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4 . 3 . 3  E v a l u 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  t a i l i n g  i n t o  t h i s  c a t e g o r y  i s  co n c e rn e d  

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

t h i c k  seam m in ing  m ethods  under s p e c i f i c  g e o l o g i c  and 

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

v e r y  d e t a i l e d  d e s c r i p t i o n  o f  the  m in in g  method b e i n g  

e v a l u a t e d ,  and th e  g e o l o g i c  c o n d i t i o n s  to  which  i t  i s  

b e s t  s u i t e d .  Known a p p l i c a t i o n s  o f  th e  method a re  

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

c o n d i t i o n s  e x i s t i n g  a t  e a c h  l o c a t i o n  a s  w e l l  a s  on th e  

t y p e  o f  eq u ip m en t  in  u s e ,  p r o b lem s  e n c o u n t e r e d  w i t h  
m ethod ,  m o d i f i c a t i o n s  r e q u i r e d  t o  th e  m ethod ,  and the  

e c o n o m ic  v i a b i l i t y  o f  th e  m ethod.  The g e o l o g i c  

c o n d i t i o n s  o f  the  s i t e  where  i t  i s  p r o p o se d  to  employ  

t h i s  method a r e  e v a l u a t e d  and,  i f  the  method i s  
p o t e n t i a l l y  s u i t a b l e  f o r  u s e  under t h e s e  c o n d i t i o n s ,  an 

e c o n o m ic  e v a l u a t i o n  i s  c o n d u c t e d .  Thus ,  t h e s e  

p u b l i c a t i o n s  u s u a l l y  g i v e  a c o m p r e h e n s iv e  r e p o r t  on th e  

method under r e v i e w  and a r t ,  t h e r e f o r e ,  o f t e n  v iew e d  a s  

r e f e r e n c e  t e x t s  on t h a t  p a r t i c u l a r  method.

MBS

The b e s t  known o f  su c h  p u b l i c a t i o n s  a r e  t h o s e  by W i l s o n  

q t, a 1, f 19 7 6 ) on m u l t i - s l i c e  l o n g w a l l  m i n i n g ,  C a l l i e r  

( 1 9 7 2 ) ,  Barron ( 1 9 7 4 ) ,  and W a l l i s  e t  a l . ( 1 9 7 7 ) ,  on  

l o n g w a l l  m in in g  w i t h  s u b l e v e l  c a v i n g  and G r im le y  (1 9 7 4 )  

P a r k cs  and G r im le y  ( 1 9 7 5 ) ,  P a r k e s  and G r im ley  (1976)  on 

h y d r a u l i c  m in i n g .  In v i e w  o f  th e  c o m p r e h e n s i v e n e s s  o f  

Lh^se p u b l i c a t i o n s  th ey  a r e  d i s c u s s e d  under the  

s u b - h e a d i n g  o f  the  m in ing  m ethods  to  which t h e y  r e f e r .

4 . 3 . 3 . M u l t i - s l i c e  l o n g w a l l  m in in g

W ilso n  u t  aj,. (1976 ) a s s e s s e d  the  f e a s i b i l i t y  o f  m u l t i ­

s l i c e  l o n g w a l l  m in ing  m ethods  f o r  m in in g  w e s t e r n  U n i t e d  

S t a t e s  t h i c k  se a m s ,  and,  in p a r t i c u l a r ,  f o r  th e  m in ing  o f  

a +7 m t h i c k  seam a t  Emery Mine.

m m #
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The a u t h o r s  i d e n t i f i e d  t h r e e  t a s k s ,  which  t h e y  a p p roach ed  
i n  th e  f o l l o w i n g  o r d e r :

i )  i n v e s t i g a t e  m u l t i - s l i c e  m in ing  m ethods  em ployed  

e l s e w h e r e  in  the  w or ld ;  

l i )  s t u d y  th e  s u i t a b i l i t y  o f  th e  Emery Mine s i t e  f o r  

m u l t i - s l i c e  l o n g w a l l  m in in g ;  

i l l )  p er fo rm  an econ om ic  and m a r k e t in g  a n a l y s i s  o f  th e

p r o p o se d  p r o j e c t  t o  p r e d i c t  i t s  c o m p e t i t i v e  p o s i t i o n  

w i t h i n  t h e  i n d u s t r y .

When i n v e s t i g a t i n g  m u l t i - s l i c e  m in ing m ethods  W ilaon  e t  
a l . c a t e g o r i s e d  the  many v a r i a t i o n s  o f  t h i s  sy tem  

a c c o r d i n g  to  w h e th e r  A l i c e s  w ere  mined s i m u l t a n e o u s l y  or  

n o t ,  and t o  what  was u sed  to  form a p a r t i n g  b e tw e e n  th e  
s l i c e s *  In a d d i t i o n  t o  s t u d y i n g  t h e s e  v a r i o u s  m e th o d s ,  

e x p e r i e n c e  was a l s o  g a i n e d  from v i s i t i n g  t w e l v e  t h i c k  

seam o p e r a t i o n s  in  B r i t a i n ,  West  Germany, Y u g o s l a v i a ,  

S p a i n ,  P r a n c e ,  A u s t r a l i a ,  S o u th  A f r i c a  and J a p a n .

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

t h e  Emery Mine s i t e .  As a r e s u l t  o f  t h i s  s t u d y ,  s e v e r a l  
p o t e n t i a l  problem  a r e a s  were i d e n t i f i e d  and t h e i r  

s i g n i f i c a n c e  b r i e f l y  d i s c u s s e d .

i n  t h e  n e x t  s e c t i o n  o f  the  r e p o r t ,  c o n c e r n e d  w i t h  m in e  
d e s i g n  c o n s i d e r a t i o n s ,  t h e s e  p ro b le m s  were d i s c u s s e d  

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

t o  e n t r y  l a y o u t  d e s i g n s  w h ic h ,  by U n i t e d  S t a t e s  

r e g u l a t i o n s ,  m ust  bf m u l t i p l e  e n t r y  s y s t e m s .  Three  
m u l t i p l e  e n t r y  l a y o u t s  were s e l e c t e d  as  b e i n g  th e  m o st  

s u i t a b l e ,  and t h e s e  w ere  a n a l y s e d  from a ro ck  m e c h a n ic s  

v i e w p o i n t  u s i n g  f i n i t e  e l e m e n t  a n a l y s i s .  W i l s o n  e t  a l .  

used the r e s u l t s  o f  th e  a n a l y s i s  to v e r i f y  th e  l o c a t i o n  
o f  th e  e n t r i e s  and to  d e t e r m i n e  which  o f  th e  t h r e e  

l a y o u t s  was th e  most s t a b l e .



Howeve^f a number o f  a n o m a l i e s  a p p e a r  in  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 s  d e r i v e d  from t h e  f i n i t e  e l e m e n t  

a n a l y s e s .  TheAe h a v e  n o t  b een  d e t e c t e d  by the a u t h o r s  

a n d ,  f a c t ,  some o f  t h e  a u t h o r s '  c o n c l u s i o n s  have  b een  

based#@pon t h e s e  a n o m a l i e s .  The s t r e s s  p r o f i l e s  

a s s o c * $ t e d  w i t h  th e  p r o p o se d  e n t r y  l a y o u t s  a re  shown in  

F i g s . ( $ 2 ,  13 and 1 4 ,  w i t h  anom alous  r e g i o n s  b e i n g  
l a b e l e d  A t o  D. In t h e s e  f i g u r e s ,  w h ich  a r e  t a k e n  from  

t h e  a L t h o r s '  p a p e r ,  t h e  to p  s l i c e  i n t e r p a n e l  p i l l a r s  a r e  
s h o w n ^ l i n c o r r e c t l y ,  to  be o f  d i f f e r e n t  w i d t h s .  In t h e  

f o l l q ^ K n g  d i s c u s s i o n  o f  th e  anom alous  r e g i o n s  i t  s h o u l d  

be a p p r e c i a t e d  t h a t  th 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 s  

u n d e q l b o n s i d e r a t i o n  were  computed f o r  h o r i z o n s  th r o u g h  

t h e  RWd-mining h e i g h t  o f  t h e  lo w e r  l o n g w a l l  s l i c e s .

R e g i o n # & -  P i g s .  12 and 14

T h i s  Mpgion l i e s  im m e d i a t e l y  b e lo w  th e  g o a f  o f  an  upper  

s l i c ^ j ^ o n g w a l l  p a n e l .  T h u s ,  on t h e  b a s i s  o f  th e  
d l s c j e & l o n  p r e s e n t e d  in  Appendix  I I ,  th e  maximum v a l u e  o f

% n *
t h e  ^ t& ess  c o n c e n t r a t i o n  f a c t o r ,  Oz/O y,  s h o u ld  n o t  e x c e e d  

1 .  HMkever, th e  a u t h o r s  h a v e  shown t h i s  f a c t o r  t o  be i n  

t h e  c t & e r  o f  1 , 5  , and t a k e  c o g n i s a n c e  o f  t h i s  f a c t  by - 
s u g g e s t i n g  t h a t  the p a n e l  d e v e lo p m e n t  e n t r i e s  f o r  t h e  : 

l o w e r # & l i c e  s h o u l d  be l o c a t e d  beyond t h i s  r e g i o n .

