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S Y N O P S I S

I N T R O D U C T I O N

I t  i s  a l w a y s  i n t r i g u i n g  t o  r e a d  a n d  d e c i p h e r  p a p e r s  o f  a  t e c h n i c a l
n a t u r e .   T h i s  p a p e r  m a y  s u r p r i s e  y o u  a s  b e i n g  t o t a l l y  d i f f e r e n t
i n  t h a t  r e s p e c t .   I t  d e a l s  w i t h  a p p l i c a t i o n  e n g i n e e r i n g  a n d  h a s
v e r y  l i t t l e  t o  d o  w i t h  d e s i g n  a n d  d e v e l o p m e n t .   I t  f u r t h e r   d e a l s
with simple, straightforward engineering principles,  with the emphasis
o n  a  t o t a l  s y s t e m s  a p p r o a c h .   I n s t e a d  o f  l o o k i n g  a t  a  c l i n i c a l
t e c h n i c a l  s o l u t i o n ,  m o r e  t i m e  i s  s p e n t  o n  a l l  a r e a s   t h a t  m i g h t
h a v e  a  l o n g - t e r m  i n f l u e n c e  o n  t h e  p r o j e c t ,  i . e .  o p e r a t i o n ,  p e o p l e
u n i o n s ,  l e g a l  r e q u i r e m e n t s ,  s a f e t y,  h e a l t h  i n f l u e n c e  o n  d u r a b i l i t y,
e t c .

T h e  p a p e r  m a k e s  u s e  o f  c o m p a r i s o n s  a s  a  m a j o r  b a s i s ,  b e t w e e n
w h a t  w a s  u s u a l l y  d o n e  a s  o p p o s e d  t o  w h a t  b e c o m e s  p o s s i b l e  i f
lateral  thinking is  applied.   Instead of revert ing to technical  solutions,
a s  m o s t  e n g i n e e r s  t e n d  t o  d o ,  s i m p l e  s o l u t i o n s  r e q u i r i n g  m o r e
d i s c i p l i n e  ( s e l f - d i s c i p l i n e )  w e r e  i n v e s t i g a t e d .

For  many  yea r s ,  s ince  the  in t roduc t ion  o f  r egu la t ions  tha t  en fo rced
t h e  u s e  o f  f l a m e p r o o f  d i e s e l  e n g i n e s  u n d e rg r o u n d  i n  f i e r y  m i n e s
v e r y  l i t t l e  h a d  b e e n  d o n e  i n  t e r m s  o f  h e a l t h ,  s a f e t y,  r e d u c t i o n
o f  c a p i t a l ,  o p e r a t i n g  a n d  m a i n t e n a n c e  c o s t  a n d  i n t e n s i t y  a s  w e l l
a s  r e l i a b i l i t y  o f  f l a m e p r o o f  e q u i p m e n t .   N u m e r o u s  i n n o v a t i o n s
w e r e  p u t  o n t o  t h e  m a r k e t .   E n g i n e e r s  a n d  m a n a g e r s  a c c e p t e d  w h a t
w a s  o f f e r e d  t o  t h e m  b y  s u p p l i e r s  i n  t e r m s  o f  n e w  e q u i p m e n t .
Unde r s t andab ly,  t he  equ ipmen t  was  ve ry  expens ive ,  due  t o  spec i a l
d e s i g n ,  l o w  v o l u m e  u n i q u e n e s s .  R e l i a b i l i t y  w a s  n o t  v e r y  g o o d ,
d u e  t o  p o o r  s y s t e m  i n t e g r a t i o n  a n d  n a t u r a l  t r i a l  a n d  e r r o r  m e t h o d s
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o f  d e s i g n  e v o l u t i o n  a n d  d e v e l o p m e n t .

O n  n u m e r o u s  o c c a s i o n s  v a r i o u s  i n d i v i d u a l s ,  e s p e c i a l l y  e m p l o y e e s
r e l a t i v e l y  n e w  t o  t h e  c o a l  m i n i n g  i n d u s t r y  w o u l d  a s k  t h e  n a ï v e
q u e s t i o n ;  W h y  d o  y o u  u s e  t h e s e  " m o n s t e r s "  u n d e rg r o u n d ,  a n d  n o t
normal  LDV's? .   The  "normal"  answer  was:   i f  i t  works  underground,
i t  mus t  be  f l ameproof  because   i t s  s a fe ,  and  the  heav ie r  and  th i cke r
t h e  s t e e l ,  t h e  b e t t e r.   We l l ,  i t  w o u l d  l a s t  l o n g e r !

A  b i t  m o r e  t h a n  o n e  y e a r  a g o  a l l  t h i s  c h a n g e d ,  s o m e o n e  a s k e d
o n c e  t o o  m u c h .   T h i s  s p a r k e d  a n  i n  d e p t h  i n v e s t i g a t i o n  i n t o  t h e
current  s ta te  of  affa i rs  and the  poss ib i l i ty  and feas ib i l i ty  for  change.

THE CURRENT ISSUES

A s  m a n y  a s  p o s s i b l e  p a r a m e t e r s  w e r e  c o n s i d e r e d  f o r  t h e  c u r r e n t l y
used means of transportation for supervisors and personnel underground.
A l t h o u g h  t h i s  p a p e r  i s  l i m i t e d  t o  t h i s  k i n d  o f  t r a n s p o r t ,  t h e  l o n g -
t e r m  s c o p e  i s  n o t  l i m i t e d .

T h e  c u r r e n t l y  u s e d  m a c h i n e s  w e r e  a n a l y s e d  i n  t e r m s  o f  s o m e  k e y
a s p e c t s .   T h e s e  a s p e c t s  a r e  d i s c u s s e d  i n  n o  s p e c i f i c  o r d e r :

S a f e t y

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

� T h e  c l e a n i n g  o f  a i r  e n t e r i n g  t h e  e n g i n e ,  a n d
� T h e  c o o l i n g  a n d  d i l u t i o n  o f  e x h a u s t  g a s e s .

A t  c l o s e r  i n v e s t i g a t i o n ,  t h e  a b o v e  w a s  f o u n d  t o  b e  t r u e  b u t  t h a t
v e r y  l i t t l e  t i m e  h a d  b e e n  s p e n t  o n :

� S t a n d a r d i s a t i o n  f r o m  v e h i c l e  t o  v e h i c l e
� R e l i a b i l i t y  o f  s a f e t y  s y s t e m s  a n d  e q u i p m e n t .
� M a i n t a i n a b i l i t y  o f  s a f e t y  s y s t e m s  a n d  e q u i p m e n t
� S a f e t y  s y s t e m  p r o b e s .
� F l a m e p r o o f  s u r f a c e s .
� F u e l  s y s t e m s .

224



� M o n i t o r i n g  s y s t e m s .
� F r e q u e n c y  o f  m a i n t e n a n c e  r e q u i r e d .
� B r a k e  s y s t e m s .
� L i g h t i n g  s y s t e m s .
� S u s p e n s i o n  s y s t e m s .
� Eff e c t s  o f  a c c i d e n t s  a s  a  r e s u l t  o f  r o b u s t n e s s
� S y s t e m s  i n t e g r a t i o n s .

H e a l t h

I t  was  found  upon  inves t iga t ion ,  tha t  ve ry  l i t t l e  o r  no  cons ide ra t ion
w a s  g i v e n  t o  h e a l t h  f a c t o r s  s u c h  a s :

� S m o k e  l e v e l s .

� C O  e m i s s i o n  l e v e l s .

� F u e l  c o n s u m p t i o n  a n d  s u b s e q u e n t  e m i s s i o n  o f  p a r t i c u l a t e
m a t t e r  f r o m  t h e  e x h a u s t  s y s t e m s .

� L e v e l s  o f  N O  e m i s s i o n s .

� N o i s e  l e v e l s .

� Erg o n o m i c s  o f  d r i v e r  a n d  p a s s e n g e r s .

� L i g h t i n g  e f f i c i e n c y  ( n o  d i m / b r i g h t  f a c i l i t y  a n d  i n a d e q u a t e
l i g h t  d i s t r i b u t i o n ) .

� Eff e c t  o f  s m o o t h n e s s  o f  r i d e  o n  d r i v e r s  a n d  p a s s e n g e r s .

� N o  p o s i t i v e  c o n t r o l  o f  s p e e d  ( s e l f  d i s c i p l i n e  o r  e n f o r c e d
d i s c i p l i n e ) .

� C r a s h  a b i l i t y  o f  v e h i c l e s ?  P r o t e c t i o n  f o r  p a s s e n g e r s  i n  c a s e
o f  a c c i d e n t s  ( p a s s i v e  a c c i d e n t  a b s o r b i n g  m a t e r i a l s ) .

S t a n d a r d i s a t i o n

Very  low leve ls  of  s tandard isa t ion  due  to  low volume manufac tur ing
r e s u l t e d .
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Eff e c t s   o f  n o n  s t a n d a r d i s a t i o n :

� P o o r  a v a i l a b i l i t y.

� P o o r   r e l i a b i l i t y.

� E x p e n s i v e  s t o c k h o l d i n g .

� L o n g  d o w n t i m e s .

� I n a d e q u a t e  s a f e t y  s y s t e m  d e s i g n s .

� D i f f i c u l t  m a i n t e n a n c e .

� Poor  f l ameproo f  sys t em and  componen t  i n t eg ra t i on  p rac t i ce .

� F l e x i b i l i t y  t o  u s e  a r t i s a n s  o n  v a r i o u s  p i e c e s  o f  e q u i p m e n t .

C o s t

Ex t e n s i v e  c a p i t a l  a n d  o p e r a t i n g  c o s t  r e s u l t e d ,  d u e  t o  l o w  v o l u m e ,
n o n - s t a n d a r d  e q u i p m e n t .

� F l a m e  p r o o f i n g  ( f r e q u e n c y ) .

� N o n - s t a n d a r d .

� M a s s  t o  p o w e r  r a t i o .

� B r a k i n g  s y s t e m s .

� S u s p e n s i o n .

� U n d e r  c a r r i a g e .

� W h e e l s / t y r e s / a x l e s / f i x t u r e s .

O t h e r  R i s k s   +   D e s i g n  F a c t o r s

� L a c k  o f  s p e e d  i n d i c a t i o n .
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� N o  c o n t r o l  o f  s p e e d .

� Genera l  l ack  of  v i sua l  and /or  aud ib le  moni tor ing  of  opera t ing
 s y s t e m s .

� N u i s a n c e  f a c t o r  o f  s t a r t i n g  t h e  v e h i c l e .

� P r a c t i c a l  i m p l i c a t i o n s  w i t h  r e g a r d  t o  o p e r a t i o n
♣ R e f i l l i n g  o f  s c r u b b e r s
♣ R e f u e l l i n g  i n t e r v a l s  ( s i z e  o f  f u e l  t a n k s ) .
♣ Reliabil i ty of safety devices (uncontrolled deterioration).

� P o o r  s y s t e m  i n t e g r a t i o n :
♣ P o w e r  t r a n s f e r  o f  e n g i n e  t o  f l y w h e e l .
♣ P o w e r  t r a n s f e r  o f  f l y w h e e l  t o  g e a r b o x .
♣ G e a r b o x  t o  d i f f e r e n t i a l .
♣ D i ff e r e n t i a l  t o  w h e e l s .
♣ P o w e r  h e a d  t o  l o a d  b o x .

� M a s s  t o  p a y l o a d  r a t i o s .

� M a s s  t o  b r a k i n g  c a p a c i t y  ( B r a k e  d i s t a n c e ) .

� P o o r  p a i n t  s p e c i f i c a t i o n .

� F u e l  c o n s u m p t i o n :
♣ E x t r e m e  f u e l  c o n s u m p t i o n  f i g u r e s  f o r  t h e  j o b  d o n e

( c o n s u m p t i o n  t o  p a y l o a d  r a t i o ) .

O B S TA C L E S

A number   of  obs tac les  were  ident i f ied  wi th  the  in i t ia l  inves t iga t ion:

L e g a l  r e q u i r e m e n t s

I t  i s  b e l i e v e d ,  b y  p e r c e p t i o n ,  f a c t  o r  r e f e r e n c e ,  t h a t  i t  i s  r e q u i r e d
b y  r e g u l a t i o n  t h a t  a n y  d i e s e l  e n g i n e  u s e d  u n d e r g r o u n d  i n  a  f i e r y
m i n e ,  m u s t  b e  f l a m e p r o o f  o r  " s e m i - f l a m e p r o o f ” .
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C u l t u r e  o f  t h e  a v e r a g e  u s e r

The  ave rage  use r  o f  a  d i e se l  powered  veh ic l e  unde rg round  be l i eves
t h a t  i t  m u s t  b e  " b i g  a n d  s t r o n g  a n d  h e a v y  a n d  o f  t h i c k  s t e e l "  t o
l a s t  u n d e rg r o u n d .

Every  p i ece  o f  equ ipmen t  u sed  unde rg round  mus t ,  f rom the  ou t s ide
l o o k  a s  i f  i t  i s  i n d e s t r u c t i b l e .

U n d e r g r o u n d  e q u i p m e n t  m u s t  b e  d e s i g n e d  t o  w i t h s t a n d  a b u s e .
U s e r s  m u s t  b e  a b l e  t o  b u m p  m a c h i n e s  a g a i n s t  o n e  a n o t h e r  w i t h o u t
d a m a g i n g  t h e  e x t e r n a l s .   Ve h i c l e s  m u s t  b e  d e s i g n e d  t o  p u s h  s t a r t
o n e  a n o t h e r  i f  r e q u i r e d ,  w i t h o u t  p r o p e r  m e a n s  o f  p r o t e c t i o n .

There are no means of monitoring the use of these vehicles.   Therefore
a p a r t  f r o m  s e v e r e  p h y s i c a l  d a m a g e ,  n o b o d y  c o u l d  e v e r  d e t e r m i n e
i f  i t  w a s  a b u s e d  o r  n o t .

D i s c i p l i n e

� Poor  disc ipl ine  of  opera tors /dr ivers  exis ts ,  due  to  non-re l iable
/ n o n - e x i s t i n g  m o n i t o r i n g  s y s t e m s .

� S y s t e m s  w o u l d  b e  r e q u i r e d  t o  r e s t r i c t  o p e r a t o r s  e x c e e d i n g
parameters,  as well  as preventing them from entering potentially
d a n g e r o u s  a r e a s .

� P r o p e r  t r a i n i n g  o f  o p e r a t o r s / d r i v e r s ,  a s  w e l l  a s  t e a c h i n g
t h e m  s e l f - d i s c i p l i n e .

� P r o v i n g  a  n e w  s y s t e m  b e f o r e  m a s s  i m p l e m e n t a t i o n .

O t h e r  O b s t a c l e s

� Per suad ing  co l l eagues ,  managemen t  and  ope ra to r s /u se r s  t ha t
a n o t h e r  s y s t e m  c a n  a c t u a l l y  b e  i m p l e m e n t e d  s u c c e s s f u l l y.

� To  p r e v e n t  i n c i d e n t s / a c c i d e n t s ,  b y  i m p l e m e n t i n g  a  t o t a l l y
i n t e g r a t e d  s y s t e m  a p p r o a c h .

� Set t ing  o f  p roper  base l ine  assumpt ions  to  measure  the  degree
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o f  s u c c e s s  a f t e r  i m p l e m e n t a t i o n .

� Designing systems to l imit  surface and exhaust gas temperatures
of engines to within acceptable l imits  (no exist ing regulat ions) .

� P o s s i b l e  t h e f t  o f  c o m p o n e n t s .

� C h o i c e  o f  v e h i c l e s .

� S e t t i n g  u p  n e w  p a r a m e t e r s  t o  s a t i s f y  c u r r e n t  n o n - e x i s t i n g
r e g u l a t i o n s  t o  e n s u r e  t h a t  s a f e t y  i s  s t i l l  t h e  h i g h e s t  p r i o r i t y.

POSSIBLE SOLUTIONS

� S t a n d a r d  v e h i c l e s :

� I n e x p e n s i v e .
� M a s s  p r o d u c e d .
� To t a l  s y s t e m  i n t e g r a t i o n s .
� We l l  d e s i g n e d  p o w e r  t o  m a s s  r a t i o .
� We l l  d e s i g n e d  m a s s  t o  p a y l o a d  r a t i o .

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

� S h o w r o o m  t o  u n d e rg r o u n d  c o n c e p t  ( a s  s t a n d a r d  a s  p o s s i b l e )

� C o m p r e h e n s i v e  m o n i t o r i n g  s y s t e m :

� D r i v e r  i d e n t i f i c a t i o n .
� Ve h i c l e  i d e n t i f i c a t i o n .
� S p e e d  a n d  R P M .
� F u e l  c o n s u m p t i o n .
� S t a r t  t i m e .
� S t o p  t i m e .
� I d l i n g  t i m e .
� M a n i f o l d  t e m p e r a t u r e .
� H a r s h  a c c e l e r a t i o n .
� F a s t  d e c e l e r a t i o n .
� A c c i d e n t s .
� D i s t a n c e ,  e t c .
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� P r e v e n t i o n  o f  t h e  e x c e s s i v e  c o r r o d i n g  o f  t h e  m u c h  t h i n n e r
materials  used in mass production vehicles by daily compulsory
w a s h i n g .

� D e d i c a t e d  p a r k i n g  a r e a s  f o r  e v e r y  v e h i c l e .

� O r d e r l y  t r a f f i c  f l o w s

FINAL GOALS OF THE PROJECT

� S a f e ,  h e a l t h y  a n d  e f f i c i e n t  t r a n s p o r t  f o r  s u p e r v i s o r s  a n d
p e r s o n n e l .

� I m p r o v i n g  a v a i l a b i l i t y,  r e l i a b i l i t y  a n d  m a i n t a i n a b i l i t y  o f
e q u i p m e n t .

� I m p r o v i n g  m o b i l i t y  o f  p e r s o n n e l .

� S i g n i f i c a n t l y  i m p r o v i n g  c o s t  o f  m a i n t e n a n c e  o f  e q u i p m e n t

� Significantly improving health risks and not negatively influencing
s a f e t y  a s p e c t s .

� R e d u c e  f u e l  c o n s u m p t i o n  f i g u r e s  s i g n i f i c a n t l y  .

� K e e p  s t o c k h o l d i n g  t o  a n  a b s o l u t e  m i n i m u m .

� R e d u c i n g  t h e  n u i s a n c e  f a c t o r s  i n  t h e  f o l l o w i n g  r e s p e c t s : -

� Sta r t i ng  ( l imi t ed  s t a r t s  w i th  hydrau l i c  and  compres sed
a i r  m e t h o d s ) .

� Refue l l i ng  ( a f t e r  eve ry  t r i p  due  t o  poo r  consumpt ion ) .
� Scrubber refi l l ing (  after  every tr ip,  numerous recharging

p o i n t s  r e q u i r e d ) .
� To o  h e a v y  t o  c h a n g e  w h e e l s  b y  o r d i n a r y  m e a n s  ( i . e .

o n e - m a n  o p e r a t i o n ) .

� Self-disc ipl ine  of  operators /dr ivers  through proper  moni tor ing
a n d  e n f o r c e m e n t  o f  r u l e s .
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� Ve r y  s t r i c t  r u l e s  f o r  u s e ,  e n f o r c e d  t o  t h e  l e t t e r  ( a l l  d r i v e r s
 u n d e r  t h e  s a m e  r u l e s ,  d r i v e r s  o f  v e h i c l e s  a r e  a l w a y s  k n o w n
d u e  t o  t h e  i d e n t i f i c a t i o n  s y s t e m ) .

