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S Y N O P S I S

T h e  u s e  o f  c o n t i n u o u s  m i n e r s  i n  a  c o n v e n t i o n a l  b o r d  a n d  p i l l a r
s e c t i o n  r e s u l t s  i n  a  c o n s i d e r a b l e  a m o u n t  o f  u n p r o d u c t i v e  t i m e .
T h i s  i s  d u e  t o  t h e  r o o f  s u p p o r t  r e q u i r e m e n t s ,  c o n t i n u o u s  m i n e r
c o n f i g u r a t i o n s ,  a n d  s h u t t l e  c a r  ' c h a n g e - o u t s ' .   T h e s e  f a c t o r s  h a v e
c o n t r i b u t e d  t o  t h e  c o n t i n u o u s  m i n e r  h a v i n g  a n  e f f e c t i v e  c u t t i n g
t i m e  o f  3 , 5  h r s  o u t  o f  a  p o s s i b l e  8 , 5  h r s  s h i f t .

T h i s  p a p e r  d e s c r i b e s  t h e  i n i t i a l  t r i a l s  w i t h  a  c o n t i n u o u s  h a u l a g e
b e h i n d  a  f u l l  f a c e  m i n e r  w i t h  o n - b o a r d  b o l t e r s .   T h e  u s e  o f  t h i s
combinat ion  would  hopeful ly  address  the  unproduct ive  t ime,  crea ted
b y  t h e  a f o r e m e n t i o n e d  f a c t o r s .

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

Khutha la  Co l l i e ry  wi l l  supp ly  1 ,136  mi l l i on  tons  o f  coa l  pe r  mon th
to  Kenda l  Power  S t a t i on  a t  f u l l  p roduc t ion .   The  me thod  o f  min ing
i s  u n d e rg r o u n d  b o r d  a n d  p i l l a r  w i t h  c o n t i n u o u s  m i n e r s  a n d  s h u t t l e
c a r s .

T h e  m i n e  i s  s i t u a t e d  a p p r o x i m a t e l y  1 9  k m s  o f f  t h e  N 1 2  h i g h w a y
a n d  s o m e  8 0 k m s  e a s t  o f  J o h a n n e s b u rg .

GEOLOGY

K h u t a l a  i s  p l a c e d  o n  t h e  B o m b a r d i e  a n d  C o l o g n e  f a r m s  a n d  i s
p a r t  o f  t h e  Wi t b a n k  c o a l  f i e l d s .   T h e  c o a l  d e p o s i t s  a r e  c o n t a i n e d
in  the  Vryhe id  Forma t ions ,  wh ich  a re  pa r t  o f  t he  Karoo  Superg roup
a n d  t h e r e  a r e  f i v e  c o a l  s e a m s  p r e s e n t .   S e e  F i g u r e  1
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Of the  f ive  seams presen t  on ly  the  2 ,4  and  5  seams are  economica l ly
v i a b l e  a n d  a t  t h i s  s t a g e  m i n i n g  i s  d o n e  o n  t h e  2  a n d  4  s e a m s
o n l y.   Ta b l e  1  s u m m a r i s e s  t h e  r e l e v a n t  i n f o r m a t i o n  o n  t h e  t h r e e
c o a l  s e a m s .

TABLE 1

M I N I N G

T h e  S h a f t  S y s t e m

The shaf t  system at  Khutala  consis ts  of  one 12,2m diameter  downcast
s e r v i c e  s h a f t ,  a n  8 m  x  2 , 5 m  x  1 5 º  i n c l i n e  b e l t  s h a f t  a n d  o n e  1 0 m
d i a m e t e r  u p c a s t  s h a f t .  I n  a d d i t i o n  a  f u r t h e r  2  x  6  d i a m e t e r  u p c a s t
s h a f t s  a n d  2  x  6 m  d i a m e t e r  d o w n c a s t  s h a f t s  h a v e  b e e n  c o n s t r u c t e d
w i t h  a  f u r t h e r  2  x  6 m  d o w n c a s t  s h a f t s  p l a n n e d  f o r  f u l l  p r o d u c t i o n .

T h e  s e r v i c e  s h a f t  i s  e q u i p p e d  w i t h  a  6 5 t  K o e p e  t y p e  w i n d e r  a n d
a  2 t  M a r y  A n n e .   T h e  1 0 m  u p  c a s t  s h a f t  i s  e q u i p p e d  w i t h  3  x
1 2 5 0 k w  a x i a l  f l o w  f a n s  c a p a b l e  o f  h a n d l i n g  1 5 0 0 m 3 / s  o f  a i r  i n
t o t a l .  T h e  i n c l i n e  s h a f t  h a s  2  x  1 5 0 0 m m  w i d e  b e l t s  7 5 0 m  l o n g
r u n n i n g  a t  3 , 5 m / s .

C o a l  Tr a n s p o r t

T h e  c o a l  f r o m  t h e  s e c t i o n  f e e d e r  b r e a k e r s  i s  f e d  o n t o  1 0 5 0 m m
sect ion  be l t s ,  opera t ing  a t  2 ,5m/s  wi th  a  des ign  capac i ty  of  1100tph .
T h e s e  b e l t s  c a n  b e  e x t e n d e d  u p  t o  1 0 0 0 m ,  t h e  l e n g t h  o f  a  p a n e l .
T h e y  w i l l  i n  t u r n  t i p  e i t h e r  i n t o  b u n k e r s ,  s i t u a t e d  i n  t h e  2  a n d  4
s e a m  p a r t i n g ,  o r  o n t o  1 5 0 0 m m  m a i n  b e l t s ,  s i t u a t e d  o n  t h e  2  s e a m ,
w h i c h  r u n  a t  3 , 6 m / s  a t  a  c a p a c i t y  o f  2 4 0 0 t p h .
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Figure  1

Vert ica l  Sect ion  of  Khuta la  Mine
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P r e s e n t  M i n i n g  M e t h o d

U n d e r g r o u n d  m i n i n g  a t  K h u t a l a  i s  d o n e  u s i n g  t h e  c o n v e n t i o n a l
b o r d  a n d  p i l l a r  w o r k i n g s  w i t h  c o n t i n u o u s  m i n e r s .   To  d a t e  t h e
coal  has  been mined using double  pass  drum miners  in  a  convent ional
a p p l i c a t i o n .

T h e  d e v e l o p m e n t  p a n e l s  o f  K h u t a l a  a r e  a d v a n c e d  o n  t h e  f l o o r  o f
t h e  s e a m  l e a v i n g  t h e  t o p c o a l  t o  b e  r e m o v e d  o n  t h e  f i n a l  r e t r e a t .
P a n e l  m i n i n g  i s  d o n e  a g a i n s t  t h e  r o o f  c o n t a c t  w h i l e  a d v a n c i n g ,
w i t h  t h e  b o t t o m  c o a l  b e i n g  r e m o v e d  u s i n g  a  s e c o n d a r y  a d v a n c e
s y s t e m .   I n  c e r t a i n  l o c a l i s e d  a r e a s  o f  t h e  m i n e  a  v e r y  c o m p e t e n t
b u t  t h i n  s t o n e  b a n d  o c c u r s  i n  t h e  u p p e r  b a n d  o f  t h e  N o  2  c o a l
s e a m .   T h e  d r u m  m i n e r s  a r e  u n a b l e  t o  c u t  t h i s  e f f e c t i v e l y,  a n d
t h u s  t h e  p a n e l s  a r e  a d v a n c e d  o n  t h e  f l o o r.   A s e c o n d a r y  m i n i n g
o p e r a t i o n  i s  t h e n  s t a r t e d  w h e r e b y  t h i s  c o a l  i s  d r i l l e d ,  b l a s t e d
a n d  l o a d e d  u s i n g  g a t h e r i n g  a r m  l o a d e r s  a n d  s h u t t l e  c a r s .   Va r i o u s
m e t h o d s  h a v e  b e e n  c o n s i d e r e d  t o  m i n e  t h i s  c o a l ,  h o w e v e r ,  t h e
c o n v e n t i o n a l  d r i l l  a n d  b l a s t  t o p c o a l i n g  h a s  p r o v e n  t o  b e  t h e  m o s t
s u c c e s s f u l .

A l l  p a n e l s  h a v e  b e e n  l a i d  o u t  t o  e x t e n d  f r o m  e i t h e r  t h e  m a i n  o r
s e c o n d a r y  d e v e l o p m e n t .   E a c h  s e c t i o n  c o n s i s t s  o f  a  d o u b l e  h e a d e r
p a n e l  a n d  t h e  l a y o u t  i s  d e s i g n e d  t o  t a k e  i n t o  a c c o u n t  t h e  m a i n
g e o l o g i c a l  f e a t u r e s  o f  t h e  a r e a ,  s o  a s  t o  p r o v i d e  a d e q u a t e  m i n i n g
c apac i t y.   The  doub l e  heade r  s ec t i on  wh ich  i s  t he  ba s i c  p roduc t i on
u n i t s  a t  K h u t a l a ,  i s  a n  1 8 - 2 0  r o a d w a y  p a n e l  e i t h e r  i n  m a i n  o r
p a n e l  d e v e l o p m e n t .   T h e  s e c t i o n  i s  e q u i p p e d  w i t h  t w o  1 0 5 0 m m
conveyor  bel ts  feeding onto a higher capaci ty distr ict /main conveyor.
F r e s h  a i r  i s  f e d  t o  t h e  w o r k  f a c e  v i a  t h e  c e n t r a l  r o a d w a y s .   A t
t h e  f a c e  i t  i s  s p l i t  a n d  c o u r s e d  t h r o u g h  t h e  s e c t i o n  r e t u r n i n g  t o
t h e  m a i n  r e t u r n  a i r w a y s  a l o n g  b o t h  f l a n k s  o f  t h e  s e c t i o n .   E a c h
s i d e  o f  t h e  d o u b l e  h e a d e r  i s  e q u i p p e d  w i t h  o n e  d r u m  m i n e r ,  o n e
r o o f  b o l t e r ,  o n e  f e e d e r  b r e a k e r ,  t h r e e  s h u t t l e  c a r s  a n d  a u x i l i a r y
e q u i p m e n t .

C u t t i n g  S e q u e n c e

T h e  c o n t i n u o u s  m i n e r s  c u t s  t h e  6 , 4 m  b o r d  i n  t w o  l i f t s .   T h e  f i r s t
l i f t  i s  cu t  f o r  12  me t r e s  and  t he  s econd  l i f t  f o r  15  me t r e s ,  r e su l t i ng
in  the  machine  hav ing  to  be  moved  every  15  met res  o f  face  advance .
T h e  1 5 m  f a c e  a d v a n c e  i s  t h e n  s u p p o r t e d  b y  t h e  r o o f  b o l t e r  b e f o r e
a n y  f u r t h e r  c u t t i n g  c a n  t a k e  p l a c e .
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IMPROVING PRODUCTIVE TIME

C u t t i n g  a n d  S u p p o r t

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

K h u t a l a  u s e d  a  Vo e s t  A B M 3 0  c o n t i n u o u s  m i n e r  f o r  t h i s  p a r t  o f
t h e  t r i a l .   T h i s  m a c h i n e  h a s  a  c u t t i n g  h e a d  o f  5 , 5 4 m  i n  w i d t h  b y
1 , 1 5 m  i n  d i a m e t e r.   T h e  c u t t i n g  h e a d  c a n  e x t e n d  t o  6 m  w i d e  w h e n
c u t t i n g .   T h e r e  a r e  t w o  o n b o a r d  b o l t e r s  t h a t  a r e  a b l e  t o  i n s t a l l
r o o f b o l t s  w h i l e  t h e  m a c h i n e  i s  c u t t i n g ,  a n d  i s  m a d e  p o s s i b l e  b y
t h e  d e s i g n  o f  t h e  m a c h i n e .