R e g i o n s  -  F i g s .  12 and 13

The s s B e s s  c o n c e n t r a t i o n  f a c t o r  in  t h i s  r e g i o n  I n c r e a s e s  
r a p i d * #  to  a t t a i n  a m a g n itu d e  o f  a l m o s t  6 a s  t h e  l o w e r :  

s l i c e ( p a n e l  e n t r y  i s  a p p r o a c h e d .  H owever ,  th e  h o r i z o n  

f o r  w & ch  the s t r e s s  p r o f i l e  i s  c o n s t r u c t e d  i s  l o c a t e d  

o n l y  as%ew m e t r e s  b e lo w  g o a f .  T h u s ,  o n c e  a g a i n ,  s t r e s s
g v'

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

e x c e e d & t .
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(a) L o n g w a l l  p a n e l  l a y o u t  w i t h  tw o  s i n g l e  e n t r i e s  f o r  
l o w e r  s l i c e  and d o u b l e  e n t r i e s  f o r  u p p e r  s l i c e .

37,5

ACTIVE LONCWAtL PANELS IRE S G 0*51 IIDUUOM
LINE

(b) 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  t h r o u g h  m i d - h e i g h t  o f
l o w e r  s l i c e  i n t e r p a n e l  p i l l a r  f o r  p a n e l  e n t r y  l a y o u t  
shown i n  ( a ) .

FIGURE 12 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 s s o c i a t e d  w i t h  a 
l o n g w a l l  p a n e l  l a y o u t  c o m p r i s i n g  two s i n g l e
entries for lower slice and double entries for 
uoper slice as presented by Wilson et a l . (1976).
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f:

(a) W ngw all p anel la y o u t w ith  double en try  gateroad s  
fo r  upper and low er s l i c e s .

AC11VE IQNOWXll PANEL

(b) 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  t h r o u g h  m i d - h e i g h t  o f  
l o w e r  s l i c e  i n t e r p a n e l  p i l l a r  f o r  p a n e l  e n t r y  l a y ­
o u t  shown i n  ( a ) .

FIGURE 13 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 s s o c i a t e d  w i t h  
a l o n g w a l l  p a n e l  l a y o u t  c o m p r i s i n g  d o u b l e  

entry gateroads for the upper and lower slices 
as presented by Wilson et a l . (1 976) .



rv;
»w L 0 A t fa

longwoU ¥
iiH

::  ̂1
!. " •;
r:l 
i; - i|i t i

(a)  L o n g w a l l  p a n e l  l a y o u t  w i t h  tw o  d o u b l e  e n t r i e a  
f o r  t h e  l o w e r  s l i c e  and d o u b l e  e n t r i e s  f o r  
t h e  t o o  s l i c e .
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(b) 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  th r o u g h  m i d - h e i g h t  o f  
l o w e r  s l i c e  I n t e r p a n e l  p i l l a r  f o r  p a n e l  e n t r y
l a y o u t  shown in  ( a ) •

FIGURE 14 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 s s o c i a t e d  w i t h
a l o n g w a l l  p a n e l  l a y o u t  c o m p r i s i n g  two d o u b l e  

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

f o r  t h e  t o p  s l i c e  a s  p r e s e n t e d  by W i l s o n  e t  a l

/  i  n  "7 C  \



Region  C -  F i g , 13

In t h i s  r e g i o n  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  on e i t h e r  

s i d e  o f  the  lo w e r  s l i c e  p a n e l  e n t r y  i s  shown to  be 

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

e x i s t i n g  on t h e  i n t e r p a n e l  p i l l a r  s i d e  o f  the  e n t r y  than  

on the  p ro p o se d  m in in g  s i d e  o f  the  e n t r y .  B u t ,  a s  

r e f e r e n c e  to  F i g .  I I . 5 o r  I I . 6* h i g h l i g h t s ,  i f  the  e n t r y  

i s  s u f f i c i e n t l y  f a r  removed from th e  i n t e r p a n e l  p i l l a r  a 

low er  s t r e s s  c o n c e n t r a t i o n  s h o u l d  e x i s t  on th e  i n t e r p a n e l  

p i l l a r  s i d e  o f  th e  e n t r y .  I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  

t h i s  l a t e r  s t a t e m e n t  i s  s u p p o r t e d  by th 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  o v e r  r e g i o n  C, P i g ,  1 4 ,  p r e s e n t e d  by th e  

a u t h o r s .

R eg io n  D -  F i g s .  1 2 ,  13 and 14

T h i s  r e g i o n  c o m p r i s e s  t h a t  p o r t i o n  o f  the  lo w e r  s l i c e  

i n t e r p a n e l  p i l l a r  w h ich  i s  l o c a t e d  im m e d ia t e ly  b e lo w  th e  

upper s l i c e  i n t e r p a n e l  p i l l a r .  On th e  b a s i s  o f  p r e v i o u s  

c o n s i d e r a t i o n s  ( r e f e r  F i g .  I I . 6 and P i g .  9 )  th 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  th rou gh  t h i s  r e g i o n  s h o u ld  be a l m o s t  

s y m m e t r i c a l  T h i s  i s  c l e a r l y  n o t  the  c a s e  i n  P i g s .  1 2 ,

13 and 1 4 .  F u r t h e r m o r e ,  a c o n s i d e r a b l e  p o r t i o n  o f  t h e  

I n t e r p a n e l  p i l l a r  a s s o c i a t e d  th e  w i t h  e n t r y  l a y o u t  

i l l u s t r a t e d  i n  F i g ,  13 i s  a c t u a l l y  d e s t r e s s e d .  The 
s t r e s s  c o n c e n t r a t i o n  f a c t o r  o v e r  ab ove  o n e - t h i r d  o f  t h i s  

p i l l a r  i s  o n l y  o f  th e  o r d e r  o f  0 , 5 ,  The a u t h o r s  a c c e p t  

t h i s  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  and s t a t e  t h a t  the  

d e s t r e s s e d  a r e a  w i l l  be s u b j e c t e d  t o  t e n s i o n  and 
b u c k l i n g ,  and t h a t  roadways  l o c a t e d  in  the a r e a  can be 

e x p e c t e d  to  be u n s t a b l e  a s  th e  lo w e r  s l i c e  l o n g w a l l  

a p p r o a c h e s .

* F i g s . ,  Tables ,  Eqns., P la tes  e t c .  which are captioned in 
Roman'numerals in th is  main t e x t  are contained in the 
Appendix captioned by the same Roman numerals.
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The a n o m a l i e s  i n  the  s t r e s s  p r o f i l e s  d e r i v e d  from th e  

f i n i t e  e l e m e n t  a n a l y s i s  may p o s s i b l y  be a c c o u n t e d  f o r  by 

t h e  u n r e a l i s t i c  a s s u m p t io n  which  the  a u t h o r s  made 

c o n c e r n i n g  th e  d e v e l o p m e n t  o f  th e  g o a f  in  th e  upper  

s l i c e .  T h i s  a s s u m p t i o n  s t a t e s  t h a t  the  g o a f  from th e  

l o n g w a l l  in  th e  top  s l i c e  s e t t l e s  in  such  a way t h a t  

t r i a n g u l a r  o p e n i n g s  o f  d im e n io n  20 m (64 f t )  by 2 , 4  m 

(8 f t )  a r e  l e f t  b e s i d e  the i n t e r p a n e l  p i l l a r ,  F i g .  1 5 .

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

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

im m e d ia te  v i c i n i t y .

A f t e r  c o n s i d e r i n g  th e  s t a t e  o f  s t r e s s  a s s o c i a t e d  w i t h  the  

v a r i o u s  p a n e l  e n t r y  o u t l a y s ,  and th e  s u p p o r t  o f  t h e  lo w e r  

s l i c e  e n t r i e s ,  th e  a u t h o r s  d i s c u s s  the s e l e c t i o n  o f  th e  

m in i n g  e q u i p m e n t .  S i n c e  th e  m ost  i m p o r t a n t  d e c i s i o n  t o  

b e  made in  the a r e a  o f  e q u ip m en t  s e l e c t i o n  f o r  a m u l t i ­

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

a t t e n t i o n  i s  g i v e n  t o  the  v a r i o u s  t y p e s  o f  s u p p o r t  

s y s t e m s  a v a i l a b l e .  Good r o o f  s u p p o r t ,  p a r t i c u l a r l y  when 

m in i n g  t h e  lo w er  s l i c e s  in  m u l t i - s l i c e  m in i n g ,  i s  

e s s e n t i a l .

Based  on th e  p r e c e d i n g  d i s c u s s i o n s  c o n c e r n i n g  th e  many 

v a r i a t i o n s  o f  m u l t i - s l i c e  l o n g w a l l  m in i n g ,  th e  g e o l o g y  o f  

t h e  p r o p o s e d  mine s i t e ,  the  d e s i g n  o f  the  p a n e l  e n t r i e s ,  

and the  l o n g w a l l  m in in g  e q u ip m e n t  a v a i l a b l e ,  th e  a u t h o r s  

d e c i d e  on the a c t u a l  m in ing  method,  mine d e s i g n ,  and 

m in in g  e q u ip m e n t  to  be u s e d .  In o r d e r  to  e n s u r e  t h a t  the  
p r o p o s e d  m in in g  method would be e c o n o m i c a l l y  v i a b l e  and 

a c c e p t a b l e  to  th e  c o a l  m in ing  i n d u s t r y  the number o f  
r a d i c a l  c h a n g e s  encom passed  w i t h i n  the method have  been  

k e p t  to  a minimum. T h i s  has  been a c h i e v e d  a t  th e  c o s t  o f  

p e r c e n t a g e  e x t r a c t i o n .