� P u n c t u a l  s e r v i c e s .

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

� Ve h i c l e s  e m p l o y i n g  p r o p e r  s y s t e m  i n t e g r a t i o n .

� C o n t i n u o u s  s y s t e m  m o n i t o r i n g .

MISSIONARY WORK TO CHANGE THE CRURRENT
A P P R O A C H

� U n i o n s .

� C o l l e a g u e s .

� M a n a g e m e n t  ( t o p  t o  b o t t o m ) .

� D e p a r t m e n t  o f  M i n e r a l  a n d  E n e rg y

� U s e r s .

� S u p e r v i s o r s .

� P a s s e n g e r s .

� Ve h i c l e  M a n u f a c t u r e s ,  e t c .
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APPLICATIONS TO THE DEPARTMENT OF MINERAL AND
E N E R G Y

T h e  f o l l o w i n g  d o c u m e n t a t i o n  w a s  i n c l u d e d :

� A p p l i c a t i o n  f o r  a p p r o v a l  o f  n o n - f l a m e p r o o f  v e h i c l e  f o r  t h e
r e g u l a r  c o n v e y a n c e  o f  p e r s o n s  i n  t e r m s  o f  M i n e  H e a l t h  a n d
S a f e t y  A c t  ( R e g u l a t i o n  1 0 . 2 5 . 2  ( b ) ) .

� Applications for the regular conveyance of persons underground
 by means of personnel transporters (Mines and Works Regulation
1 8 . 3 . 2 ) .

� M i n u t e s  o f  m e e t i n g s  b e t w e e n  a l l  a f f e c t e d  p a r t i e s .

� Te s t  r e p o r t s  o f  a c c r e d i t e d  f a c i l i t i e s .

� L a y o u t  a n d  s p e c i f i c a t i o n  o f  t r a i l e r  f o r  p e r s o n n e l  t r a n s p o r t .

� L a y o u t  a n d  s p e c i f i c a t i o n  o f  c a n o p y  f o r  n o r m a l  L D V.

� O p e r a t o r s  h a n d b o o k  a n d  b r a k e  s y s t e m  d e t a i l s .

� Statutory requirements as set out by the Chief Director Machinery
a n d  S a f e t y.

WHAT HAD TO BE DONE TO COMPLY WITH THE AP-
PROVAL  IN TERMS OF REGULATION 10 .25 .2  (B)

M a r k i n g s

� The vehic les  had to  be  d is t inc t ly  marked NON-FLAMEPROOF
( 2 0 0 m m  h i g h )  o n  b o t h  s i d e s .

R o u t e s

� O p e r a t o r s / d r i v e r s  a r e  b e i n g  t r a i n e d  t o  u s e  t h e s e  v e h i c l e s
o n l y  i n  i n t a k e  a i r w a y s ,  w h i c h  a r e  c l e a r l y  i n d i c a t e d  o n  a
p l a n  a p p r o v e d  b y  t h e  m a n a g e r.
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� T h e  r o a d  s u r f a c e s  a l o n g  t h e  a p p r o v e d  r o u t e s  a r e  k e p t  i n  a
condition that  no coal dust  can be gathered other than negligible
q u a n t i t i e s  o n  p o t e n t i a l l y  h o t  s u r f a c e s .

� A l l  e n t r a n c e s  t o  h a z a r d o u s  a r e a s  o n  a p p r o v e d  r o u t e s  a r e
adequate ly  and   e f fec t ive ly  ind ica ted  by  c lear ly  v is ib le  means
t o  e n s u r e  t h a t  i n a d v e r t e n t  a c c e s s  o f  v e h i c l e s  e q u i p p e d   w i t h
these  engines  do not  accidental ly  proceed beyond these  points .

� The  a i r  ve loc i t i e s  a long  the  approved  rou tes  a re  con t inuous ly
m o n i t o r e d  a n d  i f  v e n t i l a t i o n  w e a k e n s ,  o r  i f  f l a m m a b l e  g a s
a c c u m u l a t e s ,  t h e  d r i v e r  i s  w a r n e d  ( a t  t h e  m o m e n t  t r a v e l l i n g
w a y  l i g h t s  s w i t c h  o f  i n  c a s e  o f  v e n t i l a t i o n  w e a k e n i n g ) .   T h e
d r i v e r s  a r e  t r a i n e d  t o  s w i t c h  o f f  t h e  v e h i c l e  a n d  o n l y  r e s t a r t
i t  w h e n  p e r m i t t e d  b y  t h e  m a n a g e r ,  m i n e  o v e r s e e r,  e n g i n e e r
o r  s h i f t  b o s s  a n d  t h e n  o n l y  i f  h e  h a s  d e t e r m i n e d  b y  t e s t i n g
t h a t  i t  i s  s a f e  t o  d o  s o  ( s a m e  a s  a n y  o t h e r  v e h i c l e ) .

R e c o r d  K e e p i n g

� T h e  l o g b o o k  r e f e r r e d  t o  i n  R e g u l a t i o n  2 . 1 5 . 6  m u s t  b e  f i l l e d
i n  d a i l y  b y  t h e  o p e r a t o r  o r  a n  o f f i c i a l  o f  m o r e  s e n i o r  r a n k
to ascertain that  a l l  condit ions had been observed and measures
t a k e n  t o  c o m p l y  t h e r e w i t h .

� T h i s  l o g b o o k  m u s t  b e  e x a m i n e d  a n d  c o u n t e r s i g n e d  b y  t h e
r e s p o n s i b l e  m a n a g e r  a t  l e a s t  o n c e  i n  e v e r y  m o n t h .

� In addition to this every vehicle is equipped with a comprehensive
self  monitoring system as described elsewhere in this document,
l o g g i n g  a l l  e v e n t s .   T h e  d a t a  o f  t h e  m o n i t o r i n g  s y s t e m  i s
d o w n l o a d e d  o n  a  p e r s o n a l  c o m p u t e r  a t  t h e  e n d  o f  e a c h  s h i f t .
Th i s  on  boa rd  sy s t em accumula t e s  da t a  f o r  up  t o  s i x  mon ths .

Te m p e r a t u r e  C o n t r o l

� T h e  e x h a u s t  g a s  a n d  s u r f a c e  t e m p e r a t u r e  o f  t h e  e n g i n e  w a s
s e t  a t  a  m a x i m u m  o f  2 0 0 º C .   A  d e v i c e  i s  i n s t a l l e d  o n  t h e
e x h a u s t  m a n i f o l d  t h a t  c u t s  t h e  f u e l  s u p p l y  t o  t h e  e n g i n e  i f
t h e  t e m p e r a t u r e  e x c e e d s  1 9 0 º C .   T h e  s y s t e m  l o g s  e v e r y  t i m e
the temperature reaches the 150ºC level  for  reference purposes.
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� T h e  e n g i n e  i s  d e - r a t e d  b y  2 0 %  i n  r e s p e c t  o f  d i e s e l  i n j e c t i o n
a n d  m a x i m u m  r e v o l u t i o n s .   B o t h  c o n t r o l  a d j u s t m e n t s  a r e
k e p t  s e a l e d  a t  a l l  t i m e s .   T h e  d i e s e l  p u m p s  a r e  d i s t i n c t l y
marked "De-rated pump".   The different ia l  ra t ios  were changed
to compensate  for  the de-rated engine in  an at tempt  to  maintain
o r i g i n a l  p o w e r  a t  t h e  w h e e l s  ( Ve h i c l e s  o p e r a t e  a t  f a i r l y  l o w
s p e e d s ) .

M a i n t e n a n c e

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

� A comprehens ive  veh ic l e  wash ing  sys t em i s  t o  be  i n t roduced
t o  r e d u c e  t h e  r i s k  o f  a c c u m u l a t i o n  o f   c o m b u s t i b l e  m a t e r i a l s
o n  h o t  s u r f a c e  ( E v e r y  v e h i c l e  h a s  t o  b e  w a s h e d  a t  l e a s t
o n c e  i n  e v e r y  2 4  h o u r s .   T h i s  s y s t e m  f o r m s  a n  i n t e g r a l  p a r t
o f  t h e  c o n t i n u o u s  m o n i t o r i n g  s y s t e m ) .

� A compe ten t  pe r son  o r  pe r sons  a re  appo in ted  by  the  eng inee r
t o  c a r e f u l l y  e x a m i n e  t h e  e n g i n e  o n c e  e v e r y  w o r k i n g  d a y,
i n  o r d e r  t o  m a i n t a i n  i t  i n  a  s a f e   w o r k i n g  c o n d i t i o n .   E v e r y
o p e r a t o r / d r i v e r  i s  t r a i n e d  i n  t h i s  r e s p e c t .

� A  r e c o r d  b o o k  i s  k e p t  f o r  e a c h  v e h i c l e ,  w h e r e  a l l  d e t a i l s
are recorded with regard to maintenance,   inspections,  services,
r e p a i r s  a n d  t e s t s .   S u c h  a  r e c o r d  b o o k ,  m u s t  b e  s c r u t i n i s e d
a n d  c o u n t e r s i g n e d  b y  t h e  e n g i n e e r  a t  l e a s t  o n c e  i n  e v e r y
month .   Th i s  r eco rd  book  mus t  fu r the r  con ta in  the  fo l lowing :

⇒ The  names  o f  compe ten t  pe r sons  appo in t ed  t o  examine
d a i l y.

⇒ A  c o p y  o f  t h e  a p p r o v a l  g r a n t e d  b y  t h e  D e p a r t m e n t
o f  Mine ra l s  and  Ene rgy  in  t e rms  o f  Regu la t ion  10 .25 .2
( b )
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WHAT HAD TO BE DONE IN TERMS OF MINE HEALTH
AND SAFETY ACT REGULATION 18 .3 .2  FOR THE

REGULAR CONVEYANCE OF PERSONS UNDERGROUND

� A speci f ic  vehic le  (power  head)  and personnel  car r ier  ( t ra i le r )
w a s  i d e n t i f i e d  t h a t  c o n f o r m  t o  r e q u i r e m e n t s  o f  n o r m a l  r o a d
o r d i n a n c e  r e g u l a t i o n s .

� E v e r y  v e h i c l e  u s e d  t h e  c o n v e y a n c e  o f  p e r s o n s  i s  c l e a r l y
 m a r k e d  w i t h  a n  i d e n t i f i c a t i o n  n u m b e r.

� The number  of  persons  for  the  speci f ic  appl ica t ion was  l imi ted
t o  2 0 ,  i n c l u d i n g  t h e  d r i v e r  ( t h e  m a x i m u m  n u m b e r  o f  p e r s o n s
a l l o w e d  t o  t r a v e l  i n  t h e  v e h i c l e  i s  c l e a r l y  m a r k e d  o n  e a c h
v e h i c l e ) .

� A sa fe  speed  l im i t  o f  40km/h  was  i n t roduced  fo r  cons t ruc t ed
r o a d s  ( t h e  c o n t i n u o u s  m o n i t o r i n g  s y s t e m  t a k e s  c a r e  o f  t h i s
b y  a l a r m i n g  a t  t h e  s e t  l i m i t  a n d  l o g g i n g ,  i t ) .

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

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

� The braking system of the vehicle complies with the requirements
o f  R e g u l a t i o n  1 8 . 6 . 1 .

� T h e  r e s p o n s i b l e  e n g i n e e r  m u s t  a p p o i n t  a  c o m p e t e n t  p e r s o n
o r  p e r s o n s ,  w h o s e  d u t y  i t  i s  t o  e x a m i n e  c a r e f u l l y  a t  l e a s t
o n c e  a  d a y,  a l l  t h e  c o m p o n e n t s  o f  t h e  v e h i c l e ,  u p o n  w h i c h
the  p rope r  work ing  the reo f  and  the  sa fe ty  o f  pe r sons ,  depend
( i n  o u r  c a s e  a l l  l i c e n s e d  d r i v e r s ) .

� No veh ic l e  may  be  u sed ,  be fo re  de fec t s  t ha t  have  been  found
a r e  r e c t i f i e d .

� A  r e c o r d  b o o k  i s  p r o v i d e d  f o r  e a c h  v e h i c l e  i n  w h i c h  t h e
f o l l o w i n g  a r e  e n t e r e d :
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⇒ T h e  n a m e s  o f  t h e  c o m p e t e n t  p e r s o n s  f o r  s a f e  l o a d i n g ,
u n l o a d i n g ,  i n s p e c t i o n ,  e t c .  ( i n  o u r  c a s e  t h e  d r i v e r s
w i t h  s p e c i a l  t r a i n i n g  a n d  l i c e n s e s ) .

⇒ A copy of  the  approval  document  in  te rms of  Regula t ion
1 8 . 3 . 2 .

⇒ A  t r u e  r e p o r t  o f  e v e r y  e x a m i n a t i o n .

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

CAPITAL APPLICATION FOR THE PILOT PROJECT

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

� S a f e t y  &  h e a l t h  a s p e c t s

� S m o k e  ( p a r t i c u l a t e  m a t t e r )  l e v e l s

� C O  e m i s s i o n  l e v e l s

� N O  e m i s s i o n  l e v e l s .

� E x h a u s t  s u r f a c e  t e m p e r a t u r e  l e v e l s .

� E x h a u s t  g a s  t e m p e r a t u r e  a t  e x i t .

� B r a k i n g  e f f i c i e n c y

� H e a d l i g h t  e f f i c i e n c y

� D r i v e r  v i s i b i l i t y

� H o r n  e f f i c i e n c y.

� N o i s e  l e v e l s  ( d r i v e r  a n d  p a s s e n g e r s ) .

� Erg o n o m i c s  ( d r i v a b i l i t y  a n d  p a s s e n g e r  c o m f o r t ) .

� I n t e g r a t e d  m a n a g e m e n t  s y s t e m .
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� R u l e s  a n d  c o n t r o l  m e a s u r e s .

� C o s t  a n a l y s i s .

� C a p i t a l  c o s t .
� L i f e   m a i n t e n a n c e  c o s t .
� F u e l  c o n s u m p t i o n .
� Tr a d e  i n  v a l u e s .

� M a s s  t o  p a y l o a d  r a t i o s .

� P o w e r  t o  m a s s  r a t i o s .

� S p e e d  v e r s u s  b r a k i n g  d i s t a n c e s .

MEASUREMENT OF CURRENT PERFORMANCE VERSUS
A S S U M P T I O N S

C u r r e n t  p e r f o r m a n c e  e x c e e d e d  a l l  t h e  i n i t i a l  a s s u m p t i o n s  o n  t h e
p i l o t  p r o j e c t  ( v e h i c l e s  r u n n i n g  f o r  f o u r  m o t h s ) .

I n  t h e  t a b l e  b e l o w  a r e  s o m e  k e y  a s p e c t s  a n d  c o m p a r i s o n s :

K e y : ( a ) -   A s s u m p t i o n
( b ) -   C u r r e n t

· ( c ) -   O i l  a n d  d i e s e l  e x c l u d e d
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K e y ( a ) -   A s s u m p t i o n
( b ) -  C u r r e n t

· ( c ) -  O i l  a n d  d i e s e l  e x c l u d e d

CAPITAL APPROVAL FOR THE REMAINDER OF THE
P R O J E C T

Superv i sors  in  the  fo l lowing  ca tegor ies  were  iden t i f i ed  as  po ten t i a l
u s e r s :

• A l l  p r o d u c t i o n  s e c t i o n s .
• P o w e r  r e t i c u l a t i o n .
• R o a d  b u i l d i n g .
• S t o n e w o r k  a n d  g e n e r a l
• P u m p s  a n d   w a t e r  r e t i c u l a t i o n
• Tr a i n i n g .
• C e n t r a l  t r a n s p o r t .
• S u r v e y o r s .
• Te l e m e t r y  d e p a r t m e n t .
• Q u a l i t y  c o n t r o l .
• C o n d i t i o n  m o n i t o r i n g .
• M a i n  c o n v e y o r  s y s t e m s .
• D i e s e l  f l e e t  s e r v i c e  v e h i c l e s .
· O n e  s p a r e  u n i t .

A  b u s  f o r  e v e r y  p r o d u c t i o n  s e c t i o n  a n d  o n e  s p a r e  u n i t .

N o t e s  :

A p p r o v a l  o f  t h e  d e s i g n  a n d  c o n s t r u c t i o n  o f  a  d i e s e l  e n g i n e  u s e d
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in  f i e ry  mine  (Mine  Hea l th  and  Safe ty  Act :   Regula t ion  10 .25 .2(b) ) ,
w a s  r e c e i v e d  o n  t h e  1 2 t h  o f  M a y  1 9 9 8 .

A p p r o v a l  i n  t e r m s  o f  M i n e  H e a l t h  a n d  S a f e t y  A c t  ( R e g u l a t i o n
1 8 . 3 . 2 ) ,  f o r  t h e  r e g u l a r  c o n v e y a n c e  o f  p e r s o n s  u n d e rg r o u n d ,  w a s
r e c e i v e d  o n  t h e  1 8 t h  o f  M a y  1 9 9 8 .

C O N C L U S I O N

I t  i s  t h e  s i n c e r e  b e l i e f  o f  t h e  a u t h o r s  o f  t h i s  p a p e r  a n d  t h e  p e o p l e
that are successfully implementing it ,  that this  is a major breakthrough
in terms of safer,  healthier,  more reliable, less expensive transportation
o f  s u p e r v i s o r s  a n d  p e r s o n n e l  u n d e rg r o u n d  i n  c o l l i e r i e s .

A n y o n e  t h a t  w i s h e s  t o  a t t e m p t  a  s i m i l a r  v e n t u r e  i s  w e l c o m e  t o
e n q u i r e ,  b u t  s h o r t c u t s  a r e  n o t  r e c o m m e n d e d .   R a t h e r  g o  t h r o u g h
t h e  t o t a l  p r o c e s s  t o  e n s u r e  s u c c e s s :

� I n v e s t i g a t e  ( w h a t  y o u  h a v e  v e r s u s  w h a t  i s  r e q u i r e d ,  f o l l o w
a  s c i e n t i f i c  a p p r o a c h ) .

� P e r s u a d e  ( e n s u r e  b u y  i n  o f  a l l  s t a k e h o l d e r s ) .

� Total  system approach (i .e .  t raff ic f low, parking,  daily washing,
r o a d  c o n s t r u c t i o n  r u l e s ,  t r a i n i n g ,  s p e c i a l  l i c e n s i n g ,  e t c . ) .

� C o m m u n i c a t e  ( p e e r s ,  M a n a g e m e n t ,  U n i o n s ,  D e p a r t m e n t  o f
M i n e r a l s  a n d  E n e r g y,  S A B S ,  e t c ) .

� C o n t r o l  ( c o n s i d e r  a  c o m p r e h e n s i v e  m o n i t o r i n g  s y s t e m ) .

� F o s t e r  s e l f - d i s c i p l i n e  ( m u l t i p l e  d r i v e r s ,  i n d i v i d u a l  c o n t r o l ,
s m a r t  c a r d  s y s t e m ,  e t c . ) .

� Involve accredited third part ies  (SABS, Universi t ies ,  suppliers ,
e t c . ) .

� C o n s i d e r  s t r i c t  r u l e s  ( o n e  p a g e  o n l y ) .