The  d i scharge  boom,  conveyor,  spade  and  cu t te r  head  move  fo rward
independen t  o f  the  ma in  f r ame  o f  the  mach ine ,  enab l ing  the  cu t t ing
h e a d  t o  s u m p  f o r  a  d e p t h  o f  o n e  m e t r e  b e f o r e  t h e  m a i n  f r a m e  h a s
t o  b e  m o v e d .   T h e  r o o f  b o l t e r  r i g s  a r e  m o u n t e d  t o  t h e  m a i n  f r a m e
a n d  c a n  i n s t a l l  b o l t s  i n d e p e n d e n t l y  o f  t h e  c u t t i n g  a n d  s u m p i n g
s e q u e n c e .

T h e  Vo e s t  w a s  p u t  o n  t r i a l  w i t h  t h r e e  s h u t t l e  c a r s  i n  J u l y  1 9 9 4 ,
a n d  w a s  r e m o v e d  f r o m  p r o d u c t i o n  a t  t h e  e n d  o f  S e p t e m b e r  1 9 9 5
f o r  m o d i f i c a t i o n .   I n  t h e  1 4  m o n t h s ,  7 8 6  3 6 1  t o n s  o f  c o a l  w e r e
p r o d u c e d ,  t h e  w o r s t  m o n t h  b e i n g  2 4  2 8 8  t o n s  a n d  t h e  b e s t  m o n t h
6 6  0 2 1  t o n s .   T h e  a v e r a g e  t o n n a g e  p e r  m o n t h  w a s  5 6  1 6 9  t o n s  o n
a  t w o  s h i f t  b a s i s .

The modifications to the machine were done to simplify the hydraulics
and  reduce  the  d i f f icu l ty  exper ienced  when main ta in ing  or  repa i r ing
t h e  m a c h i n e .

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

a . R e d u c e d  t h e  e l e c t r i c  p u m p  m o t o r s  f r o m  t w o  t o  o n e ;
b . R e m o v e d  3  o f  t h e  7  h y d r a u l i c  p u m p s ;
c . The conveyor drums were changed from hydraulic  to an electr ic

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

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

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

point and the spade bridge piece were redesigned and strengthened.
i . T h e  o n - b o a r d  b o l t e r s  w e r e  r a i s e d  t o  r e d u c e  w h i p  o n  t h e

d r i l l  r o d s .
j . T h e  v a l v e  b a n k s  a n d  b o o s t e r  p u p s  w e r e  r e - p o s i t i o n e d ;
k . A n  " E n g a r d e "  d u s t  s u p p r e s s i o n  s y s t e m  w a s  i n s t a l l e d .

C o a l  C o n v e y i n g

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

The inbye Breaker  Car

T h e  b r e a k e r  c a r  i s  s i t u a t e d  d i r e c t l y  u n d e r n e a t h  t h e  b o o m  o f  t h e
c o n t i n u o u s  m i n e r  a n d  i t s  p u r p o s e  i s  t o  r e d u c e  t h e  c o a l  l u m p  s i z e .
I t  h a s  a  3  t o n  h o p p e r  w i t h  a  r o t a r y  b r e a k e r  a n d  a  c h a i n  c o n v e y o r ,
w h i c h  d e l i v e r s  i t s  l o a d  d i r e c t l y  o n t o  t h e  c o n n e c t e d  i n t e r m e d i a t e
c a r .

The Intermediate  Car

S e e  f i g u r e  2 .   T h e  i n t e r m e d i a t e  c a r s  a r e  t h e  c o n n e c t i o n  b e t w e e n
t h e  i n b y e  b r e a k e r  a n d  t h e  d e l i v e r y  c a r.   I t  c o n s i s t s  o f  a  s e r i e s  o f
separate  uni ts  l inked together  through which is  carr ied the continuous
b e l t .   T h e  c o n t i n u o u s  b e l t  c a r r i e s  t h e  c o a l  t o  t h e  e n d  o f  t h e  f i r s t
u n i t  w h e r e  i t  d i s c h a rg e s  o n t o  t h e  s e c o n d ,  t h e n  t h i r d ,  e t c .   T h e
b e l t ,  a f t e r  i t  d i s c h a rg e s  t h e  c o a l  o n t o  t h e  n e x t  u n i t ,  a r o u n d  t h e
d r i v e  p u l l e y  a n d  g e t s  t w i s t e d ,  u s i n g  a  r u g b y  b a l l  s h a p e d  p u l l e y.
T h i s  p u l l e y  w i l l  c e n t r a l i s e  t h e  b e l t  a n d  l i n e  i t  u p  f o r  t h e  n e x t
c a r.   E a c h  c a r  i s  i n d i v i d u a l l y  d r i v e n  a n d  w i l l  f o l l o w  i n  t h e  t r a c k s
o f  t h e  c a r  i n b y e  o r  o u t b y e  o f  i t .   S e e  F i g u r e  3 .
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Figure  2

Intermediate Car7



The Del ivery  Car

S e e  F i g u r e  4 .   T h e  p u r p o s e  o f  t h i s  c a r  i s  t o  t r a n s f e r  t h e  c o a l
f r o m  t h e  c o n t i n u o u s  b e l t  o n t o  t h e  s e c t i o n  b e l t .   T h e  u n i t  h a s  i t s
o w n  b e l t  a n d  i s  p u l l e d  b e h i n d  t h e  c o n t i n u o u s  h a u l a g e ,  i t s  p o s i t i o n
m a i n t a i n e d  b y  a  s e t  o f  r a i l s  l a i d  d o w n  0 , 4 m  f r o m  t h e  s i d e  o f  t h e
s e c t i o n  c o n v e y o r.

C o n t i n u o u s  H a u l a g e  Tr i a l

E L  B a t e m a n  i m p o r t e d  a  s e c o n d  h a n d  c o n t i n u o u s  h a u l a g e  f r o m
E m e r a l d  M i n e  i n  t h e  U n i t e d  S t a t e s  f o r  t h e  t r i a l .   D u e  t o  t h e  l a c k
o f  k n o w l e d g e  r e g a r d i n g  t h e  p r o d u c t s ,  i t  w a s  d e c i d e d  t o  g i v e  t h e
Snake conveyor a test run on surface before taking it down underground.
T h e  a d d e d  b e n e f i t  w a s  t h a t  i f  a n y  c h a n g e s  h a d  t o  b e  m a d e  t o  g e t
t h e  m a c h i n e  t o  r u n  i t  w o u l d  b e  e a s i e r  t o  f a b r i c a t e  o n  s u r f a c e .

T h e  s n a k e  w a s  t a k e n  t o  M a t l a  C o l l i e r y  s t o c k  y a r d  f o r  t h e  s u r f a c e
t r i a l  w h e n  a  c o n v e r t e d  1 2 H M  c o n t i n o u s  m i n e r  r e c l a i m e r  w o u l d
b e  u s e d  t o  l o a d  t h e  c o a l .  R o a d w a y s  w e r e  l a i d  o u t  u s i n g   c h e v r o n
t a p e  t o  e n s u r e  t h e  s n a k e  c o u l d  n e g o t i a t e  t h e  c o r n e r s  i n  a  6 m  w i d e
r o a d w a y.

T h e  r e c l a i m e r  d e l i v e r e d  c o a l  i n t o  t h e  i n b y e  b r e a k e r  c a r  a t  a  r a t e
of 800 to 1000 tons per hour.   Excessive coal  spil lage was encountered
a t  the  po in t  where  the  coa l  was  t ipped  on to  the  permanent  conveyor.
A  s h u t e  w a s  c o n s t r u c t e d  a n d  f i t t e d  t o  t h e  c r o s s  c o n v e y o r  c a r  t o
s o l v e  t h e  p r o b l e m .   T h e  b e l t  i t s e l f  c o u l d  c a r r y  t h e  c o a l  w i t h  v e r y
l i t t l e  s p i l l a g e .   N o  p r o b l e m s  o c c u r r e d  t r a m m i n g  t h e  b e l t  i n  a  6 m
r o a d w a y  o r  a r o u n d  t h e  c o r n e r s .   T h e  b e l t i n g  i n i t i a l l y  u s e d  o n
t h e  s n a k e  w a s  r u b b e r  b e l t i n g  w h i c h  h a d  t o  b e  c h a n g e d  t o  P V C
f l a m e  r e t a r d a n t  b e l t i n g .   T h e  s n a k e  w a s  f i t t e d  w i t h  a  1 2 0 0 m m
b e l t  o f  c l a s s  1 0 0 0  w i t h  s o m e  o f  t h e  w e a v e  r e m o v e d  t o  m a k e  i t
m o r e  f l e x i b l e .   W h e n  c o a l  w a s  l o a d e d  o n t o  t h e  b e l t ,  b l o c k a g e s
o c c u r r e d  a t  e v e r y  c a r  s h u t e  d u e  t o  r u n b a c k .   T h e  b e l t  w a s  c o a t e d
w i t h  a  t h i n  l a y e r  o f  r u b b e r  w h i c h  s t o p p e d  t h e  p r o b l e m .

A n o t h e r  p r o b l e m  e n c o u n t e r e d  w a s  s p i l l a g e  a t  t h e  i n b y e  b r e a k e r
c a r  w h e r e  t h e  c h a i n  c o n v e y o r  w a s  d r a g g i n g  f i n e  c o a l  b a c k  o n
t h e  r e t u r n  s i d e .   A  p l a t e  w a s  w e l d e d  o n t o  t h e  f r o n t  e n d  o f  t h e
b r e a k e r  c a r,  w h i c h  e n a b l e  t h e  c h a i n  c o n v e y o r  t o  r e t u r n  t h e  f i n e
c o a l .
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Figure  3

Intermediate Car9



Figure  4

Del ivery  Car
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A f t e r  t h e  s u r f a c e  t r i a l ,  t h e  s n a k e  w a s  b r o u g h t  o v e r  t o  t h e  K h u t a l a
C o l l i e r y  i n  N o v e m b e r  1 9 9 5 ,  t a k e n  u n d e rg r o u n d  a n d  r e - a s s e m b l e d .
The divisional  Mining Engineering Department  inspected the machine
w h i l e  o n  t r i a l  a t  M a t l a  a n d  p r i o r  t o  i t s  g o i n g  i n t o  p r o d u c t i o n  a t
K h u t a l a  C o l l i e r y.   S A B S  a p p r o v a l  w a s  g i v e  a f t e r  a n  u n d e r - g r o u n d
i n s p e c t i o n .