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

th e  m in in g  method a r c  c o n s i d e r e d  and the  paper  c o n c l u d e s  
w i t h  an a s s e s s m e n t  o f  the econ om ic  f e a s i b i l i t y  o f  th e
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w h o l e  o p e r a t i o n . I n  t h e  a p p e n d i c e s  o f  t h e i r  r e p o r t , t h e  

a u t h o r s  have  p r e s e n t e d  i n f o r m a t i v e  d e s c r i p t i o n s  o f  th e  

v a r i o u s  t h i c k  seam m in ing  o p e r a t i o n s  which th ey  v i s i t e d  

o u t s i d e  th e  U n i t e d  S t a t e s  in  the c o u r s e  o f  com posing  the  

p u b l i c a t i o n .  O v e r a l l ,  th e  p u b l i c a t i o n  c o n s t i t u t e s  a good  

r e f e r e n c e  manual on most  a s p e c t s  o f  n o n - s l 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 .

4 . 3 . 3 . 2  L on gw al l  m in ing  w i t h  s u b l e v e l  c a v i n g

A l t h o u g h  l o n g w a l l  m in in g  w i t h  s u b l e v e l  c a v i n g  has  been
p r a c t i c e d  in  many c o u n t r i e s  t h r o u g h o u t  th e  w o r ld ,

i n c l u d i n g  P r a n c e ,  Y u g o s l a v i a ,  Romania,  th e  U . S . S . R ,  I n d ia

and G r e a t  B r i t a i n ,  o n l y  th e  French o p e r a t i o n s  have been  
d i s c u s s e d  in  d e t a i l  in  th e  E n g l i s h  l i t e r a t u r e .  One o f  

t h e  f i r s t  p a p e r s  on t h i s  method was by C a l l i e r  ( 1 9 7 2 ) ,  

T h i s  p a p e r  b r i e f l y  d i s c u s s e s  the  d e v e lo p m e n t  o f  the  

method in  France  b e f o r e  g o i n g  on to  d e s c r i b e  the  

o p e r a t i o n  o f  t h e  method,  th e  f a c e  e q u ip m e n t ,  and th e  

d i f f i c u l t i e s  e x p e r i e n c e d  w i t h  the m ethod ,  w h i l s t  

p r e v a i l i n g  g e o l o g i c  c o n d i t i o n s  have n o t  been  r e c o r d e d  nor 

d i s c u s s e d  q u a n t i t a t i v e l y ,  a good q u a l i t a t i v e  i d e a  o f  the  

c o m p e te n c e  o f  th e  c o a l  seam i s  o b t a i n e d  from th e  a u t h o r ' s  

d i s c u s s i o n  o f  th e  s u p p o r t  r e q u i r e m e n t s  o f  the  method and 

t h e  d i f f i c u l t i e s  e x p e r i e n c e d  w i t h  th e  method due to  

' f r i a b l e '  and ' s e ld o m  hard'  c o a l .

T h i s  m in ing  method was d i s c u s s e d  in much g r e a t e r  d e t a i l  

by Barron ( 1 9 7 4 )  when he c o n s i d e r e d  the p o t e n t i a l  o f  the  

s y s t e m  f o r  use  i n ,  or  a d a p t i o n  t o ,  Canadian  c o n d i t i o n s .  
The a u t h o r  s t u d i e d  th e  m in ing  method in o p e r a t i o n  a t  two 

French c o l l i e r i e s ,  namely Darcy Mine and R o z e la y  Mine,  
and r e c o r d e d  most  o f  the  g e o l o g i c ,  m in i n g ,  e n v i r o n m e n t a l ,  

and eco n o m ic  f e a t u r e s  o f  the  method.  T h ese  f e a t u r e s  

formed the  b a s i s  on which  to  a s s e s s  the p o t e n t i a l  o f  the  
method under t y p i c a l  Canadian  c o n d i t i o n s .
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w h o le  o p e r a t i o n ,  in  t h e  a p p e n d i c e s  o f  t h e i r  r e p o r t ,  the  

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

v a r i o u s  t h i c k  seam m in in g  o p e r a t i o n s  which  th e y  v i s i t e d  

o u t s i d e  Jzhe U n i t e d  S t a t e s  in the  c o u r s e  o f  com posing  the  

p u b l i c a t i o n .  O v e r a l l ,  th e  p u b l i c a t i o n  c o n s t i t u t e s  a good 

r e f e r e n c e  manual on m ost  a s p e c t s  o f  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 .

4 . 3 . 3 . 2  L on gw al l  m in in g  w i t h  s u b l e v e l  c a v i n g

A l t h o u g h  l o n g w a l l  m in in g  w i t h  s u b l e v e l  c a v i n g  has b een
p r a c t i c e d  in  many c o u n t r i e s  t h r o u g h o u t  th e  w o r l d ,

i n c l u d i n g  F r a n c e ,  Y u g o s l a v i a ,  Romania, th e  U . S . S . R ,  I n d i a
and G r e a t  B r i t a i n ,  o n l y  th e  French o p e r a t i o n s  have b e en  

d i s c u s s e d  in  d e t a i l  in th e  E n g l i s h  l i t e r a t u r e .  One o f  

th e  f i r s t  p a p e r s  on t h i s  method was by C a l l i e r  ( 1 9 7 2 ) .  

T h i s  p ap er  b r i e f l y  d i s c u s s e s  th e  d e v e lo p m e n t  o f  the  

method in  France  b e f o r e  g o i n g  on to  d e s c r i b e  th e  

o p e r a t i o n  o f  th e  m ethod,  th e  f a c e  e q u ip m e n t ,  and th e  
d i f f i c u l t i e s  e x p e r i e n c e d  w i t h  the  m ethod .  W h i l s t  

p r e v a i l i n g  g e o l o g i c  c o n d i t i o n s  have n o t  been r e c o r d e d  nor  

d i s c u s s e d  q u a n t i t a t i v e l y ,  a good q u a l i t a t i v e  id e a  o f  th e  

c o m p e t e n c e  o f  th e  c o a l  seam i s  o b t a i n e d  from th e  a u t h o r ' s  

d i s c u s s i o n  o f  t h e  s u p p o r t  r e q u i r e m e n t s  o f  the method and 
th e  d i f f i c u l t i e s  e x p e r i e n c e d  w i t h  the  method due to  

' f r i a b l e '  and ' s e ld o m  hard'  c o a l .

T h i s  m in in g  method was d i s c u s s e d  in much g r e a t e r  d e t a i l  

by Barron (1 9 7 4 )  when he c o n s i d e r e d  the  p o t e n t i a l  o f  th e  

s y s t e m  f o r  use  i n ,  or  a d a p t i o n  t o ,  Canadian c o n d i t i o n s .
The a u t h o r  s t u d i e d  the  m in in g  method in o p e r a t i o n  a t  two 

French  c o l l i e r i e s ,  namely  Darcy Mine and R o z e la y  Mine,  
and r ec o r d e d  m ost  o f  the  g e o l o g i c ,  m in i n g ,  e n v i r o n m e n t a l ,  

and economic f e a t u r e s  o f  the  method.  T h ese  f e a t u r e s  

formed the b a s i s  on which  to  a s s e s s  the  p o t e n t i a l  o f  th e  
met,tod under t y p i c a l  Canadian c o n d i t i o n s .



The a p p l i c a b i l i t y  o f  l o n g w a l l  m in in g  w i t h  s u b l e v e l  c a v i n g  

to  a g i v e n  s e t  o f  m in in g  c o n d i t i o n s  d e p e n d s ,  to  a v e r y  

l a r g e  e x t e n t ,  on the  c a v e a b i l i t y  o f  the  c o a l .  A s t r o n g  

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

w e a k n e s s e s  must o f t e n  be induced to  c a v e ,  and t e n d s  to  

c a v e  in l a r g e  b l o c k s  w h ich  a re  d i f f i c u l t  to  draw.  On t h e  

o t h e r  hand,  a v e r y  weak f r i a b l e  c o a l  may r e s u l t  in  v e r y  

poor  f a c e  c o n d i t i o n s ,  and f a c e  and r o o f  s t a b i l i t y  ahead  

o f  th e  f a c e  s u p p o r t s  c o u l d  be v e r y  d i f f i c u l t  to  m a i n t a i n ,  
p a r t i c u l a r l y  a t  d e p t h .  T h e r e f o r e ,  when c o n s i d e r i n g  t h e  

a p p l i c a b i l i t y  o f  t h i s  method to  a g i v e n  s e t  o f  con­

d i t i o n s ,  i t  i s  i m p o r t a n t  t o  a s s e s s  the seam g e o l o g y  on a 
q u a n t i t a t i v e  b a s i s .  Barron  a c k n o w le d g e s  t h a t  he f a i l s  to  

do t h i s ,  b o t h  f o r  the  French t h i c k  seams in which  he 

o b s e r v e d  t h e  method )  ̂ o p e r a t i o n ,  and f o r  th e  Canadian  

t h i c k  seams in w h ich  he i s  c o n s i d e r i n g  a p p l y i n g  the  
m ethod .