� E n f o r c e  t h e s e  r u l e s  ( p u b l i s h  t h e s e  a n d  m a k e  i t  p a r t  o f  t h e
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t r a i n i n g  e x e r c i s e ) .

� I n v e s t  i n  t r a i n i n g  ( c o m p i l e  a n d  i m p l e m e n t  a  c o m p r e h e n s i v e
t r a i n i n g  p r o g r a m ,   K 5 3 ,  p r a c t i c a l  t e s t i n g ,  e t c ) .

� D o n ' t  t a k e  a n y t h i n g  f o r  g r a n t e d .

� S p e c i a l  l i c e n c e s .

� A g r e e d  m a i n t e n a n c e  p r o g r a m m e s :

⇒ M a n u f a c t u r e r  a n d  m i n e .
⇒ A c c r e d i t e d  w o r k s h o p .
⇒ E x t e n d e d  g u a r a n t e e .
⇒ S e r v i c e  i n t e r v a l s .
⇒ R e c o r d  k e e p i n g .
⇒ C o m p a r i s o n s .
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IMPROVEMENTS IN DRAGLINE PRODUCTIVITY
PRACTICAL SOLUTIONS TO PRODUCTION PROBLEMS

S Y N O P S I S

The  fo rma t ion  o f  Ingwe  Coa l  Corpora t ion  in  1995  saw an  inc reased
d e m a n d  f o r  c o a l  f r o m  D o u g l a s  C o l l i e r y.  M i n e  m a n a g e m e n t  w a s
a w a r e  t h a t  t h e  u n d e r g r o u n d  o p e r a t i o n  w a s  f a c i n g  d i m i n i s h e d  p i t
r o o m ,  t h e r e f o r e  t h e  i n c r e a s e d  t o n n a g e  h a d  t o  b e  p r o d u c e d  b y  t h e
opencas t  mine .  I t  was  known tha t  th i s  opera t ion  was  no t  pe r fo rming
wel l  and  tha t  an  increase  in  p roduc t iv i ty  was  needed .  Management ' s
i n i t i a t i v e  w a s  t o  a d d r e s s  a l l  a r e a s  h a v i n g  a  n e g a t i v e  i m p a c t  o n
p r o d u c t i v i t y  a n d  t o  r a i s e  p r o d u c t i o n  w i t h  a v a i l a b l e  s k i l l s  a n d
w i t h o u t  c a p i t a l  e x p e n d i t u r e .  T h i s  p a p e r  a t t e m p t s  t o  s h o w  h o w  a
p r a c t i c a l ,  s t r u c t u r e d  a p p r o a c h  t o  p r o d u c t i v i t y  i m p r o v e m e n t  c a n
a c h i e v e  t h e  d e s i r e d  r e s u l t s .  T h e  D o u g l a s  O p e n c a s t  B u c y r u s  E y r i e
1 5 7 0  d r a g l i n e  h a s  a c h i e v e d  a  p r o d u c t i v i t y  i m p r o v e m e n t  o f  5 6 . 7 %
o v e r  a  t h r e e  a n d  a  h a l f - y e a r  p e r i o d  a n d  n o w  r a n k s  a m o n g s t  t h e
t o p  p e r f o r m e r s  b o t h  l o c a l l y  a n d  i n t e r n a t i o n a l l y.

 LOCATION AND STRUCTURE OF DOUGLAS COLLIERY

Douglas  Co l l i e ry  i s  s i tua ted  in  the  Wi tbank  coa l f i e ld  and  i s  loca ted
2 3  K i l o m e t e r s  S o u t h  E a s t  o f  t h e  c i t y  o f  Wi t b a n k ,  M p u m a l a n g a .
T h e  m i n e  c o m p l e x  i s  s i t u a t e d  5 5 0  k i l o m e t e r s  f r o m  t h e  R i c h a r d s
B a y  C o a l  Te r m i n a l .  T h e  m i n i n g  c o m p l e x  i s  l a rg e  a n d  c o n s i s t s  o f
three col l ier ies ,  Douglas,  Vandyksdrif t  and Wolwekrans,  consolidated
i n t o  a  s i n g l e  a d m i n i s t r a t i v e  u n i t .  T h e  m i n i n g  a r e a  e x t e n d s  f o r
2 0  k i l o m e t r e s  o n  a n  E a s t - We s t  a x i s :  a n d  f o r  1 5  k i l o m e t r e s  f r o m
North to South.  The mine employs 2980 people and currently produces
1 4 . 3  m i l l i o n  r u n  o f  m i n e  t o n s  o f  c o a l  p e r  y e a r.  5 7 %  o f  t h i s  c o a l
i s  p r o d u c e d  f r o m  u n d e r g r o u n d  m i n i n g  a n d  4 3 %  f r o m  o p e n c a s t .
R u n  o f  m i n e  c o a l  i s  s e n t  t o  t h r e e  d e s t i n a t i o n s . ( 1 )  t o  a  p r o c e s s i n g
p l a n t  t o  p r o d u c e  a  2 8  m e g a - j o u l e / k g  p r o d u c t  f o r  b o t h  e x p o r t  a n d
l o c a l  m a r k e t s :  ( 2 )  t o  a  t w o  s t a g e  p r o c e s s i n g  p l a n t  t o  p r o d u c e  l o w
a s h  a n d  p r e m i u m  g r a d e  c o a l  f o r  e x p o r t  a n d  ( 3 ) ,  a s  a  r a w  f e e d  t o
l o c a l  p o w e r  s t a t i o n s .  T h e  f o r m a t i o n  o f  I n g w e  C o a l  C o r p o r a t i o n
i n  1 9 9 5  r e s u l t e d  i n  a n  i n c r e a s e d  d e m a n d  f o r  c o a l  f r o m  D o u g l a s
a n d ,  t o  m e e t  t h e  d e m a n d ,  a  n e w  p r o j e c t  w a s  a p p r o v e d  b y  t h e  b o a r d
o f  d i r e c t o r s .  T h i s  s i x  h u n d r e d  m i l l i o n  R a n d  o p e n c a s t  o p e r a t i o n
w i l l  p r o d u c e  s i x  m i l l i o n  r u n  o f  m i n e  t o n s  p e r  y e a r  f r o m  p i l l a r s
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and  in  s i tu  coa l  f rom the  year  2001  onwards .  The  produc t ion  p rof i l e
f o r  t h e  m i n e  w i l l  r i s e  b y  2 3 , 5  m i l l i o n  t o n s  i n  t h e  y e a r  2 0 0 3 .  T h e
o p e n c a s t  c o n t r i b u t i o n  w i l l  a m o u n t  t o  6 3 %  a t  t h a t  t i m e .   F i g u r e  1
s h o w s  t h e  a n n u a l  t o n n a g e  p r o d u c e d ,  f r o m  f o r m a t i o n  o f  t h e  m i n e
i n  1 9 4 9 ,  u p  t o  t h e  p l a n n e d  t o n n a g e  i n  2 0 0 3 .

G E O L O G Y

S t r a t i g r a p h i c  C o l u m n

S h o w n  b e l o w  i s  a  t y p i c a l  s t r a t i g r a p h i c  c o l u m n  o f  t h e  D o u g l a s
Co l l i e ry  coa l  r e se rve .  The  th ree  ma in  s eams  mined  a r e  t he  4  Lower
s e a m ,  2  s e a m  a n d  1  s e a m .

G e o l o g i c a l  D e s c r i p t i o n

T h e  D o u g l a s  C o l l i e r y  r e s e r v e s  a r e  l o c a t e d  i n  t h e  Wi t b a n k  C o a l
f i e l d .  A l l  t h a t  r e m a i n s  o f  t h e  K a r o o  s y s t e m  i n  t h i s  c o a l  f i e l d  i s
t h e  b o t t o m  p a r t  o f  t h e  M i d d l e  E c c a  ( Vr y h e i d  F o r m a t i o n )  a l o n g
t h e  D w y k a  t i l l i t e .  T h e r e  a r e  s e v e n  c o a l  s e a m s  i n  t h e  a r e a s  w h e r e
the  sequence  i s  fu l ly  deve loped .  The  s t r a t a  in  wh ich  the  coa l  s eams
occur  cons i s t  ma in ly  o f  f ine ,  med ium and  coa r se  g ra ined  sands tone
t o g e t h e r  w i t h  m u d s t o n e ,  s h a l e  a n d  c a r b o n a c e o u s  s h a l e .  T h e  K a r o o
s e d i m e n t s  a r e  a b u n d a n t l y  i n t r u d e d  b y  d o l e r i t e  d y k e s  a n d  s i l l s .
A  m a j o r  f e a t u r e  a l o n g  t h e  N o r t h e r n  b o u n d a r y  i s  t h e  O g i e s  d y k e ,
w h i c h  i s  a  p o s t  d e p o s i t i o n  f e a t u r e  s t r i k i n g  E a s t  -  We s t .

 HISTORY

D o u g l a s  C o l l i e r y  w a s  c o m m i s s i o n e d  a s  a n  u n d e rg r o u n d  m i n e  i n
1949,  wi th  a  p lanned  product ion  ra te  of  two mi l l ion  tons  per  annum.
B y  1 9 8 1  t h e  i n t e r n a t i o n a l  c o a l  t r a d e  w a s  g r o w i n g  r a p i d l y  a n d  i n
o r d e r  t o  e x p l o i t  t h i s  o p p o r t u n i t y,  D o u g l a s  d e c i d e d  t o  i n t r o d u c e
opencas t  min ing  on  a  l a rge r  sca le .  A Bucyrus  Eyr ie  1570W drag l ine
w a s  c o m m i s s i o n e d  i n  1 9 8 2  i n  o r d e r  t o  p r o d u c e  a n  a d d i t i o n a l  p l a n t
f e e d  o f  t h r e e  m i l l i o n  t o n s  p e r  y e a r.
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 Figures 2 and 3 show, respectively, the location and infrastructure
o f  t h e  D o u g l a s  m i n i n g  c o m p l e x

FIGURE 2  -  LOCALITYFIGURE 2  -  LOCALITYFIGURE 2  -  LOCALITYFIGURE 2  -  LOCALITYFIGURE 2  -  LOCALITY

FIGURE 3FIGURE 3FIGURE 3FIGURE 3FIGURE 3
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Figure  4F igure  4F igure  4F igure  4F igure  4
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B y  J u n e  1 9 9 4 ,  t h e  u n d e r g r o u n d  o p e r a t i o n s  w e r e  p r o d u c i n g  t w o
t h i r d s  o f  t h e  m i n e ' s  o u t p u t .  Wi t h  t h e  f o r m a t i o n  o f  I n g w e  C o a l
C o r p o r a t i o n  i n  1 9 9 5 ,  t h e  m i n e ' s  t o n n a g e  t h r o u g h p u t  w a s  i n c r e a s e d
by  a  fu r ther  20%.  Due  to  ever-decreas ing  p i t  room,  the  underground
sect ions could not  meet  the addit ional  tonnage requirement .  Attent ion
w a s  t h e n  f o c u s s e d  o n  t h e  o p e n c a s t  m i n e  t o  s e e  h o w  t h e  t o n n a g e
c o u l d  b e  p r o d u c e d .

I N T R O D U C T I O N

 D u r i n g  1 9 9 6  t h e  d r a g l i n e  w a s  m i n i n g  a t  a  r a t e  o f  1 5 0 0  B C M  p e r
h o u r,  w h i c h  r e s u l t e d  i n  a  c o a l  e x p o s u r e  r a t e  o f  2 7 0  0 0 0  t o n s  p e r
month .  The  new tonnage  p rof i l e  r equ i red  an  exposure  ra te  in  excess
o f  4 0 0  0 0 0  t o n s  p e r  m o n t h ,  b y  1 9 9 8 .  To  i n c r e a s e  c o a l  e x p o s u r e
b y  t h i s  l a rg e  a m o u n t  w o u l d  r e q u i r e  a  m a j o r  i n v e s t i g a t i o n  o f  a l l
i s s u e s  i m p a c t i n g  o n  d r a g l i n e  p r o d u c t i v i t y.  A s e n i o r  m a n a g e m e n t -
l e d  t e a m ,  c o n s i s t i n g  o f  p r o d u c t i o n  a n d  t e c h n i c a l  p e r s o n n e l ,  w a s
tasked to carry out the productivity improvement study and investigations
b e g a n  i n  J u l y  1 9 9 6 .

F i g u r e  5  s h o w s  d r a g l i n e  p e r f o r m a n c e  a t  6 - m o n t h l y  i n t e r v a l s  f o r
t h e  p e r i o d  J a n u a r y  1 9 9 6  t o  J u n e  1 9 9 9 .
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DRAGLINE PRODUCTIVITY

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

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

D r i l l i n g  P r o b l e m s

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

Field  Plans

T h e r e  w e r e  n o  f o r m a l  d r i l l  p l a n s ,  w h i c h  r e s u l t e d  i n  p o o r  h o l e
p lacement  and  l ack  o f  dep th  con t ro l .  Th i s  in  tu rn  caused  ine f f i c i en t
e x p l o s i v e  d i s t r i b u t i o n  a n d  t h e r e f o r e  t h e  f r a g m e n t a t i o n  a n d  b l a s t
c a s t 1 - w a s  i n a d e q u a t e .

Reconc i l ia t ion

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

Re-dr i l l ing

T h e r e  w e r e  n o  p r o c e d u r e s  i n  p l a c e  t o  e n s u r e  c l e a n i n g  o f  d r i l l
c h i p p i n g 2  a r o u n d  t h e  b l a s t  h o l e s ,  w i t h  t h e  r e s u l t  t h a t  b a c k f i l l i n g
o c c u r r e d  w i t h o u t  b e i n g  m o n i t o r e d .  B l a s t  h o l e s  w e r e  n o t  c l o s e d
f o r  p r o t e c t i o n  w h e n  l e f t  u n c h a rg e d  f o r  l e n g t h y  t i m e  p e r i o d s  a n d
c h i p p i n g  w a s  w a s h e d  i n t o  h o l e s  d u r i n g  r a i n  s h o w e r s .

Front  row burden

The negat ive  impact  of  large f ront  row burdens  was ignored.  Because
of  th i s  ea se r  ho le s 3  we re  no t  d r i l l ed  and  cas t ing  and  f r agmen ta t ion
o f  t h e  r o c k  w a s  a d v e r s e l y  a f f e c t e d .

F i g u r e  6  s h o w s  t h e  e f f e c t  o f  p o o r  d r i l l  c o n t r o l ,  w h e r e  t h e  p r e -
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s p l i t  l i n e  f o r  t h e  m i d b u r d e n  b e n c h  n o  l o n g e r  h a s  t h e  r e q u i r e d
2 . 5 - m e t r e  s t a n d o f f  d i s t a n c e  f r o m  t h e  h i g h w a l l .

To rect i fy  the  above problems the  fol lowing s teps  were  implemented:

D r i l l i n g  S o l u t i o n s

Wire -  l ine  logging

P r i o r  t o  i n - f i l l  d r i l l i n g ,  e v e r y  s i x t h  p r e - s p l i t  b l a s t  h o l e  ( i . e .  e v e r y
2 4  m e t e r s )  h a s  t o  b e  w i r e - l i n e 4 l o g g e d  i n  o r d e r  t o  p r o v i d e  e x a c t
d e p t h  t o  t o p  o f  c o a l ,  a s  w e l l  a s  s t r a t a  i d e n t i f i c a t i o n .  ( L o c a t i o n
o f  s a n d s t o n e  b a n d s  e t c . )

Minescape plans

The  wi re  l i ne  da ta  i s  i nco rpora t ed  in to  the  Minescape  mode l 5   w i th
o t h e r  r e l e v a n t  i n p u t s  s u c h  a s  d r i l l  p a t t e r n  a n d  s t a n d o f f  d i s t a n c e s .
G e o l o g i c a l  i n f o r m a t i o n  i n  t h e  f o r m  o f  s e a m  e l e v a t i o n s  a n d  d y k e
a n d  s i l l  l o c a t i o n ,  a r e  a l s o  i n p u t .  M i n e s c a p e  g e n e r a t e s  a n  a c c u r a t e
d r i l l  p l a n  f r o m  w h i c h  t h e  s u r v e y o r  p l a c e s  c o n t r o l  l i n e s  i n  t h e
f i e l d .

Survey control

B e c a u s e  t h e  s u r v e y e d  p o s i t i o n s  o f  t h e  h i g h w a l l  a n d  t o e  a r e  s h o w n
o n  p l a n ,  e a s e r  h o l e s  a r e  a c c u r a t e l y  p l a c e d  t o  r e d u c e  f r o n t  r o w
b u r d e n s .  P r e v i o u s l y  m e a s u r e d  c o a l  h o r i z o n s  a r e  u s e d  i n  t h e  m o d e l
t o  f u r t h e r  i m p r o v e  t h e  a c c u r a c y  o f  p r e d i c t e d  h o l e  d e p t h s .

Strata  logging on dr i l l  r ig

Where the Ingersol Rand DMM2 drill is used, the on-board stratalogger6

d a t a  i s  i n c o r p o r a t e d  i n t o  t h e  m o d e l .

Reconc i l ia t ion

E v e r y  d r i l l  p l a n  m a k e s  p r o v i s i o n  f o r  t w o  m e a s u r e m e n t s  o f  d r i l l
d e p t h s ,  o n e  b y  t h e  d r i l l  c r e w  a n d  t h e  o t h e r  p r i o r  t o  c h a rg i n g ,  b y
t h e  b l a s t i n g  t e c h n i c i a n .  T h e  c o m p l e t e d  p l a n  i s  k e p t  o n  f i l e  f o r
re fe rence .  The  resu l t  i s  tha t  re -dr i l l s  a re  iden t i f i ed  before  charg ing .
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The closer supervision has resulted in the implementation of standards
s u c h  a s  c l e a n i n g  o f  h o l e  p e r i m e t e r s  a s  w e l l  a s  c o v e r i n g  o f  h o l e s
b y  m e a n s  o f  p l a s t i c  b a g s .  F i g u r e  6  s h o w s  a  M i n e s c a p e  g e n e r a t e d
d r i l l  p l a n  w i t h  i n i t i a t i o n  t i e - u p  a n d  d e l a y s  f o r  t h e  b l a s t .

T h e  p l a n  s h o w s  h o l e  p o s i t i o n s  w i t h  d a t a  b o x e s ,  w h i c h  a r e  u s e d
f o r  r e c o r d i n g  o r i g i n a l  p l a n n e d  d e p t h ,  a c t u a l  d r i l l e d  d e p t h  a n d
t h e  r e - m e a s u r e d  d e p t h  p r i o r  t o  c h a rg i n g .  T h e  t i e  u p  c o n f i g u r a t i o n 7

i n d i c a t e d  o n  p l a n  i s  a n  a d d i t i o n a l  a n d  u s e r  f r i e n d l y  f e a t u r e ,  w h i c h
a s s i s t s  f i e l d  p e r s o n n e l  i n  c o r r e c t l y  t y i n g  e a c h  b l a s t .  A n y  c h a n g e s
made to the planned tie-up and accessories are shown (and countersigned)
o n  t h e  p l a n  f o r  r e f e r e n c e .

