AN OUTLINE OF THE THESIS

3 . 1  I n t r o d u c t i o n

With th e  c h a n g i n g  eco n o m ic  c o n d i t i o n s  and a g r e a t e r  a w a r e n e s s  
o f  t h e  need t o  i n c r e a s e  p e r c e n t a g e  e x t r a c t i o n  o f  c o a l  

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

seam m in in g  m eth od s  in  South  A f r i c a .  The b a s i c  a im o f  t h i s  
t h e s i s  i s  to  e s t a b l i s h  a f o u n d a t i o n  on which  to  b a s e  

d e c i s i o n s  c o n c e r n i n g  t h e  i m p l e m e n t a t i o n  o f  t h e s e  m e t h o d s .  A 
b road  ra n g e  o f  f a c t o r s  have t o  be ta k e n  i n t o  a c c o u n t  to  

a c h i e v e  t h i s  a im .  B e c a u s e  the p o t e n t i a l  and need  f o r  t h i c k  
seam m in in g  m ctn od s  in  th e  ^ a s t  has  been  l i m i t e d ,  few  o f  

t h e s e  f a c t o r s  h a v e  b e e n  i n v e s t i g a t e d  p r e v i o u s l y .  C onse­

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

t h i s  t h e s i s .  T h i s  c h a p t e r  o u t l i n e s  and j u s t i f i e s  th e  

a p p r o a c h  a d o p te d  in c o n d u c t i n g  th e  r e s e a r c h  and in  p r e s e n t i n g  
r e s e a r c h  f i n d i n g s .

3 . 2  O v e r a l l  Approach

The p r im a r y  aim o f  t h i s  t h e s i s  i s  to e s t a b l i s h  a f o u n d a t i o n  

on w hich  to  b a s e  d e c i s i o n s  c o n c e r n i n g  the  i m p l e m e n t a t i o n  o f  

e f f i c i e n t  t h i c k  seam m in in g  m ethods  in South  A f r i c a ,  i t  i s  

p r o p o se d  to  a c h i e v e  t h i s  aim p r i m a r i l y  on th e  b a s i s  o f  m 'n in g  
and ro ck  m e c h a n ic s  c o n s i d e r a t i o n s  w h ich ,  in  the f i n a l  

a n a l y s i s ,  w i l l  he i n f l u e n c e d  s i g n i f i c a n t l y  by e c o n o m ic  

c o n s i d e r a t i o n s .  The t h e s i s  i s  r e s t r i c t e d  to  the i n t r o d u c t i o n  
o f  m ethods  w hich  have become e s t a b l i s h e d  in  the  f i e l d  o f  
t h i c k  seam m in i n g .



The o v e r a l l  s t r u c t u r e  o f  th e  t h e s i s  i s  o u t l i n e d  in  F i g .  3 .

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

seam m in in g  m eth o d s  have  b een  c o n s i d e r e d  a broad r a n g e  o f  

f a c t o r s  have  to  be r e s e a r c h e d .  In i n s t a n c e s ,  t h i s  r e s e a r c h  

i s  o n l y  r e q u i r e d  in  o r d e r  to  be a b l e  to  q u a n t i f y  th e  

i n f l u e n c e  o f  a f a c t o r  on t h i c k  seam m in ing  m e th o d s .  As s u c h ,  

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

t h i c k  seam m in in g  m ethods  in  a s p e c i f i c  r e g i o n  may n o t  be  

i n t e r e s t e d  in  r e s e a r c h  d e t a i l s  but  o n l y  in t h e  r e s e a r c h  

f i n d i n g s .

T h e r e f o r e ,  a p p e n d i c e s  have  b een  u t i l i z e d  e x t e n s i v e l y  t o  

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

t h e  b a s i s  f o r  f u r t h e r  r e s e a r c h  p r e s e n t e d  in t h e  main t e x t  

a n d / o r  w h ic h  may n o t  f i n d  a p p l i c a t i o n  in  a l l  c i r c u m s t a n c e s ,  

i n  th e  m ain  t e x t  o f  t h e  t h e s i s  the  need f o r  t h e s e  r e s e a r c h  

i n v e s t i g a t i o n s  i s  m o t i v a t e d  and r e s  arch  f i n d i n g s  a r e  

a p p l i e d .

As r e f e r e n c e  t o  F i g .  3 s h o w s ,  th e  t h e s i s  i s  s t r u c t u r e d  s u c h  

t h a t  th e  l o c a l  f e a t u r e s  o f  a s h f i l l i n g  a n d / o r  d o l e r l t e  s i l l s  

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

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

1 .3  S g e ^ i ^ A p B r o a c h

Economic c o n s t r a i n t s ,  s u p p o r t e d  by th e  o p i n i o n  t h a t  S o u th  

A f r i c a ' s  c o a l  r e s e r v e s  w ere  a l m o s t  i n e x h a u s t i b l e  h a v e ,  u n t i l  

r e c e n t l y ,  r e s t r i c t e d  l o c a l  m in in g  o p e r a t i o n s  in  c o a l  seams  

more than 1 ,3  m t h i c k  t o  bord and p i l l a r  m in i n g .  W ith  t o p -  

a n d / o r  b o t t o m r c o n l i n j  t h i s  method t y p i c a l l y  e x t r a c t s  up to  a |

6 n t h i c k n e s s  o f  c o a l .  Bord and p i l l a r  m in ing  has  b e e n  

r e f i n e d  to  a h i g h  d e g r e e  under l o c a l  c o n d i t i o n s  and t h e r e  i s  

l i t t l e  t o  ho g a i n e d  by i n v e s t i g a t i n g  o v e r s e a s  bord and p i l l a r  

m in in g  o p e r a t i o n s .  C o n s e q u e n t l y ,  r e s e a r c h  i n t o  i n c r e a s i n g  

p e r c e n t a g e  e x t r a c t i o n  from l o c a l  t h i c k  c o a l  seam s u t i l i z i n g
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I d e n t i f y  and j u s t i f y  the  need f o r  r e s e a r c h  aimed  
a t  i n t r o d u c i n g  e f f i c i e n t  t h i c k  seam m in ing  m ethods  in  

S o u th  A f r i c a  -  CHAPTERS 1 and 2

O u t l i n e  and j u s t i f y  the  approach  a d o p te d  in  
c o n d u c t i n g  t h i s  r e s e a r c h  -  CHAPTER 3

r
I d e n t i f y  e s t a b l i s h e d  t h i c k  
scam m in in g  m ethods  and 
t a b u l a t e  th e  g e o l o g i c  and 
e c o n o m ic  c h a r a c t e r i s t i c s  
and r e q u i r e m e n t s  o f  t h o s e  
m eth od s  -  CHAPTERS 4 and 5

I d e n t i f y  p o t e n t i a l  t h i c k  
seam m in in g  r e g i o n s  in  
South  A f r i c a  and t a b u l a t e  
th e  g e o l o g i c  c o n d i t i o n s  
which  e x i s t  in  t h e s e  
r e g i o n s  -  CHAPTER 6

T
Compare t h e s e  two s e t s  o f  d a t a  to  I d e n t i f y  e s t a b l i s h e d  
t h i c k  seam m in in g  m ethods  t e c h n i c a l l y  f e a s i b l e  to  l o c a l  
c o n d i t i o n s ,  A s s e s s  th e  p o t e n t i a l  o f  t h e s e  m eth o d s  in  

th e  l i g h t  o f  c u r r e n t  l o c a l  p r a c t i c a l  and eco n o m ic  
c o n s t r a i n t s .  I d e n t i f y  the  more im p o r t a n t  l o c a l  

f e a t u r e s  which  have t o  be r e s e a r c h e d  in  o r d e r  
t o  e v a l u a t e  t h e i r  i n f l u e n c e  on p o t e n t i a l  

t h i c k  seam m in in g  m ethods  -  CHAPTER 7

R e s e a r c h  t h e s e  l o c a l  f e a t u r e s  and e v a l u a t e  
- t n c i r  i n f l u e n c e  on p o t e n t i a l  e s t a b l i s h e d  

t h i c k  seam m in ing  m ethods

i

I'
E v a l u a t e  the  s i g n i f i c a n c e ,  
b e h a v i o u r  and i n f l u e n c e  
o f  a s h f i l l  on l o c a l  t h i c k  
seam m in in g  o p e r a t i o n s  -  
CHAPTER 8

C o n c l u s i o n s  -

E v a l u a t e  th e  s i g n i f i c a n c e ,  
b e h a v io u r  and i n f l u e n c e  
o f  m a s s i v e  d o l e r i t e  s i l l s  
on l o c a l  t h i c k  seam m in in g  
o p e r a t i o n s  -  CHAPTER 9

CHAPTER 10

FIGURE 3 An o u t l i n e  o f  the  o v e r a l l  s t r u c t u r e  o f  th e  t h e s i s .
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a l t e r n a t i v e  e s t a b l i s h e d  t h i c k  scam m in in g  m ethods  ca n  o n l y  be

j u s t i f i e d  when some o f  the  s e v e r e  l o c a l  eco n o m ic  c o n s t r a i n t s

a i c  r e l a x e d .  F u r th e r m o r e ,  a demand must  e x i s t  f o r  th e

i n c r e a s e d  p r o d u c t i o n  r e s u l t i n g  from t h e  i n t r o d u c t i o n  o f  suc h  
m e th o d s .

t h e r e f o r e ,  in C h ap ter  1 t h e  o v e r a l l  e c o n o m ic s  o f  c o a l  m in in g  

in  South  A f r i c a  has  b een  r e v ie w e d  b r i e f l y .  T h i s  r e v i e w  

h i g h l i g h t s  the  f a c t  t h a t  eco n o m ic  c o n s t r a i n t s  no l o n g e r  

p r e s e n t  a c o m p l e t e  b a r r i e r  to  th e  i n t r o d u c t i o n  o f  a l t e r n a t i v e  

t h i c k  seam m in in g  m e th o d s .  F u r th er m o re ,  a need e x i s t s  t o  
i n c r e a s e  l o c a l  c o a l  p r o d u c t i o n .

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

t n i c k  seam m in in g  m eth od s  can  c o n t r i b u t e  to  s a t i s f y i n g  t h i s  

n e e d ,  i t  i s  n e c e s s a r y  t o  d e t e r m i n e  t h e  m agn itu d e  and 

d i s t r i b u t i o n  o f  S o u th  A f r i c a ' s  t h i c k  seam r e s e r v e s .  A 

p r e r e q u i s i t e  f o r  c o n d u c t i n g  t h i s  r e s e a r c h  i s  to  d e f i n e  a 

t h i c k  c o a l  seam .  T h i s  d e f i n i t i o n  i s  p r e s e n t e d  in  C h a p t e r  2 .  

Jn th e  b a s i s  o f  the d e f i n i t i o n ,  t h i c k  c o a l  seams c o n s t i t u t e  
o v e r  50 p e r  c e n t  o f  S o u th  A f r i c a ' s  c o a l  r e s e r v e .

F u r t h e r m o r e ,  o n l y  a b o u t  2 0  p e r  c e n t  o f  t h i s  r e s e r v e  ca n  be 
e x t r a c t e d  u t i l i z i n g  p r e s e n t  underground m in in g  m e th o d s ,  
p r i m a r i l y  bord and p i l l a r  m in in g .

O b v i o u s l y ,  a need e x i s t s  to  i n t r o d u c e  a l t e r n a t i v e  t h i c k  seam  

m in in g  m e t h o d s .  9 u t ,  b e c a u s e  o f  l i m i t e d  l o c a l  e x p e r i e n c e  

w i t h  su c h  m eth od s  in th e  p a s t ,  no f o u n d a t i o n  e x i s t s  on w h ich  

t o  e a s e  th e  i m p l e m e n t a t i o n  o f  t h e s e  m eth o d s .  Th u s ,  i t  can  be  

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

n o t  o n l y  j u s t i f i e d  bur i s  r e q u i r e d  u r g e n t l y .  B e c a u s e  o f  th e  

broad n a t i r e  o f  the  p rob lem  and o f  th e  l i m i t e d  r e s e a r c h  w h ich  
has  and i s  n c in . ,  c o n d u c t e d  i n t o  the  prob lem ,  i t  i s  n e c e s s a r y  
tn r e s e a r c h  a broad range  o f  f a c t o r s  i f  the aim i s  t o  be 
a c h i e v e d .