When p r e s e n t i n g  th e  r e s u l t s  o f  ground c o n t r o l  s t u d i e s  

c o n d u c t e d  a t  the  two French c o l l i e r i e s  v i s i t e d ,  Barron  

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

p a r t i c u l a r  th e  a u t h o r  n o t e s  t h a t  th e  measured f a c e  c o n ­
v e r g e n c e  i s  much more than  t h a t  p r e d i c t e d  from the  

e m p i r i c a l  d e r i v e d  form u la  -

where

h ) 0 , 7 5 3 - 0 , 2 5  , ( 1 )

'-V i s the c o n v e r g e n c e  p er  metre  o f  
advance  (m/m),

f a c e

p i s the s u b s i d e n c e  f a c t o r  ( f o r  c a v i n g ,  

P = 1 ) ,
H i s the f a c e  h e i g h t  (m),  and

D i s the d epth  b e lo w  s u r f a c e  (m).

ba sod on the s t a t i s t i c a l  a n a l y s i s o f  140T h i s  form ula  /
European l o n g w a l l  f a c e s  in t h in  seams ( 0 , 8  m < H ^ 3 m ).  
However,  t h e  a u t h o r  deduced  for  th e  Darcy Mine t h a t  i f  H 

i s  taken  a s  the t o t a l  seam t h i c k n e s s ,  r a t h e r  than as  th e
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f a c e  h e i g h t ,  t h e n  t h e  m e a s u r e d  v a l u e  o f  f a c e  c o n v e r g e n c e  

and th e  p r e d i c t e d  v a l u e  o f  f a c e  c o n v e r g e n c e  based  on 

g q n .  ( I )  a r e  in  c l o s e  c o r r e s p o n d e n c e .  T h e r e f o r e ,  he  
c o n c l u d e s :

t h a t  f o r  t h i c k  sea m s ,  the  t o t a l  f a c e  c o n v e r g e n c e  d ep en d s  
n o t  on th e  f a c e  h e i g h t  b u t  on th e  seam t h i c k n e s s  b e tw ee n  
t h e  t r u e  r o o f  and t r u e  f l o o r ,  i . e .  the  g e n e r a l  s t a t i s ­
t i c a l l y  d e r i v e d  formula  f o r  t h i n  sea m s ,  g i v e n  a b o v e ,  i s  
a l s o  a p p l i c a b l e  t o  t h i c k  s e a m s ,  p r o v id e d  t h a t  H in  both  
c a s e s  i s  t a k e n  a s  the  seam t h i c k n e s s  and n o t  a s  th e  f a c e  
h e i g h t *

T h i s  i s  a v e r y  im p o r t a n t  c o n c l u s i o n  w h ic h ,  i f  a c c e p t e d ,  

would have  a s i g n i f i c a n t  i n f l u e n c e  on th e  d e s i g n  o f  t h i c k  

seam m in in g  m e th o d s .  However,  t h i s  c o n c l u s i o n  i s  o n l y  

bc.sod on  a s i n g l e  s e t  o f  m easurem ents  on one l o n g w a l l  

f a c e ,  a l t h o u g h  a s e c o n d  s e t  o f  m easurem ents  from a n o t h e r  

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

r e d u c ed  due t o  the  p r e s e n c e  o f  a s a n d s t o n e  p a r t i n g  w i t h i n  

t h e  seam .  No c o n s i d e r a t i o n  was g i v e n  a s  to  w h e th e r  the  

a p p l i c a t i o n  o f  the  e m p i r i c a l l y  d e r i v e d  t h i n  seam form u la  

t o  t h i c k  seam m in in g  m ethods  w a s ,  in  f a c t ,  v a l i d .  
F u r t h e r m o r e ,  no a t t e m p t  h a s  b een  made to  e x p l a i n  t h i s  

im p o r t a n t  c o n c l u s i o n ,

c o n v e r g e n c e  on the l o n g w a l l  f a c e  i s  d e t e r m i n e d  by th e  

e s p c . . s e  of  b o th  the c o a l  s t r a t a  ahead o f  th e  l o n g w a l l  
i a . f  and th e  f a c e  s u p p o r t  s y s t e m  to  th e  a p p l i e d  l o a d .  As 

»uch c o n v e r g e n c e  i s  a f u n c t i o n  o f  many p a r a m e t e r s ,

,.ui i u d i n g  t h e  c l a s t i c  modulus o f  the c o a l ,  th e  n a t u r e  o f  
the ,m m cdiatc  r o o f  s t r a t a  ab ove  the  seam, th e  c h a r a c t e r -  

s t i c s  o f  t h e  s u p p o r t  s y s t e m ,  and the  b e h a v i o u r  o f  the  

im m ediate  r o o f  above the  l o n g w a l l  f a c e .  None o f  t h e s e  

p a r a m e te r s  a r c  r e f l e c t e d  in t h e  e m p i r i c a l l y  d e r i v e d  t h i n  

w a r n  c o n v e r g e n c e  fo r m u la ,  Eqn. ( 1 ) ,  b u t  t h e i r  i n f l u e n c e  
c o n v e r g e n c e  can be i l l u s t r a t e d  s im p l y  by the  f o l l o w i n g  

. i^mcntary e q u a l i t i e s  r e l a t i n g  c o n v e r g e n c e  to  lo a d  and

T - - "SU -
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At i s the

L i s the
t i s th e

^S i s the
E i s the
A i s th e
0 i s th e

c o n v e r g e n c e ) .

e a ,  and

r s s  ( a n a l a g o u s  t o  a b u tm en t  
e s s ) .

For ex a m p le ;

i )  E l a s t i c  modulus o f  c o a l  -  Eqn« (2 )  c l e a r l y  i l l u s ­
t r a t e s  t h a t ,  f o r  a  f i x e d  s e t  o f  c o n d i t i o n s ,  

c o n v e r g e n c e  (seam c o m p r e s s io n )  i r  a f m o t i o n  o f  

e l a s t i c  m o d u lu s .  Thus a  l o n g w a l l  f a c e  in  a seam  
h a v i n g  a low e l a s t i c  modulus w i l l  u ndergo  a much 

h i g h e r  c o n v e r g e n c e  than a l o n g w a l l  f a c e  in  a seam  

h a v in g  a h ig h  e l a s t i c  m o d u lu s .

i i )  Roof  s t r a t a  p r o p e r t i e s  -  The d i s c u s s i o n  o f  th e  

s t r e s s  d i s t r i b u t i o n  around an i s o l a t e d  l o n g w a l l  

p a n e l ,  Appendix  1 1 , 2 ,  h i g h l i g h t e d  t h a t  the  c a v i n g  

a n g l e ,  9 , has  a s i g n i f i c a n t  i n f l u e n c e  on th e  w e i g h t  
o f  the  undermined r o o f  s t r a t a  which  has  to  be 

c a r r i e d  by the  c o a l  s t r a t a  ahead o f  th e  f a c e .  In 

t u r n ,  t h i s  p a ra m eter  i s  a f u n c t i o n  o f  th e  

c o m p o s i t i o n  and s t r u c t u r e  o f  t h e  im m ediate  r o o f  

s t r a t a .  For ex a m p le ,  a h ig h  s t r e n g t h ,  m a s s i v e  
s t r a t a  would be e x p e c t e d  to  c a v e  a t  a g r e a t e r  c a v i n g  

a n g l e  than a low s t r e n g t h  h i g h l y  la m in a t e d  s t r a t a .  

The i n f l u e n c e  o f  the  c a v i n g  a n g l e ,  8 , i s  a n a l a g o u s  

to  th e  p a r a m e te r ,  L, in  Eqn. ( 2 ) ,  s i n c e  the c a v i n g  
a n g l e  d e t e r m i n e s  the volume and th u s  th e  w e i g h t  o f  

o v e r h a n g i n g  s t r a t a  to  be s u p p o r t e d  by th e  fa c e  

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

c o m p e t e n t  i m m e d i a t e  r o o f  s t r a t a .  T h i s  s t r a t a  may 

f a i l  to  c a v e  a t  th e  r e a r  o f  the  f a c e  s u p p o r t s  and 

c a n t i l e v e r  o v e r  th e  s u p p o r t s  i n t o  th e  g o a f .  U n l e s s  

a w e l l  d e s i g n e d  s u p p o r t  s y s t e m  which  g e n e r a t e s  a 

h ig h  s u p p o r t  r e s i s t a n c e  a t  the  r e a r  o f  the  s u p p o r t  
i s  u s e d ,  t h i s  s t r a t a  can  in d u ce  v e r y  h igh  f a c e  

a b u tm en t  s t r e s s e s .  T h i s  s i t u a t i o n  i s  r e p r e s e n t e d  in  
Eqn. ( 2 ) by th e  s t r e s s  p a r a m e t e r ,  o .

i i i )  S u p p o r t  s y s t e m  c h a r a c t e r i s t i c s  -  The s t i f f n e s s  and 
l o a d  c a r r y i n g  c a p a c i t y  o f  the  s u p p o r t  s y s te m  

d e t e r m i n e  t o  what e x t e n t  the  f a c e  i s  p r o t e c t e d  from 
h i g h  abutm ent  s t r e s s e s ,  and to  what  e x t e n t  

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

v a l u e s  o f  L and o in  E g n . ( 2 ) ,  In a l a t e r  

p u b l i c a t i o n  by J o s c e n  and G o u i l l o u x  ( 1 9 7 8 ) ,  th e  

e m p i r i c a l  c o n v e r g e n c e  form ula  has  in  i t  a term to  

a c c o u n t  f o r  th e  l o a d - b e a r i n g  c a p a c i t y  o f  the  s u p p o r t  
s y s t e m .  The form ula  now r e a d s  -

CvT = + 6 6 | ( p H ) 0 , 7 5 Q - 0 , 2 5  (3)

where C^T i s  th e  c o n v e r g e n c e  pei  m etre

o f  f a c e  advance  (mm/m), 
and PM i s  the  load  b e a r i n g  c a p a c i t y

o f  the  s u p p o r t  

( t o n n e s / l i n e a r  m etre  
o f  f a c e ) .