T h e  r e d  a r r o w s  i n d i c a t e  a n  i n t e r - h o l e  d e l a y  o f  1 7  m i l l i s e c o n d s
p e r  h o l e .  T h e  r e a s o n  f o r  t h i s  d e l a y  p e r i o d  i s  t o  e n s u r e  t h a t  t h e
h o l e s  d e t o n a t e  a t  s e p a r a t e  i n t e r v a l s .  T h i s  r e d u c e s  a i r  b l a s t  a n d
g r o u n d  v i b r a t i o n  a n d  i s  u s e d  w h e n  b l a s t i n g  t a k e s  p l a c e  c l o s e  t o
s u r f a c e  a n d  u n d e r g r o u n d  s t r u c t u r e s .  T h e  g r e y  a r r o w  s h o w s  t h e
de lay  pe r iod  be tween  rows  and  fo recas t  b la s t ing .  The  de lay  pe r iods
a r e  a s  f o l l o w s :

R o w  A  t o  B  =  1 2 5  m i l l i s e c o n d s `
R o w  B  t o  C  =  1 2 5  m i l l i s e c o n d s
R o w  C  t o  D  =  1 2 5  m i l l i s e c o n d s
R o w  D  t o  E  =  1 2 5  m i l l i s e c o n d s
R o w  E  t o  F  =  7 5  m i l l i s e c o n d s  ( r o w  a d j a c e n t  t o  p r e - s p l i t )

B l a s t i n g  P r o b l e m s

Having  successfu l ly  implemented  the  dr i l l ing  program over  a  per iod
o f  t h r e e  m o n t h s ,  t h e  n e x t  s t e p  t a k e n  w a s  t o  f o c u s  o n  t h e  b l a s t i n g
opera t ion .  Cer t a in  a reas  o f  d rag l ine  pe r fo rmance  such  as  f r equency
o f  d o u b l e  d i g s 8,   h a r d  d i g g i n g  a n d  c a p p i n g  o n  c o a l ,  i n d i c a t e d
tha t  b l a s t i ng  e f f i c i ency  cou ld  be  improved .  O the r  a r ea s  o f  conce rn
w e r e :

Sub-s tandard blas t  des ign

T h e  a b s e n c e  o f  d r i l l  p l a n s  r e q u i r e d  f i e l d  p e r s o n n e l  t o  a d a p t  b l a s t
d e s i g n s  t o  s u i t  e x i s t i n g  c o n d i t i o n s .  F o r  e x a m p l e ,  t i e - u p s  v a r i e d
f r o m  b l a s t  t o  b l a s t  a n d  s i n c e  t h e r e  w e r e  n o  r e c o r d s  k e p t ,  i t  w a s
extremely difficult to identify problem areas and to ensure repeatability
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o f  g o o d  b l a s t s .

Timing

A l t h o u g h  a n  e f f o r t  w a s  b e i n g  m a d e  t o  c a s t  b l a s t ,  n o  r e c o r d s  o f
h igh-speed  photography or  t iming  of  face  movement  were  ava i lab le .
F u r t h e r m o r e ,  c a s t  b l a s t i n g  o f  t h e  m i d b u r d e n  w a s  b e i n g  a t t e m p t e d
d e s p i t e  t h e  i n h e r e n t  w i d t h  t o  h e i g h t  r a t i o 9  n o t  b e i n g  s u i t a b l e
f o r  c a s t  b l a s t i n g .  T h i s  c a u s e d  u n n e c e s s a r y  e x p l o s i v e  c o s t s  t o  b e
i n c u r r e d .

 Frozen highwal l

F r e q u e n t  f r e e z i n g 10  o f  o v e r b u r d e n  h i g h w a l l s  i n d i c a t e d  i n e f f e c t i v e
b l a s t  d e s i g n .

Midburden backbreak

T h e  2 , 5  m e t e r  s t a n d - o f f  d i s t a n c e 11  f r o m  t h e  p r e - s p l i t 1 2 o n  t h e
midburden  resu l ted  in  excess ive  backbreaking .  This  caused  uns tab le
h i g h w a l l  c o n d i t i o n s  a n d  i n c r e a s e d  t o e  b u r d e n s  f o r  t h e  n e x t  s t r i p .
T h e  p h o t o g r a p h s  b e l o w  i l l u s t r a t e  t h e  e x t e n t  o f  t h e  e x c e s s i v e  t o e
b u r d e n  a n d  b a c k - b r e a k  a t  t h e  t i m e  o f  t h e  i n v e s t i g a t i o n .

F i g u r e  8  i n d i c a t e s  t h a t  t h e  f r o n t  r o w  b u r d e n  f o r  t h e  n e x t  b l a s t
wi l l  be  double  the  requi red  d is tance .  The  uns table  h ighwal l  prevents
t h e  d r i l l i n g  o f  e a s e r  h o l e s ,  w h i c h  w o u l d  t o  s o m e  e x t e n t  r e d u c e
t h e  t o e  b u r d e n .  T h e  o v e r a l l  e f f e c t  i s  t h a t  c a s t  b l a s t i n g  i s  r e d u c e d
b y  a s  m u c h  a s  4 3  % ;  t h a t  i s ,  f r o m  a  3 5  %  d e s i r e d  c a s t ,  d o w n  t o
2 0  % .

F i g u r e  9  c l e a r l y  s h o w s  t h e  a b s e n c e  o f  p r e - s p l i t  b l a s t  h o l e  b a r r e l s .
T h i s  i s  n o r m a l l y  t h e  r e s u l t  o f  t o o  l i t t l e  s t a n d o f f  d i s t a n c e  b e t w e e n
t h e  l a s t  r o w  o f  b l a s t  h o l e s  a n d  t h e  h i g h w a l l  p r e - s p l i t  l i n e .

Having ident i f ied the  problem areas ,  the  fol lowing correct ive  act ions
w e r e  t a k e n :

B l a s t i n g  S o l u t i o n s

Blast ing Consul tant
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A reputable  Consul tant  was  employed to  ass is t  wi th  the  development
o f  a  s t a n d a r d  d e s i g n  f o r  b o t h  o v e r b u r d e n  a n d  m i d b u r d e n ,  s u i t e d
to  the  cur ren t  condi t ions .  The  Consul tan t  was  a l so  tasked  to  ana lyze
b u r d e n  m o v e m e n t  w i t h  t h e  a i d  o f  h i g h - s p e e d  p h o t o g r a p h y  a n d  t o
o b t a i n  a  " T - m i n " 1 3   w h i c h  c o u l d  b e  u t i l i z e d  i n  t h e  t i m i n g  o f  r o w s
t o  i m p r o v e  b l a s t  c a s t .

Revised spacing and burden on midburden

C a l c u l a t i o n s  s h o w e d  t h a t  t h e  e x i s t i n g  m i d b u r d e n  p o w d e r  f a c t o r 1 4

o f  0 . 5  k g / m ³  c o u l d  b e  r e d u c e d  t o  l e s s  t h a n  0 . 4  k g / m 3  d u e  t o  t h e
m o v e  f r o m  c a s t  b l a s t i n g  t o  i n - p l a c e  b l a s t i n g  i n  t h i s  a r e a .  T h e
c a s t  b l a s t  d e s i g n  c u r v e s  g i v e n  i n  F i g u r e  1 0  c l e a r l y  s h o w  t h a t  t h e
c u r r e n t  m i d b u r d e n  h e i g h t  o f  1 2 m  i s  i n s u f f i c i e n t  f o r  e f f e c t i v e  c a s t
b l a s t i n g .  T h e  8 . 5  m e t r e  x  9  m e t r e  d r i l l  p a t t e r n  w a s  n o t  c h a n g e d .
However,  the  exp los ive  produc t  was  changed  f rom a  dense  emuls ion
t o  a  l e s s  d e n s e  a n f o ,  w h i c h  c o u l d  s t i l l  o p t i m i s e  t h e  f u l l  c o l u m n
r i s e 1 5 .

T h e  o v e r b u r d e n  d r i l l  p a t t e r n  w a s  c h a n g e d  f r o m  8 . 5  m e t r e s  x  9
m e t r e s  t o  a  s m a l l e r  7  m e t r e  x  9  m e t r e  p a t t e r n ,  r e s u l t i n g  i n  a n
increase in powder factor  from 0.55kg/m³ to 0.75kg/m³.  The increased
column r ise ,  together  with opt imised energy dis tr ibut ion,  has resul ted
i n  i m p r o v e d  f r a g m e n t a t i o n  a s  w e l l  a s  c a s t s  o f  u p  t o  4 0 % .  T h e s e
r e s u l t s  c o n f o r m  t o  t h e  p r e d i c t e d  p a r a m e t e r s  s h o w n  i n  f i g u r e  1 0
f o r  d e p t h s  i n  e x c e s s  o f  3 0 m .  T h e  o v e r a l l  e x p l o s i v e  c o n s u m p t i o n
r e m a i n e d  u n c h a n g e d  a s  a  r e s u l t  o f  r e d i s t r i b u t i o n  f r o m  m i d b u r d e n
t o  o v e r b u r d e n .  H o w e v e r  t h e  b l a s t - o v e r 1 6  i n c r e a s e d  f r o m  2 5 %  t o
35-40% on overburden and as shown later,  the improved fragmentation
h a d  a  p o s i t i v e  e f f e c t  o n  d r a g l i n e  p e r f o r m a n c e .  F i g u r e  11  s h o w s
t h e  e f f e c t i v e n e s s  o f  t h e  r e d e s i g n e d  o v e r b u r d e n  c r i t e r i a ,  w h e r e  a
c a s t  o f  4 0 %  w a s  o b t a i n e d .

 Sandstone capping

One  o f  t he  managemen t  i nnova t i ons ,  w h i ch  p r oved  t o  be  e f f ec t i ve ,
conce rned  capp ing  above  t he  4  s eam ho r i zon .  The  ana ly s i s  showed
t h a t  i t  w a s  n e c e s s a r y  t o  i n t e r s e c t  t h e  c o a l  s e a m  w i t h  t h e  b l a s t
h o l e s ,  b u t  n o  b a c k  f i l l i n g  w a s  t o  b e  d o n e .  T h e  p u r p o s e  i s  t o  e n s u r e
t h a t  t h e  c o m p e t e n t  o v e r l y i n g  s a n d s t o n e  b a n d  i s  f r a g m e n t e d  t o
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t o p  o f  c o a l .  I n  t h o s e  a r e a s  w h e r e  s h a l e  o v e r l i e s  t h e  c o a l  s e a m
t h e  a b o v e  p r a c t i c e  i s  n o t  r e c o m m e n d e d ,  b e c a u s e  i t  w i l l  r e s u l t  i n
e x t e n s i v e  c o a l  d a m a g e .

Pre-sp l i t s

T h e  o v e r b u r d e n  p r e - s p l i t  d e s i g n  ( 4  m e t r e  s p a c i n g  a t  2 , 5 - m e t r e
s tandoff )  remained unchanged because  of  the  predominant  sands tone
s t r a t a ,  b u t  t h e  h o l e s  a r e  d r i l l e d  t o  t h e  f l o o r  o f  t h e  c o a l  s e a m .  To
m a i n t a i n  a  c l e a n  h i g h w a l l ,  c o n c e r t e d  e f f o r t s  a r e  m a d e  t o  e n s u r e
c o r r e c t  p l a c e m e n t  o f  t h e  e x p l o s i v e  c h a rg e  i n  t h e  s a n d s t o n e  a n d
n o t  i n  t h e  s o f t e r  m a t e r i a l s ,  a s  s h o w n  i n  F i g u r e  11 .  T h i s  s h o w s
a i r  b a g s  a n d  r e t a i n i n g  r o p e  a t t a c h e d  b e f o r e  t h e  b a g s  a r e  c h a rged
a n d  p r i m e d  a n d  t h e n  l o w e r e d  t o  t h e  p r e - d e t e r m i n e d  d e p t h .  T h e
d e p t h  i s  d e t e r m i n e d  f r o m  b o t h  t a p e  m e a s u r e m e n t  a n d  Wi r e - l i n e
l o g g i n g  d a t a .

The effec t  of  t ight  cont ro l  on  pre-spl i t  charging and depth  p lacement
i s  c l e a r l y  s h o w n  i n  F i g u r e  1 3  b e l o w :

The  midburden  p re - sp l i t  des ign  was  changed  wi th  regard  to  spac ing
a n d  s t a n d o f f  d i s t a n c e s .  To  p r e v e n t  b a c k - b r e a k  t h r o u g h  t h e  p r e -
s p l i t  l i n e  t h e  s t a n d o f f  d i s t a n c e  i s  2 . 5 m .  To  c r e a t e  a n  e f f e c t i v e
s p l i t  o n  t h e  s h a l l o w  m i d b u r d e n  t h e  s p a c i n g  w a s  r e d u c e d  f r o m  4
metres  to  3  met res  be tween  holes .  F igure  14  shows the  e f fec t iveness
o f  t he  r edes igned  p re sp l i t s .  No te  t he  v i s ib i l i t y  o f  p r e - sp l i t  ba r r e l s .
( C o m p a r e d  t o  f i g u r e  9 ) .

D r a g l i n e  P r o b l e m s

W h i l e  t h e  d r i l l  a n d  b l a s t  i n v e s t i g a t i o n s  w e r e  b e i n g  d o n e ,  s t u d i e s
t o  i m p r o v e  d r a g l i n e  p r o d u c t i v i t y  w e r e  a l s o  c a r r i e d  o u t .  I n i t i a l
e f f o r t s  w e r e  d i r e c t e d  p r i m a r i l y  a t  t h e  d o z e r  p u s h o v e r 17   o p e r a t i o n s
a n d  t h e n  l a t e r  e x t e n d e d  t o  i n c l u d e  t h e  p e r f o r m a n c e  o f  b u c k e t s ,
e x c a v a t o r  a s s i s t a n c e ,  o p e r a t o r s  a n d  c o m p u t e r  m o n i t o r i n g  s y s t e m s
a n d  t h e  i n s t a l l a t i o n  o f  a  D C  2 0 0 0 18   s y s t e m .

Dozer  push over

I t  w a s  f o u n d  t h a t  f i n a l  b e n c h  e l e v a t i o n s  w e r e  t o o  h i g h .  T h i s  w a s
c a u s e d  b y  i n a d e q u a t e  e l e v a t i o n  c o n t r o l  a n d  r e s u l t e d  i n  r e h a n d l e
o f  u p  t o  3 0 %  f o r  t h e  d r a g l i n e ,  w h i l s t  a t  t h e  s a m e  t i m e  t h e  d o z e r
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FIGURE 14FIGURE 14FIGURE 14FIGURE 14FIGURE 14

PRE-SPLIT BARRELS ON OPRE-SPLIT BARRELS ON OPRE-SPLIT BARRELS ON OPRE-SPLIT BARRELS ON OPRE-SPLIT BARRELS ON OVERBURDEN AND MIDBURDENVERBURDEN AND MIDBURDENVERBURDEN AND MIDBURDENVERBURDEN AND MIDBURDENVERBURDEN AND MIDBURDEN
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a d v a n c e  w a s  w e l l  a h e a d  o f  t h e  d r a g l i n e .  B e c a u s e  t h e  d o z e r s  w e r e
fa r  ahead ,  t hey  were  used  fo r  o the r  app l i ca t ions .  The  ove ra l l  e f f ec t
w a s  t h a t  d o z e r  c a p a c i t y  w a s  u n d e r  u t i l i s e d  i n  e s t a b l i s h i n g  a  l o w e r
b e n c h  a n d  t h e  d r a g l i n e  w a s  l e f t  t o  h a n d l e  e x t r a  m a t e r i a l .  A t  t h i s
t i m e  d o z e r  p r o d u c t i v i t y  w a s  2 5 0  B c m / h r.

Bucke ts

A l t h o u g h  t h e  b e n e f i t s  o f  u s i n g  a  l i g h t w e i g h t  b u c k e t 1 9  w e r e  w e l l
known  in  the  indus t ry,  Doug las  Co l l i e ry  was  s t i l l  u s ing  the  sma l l e r
56m³  s t andard  bucke t s .  Th i s  was  main ly  due  to  the  ex i s t ing  d igg ing
c o n d i t i o n s .  T h e  p r o g r e s s i v e  o p t i m i s a t i o n  o f  t h e  d r i l l  a n d  b l a s t
o p e r a t i o n s  o p e n e d  t h e  w a y  f o r  t h e  a p p l i c a t i o n  o f  a  l i g h t w e i g h t
b u c k e t .

Highwal l  chop down

The double bench stripping20  method requires a chop down21  operation
o n  t h e  o v e r b u r d e n  h i g h  w a l l ,  w i t h  t h e  d r a g l i n e  p o s i t i o n e d  a t  t h e
2  s e a m  k e y  c u t 22 .   A l t h o u g h  t h i s  m e t h o d  w a s  e f f e c t i v e ,  i t  r e s u l t e d
i n  r o p e  d a m a g e  a n d  w h e r e  h a r d  d i g g i n g  w a s  e x p e r i e n c e d  a g a i n s t
t h e  h i g h w a l l ,  p r o d u c t i v i t y  d r o p p e d .  T h i s  w a s  a g g r a v a t e d  b y  u s e
o f  t h e  l i g h t w e i g h t  b u c k e t .

Opera tors

Ski l l  base  and  per formance  leve l s  o f  the  Douglas  d rag l ine  opera tors
a p p e a r e d  t o  b e  b e l o w  I n g w e  G r o u p  s t a n d a r d s .

Sys tems

C o n t e l  s y s t e m 2 3

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

 P i t  B o s s

T h i s  s o f t w a r e  p r o d u c e d  R a n g e  d i a g r a m s 2 4 ,  w h i c h  w e r e  s u p p l i e d
b y  p l a n n i n g  p e r s o n n e l  o n  a  m o n t h l y  b a s i s  o n l y  a n d  w i t h  v e r y  l i t t l e
input  f rom operat ions.  A need exis ted for  much shorter- term planning
a n d  c o n t r o l  ( o w n e r s h i p  o f  d e s i g n  a p p l i c a t i o n )  b y  f i e l d  p e r s o n n e l .
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T h e  m a n u a l l y  s e t  e l e c t r i c a l  a n d  m e c h a n i c a l  d r i v e  s y s t e m s  o n  t h e
d r a g l i n e  w e r e  n o t  a l w a y s  c l e a r l y  d e f i n e d .  A s  a  r e s u l t  o p e r a t i n g
s p e e d s  c o u l d  n o t  b e  o p t i m i s e d  w i t h i n  a l l o w a b l e  l i m i t s .  C l e a r l y,
t h e  d r a g l i n e  w a s  n o t  o p e r a t i n g  a t  o p t i m a l  c a p a b i l i t y  a n d  d u r i n g
the  course  o f  the  inves t iga t ion  i t  became  ev iden t  tha t  the  d rag l ine ' s
p e r f o r m a n c e  c o u l d  b e  s u b s t a n t i a l l y  i m p r o v e d .  T h e  s o l u t i o n s  t o
t h e  a b o v e  p r o b l e m s  w e r e  i m p l e m e n t e d  a s  f o l l o w s :

D r a g l i n e  S o l u t i o n s

Dozer  push over

To maximise  the  dozer  f lee t  product iv i ty,  an  opt imal  bench e levat ion
h a d  t o  b e  d e f i n e d  w i t h o u t  c o m p r o m i s i n g  d r a g l i n e  p e r f o r m a n c e .
Range diagrams were produced at  var ious  depth intervals  to  es tabl ish
a n  i d e a l  b a l a n c e  b e t w e e n  d r a g l i n e  p e r f o r m a n c e  a n d  d o z e r  b e n c h
e l e v a t i o n .  A  c o m p u t e r  p r o g r a m  " P i t - B o s s "  w a s  u s e d  t o  g e n e r a t e
a n d  e v a l u a t e  r a n g e  d i a g r a m  d a t a ,  w h i c h  w a s  i n c o r p o r a t e d  i n t o  a
s p r e a d s h e e t .  F r o m  t h i s  a  d i a g r a m  w a s  g e n e r a t e d  o n  t h e  d i f f e r e n t
d e p t h  c o n t o u r s  t o  e s t a b l i s h  o p t i m a l  b e n c h  e l e v a t i o n .  F i g u r e  1 5
i s  an  example  o f  a  combined  d rag l ine  and  doze r  pe r fo rmance  cu rve
r e l a t i v e  t o  d o z e r  b e n c h  h e i g h t  a b o v e  4 - s e a m  e l e v a t i o n .