An ap p roach  to  c o n d u c t i n g  t h i s  r e s e a r c h  n e e d s  to  be 

f o r m u la t e d  ( t h e  a p p ro a ch  a d o p te d  b e in g  t h a t  under

; -
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d i s c u s s i o n ) .  A l o g i c a l  s t a r t i n g  p o i n t  in the r e s e a r c h  

program i s  to  r e v i e w  l i t e r a t u r e  r e l a t i n g  to  t h i c k  seam m in in g  

m eth od s  w hich  a r e  o r  have  been used e x t e n s i v e l y  t h r o u g h o u t  

th e  w o r l d .  The p r im ar y  p u rp ose  oE t h i s  r e v i e w  i s  to  t a b u l a t e  

t h e  c h a r a c t e r i s t i c s  and r e q u i r e m e n t s  o f  th e  v a r i o u s  m eth o d s  

for  l a t e r  c o m p a r i s o n  w i t h  l o c a l  c o n d i t i o n s ,  th u s  e n a b l i n g  t h e  

i d e n t i f i c a t i o n  o f  m eth od s  which may be p o t e n t i a l l y  s u i . i b l e  

f o r  u s e  in  Sou th  A f r i c a .  B u t ,  in the  c o u r s e  o f  c o n d u c t i n g  

t h e  r e v i e w  i t  has  b een  found  t h a t  a number o f  p u b l i s h e d  

p r o p o s a l s  and c o n c l u s i o n s  c o u ld  n o t  be a c c e p t e d  a s  c o r r e c t *  

F u r t h e r m o r e ,  some o f  t h e s e  p r o p o s a l s  and c o n c l u s i o n s  c o u l d  

h a v e  s e r i o u s  i m p l i c a t i o n s  i f  th ey  w ere  to  form th e  b a s i s  f o r  

s e l e c t i n g  and im p le m e n t in g  m ethods  under l o c a l  c o n d i t i o n s .  

T h e r e f o r e ,  C h a p t e r  4 h a s  b een  r e s t r i c t e d  to  c l a s s i f y i n g  th e  

l i t e r a t u r e  a v a i l a b l e  on t h i c k  seam m in in g  and c r i t i c a l l y  

a s s e s s i n g  t h e  p r o p o s a l s  and c o n c l u s i o n s  c o n t a i n e d  t h e r e i n .

In c o n d u c t i n g  t h e  l i t e r a t u r e  r e v ie w  a l a r g e  number ( 2 0 ) o f  

t h i c k  scam m in in g  m e th o d s  w ere  i d e n t i f i e d .  T h e r e f o r e ,  a 

s y s t e m  h a s  b een  d e v i s e d  f o r  c l a s s i f y i n g  t h e s e  m e th o d s .  T h i s  

c l a s s i f i c a t i o n  s y s t e m  i s  b a se d  on two p a r a m e t e r s ,  nam ely  th e  

seam h e i g h t  e x t r a c t e d  in  each  s t a g e  o f  the  m in in g  o p e r a t i o n ,  
and th e  e f f e c t s  o f  m in in g  on th e  r o o f  s t r a t a .  T h ese  tw o  

c r i t e r i a  a r e  combined i n t o  the  form o f  a 3 x 3 m a t r i x ,  t h u s  

r e s u l t i n g  i n  th e  i d e n t i f i c a t i o n  o f  n i n e  c a t e g o r i e s  o f  t h i c k  
scum m in in g  m e t h o d s .  T h i s  c l a s s i f i c a t i o n  s y s t e m ,  p r e s e n t e d  

in  C h a p ter  5 ,  i s  u t i l i z e d  e x t e n s i v e l y  t h r o u g h o u t  th e  t h e s i s ,  

e s p e c i a l l y  t o  t a b u l a t e  and compare f e a t u r e s  a s s o c i a t e d  w i t h  
tn e  v a r i o u s  t h i c k  seam m in in g  m e th o d s .

In v i e w  o f  th e  l a r g e  number o f  m in ing  m ethods  r e v i e w e d  i t  i s  

c o n s i d e r e d  i n a p p r o p r i a t e  to  d e s c r i b e  e a c h  method in  d e t a i l  i n  
th e  main t e x t  o f  the  t m e s i s .  T h e r e f o r e ,  o n l y  a g e n e r a l  

d e s c r i p t i o n  o f  th e  m ethods  in t-rma o f  the  e x t r a c t e d  seam  

h o i i h t  c r i t e r i o n  i s  p r e s e n t e d  in the main t e x t  w h i l s t  ea ch  
method i s  d e s c r i b e d  in some d e t a i l  in  Appendix  I I I ,  To 

f a c i l i t a t e  o b t a i n i n g  f a r t h e r  i n f o r m a t i o n  when d e t a i l e d  

c o n s i d e r a t i o n  may be g i v e n  to  i n t r o d u c i n g  a s p e c i f i c  m e th o d ,

 ■ '
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a b i b l i o g r a p h y  o f  th e  l i t e r a t u r e  r e v ie w e d  i s  p r e s e n t e d  in  
A ppendix  IV.

H aving d e v i s e d  a s y s t e m  fo r  c l a s s i f y i n g  t h i c k  seam m in in g  

m e th o d s ,  t h i s  c l a s s i f i c a t i o n  s y s t e m  i s  u t i l i z e d  i n  C h a p ter  5 

t o  f a c i l i t a t e  t a b u l a t i o n  o f  t h e  g e o l o g i c  and eco n o m ic  

c h a r a c t e r i s t i c s  and r e q u i r e m e n t s  o f  each  e s t a b l i s h e d  t h i c k  

seam m in in g  method i d e n t i f i e d .  The n e x t  l o g i c a l  s t e p  in  th e  

t h e s i s  i s  t o  r e s e a r c h  t h e  g e o l o g i c  c o n d i t i o n s  w h ich  e x i s t  in  

t h o s e  S o u th  A f r i c a n  c o a l f i e l d s  which c o n t a i n  t h i c k  seam  
r e s e r v e s .  B u t ,  s i n c e  t h e r e  a r e  12 suc h  c o a l f i e l d s ,  some o f  

w h ich  c o n t a i n  up to  5 t h i c k  s e a m s ,  i t  i s  c l e a r l y  i m p r a c t i c a l  
t o  a s s e s s  g e o l o g i c  c o n d i t i o n s  p e r t a i n i n g  t o  e a c h  t h i c k  seam  
in e a c h  c o a l f i e l d .

;
••

-

T h e r e f o r e ,  a t  t h e  commencement o f  C hapter  6 , t h e  p o t e n t i a l  

f o r  i n t r o d u c i n g  t h i c k  seam m in in g  methods  in  t h e s e  c o a l f i e l d s  

h a s  b een  a s s e s s e d .  I t  i s  a p p a r e n t  from t h i s  a s s e s s m e n t  t h a t  

r e s e a r c h  i n v e s t i g a t i o n s  s h o u ld  c o n c e n t r a t e  on s p e c i f i c  

p o t e n t i a l  t h i c k  seam m in ing r e g i o n s  in  th e  S p r i n g s - V i s c h k u i l -  

W itb a n k ,  H i g h v e l d ,  S o u th  Rand and V e r e e n i g i n g - S a s o l b u r g  

C o a l f i e l d s .  B e f o r e  e s t a b l i s h e d  t h i c k  seam m in in g  m eth od s  

w h ich  a r c  p o t e n t i a l l y  s u i t a b l e  f o r  u se  in  t h e s e  r e g i o n s  c a n  

be i d e n t i f i e d ,  i t  i s  n e c e s s a r y  to  t a b u l a t e  th e  g e o l o g i c  

c o n d i t i o n s  w h ic h  e x i s t  in  ea ch  r e g i o n .  The need f o r  s u c h  

i n f o r m a t i o n  in  th e  p a s t  has b een  v e r y  l i m i t e d  and s o  much o f  
t h e  i n f o r m a t i o n  r e q u i r e d  i s  n o t  a v a i l a b l e .  T h e r e f o r e ,  an  

e x t e n s i v e  f i e l d  i n v e s t i g a t i o n  had to  be u n d e r t a k e n  t o  a s s e s s  

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

T h i s  a s s e s s m e n t  has  boon f a c i l i t a t e d  by t a b u l a t i n g  g e o l o g i c  

c o n d i t i o n s  e n c o u n t e r e d  in bord and p i l l a r  w o r k i n g s  w h ich  a r e  

d i s t r i o u t u d  t h r o u g h o u t  p o t e n t i a l  t h i c k  seam m in in g  r e g i o n s .
To f u r t h e r  f a c i l i t a t e  the a s s e s s m e n t ,  a number o f  

q u a n t i t a t i v e  g e o l o g i c  c l a s s i f i c a t i o n  s y s t e m s  have  b e en  

d e v i s e d  and a r e  p r e s e n t e d  in Appendix  V. Whenever p o s s i b l e ,  

g e o l o g i c  c o n d i t i o n s  have  been  t a b u l a t e d  in  th e  same fo r m a t  as



t h a t  u t i l i z e d  in  C h a p te r  5 t o  r e c o r d  t h e  g e o l o g i c  c h a r a c t e r ­

i s t i c s  and r e q u ir e m e n t^  o f  e s t a b l i s h e d  t h i c k  seam m in in g  

m e th o d s .  S i n c e  f o u r  t a b l e s  o f  g e o l o g i c  i n f o r m a t i o n  p e r t a i n  

t o  each  t n i c k  seam a s s e s s e d ,  and n in e  such seams a r e  p r e s e n t  

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

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

t o  p r e s e n t  t h i s  i n f o r m a t i o n  in  the  main t e x t  and th e  
i n f o r m a t i o n  i s  c o n t a i n e d  in  Appendix  V I .

On th e  b a s i s  o f  a c o m p a r i s o n  b e tw e e n  the  g e o l o g i c  c h a r a c t e r ­

i s t i c s  and r e q u i r e m e n t s  o f  e s t a b l i s h e d  t h i c k  m in in g  m e th o d s ,  
p r e s e n t e d  in  C n a p te r  5 ,  and t h e  g e o l o g i c  c o n d i t i o n s  w hich  

p e r t a i n  t o  p o t e n t i a l  t h i c k  seam m in in g  r e g i o n s ,  Appendix  V I ,  

t h o s e  e s t a b l i s h e d  t h i c k  seam m in in g  methods which  a r e  

t e c h n i c a l l y  f e a s i b l e  u n d er  l o c a l  c o n d i t i o n s  ca n  be i d e n t i f i e d  

and are  p r e s e n t e d  in  C h a p ter  7 .  T h i s  i d e n t i f i c a t i o n  p r o c e s s  

i s  f a c i l i t a t e d  s i g n i f i c a n t l y  by  h a v in g  used a s i m i l a r  f o r m a t  

t o  r e c o r d  g e o l o g i c  c o n d i t i o n s  i n  C h ap ter  S and A ppendix  V I .

However,  w h i l s t  t e c h n i c a l l y  f e a s i b l e ,  a number o f  p r a c t i c a l  

p r o b le m s  a r e  a s s o c i a t e d  w i t h  im p le m e n t in g  t h e s e  m eth o d s .