S o l v i n g  t h i s  form ula  f o r  th e  s u p p o r t  s y s t e m  employed  

on the  l o n g w a l l  f a c e s  under c o n s i d e r a t i o n  by B a rr o n ,  
p r o d u c e s  the  f o l l o w i n g  form ula  -

CyT = 0 , l ( p H ) 0 ' 7 5 D  0 , 2 5 (4)
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The face convergence calculated with this new 
formula is only half of that calculated by the 
formula used by Barron , so that an even greater 
d i s c r e p a n c y  e x i s t s  b e tw e en  p r e d i c t e d  and measured  

f a c e  c o n v e r g e n c e .

i v )  B e h a v io u r  o f  th e  to p  c o a l  ab ove  th e  l o n g w a l l  f a c e  -  

In c o n v e n t i o n a l  m e c h a n is e d  l o n g w a l l  m in ing v e r y  

l i t t l e  l a t e r a l  movement o f  th e  r o o f  o c c u r s  u n t i l  

a f t e r  i t  has  been  u n d erm in ed .  Thus,  t h i s  r o o f  

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

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

c a r r y i n g  c a p a c i t y  and l i m i t i n g  f r a c t u r i n g ,  s p e l l i n g  
and s l a b b i n g .  However,  i t  c a n  be s e e n  c l e a r l y  in  

P i g .  16 t h a t  in l o n g w a l l  m in in g  w i t h  s u b l e v e l  

c a v i n g ,  t h e  im m ediate  r o o f  ab ove  th e  l o n g w a l l  f a c e  

u n d e r g o e s  c o n s i d e r a b l e  m i g r a t i o n  tow ard s  the  g o a f  

l o n g  b e f o r e  i t  has  b een  underm ined .  T h is  i s  b e c a u s e  

th e  r o o f  c o n s i s t s  o f  a c o n s i d e r a b l e  t h i c k n e s s  o f  
weak and f r i a b l e  c o a l  w h ich  i s  b e in g  caved and drawn 

from b e h in d  th e  l o n g w a l l  s u p p o r t s .  T h e r e f o r e ,  

i n s t e a d  o f  c o n f i n i n g  th e  c o a l  ahead o f  the  f a c e ,  th e  

im m ed ia te  c o a l  r o o f  s t r a t a  i n d u c e s  l a t e r a l  t e n s i o n  

in  f a c e  c o a l ,  c a u s i n g  i t  to  f r a c t u r e  and form a 

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

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

e f f e c t i v e l y  r e d u c e s  th e  a r ea  o f  c o a l  c a p a b l e  o f  . 

c a r r y i n g  f u l l  l o a d .  As can be s e e n  a g a in  from 

Eqn. ( 2 ) ,  a r e d u c t i o n  in  the a r e a ,  A, r e s u l t s  in  

i n c r e a s e d  c o n v e r g e n c e .

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

a com plex  f u n c t i o n  o f  many p a r a m e t e r s .  Pew o f  t h e s e  

p a r a m e te r s  a r e  c o n t a i n e d  in  Eqn. ( 1 ) ,  upon which Barron  

b a s e s  h i s  im p o r ta n t  c o n c l u s i o n  c o n c e r n i n g  c o n v e r g e n c e  in  

t h i c k  c o a l  s e a m s .  The range o f  c o n d i t i o n s  f o r  which t h i s  
e q u a t i o n  was e m p i r i c a l l y  d e r i v e d  need to  be a p p r e c i a t e d ,
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FIGURE 16 D i s p l a c e m e n t  o f  im m ediate  c o a l  r o o f  s t r a t a
a s s o c i a t e d  w i t h  l o n g w a l l  m in in g  w i t h  s u b l e v e l  

c a v i n g  ( B a r r o n ,  1 9 7 4 ) .
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a n d  t h e  e q u a t i o n  s h o u l d  n o t  be e m p l oy e d  o u t s i d e  t h i s  

r a n g e  o f  c o n d i t i o n s .  I n  p a r t i c u l a r ,  t h i s  e q u a t i o n  was 

b a s e d  on  s t r a t a  b e h a v i o u r  in  a c o n v e n t i o n a l  l o n g w a l 1 

f a c e .  I t  c a n n o t  be u s e d  t o  c a l c u l a t e  t h e  c o n v e r g e n c e  

a s s o c i a t e d  w i t h  l o n g w a l 1 m i n i n g  w i t h  s u b l e v e l  c a v i n g  

b e c a u s e  t h i s  m in in g  s y s t e m  c a u s e s  the  c o a l  & ra ta  to  

b e h a v e  in  a s i g n i f i c a n t l y  d i f f e r e n t  manner to  t h a t  upon 
w hich  th e  form ula  i s  b a s e d .

In  summary, Barron p r e s e n t s  a w e l l  d e t a i l e d  s t u d y  o f  

l o n g w a l l  m in ing  w i t h  s u b l e v e l  c a v i n g  a s  c o n d u c te d  i n  two  

F ren ch  c o l l i e r i e s ,  and b r i e f l y  c o n s i d e r s  th e  p o t e n t i a l  o f  

t h e  method to  the m in in g  o f  Canadian t h i c k  c o a l  sea m s .  

H ow ever ,  h i s  c o n c l u s i o n  t h a t  ' f o r  t h i c k  s e a m s ,  the  t o t a l  

f a c e  c o n v e r g e n c e  d ep e n d s  n o t  on the  f a c e  h e i g h t ,  b u t  on  
t h e  seam t h i c k n e s s  b e tw e e n  the  t r u e  r o o f  and th e  t r u e  

f l o o r ' ,  i s  u n a c c e p t a b l e .

W a l l i s  e t  a l . (1 9 7 7 )  c o n s i d e r e d  th e  d e s i g n  and f e a s i b i l i t y  
o f  l o n g w a l l  m in ing  w i t h  s u b l e v e l  c a v i n g  f o r  m ining  

w e s t e r n  U n i t e d  S t a t e s  t h i c k  c o a l  s e a m s ,  and ad op ted  a 

s l i g h t l y  d i f f e r e n t  a p p ro a ch  to  t h o s e  o f  W i l so n  e t  a l .

( 1 9 7 6 )  and Barron ( 1 9 7 4 ) .  The a u t h o r s  r e c o g n i s e d  t h a t  

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

v e r y  l a r g e  e x t e n t  on th e  u se  o f  a w e l l  d e s i g n e d  s u p p o r t .  

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

s u p p o r t  s y s t e m .  The s u p p o r t  was d e s i g n e d  ' p r i m a r i l y  f o r  

v e r y  f r i a b l e  c o a l s  which  c a v e  r e a d i l y  and need e s s e n ­
t i a l l y  no s i z e  r e d u c t i o n  to  be c o m p a t i b l e  w i th  a v a i l a b l e  

h a u l a g e  s y s t e m s ' .  The s u p p o r t  d e s i g n e d  i s  n o t a b l y  

d i f f e r e n t  from o t h e r  l o n g w a l l  c a v i n g  s u p p o r t s  in  t h a t  i t  
i s  o v e r  5 , 5  m long  and 2 m w i d e ,  and g e n e r a t e s  a lo a d  o f  

a l m o s t  75U t o n n e s  per  m etre  run o f  f a c e .  The s u p p o r t  
s y s t e m s  used on the  French l o n g w a l l  f a c e  d e s c r i b e d  by 

Barron  (1 9 7 4 )  o n l y  g e n e r a t e  a lo a d  o f  a b o u t  190 t o n n e s  

p er  m etr e  run o f  f a c e ,  w h i l s t  t h o s e  used  in  B ogov ina  Mine 
in  Y u g o s l a v i a  g e n e r a t e  a load o f  260 t o n n e s  per  m etre  run 

o f  f a c e  ( G a l v i n ,  1 9 7 8 ) .
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The a u t h o r s  have  b a se d  t h e i r  s u p p o r t  d e s i g n  on th e  

p h i l o s o p h y  t h a t  t h e  l o n g w a 11 c a v i n g  sy s t e m  ' s h a l l  be a t  

l e a s t  a s  s a u e ,  the  p r o d u c t i v i t y  a s  h i g h ,  and the  

p r o d u c t i o n  c o s t  p er  ton o f  c l e a n  c o a l  a s  low' in  seams  

e x c e e d i n g  6 , 7  m (22 f t )  in  t h i c k n e s s  as  t h a t  p r e s e n t l y  

a c h i e v e d  by s t a n d a r d  bord and p i l l a r  m in ing  or c o n ­

v e n t i o n a l  l o n g w a l l  m in in g  in  2 , 1  m (7  f t )  t h i c k  seam s.  

T h is  p h i l o s o p h y  n e c e s s i t a t e s  the u se  o f  a v er y  l a r g e  r e a r  

c o n v e y o r ,  wh ich  i s  i n d e p e n d e n t  o f  the  s u p p o r t  s y s t e m  and 
o n l y  n e e d s  to  be ad van ced  e v e r y  s e c o n d  f a c e  c y c l e .