T h e  X - a x i s  r e p r e s e n t s  t h e  d i s t a n c e ,  i n  m e t r e s ,  a b o v e  t h e  4 - s e a m
coa l  and  the  Y-ax i s  i s  t he  number  o f  doze r s  r equ i r ed .  Fo r  example ,
i f  t h e  s e l e c t e d  b e n c h  h e i g h t  i s  5  m e t r e s  a b o v e  4  s e a m ,  t h e n  f o r  3
D o z e r s  t h e  c a l c u l a t e d  d o z e r  p r o d u c t i v i t y  i s  4 5 0  B c m / h r  ( t o p  l i n e ) .
This  ind ica tes  a  drag l ine  product iv i ty  of  2483  Tcm/hr  and  a  forecas t
c o a l  e x p o s u r e  o f  4 7 5  5 0 8  t o n s  p e r  m o n t h .  F o r  a  b e n c h  3  m e t r e s
a b o v e  4  s e a m   a n d  f o r  t h e  s a m e  n u m b e r  o f  d o z e r s ,  c o a l  e x p o s u r e
i n c r e a s e s  t o  5 3 6  9 5 9  t o n s  p e r  m o n t h .  H o w e v e r ,  d o z e r  p r o d u c t i v i t y
m u s t  i n c r e a s e  t o  6 0 0  B c m / h r  a n d  d r a g l i n e  p e r f o r m a n c e  w i l l  d r o p
to  2267  Tcm/h r  a s  a  r e su l t  o f  i nc r ea sed  dump  he igh t .  Th i s  exe r c i s e
w a s  c a r r i e d  o u t  o v e r  t h e  f u l l  p i t  l e n g t h  o f  3  k m .  B y  a p p l y i n g  t h e
correct  dozer  bench elevat ion i t  was found that  the dozer  product ivi ty
has increased from 250 Bcm/hr to in excess of 450 Bcm/hr. Furthermore,
t o  r e m a i n  a h e a d  o f  t h e  d r a g l i n e  t h e  d o z e r s  a r e  f u l l y  d e d i c a t e d  t o
p u s h - o v e r.  T h i s  m e a n s  t h a t  t h e  d o z e r s  a r e  n o  l o n g e r  a v a i l a b l e
for  o ther,  unproduc t ive ,  app l ica t ions .  F igure  16  shows  the  pushover
o p e r a t i o n  2 0 0  m e t r e s  a h e a d  o f  t h e  d r a g l i n e .

Bucke ts
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The  improved  d igg ing  condi t ions  favoured  the  purchase  o f  a  Wr igh t
l i g h t w e i g h t  b u c k e t .  T h e  n e w  b u c k e t  h a s  a  r a t e d  c a p a c i t y  o f  6 1
m ³  -  a n  i n c r e a s e  o f  8 . 9 %  o v e r  t h e  s t a n d a r d  b u c k e t .  T h i s  b u c k e t
has  been  used  s ince  December  1997 and  a l though the  prec ise  change
in productivity could not be established, it is estimated that performance
i m p r o v e d  b y  1 0 0  B C M  /  h o u r.  T h i s  i s  a n  i n c r e a s e  o f  5  %  o v e r
p r e v i o u s  p e r f o r m a n c e .  F i g u r e  1 7  s h o w s  t h e  t w o  t y p e s  o f  b u c k e t s .

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

• c o n t i n u a l  h a r d  d i g g i n g  r e s u l t s  i n  e x t e n s i v e  d a m a g e  ( r i p p i n g
o u t  o f  l i p )

• bucke t  f i l l  i s  r educed   in  t igh t  d igg ing  cond i t ions  ( the  bucke t
t e n d s  t o  s k i p )

• M o r e  s u s c e p t i b l e  t o  d a m a g e  o n  h i g h w a l l  c h o p - d o w n  t h a n
 s t a n d a r d  b u c k e t

 Highwal l  chop down

T h e  h i g h w a l l  c h o p  d o w n  w a s  c a u s i n g  d a m a g e  t o  t h e  b u c k e t s .  To
m i n i m i s e  t h i s  d a m a g e  i t  w a s  n e c e s s a r y  t o  c a r e f u l l y  m a n e u v e r  t h e
b u c k e t ,  w h i c h  l e d  t o  s l o w e r  c y c l e  t i m e s  a n d  d e c r e a s e d  r o p e  l i f e .
A s tudy was  done to  determine the  v iabi l i ty  of  applying an  excavator
t o  c u t  a  s l o t  o n  t h e  h i g h w a l l .  T h e  p u r p o s e  w a s  t o  c r e a t e  a  v o i d
f o r  t h e  b u c k e t  t o  c u t  i n t o .  T h e  p r o p o s e d  m e t h o d  w a s  t e s t e d  u s i n g
a  h i r e d  e x c a v a t o r ,  c o m p a r i n g  7  i d e n t i c a l ,  1 0 0  m e t r e  l o n g  p a n e l s
o v e r  t w o  s t r i p s .  T h e  h i r e d  m a c h i n e  w a s  u s e d  o n  t h e  s e c o n d  s t r i p .
T h e  r e s u l t s  o b t a i n e d  a r e  s h o w n  i n  F i g u r e  1 8 .

C o a l  e x p o s u r e  h a s  i n c r e a s e d  b y  a p p r o x i m a t e l y  3 0 0  0 0 0  t o n s  p e r
y e a r.  T h i s  i s  c o n s e r v a t i v e  b e c a u s e  t h e  c o m p a r i s o n  t o o k  p l a c e  i n
t h e  d e e p e r ,  s l o w e r  p a r t  o f  t h e  p i t .  F i g u r e  1 9  s h o w s  t h e  h i g h w a l l
s l o t  c r e a t e d  b y  t h e  e x c a v a t o r.

T h e  e x c a v a t o r  a l s o  c r e a t e s  a  s a f e  b a t t e r  o n  t h e  s o f t  o v e r b u r d e n
a n d  c l e a n s  l o o s e  m a t e r i a l  o f f  t h e  p r e - s p l i t  l i n e .  T h e  a p p l i c a t i o n
i s  d e s c r i b e d  b e l o w.

F i g u r e  2 0  s h o w s  t h r e e  s t e p s :

S T E P  1
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Figure  17Figure  17Figure  17Figure  17Figure  17
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FIGURE 19FIGURE 19FIGURE 19FIGURE 19FIGURE 19
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FIGURE 20FIGURE 20FIGURE 20FIGURE 20FIGURE 20
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A f t e r  t h e  o v e r b u r d e n  b l a s t ,  t h e  m a c h i n e  s t a n d s  o n  t h e  h i g h w a l l
a n d  r e m o v e s  s o f t  m a t e r i a l  t o  a  s a f e  1 : 2  b a t t e r  a n g l e .

S T E P  2

The machine  moves  in-pi t  onto  the  b las ted  overburden and "brushes"
a n y  l o o s e  m a t e r i a l  f r o m  t h e  h i g h w a l l .

S T E P  3

T h e  e x c a v a t o r  d i g s  t h e  h i g h w a l l  s l o t  a n d  p l a c e s  t h e  m a t e r i a l  o n
t h e  s p o i l  s i d e  o f  t h e  b e n c h .  N o t e  t h a t  t h e  m a c h i n e  i s  p l a c e d  a t  a
r i g h t  a n g l e  t o  t h e  h i g h w a l l .  T h i s  i s  a  s a f e t y  m e a s u r e  t o  e n s u r e
t h a t  t h e  o p e r a t o r  a n d  h i s  m a c h i n e  a r e  a s  f a r  f r o m  t h e  h i g h w a l l
a s  p o s s i b l e .

Opera tors

T h e  C o n t e l  s y s t e m  w a s  u s e d  t o  m o n i t o r  o p e r a t o r  p e r f o r m a n c e  o n
a  s h i f t  b y  s h i f t  b a s i s  o v e r  a  3 - m o n t h  p e r i o d .  T h i s  e x e r c i s e ,  b a s e d
on  swings  and  cyc le  t imes ,  exposed  a  p rob lem wi th  the  per formance
of  one  opera tor  and a lso  showed up shor tcomings  in  the  performance
of the others. The system is now being used to include other performance
r e l a t e d  i s s u e s  s u c h  a s  s w i n g  a n g l e s ,  b u c k e t  f i l l  t i m e s  a n d  d o u b l e
d i g s .  T h e  f o l l o w i n g  t w o  g r a p h s ,  F i g u r e s  2 1  a n d  2 2 ,  i l l u s t r a t e  t h e
improvement obtained after three months of monitoring.  (One operator
w a s  r e - l o c a t e d  t o  t r a i n i n g ) .

F i g u r e  2 2  s h o w s  t h a t  t h e  a v e r a g e  s w i n g s  i n c r e a s e d  f r o m  3 0 0  p e r
shif t  before  moni tor ing to  400 per  shif t  af ter  3  months  of  moni tor ing.

Sys tems

Vi d e o  M o n i t o r i n g

A  v i d e o  c a m e r a  w a s  i n s t a l l e d  o n  t h e  d r a g l i n e  i n  M a y  1 9 9 9  t o
moni tor  the  d igging cycle .  In i t ia l ly  th is  ac t ion  was  not  wel l  rece ived
by  the  opera to r s  because  i t  was  pe rce ived  to  be  a  me thod  o f  f ind ing
f a u l t  w i t h  t h e i r  p e r f o r m a n c e .  T h i s  a t t i t u d e  c h a n g e d  w h e n  a  s e t
o f  d r a g  r o p e s  b r o k e .  T h e  v i d e o  p l a y b a c k  c l e a r l y  s h o w e d  t h a t  t h e
o p e r a t o r  w a s  n o t  a t  f a u l t  a n d  s u b s e q u e n t  i n v e s t i g a t i o n  p r o v e d

272



    F IGURE 21    F IGURE 21    F IGURE 21    F IGURE 21    F IGURE 21

OPEROPEROPEROPEROPERAAAAATOR COMPTOR COMPTOR COMPTOR COMPTOR COMPARISARISARISARISARIS ON BEFORE  MONITORINGON BEFORE  MONITORINGON BEFORE  MONITORINGON BEFORE  MONITORINGON BEFORE  MONITORING

273



                                        F IGURE 22FIGURE 22FIGURE 22FIGURE 22FIGURE 22

OPEROPEROPEROPEROPERAAAAATOR COMPTOR COMPTOR COMPTOR COMPTOR COMPARISARISARISARISARIS ON AFON AFON AFON AFON AF TER MONITORINGTER MONITORINGTER MONITORINGTER MONITORINGTER MONITORING

274



t h a t  t h e  r o p e s  w e r e  f r o m  a  d e f e c t i v e  b a t c h .  Wi t h o u t  t h i s  e v i d e n c e
t h e  o p e r a t o r  m a y  w e l l  h a v e  b e e n  s u s p e c t e d  o f  c a u s i n g  t h e  d a m a g e
t h r o u g h  p o o r  o p e r a t i n g  p r o c e d u r e .  T h e  o p e r a t o r s  n o w  r e c o g n i s e
t h e  b e n e f i t  o f  t h e  c a m e r a  a n d  r e a l i s e  t h a t  b y  w o r k i n g  c o r r e c t l y
t h e y  w i l l  n o t  b e  b l a m e d  f o r  p o o r  p e r f o r m a n c e  i f  s o m e t h i n g  g o e s
awry. The following advantages have been identified since installation:

• T h e  d r a g l i n e  s u p e r i n t e n d e n t  c a n  v i e w  a  2 4 - h o u r  p l a y b a c k
t o  a s s e s s  o p e r a t o r  p e r f o r m a n c e  a n d  t e c h n i q u e

• R e m e d i a l  a c t i o n  c a n  b e  t a k e n  w i t h i n  2 4  h o u r s  t o  r e c t i f y
s h o r t c o m i n g s  i n  t e c h n i q u e

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

• Climatic  condit ions are clearly shown and reduced productivi ty
dur ing dus ty   per iods  or  th ick  mis t  can  be  ins tant ly  recognised

• T h e  Ti m e  a n d  D a t e  r e c o r d i n g  f a c i l i t y  a l l o w  t h e  m o n i t o r i n g
o f  e n g i n e e r i n g  r e s p o n s e s  t o  b r e a k d o w n s  a n d  t h e r e f o r e  s t e p s
c a n  b e  t a k e n  t o  r e d u c e  d o w n t i m e

• Analyses  of  the  recordings  ass is t  the  engineers  in  de termining
causes  o f  wea r  o r  b r eakdown ,  t he re fo re  gues swork  i s  g r ea t l y
r e d u c e d .

• Suppl ie r s  o f  d rag  ropes  now rea l i se  tha t  they  have  to  improve
t h e i r  q u a l i t y  c o n t r o l  b e c a u s e  h i s t o r i c a l l y  t h e y  w e r e  q u i c k
t o  b l a m e  p o o r  r o p e  p e r f o r m a n c e  o n  o p e r a t i n g  t e c h n i q u e .

• The  hand l ing  o f  t he  t r a i l i ng  cab le  du r ing  moves  i s  mon i to red
a n d  f o l l o w - u p  t r a i n i n g  t o  r e c t i f y  f a u l t y  h a n d l i n g  i s  q u i c k l y
u n d e r t a k e n .

Soon af te r  the  sys tem was  ins ta l led ,  many poor  opera t ing  techniques
w e r e  r e c o r d e d .  T h e s e  w e r e :

• H i t t i n g  t h e  s p o i l s  w i t h  t h e  b u c k e t
• H i t t i n g  t h e  h i g h w a l l  d u r i n g  c h o p  d o w n
• P l a c i n g  t h e  b u c k e t  d o w n  t o o  h a r d  o n  t h e  c o a l  s e a m
• P u l l i n g  t h e  d r a g  r o p e s  t h r o u g h  t h e  b l a s t e d  r o c k
• S w i n g i n g  t h e  b o o m  b e f o r e  l i f t i n g  t h e  b u c k e t
• E x c e s s  s l a c k  o n  t h e  h o i s t  r o p e s
• E x c e s s i v e  d r a g  d i s t a n c e s  t o  f i l l  t h e  b u c k e t

All  of these poor operating methods contribute to reduced productivity
and  cause  damage  to  t he  bucke t  and  ropes .  Re - t r a in ing  has  r educed
t h i s  a n d  t h e  g r a p h s  b e l o w  i n d i c a t e  t h a t  b u c k e t  a n d  r o p e  l i f e  h a v e
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i m p r o v e d  s i n c e  i n s t a l l a t i o n  o f  t h e  v i d e o  r e c o r d i n g  s y s t e m .  M o r e
d a t a  i s  n e e d e d  t o  r e a c h  c o n c l u s i v e  r e s u l t s .  T h e  v i d e o - r e c o r d i n g
u n i t  h a s  a  2 4 - h o u r  r e c o r d i n g  f a c i l i t y  o n  a  3 - h o u r  t a p e  a n d  t a p e s
a r e  c h a n g e d  a t  t h e  s t a r t  o f  e a c h  s h i f t .

T h e  d u r a t i o n  b e t w e e n  m a j o r  r e p a i r s  i s  s h o w n  t o  h a v e  i n c r e a s e d
a f t e r  i n s t a l l a t i o n  o f  t h e  c a m e r a .  A l t h o u g h  b l a s t i n g  f r a g m e n t a t i o n
can  in f luence  the  t r end  ( and  th i s  w i l l  have  to  be  t aken  in to  accoun t
w h e r e  a  c h a n g e  i s  r e c o r d e d ) ,  m a n a g e m e n t ' s  p e r c e p t i o n  i s  t h a t  t h e
v i d e o  m o n i t o r i n g  i s  p a y i n g  d i v i d e n d s .

T h e  p e r f o r m a n c e  o f  t h e  d r a g  r o p e s  i n  t e r m s  o f  v o l u m e  o f  m a t e r i a l
moved does not  appear  to  be very different  before or  af ter  instal lat ion
o f  t h e  c a m e r a .  T h e  t r e n d  a f t e r  v i d e o  m o n i t o r i n g  h a s  a  c o n s i s t e n t
upward  movemen t  and  i t  w i l l  be  i n t e r e s t i ng  to  s ee  i f  t h i s  con t inues
o v e r  t i m e .  A l t h o u g h  t h e  r e s u l t s  t o  d a t e  a r e  n o t  c o n c l u s i v e ,  t h e y
a r e  e n c o u r a g i n g .

T h e  c a m e r a  i s  m o u n t e d  o n  t h e  m a c h i n e  h o u s e  a b o v e  t h e  f a i r l e a d
s h e a v e s .  T h e  r e c o r d e r  i s  k e p t  i n  t h e  p o w e r  c o n t r o l  r o o m ,  w h i c h
is  locked and therefore  tamper ing wi th  the  recording uni t  i s  avoided.
T h e  c a m e r a  m o u n t i n g  i s  s h o w n  b e l o w.

Benchmark ing

A  b e n c h m a r k i n g  e x e r c i s e  s t a r t e d  i n  F e b r u a r y  1 9 9 7  a s  p a r t  o f  t h e
s t r a t e g i c  o b j e c t i v e s  d e t a i l e d  i n  t h e  I n g w e  b u s i n e s s  p l a n  f o r  1 9 9 6 -
1 9 9 7 .  T h e  s t r a t e g y  t o  i n c r e a s e  c o a l  t o  t h e  e x p o r t  m a r k e t  p r o m p t e d
a  r e - e v a l u a t i o n  o f  t h e  s t r i p p i n g  m e t h o d s  a n d  a p p l i c a t i o n  o f  n e w
technology  in  the  drag l ine  opera t ions .   A  team of  4  Ingwe personne l
took 12 months  to  benchmark the  Group 's  17 dragl ines .  The object ive
w a s  t o  i n c r e a s e  c o a l  e x p o s u r e  a n d  r e d u c e  o p e r a t i n g  d e l a y s  b y
identifying the best  pract ices currently in use.  The physical  collect ion
o f  d a t a  w a s  i n i t i a t e d  t h r o u g h  a  c o m p r e h e n s i v e  q u e s t i o n n a i r e .