T h e s e  p r o b le m s  i n c l u d e  f a c t o r s  such  a s  the e f f e c t  o f  a m in in g  

method on o v e r l y i n g  m in e a b l e  s e a m s ,  m arket  a v a i l a b i l i t y  f o r  

t h e  i n c r e a s e d  p e r c e n t a g e  e x t r a c t i o n ,  th e  a v a i l a b i l i t y  o f  an 

e c o n o m ic  s t o w i n g  m a t e r i a l  and p a n e l  d e s i g n  to  m i n i m i s e  

s u p p o r t  c o s t s  when m a s s i v e  d o l e r i t e  s i l l s  a r e  p r e s e n t  in t h e  

s u p e r in c u m b e n t  s t r a t a .  As s u c h ,  t h e s e  f a c t o r s  a r e  m o s t l y  
c o n c e r n e d  w i t h  the  e c o n o m i c s  o f  the  e n v ir o n m e n t  in  w h ich  

t e c h n i c a l l y  f e a s i b l e  m in in g  m ethods  must  o p e r a t e ,  r a t h e r  th a n  

t h e  e c o n o m ic s  o f  th e  m eth od s  t h e m s e l v e s .  A f t e r  e l i m i n a t i n g  
t h o s e  t e c h n i c a l l y  f e a s i b l e  m in in g  methods  w h ich  a r e  n o t  

p r a c t i c a l l y  f e a s i b l e  th e  p r e s e n t  eco n o m ic  f e a s i b i l i t y  o f  t h e  
r e m a in in g  m ethods  has b e e n  a s s e s s e d .  The econom ic  

c h a r a c t e r i s t i c s  o f  m in in g  m ethods  c u r r e n t l y  em ployed  in  S o u th  

A f r i c a  have  been used  a s  a g u i d e  in  a s s e s s i n g  th e  econ om ic  

f e a s i b i l i t y  o f  t e c h n i c a l l y  and p r a c t i c a l l y  f e a s i b l e  m in in g  

m e th o d s .  T h ese  c h a r a c t e r i s t i c s  have  been  r e c o r d e d  in  the  

same form at  in  C h a p te r  7 a s  t h a t  used  to  r e c o r d  th e  eco n o m ic
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that  u t i l i z e d  in Chapter 5 to record the geo log ic  ch a ra c ter

p r e s e n t e d  in  C h a p ter  5 ,  and th e  g e o l o g i c  c o n d i t i o n s  , ,h 

p e r t a i n  to  p o t e n t i a l  t h i c k  seam m in in g  r e g i o n s ,  Append ix  V I ,

t e c h n i c a l l y  f e a s i b l e  u n d er  l o c a l  c o n d i t i o n s  can  be i d e n t i f i e d  

and a r e  p r e s e n t e d  i n  C h a p te r  7 .  T h i s  i d e n t i f i c a t i o n  p r o c e s s  

i s  f a c i l i t a t e d  s i g n i f i c a n t l y  by h a v i n g  used  a s i m i l a r  forma*- 

t o  r e c o r d  g e o l o g i c  c o n d i t i o n s  in  C h a p te r  5 and A ppendix  V i .

However,  w h i l s t  t e c h n i c a l l y  f e a s i b l e ,  a number o f  p r a c t i c a l  

p r o b le m s  a r e  a s s o c i a t e d  w i t h  i m p le m e n t in g  t h e s e  m e t h o d s .
T h ese  p r o b le m -  i n c l u d e  f a c t o r s  s u c h  a s  t h e  e f f e c t  o f  a m in i n g  

method on o v e r l y i n g  m i n e a b l e  s e a m s ,  m ark et  a v a i l a b i l i t y  f o r  

t h e  i n c r e a s e d  p e r c e n t a g e  e x t r a c t i o n ,  th e  a v a i l a b i l i t y  o f  an 

econ om ic  s t o w i n g  m a t e r i a l  and p a n e l  d e s i g n  to  m i n i m i s e  

s u p p o r t  c o s t s  when m a s s i v e  d o l e r i t e  s i l l s  a r e  p r e s e n t  in  th e  

s u p e r in c u m b e n t  s t r a t a .  As s u c h ,  t h e s e  f a c t o r s  a r e  m o s t l y  
c o n c e r n e d  w i t h  the  e c o n o m i c s  o f  the  e n v ir o n m e n t  in  w h ic h  

t e c h n i c a l l y  f e a s i b l e  m in in g  m ethods  must  o p e r a t e ,  r a t h e r  th a n  

th e  e c o n o m ic s  o f  th e  m eth o d s  t h e m s e l v e s .  A f t e r  e l i m i n a t i n g  

t h o s e  t e c h n i c a l l y  f e a s i b l e  m in ing  m eth o d s  which  a r e  n o t  

p r a c t i c a l l y  f e a s i b l e  the  p r e s e n t  e c o n o m ic  f e a s i b i l i t y  o f  the  

r em a in in g  m ethods  has  b een  a s s e s s e d .  The econ om ic  

c h a r a c t e r i s t i c s  o f  m in in g  m ethods  c u r r e n t l y  em ployed  in  S o u th  

A f r i c a  have been  used  a s  a g u i d e  in  a s s e s s i n g  th e  eco n o m ic  

f e a s i b i l i t y  o f  t e c h n i c a l l y  and p r a c t i c a l l y  f e a s i b l e  m in in g  

m eth od s .  T h e s e  c h a r a c t e r i s t i c s  h a v e  been  r e c o r d e d  in  th e  

same form at  i n  C h a p te r  7 a s  t h a t  u sed  to  r e c o r d  th e  eco n o m ic

i s t i c s  and r e q u i r e m e n t s  o f  e s t a b l i s h e d  t h i c k  seam m in in g  

m e th o d s .  S i n c e  f o u r  t a b l e s  o f  g e o l o g i c  i n f o r m a t i o n  p e r t a i n  

to  each  t h i c k  seam a s s e s s e d ,  and n i n e  such  seams a c e  p r e s e n t  

w i t h i n  the f o u r  r e l e v a n t  c o a l f i e l d s ,  a l a r g e  vo lum e o f  

g e o l o g i c  i n f o r m a t i o n  h a s  been  c o l l e c t e d .  I t  i s  i m p r a c t i c a l  

t o  p r e s e n t  t h i s  i n f o r m a t i o n  in th e  main t e x t  and th e  

i n f o r m a t i o n  i s  c o n t a i n e d  in  A ppendix  V I ,

On th e  o a s i s  o f  a c o m p a r i s o n  b e t w e e n  the  g e o l o g i c  c h a r a c t e r ­
i s t i c s  and r e q u i r e m e n t s  o f  e s t a b l i s h e d  t h i c  m in in g  m e th o d s ,

t h o s e  e s t a b l i s h e d  t h i c k  seam m in in g  m eth od s  which  a c e
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c h a r a c t e r i s t i c s  o f  e s t a b l i s h e d  t h i c k  seam m i n i n g  m e t h o d s  i n  

C h a p ter  5, s o  t h a t  m eth od s  p r e s e n t l y  e c o n o m i c a l l y  f e a s i b l e  
can be r e a d i l y  i d e n t i f i e d .

The u n d e r l y i n g  theme o f  th e  i d e n t i f i c a t i o n  p r o c e s s  a d o p te d  in 

C h ap ter  7 i s  t h a t  o f  a p p l y i n g  f a c t o r s  to  i d e n t i f y  m ethods  n o t  

f e a s i b l e  in th e  o r d e r  in w h ich  t h e s e  f a c t o r s  a r e  l e a s t  l i k e l y  

to  v a r y  in th e  f o r e s e e a b l e  f u t u r e .  That  i s ,  f a c t o r s  w h ich  

a r e  l i k e l y  t o  va ry  in  the  im m ed ia te  f u t u r e  a r e  a p p l i e d  l a s t .  

T h e r e f o r e ,  when t h e s e  f a c t o r s  ch a n g e  i t  i s  o n l y  n e c e s s a r y  t o  

g o  a s h o r t  way back i n t o  t h e  i d e n t i f i c a t i o n  p r o c e s s  t o  

r e - e s t a b l i s h  the  t e c h n i c a l ,  p r a c t i c a l  and e c o n o m ic  
f e a s i b i l i t y  o f  m eth o d s .

Were i t  n o t  f o r  two l o c a l  f e a t u r e s  r e c o g n i s e d  d u r in g  th e  

i d e n t i f i c a t i o n  p r o c e s s  a s  r e q u i r i n g  r e s e a r c h  in  o r d e r  t o  
q u a n t i f y  t h e i r  i n f l u e n c e  on m eth od s  p o t e n t i a l l y  f e a s i b l e  

under p r e s e n t  c o n d i t i o n s  th e  aim o f  th e  t h e s i s  would have  

been  a c h i e v e d  a t  t h i s  s t a g e .  However,  i t  i s  a p p a r e n t  t h a t  i f  

bord and p i l l a r  m ethods  i n c o r p o r a t i n g  s t o w i n g ,  which  a r e  
p o t e n t i a l l y  f e a s i b l e  in r e g i o n s  o f  a l l  f o u r  r e l e v a n t  

c o a l f i e l d s ,  a r e  t o  be im plem ented  i n  t h e s e  r e g i o n s ,  power  

s t a t i o n  a sh  c o n s t i t u t e s  t h e  o n l y  eco n o m ic  s t o w i n g  m a t e r i a l .  

S i n c e  t h i s  u t i l i z a t i o n  o f  power s t a t i o n  a s h  i s  u n iq u e  i t  i s  
n e c e s s a r y  to  q u a n t i f y  th e  e f f e c t s  o f  a s h f i l l  on p i l l a r  

b e h a v i o u r .  A p r e r e q u i s i t e  to  t h i s  r e s e a r c h  i s  the  

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

p r o p e r t i e s  o f  l o c a l  power s t a t i o n  a s h e s .  The f i n d i n g s  o f  

r e s e a r c h  i n t o  d e t e r m i n i n g  t h e s e  p r o p e r t i e s  i s  p r e s e n t e d  in  

Appendix  V I I .  On th e  b a s i s  o f  t h e s e  f i n d i n g s  th e  e f f e c t s  o f  
a s h f i l l  on p i l l a r  b e h a v i o u r  la" , 3 b een  q u a n t i f i e d  and 
d i s c u s s e d  in  C hapter  8 .

I t  i s  a l s o  a p p a r e n t  from th e  i d e n t i f i c a t i o n  p r o c e s s  t h a t  an 

u n d e r s t a n d i n g  o f  th e  t h e o r y  o f  d o l e r i t e  b e h a v i o u r  i s  a 

n e c e s s a r y  p r e r e q u i s i t e  f o r  s u c c e s s f u l l y  im p l e m e n t in g ,  in  
p o t e n t i a l  t h i c k  seam m in in g  r e g i o n s  o f  th e  Sou th  Rand and 

V e r e e n i g l n g - S a s o l b u r g  C o a l f i e l d s ,  m eth o d s  w hich  r e s u l t  in



c a v i n g  o f  t h e  r o o f  s t r a t a .  H o we ve r ,  r e c e n t  m i n i n g  

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

i n t o  d o l e r i t e  b e h a v i o u r  and i t s  i n f l u e n c e  on mine d e s i g n  i s  

i n a d e q u a t e .  C o n s e q u e n t l y ,  f u r t h e r  r e s e a r c h  h as  been  

c o n d u c t e d  i n t o  t h i s  t o p i c .  The v a r i o u s  a p p r o a c h e s  a d o p te d  

and th e  o u tc o m e s  o f  e a c h  o f  t h e s e  a p p r o a c h e s  a re  p r e s e n t e d  in  

A ppendix  V i i i .  The more im p o r t a n t  r e s e a r c h  f i n d i n g s  are  

p r e s e n t e d  in  c h a p t e r  9 and a p p l i e d  t o  c o n d i t i o n s  e x i s t i n g  in  

p o t e n t i a l  t h i c k  seam m in in g  r e g i o n s  in  the S o u th  Rand and 
V e r e e n i g i n g - S a s o l b u r g  C o a l f i e l d s .