One d i s t u r b i n g  p o i n t  in  th e  a u t h o r s '  c a l c u l a t i o n  o f  th e  

r e q u i r e d  s i z e  o f  th e  r e a r  c o n v e y o r  and t h e i r  f i n a l  

p r e d i c t i o n  o f  p r o d u c t i v i t y  i s  t h a t  th e y  have assumed a 

s h e a r e r  c y c l e  t ime o f  34 m in u t e s  o v e r  a 125 m l o n g  f a c e .  

T h i s  i s  an e x t r e m e l y  f a s t  c y c l e  t im e .  Barron ( 1 9 7 4 )  

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

s i m i l a r  t o  t h o s e  o p e r a t i n g  in P r a n c e ,  a s h e a r e r  o p e r a t i n g  

1 0 0  p e r  c e n t  o f  th e  t ime w i l l  have  a c y c l e  time o f  195  

m i n u t e s  o v e r  a 100 m lo n g  f a c e .  T y p i c a l  c y c l e  t i m e s  on  
200 m lo n g  c o n v e n t i o n a l  l o n g w a l l  f a c e s  i n  South A f r i c a  

a r e  in  th e  o r d e r  o f  105 m i n u t e s .  C o r r e s p o n d i n g l y ,  the  

a u t h o r s  p r e d i c t  a f a c e  p r o d u c t i v i t y  o f  181 to  229 t o n n e s  

p e r  m a n s h i f t ,  a s  compared to  a b o u t  17 t o n n e s  p e r  m a n s h i f t  

a c h i e v e d  from i n s t a l l a t i o n s  in  France  (B a rro n ,  1 9 7 4 )  and 

11 t o  35 t o n n e s  per m a n s h i f t  a c h i e v e d  in  Y u g o s l a v i a  

(Lang,  1 9 8 0 ,  p e r s o n a l  c o m m u n i c a t i o n ) ,  Even c o n v e n t i o n a l  

l o n g w a l l  i n s t a l l a t i o n s  in  South  A f r i c a  o n l y  a c h i e v e  a b o u t  
65 t o n n e s  p e r  m a n s h i f t  ( E s t e r h u y s e n ,  1 9 8 1 ) .  Thus ,  the  

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

i s t i c .

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

d i s c u s s i n g  th e  s e l e c t i o n s  o f  th e  o t h e r  f a c e  e q u ip m e n t ,  
W a l l i s  c t  a l . (1 9 7 7 )  th en  go on to  c o n s i d e r  the f o l l o w i n g  

p o i n t s  in  th e  o r d e r  l i s t e d :
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i )  g round  c o n t r o l ,

i i )  h e a l t h  and  s a f e t y  r e q u i r e m e n t s  and h a z a r d s
e v a l u a t i o n ,

i l l )  p a n e l  d e s i g n  and v e n t i l a t i o n ,
i v )  a n a l y s i s  o f  o p e r a t i n g  c y c l e s ,
v )  e c o n o m ic  a n a l y s i s ,

v i )  a p p l i c a t i o n  o f  l o n g w a l l  m in in g  w i t h  c a v i n g .

O v e r a l l ,  t h e  c o n t e n t  m a t t e r  o f  t h i s  p ap er  i s  not  

p r e s e n t e d  in  a l o g i c a l  s e q u e n c e  and one has  to  f r e q u e n t l y  

r e f e r  forward in o r d e r  to  l e a r n  th e  r e a s o n i n g  beh in d  an 
a s s u m p t i o n .

I n  d i s c u s s i n g  f a c e  c o n v e r g e n c e  th e  a u t h o r s  have  p r e s e n t e d  

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

p a n e l ,  P i g .  1 7 ,  T h i s  f i g u r e  I n c o r r e c t l y  shows a u n i fo rm
s t r e s s  d i s t r i b u t i o n  a l o n g  the  l o n g w a l l  f a c e  and a l o n g  th e  

i n t e r p a n e l  p i l l a r s .  T h e s e  s t r e s s  p r o f i l e s  a r e  shown to
m eet  a t  th e  c o r n e r s  o f  th e  l o n g w a l l  f a c e  and i n t e r a c t  t o

p r o d u c e  a s t r e s s  p e a k ,  r a t h e r  than a s t r e s s  low a s  
d i s c u s s e d  in  Appendix  I I . 2 and i l l u s t r a t e d  in  F i g .  I I , 4.  

The I n c o r r e c t  s t r e s s  d i s t r i b u t i o n  p r o b a b ly  o r i g i n a t e d  
from a p u b l i c a t i o n  by W h i t t a k e r  (1 9 7 4 )  w hich  has b een  

r e f e r e n c e d  in  a number o f  p u b l i c a t i o n s  ( r e f e r  e . g .  Peng  

( 1 9 7 8 ) ,  p 2 1 5 ) .  The p r o f i l e  h a s  s i n c e  been c o r r e c t e d  in  a 

p u b l i c a t i o n  c o - a u t h o r e d  by W h i t t a k e r  ( r e f e r  W h i t t a k e r  and 

S i n g h ,  1 9 7 9 ) .

W a l l i s  e t  a l . a l s o  makes u se  o f  th e  p r e v i o u s l y  d i s c u s s e d  
e m p i r i c a l  form ula  p r e s e n t e d  by Barron (1 9 7 4 )  f o r  

c a l c u l a t i n g  f a c e  c o n v e r g e n c e ,  Eqn ( 1 ) .  However, th e  

a u t h o r s  r e c o g n i s e  t h a t  t h i s  formula  has  many s h o r t c o m in g s  
and o n l y  use  i t  ' i n  th e  a b s e n c e  o f  s u f f i c i e n t  t ime and 

i n f o r m a t i o n  in  which  t o  per form  ( t h e i r  own) r i g o r o u s  

a n a l y s i s  o f  f a c e  c o n v e r g e n c e ' .
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4 . 3 . 3 . 3  H y d r a u l i c  m i n i n g

H y d r a u l i c  m i n i n g  h a s  many a d v a n t a g e s  o v e r  mos t  o t h e r  

t h i c k  seam m i n i n g  m e t h o d s  and t h e s e  have  be en  w e l l  

d o c u m e n t e d  in  l i t e r a t u r e  by G r i r o l e y  (197 4 ) ,  P a r k e s  and  

G r im le y  ( 1 9 7 5 ) ,  P a r k e s  and G r im le y  (1 9 7 6 )  and Shaw

( 1 9 7 7 ) .  In a d d i t i o n ,  G r im le y  (1 9 7 4 )  and P a r k e s  and 

G r im le y  (1 9 7 5 )  have  a l s o  n o ted  th e  p h y s i c a l  r e q u i r e m e n t s  

n e c e s s a r y  f o r  th e  s u c c e s s f u l  a p p l i c a t i o n  o f  the  method  
f o r  t h i c k  seam m in i n g .

Most  p u b l i c a t i o n s  on h y d r a u l i c  m in ing  are  co n c e rn ed  w i t h  

th e  a p p l i c a t i o n  o f  t h e  method a t  M ich e l  C o l l i e r y  in  

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

m in in g  o p e r a t i o n s  i s  s c a r c e .  M erret  (1978)  has  d e s c r i b e d  
b r i e f l y  a h y d r a u l i c  m in in g  o p e r a t i o n  in  West Germany 

w h i l s t  M i l l s  (1 9 7 8 }  r e v i e w e d  the s t a t e  o f  h y d r a u l i c  

m in in g  in  the U . S . S . R .  and l i s t e d  th e  p r e r e q u i s i t e s  f o r  

th e  s u c c e s s f u l  o p e r a t i o n  o f  th e  method.  The a u th o r  n o ted  

t h a t  the  s t r e n g t h ,  f r i a b i l i t y  and c l e a v a g e  o f  the  c o a l  

i n f l u e n c e  th e  s u c c e s s  o f  the  method to  a l a r g e  e x t e n t .  
H owever ,  no p u b l i c a t i o n s  a r e  known o f  which r e c o r d  th e  

a p p ro a ch  a d o p te d  to  q u a n t i t a t i v e l y  a s s e s s i n g  the  

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

c o n d i t i o n s .

4 , 4  C o n c l u s i o n s

The l i t e r a t u r e  r e v ie w  h i g h l i g h t s  t h a t  th e  problem o f  
s e l e c t i n g  th e  optimum t h i c k  seam m in ing  method f o r  u se  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  has  n o t  b een  approached  

s y s t e m a t i c a l l y  in th e  p a s t .  O c c a s i o n a l l y ,  the  p o t e n t i a l  o f  

one p a r t i c u l a r  m in ing  method has been e v a l u a t e d  in  the  l i g h t  

o f  s p e c i f i c  s i t e  c o n d i t i o n s  b u t  t h i s  p o t e n t i a l  has  n ot  b een  

compared to  t h a t  o f  o t h e r  m ethods  under the  same s i t e  
c o n d i t i o n s .  T h e r e f o r e ,  t h i s  t h e s i s  r e p r e s e n t s  a f i r s t  known 

a t t e m p t  a t  s y s t e m a t i c a l l y  e v a l u a t i n g  th e  p o t e n t i a l  o f  

e s t a b l i s h e d  t h i c k  seam m in in g  methods  f o r  use  under s p e c i f i c



s e t s  o f  c o n d i t i o n s ,  a l t h o u g h  t h e s e  c o n d i t i o n s  t e n d  t o  be 

' r e g i o n '  s p e c i f i c  r a t h e r  than  ' s i t e '  s p e c i i i c .