T h e  D o u g l a s  t e a m  i n c r e a s e d  d r a g l i n e  p r o d u c t i v i t y  b y  6 . 7 %  f o r
t h e  p e r i o d  J u l y  1 9 9 7 -  J u n e  1 9 9 8 .   ( F r o m  1 8 0 0 B c m / h r  t o  1 9 2 2
B c m / h r ) .  A t  t h i s  p o i n t  o f  t h e  b e n c h m a r k i n g  p r o g r a m  t h e r e  w e r e
t w o  d r a g l i n e  t e a m s  t h a t  r e f l e c t e d  b e s t  p r a c t i c e s  d u r i n g  t h e  1 9 9 8
y e a r ,  o n e  o f  t h e s e  b e i n g  t h e  D o u g l a s  B E  1 5 7 0  m a c h i n e .  T h e  D i g
Index  fo r  the  bes t  pe r fo rming  d rag l ine  on  each  o f  the  four  opencas t
mines  ave rages  40 .11 .  The  wor ldwide  benchmark  index  i s  r eco rded
i n  t h e  Wo r l d  M i n i n g  m a g a z i n e  a s  3 8 .  T h e  e x e r c i s e  h i g h l i g h t e d
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the  fac t  tha t  no  ind iv idua l  drag l ine  can  d isp lay  a l l  the  bes t  p rac t ices
bu t  t ha t  benchmark ing  does  make  a l l  da t a  t r anspa ren t  t o  end  u se r s .
The  resu l t s  of  the  benchmarking  exerc ise  show how the  product iv i ty
i m p r o v e m e n t  s t u d y  a t  D o u g l a s  w a s  b e a r i n g  f r u i t ,  a s  i n d i c a t e d  i n
t h e  f o l l o w i n g  g r a p h s .

D r a g l i n e  P r o d u c t i v i t y   ( T C M s / H r )

M i n i n g  c o n v e n t i o n  p r e f e r s  a  r a n k i n g  o f  t h e  b e s t  p r o d u c t i v i t y  r a t e s
i n  T C M ' s  p e r  h o u r  f o r  e a c h  m i n e .  T h e  t o p  p e r f o r m e r s  i n  t h i s  a r e a
a r e  r a n k e d  a s  f o l l o w s  ( f i g u r e 2 6 ) ;

D r a g l i n e  P r o d u c t i v i t y   ( B C M /  H r )

Arg u m e n t  h a s  b e e n  l e d  t h a t  t r u e  e f f e c t i v e  p r o d u c t i o n  i s  r e a l i z e d
w h e n  t h e  b a n k  v o l u m e  i s  m o v e d  a s  o p p o s e d  t o  t h e  t o t a l  c u b i c
m e t r e s .  T h e  b e s t  p e r f o r m e r s  f o r  a  B C M ' s  p e r  h o u r  r a t e  a r e  a s
f o l l o w s  ( f i g u r e  2 7 ) :

F rom Ju ly  1998  t o  June  1999  t he  D ig  Index  ha s  improved  t o  47 .54 .
T h e  p r o d u c t i o n  r a t e  h a s  i n c r e a s e d  b y  2 3 . 2  % ,  f r o m  1 9 2 2  b c m ' s
p e r  h o u r  t o  2 3 6 8  b c m ' s  p e r  h o u r.

Contel  Moni tor ing sys tem

T h e  C o n t e l  s y s t e m  m o n i t o r s  a l l  a c t i v i t i e s  r e l a t e d  t o  t h e  d r a g l i n e .
B o t h  e n g i n e e r i n g  a n d  p r o d u c t i o n  d a t a  i s  r e c o r d e d  a n d  t h e  o u t p u t
i s  g iven  on  a  Windows  based  r epor t  fo rma t .  Repor t s  a re  cus tomised
and ref lect  issues such as  swings,  cycle t imes,  swing angles,  volumes,
i n v a l i d  s w i n g s ,  d r a g  a n d  h o i s t  p o w e r  u s e d ,  s p l i t  o p e r a t i o n a l  a n d
e n g i n e e r i n g  d o w n t i m e s  a n d  f a u l t  f i n d i n g .  T h e  s y s t e m  i s  l i n k e d
b y  r a d i o  t o  a  d e d i c a t e d  P C  a n d  i s  a c c e s s i b l e  2 4  h o u r s  a  d a y.  The
a p p l i c a t i o n  o f  r a d i o - p a d s  e n a b l e s  a n  o n - l i n e  s y s t e m ,  w h i c h  i s
n e t w o r k e d  t o  s e v e r a l  P C ' s .  I n f o r m a t i o n  i s  d o w n  l o a d e d  a t  t h e  e n d
o f  e a c h  s h i f t  f o r  r e p o r t i n g .

 'Pi t  Boss '  (2-dimensional  dragl ine  cut  s imulat ion)

T h e  P i t  B o s s  s o f t w a r e  w a s  r e - i n t r o d u c e d  a s  a  p r o d u c t i o n  t o o l
w h e r e b y  t h e  f o r e m e n  a n d  o v e r s e e r  w e r e  t r a i n e d  t o  u s e  t h e  s y s t e m
on  a  week ly  bas i s .  The  r a t i ona l e  beh ind  th i s  was  t o  g ive  owner sh ip
o f  p r o d u c t i o n  p l a n n i n g  a n d  c o n t r o l  t o  t h e  p r o d u c t i o n  p e r s o n n e l .
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To g e t h e r  w i t h  t h e  P l a n n i n g  d e p a r t m e n t ,  a  w e e k l y  t a rg e t  i s  s e t
and then reconciled against a Survey measurement of actual production.
Any  nece s sa ry  changes  t o  t he  p l an  a r e  t hen  m ade  f o r  t he  f o l l ow i ng
w e e k .  F i g u r e  2 8  i s  a n  e x a m p l e  o f  a  r a n g e  d i a g r a m  c r e a t e d  i n  " P i t
B o s s  " .

DC 2000 System

T h e  D C  2 0 0 0  S y s t e m  i s  e x t e n s i v e l y  u s e d  o v e r s e a s ,  b u t  h a s  h a d
l i m i t e d  a p p l i c a t i o n  i n  S o u t h  A f r i c a .  T h e  s y s t e m  w a s  f i t t e d  t o  t h e
D o u g l a s  m a c h i n e  w h e n  i t  w a s  o n  a  t w o - m o n t h  m a j o r  o v e r h a u l .
T h e  c o s t  o f  t h e  s y s t e m  w a s  R  4 .  5  m i l l i o n  R a n d s .  T h i s  i s  t h e
f i r s t  r e t r o f i t  D C  2 0 0 0  i n  t h e  i n d u s t r y.  T h e  o p e r a t o r s  w e r e  s e n t
t o  t h e  U S A  f o r  s i m u l a t i o n  t r a i n i n g  f o r  o n e  m o n t h ,  t o  f a m i l i a r i s e
wi th  t he  new ope ra t i ng  mode .  Howeve r,  i n  p r ac t i ce  t he  app l i ca t i on
p r o v e d  t o  b e  m o r e  c h a l l e n g i n g  t h a n  a n t i c i p a t e d ,  w i t h  a  d e c l i n e
i n  p r o d u c t i v i t y  r e c o r d e d  f o r  J a n u a r y  a n d  F e b r u a r y  o f  1 9 9 8 .

T h e  D C  2 0 0 0  S y s t e m  c o n s i s t s  o f  9  c o r e  d r i v e s ,  e a c h  d r i v e  b e i n g
s i l i c o n  c o n t r o l l e d  r e c t i f i e r s  ( S C R ) .  T h e s e  d r i v e s  a r e  c o n t r o l l e d
b y  m i c r o p r o c e s s o r s .  T h r o u g h  p r o g r a m m e d  l o g i c  c o n t r o l  ( P L C )
t h e  p r o c e s s o r s  i n t e r f a c e  w i t h  t h e  d r i v e s  a n d  g e n i u s  b l o c k s .  T h i s
i n  t u r n  c o n t r o l s  a l l  r o t a t i n g  e q u i p m e n t  v i a  M G  s e t s ,  g e n e r a t o r s
a n d  m o t o r s .  T h e  a c q u i r e d  e n d  r e s u l t  i s  a n  e l e c t r o n i c  o p t i m i s a t i o n
of  dragl ine  mot ions  i .e .  drag,  hois t ,  swing e tc .  A deta i led descr ipt ion
o f  t h e  s y s t e m  i s  g i v e n  i n  a n n e x u r e  2 .  E x p e r i e n c e  w i t h  t h e  D C
2 0 0 0  a t  D o u g l a s  h a s  h i g h l i g h t e d  t h e  f o l l o w i n g  a d v a n t a g e s  a n d
d i s a d v a n t a g e s :

• A d v a n t a g e s

− s p e e d  o f  m o t o r s  i s  e l e c t r o n i c a l l y  c o n t r o l l e d
− m o t o r  s p e e d  i s  m a x i m i s e d  f r o m  7 5 0  r p m  t o  11 5 0  r p m
− t h e  i n c r e a s e d  s p e e d  r e s u l t s  i n  f a s t e r  m o t i o n s
− motor  and genera tor  f ie lds  a re  cont ro l led  by  core  dr ives

• D i s a d v a n t a g e s .

− a v a i l a b i l i t y  o f  s p a r e s
− v e r y  e x p e n s i v e  d u e  t o  R a n d  /  D o l l a r  e x c h a n g e  r a t e
− teething problems due to being the f i rs t  retro-f i t  machine
− l o n g  o p e r a t o r  l e a r n i n g  c u r v e  ( >  5  m o n t h s )
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− . f a u l t  f i n d i n g  a n d  r e p a i r  s k i l l s  i n  s h o r t  s u p p l y

PIT MANAGEMENT

Douglas  management ' s  v is ion is  that  a  high s tandard of  housekeeping
and safe  working pract ices  wi l l  enhance product iv i ty.   The fol lowing
a r e a s  c o n c e r n  t h e  d r a g l i n e  s e c t i o n :

R o u t i n g  o f  h i g h w a l l  r o a d s

T h e  h i g h w a l l  r o a d  i s  c o n s t r u c t e d  a l o n g s i d e  t h e  o u t e r  e d g e  o f  t h e
t o p s o i l  s t r i p p i n g  a r e a .  T h i s  a l l o w s  f e e d e r  c a b l e s  t o  b e  p l a c e d
w h e r e  e q u i p m e n t  c a n n o t  b e  d r i v e n  o v e r  t h e m .  T h i s  r o a d  p o s i t i o n
a l s o  m i n i m i s e s  t h e  i n t e r - a c t i o n  o f  s e r v i c e  v e h i c l e s  a n d  p r o d u c t i o n
e q u i p m e n t .  T h e  r o a d  i s  b u i l t  p a r a l l e l  t o  t h e  s t r i p  a n d  i s  t h e r e f o r e
i n  a  s t r a i g h t  l i n e  f o r  t h e  f u l l  p i t  l e n g t h .  T h i s  e l i m i n a t e s  h a z a r d s
r e l a t e d  t o  w i n d i n g  r o a d s ,  w i t h  t h e  r e s u l t  t h a t  t h e r e  i s  s a f e r  a c c e s s
t o  t h e  o p e r a t i o n s .

D e m a r c a t i o n  o f  f e e d e r  c a b l e s

Unnecessary damage to feeder cables is caused by poor cable demarcation,
e s p e c i a l l y  a t  n i g h t .  To  e l i m i n a t e  t h i s ,  c a b l e s  a r e  n o w  d e m a r c a t e d
wi th  b r igh t  r ed  o r  ye l l ow  r e f l ec t i ve  cones  spaced  a t  20m in t e rva l s .
T h i s  r e d u c e s  t h e  a m o u n t  o f  d o w n t i m e  o n  e q u i p m e n t  r e l a t e d  t o
c a b l e  d a m a g e .  F i g u r e  2 9  s h o w s  c a b l e  d e m a r c a t i o n .

C a b l e  s u p p o r t

Cable  Bridges

T h e  c o r r e c t  p l a c i n g  o f  o v e r h e a d  c a b l e  b r i d g e s  s h o r t e n s  e q u i p m e n t
r o u t e s .  F o r  e x a m p l e ,  t h e  d r a g l i n e  d o z e r  h a s  t o  t r a v e l  f r o m  t h e
b a c k  o f  t h e  d r a g l i n e  p a d  t o  t h e  t o p  o f  c o a l .  P r e v i o u s l y,  t h i s  d o z e r
h a d  t o  t r a m  a r o u n d  t h e  f e e d e r  c a b l e ,  r e s u l t i n g  i n  l o n g e r  t r a v e l
t i m e s .   A  s p e c i a l l y  c o n s t r u c t e d  c a b l e  s u p p o r t  b r i d g e  e n s u r e s  t h a t
t h e  d r a g l i n e  f e e d e r  c a b l e  i s  s u s p e n d e d  c l e a r  o f  t h e  h i g h w a l l  a n d
a l l o w s  t h e  d o z e r  t o  p a s s  i n - p i t  t o  r e d u c e  i t ' s  t r a m  d i s t a n c e .  C a b l e
d a m a g e  h a s  a l s o  b e e n  r e d u c e d .
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P r e v i o u s l y,  t h e  d r a g l i n e  f e e d  c a b l e  w a s  p l a c e d  d i r e c t l y  o n  t h e
h i g h w a l l ,  r e s u l t i n g  i n  f r e q u e n t  d a m a g e .  M o v i n g  o f  t h e  c a b l e  w a s
also very diff icul t .  The support  br idges al leviate  the problem because
t h e  c a b l e  i s  s u s p e n d e d  w e l l  c l e a r  o f  t h e  h i g h w a l l .  T h e  b r i d g e s
a r e  t o w e d  a l o n g  t h e  b e n c h  ( a b o v e )  a n d  h i g h w a l l  ( b e l o w )  t o  k e e p
t h e  c a b l e  i n  p o s i t i o n  w i t h  t h e  a d v a n c e  o f  t h e  d r a g l i n e .

C a b l e  To w e r s  o n  A c c e s s  R o a d s

Cable  towers  a re  p laced  so  tha t  a l l  se rv ice  veh ic les  such  as  g raders ,
c a b l e  r e e l e r ,  D i e s e l  t a n k e r s ,  w a t e r  t a n k e r s ,  d o z e r s  a n d  d r i l l s ,  c a n
p a s s  u n d e r n e a t h  t h e  c a b l e s  w i t h o u t  c a u s i n g  d a m a g e .  P r e v i o u s l y,
t h e  c a b l e s  w e r e  b u r i e d  u n d e r  t o p s o i l .

S i g n s

H i g h l y  v i s i b l e  s i g n s  a r e  p l a c e d  a t  h a z a r d o u s  a r e a s  s u c h  a s  t h e
drag l ine  opera t ing  a rea ,  heavy  veh ic le  c ross ings ,  road  cons t ruc t ion
points,  highwalls,  entrances to mining area and haul road intersections.

H a z a r d  i d e n t i f i c a t i o n

All  personnel  in  the operat ional  area are  required to  ident i fy  hazards ,
and take  any s teps  necessary  to  e l iminate  such hazards .  For  ins tance ,
a n y  p e r s o n  d r i v i n g  o n  a  h a u l  r o a d  i s  r e q u i r e d  t o  s t o p  a n d  r e m o v e
l a r g e  s t o n e s  o r  o b j e c t s  f r o m  t h e  r o a d  s u r f a c e ,  i n  o r d e r  t o  r e d u c e
t y r e  o r  v e h i c l e  d a m a g e .

C O N C L U S I O N

T h e  g r a p h  i n  f i g u r e  3 4  s h o w s  a  s t e a d y  i n c r e a s e  i n  d r a g l i n e  o u t p u t ,
which  resu l t s  f rom the  unf lagg ing  e f for t  o f  a l l  concerned  to  ach ieve
a n d  m a i n t a i n  a  Wo r l d  c l a s s  p e r f o r m a n c e .  A l s o  o f  s i g n i f i c a n c e  i s
Douglas Management's view that there is always scope for improvement,
even  a  l i t t l e  a t  a  t ime,  hence  the  ins ta l la t ion  of  the  v ideo  moni tor ing
s y s t e m  a t  t i m e  w h e n  f u r t h e r  i m p r o v e m e n t  w a s  n e e d e d .  D u r i n g
t h e  p e r i o d  J u l y  1 9 9 6  t o  J u n e  1 9 9 9 ,  t h e  c o a l  e x p o s u r e  r a t e  h a s
i n c r e a s e d  f r o m  2 7 0  0 0 0  t o n s  p e r  m o n t h  t o  4 2 0  0 0 0  t o n s  p e r  m o n t h
a n d  t h e  d r a g l i n e  d i g g i n g  r a t e  h a s  i m p r o v e d  f r o m  1 5 0 0  b c m  p e r
h o u r  t o  2 3 6 8  b c m  p e r  h o u r.  T h i s  r e p r e s e n t s  a  5 7 . 9  %  i n c r e a s e  i n
d i g g i n g  r a t e  a n d  t h i s  m a c h i n e  i s  n o w  i n  t h e  f o r e f r o n t  w i t h  o t h e r
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top  pe r fo rming  mach ines  in  the  coun t ry.  Th i s  has  happened  because
t h e  c r i t i c a l  i s s u e s  o f  d r i l l  a n d  b l a s t  c o n t r o l ,  o p e r a t o r  t e c h n i q u e
a n d  p e r f o r m a n c e ,  t e a m w o r k  a n d  p i t  m a n a g e m e n t ,  w e r e  c o r r e c t l y
a n d  p r a c t i c a b l y  a d d r e s s e d  b y  m i n e  m a n a g e m e n t .   A t  a  t i m e  w h e n
the  depressed  coa l  p r i ce  i s  p lac ing  the  loca l  indus t ry  under  ex t reme
t h r e a t  f r o m  g l o b a l  c o m p e t i t o r s ,  i t  i s  i m p o r t a n t  t o  p r o d u c e  c o a l
safely,  efficiently and cost  effectively to remain competit ive.   Douglas
w i l l  c o n t i n u e  t o  l o o k  a t  m e a n s  t o  i m p r o v e  p r o d u c t i v i t y.

FUTURE IMPROVEMENTS

H a v i n g  a c h i e v e d  c o n s i d e r a b l e  s u c c e s s  w i t h  t h e  c u r r e n t  e x e r c i s e ,
t h e  n e x t  s t e p  i s  t o  i d e n t i f y  f u r t h e r  a r e a s  f o r  i m p r o v e m e n t .  T h e
f o l l o w i n g  a r e a s  a r e  u n d e r  c o n s i d e r a t i o n :

C o n t e l  M o n i t o r i n g  S y s t e m

G r e a t e r  u s e  m u s t  b e  m a d e  o f  t h e  C o n t e l  p e r f o r m a n c e  m o n i t o r i n g
system. The output  reports  a l low for  detai led analysis  of  performance
c r i t e r i a  a n d  i n  p a r t i c u l a r  s u c h  i m p o r t a n t  c y c l e  e l e m e n t s  a s  b u c k e t
f i l l  t i m e ,  w h i c h  i n  s o m e  c a s e s  c a n  b e  r e l a t e d  d i r e c t l y  t o  o p e r a t o r
p e r f o r m a n c e .  F o r  i n s t a n c e ,  t h e  o p e r a t o r s  h a v e  a  h a b i t ,  d e v e l o p e d
over  10  or  more  years ,  tha t  does  no t  a l low for  op t imal  d rag  d i s tance
t o  f i l l  t h e  b u c k e t .  O b s e r v a t i o n  s h o w s  ( a n d  c o n f i r m e d  b y  t h e  v i d e o
s y s t e m )  t h a t  t h e  o p e r a t o r s  a c c e p t  d r a g  d i s t a n c e s  o f  2 4  m e t r e s  a s
b e i n g  n o r m a l .  Wi t h  t h e  i m p r o v e d  d i g g i n g  c o n d i t i o n s  t h i s  d i s t a n c e
s h o u l d  n o t  e x c e e d  1 3  m e t r e s .  To  r e c t i f y  t h i s ,  t h e  o p e r a t o r s  m u s t
u n d e rg o  t h o r o u g h  o n - t h e - j o b  t r a i n i n g  t o  i m p r o v e  t h e i r  t e c h n i q u e s .