P l a n n e d  S e c t i o n  L a y o u t

To  k e e p  c a p i t a l  c o s t  o f  t h e  i n v e s t i g a t i o n  t o  a  m i n i m u m ,  i t  w a s
d e c i d e d  t o  i m p o r t  t h e  m i n i m u m  n u m b e r  o f  c a r s .   T h i s  h a d  t h e
d i s a d v a n t a g e  o f  a  b e l t  e x t e n s i o n  b e i n g  d o n e  e v e r y  p i l l a r  a d v a n c e .
T h e  p i l l a r  d i m e n s i o n s  w e r e  d e s i g n e d  t o  b e  1 6 , 8 m  b y  1 7 , 2 m  g i v i n g
a  f ina l  sa fe ty  fac to r  o f  1 ,4  a f t e r  top  coa l ing .   To  enab le  the  mach ine
t o  s t a r t  a  s p l i t  i n  o n e  s m o o t h  c u t  a n d  n o t  j a m  i t s  b o o m  a g a i n s t
t h e  o p p o s i t e  r i b s i d e  o r  h a v e  t o  d u m p  c o a l  o n  t h e  f l o o r,  t h e  s p l i t
t a k e n  f r o m  t h e  b e l t  r o a d  w o u l d  b e  a t  6 0 °  o f f  t h e  l i n e  o f  a d v a n c e .

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

T h e  v e n t i l a t i o n  w a s  c o u r s e d  a c r o s s  t h e  s e c t i o n  w i t h  o n e  r e t u r n .
T h e  t r a c t o r  r o a d  w a s  c a r r i e d   i n  t h e  r i g h t  h a n d  b a r r i e r  a n d  t h e
s w i t c h  r o a d  i n  t h e  f i r s t  r i g h t  h a n d  r o a d w a y.   T h e  f i r s t  l e f t  h a n d
r o a d w a y  w a s  k e p t  o p e n  t o  a l l o w  a c c e s s  t o  t h e  l e f t  s i d e  o f  t h e
s e c t i o n  f o r  s t o n e  d u s t i n g  a n d  s w e e p i n g .   S e e  f i g u r e  5 .

S e c t i o n  C o n v e y o r

T h e  s e c t i o n  c o n v e y o r  u s e d  w a s  a  c l a s s  1 0 0 0  x  1 3 5 0 m m  P V C  b e l t
w i t h  a  7 5 K w  m o t o r  a n d  5 0 m  b e l t  t a k e  u p  w i t h  a n  e l e c t r i c  w i n c h
g i v i n g  c o n s t a n t  t e n s i o n .   T h e  t a i l - e n d  u s e d  w a s  a  r e t u r n  p u l l e y
i n  a  f r a m e ,  m a k i n g  i t  m u c h  e a s i e r  a n d  l i g h t e r  t o  p u l l  f o r w a r d .
T h e  b e l t  w a s  c a r r i e d  0 , 4 m  o f f  t h e  c e n t r e  l i n e  t o  a l l o w  r o o m  f o r
t h e  s n a k e .   S e e  F i g u r e  6

S e c t i o n  E q u i p m e n t

1  Vo e s t  A B M 3 0
1  B a t e m a n  s n a k e  c o n v e y o r
1  L H D
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Figure  5

Sect ion Layout
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1  B a n k  o f  s w i t c h e s
1  Tr a n s f o r m e r
1  O i l  c o n t a i n e r
1  To o l  c o n t a i n e r  a n d  m i n e r ' s  b o x
2  A r t i s a n  t o o l  b o x e s
1  A u x i l i a r y  f a n

S e c t i o n  L a b o u r

1  M i n e r
1  F i t t e r
1  E l e c t r i c i a n
1  Vo e s t  m a c h i n e  o p e r a t o r
1  S n a k e  O p e r a t o r
2  R o o f b o l t  O p e r a t o r s
1  L H D  O p e r a t o r
1  Gene ra l  worke r  ( t o  a s s i s t  w i th  ven t i l a t i on  and  r e l i eve  i f  anybody
i s  s i c k )

A  t o t a l  o f  9  p e o p l e  p e r  s h i f t  i n  t h e  s e c t i o n .

P r o d u c t i o n  S t a t i s t i c s

B e s t  p r o d u c t i o n  s h i f t  l o a d e d  1 8 0 0  t o n s
B e s t  a d v a n c e  w a s  1 2 m  i n  a n  h o u r  i . e .  4 8 0  t o n s

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

- The  two  rugby  ba l l  pu l l eys  f a i l ed  due  to  bea r ings  no t  packed
p r o p e r l y.

- T h e  c o n v e y o r  d r i v e  m o t o r s  w e r e  w i r e d  f o r  6 0 H z  c u r r e n t .
T h e s e  w e r e  r e p l a c e d  w i t h  n e w  1 5 K w,  1 0 0 v  5 0  H z  m o t o r s .

- O n e  d r i v e  p u l l e y  s h a f t  s h e a r e d  d u e  t o  m e t a l  f a t i g u e .
- T h e  1 0 0 v  t o  2 4 v  c o n t r o l  c i r c u i t  t r a n s f o r m e r  f a i l e d .
- 10 of  the  t racking ro l lers  fa i led  due  to  la tera l  forces  genera ted

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

- T h e  u n d u l a t i o n s  i n  t h e  f l o o r  n e x t  t o  t h e  s e c t i o n  c o n v e y o r
e i t h e r  b e n t  t h e  p o s i t i o n i n g  r a i l s  o r  j a m m e d  t h e  s n a k e .   To
o v e r c o m e  t h i s  p r o b l e m  t h e  d e l i v e r y  c a r  w i l l  b e  d e s i g n e d
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Figure  6

Tai l  End Layout
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t o  r u n  o n  t o p  o f  t h e  b e l t  s t r u c t u r e .   ( s e e  f i g u r e s  7  a n d  8 )
- C a r r y  b a c k  s p i l l a g e  w a s  a  m a j o r  p r o b l e m  a n d  c a u s e d  t h e

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

- B e l t  t e n s i o n - t h e  p r a c t i c e  t h a t  i f  t h e  b e l t  s l i p s ,  t e n s i o n  w a s
a p p l i e d .   T h i s  c a u s e d  t h e  b e l t  t o  d e f o r m  a n d  t h e  m e c h a n i c a l
j o i n t s  t h a t  w e r e  b e i n g  u s e d  t o  b e  p u l l e d  a p a r t .   T h e  p r o b l e m
w a s  o v e r c o m e  b y  i n s t a l l i n g  a n  a u t o m a t i c  t e n s i o n  d e v i c e  a n d
o n  b e l t  s t a r t  u p  t h e  t e n s i o n  a p p l i e d  w o u l d  b e  8 M PA o n  t h e
h y d r a u l i c  t a k e - u p  a n d  t h e  r u n n i n g  s p e e d  4 M PA.

- The foam fil led tyres travelling in the rails were being destroyed
b y  t h e  r a i l ,  a n d  t h e  c a r  h a d  t o  b e  t r a m m e d  o u t  o f  t h e  r a i l
t o  r e p l a c e  t h e  t y r e .   T h e  f o a m  f i l l e d  t y r e s  w e r e  r e p l a c e d
w i t h  s o l i d  t y r e s   a n d  t h e  r e d e s i g n  o f  t h e  d e l i v e r y  c a r  t o
r u n  o n  t o p  o f  t h e  b e l t  w i l l  a s s i s t .

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

ANTICIPATED BENEFITS

- I n c r e a s e d  p r o d u c t i v i t y  o f  p r i m a r y  c o a l  m i n i n g  m a c h i n e s .
Th i s  w i l l  be  ach ieved  wi th  t he  u se  o f  t he  s ing le  pas s  p r imary
mining  machine  wi th  on-board  bol t ing  resu l t ing  in  a  minimum
o f  m o v e s .

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

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

b e l t  e x t e n s i o n s  o n  t h e  t h i r d  s h i f t .

ANTICIPATED REQUIREMENTS

- G o o d  a n d  l e v e l  f l o o r  c o n d i t i o n s .
- G r e a t e r  o u t b y e  b e l t  c a p a c i t i e s  a n d  s t o r a g e .
- The sect ion bel t  should  have a  bel t  s torage  sys tem to  fac i l i ta te

a n d  s p e e d  u p  t h e  b e l t  e x t e n s i o n s .
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- 2 4  h o u r  c o a l  c l e a r a n c e  c a p a b i l i t i e s .
- I f  a  c o n v e n t i o n a l  d o u b l e  p a s s  m i n e r  w a s  u s e d ,  a  r o o f  b o l t e r

w o u l d  b e  r e q u i r e d  o n  e i t h e r  s i d e  o f  t h e  h a u l a g e .
- P e r m a n e n t  L H D  f o r  c l e a n - u p  i n  s e c t i o n .
- S a t e l l i t e  r o o f  b o l t e r  f o r  s l i p s  a n d  b r o w s .

.
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Figure  7

Discharge Car  Guide Rai l
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Utilisation of Women in the
Mining Industry

R Goosen  (Mrs )

Syfe r fon te in  Co l l i e ry

A B S T R A C T

T h e  t r a d i t i o n a l  r o l e  o f  w o m e n  h a s  u n d e rg o n e  d r a m a t i c  c h a n g e s
d u r i n g  t h e  e i g h t i e s  a n d  n i n e t i e s .   To d a y  w o m e n  a r e  f o u n d  n o t
o n l y  i n  p a r l i a m e n t  b u t  a l s o  i n  s p a c e .   I t  w a s  t h e r e f o r e  i n e v i t a b l e
that  women would  sooner  or  la ter  enter  in to  the  mining environment .

T h e  u t i l i s a t i o n  o f  w o m e n  i n  t h e  m i n i n g  i n d u s t r y  t h o u g h ,  b r i n g s
a b o u t  a d d i t i o n a l  a s p e c t s  t h a t  n e e d  t o  b e  c o n s i d e r e d .   A l l  t h e s e
a d d i t i o n a l  a s p e c t s  r e l a t e  t o  t h e  r o l e  o f  t h e  w o m a n  i n  s o c i e t y  a n d
h e r  f a m i l y  a s  w e l l  a s  p h y s i c a l  a n d  i n t e r p e r s o n a l  f a c t o r s .   Ta k i n g
a l l  t h e s e  f a c t o r s  i n t o  c o n s i d e r a t i o n ,  S y f e r f o n t e i n  d i d  h o w e v e r
d e c i d e  t o  b r e a k  d o w n  t h e  e x i s t i n g  p a r a d i g m  a n d  t o  e m p l o y  w o m e n
in  a  product ion  capac i ty  in  the  mine .   This  presenta t ion  wi l l  address
the  dec is ions  taken  to  employ women,  the  research  done ,  the  p i t fa l l s
t h a t  w e r e  e x p e r i e n c e d  a s  w e l l  a s  t h e  s u c c e s s e s  a c h i e v e d .

STRATEGIC PLANNING WITH SPECIAL REFERENCE TO

HUMAN RESOURCES PLANNING

Wa l t  D i s n e y  m a d e  t h e  f o l l o w i n g  s t a t e m e n t  w i t h  r e g a r d s  t o  t h e
h u m a n  r e s o u r c e s  o f  a n  o rg a n i s a t i o n :

YOU CAN DREAM, CREATE,  DESIGN AND BUILD THE
MOST WONDERFUL PLACE IN THE WORLD BUT IT

REQUIRES PEOPLE TO MAKE THE DREAM A REALITY

WALT DISNEY
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P l a n n i n g  S y f e r f o n t e i n  g a v e  t h e  p r o j e c t  t e a m  t h e  o p p o r t u n i t y  t o
c r e a t e ,  d e s i g n  a n d  b u i l d  t h e  m o s t  p r o d u c t i v e  a n d  s u c c e s s f u l  m i n e
i n  t h e  w o r l d .   O n e  o f  t h e  c r i t i c a l  a r e a s  r e g a r d i n g  h u m a n  r e s o u r c e s
tha t  had  to  be  cons idered  in  the  s t ra teg ic  p lan ,  was  the  mul t i sk i l l ing
s t r u c t u r e .