W h i l s t  a  number o f  s e c o n d a r y  a r e a s  r e q u i r i n g  r e s e a r c h  rem ain  
o u t s t a n d i n g ,  t h e  p r im a r y  aim o f  th e  t h e s i s ,  t h a t  o f  

e s t a b l i s h i n g  a f o u n d a t i o n  on w h ich  to  b a s e  th e  i m p l e m e n t a t i o n  

o f  e f f i c i e n t  t h i c k  seam m in in g  m ethods  in  S o u th  A f r i c a ,  i s  

c o n s i d e r e d  t o  h a v e  b een  a c h i e v e d  a t  t h i s  s t a g e  o f  t h e  t h e s i s .  

T h i s  a c c o m p l i s h m e n t  has  b een  b a s e d  p r i m a r i l y  on r e s e a r c h  

c o n d u c t e d  i n t o  m in ing  and ro ck  m e c h a n ic s  a s p e c t s  a s s o c i a t e d  

w i t h  b o t h  e s t a b l i s h e d  t h i c k  seam m in in g  m eth od s  and l o c a l  

p o t e n t i a l  t h i c k  seam m in in g  r e g i o n s .  The more im p o r t a n t  

f i n d i n g s  and c o n c l u s i o n s  o f  t h i s  r e s e a r c h  a r e  p r e s e n t e d  in  
C h a p te r  10.

3*4 C o n c l u s i o n s

R e s e a r c h  c o n d u c t e d  p r e v i o u s l y  i n t o  i n t r o d u c i n g  e f f i c i e n t  
t h i c k  seam m in in g  m eth od s  in  S o u th  A f r i c a  h a s  been v e r y  

l i m i t e d .  C o n s e q u e n t l y ,  i t  has  been n e c e s s a r y  to  u n d e r t a k e  a  
broad f i '  Id o f  r e s e a r c h  in  a t t e m p t i n g  to  a c h i e v e  th e  aim o f  

t h e  t h e s i s ;  t h a t  o f  p r o v i d i n g  a f o u n d a t i o n  on wh<ch to  b a s e  

d e c i s i o n s  c o n c e r n i n g  th e  i m p l e m e n t a t i o n  o f  e f f i c i e n t  t h i c k  
seam m in ing  m ethods  in  t h i s  c o u n t r y .  P r e s e n t a t i o n  o f  

r e s e a r c h  f i n d i n g s  has b e e n  f a c i l i t a t e d  by t h e  e x t e n s i v e  u se  

o f  a p p e n d i c e s ,  and by th e  r e c o r d i n g  o f  a s p e c t s  r e s e a r c h e d  
under  one  or  more o f  t h e  f o u r  p o t e n t i a l  t h i c k  m in in g  
c o a l f i e l d s  t o  which  t h e y  p e r t a i n .
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M ining and r o c k  m e c h a n ic s  c o n s i d e r a t i o n s  form th e  b a s i s  f o r  

a c h i e v i n g  the  aim o f  the  t h e s i s .  B ut ,  a s  in any f r e e  

e n t e r p r i s e  econom y,  t h e s e  c o n s i d e r a t i o n s  must  u l t i m a t e l y  be 

i n f l u e n c e d  by ec o n o m ic  c o n s i d e r a t i o n s .  C o n s e q u e n t l y ,  m in in g  

and rock m e c h a n ic s  c o n s i d e r a t i o n s  p r i m a r i l y  d e t e r m i n e  the  
t e c h n i c a l  f e a s i b i l i t y  o f  e s t a b l i s h e d  t h i c k  seam m in ing  

m eth od s  under  l o c a l  c o n d i t i o n s ,  A c o m b in a t io n  o f  m in ing  and 

rock  m e c h a n ic s  c o n s i d e r a t i o n s  and e c o n o m ic  c o n s i d e r a t i o n s  

d e t e r m i n e  th e  s o - c a l l e d  ' p r a c t i c a l '  f e a s i b i l i t y  o f  i n t r o d u c ­
ing t h e s e  t e c h n i c a l l y  f e a s i b l e  m in in g  m ethods  w h i l s t ,  

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

f e a s i b i l i t y  o f  i n t r o d u c i n g  m e th o d s .  However,  i t  must  be  

a p p r e c i a t e d  t h a t  under  S o u th  A f r i c a n  c o n d i t i o n s  ro ck  
m e c h a n ic s  c o n s i d e r a t i o n s ,  in  p a r t i c u l a r ,  can be u t i l i z e d  t o  

g r e a t  a d v a n t a g e  in  im p ro v in g  th e  eco n o m ic  v i a b i l i t y  o f  a 
m in in g  method o r  o p e r a t i o n .

F i n a l l y ,  a l t h o u g h  th e  t h e s i s  h a s  been  r e s t r i c t e d  to  
c o n s i d e r i n g  t h e  i n t r o d u c t i o n  o f  o n l y  e s t a b l i s h e d  t h i c k  seam 

m in in g  m e th o d s ,  i t  a l s o  forms th e  b a s i s  f o r  d e v i s i n g  n o v e l  

t h i c k  seam m in in g  m eth od s  f o r  u s e  in  t h e  r e l e v a n t  r e g i o n s  o f  
th e  fou r  c o a l f i e l d s  i n v e s t i g a t e d .  T h i s  i s  b e c a u s e  

c o n d i t i o n s ,  b o t h  g e o l o g i c  and e c o n o m ic ,  under w h ich  a method  

o p e r a t e  in  t h e s e  r e g i o n s  h a v e  b een  i d e n t i f i e d  and 

ri'ed a n d ,  in  i n s t a n c e s ,  th e  i n f l u e n c e  o f  r a t h e r  u n iq u e  

lour m a tu r e s  which  p e r t a i n  tv  some o f  t h e s e  r e g i o n s  has  

b een  q u a n t i f i e d .  T h u s ,  m e t l o d s  may be d e s i g n e d  t o  m eet  t h e s e  

c o n d i t i o n s  and r e q u i r e m e n t s .  O b v i o u s l y ,  th e  p o t e n t i a l  a l s o  

u x i s l t  to  u t i l i z e  t h e  t h e s i s  in  th e  f u t u r e  to  e v a l u a t e ,  u n d er  
l o c a l  c o n d i t i o n s ,  o t h e r  t h i c k  seam m in in g  m ethods  n o t  

c u r r e n t l y  e s t a b l i s h e d .
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CHAPTER 4

A CRITICAL EVALUATION OF LITERATURE RELATING 

TO ESTABLISHED THICK SEAM MINING METHODS

4 . 1  I n t r o d u c t i o n

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

i n t r o d u c i n g  underground t h i c k  seam m in in g  m ethods  i n  S o u th  

A f r i c a  i s  t o  r e v i e w  th e  u se  o f  such  m ethods  e l s e w h e r e  

t h r o u g h o u t  t h e  w o r l d .  A c o m p a r iso n  b e tw een  t h e  c h a r a c t e r ­

i s t i c s  and r e q u i r e m e n t s  o f  t h e s e  m ethods  w i t h  c o n d i t i o n s  
p e r t a i ;  ^ng t o  S o u th  A f r i c a n  t h i c k  c o a l  seams e n a b l e s  t h e  

i d e n t i f i c a t i o n  o f  m ethods  w hich  may be p o t e n t i a l l y  s u i t a b l e  
under  l o c a l  c o n d i t i o n s .

P r a c t i c a l  c o n s i d e r a t i o n s  l i m i t  th e  r e v i e w  a l m o s t  e n t i r e l y  t o  

l i t e r a t u r e .  In t h e  c o u r s e  o f  c o n d u c t i n g  t h i s  l i t e r a t u r e  

r e v i e w  some p r o p o s a l s  and c o n c l u s i o n s  c o n t a i n e d  t h e r e i n  c o u l d  

n o t  be a c c e p t e d  a s  c o r r e c t ,  i n  p a r t i c u l a r ,  p u b l i c a t i o n s  

o f t e n  h i g h l i g h t e d  a g e n e r a l  l a c k  o f  u n d e r s t a n d i n g  o f  t h e  

manner i n  w h ic h  s t r e s s e s  a r e  d i s t r i b u t e d  around mine work­
i n g s .  Such an u n d e r s t a n d i n g  i s  e s s e n t i a l  t o  t h e  s e l e c t i o n  

and s u c c e s s  o f  m eth od s  u n d e r  Sou th  A f r i c a n  c o n d i t i o n s ,  

p r i m a r i l y  b e c a u s e  eco n o m ic  c o n s i d e r a t i o n s  r e s t r i c t  t h e  r a n g e  

and d e n s i t y  o f  underground  s u p p o r t  which  can be employed*  
T h e r e f o r e ,  p u b l i c a t i o n s  must  be e v a l u a t e d  c r i t i c a l l y ,

For c l a r i t y  and e a s y  r e f e r e n c e ,  t h i s  C hapter  i s  r e s t r i c t e d  t o  
p r e s e n t i n g  t h i s  e v a l u a t i o n ,  and d a t a  r e l a t i n g  t o  th e  

c h a r a c t e r i s t i c s  and r e q u i r e m e n t s  o f  ea ch  s p e c i f i c  t h i c k  seam  

m in in g  method r e v ie w e d  i s  p r e s e n t e d  in th e  n e x t  C h a p t e r ,  

C h a p ter  5 .  However,  b e c a u s e  some a p p r e c i a t i o n  o f  th e  v a r i o u s  

m eth od s  in  u se  i s  r e q u i r e d  in  o r d e r  to  e v a l u a t e  l i t e r a t u r e  

r e l a t i n g  t o  t h e s e  m e th o d s ,  a g e n e r a l i z e d  c l a s s i f i c a t i o n  and 

d e s c r i p t i o n  o f  m ethods  i s  p r e s e n t e d  in  t h i s  C h a p t e r .
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4 • 2  G e n e r a l  C l a s s i f i c a t i o n  and  D e s c r i p t i o n  o f  M e th od s

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

i s  c o n v e n i e n t l y  and s im p ly  o b t a i n e d  by c l a s s i f y i n g  m eth od s  

under o n e  o f  th e  f o l l o w i n g  t h r e e  t y p e s  o f  m in in g  s y s t e m :  f u l l  

f a c e ,  s l i c i n g ,  and c a v i n g  and d r a w in g .  T h e se  m in in g  s y s t e m s ,  

r e c o g n i s e d  by Cochrane  (1 9 7 2 )  a s  th e  b a s i c  m ajor  c l a s s i f i c a ­

t i o n s  o f  u n d e rg ro u n d  t h i c k  seam m in in g  m eth o d s ,  a r e  b a se d  on 

a c o n s i d e r a t i o n  o f  th e  manner in  which  th e  t o t a l  m in in g  

h e i g h t  i s  e x t r a c t e d  and can be d e s c r i b e d  b r i e f l y  a s  f o l l o w s :

i )  F u l l  f a c e  s y s t e m s

The t o t a l  m in in g  h e i g h t  i s  e x t r a c t e d  in  e a c h  s t a g e  o f  t h e  

m in i n g  o p e r a t i o n .  Methods such  a s  l o n g w a l l  m in in g  a r e  

s i n g l e  s t a g e  o p e r a t i o n s ,  w h i l s t  methods  suc h  a s  bord and  

p i l l a r  m in i n g  w i t h  p i l l a r  e x t r a c t i o n  a r *  m u l t i p l e  s t a g e  

o p e r a t i o n s .

The e q u ip m e n t  used  i s  n o r m a l ly  an e x t e n s i o n  o f  th e  

commonly u s e d  e q u ip m e n t ,  and b e c a u s e  r a p i d  f a c e  a d v a n c e  

i s  u s u a l l y  r e q u i r e d  to  m i n i m i s e  s t r a t a  c o n t r o l  p ro b le m s  
t h e s e  s y s t e m s  a r e  g e n e r a l l y  c o n f i n e d  t o  t h o s e  c o u n t r i e s  

p o s s e s s i n g  a h i g h  l e v e l  o f  m in i n g  t e c h n o l o g y .