G l o b a l  P o s i t i o n i n g  S y s t e m s  -  D r i l l  R i g s

T h e r e  a r e  a l r e a d y  G P S  d r i v e n  s y s t e m s  i n  u s e  o n  d r i l l  r i g s  i n  S o u t h
Africa. The system in place at Optimum Colliery has shown improvements
i n  b o t h  s p o t t i n g  t i m e  a n d  a c c u r a c y  o f  h o l e  p o s i t i o n i n g .  D o u g l a s
h a s  b u d g e t e d  f o r  a  G P S  s y s t e m  w i t h i n  t h e  n e x t  t w o  y e a r s

C o m p u t e r i s e d  B l a s t  I n i t i a t i o n

T h e  s y s t e m  i s  e x t e n s i v e l y  u s e d  i n  u n d e rg r o u n d  m i n e s  b u t  h a s  n o t
ye t  found favour  wi th  opencas t  mining .  At  Douglas  the  geographica l
l o c a t i o n  o f  t h e  o p e n c a s t  a r e a s  i s  s u c h  t h a t  m i n i n g  t a k e s  p l a c e  i n
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c l o s e  p r o x i m i t y  t o  s e n s i t i v e  i n f r a s t r u c t u r e .  T h i s  r e q u i r e s  c a r e f u l
t iming  o f  b l a s t  ho le s  so  tha t  g round  and  a i r  b l a s t  v ib ra t ions  r ema in
w i t h i n  a c c e p t e d  t h r e s h o l d  l i m i t s .  T h e  s y s t e m  e n a b l e s  p r e c i s e  h o l e
b y  h o l e  s e q u e n c i n g  a n d  a l s o  c h e c k s  o n  t h e  c o r r e c t n e s s  o f  t h e
b l a s t  t i e - u p .

P i t  C o n t r o l

A  r a d i o - b a s e d  c o n t r o l  s y s t e m  h a s  b e e n  i m p l e m e n t e d  a n d  o p e r a t e s
f rom a  cen t r a l l y  l oca t ed  con t ro l  r oom.  The  bene f i t s  a r e  a s  fo l l ows ;

• E a r l i e r  r e p o r t i n g  o f  m a c h i n e  b r e a k d o w n s  r e d u c e s  t h e  t u r n
a r o u n d  t i m e  f o r  r e p a i r s  a n d  t h e r e f o r e  m o r e  p r o d u c t i o n  t i m e
i s  a v a i l a b l e .

• A l l o c a t i o n  o f  m a c h i n e s  t o  s p e c i f i c  a r e a s  i s  s i m p l i f i e d  a n d
ef f i c i e n t ,  r e s u l t i n g  i n  g r e a t l y  r e d u c e d  i d l e  t i m e .

• W h e r e  m a c h i n e s  a r e  s h a r e d ,  s u c h  a s  g r a d e r s  o r  t y r e  d o z e r s ,
j o b  p r i o r i t y  i s  e s t a b l i s h e d  t h r o u g h  t h e  c o n t r o l l e r ,  t h e r e f o r e
t h e  m o s t  i m p o r t a n t  t a s k s  a r e  c a r r i e d  o u t  f i r s t .

• T h e  p i t  c o n t r o l l e r  r e c o r d s  p r o d u c t i o n ,  i d l e  a n d  b r e a k d o w n
da ta  a s  we l l  a s  p roduc t ion  s t a t i s t i c s .  Th i s  r e su l t s  i n  accu ra t e
r e c o r d i n g  o f  e s s e n t i a l  e q u i p m e n t  a n d  p r o d u c t i o n  d a t a .

• T h e  p r o d u c t i o n  d a t a  f o r  d r a g l i n e s  a n d  c o a l i n g  o p e r a t i o n s
i s  upda ted  hour ly  and  i s  on  a  compute r  ne twork .  Th i s  enab les
m a n a g e m e n t  t o  v i e w  p r o d u c t i o n  p e r f o r m a n c e  a t  a n y  t i m e .

For  the  system to  be eff ic ient  i t  i s  necessary that  a l l  major  equipment
be fitted with two-way radios. Operators will only be able to communicate
with the pit controller or supervisory staff. In 1999 a more sophisticated,
e l e c t r o n i c a l l y  c o n t r o l l e d  s y s t e m  w i l l  b e  i n t r o d u c e d .  T h i s  m e t h o d
u s e s  o n  b o a r d  s c r e e n s  t o  s h o w  o p e r a t o r s  e . g .  t r u c k  d r i v e r s ,  w h i c h
loade r  o r  dump they  mus t  go  to .  The  sys t em wi l l  be  sa t e l l i t e  d r iven
a n d  w i l l  u s e  G P S  t e c h n o l o g y.

N O T E S :

1 .  B l a s t  c a s t  -  t h e  a m o u n t  o f  m a t e r i a l  m o v e d  b y  e x p l o s i v e s
 e n e rg y  a n d  n o t  b y  m a c h i n e s .

2 . Dr i l l  ch ipp ing  -  the   mater ia l  cu t  by  a  d r i l l  b i t  i s  con t inuous ly
e j e c t e d  f r o m  t h e  b l a s t  h o l e  b y  c o m p r e s s e d  a i r  a n d  f o r m s  a
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c o n i c a l  h e a p  a r o u n d  t h e  p e r i m e t e r  o f  t h e  h o l e

3 . Ease r  ho les  -  t hese  ho les  a re  p l aced  in  add i t ion  to  the  normal
p a t t e r n  a n d  a r e  e s s e n t i a l  f o r  r e d u c i n g  f r o n t  r o w  b u r d e n s
w h e r e   b a c k  b r e a k  i s  e x c e s s i v e

4 . Wi r e  l i n e  l o g g i n g  -  t h i s  p r o c e s s  u s e s  a  r a d i o m e t r i c  i s o t o p e
t o  s c a n  s t r a t a  e m i s s i o n s ,  w h i c h  a r e  c o r r e l a t e d  t o  r o c k  t y p e s

5 . Minescape model  -  Commercial ly  avai lable  software (  Gemcom
- A u s t r a l i a )  w h i c h  u s e s  g r i d d e d  d a t a  t o  c r e a t e  m i n e  d e s i g n s /
m i n e  s c h e d u l e s  /  b l a s t  p l a n s  /  3 - D  e x p r e s s i o n s

6 . S t r a t a l o g g e r  -  a n  o n - b o a r d   c o n d i t i o n  a n d  p e r f o r m a n c e
mon i to r ing  sy s t em.  Da ta  i s  t r ans f e r r ed  t o  a  l ap  t op  compu te r
fo r  fu r the r  p rocess ing .  The  sys t em p rov ides   de t a i l ed  r epor t s

7 . Ti e - u p  c o n f i g u r a t i o n  -  s t a t e d  s i m p l y,  t h i s  i s  t h e  s h o t  f i r i n g
s e q u e n c e  f o r  t h e  b l a s t  a n d  c o n s i s t s  o f  n o n - e l e c t r i c  s h o c k
l i n e s  w i t h  i n t e r - r o w  m i l l i s e c o n d  d e l a y  d e t o n a t o r s .

8 . D o u b l e  d i g s  -  u n d e r  i d e a l  c o n d i t i o n s  t h e  b u c k e t  i s  f i l l e d
w h e n  d r a g g e d  t h r o u g h  t h e  r o c k  f o r  t w i c e  t h e  b u c k e t  l e n g t h
(13  mete r s ) .  In  ha rd  d igg ing  i t  o f t en  requ i res  t ak ing  a  second
p a s s  t o  f i l l  t h e  b u c k e t  w i t h  a n  a t t e n d a n t  i n c r e a s e  i n  c y c l e
t i m e .

9 . Wid th  to  he igh t  ra t io  -  when  the  wid th  to  he igh t  ra t io  exceeds
1 : 1 ,  t h e n  c a s t  b l a s t i n g  b e c o m e s  l e s s  a t t a i n a b l e .  A t  D o u g l a s
t h e  m i d b u r d e n  r a t i o  i s  i n  t h e  o r d e r  o f  3 : 1

1 0 . F r e e z i n g  -   w h e n   m a t e r i a l  a g a i n s t  t h e  p r e - s p l i t  l i n e  i s  n o t
f r a g m e n t e d  a n d  f o r m s  a  b u l g e  o f  h a r d  r o c k  o n  t h e  h i g h w a l l

11 . S t a n d - o f f  d i s t a n c e  -  t h e  d i s t a n c e  b e t w e e n  t h e  l a s t  r o w  o f
h o l e s  i n  t h e  m a i n  b l a s t  a n d   t h e  p r e - s p l i t  l i n e

1 2 . P r e - s p l i t  -   a  c r a c k  c r e a t e d  i n  t h e  r o c k  m a s s  b y  e x p l o s i v e s .
A s t ra igh t  l ine  of  c lose ly  spaced  b las t  ho les  i s  l igh t ly  charged
a n d  a l l  h o l e s  a r e  d e t o n a t e d  s i m u l t a n e o u s l y.
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T h e  e x p l o s i v e s  c h a r g e  m a s s  i s  c a l c u l a t e d  s o  t h a t  s u f f i c i e n t
g a s  p r e s s u r e  i s  g e n e r a t e d  t o  o v e r c o m e  t h e  t e n s i l e  s t r e n g t h
o f  t h e  r o c k  b e t w e e n  a d j a c e n t  h o l e s ,  t h u s  c r e a t i n g  t h e  c r a c k .
T h e  p r e - s p l i t  i s  s e t  o f f  b e f o r e  t h e  m a i n  p a t t e r n  i s  d r i l l e d .

1 3 T - m i n  -  t h e  t i m e ,  i n  m i l l i s e c o n d s ,  t h a t  i t  t a k e s  f o r  t h e  f r o n t
row burden to move before the next row detonates. The measurement
i s  d o n e  b y  h i g h - s p e e d  p h o t o g r a p h y  a n d  i s  u s e d  t o  d e t e r m i n e
i d e a l  i n t e r  r o w  d e l a y  p e r i o d s .

1 4 . P o w d e r  f a c t o r  -  t h e  a m o u n t  o f  e x p l o s i v e s  u s e d  t o  f r a g m e n t
r o c k  a n d  i s  e x p r e s s e d  a s  k i l o g r a m m e s  p e r  c u b i c  m e t e r

1 5 . C o l u m n  r i s e  -  t h e  c h a r g e  l e n g t h  o f  t h e  e x p l o s i v e s  p l a c e d
i n  a  b l a s t  h o l e  a n d  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  t o t a l
h o l e   d e p t h .

1 6 . B l a s t  o v e r  -  t h e  a m o u n t  o f  m a t e r i a l  m o v e d  a c r o s s  t h e  p i t
b y  e x p l o s i v e s  e n e rg y  a n d  n o t  b y  m a c h i n e .  I t  i s  e x p r e s s e d
a s  a  p e r c e n t a g e  o f  t h e  p r e -  b l a s t  v o l u m e .

1 7 . D o z e r  p u s h  o v e r  -  t h e  b l a s t e d   m a t e r i a l   i s  p u s h e d  i n t o  t h e
v o i d  o f  t h e  p r e v i o u s  s t r i p  b y  m e a n s  o f  D 11  d o z e r s  t o  c r e a t e
a  b e n c h  f o r  t h e  d r a g l i n e

1 8 . D C  2 0 0 0  s y s t e m  -  a  s y s t e m  w h i c h  e l e c t r o n i c a l l y  c o n t r o l s
a l l  d r a g l i n e  m o t i o n s .

1 9 . Lightweight  bucke t  -  th i s  type  of  bucke t  has  an  8 .9  % payload
i n c r e a s e  o v e r  a  s t a n d a r d  b u c k e t  d u e  t o  l i g h t e r  m a t e r i a l  a n d
t h i n n e r  l i n i n g .

2 0 . D o u b l e  b e n c h  s t r i p p i n g  -  T h e  s t r i p p i n g  m e t h o d  u s e d  a t
D o u g l a s  e x p o s e s  b o t h  t h e  u p p e r  a n d  l o w e r  s e a m s  f r o m  a
c o m m o n  b e n c h  e l e v a t i o n  o v e r  a  9 0  m e t e r  p i t  w i d t h .

2 1 . C h o p  d o w n  -  c u t t i n g  i n t o  t h e   m a t e r i a l   w i t h  t h e  b u c k e t
aga ins t  the  h ighwal l  and  wi th  l imi ted  f ree  face  fo r  the  bucke t
t e e t h  t o  b i t e  i n t o .

2 2 . K e y  c u t  -  a  s l o t  c u t  a g a i n s t  t h e  m i d b u r d e n ,  e x t e n d i n g  3 0
m e t e r s  b a c k  a n d  r e a c h i n g  d o w n  t o  t h e  t o p  o f  t h e  2  s e a m ,
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t o  c r e a t e  a  f r e e  f a c e  f o r  t h e  m a i n  s t r i p .

2 3 . C o n t e l  s y s t e m :  a n  o n - b o a r d  p e r f o r m a n c e  a n d  c o n d i t i o n
m o n i t o r i n g  s y s t e m ,  r a d i o - l i n k e d   t o  a  P C  f o r  d a t a  s t o r a g e
a n d  r e p o r t  g e n e r a t i o n .

2 4 . R a n g e  d i a g r a m s :  s e c t i o n s  d r a w n  t h r o u g h  t h e  p i t  a t  r i g h t
a n g l e s  t o  t h e  s t r i k e  l e n g t h  a n d  s h o w i n g  t h e  s t r i p p i n g  c y c l e
of  the  dragl ine .  The “Pi t -Boss”  sof tware  used enables  planners
t o  o p t i m i s e  b e n c h  h e i g h t  r e a c h  a n d  d u m p  h e i g h t .
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High Extraction of Coal in
Horizontally Stressed Zones

C.  J .  Joubert
Shaf t  Manager  -  Brandspru i t  Co l l i e ry,  SASOL Min ing

S Y N O P S I S

S A S O L  M i n i n g  a d o p t e d  a  s t r a t e g y  o f  o p t i m a l  r e s e r v e  u t i l i s a t i o n
t h r o u g h  p r a c t i s i n g  h i g h  e x t r a c t i o n  m i n i n g  m e t h o d s .   M a k i n g  u s e
o f  c o n t i n u o u s  m i n e r s  i n  t h e  p i l l a r  e x t r a c t i o n  a c t i v i t i e s ,  l e a d  t o
machines and sometimes operators in cabins,  being trapped underneath
t o n n e s  o f  r o c k  f r o m  a n  u n e x p e c t e d  o r  p r e m a t u r e  g o a f  f o r m a t i o n .
In  the  sea rch  fo r  answers  why  such  inc iden t s  occu r,  i t  was  r ea l i s ed
t h a t  b e c a u s e  o f  t h e  e x t e n t  o f  h i g h  e x t r a c t i o n  a r e a s  i n  t h e  S e c u n d a
M i n e s  c o m p l e x  a n d  t h e  m o v e m e n t  i n  t h e  e a r t h ' s  c r u s t  b e c a u s e
o f  p l a t e  t e c t o n i c s ,  o r  c o n t i n e n t a l  d r i f t ,  h o r i z o n t a l  s t r e s s  w a s  a
r e a l i t y.

R e s e a r c h  p r o v e d  a t  t h e  B o s j e s s p r u i t  C o l l i e r y  o f  S A S O L  M i n i n g ,
t h a t  h o r i z o n t a l  s t r e s s ,  e x c e e d s  v e r t i c a l  s t r e s s  b y  a  f a c t o r  o f  2 , 2 .
Work ing  a t  coa l  seam dep ths  o f  220m requi r ing  la rge  p i l l a r  cen te rs ,
necess i ta ted  a  rev iew of  the  p i l la r  removal  s t ra tegy.  Af te r  numerous
d i s c u s s i o n s ,  v i s i t s  t o  o t h e r  h i g h  e x t r a c t i o n  o p e r a t i o n s ,  r e a d i n g
a r t i c l e s  o n  p i l l a r  e x t r a c t i o n  a n d  c o n s u l t a t i o n  w i t h  R o c k  M e c h a n i c
p rac t i t i one r s ,  t he  NEVID me thod  o f  p i l l a r  ex t r ac t ion  was  des igned
and implemented .  The essence  of  th is  mining method,  was  to  cont ro l
t h e  s p e e d  o f  g o a f  f o r m a t i o n  a n d  k e e p i n g  t h e  g o a f  a w a y  f r o m  t h e
p i l l a r  b e i n g  e x t r a c t e d .

T h i s  m e t h o d  i s  s u i t a b l e  f o r  c e r t a i n  c o n d i t i o n s  a n d  i s  i m p l e m e n t e d
i n  a p p r o x i m a t e l y  8 0  %  o f  t h e  h i g h  e x t r a c t i o n  o p e r a t i o n s  a t  t h e
S e c u n d a  M i n e s  c o m p l e x .  D r a m a t i c  r e d u c t i o n  i n  i n c i d e n t s  w h e r e
m a c h i n e s  h a v e  b e e n  t r a p p e d  u n d e r n e a t h  a  g o a f  w a s  a t t a i n e d ,  w i t h
a  cor responding  reduc t ion  in  damages  on  machines ,  l e ss  p roduc t ion
l o s s e s  a n d  m o s t  i m p o r t a n t ,  a  r e d u c t i o n  i n  p o t e n t i a l  i n j u r i e s .
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B A C K G R O U N D

T h r o u g h  t h e  y e a r s  o f  c o a l  m i n i n g ,  v a r i o u s  m e t h o d s  o f  m a x i m i s i n g
e x t r a c t i o n  o f  c o a l  w e r e  d e s i g n e d  a n d  m o d i f i e d ,  t o  s u i t  v a r i o u s
c o n d i t i o n s  a n d  s i t u a t i o n s .  S o m e  o f  t h e  m e t h o d s  w e r e  s u i t a b l e  f o r
d r i l l  a n d  b l a s t i n g   o p e r a t i o n s  a n d  h a d  t o  b e  a d a p t e d  w h e n  u s i n g
cont inuous  miners .  Of  the  more  commonly  known,  and  in  ins tances ,
fo rgo t ten  h igh  ex t rac t ion  cont inuous  min ing  opera t ions  were  known
a s  t h e  U s u t u - ,  K r i e l - ,  Wo n g a w i l l i - ,  M u n m o r r a h - ,  C h e c k e r  b o a r d -
,  S i g m a  B e n - ,  R i b  P i l l a r - ,  F i s h  b o n e -  a n d  P o c k e t  a n d  f e n d e r  p i l l a r
e x t r a c t i o n  m e t h o d s .

In opt imising their  coal  reserves,  SASOL Mining adopted the s trategy
of  h igh  ex t rac t ion  min ing .  Because  o f  va r ious  reasons ,  the  longwal l
o p e r a t i o n s  w e r e  s t o p p e d  a n d  f o c u s  w a s  o n  b o a r d  a n d  p i l l a r ,  a s
w e l l  a s  p i l l a r  e x t r a c t i o n  c o n t i n u o u s  m i n i n g .