MULTISKILLING STRUCTURES

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

L a b o u r  c o s t ,  b e i n g  o n e  o f  t h e  m a j o r  s o u r c e s  o f  o p e r a t i o n a l  c o s t
i n  a n y  b u s i n e s s  h a d  t o  b e  k e p t  a t  a  m i n i m u m  a n d  t h e r e f o r e  t h e
dec i s ion  was  made  to  adop t  a  mul t i sk i l l ing  s t ruc tu re .   Mul t i sk i l l ing
h a s  t h e  r e s u l t  t h a t  e v e r y  p r o d u c t i o n  o p e r a t o r  w i l l  b e  t r a i n e d  o n
a  m i n i m u m  o f  t w o  p i e c e s  o f  e q u i p m e n t  a n d ,  t o  e n s u r e  a d e q u a t e
s k i l l s ,  t h e  o p e r a t o r s  w i l l  o n l y  b e  k e p t  c o m p e t e n t  o n  a  m a x i m u m
of  s ix  p ieces  of  equipment .   The  dec is ion  to  implement  mul t i sk i l l ing
r e s u l t e d  i n  a  m a n p o w e r  c o m p l e m e n t  t o t a l l i n g  s i x  h u n d r e d  a n d
s ix ty  s ix  opposed  to  ove r  a  thousand ,  shou ld  the  t r ad i t iona l  me thod
o f  e m p l o y m e n t  b e  u s e d .

In order to reduce the number of tradit ional job t i t les in the production
div is ion ,  i t  was  dec ided  to  make  use  of  on ly  one ,  namely  Product ion
Operator.   To distinguish between the different categories of operators,
r e f e r e n c e  i s  m a d e  t o  p r o d u c t i o n  o p e r a t o r  c a t e g o r y  A ,  B ,  C ,  D ,  E
o r  F.   T h e  f i r s t  s t e p  i s  t o  a p p o i n t  a n  o p e r a t o r  a s  a  t r a i n e e ,  a f t e r
which  the  opera tor  wi l l  commence  h is /her  t ra in ing  on  the  equipment
needed to  qual i fy  for  ca tegory  F.   Once  the  opera tor  has  successfu l ly
c o m p l e t e d  t r a i n i n g  o n  a l l  " c a t e g o r y  F  e q u i p m e n t "  h e / s h e  w i l l  b e
promoted to  product ion opera tor  ca tegory  F.   The process  i s  repeated
f o r  a l l  c a t e g o r i e s  u n t i l  t h e  o p e r a t o r  h a s  r e a c h e d  c a t e g o r y  A .
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T h e  m u l t i s k i l l i n g  s t r u c t u r e  s e t  t h e  f r a m e w o r k  w i t h i n  w h i c h  a l l
t he  employees  i n  t he  p roduc t ion  depa r tmen t ,  i nc lud ing  the  women ,
w o u l d  h a v e  t o  f u n c t i o n .

EMPLOYING WOMEN IN A PRODUCTION CAPACITY

Without any poli t ical  pressure and even before the release of President
M a n d e l a  f r o m  p r i s o n ,  a  d e c i s i o n  w a s  t a k e n  t h a t  t h e r e  w o u l d  b e
n o  d i s c r i m i n a t i o n  o n  a c c o u n t  o f  r a c e  o r  s e x  a t  S y f e r f o n t e i n .   T h a t
d e c i s i o n  w a s  i n  l i n e  w i t h  t h e  S a s o l  M i s s i o n  s t a t i n g  t h e  f o l l o w i n g :

S a s o l  d o e s  n o t  d i s c r i m i n a t e  o n  a c c o u n t  o f  r a c e ,  s e x  o r
re l i g i o n .   I t  re s p e c t s  t h e  d i g n i t y  a n d  r i g h t s  o f  t h e
i n d i v i d u a l  a n d  o f f e r s  e q u a l  o p p o r t u n i t y  t o  a l l  e m p l o y e e s ,
o n  m e r i t ,  t o  d e v e l o p  a n d  re a l i s e  t h e i r  c a re e r  a s p i r a t i o n s .

A f f i r m a t i v e  a c t i o n  i s  a n  i m p o r t a n t  p a r t  o f  t h i s .
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N o t  o n l y  w i l l  b l a c k s  b e  g i v e n  e q u a l  o p p o r t u n i t y  t o  e n t e r  i n t o
a n d  d e v e l o p  m e a n i n g f u l  c a r e e r s ,  b u t  w o m e n  w i l l  a l s o  b e  g i v e n
the  oppor tun i ty  to  en te r  in to  jobs  t r ad i t iona l ly  domina ted  by  males .
Th i s  wi l l  however  be  done  in  accordance  to  the  manpower  p lann ing
o b j e c t i v e s  t h a t  p r o v i d e  f o r :

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

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

* S U R V E Y S  D O N E  I N  T H E  I N D U S T RY

R e s e a r c h  d o n e  a t  v a r i o u s  o p e n c a s t  m i n e s  i n  S o u t h  A f r i c a
p r o v i d e d  S y f e r f o n t e i n   w i t h  o n l y  t h e  k n o w l e d g e  t h a t  t h e
t rad i t iona l  parad igm preva i l s  tha t  women were  not  cons idered
for employment in a production capacity in the mining industry.
Amer ica  provided  some examples  of  the  successfu l  u t i l i sa t ion
o f  w o m e n  i n  t h e i r  m i n e s .   U t i l i s a t i o n  w a s  h o w e v e r  l i m i t e d
t o  o n e  p i e c e  o f  e q u i p m e n t .   T h e  s t e e l   i n d u s t r y  i n  S o u t h
Af r i ca  a l so  p rov ided  some  examples  o f  women  be ing  u t i l i s ed
a s  c r a n e  d r i v e r s .

Sy fe r fon t e in  accep t ed  t he  cha l l enge  and  t he  f i r s t  two  f ema le
t r a i n e e  m i n e  s u r v e y o r s  i n  t h e  h i s t o r y  o f  t h e  S o u t h  A f r i c a n
M i n i n g  I n d u s t r y  w e r e  a p p o i n t e d  o n  6  F e b r u a r y  1 9 8 9 .

* R E S E A C H  D O N E  B Y  T H E  H U M A N  S C I E N C E
R E S E A R C H  C O U N C I L

P h y s i c a l  F a c t o r s

Not  only  i s  i t  expected  of  women opera tors  to  ac tua l ly  opera te
the mining equipment,  but  they are also expected to do physical
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w o r k  l i k e  c o v e r i n g  b l a s t i n g  h o l e s ,  m o v i n g  c a b l e ,  h a n d l i n g
p u m p s ,  e t c .   T h i s  k i n d  o f  a c t i v i t y  p u t s  a  l o t  o f  p h y s i c a l
s t r a i n  o n  a  w o m a n  a n d  i t  w a s  f o u n d  t h a t  t h e y  d o  n o t  a l w a y s
h a v e  t h e  p h y s i c a l  s t r e n g t h  t o  p e r f o r m  s u c h  d u t i e s .   B e i n g
an opencast  mine,  the  workers  are  a lso exposed to  the  e lements
l i k e  r a i n ,  e x t r e m e  c o l d  a n d  h e a t .

Wo m e n  a r e  m o r e  s e n s i t i v e  t o  f a c t o r s  l i k e  v i b r a t i o n ,  e x t r e m e
h e a t  o r  c o l d .   I n t e r v i e w s  p e r f o r m e d  i n d i c a t e d  t h a t  a  l a rg e r
n u m b e r  o f  w o m e n  e x p e r i e n c e d  l o w e r  b a c k  p a i n s  t h a n  w a s
exper i enced  by  men .   Women  found  i t  more  d i f f i cu l t  t o  c l imb
l a d d e r s  a n d  p u l l  o r  c a r r y  h e a v y  o b j e c t s  f o r  l o n g  d i s t a n c e s .
The physical  s t rength of  a  woman does not  compare favourably
wi th  tha t  o f  a  man  a l though  the  same per formance  i s  expec ted
o f  t h e m .

Pregnancies are a major factor for consideration when appointing
f e m a l e  o p e r a t o r s .   A  p r e g n a n t  w o m a n  c a n  n o t  p e r f o r m  t h e
p h y s i c a l  j o b  r e q u i r e d  f r o m  a  p r o d u c t i o n  o p e r a t o r  a n d  w i l l
t h e r e f o r e  h a v e  t o  b e  g i v e n  o t h e r  d u t i e s  t o  p e r f o r m  t h a t  w i l l
b e  l e s s  s t r e n u o u s .

* P Y S C H O L O G I C A L FA C T O R S

S o c i a l i s i n g  t e n d s  t o  p l a y  a  b i g g e r  r o l e  a m o n g s t  w o m e n  t h a n
a m o n g s t  m e n .   B e i n g  a l o n e  i n  a  t r u c k  o r  s h o v e l  c a n  l e a d  t o
fee l ings  of  lone l iness  tha t  can  lead  to  pyschologica l  p roblems
like depression and can also influence the level of concentration
a n d  g e n e r a l  p e r f o r m a n c e .

* J O B  R E Q U I R M E N T S

I t  was found that  women, being trained thoroughly,  can perform
t h e  r e q u i r e d  j o b  e q u a l l y  a s  g o o d  a s  t h e i r  m a l e  c o l l e a g u e s .
Women tend to  work safer  and tend to  care  for  the i r  equipment
b e t t e r  t h a t  m e n .
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* I N F L U E N C E  O N  T H E  I M A G E  O F  T H E  W O M A N

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

* M A L E  D I S P O S I T I O N  T O  W O M A N  O P E R AT O R S

T h e  r e s e a r c h  f o u n d  t h a t  m o s t  m e n  f r o m  a l l  n a t i o n a l i t i e s
w e r e  m o r e  c o n s e r v a t i v e  r e g a r d i n g  t h e  r o l e  o f  w o m e n  a s  t h e
bread winner,  home maker,  educator  etc .   than were the women.
Al though  mos t  men  accep ted  tha t  women  can  be  the i r  equa l s ,
t h e y  s t i l l  f e l t  t h a t  t h e y  s h o u l d  h a v e  t h e  a u t h o r i t a r i a n  r o l e .
M o s t  m e n  d i d  n o t  w a n t  t h e  w o m e n  t h e  b e c o m e  " l i k e  t h e m "
but  prefer red  the  women to  remain  feminine .   The  men showed
h e s i t a n c e  i n  a l l o w i n g  t h e  w o m e n  t o  p e r f o r m  h a r d  p h y s i c a l
labour  a l though they real ised that  i t  would increase  the  burden
o n  t h e m s e l v e s .