Much o f  the  l i t e r a t u r e  r e v ie w e d  o n l y  c o n t a i n s  d e s c r i p t i o n s  o f  

t h i c k  seam m in in g  o p e r a t i o n s  and g i v e s  no c o n s i d e r a t i o n  t o  

th e  s e l e c t i o n  o f  the  m in in g  methods  nor t o  the s p e c i f i c  

c o n d i t i o n s  under  w h ich  the  methods  o p e r a t e  s u c c e s s f u l l y .  

F u rth e r m o r e ,  a number o f  p u b l i c a t i o n s  c o n t a i n  p r o p o s a l s  and 

c o n c l u s i o n s  w h ic h  a r e  u n a c c e p t a b l e .  In I n s t a n c e s ,  t h e s e  

p r o p o s a l  and c o n c l u s i o n s  r e f l e c t  a l a c k  o f  u n d e r s t a n d in g  o f  

n o t  o n l y  th e  t h i c k  seam m in in g  method l o r  m ethods)  under  

d i s c u s s i o n ,  b u t  a l s o  fund am en ta l  m in in g  p r i n c i p l e s .  O v e r a l l ,  

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

r e l a t i n g  to  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  
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 .  Th u s ,  f o r  th e  p u rp o se  

o f  e v a l u a t i n g  th e  p o t e n t i a l  o f  t h e s e  m ethods  fo r  u s e  under  
l o c a l  c o n d i t i o n s ,  c o n s i d e r a b l e  r e l i a n c e  h a s  to  be p l a c e d  on 

q u a l i t a t i v e  i n f o r m a t i o n  c o n t a i n e d  in  p u b l i c a t i o n s .
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CHAPTER 5

GEOLOGIC AND ECONOMIC CHARACTERISTICS AND 
REQUIREMENTS OP ESTABLISHED THICK SEAM MINING METHODS

S ' l  I n t r o d u c t i o n

An i n i t i a l  s t e p  i n  s e l e c t i n g  a m in in g  method f o r  use  a t  a 

a p e c i f i c  l o c a t i o n  i s  t o  compare g e o l o g i c  c o n d i t i o n s  

a s s o c i a t e d  w i t h  e s t a b l i s h e d  m in in g  m ethods  w i t h  g e o l o g i c  

s o n d i l i o n s  e x i s t i n g  a t  t h a t  l o c a t i o n .  In t h i s  manner m in in g  

methods ^ n i c a l l y  f e a s i b l e  under t h e s e  n o n - v a r i a b l e  
c o n d i k .  n be i d e n t i f i e d .  The f i n a l  s e l e c t i o n  o f  a

m in in g  m t th en  b a s e d  on a c o n s i d e r a t i o n  o f  p r e v a i l i n g
p r a c t i c e .  e c o n o m ic  c o n s t r a i n t s .  As t h e s e  c o n s t r a i n t s
ch a n g e  w i t h  t im e c o n s i d e r a t i o n  can  be g i v e n  to  o t h e r  

t e c h n i c a l l y  f e a s i b l e  m in in g  m eth o d s .

Such an a p p r o a c h  h a s  b een  a d o p te d  in  t h i s  t h e s i s  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  w h ic h ,  f i r s t l y ,  a r e  

t e c h n i c a l l y  s u i t a b l e  to  t h e  m in in g  o f  South  A f r i c a n  t h i c k  

- o a t  s e a m s ,  and s e c o n d l y ,  which  may be in t r o d u c e d  a t  th e  
p r e s e n t  moment in  t im e .  T h e r e f o r e ,  in  t h i s  c h a p t e r  e s t a b -  

c.shed t h i c k  seam m in in g  m ethods  a r e  i d e n t i f i e d ,  c l a s s i f i e d  
r e  d e s c r i b e d ,  and the  g e o l o g i c  and econ om ic  c h a r a c t e r i s t i c s  

£ > .33,1 i r e m e n t s  o f  t h e s e  m e t h o d s  a re t a b u l a t e d .  U n l e s s  

t a t e d  o t h e r w i s e ,  a l l  f u r t h e r  r e f e r e n c e s  in  t h i s  t h e s i s  to  
acam m in in g  m eth od s  im p ly  ' e s t a b l i s h e d '  t h i c k  seam

.wit i.pc m e th o d s ,

' . .  The c l a s s i f i c a t i o n  o f  T h i c k Seam Mining Methods

.rder t o  r e c o r d  in a l o g i c a l  s e q u e n c e  the l a r g e  number o f  

n.icx .  seam m in ing  m ethods  i d e n t i f i e d  in  the c o u r s e  o f  
r,:i ,  f i n e  the l i t e r a t u r e  r e v i e w  a s y s t e m  f o r  c l a s s i f y i n g  

U .zac  m ethods  i s  r e q u i r e d .  One such  s y s t e m  i s  t h a t  b r i e f l y
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d i s c u s s e d  in  C h a p ter  4 ,  n a m e ly ,  to  c l a s s i f y  m ethods  a s  e i t h e r  

f u l l  f a c e ,  s l i c i n g ,  o r  c a v i n g  and draw ing  m in ing  s y s t e m s ,  

d e p e n d in g  on th e  manner i n  which  th e  t o t a l  m ining  h e i g h t  

e x t r a c t e d .  H owever ,  t h i s  s i n g l e  c r i t e r i o n  s t i l l  r e s u l t s  In 

t o o  broad a c l a s s i f i c a t i o n  o f  th e  many t h i c k  seam m in ing  

m eth od s  i d e n t i f i e d .  T h e r e f o r e ,  a s e co n d  c r i t e r i o n ,  b ased  v ;  

th e  e f f e c t s  o f  a m in ing  method on th e  r o o f  s t r a t a ,  has  bnnn 
d e v i s e d .  Methods may:

i) 'maintain' the integrity of the roof strata;
ii) result in 'limited subsidence' of the roof strata;
iii) 'cave' the roof strata.

Roof strata control is a convenient criterion to select since 
this criterion, alone, often determines whether a mining 
method is suited to a particular set of conditions. This is 
particularly so if a coal seam is very thick, and/or 
underlies important surface structures, other mineable seami 
or very competent strata.

By combining the three types of mining systems and the three 
types of roof strata control in the form of a matrix, nine 
classes of thick seam mining methods can be identified,
Table 3, although no thick seam mining methods fall within 
two of these nine classes. It is interesting to note that 
all methods which maintain the roof strata are based on some 
form of bord and pillar mining, whilst all methods which 
control roof strata displacement are based on some form oi, 
longwall mining with stowing.

5.3 Description of Thick Seam Mining JMethols

Reference to Table 3 shows that although a considerable 
number of thick seam mining methods ace employed throughout 
the world, many of these methods are variants of conventional 
coal mining methods. In fact, all methods recorded in the 
Table are based on one of the following six basic mining
m ethods:



’ ' 1

<r

79

r'i Sr
gg

oa> 4D
03

pi P" 3 5  
3 * >*2 >*

aaNgaisans aaaiwnNIYXNIYN SAVO

TOHXNOO V i m , 8 JOOH

■ ' v : .  -

{ 7/r.7v:p:p



_    % - /  % -  .%   :---------------------- r r '

80

i )  B or d  and  p i l l a r  m i n i n g .

i i )  C o n v e n t i o n a l  l o n g w a l l  m in i n g ,  

i l l )  M u l t i - s l i c e  l o n g w a l l  m in in g .

i v )  L o n g w a l l  m in in g  w i t h  s u b l e v e l  c a v i n g .
v)  H y d r a u l i c  m in i n g ,  

v l )  S t o p s  m in i n g .

Th ese  s i x  b a s i c  m in in g  m ethods  p r o v i d e  a c o n v e n i e n t  and 
c o n c i s e  b a s i s  on w h ic h  to  d e s c r i b e ,  in  g e n e r a l  t e r m s ,  t h i c k  

seam m in in g  m e t h o d s .  A b r i e f  d e s c r i p t i o n  o f  each  s p e c i f i c  

t h i c k  seem m in in g  method i s  c o n t a i n e d  in  Appendix  I I I .  The 

more r e l e v a n t  p u b l i c a t i o n s  d e s c r i b i n g  t h e s e  methods are  
l i s t e d  i n  Appendix  IV.

5 . 3 . 1  Bord and p i l l a r  m in in g

Pr im a ry  d e v e l o p m e n t  c o n s i s t s  o f  d r i v i n g  t u n n e l s  th ro u g h  

t h e  c o a l  seam i n  su c h  a manner t h a t  the  seam i s  d i v i d e d  

i n t o  b l o c k s ,  o r  p i l l a r s .  T h ese  p i l l a r s  a re  u s u a l l y  

s q u a r e  o r  r e c t a n g u l a r  in  sh a p e  and t y p i c a l l y  ran ge  in  

s i z e  from 5 x 5 m t o  30 x 30 m, d ep en d in g  on d e p t h .  
S e c o n d a r y  m in in g  o p e r a t i o n s  c o n s i s t  o f  e i t h e r  t o p -  or  

b o t t o m - c o a l i n g  w i t h  o r  w i t h o u t  s t o w i n g ,  or  p i l l a r  

e x t r a c t i o n .  In m u l t i —s l i c e  o p e r a t i o n s  i t  i s  u s u a l  t o  

l e a v e  a 2 t o  5 m c o a l  p a r t i n g  betw een  s l i c e s  and  t o  

s u p e r im p o s e  b o t h  p a n e l  and i n t e r p ^ n e l  p i l l a r s .