The t r e n d  In f u l l  f a c e  m in in g  in  Europe i s  t o w a r d s  th e  
u s e  o f  m e c h a n i s e d  l o n g w a l l  e q u ip m e n t ,  P l a t e s  1 and 2 ,  

w h i l s t  i n  N orth  America i t  i s  tow ards  bord and p i l l a r  

a p p l i c a t i o n s  u t i l i z i n g  c o n t i n u o u s  m in e r s .  C o n v e n t i o n a l  

bord and p i l l a r  m in in g  i s  employed in  I n d i a /

i i )  S l i c i n g

The t o t a l  m in in g  h e i g h t  i s  e x t r a c t e d  by m in in g  th e  seam 

in  a number o f  s l i c e s ,  e i t h e r  in  an a s c e n d i n g  o r  a 

d e s c e n d i n g  o r d e r .  T h ese  s l i c e s  may be mined  

c o n c u r r e n t l y ,  in  which c a s e  th e  term ' s i m u l t a n e o u s '  i s  
u se d  to  d e s c r i b e  the  o p e r a t i o n ,  o r  t h e r e  may be a



PLATE 1 F u l l  f a c e  m e c h a n i s e d  lo n g w a ll s u p p o r t  u n i t  
f u l l y  e x t e n d e d  t o  6 m.

* 5 ,

PLATE 2 Full face mechanised longwall support unit
with elevated travelling way and face sprag

 ;



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

in  which  c a s e  th e  o p e r a t i o n  i s  r e f e r r e d  to  a s  'n o n -  

s i m u l t a n e o u s ' .

In B r i t a i n ,  Japan  and E u r o p e ,  e x t r a c t i o n  i s  u s u a l l y  

a c h i e v e d  by m e c h a n is e d  l o n g w a l l  m in i n g ,  r e f e r r e d  t o  a s  

m u l t i - s l i c e  l o n g w a l l  m in in g ,  F i g .  4 .  In N o rth  A m erica  a 

b o t t o m - c o a l i n g  and p i l l a r  e x t r a c t i o n  o p e r a t i o n  u t i l i z i n g  

c o n t i n u o u s  m in e r s  i s  p r a c t i c e d .

i i i )  C av ing  and d ra w in g

The t o t a l  m in in g  h e i g h t  i s  e x t r a c t e d  by d e v e l o p i n g  th e  

l o w e r  h o r i z o n  o f  t h e  seam and then  c a v i n g  t h e  o v e r l y i n g  

c o a l  i n t o  t h i s  d e v e l o p m e n t ,  from where i t  i s  drawn o f f .  

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

w o r l d .  In Prance  and E a s t e r n  European c o u n t r i e s  an  
i n t e g r a t e d  m e c h a n is e d  l o n g w a l l  m in in g  and s u b l e v e l  c a v i n g  

s y s t e m  i s  u s e d ,  P i g .  5 ( a ) .  M e t a l l i f e r o u s  b a s e d ,  op en  

s t o p i n g  a n d / o r  s u b l e v e l  c a v i n g  and draw ing  s y s t e m s  a r e  

a l s o  em p lo y ed  in  t h e s e  c o u n t r i e s ,  F i g .  5 ( b ) .  H y d r a u l i c  

m in in g  i s  u se d  i n  Canada,  J a p a n ,  West Germany and th e  

U . S . S . R .  t o  c a v e  and draw the c o a l  r e m a in in g  in  t h e  seam  

a f t e r  th e  p r im ary  d e v e l o p m e n t  h as  been  c o m p l e t e d .  P i g .  5 ( c

G a s i f i c a t i o n  t e c h n i q u e s  have  b een  e x c l u d e d  from t h e  r e v i e w  

s i n c e  t h e s e  t e c h n i q u e s  a r e  l a r g e l y  in  t h e  d e v e lo p m e n t  s t a g e  

and a r e  n o t  l i k e l y  to  be c o m m e r c i a l l y  f e a s i b l e  in  S o u t h  

A f r i c a  f o r  a number o f  y e a r s .  In a d d i t i o n ,  m in in g  m e th o d s  
w hich  have  been  d e s i g n e d  s p e c i f i c a l l y  t o  o p e r a t e  in  seam s  
d i p p i n g  a t  more than  10 d e g r e e s  have n o t  been r e v i e w e d  

b e c a u s e  S o u th  A f r i c a n  t h i c k  c o a l  seams tend  bo be f l a t  

d i p p i n g ,  w i t h  seam d i p s  o f  more than 10 d e g r e e s  b e i n g  v e r y  

l o c a l i z e d .



(a)  S i m u l t a n e o u s t h e  l o w e r  s l l q e  l a g s  20 t o  60 m 
b e h i n d  t h e  u p p e r  s l i c e .

TIME LAG OF 
/ > G  MONTHS

ROOF

C O A  L

(b) N o n - s l m u l k a n e o u s t h e  l o w e r  s l i c e  l a g s  a 
minimum o f  6 m o n th s  b e h i n d  
t h e  u p p er  s l i c e .

FIGURE 4 M u l t i - s l i c e  l o n g w a l l  m i n i n g  ( a d a p t e d
f r ^ r n  Dunham,  1 9 7 8 )  .



(a) Integrat&d mechanised longwall mining 
w«ih sublevel cavmg ( B f f r o n ,  1974 )

(b)Sublevel caving and drawing (Stoces,  1966)
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( c )  Hydraul ic  mi ning  { Mi l s t em,  1979 )

FIGURE 5 C a v i n g  and d r a w i n g  m in i n g  m e t h o d s .



4*3 C r i t i c a l  E v a l u a t i o n  o f  L i t e r a t u r e  Rev iewed

In g e n e r a l ,  th e  l i t e r a t u r e  r e v ie w e d  h a s  been p u b l i s h e d  d u r i n g  

th e  l a s t  d e c a d e  in  the  E n g l i s h  l a n g u a g e .  On t h e  b a s i s  o f  

s u b j e c t  m a t t e r ,  l i t e r a t u r e  can be c l a s s i f i e d  and d i s c u s s e d  

under  t h e  f o l l o w i n g  c a t e g o r i e s :

i )  D e s c r i p t i v e  ; P u b l i c a t i o n s  which d e s c r i b e  t h i c k  seam

m in in g  m eth o d s ,
i i )  I n n o v a t i v e  ; P u b l i c a t i o n s  which p r o p o s e  m o d i f i e d  t h i c k

seam m in in g  m e th o d s .
i i i )  E v a l u a t i v e  ; P u b l i c a t i o n s  which a i e  c o n c e r n e d  w i t h

e v a l u a t i n g  the  p o t e n t i a l  o f  t h i c k  seam  

m in in g  m ethods  under a s p e c i f i c  s e t  o f  

c o n d i t i o n s .

S i n c e  th e  m ajor  c r i t i c i s m  c o n c e r n i n g  the  l i t e r a t u r e  i s  t h a t  

many o f  t h e  p u b l i c a t i o n s  e x h i b i t  a l a c k  o f  u n d e r s t a n d i n g  o f  

t h e  manner in  w h ich  s t r e s s e s  a r e  d i s t r i b u t e d  around mine  

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

p r e s e n t e d  and d i s c u s s e d  in  A ppendix  1 1 . R e f e r e n c e  t o  t h e s e  

f a c i l i t a t e s  th e  e v a l u a t i o n  o f  l i t e r a t u r e  in  th e  main t e x t .

4 , 3 . 1  D e s c r i p t i v e  l i t e r a t u r e

T h i s  c a t e g o r y  c o n t a i n s  the l a r g e s t  number o f  p u b l i c a t i o n s  
on t h i c k  seam m in in g  m eth o d s .  W h i l s t  g e n e r a l l y  

e x p l a i n i n g  and i l l u s t r a t i n g  th e  m ining  m eth od s  w e l l ,  

t h e s e  p u b l i c a t i o n s  o f t e n  f a i l  to  d i s c u s s  th e  d e s i g n  and 

d e v e l o p m e n t  o f  the  m e th o d s ,  and the c o n d i t i o n s  u n d er  

w hich  t h e y  o p e r a t e  s u c c e s s f u l l y .  In p a r t i c u l a r ,  r o c k  
m e c h a n ic s  and s t r a t a  c o n t r o l  a s p e c t s ,  on w h ich  th e  

s u c c e s s  o f  t h i c k  seam m in ing  methods can l a r g e l y  d e p e n d ,  

a r e  o f t e n  c o m p l e t e l y  i g n o r e d .  The c o n t e n t  m a t t e r  o f  many 
o f  th e  p a p e r s  p r e s e n t e d  a t  the  Symposium on T h i c k  Seam 

Mining by und ergrou n d  Methods h e ld  in  Q u e e n s l a n d ,  

A u s t r a l i a ,  in  1976 and the  I n t e r n a t i o n a l  Symposium on
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Thick Seam M in in g ,  held in Dhanbad, India, in 1977, 
i l l u s t r a t e  t h i s  p o i n t .

The f a c t  t h a t  E n g l i s h  s p e a k i n g  c o u n t r i e s  a r e ,  in  g e n e r a l ,  

n o t  t h i c k  seam m in in g  c o u n t r i e s  and t h a t  many o f  t h e  

p u b l i c a t i o n s  a r e  c o n c e r n e d  w i t h  m in ing  o p e r a t i o n s  in  th e  

E a s t e r n  European c o u n t r i e s ,  West  Germany, Japan and I n d i a  

may a c c o u n t  somewhat f o r  th e  l a c k  o f  d e t a i l e d  i n f o r m a t i o n  

c o n t a i n e d  w i t h i n  the  p a p e r s .  However,  a l a c k  o f  

a p p r e c i a t i o n  o f  fu n d a m en ta l  ro ck  m e ch a n ic s  p r i n c i p l e s  by  

many a u t h o r s  i s  a l s o  t h o u g h t  t o  a c c o u n t  l a r g e l y  f o r  t h i s  
l a c k  o f  i n f o r m a t i o n .

Dunham ( 1 9 7 8 ) ,  in  d i s c u s s i n g  s i m u l t a n e o u s  m u l t i ^ s l i c e  

l o n g w a l l  m i n i n g ,  s t a t e s  t h a t  'As a g e n e r a l  r u l e ,  when t h e  

l o n g w a l l  f a c e s  a p p ro a c h  one a n o t h e r ,  th e  f a c e  in  th e  

lo w e r  s l i c e  e x p e r i e n c e s  l e s s  p r e s s u r e  w h i l e  th e  f a c e  i n  

t h e  u p p er  s l i c e  i s  s u b j e c t  to  g r e a t e r  p r e s s u r e ' .

I t  i s  c o r r e c t  t h a t  th e  lo w e r  l o n g w a l l  f a c e  would  

e x p e r i e n c e  l e s s  p r e s s u r e  a s  i t  approached  th e  upper  
l o n g w a l l  f a c e ,  s i n c e  the  overbur^^n l o a d  a c t i n g  on th e  

lo w e r  l o n g w a l l  f a c e  i s  red u ced  ( r e f e r  to  P i g .  I I . 2 ,  
A ppendix  I I ) .  But  i t  c a n n o t  be a c c e p t e d  t h a t  t h e  

p r e s s u r e  on the  upper  f a c e  would i n c r e a s e  s i g n i f i c a n t l y ,  

a s  the  l o c a t i o n  o f  the  lo w er  f a c e  has  a n e g l i g i b l e  
i n f l u e n c e  on th e  o v e r b u rd e n  lo a d  a c t i n g  on th e  upper  

f a c e ,  F i g .  6 .