* C A R E E R  E X P E C TAT I O N S

M o s t  w o m e n  i n t e r v i e w e d  h a d  t o  g e t  a  j o b  t o  h e l p  s u p p o r t
t he  f ami ly.   I t  i s  howeve r  found  amongs t  t he  younge r  women
t h a t  t h e y  r e g a r d  m i n i n g  a s  a  c h a l l e n g e  a n d  a r e  c o n s i d e r i n g
f u r t h e r  s t u d i e s  i n  m i n i n g .   I t  i s  m o r e  d i f f i c u l t  f o r  a  w o m a n ,
a f t e r  h a v i n g  a  b a b y  t o  r e t u r n  t o  w o r k  a s  a n  o p e r a t o r  t h a n
i t  w o u l d  b e  f o r  a  c l e r k  o r  t y p i s t .   T h e  w o m e n  i n t e r v i e w e d
rea l i sed  tha t  they  must  sacr i f ice  some of  the  ro les  they  needed
t o  p l a y  i n  o r d e r  t o  m a i n t a i n  a  b a l a n c e .   P h y s i c a l  e x h a u s t i o n
due  t o  demand  f rom bo th  work  and  f ami ly,  may  fo r ce  women
t o  c h o o s e  b e t w e e n  a  f a m i l y  o r  a  m i n i n g  c a r e e r.

* P I T FA L L S  T H AT  N E E D  T O  B E  M A N A G E D

B e i n g  t h e  f i r s t  m i n e  i n  S o u t h  A f r i c a   t o  e m p l o y  w o m e n  i n
a  p r o d u c t i o n  c a p a c i t y,  w e  p r e p a r e d  o u r s e l v e s  f o r  a n  i n i t i a l
big turnover.  Women did not know what to expect and information
g i v e n  t o  t h e m  w a s  b a s e d  o n  e x p e r i e n c e s  o f  m e n .
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O t h e r  p i t f a l l s  t h a t  n e e d  t o  b e  m a n a g e d  a r e :

- P re g n a n c i e s :

T h e  s e r v i c e  r e g u l a t i o n s  o f  S y f e r f o n t e i n  p r o v i d e s  f o r
s i x  m o n t h s  m a t e r n i t y  l e a v e  f o r  p r e g n a n t  w o m e n .   T h e
m a t e r n i t y  l e a v e  t a k e s  e f f e c t  a t  t h e  b e g i n n i n g  o f  t h e  l a s t
f o u r  m o n t h s  o f  p r e g n a n c y  a n d  e x p i r e s  t w o  m o n t h s  a f t e r
t h e  b i r t h  o f  t h e  c h i l d .   I n  t h e  e v e n t  o f  t h e  w o m a n  h a v i n g
t o  b e  t a k e n  o f f  t h e  m i n i n g  e q u i p m e n t  s o o n e r  t h a n  h e r
fifth month, she has to take normal leave until  her maternity
l e a v e  t a k e s  e f f e c t .

- S y s t e m s

I t  was a lso found that  some systems do not  make provis ion
f o r  m a t e r n i t y  l e a v e .   T h a t  w a s  t h e  c a s e  w i t h  o u r  f i r s t
female  apprent ice  that  fe l l  pregnant .   When the  apprent ice
t o o k  m a t e r n i t y  l e a v e ,  d u r i n g  h e r  a p p r e n t i c e s h i p ,  i t  w a s
f o u n d  t h a t  t h e  s y s t e m  a t  t h e  A p p r e n t i c e s h i p  B o a r d  d i d
n o t  m a k e  p r o v i s i o n  f o r  m a t e r n i t y  l e a v e  r e s u l t i n g  i n  t h e
f e m a l e  a p p r e n t i c e  b e i n g  p u t  o n  m i l i t a r y  l e a v e .

- L e g i s l a t i o n  c o n c e r n i n g  s h i f t  - a n d  S u n d a y  w o r k :

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

* S U C C E S S E S  A C H I E V E D

- E n g i n e e r i n g

R e b e c c a  M a h l a n g u  b e c a m e  t h e  f i r s t  w o m a n  E l e c t r i c i a n  i n
the coal  mining industry  of  South Afr ica .   Rebecca commenced
d u t i e s  a s  a n  a p p r e n t i c e  E l e c t r i c i a n  o n  1 6  J u l y  1 9 9 0 .   D u r i n g
1 9 9 1  s h e  o b t a i n e d  a n  N 5  C e r t i f i c a t e .   R e b e c c a  c o m p l e t e d
al l  the  prescr ibed modules  as  s t ipula ted  by  the  Apprent iceship
B o a r d .   O n  5  A u g u s t  1 9 9 3  R e b e c c a  p a s s e d  t h e  p r e s c r i b e d
trade test (Red seal) of the MIETTB (Mining Industry Engineering
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Trades Training Board) and has been appointed as an Electrician
o n  S y f e r f o n t e i n  C o l l i e r y.   To  o u r  k n o w l e d g e  R e b e c c a  m a d e
his tory by being the f i rs t  woman to  complete  an apprent iceship
w i t h i n  t h e  S a s o l  G r o u p  a n d  t h e  f i r s t  i n  t h e  C o a l  M i n i n g
I n d u s t r y  o f  S o u t h  A f r i c a .

Four female welding operators were trained to work exclusively
on the  dragl ine  buckets .   Al though the  women in i t ia l ly  s ta r ted
o u t  a s  j u s t  n o v i c e s ,  t h e y  h a v e  e s t a b l i s h e d  t h e m s e l v e s  a s
w e l d e r s  o f  e x c e p t i o n a l  q u a l i t y.

- M i n i n g

At  p resen t  Syfe r fon te in  has  fo r ty  fou r  (44 )  f ema le  ope ra to r s .
T h a t  a c c o u n t s  f o r  1 4 , 6 %  o f  t h e  t o t a l  n u m b e r  o f  p r o d u c t i o n
o p e r a t o r s  p r e s e n t l y  e m p l o y e d  b y  t h e  m i n e .

S y f e r f o n t e i n  p r i d e s  i t s e l f  o n  b e i n g  t h e  f i r s t  m i n e  i n  S o u t h
A f r i c a  t o  h a v e  t r a i n e d  a  f e m a l e  D r a g l i n e  o p e r a t o r.   M a r i n d a
B e k k e r  c o m p l e t e d  h e r  d r a g l i n e  t r a i n i n g  o n  8  J u n e  1 9 9 4 .
P a m  B o n t h o f t  c o m p l e t e d  h e r  d r a g l i n e  t r a i n i n g  i n  S e p t e m b e r
1 9 9 5  m a k i n g  h e r  t h e  s e c o n d  f e m a l e  d r a g l i n e  o p e r a t o r  i n
S o u t h  A f r i c a .

C O N C L U S I O N

Having had the  oppor tuni ty  to  des ign a  new s t r ip  mine ,  our  objec t ive
was  and  s t i l l  i s ,  t o  p rov ide  mean ing fu l  work  fo r  a l l  ou r  employees .
T h i s  o b j e c t i v e  w a s  m a i n l y  a c h i e v e d  b y  t h e  u s e  o f  m u l t i s k i l l i n g
concepts  and our  commitment  to  equal  oppor tuni ty.   I t  i s  our  opinion
tha t  mul t i sk i l l ing  of fers  both  indiv idual  employees  and  management
t h e  o p p o r t u n i t y  o f  r e v o l u t i o n i s i n g  t h e  w a y  i n  w h i c h  m e a n i n g f u l
w o r k  a n d  p r o d u c t i v i t y  c a n  b e  a c h i e v e d .
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A B S T R A C T

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

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

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

I n g w e  C o a l  C o r p o r a t i o n  w a s  f o u n d e d  i n  1 9 9 4  a n d  i s  a  r e s u l t  o f
t h e  m e rg e r  b e t w e e n  R a n d c o a l  a n d  Tr a n s  N a t a l  C o a l .  I n g w e  i s  n o w
S o u t h  A f r i c a ' s  l a r g e s t  c o a l  p r o d u c e r,  s u p p l y i n g  d o m e s t i c  p o w e r
s t a t i o n s ,  i n l a n d  a n d  e x p o r t  m a r k e t s .  I n d e e d ,  I n g w e  i s  n o w  t h e
w o r l d ' s  l a rg e s t  s t e a m  c o a l  e x p o r t e r,  e n j o y i n g  a  4 1 . 5  p e r  c e n t  s h a r e
o f  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  1 4  c o l l i e r i e s  i n  t h e  g r o u p
p r o d u c e  a p p r o x i m a t e l y  2 9 . 8  m i l l i o n  t o n n e s  o f  e x p o r t  c o a l ,  6 . 7
m i l l i o n  t o n n e s  o f  c o a l  f o r  i n l a n d  m a r k e t  a n d  3 8 . 8  m i l l i o n  t o n n e s
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o f  p o w e r  s t a t i o n  c o a l .  I n g w e  e m p l o y s  o v e r  1 6  0 0 0  p e o p l e  a t  9
u n d e rg r o u n d  a n d  5  o p e n c a s t  c o l l i e r i e s .  Wi t h  m a r k e t  c a p i t a l i s a t i o n
m o r e  t h a n  R 5  b i l l i o n ,  c o n s t a n t  o p t i m i s a t i o n  a n d  r e s e a r c h  i n t o
w o r k i n g  p r a c t i c e s  a r e  e s s e n t i a l  t o  y i e l d  m a x i m u m  p r o f i t  f o r  t h e
g r o u p ' s  s h a r e h o l d e r s .

O n  1  J a n u a r y  1 9 9 5 ,  t w o  o f  t h e  G r o u p ' s  o p e n c a s t  c o l l i e r i e s  ( D u v h a
Opencas t  Se rv ices  and  Midde lburg  Mine  Serv ices )  merged  to  be t t e r
u t i l i s e  t h e  a r e a ' s  c o a l  r e s e r v e s .  D u v h a  h a s  b e e n  p o w e r  s t a t i o n
t i e d  a n d  M i d d e l b u rg  h a s  b e e n  1 0 0  p e r  c e n t  e x p o r t .  M i d d e l b u rg
Mine is  s i tuated 20 km south east  of  Witbank in  the Eastern Transvaal
P r o v i n c e .  D u v h a  S e c t i o n  n o w  o p e r a t e s  2  B u c y r u s  E r i e  1 5 7 0 W
d r a g l i n e s  a n d  w i l l  m i n e  a p p r o x i m a t e l y  4 0  p e r  c e n t o  t h e  c o m p l e x ' s
1 7  m i l l i o n  t o n n e s  R u n  o f  M i n e  a n n u a l  o u t p u t .  T h e  g e o l o g y  o f
t h e  c o m p l e x  i s  t y p i c a l  o f  t h e  Wi t b a n k  C o a l f i e l d  w h e r e  c u r r e n t l y
t h e  4 1 , 2  a n d  1  s e a m s  a r e  e x t r a c t e d .

T h e  c o a l  i s  m i n e d  i n  a  d o u b l e  b e n c h  s t r i p  m i n i n g  o p e r a t i o n .  T h e
o v e r b u r d e n  a n d  m i d b u r d e n  m a t e r i a l s  c o n s i s t  o f  c l o s e l y  l a y e r e d
s a n d s t o n e s  w i t h  s t r e n g t h s  r a n g i n g  f r o m  3 0  M P a  t o  a b o u t  8 0  M P a .
T h e  o v e r b u r d e n  i s  o f t e n  m o r e  w e a t h e r e d  t h a n  t h e  m i d b u r d e n .  T h e
min ing  i s  ca r r i ed  ou t  by  d r i l l i ng  and  b l a s t ing  the  was t e  ove rburden
w h i c h  i s  t y p i c a l l y  a b o u t  1 6  t o  2 0  m  t h i c k .  Ty p i c a l l y,  2 5 0  m m
b l a s t  h o l e s  a r e  u s e d  w h i c h  a r e  c h a rg e d  w i t h  A N F O  a n d  i n i t i a t e d
u s i n g  a  s h o c k  t u b e  i n i t i a t i o n  s y s t e m .  D r a g l i n e s  a r e  u s e d  t o  s t r i p
t h e  b l a s t e d  m a t e r i a l .