5 . 3 . 2  C o n v e n t io n a l  l o n g w a l l  mining

R e f e r e n c e  t o  T a b l e  3 r e v e a l s  u h a t  o n l y  two t h i c k  seam 

m ining  m ethods  a r e  b ased  on c o n v e n t i o n a l  l o n g w a l l  m i n i n g ,  

nam ely ,  f u l l  f a c e  l o n g w a l l  m in in g  and f u l l  f a c e  l o n g w a l l  
m in in g  w i t h  s t o w i n g .  P a n e l  d e v e lo p m e n t  and s e c o n d a r y  

e x t r a c t i o n  o p e r a t i o n s  a re  s i m i l a r  to  t h o s e  a s s o c i a t e d  

w i t h  c o n v e n t i o n a l  l o n g w a l l  m in ing  o p e r a t i o n s  which  

e x t r a c t  2 t o  4 m t h i c k  c o a l  s ea m s ,  a l t h o u g h  f a c e  l e n g t h  

may be l i m i t e d  in  o r d e r  to  m a in t a i n  a r a p id  r a t e  o f

-3̂  . - .y -  i'.: . . -
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advance bhereby reducing skraba conbrol problems.
However, face support systems may diEEer significantly, 
with the use of shield supports to maintain lateral 
support stability, face sprags to limit slabbing of the 
face, and elevated travelling ways for inspection and 
maintenance purposes, Plates 1 and 2. In addition, the 
shearer must usually traverse the face twice to extract 
the full mining height.

5 . 3 . 3  M u l t i - s l i c e  l o n g w a l l  m in in g

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 l s o  known as  m u l t i - l i f t ,  

m u l t i - p a s s ,  and t o p - s l l c e  l o n g w a l l  m in in g ,  e x t r a c t s  a
thick coal scan, in a number ot slices by longwall mining, 
Fig, 4. IE slices are extracted concurrently, the 
deration is referred to as simultaneous multi-slice 
longwall mining, Fig. 4(a). I f  a considerable time 
interval, in the order of several months or years, exists 
between the mining of each slice, the operation is 
referred to as non-simultaneous multi-slice longwall 
mining, F i g .  4(b). Stowing can be incorporated into both
t h e s e  ope  ra t i o n s .

5.3 . 3 . 1  S i m u l t a n e o u s  m u l t i - s l i c e  l o ngwa l l  mining

- c ;  r,

consists of either.
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i )  an a c b i f i c a l  r o o f ,  su c h  a s  w i r e  mesh,  which  may be 

p l a c e d  on th e  f l o o r  d u r in g  upper  s l i c e  m ining  

o p e r a t i o n s  or  a g a i n s t  the  r o o f  d u r in g  lo w er  s l i c e  

o p e r a t i o n s ;

i i )  a s t o n e  p a r t i n g ;

i i i )  a 0 , 5  t o  1 , 5  m c o a l  band.

S i g n i f i c a n t  e c o n o m i e s  are  o f t e n  a c h i e v e d  in  e n t r y  

d e v e l o p m e n t  c o s t s  by u t i l i z i n g  p a n e l  e n t r i e s  f o r  more 

th a n  one l o n g w a l l  p a n e l .  In p a r t i c u l a r ,  where s i n g l e  

e n t r i e s  a r e  em p lo y e d  in  two s l i c e  o p e r a t i o n s ,  each  e n t r y  

c a n  s e r v e  a s  a m a in g a t e  f o r  upper  and lo w er  s l i c e  m in in g  

i n  o n e  p a n e l ,  and a s  a t a i l g a t e  f o r  upper and lo w er  s l i c e  

m in in g  in  th e  a d j a c e n t  p a n e l .

5 . 3 . 3 . 2  N o n - s l m u l t a n e o u a  m u l t i - s l i c e  l o n g w a l l  m in in g

W ith  t h i s  m eth o d ,  s l i c e s  have been  e x t r a c t e d  in  
d e s c e n d i n g  o r  a s c e n d i n g  o r d e r  w i t h  or  w i t h o u t  s t o w i n g .  

H ow ever ,  i t  i s  m o st  common t o  e x t r a c t  s l i c e s  in  a 

d e s c e n d i n g  o r d e r  a n d ,  in  f a c t ,  m in ing  s l i c e s  in an 
a s c e n d i n g  o r d e r  w i t h o u t  s t o w i n g  h a s  f a l l e n  i n t o  d i s u s e .  

The n eed  to  l o c a t e  p a n e l  e n t r i e s  f o r  each  s u c c e s s i v e  
s l i c e  in  d e s t r e s s e d  ground n e c e s s i t a t e s  p l a c i n g  t h e s e  

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

( s e c t i o n  4 . 3 . 2 ) .  T h i s  r e s u l t s  in a r e d u c t i o n  o f  f a c e  

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

e x t r a c t i o n  f o r  each  s l i c e  m ined.  Mining h e i g h t  i s  

t y p i c a l l y  2 t o  3 m in  each  s l i c e .  A t ime i n t e r v a l  o f  6 

t o  24 months u s u a l l y  e x i s t n  b e tw een  the m in ing  o f  
s u c c e s s i v e  d e s c e n d i n g  s l i c e s  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  the  j o a f .  In t h e s e  i n s t a n c e s ,  t h e  r o o f  

o f  lo w e r  s l i c e s  may ta k e  one  o f  th e  t h r e e  forms n o t e d  
when 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 in i n g .  

However,  w i t h  th e  a d v e n t  o f  s e l f - a d v a n c i n g  l o n g w a l l  
s u p p o r t s ,  w h ich  p r o v i d e  good r o o f  c o v e r a g e  and s u p p o r t  
c l o s e  to  the  f a c e ,  i t  has become i n c r e a s i n g l y  p o p u la r  t o  

mine d i r e c t l y  b e n e a t h  c o n s o l i d a t e d  g o a f .
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5 , 3 . 4  Longwa.ll m i n i n g  w i t h  s u b l e v e l  c a v i n g

The l o w e r  2 t o  2 , 5  m oE a t h i c k  c o a l  seam i s  e x t r a c t e d  by 

l o n g w a l l  m in i n g .  However ,  a s  th e  Eace i s  a d v a n c ed ,  t h e  
r e m a in in g  t o p - c o a l  in  th e  seam c a v e s  i n t o  the e x c a v a t i o n  

a t  th e  r e a r  oE t h e  s u p p o r t s  from where i t  i s  r e c o v e r e d .  

P i g .  5 ( a ) *  T h i s  i s  a c h i e v e d  by u s in g  s p e c i a l l y  d e s i g n e d  

s e l f - a d v a n c i n g  powered s u p p o r t s  which a l l o w  two c o n v e y o r s  

t o  be o p e r a t e d  a l o n g  the  l o n g w a l l  Eace . A c o n v e n t i o n a l  

f r o n t  c o n v e y o r  rem oves  c o a l  mined from the  l o n g w a l l  f a c e ,  

w h i l s t  a s e c o n d  c o n v e y o r  l o c a t e d  a t  the r e a r  o f  th e  

s u p p o r t  r e c o v e r s  c a v e d  t o p - c o a l  from th e  g o a f*  The m o st  
common ty p e  o f  s u p p o r t  s y s t e m  used  f o r  t h i s  o p e r a t i o n  i s  

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

s h i e l d  p l a t e  a t  th e  r e a r  o f  th e  s u p p o r t .  T h i s  s h i e l d  

p r o t e c t s  t h e  c o n v e y o r  from the  g o a f  and a s s i s t s  in  
c o n t r o l l i n g  th e  d ra w in g  o f  th e  c o a l .  Face l e n g t h s  a t e  

t y p i c a l l y  80 t o  ICO a  and p a n e l  l e n g t h s  600 t o  800 m. 
A d v a n ces  in  l o n g w a l l  s u p p o r t  t e c h n o l o g y  have a l m o s t  

e l i m i n a t e d  th e  n eed  f o r  n o n - i n t e g r a t e d  l o n g w a l l  m in in g  

w i t h  s u b l e v e l  c a v i n g  whereby an upper c o a l  s l i c e  was  

e x t r a c t e d ,  u s u a l l y  by l o n g w a l l  m in in g ,  to  d e s t r e s s  th e  

c o a l  seam p r i o r  to  commencing l o n g w a l l  c a v in g  and d raw in g  

o p e r a t i o n s  in  th e  b a s e  o f  th e  seam. Seams o f  up t o  10 m 

in  t h i c k n e s s  a r e  now mined in  a s i n g l e  o p e r a t i o n .

5 , 3 . 5  H y d r a u l i c  m in in g

T y p i c a l l y ,  main deve lop m en ts  are  lo c a t e d  in  the base  o f  
the  seam and se co n d a r y  panel  developm ents  are  d r i v e n  a t  a 
minimum o f  5 d e g r e e s  to the r i s e  from the main d e v e l o p ­
ments Secondary deve lopm ent  may d i v i d e  a pane l  i n t o  a 
number o f  long r i b - p i l l a r s  o r ,  i f  c r o s s - c u t s  are  d r i v e n ,

i n t o  a bord and p i l l a r  l a y o u t .

S e c o n d a r y  e x t r a c t i o n  i s  a c h i e v e d  w i th  h ig h  p r e s s u r e  w a te r  

m o n i t o r s  u s u a l l y  mounted on f e e d e r  b r e a k e r s ,  F i g .  5 ( c ) .
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