H ow ever ,  a s  the  lo w e r  f a c e  a p p r o a c h e s  th e  upper  f a c e  i t  

d o e s  r e s u l t  in  an e f f e c t i v e  r e d u c t i o n  in  the l a t e r a l  

c o n f i n e m e n t  p r o v i d e d  to  the  upper f a c e  by th e  f l o o r  

s t r a t a ,  P i g s .  6 ( b )  and 6 ( c ) .  T h i s ,  in  t u r n ,  r e s u l t s  in  
d e c r e a s e  in  the  s t r e n g t h  o f  the  upper f a c e  c o a l  and s o  

s l a b b i n g ,  s p e l l i n g  and c o n v e r g e n c e  on t h i s  f a c e  may 

i n c r e a s e  s i g n i f i c a n t l y .  As a c o n s e q u e n c e  a d d i t i o n a l  l o a d  

w i l l  be t r a n s f e r r e d  o n t o  the  f a c e  s u p p o r t  s y s t e m .

Nakajima (1 9 7 6 )  r e p o r t s  t h a t  a t  Kushero C o l l i e r y ,  in
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a) Single s l ice  longwall mining - stress Jiatrlbution profile  
at the floor horizon.

•SIR ESS OlSlfllSU T 10h 
HORIZON 
Ui "I )

Tz tm m sSA
b) Simultaneous multi-slice longwall mining - faces far apart. The 

stress distribution profile at the upper floor strata horizon 
and the lateral confinement of the upper s l ice  longwall face are 
almost identical to that associated with a single s l ice  longwall 
operation.
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c ; S i m u l t a n e o u s  m u l t i - s l i c e  l o n g w a l l  m i n i n g  -  f a c e s  i n  c l o s e  
p r o x i m i t y .  T h e  s t r e s s  d i s t r i b u t i o n  p r o f i l e  a t  t h e  u p p e r  f l o o r  
s t r a t a  h o r i z o n  i s  a l m o s t  i d e n t i c a l  t o  t h  t  a s s o c i a t e d  w i t h  a  
s i n g l e  s l i c e  l o n g w a l l  o p e r a t i o n .  H o w e v e r ,  t h e  l a t e r a l  c o n f i n e ­
m e n t  o f f e r e d  t o  t h e  f l o o r  s t r a t a  o f  t h e  u p p e r  l o n g w a l l  f a c e  
i s  r e d u c e d  s i g n i f i c a n t l y .

= STRESS CONCENTRATION FACTOR
VERTICAL STRESS 
VIRGIN STRESS

FIGURE 6 S t r e s s  d i s t r i b u t i o n  and l a t e r a l  c o r f i n e m e i 4 f  W T z a c e
associated with simultaneous multi-slice longwalling

 ̂ -hd: r'y"



J a p a n ,  h y d r a u l i c  p r o p s  on khe upper s l i c e  l o n g w a l l  f a c e  

y i e l d e d  e x c e s s i v e l y  when the the  low er  s l i c e  f a c e  came  

w i t h i n  7 m o f  th e  upper s l i c e  f a c e .  Thus,  a d d i t i o n a l  

s t r a t a  movement c o u l d  be m i s i n t e r p r e t e d  a s  an i n d i c a t i o n  

o f  i n c r e a s e d  Eace p r e s s u r e  r a t h e r  than a r e d u c t i o n  in  t h e  

s t r e n g t h  o f  th e  upper c o a l  Eace.  The c o n t e n t  m a t t e r  o f  

the  r em a in d e r  o f  Dunham's p u b l i c a t i o n  i s  s i m i l a r  t o  t h a t  

c o n t a i n e d  in  p r e v i o u s  p u b l i c a t i o n s  by Cochrane ( 1 9 7 2 )  and  

C a l l l e r  ( 1 9 7 2 ) .

N e v e r t h e l e s s ,  some a u t h o r s  whose p u b l i c a t i o n s  f a l l  i n t o  

th e  ' d e s c r i p t i v e '  c a t e g o r y  have  n o te d  d e s i g n  and s t r a t a  

c o n t r o l  c o n s i d e r a t i o n s ,  C o a t e s  e t  a l . ( 1 9 7 2 )  n o te d  
b r i e f l y  t h a t  g e o l o g y ,  mine g e o m e t r y ,  and e x p l o i t a t i o n  

s y s t e m s  a l l  i n f l u e n c e  the  p r o f i t a b i l i t y  o f  t h i c k  seam  
m in in g  o p e r a t i o n s .  Cochrane (1972)  d e f i n e d  a t h i c k  seam  

on th e  b a s i s  o f  p r o d u c t i v i t y  and c o n s i d e r e d  th e  i n f l u e n c e  
o f  seam t h i c k n e s s ,  seam d i p ,  the n a tu r e  o f  h a n g in g  and 

E o o t w a l 1 s t r a t a ,  and th e  n a t u r e  o f  c o a l  on th e  s e l e c t i o n  

o f  t h i c k  seam m in in g  s y s t e m s .  D eve lopm ent  s y s t e m s  w ere  

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

f o r  f u l l  Eace ,  s l i c i n g  and c a v i n g  and d raw in g  s y s t e m s  

em p loyed  t h r o u g h o u t  th e  world  were t a b u l a t e d .  W i l s o n  e t  

a t .  ( 1 9 7 7 )  exp an d ed  on C o c h r a n e ' s  d e s i g n  c o n s i d e r a t i o n s  

g o v e r n i n g  th e  s e l e c t i o n  o f  t h i c k  seam m in in g  m e th o d s .  In  

a d d i t i o n ,  t h e s e  a u t h o r s  r e c o g n i s e d  t h a t  t h i c k  seam m in in g  

m eth od s  c o u l d  be u t i l i z e d  to  mine seams t h a t  were  in  

c l o s e  p r o x i m i t y  to  one  a n o t h e r ,  but  no a t t e m p t  was made 

to  d e f i n e  q u a n t i t a t i v e l y  such  s i t u a t i o n s ,

A number o f  p u b l i c a t i o n s  w h ich  f a l l  i n t o  t h e  d e s c r i p t i v e  

c a t e g o r y  have o r i g i n a t e d  from I n d i a ,  and t h e s e  d e s c r i b e  

the  many d i f f e r e n t  t h i c k  scam m ining m ethods  em ployed  in  

t h a t  c o u n t r y .  However,  the s u b j e c t  m a t te r  o f  t h e s e  

p u b l i c a t i o n s  t e n d s  to  be o f  l i m i t e d  v a l u e  s i n c e  m o st  o f  

the s y s t e m s  d e s c r i b e d  arc  e i t h e r  h i g h l y  l a b o u r  I n t e n s i v e  

f u l l  f a c e  m in in g  m ethods  which  are  unecon om ic  in  mout  
o t h e r  t h i c k  seam m in in g  c o u n t r i e s ,  o r  e l s e  t h e y  a r e



n o n - m e c h a n i s e d  v e r s i o n s  o f  o t h e r  e s t a b l i s h e d  t h i c k  seam  

m in in g  m e t h o d s .  The l a c k  o f  m e c h a n i s a t i o n  r e s u l t s  in  low  

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

m e th o d s ,  a t  a t im e  when the g e n e r a l  t r e n d  in m in in g  i s  in  

th e  o p p o s i t e  d i r e c t i o n ;  t h a t  i s ,  t o w a r d s  m ethods  t h a t  

a c h i e v e  h i g h  p r o d u c t i o n  and h ig h  p r o d u c t i v i t y  and r e q u i r e  
a s m a l l  l a b o u r  com p le m en t .

P u b l i c a t i o n s  w h ic h  have  n o t  been w r i t t e n  in E n g l i s h  a r e  

a l s o  i n c l u d e d  in  the  c a t e g o r y  under  d i s c u s s i o n .  T h e s e  

p u b l i c a t i o n s  o f t e n  c o n t a i n  many i l l u s t r a t i o n s  w h ich  s e r v e  
t o  d e s c r i b e  and e x p l a i n  the  m in in g  m ethods  under  con­

s i d e r a t i o n ,  e v e n  though the  t e x t  may n o t  be u n d e r s t o o d .  

The H u n g a r ia n  book 'Banyam #ve l l@ s'  by Zambo (1 9 5 7 )  i s  an 

e xam p le  o f  such  a p u b l i c a t i o n .  T h i s  book c o n t a i n s  many 

u s e f u l  i l l u s t r a t i o n s  o f  b a s i c  t h i c k  seam and m u l t i p l e  
seam m in in g  m e th o d s .

F i n a l l y ,  a l a r g e  number o f  m in ing  methods  employed in  th e  

m in in g  o f  t h i c k  brown c o a l  seams in  C z e c h o s l o v a k i a ,  W est  

Germany and B r i t a i n  a r e  i l l u s t r a t e d  and d e s c r i b e d  by  

S t o c e s  ( 1 9 6 3 ,  1966)  in the A t l a s  o f  Mining M eth o d s ,
V o l s ,  I and I I .  T h ese  a r e  v e r y  u s e f u l  p u b l i c a t i o n s  s i n c e  

t h e y  c o n t a i n  a c o n s i d e r a b l e  amount o f  i n f o r m a t i o n ,  

o t h e r w i s e  d i f f i c u l t  t o  o b t a i n ,  on C z e c h o s l o v a k i a n  t h i c k  

seam m in in g  m ethods  w h ich  a ce  em ployed in  seams w hich  

have  v e r y  s i m i l a r  c h a r a c t e r i s t i c s  to  S o u th  A f r i c a n  t h i c k  

c o a l  s c a m s .

4 . 3 . 2  I n n o v a t i v e  l i t e r a t u r e

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

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

m e th o d s .  B e c a u se  t h e s e  methods a r e  n o t  d e s i g n e d  around a 

s p e c i f i c  s e t  o f  g e o l o g i c  and econom ic  c o n d i t i o n s  t h e y  a r e
p r o p o s e d  u s u a l l y  in o n l y  b r o a d  o u t l i n e .
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B i s e  and Ramani (1 9 7 5 )  'and B i s o  e t  a l . ( 1 9 7 6 ,  1 977)  

p r o p o s e  f o u r  underground e x t r a c t i o n  t e c h n i q u e s  f o r  m in in g  

-zhick c o a l  seams in  the w e s t e r n  U n i t e d  S t a t e s .  T h ese  

'uetnods  a c e  b a se d  on the p h i l o s o p h y  o f  B i s e  and Ramani 

1975)  t h a t  ' a l t h o u g h  the d e v e lo p m e n t  o f  new t e c h n o l o g y  

and e q u ip m e n t  ( f o r  t h i c k  seam m in in g )  may be in  o r d e r  f o r  

t h e  lo n g  cun ,  a t t e n t i o n  must  be d i r e c t e d  f o r  s h o r t  term  

g a i n s  to  t h e  a d o p t i o n  o f  c u r r e n t  t e c h n o l o g y ' .  In t h e  

l a t t e r  p a p er  the a u t h o r s  have c o n c lu d e d  t h a t  f o r e i g n  

t h i c k  seam m in in g  t e c h n o l o g y  c o u l d  n o t  be im p o rted  i n t o  

he U n i t e d  S t a t e s  f o r  the f o r e s e e a b l e  f u t u r e  b e c a u s e  o f  

the d e p e n d e n c e  o f  t h i s  t e c h n o l o g y  upon s t o w i n g  p r o c e d u r e s  

and b e c a u s e  o f  i t s  la b o u r  i n t e n s i v e  n a t u r e .  H owever ,  
s t o w i n g  p r o c e d u r e s  a r e  o n l y  employed on a l a r g e  s c a l e  i n  

P o la n d  and I n d i a ,  and are  g e n e r a l l y  n o t  i n t e g r a l  p a r t s  o f  

c h i c k  seam m in in g  m e th o d s .  In a d d i t i o n ,  the  c l a i m  t h a t  

th e  m eth o d s  a r e  l a b o u r  I n t e n s i v e  i s  open to  d e b a t e ,  a s  i s  

th e  c l a i m  ( B i s e  e t  a l , 1 9 77)  t h a t  t h e i r  f o u r  p r o p o s e d  
t h i c k  seam m in in g  m ethods  have b een  a d a p te d  from e x i s t i n g  