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

T h e  r e s u l t s  o f  t h e  t e s t s  h a v e  p r o v e d  t o  b e  p o s i t i v e  a n d  t h e  m i n e
now routinely applies top column air decks to blasts in most midburden
a n d  o v e r b u r d e n  b l a s t s .  T h i s  p a p e r  d i s c u s s e s  t h e  r e s u l t s  o f  t h e
t e s t s  a n d  t h e  p r o d u c t i v i t y  a n d  c o s t  i m p l i c a t i o n s  t o  t h e  m i n e .
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ROCK TYPES

T h e  o v e r b u r d e n  m a t e r i a l  a b o v e  t h e  t o p  c o a l  s e a m  c o m p r i s e s  a
sequence  of  l ayered  sands tones  and  sha les  and  can  vary  in  th ickness
f rom a  f ew  me t r e s  t o  abou t  28  m .  Of t en  t he  ove rbu rden  i s  pa r t i a l l y
weathered.  The bottom coal seam is covered by a mid-burden sequence
o f  l a y e r e d  s a n d s t o n e s  a n d  s i l t s t o n e s  w h i c h  i s  c o m m o n l y  a b o u t
1 8  m  t h i c k .  U s u a l l y  t h e  s e q u e n c e  c o m p r i s e s  a  b o t t o m  s a n d s t o n e
layer,  which is  6  m thick fol lowed by a  s l ight ly  weaker  carbonaceous
siltstone band in the centre of the sequence. This band is approximately
4  m  w i d e  a n d  i s  o v e r l a i n  b y  a n o t h e r  s a n d s t o n e  b a n d  t h a t  i s  a b o u t
7  m  t h i c k .  A i r  d e c k  t e s t i n g  w a s  c a r r i e d  o u t  i n  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 e q u e n c e s .

MECHANISM OF AIR DECKING

O r i g i n a l  t h e o r e t i c a l  a n d  t e s t  w o r k  o n  a i r  d e c k s  b e g a n  i n  R u s s i a
i n  t h e  1 9 4 0 ' s .  M o r e  r e c e n t  w o r k  o n  a i r  d e c k i n g  w a s  c a r r i e d  o u t
i n  R u s s i a  w h e r e  t r i a l s  o n  l a b o r a t o r y  s a m p l e s  a n d  i n  s o m e  o f  t h e
open cast  mines were reported by Melniko et .  Al  (1.2)  and Marchenko
( 3 ) .  I n  t h e s e  p u b l i c a t i o n s ,  t h e  t h e o r y  o f  a i r  d e c k  m e c h a n i s m s  a n d
t h e  e f f e c t s  o n  s u r r o u n d i n g  r o c k  i s  c o v e r e d .

An air  deck is  essential ly an air  gap si tuated in a  column of explosive.
A i r  d e c k s  c a n  c o m p r i s e  u p  t o  4 0  p e r  c e n t  b y  v o l u m e  o f  t h e  t o t a l
c o l u m n  l e n g t h  u n d e r  c e r t a i n  c o n d i t i o n s  T h e y  c a n  b e  l o c a t e d  a t
the top of the charge,  between the stemming and explosive,  somewhere
i n  t h e  e x p l o s i v e  c o l u m n ,  o r  a t  t h e  b a s e  o f  t h e  e x p l o s i v e  c o l u m n .
T h e  s i z e  a n d  p o s i t i o n  o f  a n  a i r  d e c k  w i l l  a f f e c t  t h e  f r a g m e n t a t i o n
a n d  h e a v e  r e s u l t s  o f  a  b l a s t .

T h e  w o r k  p u b l i s h e d  b y  M e l n i k o v  ( 1 . 2 )  a n d  o t h e r s  s u g g e s t s  t h a t
t h e  p r e s e n c e  o f  a n  a i r  d e c k  i n c r e a s e s  t h e  d u r a t i o n  o f  a c t i o n  o f
t h e  s h o c k  w a v e  o n  t h e  s u r r o u n d i n g  r o c k  b y  a  s e r i e s  o f  p u l s e s
due  to  r e f l ec t ions  o f  p res su re  waves  wi th in  a  ho le  a f t e r  de tona t ion .
I n  t h e  a i r  d e c k  p o r t i o n ,  t h e  p e a k  s t r e s s  a p p l i e d  t o  t h e  s u r r o u n d i n g
r o c k  i s  l o w e r  t h a n  t h e  e x t r e m e l y  h i g h  s t r e s s  a p p l i e d  b y  e x p l o s i v e s
i n  d i r e c t  c o n t a c t  w i t h  t h e  r o c k .  T h e  a i r  d e c k s  t h e r e f o r e  r e d u c e
t h e  i n i t i a l  p r e s s u r e  a p p l i e d  b y  a  d e t o n a t i n g  e x p l o s i v e  c h a rg e  b u t
increase  the  dura t ion  of  the  pressure  pu lse .  This  e f fec t ive ly  reduces
t h e  e n e rg y  u s e d  i n  c r u s h i n g  t h e  r o c k  c l o s e  t o  t h e  b o r e h o l e  w h i l e
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i n c r e a s i n g  t h e  a m o u n t  o f  e n e rg y  t r a n s m i t t e d  f a r t h e r  i n t o  t h e  r o c k .

Te s t s  c a r r i e d  o u t  a t  t h e  U n i v e r s i t y  o f  M a r y l a n d  b y  To r r e n c e  e t . a l .
a n d  r e p o r t e d  b y  M o o n  e t . a l .  ( 4 )  s u p p o r t  t h e  R u s s i a n  t h e o r y.  I t
w a s  f o u n d  t h a t  t h e  f r a c t u r e  n e t w o r k  r e s u l t i n g  f r o m  t h e  l o w e r ,
b u t  p r o l o n g e d  i m p u l s e  i s  n o t  a s  i n t e n s e  a s  t h a t  p r o d u c e d  n e x t  t o
an  explos ive  charge .  However,  the  e ffec t ive  s t ress  wave  does  ex tend
o v e r  a  l a rg e r  v o l u m e  o f  r o c k .

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

HEAVE AND FRAGMENTATION EFFECTS

T h e  m a i n  c o n s i d e r a t i o n  i n  i n t r o d u c i n g  a i r  d e c k s  a t  D u v h a  w a s
t o  c o n t a i n  b l a s t i n g  c o s t s  a n d  l i m i t  h e a v e .  A  n u m b e r  o f  t r i a l s  w e r e
c a r r i e d  o u t  u s i n g  d i f f e r e n t  a i r  d e c k  l e n g t h  a n d  s t e m m i n g  l e n g t h
combina t ions .  A i r  decks  were  va r i ed  be tween  3  and  5  me t res  whi l s t
s t emming  l eng ths  were  va r i ed  be tween  3  and  6m.  H igh - speed  f i lms
were  t aken  o f  a  number  o f  b l a s t s  t o  examine  f ace  ve loc i ty  p ro f i l e s .
F i g u r e  3  s h o w s  a  t y p i c a l  c h a r g e  c o n f i g u r a t i o n  w i t h  f a c e  t a rg e t
p o s i t i o n s  u s e d  f o r  m o n i t o r i n g  t h e  f a c e  v e l o c i t i e s .  F i g u r e  4  s h o w s
t h e  f a c e  v e l o c i t i e s  t y p i c a l l y  a c h i e v e d  a n d  t h e  f a c e  p r o f i l e s  w i t h
r e s p e c t  t o  t i m e .

I t  was  found that  the  face  veloci t ies  in  the  por t ion of  rock conta ining
t h e  a i r  d e c k s  w e r e  s i m i l a r  t o  t h e  f a c e  v e l o c i t i e s  i n  t h e  s t e m m e d
port ion of  the blast .  The face veloci t ies  in  the rock port ion containing
e x p l o s i v e  w e r e  a b o u t  d o u b l e  t h e  v e l o c i t i e s  i n  t h e  a i r  d e c k s .  T h e
air decks, therefore had the effect of significantly containing horizontal
heave in  the  top por t ion of  the  blas t .  This  ef fect  i s  wel l  demonstra ted
i n  t h e  m e a s u r e d  f a c e  p r o f i l e s  f r o m  o n e  o f  t h e  b l a s t s  a t  D u v h a
( F i g u r e  4 ) .

I t  was  found that  there  were  cr i t ica l  a i r  deck lengths ,  which provided
a  g u i d e l i n e  f o r  l i m i t s  i n  a i r  d e c k  l e n g t h  a n d  s t e m m i n g  l e n g t h
c o m b i n a t i o n s  a t  t h e  m i n e .  T h e s e  a r e  s u m m a r i s e d  i n  Ta b l e  1 .  I t
h a s  b e e n  f o u n d  t h a t  a  4  m  a i r  d e c k  w i t h  3  m  o f  s t e m m i n g  g i v e s
t h e  b e s t  r e s u l t s  i n  m o s t  a r e a s  o f  t h e  m i n e .  I n  a r e a s  w h e r e  t h e
capping sandstone is  par t icular ly  hard ,  the  a i r  deck length  is  reduced
t o  3 m .
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Table  1

Air  deck  and  s t emming  l eng th  l imi t ing  combina t ions  a t  Duvha

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

E f f e c t  o n  F r a g m e n t a t i o n

A n  a i r  d e c k  l o w e r s  t h e  p e a k  s t r e s s  w a v e  a p p l i e d  t o  t h e  i m m e d i a t e
r o c k  s u r r o u n d i n g  a  b l a s t h o l e  a n d  t h u s  r e d u c e s  t h e  l e v e l  o f  v e r y
f i n e  c r u s h i n g  t h a t  o c c u r s  i n  t h i s  a r e a .  T h e  e n e r g y  i m p a r t e d  t o
t h e  r o c k  i s  u s e d  m o r e  e f f e c t i v e l y  t h e r e f o r e ,  o v e r  a  l o n g e r  t i m e
t o  e x t e n d  a  f r a c t u r e  n e t w o r k  o v e r  a  l a rg e r  v o l u m e  a r o u n d  t h e  a i r
d e c k .  T h e  f r a c t u r e  n e t w o r k  t h u s  g e n e r a t e d  i s  n o t  a s  i n t e n s e  a s
t h e  f r a c t u r e s  g e n e r a t e d  d i r e c t l y  b y  e x p l o s i v e .  T h e  w o r k  c a r r i e d
ou t  a t  the  Unive r s i ty  o f  Mary land  has  shown tha t  a i r  decks  inc rease
t h e  d u r a t i o n  o f  t h e  a c t i o n  o f  t h e  s h o c k  w a v e  o n  t h e  s u r r o u n d i n g
m a t e r i a l  b y  2  t o  5 0  t i m e s .

I n  e f f e c t ,  a  s l i g h t l y  c o a r s e r,  b u t  m o r e  e v e n  f r a g m e n t a t i o n  s h o u l d
o c c u r  i n  t h e  m a t e r i a l  n e x t  t o  a n  a i r  d e c k .