P i l l a r  e x t r a c t i o n  w a s  w i d e l y  a c c e p t e d  a s  a  m i n i n g  a r t  f o r m ,  r a t h e r
t h a n  a  s c i e n c e .  I t  i s  w e l l  k n o w n  t h a t  i n  p i l l a r  e x t r a c t i o n  y o u  n e e d
t o  k n o w  w h e n  t o  s t a n d  a n d  w h e n  t o  r u n .  P e o p l e  w o r k i n g  i n  p i l l a r
e x t r a c t i o n  s e c t i o n s  h a d  t o  b e  e x p e r i e n c e d  i n  l e t t i n g  d o w n  t h e  r o o f
and this is  also a legal requirement.  During high extraction operations,
numerous  i nc iden t s  occu r r ed  whe re  a  con t i nuous  mine r,  ( o r  du r ing
t h e  t i m e s  w h e n  o n b o a r d  m a c h i n e s  w e r e  s t i l l  u s e d ,  s o m e t i m e  w i t h
t h e  o p e r a t o r  s t i l l  i n  t h e  m a c h i n e )  w a s  t r a p p e d  u n d e r n e a t h  t o n n e s
o f  r o c k  f r o m  a n  u n e x p e c t e d  o r  p r e m a t u r e  g o a f  f o r m a t i o n .  T h e s e
u n f o r t u n a t e  s i t u a t i o n s  w e r e  s o m e t i m e s  a s s o c i a t e d  w i t h  i n j u r y,  b u t
e v e r y  t i m e  w i t h  m a j o r  d a m a g e s  t o  t h e  e q u i p m e n t  a n d  p r o d u c t i o n
l o s s e s .

T h e  m a g n i t u d e  o f  t h e s e  i n c i d e n t s ,  l e a d  t o  a  r e - e v a l u a t i o n  i n  t h e
o v e r a l l  m i n i n g  s t r a t e g y,  e s p e c i a l l y  a t  t h e  B o s j e s s p r u i t  o p e r a t i o n s
of  SASOL Min ing  a t  Secunda ,  p roduc ing  approx imate ly  7 ,5  mi l l ion
t o n n e s  p e r  a n n u m ,  u t i l i s i n g  11  c o n t i n u o u s  m i n e r s .  ( 1 9 9 8 / 9 9 )

GEOLOGY /  ROCK MECHANICS

A t  t h e  S e c u n d a  o p e r a t i o n s  o f  S A S O L M i n i n g ,  a l l  u n d e r g r o u n d
m i n i n g  o p e r a t i o n s  a r e  t a k i n g  p l a c e  i n  t h e  n o .  4  c o a l  s e a m  o f  t h e
Wi t b a n k  c o a l f i e l d .  T h e  s p e c i f i c  s i t u a t i o n  a t  B o s j e s s p r u i t  C o l l i e r y
i s  a s  f o l l o w s : -
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N o .  4  C o a l  s e a m  t h i c k n e s s - 1 , 8  t o  3 , 5 m
D e p t h  b e l o w  s u r f a c e - 1 7 0  t o  2 2 0 m
O v e r l a i n  b y  a  d o l e r i t e  s i l l - 5  t o  8 0 m
M i n i m u m  p i l l a r  c e n t r e s - 2 8  x  2 8 m
Lamina t ed  t o  compe ten t  s ands tone  roo f  r equ i r i ng  sys t ema t i c
s u p p o r t .

Cracks  in  the  immedia t e  roo f  s t ruc tu re s ,  dominan t ly  runn ing  Nor th
/  S o u t h ,  i n d i c a t e d  s o m e  s t r e s s e s  i n  t h e  r o c k  f o r m a t i o n .   M a k i n g
use  of  the  technology of  a  U.K.  based company,  tes ts  were  conducted
a n d  i t  w a s  f o u n d  t h a t  h o r i z o n t a l  s t r e s s  e x c e e d e d  v e r t i c a l  s t r e s s
i n  t h i s  a r e a  b y  a  f a c t o r  o f  2 , 2 .  B e c a u s e  o f  t h e  v a s t  a r e a  a t  S e c u n d a
mines  whe re  h igh  ex t r ac t i on  min ing  has  t aken  p l ace  and  movemen t
i n  t h e  e a r t h ' s  c r u s t  d u e  t o  p l a t e  t e c t o n i c s ,  t h e  p r e s e n c e  a n d  r e a l i t y
o f  v e r t i c a l  s t r e s s  w a s  r e a l i s e d .

Ve r t i c a l  s t r e s s  o r  p i l l a r  l o a d  i s  s h o w n  d i a g r a m m a t i c a l l y  i n  f i g u r e
1  a n d  t h e  e f f e c t  o f  h o r i z o n t a l  s t r e s s ,  i n  f i g u r e  2 .

C O N S I D E R AT I O N S

P i l l a r s  w e r e  m o s t l y  d e s i g n e d  t o  b e  s m a l l e r  t h a n  2 4 m ,  h e n c e  t h e
m a x i m u m  c u t t i n g  d i s t a n c e  o f  n o t  m o r e  t h a n  2 4 m .  S t a n d a r d  p i l l a r
centers  in  p i l lar  ext ract ion panels ,  would be  28 x  28m.  Such spl i t t ing
o f  p i l l a r s  w o u l d  a l s o  r e q u i r e  t h e  f a c e  t o  b e  v e n t i l a t e d  t h r o u g h
s o m e  a u x i l i a r y  m e a n s .  S t a t i s t i c s  f r o m  t h e  p a s t  i n d i c a t e d  t h a t  i t
was dur ing this  support  process ,  when a  pi l lar  was a l ready weakened,
t h a t  t h e  m o s t  a c c i d e n t s  o c c u r r e d .  I n c r e a s e d  d e p t h  b e l o w  s u r f a c e ,
l e a d  t o  b i g g e r  p i l l a r  c e n t e r  b e i n g  m i n e d .  H a v i n g  p i l l a r  c e n t e r s
i n  e x c e s s  o f  3 0  x  3 0 m ,  w o u l d  r e q u i r e  s u p p o r t i n g  t h e  s p l i t t i n g  o f
t h e  p i l l a r s  i n  t h e  c e n t e r ,  a f t e r  h a v i n g  c u t  2 4 m .

I n  t h e  e v e n t  o f  a n y  r o o f  f a i l u r e  w h i l s t  m i n i n g  s u c h  b i g  p i l l a r s ,
i t  w a s  a l s o  p o s s i b l e  t h a t  a  m a c h i n e  c o u l d  b e  t r a p p e d  d e e p  i n t o  a
p i l l a r ,  mak ing  r ec l ama t ion  ope ra t ions  ex t r eme ly  d i f f i cu l t  and  mos t
p r o b a b l y  i m p o s s i b l e .  T h e  n u m b e r  o f  i n c i d e n t s  w h e r e  m a c h i n e s
h a v e  b e e n  t r a p p e d  u n d e r  a n  u n - e x p e c t e d  r o o f  f a i l u r e  w a s  a  m a t t e r
o f  g r e a t  c o n c e r n  a n d  t a k i n g  t h e  b i g  p i l l a r s  i n t o  c o n s i d e r a t i o n ,  a
decis ion had to be taken regarding the cont inuat ion of  high extract ion
u n d e r  c e r t a i n  c o n d i t i o n s  o r  e v e n  d i s c o n t i n u e  t h e  p r a c t i c e .
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To s top pi l lar  ext rac t ion,  would ,  in  the  l ight  of  d iminishing reserves ,
b e  o u t  o f  t h e  q u e s t i o n ,  t h e r e f o r e  a l t e r n a t i v e s  h a d  t o  b e  g e n e r a t e d .
Vi s i t i n g  v a r i o u s  h i g h  e x t r a c t i o n  o p e r a t i o n s  i n  t h e  c o a l  m i n i n g
i n d u s t r y,  r e a d i n g  a r t i c l e s  a n d  t a l k i n g  t o  e x p e r t s  i n  t h e  f i e l d  o f
pi l lar  ext rac t ion and var ious  Rock Mechanic  pract i t ioners ,  numerous
a l t e r n a t i v e s  w e r e  c o n s i d e r e d .  I t  m u s t  t h e r e f o r e  b e  s t r e s s e d  t h a t
t h i s  a r t i c l e  w i l l  n o t  a d d r e s s  t h e  r i g h t s  a n d  w r o n g s  o f  o t h e r  h i g h
extract ion methods,  but  focus on the specif ic  s i tuat ion at  Bosjessprui t
c o l l i e r y  a n d  t h e  b e s t  s o l u t i o n ,  a p p l i c a b l e  t o  t h o s e  c o n d i t i o n s .

T h e  n o r m a l  P o c k e t  a n d  f e n d e r  m e t h o d  ( s e e  f i g u r e  3 )  t h a t  w a s
w i d e l y  u s e d  a t  a l l  o f  t h e  S e c u n d a  m i n e s  o p e r a t i o n s ,  d e l i v e r e d
a n  a v e r a g e  i n - p i l l a r  e x t r a c t i o n  r a t e  o f  6 5 % .  To  c e a s e  t h i s  p r a c t i c e
w o u l d  h a v e  h a d  a  m a j o r  i m p a c t  o n  t h e  l i f e  o f  m i n e .  C o n s i d e r a t i o n
w a s  g i v e n  t o  s p l i t t i n g  t h e  p i l l a r s ,  b u t  s u p p o r t i n g  t h e  c e n t e r  c u t
w h e n  m i n i n g  t h e s e  b i g  p i l l a r s  a n d  t h e  p o s s i b i l i t y  o f  a  p i l l a r  r u n
in this weakened safety factor area,  made this a non viable proposition.

Evaluat ing the  spl i t  and quar ter  approach proved negat ive ,  regarding
the large unsupported roadways,  creat ing an unsupported intersect ion
and  hav ing  the  con t inuous  miner  deep  in to  the  p i l l a r,  a t  i t ' s  weakes t
p o s i t i o n .  I n  t h e  e v e n t  o f  a  f a l l  o f  g r o u n d ,  t h e  m a c h i n e  w o u l d  b e
a t  i t s  m o s t  v u l n e r a b l e  a n d  t h e  o p e r a t o r  w o u l d  b e  i n  a  d a n g e r o u s
p o s i t i o n .  I t  w a s  h o w e v e r  c o n s i d e r e d  f r o m  a  p u r e  t h e o r e t i c a l  p o i n t
o f  v i e w,  t h a t  s p l i t t i n g  a n d  q u a r t e r i n g  f r o m  a l l  f o u r  s i d e s  o f  a
pi l lar,  (see  f igure  4)  would e l iminate  the  aforement ioned constra ints .

K n o w i n g  t h a t  t h i s  w a s  n o t  p r a c t i c a l l y  p o s s i b l e  a n d   s h o u l d  t h e r e
b e  a  w a y  a r o u n d  t h i s  p r o b l e m ,  c u t s  c o u l d  b e  m a d e  i n t o  t h e  p i l l a r
a t  a n g l e s  a s  i n d i c a t e d  i n  f i g u r e  5 .  T h i s  w a s  t h e  b a s i s  o f  t h e  n e w
a p p r o a c h  i n  m i n i n g  p i l l a r s ,  n o w  k n o w n  a s  t h e  N E V I D  m e t h o d  o f
p i l l a r  e x t r a c t i o n .

THE NEVID METHOD OF PILLAR EXTRACTION

In  ut i l i s ing the  theoret ica l  model  as  shown in  f igure  5 ,  the  individual
d i a g o n a l  c u t s ,  w h e n  c o n n e c t e d ,  f o r m s  t h e  s t a n d a r d  p a t t e r n  o f  c u t s
r e m o v e d  f r o m  a  p i l l a r  ( f i g u r e  6 ) .  E v e r y  c u t  i n t o  a  s t a n d a r d  p i l l a r
i s  l e s s  t h a n  1 5 m  b e f o r e  a  h o l i n g  i s  o b t a i n e d ,  w h i c h  c o m p l i m e n t s
v e n t i l a t i o n  f l o w  a n d  c u t t i n g  d i s t a n c e .  E a c h  o f  t h e s e  c u t s  p r o v i d e s
f o r  a  d o u b l e  l i f t  b e i n g  t a k e n .  T h e  c u t t i n g  s e q u e n c e  ( f i g u r e  7 )
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a l s o  p r o v i d e s  f o r  t h e  e a s e  o f  c a b l e  h a n d l i n g .

L e a v i n g  t h e  t r i a n g l e s  o n  t h e  3  c o r n e r s  ( f i g u r e  6 )  s t a b i l i s e s  t h e
r o o f  a n d  l e a v i n g  t h e  c e n t e r  r i b  b e t w e e n  c u t s  2  a n d  4  ( f i g u r e  6 )
e n s u r e s  t h a t  t h e  g o a f  i s  k e p t  a w a y  f r o m  t h e  p i l l a r  t h a t  i s  b e i n g
e x t r a c t e d .  M i n i n g  p i l l a r s  a c c o r d i n g  t o  t h i s  s e q u e n c e  a n d  m e t h o d ,
k e e p s  t h e  g o a f  f o r m a t i o n  n o r m a l l y  m o r e  t h a n  t w o  r o w s  o f  p i l l a r s
b a c k  f r o m  t h e  a c t i v e  g o a f  l i n e .

The  p resence  o f  the  cen te r  r ib  l e f t  in  each  p i l l a r,  a l lows  fo r  g radua l
l oad ing  o f  t he  goa f  on to  t he se  r i b s ,  r e su l t i ng  i n  t he  goa f  fo rma t ion
b e i n g  s l o w  a n d  l e s s  v i o l e n t  t h a n  t r a d i t i o n a l l y  k n o w n .

I t  i s  c r u c i a l  t o  m e a s u r e  a n d  m a r k  t h e  d i r e c t i o n s  o f  e a c h  c u t  t o
be taken agains t  the  roof ,  pr ior  to  extract ion,  enabl ing the  supervisor
to  eva lua te  h i s  env i ronment  fo r  any  rock  movement ,  d i scon t inu i t i e s
a n d  a s  a  c o n t r o l  m e a s u r e .  A f t e r  h a v i n g  e x t r a c t e d  o n  a v e r a g e  t w o
r o w s  o f  p i l l a r s ,  a  s t o p p e r  p i l l a r  n e e d s  t o  b e  l e f t  i n  t h e  c e n t e r  o f
t h e  p a n e l ,  ( f i g u r e  7 )  t o  c o n t r o l  t h e  g o a f  e v e n  f u r t h e r ,  t o  r e d u c e
t h e  e f f e c t  o f  a n  a i r b l a s t  a n d  a s s i s t  i n  t h e  g r a d u a l  f o r m a t i o n  o f
t h e  g o a f .

F u l l  c o l u m n  r e s i n  b o l t s  a r e  u s e d  f o r  n o r m a l  s y s t e m a t i c  s u p p o r t
a n d  t h e  s a m e  t y p e  o f  r o o f  b o l t  i s  a l s o  u s e d  i n  a  s i n g l e  r o w  a s
breaker  l ines .  Pol iceman s t icks  are  p laced s t ra tegica l ly  as  indica tors
o f  a n y  r o o f  m o v e m e n t .

I t  m u s t  a l s o  b e  s t r e s s e d  t h a t  w h e n  c o n s i d e r i n g  p i l l a r  e x t r a c t i o n ,
pane l s  have  t o  be  des igned  fo r  t h i s  pu rpose  and  tha t  t he  eva lua t i on
of  Rock  Eng inee r ing  p rac t i t ione r s  o f  any  board  and  p i l l a r  work ings
c o n s i d e r e d  f o r  p i l l a r  e x t r a c t i o n  i s  e s s e n t i a l .  E x t r a c t i o n  f r o m  t h i s
m e t h o d  w a s  f o u n d  t o  v a r y  b e t w e e n  5 5  a n d  6 0  % .

LESSONS LEARNT

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

- A u x i l i a r y  v e n t i l a t i o n  w o u l d  n o r m a l l y  n o t  b e  r e q u i r e d ,
- Ve n t i l a t i o n  i s  d i r e c t e d  o v e r  t h e  c o n t i n u o u s  m i n e r  i n t o  t h e

g o a f ,
- M a r k i n g  o f f  o f  c u t s  a n d  d i r e c t i o n  l i n e s  a t  4 5 º   i s  o f  u t m o s t
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i m p o r t a n c e  i n  t h i s  m e t h o d ,
− Eva lua t i on  o f  i nd iv idua l  cu t s  by  supe rv i so r s  c r ea t e s  a  be t t e r

s e n s e  o f  a w a r e n e s s ,
− E v a l u a t i n g  e v e r y  p a n e l  t o  b e  e x t r a c t e d  b y  R o c k  E n g i n e e r i n g

a n d  p r o d u c t i o n  p e r s o n n e l ,  p r o v e d  t o  b e  a  b a s i c  r e q u i r e m e n t ,
− Design ing  pane ls  and  p i l l a r s  fo r  p i l l a r  ex t rac t ion  i s  essen t ia l ,
− S t o p p e r  p i l l a r s  a r e  r e q u i r e d  t o  a s s i s t  i n  c o n t r o l l i n g  t h e  g o a f

f o r m a t i o n ,
− T h e  s y s t e m a t i c  a p p r o a c h  a n d  t h e  c o n t r o l  m e a s u r e s ,  a s s i s t s

t h e  t r a i n i n g  o f  i n e x p e r i e n c e d  p i l l a r  e x t r a c t i o n  c r e w s ,
− H o r i z o n t a l  s t r e s s  i s  a  r e a l i t y  i n  c o a l  m i n i n g ,
− A  w i d t h  t o  h e i g h t  r a t i o  o f  > 5 : 1  i s  r e q u i r e d .

A C K N O W L E D G E M E N T S

Al l  o f  t he  fo l lowing  made  the  r e sea rch ,  des ign  and  imp lemen ta t ion
p o s s i b l e  a n d  t h e i r  c o n t r i b u t i o n  i s  h e r e b y  r e c o g n i s e d :  -

− S A S O L  M i n i n g  G r o u p  m a n a g e m e n t ,  i n  p a r t i c u l a r
M e s s r s .  J a n n i e  v a n  d e r  We s t h u i z e n  a n d  F r i k  G r o b b e l l a a r

− M a n a g e m e n t  s t r u c t u r e s  a t  B o s j e s s p r u i t  C o l l i e r y,  e s p e c i a l l y
Mr.  N i c o  v a n  E c k ,

− D e p a r t m e n t  o f  M i n e r a l s  a n d  E n e rg y  u n d e r  l e a d e r s h i p  o f  M r.
F l i p p i e  K r i t z i n g e r ,

− SASOL Group  s t r a t a  con t ro l ,  w i th  ma jo r  inpu t s  by  Mr.  Dav id
P o s t m a ,

− P e r s o n n e l  a t  D r i e h o e k  s h a f t ,  e s p e c i a l l y  t h e  c r e w  o f  s e c t i o n
2 6 ,  a n d

− Al l  co l l eagues  tha t  a s s i s t ed  in  mak ing  th i s  p ro j ec t  a  succes s .
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Figure  2F igure  2F igure  2F igure  2F igure  2
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Figure  3F igure  3F igure  3F igure  3F igure  3
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Figure  4F igure  4F igure  4F igure  4F igure  4
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Figure  5F igure  5F igure  5F igure  5F igure  5
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Figure  6F igure  6F igure  6F igure  6F igure  6
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Figure  7F igure  7F igure  7F igure  7F igure  7
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