E n i t e d  S t a t e s  m in in g  m eth o d s .  A l l  four  m e th o d s ,  in  f a c t ,  

a r e  s i m i l a r  to  m ethods  employed e l s e w h e r e  in  th e  w o r l d .

in p a r t i c u l a r ,  t h e  a u t h o r s  p r o p o se  the e x t r a c t i o n  o f  a 

v m t h i c k  seam u t i l i z i n g  m e ch a n ised  n o n - s i m u l t a n e o u s  

a u l t i - s l i c e  l o n g w a l l  m in in g ,  a method em p lo y e d ,  f o r  

t r a m p l e ,  in  B r i t a i n  (W h itw orth ,  1 9 7 5 ) ,  Japan (W i l s o n  e t  
i ,  1 9 7 6 )  and A u s t r i a  ( G a l v i n ,  1978 ) ,  However,  in  

o u t c a s t  t o  t h e s e  and a l l  o t h e r  known s i m i l a r  o p e r a t i o n s ,  

she a u t h o r s  p r o p o se  to  l o c a t e  the lower s l i c e  p a n e l  

^ n t c i o s  b e n e a t h  the upper s l i c e  i n t e r p a n e l  p i l l a r s ,
P i g .  7 ,  r a t h e r  than o u t s i d e  t h e s e  p i l l a r s  and,  t h e r e f o r e ,  

under d e s t r c s s e d  ground as  i s  the c o n v e n t i o n a l  p r a c t i c e ,  

,q .  8 .  The a u t h o r s  a ck n ow led ge  t h a t  rock  m e c h a n ic s  

o n s i d e r a t i o n s  i n d i c a t e  t h a t  the low er  s l i c e  p a n e l  
n t r i o s  s h o u l d  be p l a c e d  o u t s i d e  upper s l i c e  i n t e r p a n e l  

B t i a r s  b u t ,  n e v e r t h e l e s s ,  they  ' f e e l '  ( B i s e  and Ramani,  

,gv5B t h a t  t h i s  c o u ld  r e s u l t  in p o t e n t i a l l y  d a n g e r o u s  

»oof  c o n d i t i o n s ,  b e c a u s e  when the r o o f  was s e r v i n g  a s  th e
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B i s e  and Ramani (1975)  'and B i s e  e t  a l . ( 1 9 7 6 ,  1 9 77)  

p r o p o s e  f o u r  underground e x t r a c t i o n  t e c h n i q u e s  f o r  m in in g  

t h i c k  c o a l  scams in  th e  w e s te r n  U n i ted  S t a t e s .  T h ese  

m ethods  a r e  b a se d  on th e  p h i l o s o p h y  o f  B i s e  and Ramani 

v l 9 7 j )  t h a t  ' a l t h o u g h  th e  d e v e lo p m e n t  o f  new t e c h n o l o g y  

and e q u ip m e n t  ( f o r  t h i c k  seam m in in g )  may be in  o r d e r  f o r  

t h e  lo n g  run ,  a t t e n t i o n  must  be d i r e c t e d  f o r  s h o r t  term  

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

l e t t e r  p a p er  the  a u t h o r s  have c o n c lu d e d  t h a t  f o r e i g n  

t h i c k  seam m in in g  t e c h n o l o g y  c o u ld  n ot  be im p orted  i n t o  

th e  U n i t e d  S t a t e s  f o r  th e  f o r e s e e a b l e  f u t u r e  b e c a u s e  o f  

th e  d e p e n d e n c e  o f  t h i s  t e c h n o l o g y  upon s t o w i n g  p r o c e d u r e s  

and b e c a u s e  o f  i t s  la b o u r  i n t e n s i v e  n a t u r e .  However,  

s t o w i n g  p r o c e d u r e s  a r e  o n l y  employed on a l a r g e  s c a l e  in  

P o la n d  and I n d i a ,  and a r e  g e n e r a l l y  n o t  i n t e g r a l  p a r t s  o f  

t h i c k  seam m in in g  m e th o d s .  In a d d i t i o n ,  the c l a i m  t h a t  

th e  m ethods  a c e  la b o u r  i n t e n s i v e  i s  open to  d e b a t e ,  a s  i s  
th e  c l a i m  ( B i s e  e t  a l , 1 9 7 7 )  t h a t  t h e i r  fo u r  p r o p o se d  

t h i c k  seam m in in g  m ethods  have b een  a d a p te d  from e x i s t i n g  

U n i t e d  S t a t e s  m in in g  m eth o d s .  A l l  f o u r  m e th o d s ,  in  f a c t ,  

a r e  s i m i l a r  to  m ethods  employed e l s e w h e r e  in  t h e  w o r l d .

In p a r t i c u l a r ,  th e  a u t h o r s  p r o p o se  the  e x t r a c t i o n  o f  a 

9 m t h i c k  seam u t i l i z i n g  m ech a n ised  n o n - s i m u l t a n e o u s  

m u l t i - s l i c e  l o n g w a l l  m in i n g ,  a method e m p lo y e d ,  f o r  

e x a m p le ,  in  B r i t a i n  (W hitw orth ,  1 9 7 5 ) ,  Japan ( W il s o n  e t  
Q1 , 197 6)  and A u s t r i a  ( G a l v i n ,  1978) » H ow ever , in 

c o n t r a s t  to  t h o s e  and a l l  o t h e r  known s i m i l a r  o p e r a t i o n s ,  

th e  a u t h o r s  p r o p o s e  to  l o c a t e  the lower s l i c e  p a n e l   ̂
e n t r i e s  b e n e a t h  the  upper s l i c e  i n t e r p a n e l  p i l l a r s ,

F i g .  7 ,  r a t h e r  than o u t s i d e  t h e s e  p i l l a r s  and, t h e r e f o r e ,  

under  d e s t r e s s e d  ground a s  i s  the c o n v e n t i o n a l  p r a c t i c e ,  

F i g .  8 ,  The a u t h o r s  ack n o w led g e  th a t  rock  m e c h a n ic s  
c o n s i d e r a t i o n s  i n d i c a t e  t h a t  the lower s l i c e  p a n e l  

e n t r i e s  s h o u l d  be p l a c e d  o u t s i d e  upper s l i c e  i n t e r p a n e l  

p i l l a r s  b u t ,  n e v e r t h e l e s s ,  th ey  ' f e e l '  ( B i s e  and Ramani,  

1975)  t h a t  t h i s  c o u ld  r e s u l t  in p o t e n t i a l l y  d a n g e r o u s  

r o o f  c o n d i t i o n s ,  b e c a u s e  when the ro o f  was s e r v i n g  a s  th e
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Eloor  oE the  upper seam i t  may have been ' c r a c k e d '  ( B i s e  

Gt a l , 1 9 7 6 )  d u r in g  c a v i n g  oE the h ang ing  s t r a t a .

T h i s  c o n c l u s i o n  i s  u n a c c e p t a b l e .  W h i l s t  i t  i s  r e a s o n a b l e  

to  assume t h a t  the lo w er  s l i c e  rooE may be damaged w h i l e  

i t  s e r v e s  a s  th e  E lo o r  oE the  upper s l i c e ,  the damage  

c a u s e d  by c a v i n g  m a t e r i a l  i s  s u p e r f i c i a l  and n e g l i g i b l e  

when compared to  t h a t  c a u s e d  by the  h ig h  Eace a b u tm e n t  

s t r e s s e s  and th e  b a s e  p r e s s u r e  o f  the l o n g w a l l  s u p p o r t  

u n i t s  a s s o c i a t e d  w i t h  upper s l i c e  m in ing  o p e r a t i o n s .  

W h i l s t  the  m a g n i tu d e  o f  abutm ent  s t r e s s e s  ahead o f  a 
l o n g w a l l  f a c e  i s  a f u n c t i o n  o f  d e p t h ,  m easurem ents  by 

Conroy ( 1 9 7 7 )  a t  d e p t h  o f  180 m and n u m e r ic a l  

c a l c u l a t i o n s  by H e b o l o w h i t e  e t  a l . (1 9 7 9 )  f o r  a d e p t h  o f  

480 m have  y i e l d e d  abutm ent  s t r e s s e s  in the  range  o f  2 t o  

2 , 5  t i m e s  th e  v i r g i n  s t r e s s .  Thus ,  a t  a r e l a t i v e l y  

s h a l l o w  d e p t h  o f  300 m abutm ent  s t r e s s e s  may be assum ed  

to  be in th e  o r d e r  o f  15 t o  20 MPa. S i n c e  th e  u n i a x i a l  

c o m p r e s s i v e  s t r e n g t h  oE many c o a l s  i s  o n l y  o f  t h e  same 

o r d e r ,  abutm ent  s t r e s s e s  may c a u s e  c o n s i d e r a b l e  
E r a c t i r i n g  o f  th e  f l o o r  s t r a t a .  F u r t h e r  s e c o n d a r y  

f r a c t u r i n g  w i l l  be in d u ced  by s t r e s s e s  in  the  o r d e r  o f  

1 t o  5 MPa w h ich  a c t  through  the b a se  o f  the  s u p p o r t  
u n i t s .  In c o m p a r i s o n  to  the  damage done to  the  f l o o r  

s t r a t a  by t h e s e  two s o u r c e s  o f  s t r e s s ,  damage in d u ce d  by  

c o n t r o l  l e i  and f r i c t i o n  impeded c a v i n g  o f  the r o o f  s t r a t a  

o v e r  s m a l l  a r o s s  a s  ea ch  s u p p o r t  u n i t  i s  advanced  i s  o f  

no c o n s e g u c n c e .

A s i m p l e  and b r i e f  c o n s i d e r a t i o n  o f  rock m e c h a n ic s  and 

m ining  p r i n c i p l e s  i n d i c a t e s  a number oE d i s a d v a n t a g e s  
a s s o c i a t e d  w i t h  the  u n c o n v e n t i o n a l  p an e l  e n t r y  l a y o u t  

p ro p o se d  by the  a u t h o r s .  Some o f  t h e s e  are  h i g h l i g h t e d  

in F i g s .  9 and 10 ,  w h ich  show g e n e r a l i z e d  s t r e s s  

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

r e s u l t i n g  from o oth  a c o n v e n t i o n a l  p a n e l  e n t r y  and th e  

p ro p o se d  u n c o n v e n t i o n a l  e n t r y  l a y o u t .  The b a s i c  form o f  

t h e s e  p r o f i l e s  has  been  d i s c u s s e d  in  Appendix I I .  In



(a)  P a n e l  e n t r y  d e v e l o p m e n t  f o r  a d j a c e n t  u p o e r  s l i c e s

o  o o  y  e
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(b) A d j a c e n t  u o r e r  p a n e l s  e x t r a c t e d .  P a n e l  e n t r y  
d e v e l o p m e n t  f o r  a d j a c e n t  lo w e r  s l i c e s .  Upper  
s l i c e  I n t e r p a n e l  p i l l a r  form ed .

w s >

(c )  Two unnor  s l i c e s  and o n e  lo w e r  s l i c e  e x t r a c t e d .

J l
'tv

(d) A H  f o u r  s l i c e s  e x t r a c t e d .  F i n a l  i n t e r p a n e l  
p i l l a r  f o r m e d .