Stemming 
Lenght 

Air Deck 
Lenght 

% Air deck of 
combined air 

deck alnd 
charge length 

Result 

3 m 3 m 25 
Fine surface fragmentatin. Power trough and crest of muckpile  
higher than original bench height. 

3 m 4 m 33 
Coarse surface fragmentation. No power trough and 40 % of  
muckpile  width at original bench height and flat on top. 

3 m 5 m 42 
Coarse surface fragmentation. No power trough and 60 % of  
muckpile width at original bench height and flat on top. 

4 m 4 m 36 
Coarse surface fragmentation. No power trough and 60 % of  
muckpile width at original bench height and flat on top. 

4 m 5 m 46 
Surface of muckpile slignthly cracked. Very little heave and bulking. 
Digging difficulties became evident. 
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Figure 1

Fracture  and stress  prof i les  result ing from dif ferent  charge geometr ies  (redrawn af ter  Chiappetta  and
Mammele  (5) .  The   inf luence  of  the  a i r  decks  on  improving  f ragmentat ion  in  the  co l lar  sec t ion  of

b las t  ho les  can  be  seen .
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POSITIONING AND SIZE OF AIR DECK

I n i t i a l  w o r k  ( 2 )  p r o v i d e d  b a s i c  g u i d e l i n e s  f o r  a i r  d e c k  l e n g t h s
r e l a t e d  t o  c h a rg e  l e n g t h  a s  f o l l o w s :

L ad =  a .L c . . . . . . . . . . . . . . . [1 ]

W h e r e  a  i s  a  f a c t o r  b e t w e e n  0 . 1 5  a n d  0 . 3 5 ,  L ad  i s  t h e  l e n g t h  o f
t h e  a i r - d e c k  i n  m e t r e s  a n d  L c  i s  t h e  l e n g t h  o f  t h e  c h a rg e d  c o l u m n
i n c l u d i n g  a i r - d e c k  i n  m e t r e s .

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

L ad = b .D c . . . . . . . . . . . . . . . [2 ]

Where  b  i s  a  f a c to r  be tween  8  and  12  and  D c i s  t he  cha rge  d i ame te r
i n  m e t r e s .

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

M o x o n  e t . a l  ( 4 )  a n d  M e a d  e t . a l . ( 6 )  h a v e  c a r r i e d  o u t  a  n u m b e r  o f
l abora to ry  t e s t  b las t s  on  concre te  b locks  and  some  f i e ld  moni to r ing
e x e r c i s e s  t o  d e t e r m i n e  t h e  e f f e c t  o f  a i r  d e c k  s i z e  a n d  p o s i t i o n
o n  f r a g m e n t a t i o n .  A  n u m b e r  o f  p r a c t i c a l  o b s e r v a t i o n s  w e r e  m a d e :

♦ T h e  a i r  d e c k  v o l u m e  a s  p a r t  o f  t h e  t o t a l  a i r - d e c k  c h a r ge
v o l u m e  a p p e a r e d  t o  r e a c h  a  c r i t i c a l  v a l u e  a t  a b o u t  4 0 %  a f t e r
w h i c h  f r a g m e n t a t i o n  c o a r s e n e d  r a p i d l y.  T h i s  i s  i l l u s t r a t e d
i n  t h e  c u r v e  s h o w n  i n  F i g u r e  2 b .

♦ A s  a  r u l e ,  t h e  v o l u m e  o f  t h e  a i r - d e c k  s h o u l d  d e c r e a s e  w i t h
i n c r e a s i n g  r o c k  s t r e n g t h .

♦ A i r  d e c k s  c a n  b e  e f f e c t i v e l y  u s e d  t o  i n c r e a s e  f r a c t u r i n g  i n
the  capping area  of  a  b las t ,  especia l ly  i f  some of  the  s temming
m a t e r i a l  i s  r e p l a c e d  w i t h  a i r.

♦ T h e  p o s i t i o n  o f  a n  a i r  d e c k  w i l l  r e s u l t  i n  d i f f e r e n t  e f f e c t s .
F i g u r e  2 a  i l l u s t r a t e s  t h e  e f f e c t  o f  a i r  d e c k  c o n f i g u r a t i o n
o n  f r a g m e n t  s i z e  d i s t r i b u t i o n .  G e n e r a l l y,  a  m i d - c o l u m n  a i r
d e c k  p r o d u c e d  m o r e  f i n e  f r a g m e n t a t i o n  t h a t  d i d  a n  a i r  d e c k
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a t  the  top  of  an  explos ive  co lumn or  an  a i r  deck  a t  the  bot tom.
A l s o  h e a v e  e f f e c t s  w e r e  h i g h e s t  f o r  m i d - c o l u m n  a i r - d e c k s .
B e t t e r  h e a v e  a n d  f r a g m e n t a t i o n  c a n  b e  e x p e c t e d  i n  m i d -
column ai r -decks  where  higher  pressures  and a  longer  durat ion
p r e s s u r e  w a v e  w i l l  t e n d  t o  o c c u r  a s  t h e  r e s u l t  o f  r e p e a t e d
c o l l i s i o n  a n d  o s c i l l a t i o n s  b e t w e e n  t h e  s h o c k  w a v e  f r o n t s
a n d  t h e  b o r e h o l e  e n d s .

CREATING AIR DECKS AT DUVHA

Va r i o u s  c o m m e r c i a l  a l t e r n a t i v e s  a r e  a v a i l a b l e  f o r  g e n e r a t i n g  a i r
d e c k s  i n  e x p l o s i v e  c o l u m n s .  Tw o  o f  t h e s e  a r e  i n  c u r r e n t  u s e  a t
D u v h a  t o  c r e a t e  a n  a i r  d e c k  a t  t h e  t o p  o f  t h e  e x p l o s i v e  c o l u m n
a n d  s u p p o r t  a p p r o x i m a t e l y  3  t o  4  m e t r e s  o f  d r i l l  c h i p p i n g s  a b o v e
t h e  a i r  d e c k .  T h e s e  a r e  b r i e f l y  d e s c r i b e d .

E f f e c t  o n  H e a v e

T h e  b o r e h o l e  p r e s s u r e  i s  r e d u c e d  i n  a n  a i r  d e c k e d  c h a rg e  a n d ,
therefore ,  the  burden heave veloci ty  near  an a i r  deck wil l  be  reduced.
R e c e n t  t r i a l s  i n  A u s t r a l i a  ( 4 )  a n d  a t  D u v h a  ( t h e  s u b j e c t  o f  t h i s
p a p e r )  h a v e  s h o w n  t h a t  t h e  a i r  d e c k e d  p o r t i o n  o f  t h e  b l a s t s  g a i n
l i t t le  forward momentum compared to  the charged port ion.  Therefore,
w h e n  m a x i m u m  c a s t i n g  i s  a n  o b j e c t i v e ,  t h e  u s e  o f  a i r  d e c k s  i s
n o t  l i k e l y  t o  p r o v i d e  i m p r o v e d  r e s u l t s .

E f f e c t  o n  S t e m m i n g

Wi t h  t h e  l o w e r  b o r e h o l e  p r e s s u r e s  i n  a n  a i r  d e c k e d  h o l e ,  t h e r e
i s  a  l o w e r  p r e s s u r e  p u l s e  a p p l i e d  o n  t h e  s t e m m i n g  w h e n  t h e  a i r
deck  i s  l oca t ed  d i r ec t ly  benea th  t he  s t emming  ma te r i a l .  As  a  r e su l t
t he  s t emming  ma te r i a l  shou ld  be  l e s s  r ead i ly  e j ec t ed ,  and  i t  shou ld
b e  p o s s i b l e  t o  u s e  s h o r t e r  s t e m m i n g  l e n g t h s  t o  a c h i e v e  t h e  s a m e
s temming  re ten t ion  t imes .  A be t t e r  d i s t r ibu t ion  o f  exp los ive  ene rgy
i n  t h e  r o c k  i s  t h u s  p o s s i b l e .  D e t a i l e d  h i g h  s p e e d  p h o t o g r a p h y
m e a s u r e m e n t s  c a r r i e d  o u t  b y  C h i a p p e t t a  a n d  M a m m e l e  ( 5 )  h a v e
i l l u s t r a t ed  t ha t  improved  f r ac tu r i ng  occu r s  i n  t he  s t emming  r eg ion
o f  t o p  a i r  d e c k e d  h o l e s .  T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  1 .

1 G a s  b a g s .  G a s  b a g s  h a v e  b e e n  a v a i l a b l e  i n  S o u t h  A f r i c a
f o r  a b o u t  5  y e a r s .  M o d i f i c a t i o n s  h a v e  b e e n  m a d e  t o  t h e
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Figure  2F igure  2F igure  2F igure  2F igure  2

Ef fec t  o f  a i r  deck  conf igura t ion  and  a i r  deck  vo lume  on   f ragmenta t ion  in  concre te  b locksEf fec t  o f  a i r  deck  conf igura t ion  and  a i r  deck  vo lume  on   f ragmenta t ion  in  concre te  b locksEf fec t  o f  a i r  deck  conf igura t ion  and  a i r  deck  vo lume  on   f ragmenta t ion  in  concre te  b locksEf fec t  o f  a i r  deck  conf igura t ion  and  a i r  deck  vo lume  on   f ragmenta t ion  in  concre te  b locksEf fec t  o f  a i r  deck  conf igura t ion  and  a i r  deck  vo lume  on   f ragmenta t ion  in  concre te  b locks
(Af te r  Moxon  e t . a l (4 ) .(Af te r  Moxon  e t . a l (4 ) .(Af te r  Moxon  e t . a l (4 ) .(Af te r  Moxon  e t . a l (4 ) .(Af te r  Moxon  e t . a l (4 ) .35



Figure 3

TTTTTypica l  ho le  conf igura t ion  dur ing  a i r  deck  t e s t ing .  Theyp ica l  ho le  conf igura t ion  dur ing  a i r  deck  t e s t ing .  Theyp ica l  ho le  conf igura t ion  dur ing  a i r  deck  t e s t ing .  Theyp ica l  ho le  conf igura t ion  dur ing  a i r  deck  t e s t ing .  Theyp ica l  ho le  conf igura t ion  dur ing  a i r  deck  t e s t ing .  The
schemat i c  shows  the  a i r  deck  pos i t ion  re la t i ve  to  chargeschemat i c  shows  the  a i r  deck  pos i t ion  re la t i ve  to  chargeschemat i c  shows  the  a i r  deck  pos i t ion  re la t i ve  to  chargeschemat i c  shows  the  a i r  deck  pos i t ion  re la t i ve  to  chargeschemat i c  shows  the  a i r  deck  pos i t ion  re la t i ve  to  charge

length  and  s temming .  Flength  and  s temming .  Flength  and  s temming .  Flength  and  s temming .  Flength  and  s temming .  Face  t a rge t  pos i t ions  used  fo r  h ighace  t a rge t  pos i t ions  used  fo r  h ighace  t a rge t  pos i t ions  used  fo r  h ighace  t a rge t  pos i t ions  used  fo r  h ighace  t a rge t  pos i t ions  used  fo r  h igh
speed  mot ion  ana lys i s  a re  ind ica ted .speed  mot ion  ana lys i s  a re  ind ica ted .speed  mot ion  ana lys i s  a re  ind ica ted .speed  mot ion  ana lys i s  a re  ind ica ted .speed  mot ion  ana lys i s  a re  ind ica ted .
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p o i n t  w h e r e  t h e  u n i t s  a r e  r e l i a b l e .  T h e  b a g  i s  i n f l a t e d
by s lowly  re leas ing  the  pressur ised  contents  of  an  aerosol
c a n  w h i c h  i s  p a c k a g e d  i n s i d e  t h e  g a s  b a g .  T h e  s l o w
r e l e a s e  o f  a i r  p r e s s u r e  i s  a c h i e v e d  b y  a  s p e c i a l  v a l v e
o n  t h e  c a n  t h a t  a l l o w s  p l e n t y  o f  t i m e  t o  p o s i t i o n  t h e
g a s  b a g  w h e r e  r e q u i r e d .  T h i s  m e t h o d  i s  p r e f e r r e d  t o
the  more  cumbersome a l te rna t ive  method for  pressur i s ing
g a s  b a g s  w h e r e  t h e y  a r e  i n f l a t e d  f r o m  a  c o m p r e s s o r  o n
s u r f a c e .