FIGURE 9 Generalized stress distribution in an inter- 
oanel pillar associated with a conventional 
multi-slice l o n g w a l l  p a n e l  e n t r y  l a y o u t .
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(a) Panel entry development for adjacent upper and 
lower slices.
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(b) Adjacent upper panels extracted. Upper slice 
interpanel pillar formed.
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Cx̂ a

(c) Top upper slices and one lower slice extracted, 
resulting in caving of upper slice interpanel 
pillar.
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Id) All four slices extrac 
reduced considerably 1
tracting lower slices, 
formed.
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ted. Upper interpanel pillar
n size due to caving when ex- 

Final interpanel pillar

FIGURE 10 G enera l ized  s t r e s s  d i s t r i b u t i o n  in an Interpanel 
pillar a s s o c ia t e d  with longwall panel entry lay- 
out proposed by B ise  e t  a l . (1976, 1977).

XT-



F i g s .  9 an d  10 t h e  a d j a c e n t  u p p e r  s l i c e  p a n e l s  a r e  b o t h  

shown t o  be e x t r a c t e d  b e f o r e  m in ing  o f  th e  low er  s l i c e  

p a n e l s  com m ences .  T h i s  i s  u s u a l  i n  n o n - s i m u l t a n e o u s  

m u l t i - s l i c e  l o n g w a l l  m in in g  in  o r d e r  to a l l o w  s u f f i c i e n t  

t im e  f o r  c o n s o l i d a t i o n  o f  t h e  g o a f  o f  the  f i r s t  upper  

s l i c e  e x t r a c t e d  b e f o r e  p r o c e e d i n g  t o  mine i m m e d ia t e ly  

b e n e a t h  t h i s  g o a f .  The d i s a d v a n t a g e s  a s s o c i a t e d  w i t h  th e  

p r o p o se d  u n c o n v e n t i o n a l  p a n e l  l a y o u t  i n c l u d e  the  

f o l l o w i n g :

i )  The upper  s l i c e  i n t e r p a n e l  p i l l a r  has  t o  be v e r y  
w id e  in  o r d e r  t o  a v o i d  l o c a t i n g  the lo w er  s l i c e  

p a n e l  e n t r i e s  w i t h i n  th e  h i g h  abutment s t r e s s  z o n e s .  

F i g .  1 0 ( b ) .  T h i s  i s  e s p e c i a l l y  im p o r ta n t  s i n c e  t h e  

a u t h o r s  a l s o  p r o p o s e  t o  d e v e l o p  the lo w e r  s l i c e  
p a n e l  e n t r i e s  b e f o r e  m in ing  t h e  upper s l i c e  p a n e l s .  

T h e r e f o r e ,  t h e s e  e n t r i e s  w i l l  be e x p o s e d  to  the  

t r a v e l l i n g  s t r e s s  f r o n t  a s s o c i a t e d  w i t h  th e  m in in g  

o f  the upper  s l i c e s ,  and c o n s e q u e n t l y  w i l l  be 

s e v e r e l y  damaged u n l e s s  they  a r e  l o c a t e d  a 
c o n s i d e r a b l e  d i s t a n c e  away from the upper s l i c e  

p a n e l  a b u t m e n t s .

i i )  The s t r e s s  d i s t r i b u t i o n  th rou gh  the i n t e r p a n e l  
p i l l a r  i s  c o n s t a n t l y  c h a n c i n g  d u r in g  the  m in in g  o f  

th e  low er  s l i c e  p a n e l s .  P i g s .  1 0 ( b ) ,  1 0 ( c )  and 
1 0 ( d ) .  In p a r t i c u l a r ,  due t o  c a v in g  o f  th e  e d g e s  o f  
th e  i n t e r p a n c l  p i l l a r  formed d u r in g  m in ing  o f  the  

upper s l i c e s ,  th e  h ig h  abutm ent  s t r e s s  moves f u r t h e r  

i n t o  th e  c e n t r e  o f  t h e  p i l l a r ,  F ig .  1 0 ( c ) .  T h e r e ­

f o r e ,  th e  low er  s l i c e  e n t r i e s  fo r  a d j a c e n t  p a n e l s  

must  be s u f f i c i e n t l y  f a r  a p a r t  t h a t  the e n t r y  f o r  

th e  s e c o n d  o f  th e  two lower  s l i c e  p a n e l s  i s  n o t  

d a m a g e d  by t h i s  r e d i s t r i b u t i o n  o f  s t r e s s e s  d u r in g  

m in in g  o f  th e  f i r s t  p a n e l .

i i i )  Locating the lower s l i c e  panel e n tr ie s  ou ts ide  those  
of the upper s l i c e  r e s u l t s  in varying face and roof



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

l o n g w a 11 f a c e s .  The e x t r c m e t i e s  o f  t h e  l o w e r  

l o n g w a l l  w i l l  be l o c a t e d  under  f r a c t u r e d  uncaved  

c o a l ,  w h i l s t  th e  c e n t r a l  p o r t i o n  o f  the  l o n g w a l l  

w i l l  be l o c a t e d  under g o a f .  In the  ex trem e  c a s e  

t h i s  c o u l d  n e c e s s i t a t e  the  u s e  o f  two d i f f e r e n t  
s u p p o r t  s y s t e m s  a lo n g  th e  f a c e .

P e r c e n t a g e  e x t r a c t i o n  may be c o n s i d e r a b l y  l e s s  than  

t h a t  a c h i e v e d  from c o n v e n t i o n a l  p a n e l  l a y o u t s .  The 
a u t h o r s  ( B i s e  e t  a l , 1 9 7 7 )  s t a t e ,

' t o  m in im iz e  any  s i d e  ab u tm en t  p r e s s u r e  on th e  
( l o w e r  s l i c e )  e n t r i e s  from t h e  e x t r a c t i o n  o f  the  
upper s l i c e ,  a b a r r i e r  o f  a p p r o x i m a t e l y  33 m (110 f t ) ,  
s u f f i c i e n t l y  l a r g e  to  w i t h s t a n d  th e  p r e s s u r e s  
e n c o u n t e r e d ,  i s  m a in t a i n e d  b e tw een  th e  upper and 
lo w e r  g a t e r o a d s ,  a s  w e l l  a s  b e tw e e n  th e  lo w er  l i f t  
g a t e r o a d s  in a d j a c e n t  p a n e l s ' .

Thus th e  maximum d im e n s io n  o f  the  i n t e r p a n e l  p i l l a r  

i s  in t h e  o r d e r  o f  117 m. In p r a c t i c e ,  th e  s i z e  o f  

t h i s  p i l l a r  i s  a f u n c t i o n  o f  d e p t h ,  but  f o r  co n v en ­
t i o n a l  m u l t i - s l i c e  p a n e l  l a y o u t s ,  p i l l a r  w id t h  
r a r e l y  e x c e e d s  70 m.

For t h e  same f i n a l  minimum i n t e r p a n e l  p i l l a r  w i d t h ,  

^min' ( F i g s .  9 ( d )  and 1 0 ( d ) )  th e  e f f e c t i v e  
w i d t h z h e i g h t  r a t i o  o f  the  i n t e r p a n e l  p i l l a r  

r e s u l t i n g  from the  u n c o n v e n t i o n a l  p a n e l  e n t r y  l a y o u t  

i s  l e s s  than t h a t  r e s u l t i n g  from the c o n v e n t i o n a l  
p a n e l  f e r r y  l a y o u t  b e c a u s e  o f  p a r t i a l  c a v i n g  o f  th e  

upper s l i c e  I n t e r p a n e l  p i l l a r ,  F i g s .  1 0 (b )  and 

1 0 ( c ) .  S i n c e  th e  s t r e n g t h  o f  a c o a l  p i l l a r  i s  

d i r e c t l y  p r o p o r t i o n a l  to  the  w i d t h : h e i g h t  r a t i o ,  

t h i s  r e s u l t s  in  a low er  s t r e n g t h  i n t e r p a n e l  p i l l a r ,  

which may he c r i t i c a l  i f  th e  s u p p o r t  p r o p e r t i e s  o f  
th e  i n t e r p a n e l  p i l l a r  a r e  r e q u i r e d  to  s u p p o r t  

c o m p e te n t  r o o f  s t r a t a  b r i d g i n g  o v e r  l o n g w a l l  p a n e l s .



t h e  c o a l  i s  p r o n e  t o  s p o n t a n e o u s  c o m b u s t i o n , t h e

s u c h o c c u r r i n g  i s  i n c r e a s e d  c o n s i d e r a b l y .
T h i s  i s  b e c a u s e  a l a r g e  p r o p o r t i o n  o f  the  c o a l

i n t e t p a n e l  p i l l a r  b e tw een  the  upper s l i c e  l o n g w a l l

p a n e l s  c a v e s  d u r in g  m in in g  o f  the  lo w e r  s l i c e  p a n e l s  
and  i s  n o t  r e c o v e r e d .

i h c  a u t h o r s  a l s o  p r o p o s e  to  d e v e l o p  the lo w e r  f a c e  under  
unmined ground where good roo* c o n d i t i o n s  e x i s t ,  and  

t h e n c e  to  mine tow ard s  and under  th e  upper s l i c e  g o a f ,  

l e a v i n g  a b o u t  1 , 2  m o f  r o o f  c o a l  b e tw een  th e  two s l i c e s .  

H ow ever ,  t h i s  method r e s u l t s  in  the  f o r m a t io n  o f  a s m a l l  
remnant  ^ i l l a r ,  a s  shown in  F i g .  U ,  and th e  v e r y  h ig h  

s t r e s s e s  a s s o c i a t e d  w i t h  t h i s  p i l l a r  can g i v e  r i s e  to  

s e v e r e  s t r a t a  c o n t r o l  p ro b lem s  on th e  low er  l o n g w a l l  f a c e  
d u r i n g  u n d erm in in g  o f  th e  p i l l a r .

No j u s t i f i c a t i o n  i s  p r o v i d e d  by B i s e  e t  a l . (1 9 7 6 )  f o r  th e  
p a n e l  and i n t o r p a n e l  p i l l a r  d i m e n s i o n s  which th e y  

s p e c i f y .  i n  p a r t i c u l a r ,  i n t e r p a n e l  p i l l a r  d i m e n s i o n s ,  on  

w h ich  th e  s u c c e s s  o f  t h e i r  p ro p o se d  u n c o n v e n t i o n a l  p a n e l  
l a y o u t  d e p e n d s ,  a p p ea r  to  be c o n v e n i e n t  e s t i m a t e s .  

O v e r a l l ,  i t  i s  a p p a r e n t  t h a t  the  a u t h o r s  have  g i v e n  

l i t t l e  c o n s i d e r a t i o n  to  the i m p l i c a t i o n s  o f  t h e i r  

p r o p o s a l s ,  w h ic h ,  under  l o c a l  c o n d i t i o n s ,  s h o u ld  be 
d i s r e g a r d e d ,

A n oth er  p ap er  f a l l i n g  in the  i n n o v a t i v e  c a t e g o r y  i s  t h a t  

by Thomas ( 1 9 7 6 ) ,  w h ich  p r o p o s e s  t h i c k  seam underground  
c o a l  m in in g  by a s l i c e  and f i l l  method u t i l i z i n g  w ash ery  

w a s t e .  The a u t h o r  a c k n o w le d g e s  t h a t  he o n l y  p r o p o s e s  the  
s y s t e m  in broad o u t l i n e  and t h a t  the sy s tem  has  an 

e x t r e m e l y  r e s t r i c t e d  a p p l i c a t i o n  i f  washery  w a s t e ,  th e  

c h a r a c t e r i s t i c s  o f  which  he has  y e t  t o  d e t e r m i n e ,  d o e s  

n o t  p ro v e  to  bo a s u i t a b l e  f i l l  m a t e r i a l .  The a u t h o r  has  

n o t  d e c i d e d  on an a c t u a l  m in ing  s o g u e n c e  and mine l a y o u t  

nor g i v e n  any c o n s i d e r a t i o n  to  the  s u p p o r t  p o t e n t i a l  and 

b e h a v i o u r  o f  the  f i l l .  Thus,  many o f  the p r o p o s a l s  a r e  
o n l y  s p e c u l a t i v e .
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