2 Mechanical  Plugs .  Mechanical  plugs  in  the  form of  spr ing
loaded plas t ic  d isks  that  re ly  on f r ic t ion wi th  the  borehole
w a l l s  f o r  a n c h o r a g e  a r e  u s e d  f r e q u e n t l y  a t  D u v h a .  T h e y
a r e  i n s t a l l e d  u s i n g  r i g i d  p o l e s ,  a n d  t h e r e f o r e  h a v e  t h e
disadvantage  of  not  be ing  prac t ica l ly  used  a t  la rge  depths
i n  b l a s t h o l e s .  H o w e v e r  s p e e d  o f  u s e  a n d  l o w  c o s t  m a k e
t h e s e  u n i t s  a  v i a b l e  o p t i o n  f o r  t h e  t o p  c o l u m n  a i r  d e c k s
a t  D u v h a .

T h e  m e c h a n i c a l  p l u g s  a r e  m o r e  c o s t  e f f e c t i v e  a n d  a r e  u s e d
p re f e r en t i a l l y,  t he r e fo r e ,  i n  mos t  b l a s t s .  Howeve r,  i n  c e r t a i n  a r ea s
o f  t h e  m i n e ,  t h e  h o l e s  a r e  s l e e v e d  t o  p r e v e n t  w a t e r  i n f i l t r a t i o n
i n t o  t h e  A N F O  c h a rg e d  h o l e s .  I n  s u c h  h o l e s ,  t h e  m e c h a n i c a l  p l u g s
a r e  d i f f i c u l t  t o  i n s t a l l ,  b u t  t h e  a i r  b a g s  w o r k  v e r y  e f f i c i e n t l y.

AIR DECK POSITIONING AT DUVHA

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

Mid-column air  decks provide a useful  method for reducing explosives
cos t  and  p rov id ing  even  f r agmenta t ion  in  a  so f t e r  l aye r  sandwiched
b e t w e e n  t w o  h a r d e r  l a y e r s .  T h e  k e y  f a c t o r  i n  o b t a i n i n g  o p t i m u m
p e r f o r m a n c e  o f  t h e  a i r  d e c k ,  h o w e v e r ,  i s  t o  e n s u r e  t h a t  t h e  s h o c k
f r o n t  f r o m  t h e  t o p  a n d  b o t t o m  c h a rg e  m e e t  a p p r o x i m a t e l y  h a l f
w a y  i n  t h e  a i r  d e c k .  To  a c h i e v e  t h i s ,  a c c u r a t e  d e t o n a t o r  t i m i n g
i s  i m p o r t a n t .  T h e  r e q u i r e d  a c c u r a c y  w i l l  d e p e n d  o n  t h e  d e t o n a t i o n
v e l o c i t y  o f  t h e  e x p l o s i v e s ,  t h e  s p e e d  a t  w h i c h  t h e  s h o c k  w a v e
t r a v e l s  t h r o u g h  t h e  a i r  d e c k  a n d  t h e  l e n g t h  o f  t h e  a i r  d e c k .  F i g u r e
5  i l l u s t r a t e s  t y p i c a l  s h o c k  w a v e  v e l o c i t y  m e a s u r e d  t h r o u g h  a n
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Figure  4F igure  4F igure  4F igure  4F igure  4

FFFFFace  ve loc i t y  curves  fo r  a  t r i a l  a i r  deckace  ve loc i t y  curves  fo r  a  t r i a l  a i r  deckace  ve loc i t y  curves  fo r  a  t r i a l  a i r  deckace  ve loc i t y  curves  fo r  a  t r i a l  a i r  deckace  ve loc i t y  curves  fo r  a  t r i a l  a i r  decked  b las t  a t  Duvha .ed  b la s t  a t  Duvha .ed  b la s t  a t  Duvha .ed  b la s t  a t  Duvha .ed  b la s t  a t  Duvha .
The  face  ve loc i ty  prThe  face  ve loc i ty  prThe  face  ve loc i ty  prThe  face  ve loc i ty  prThe  face  ve loc i ty  pro f i l e s  a re  shown in  the  schemat i c  s ec t ionof i l e s  a re  shown in  the  schemat i c  s ec t ionof i l e s  a re  shown in  the  schemat i c  s ec t ionof i l e s  a re  shown in  the  schemat i c  s ec t ionof i l e s  a re  shown in  the  schemat i c  s ec t ion
a t  the  bo t tom.  The  re ta rd ing  e f f ec t  on  heave  o f  the  a i r  decka t  the  bo t tom.  The  re ta rd ing  e f f ec t  on  heave  o f  the  a i r  decka t  the  bo t tom.  The  re ta rd ing  e f f ec t  on  heave  o f  the  a i r  decka t  the  bo t tom.  The  re ta rd ing  e f f ec t  on  heave  o f  the  a i r  decka t  the  bo t tom.  The  re ta rd ing  e f f ec t  on  heave  o f  the  a i r  deck

i s  we l l  i l lu s t ra ted .i s  we l l  i l lu s t ra ted .i s  we l l  i l lu s t ra ted .i s  we l l  i l lu s t ra ted .i s  we l l  i l lu s t ra ted .

Targe t  Ve loc i t i es  Taken f rom High Speed  Fi lm
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a i r  d e c k  i n  a  2 5 0  m m  d i a m e t e r  o v e r b u r d e n  b l a s t h o l e  a t  D u v h a .
D e t o n a t o r  p l a c e m e n t  i s  e q u a l l y  i m p o r t a n t  t o  e n s u r e  t h a t  t h e  t r a v e l
d i s t a n c e s  w i l l  r e s u l t  i n  t h e  s h o c k  f r o n t s  m e e t i n g  i n  t h e  a i r  g a p
r a t h e r  t h a n  i n  o n e  o r  o t h e r  e x p l o s i v e  d e c k .

D a v i d s  e t .  a l ( 7 )  c a r r i e d  o u t  t e s t s  a t  S y f e r f o n t e i n  C o l l i e r y  o n  m i d -
column air  decks.  They establ ished that  the  maximum t ime difference
b e t w e e n  t h e  d e t o n a t i o n  o f  t h e  t o p  c h a r g e  a n d  t h e  d e t o n a t i o n  o f
t h e  b o t t o m  c h a rg e  w a s  l e s s  t h a n  t h e  a c c u r a c y  o f  a v a i l a b l e  s h o c k
t u b e  d e t o n a t o r  s y s t e m s .  I t  w a s  f o u n d  t h a t ,  w h e n  t h e  s h o c k  f r o n t
f r o m  o n e  o f  t h e  e x p l o s i v e  d e c k s  i m p i n g e d  o n  u n f i r e d  e x p l o s i v e
in  the  o ther  deck,  i t  would  cause  sympathet ic ,  but  par t ia l  de tonat ion.
I f  t h i s  o c c u r r e d  s y s t e m a t i c a l l y  a t  t h e  b o t t o m  e x p l o s i v e  d e c k  i n  a
n u m b e r  o f  h o l e s  i n  a  b l a s t ,  l a r g e  a r e a s  o f  u n f r a g m e n t e d  s a n d s t o n e
w o u l d  r e m a i n  o n  t h e  c o a l .  T h e  n e e d  f o r  m o r e  a c c u r a t e  t i m i n g  i n
h o l e s  w i t h  m i d - c o l u m n  a i r  d e c k s  w i l l  o n l y  p r a c t i c a l l y  b e  s a t i s f i e d
w h e n  e l e c t r o n i c  d e t o n a t o r s  b e c o m e  c o m m e r c i a l l y  a v a i l a b l e  a n d
e c o n o m i c a l l y  v i a b l e .

Close  to  s imul taneous  f i r ing t imes  have been achieved by connect ing
t h e  t o p  a n d  b o t t o m  d e t o n a t o r s  w i t h  a  l e n g t h  o f  d e t o n a t i n g  c o r d
i n  v a r i o u s  S o u t h  A f r i c a n  m i n e s  ( 7 ) .  T h i s  t e c h n i q u e  i s  c u m b e r s o m e ,
however,  and  r equ i re s  a  h igh  l eve l  o f  con t ro l  du r ing  ho le  cha rg ing .

T h e  s e c o n d  r e a s o n  f o r  p o s i t i o n i n g  t h e  a i r  d e c k  a t  t h e  t o p  o f  t h e
c o l u m n  i s  t h e  n e e d  f o r  a  m u c k p i l e  w i t h  a  t o p  t h a t  i s  e s s e n t i a l l y
undisturbed compared to the previous bench top, but is well fragmented.
This  cou ld  no t  be  ach ieved  wi th  a  top  charged  deck  d i rec t ly  benea th
t h e  s t e m m i n g  p o r t i o n  o f  e a c h  h o l e .

IN HOLE SHOCK WAVE VELOCITY PROFILES

I n  a  n u m b e r  o f  t r i a l  b l a s t s ,  i n - h o l e  V O D s  w e r e  m e a s u r e d  t o  e n s u r e
t h a t  h o l e s  w e r e  a d e q u a t e l y  p r e s s u r i s e d .  T h e  i n s t r u m e n t  u s e d  f o r
r e c o r d i n g  t h e  m e a s u r e m e n t s  w a s  a  V O D R - 1  w h i c h  e m p l o y s  t i m e
d o m a i n  r e f l e c t o m e t r y  t o  m e a s u r e  s e n s o r  c a b l e  l e n g t h .  T h e  s e n s o r
c a b l e  u s e d  w a s  a  c o a x i a l  c a b l e  ( R G 5 8 )  w h i c h  h a s  a  r e l a t i v e l y
h i g h  c r u s h i n g  t h r e s h o l d .

F i g u r e  6  s h o w s  t r a c e s  f r o m  V O D  m e a s u r e m e n t s  m a d e  i n  a  n u m b e r
o f  h o l e s  i n  v a r i o u s  b l a s t s  a t  t h e  m i n e .  T h e  c l e a n  p o r t i o n  o f  e a c h
t r a c e  r e p r e s e n t s  t h e  c h a rg e d  p o r t i o n  o f  e a c h  h o l e .  I n  t h i s  p o r t i o n ,
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Figure 5

Cont inuous  VOD trace  in  an  a ir  decked  250  mm blas thole  a t
Duvha.  The  t ime  taken  for  the  shock  wave  to  t rave l  through

the  a i r  deck  in  th i s  case  was  1 .4  ms .  This  would  be  the
miminum accuracy  required  for  de tonators  f i r ing  two

charged  decks  separated  by  an  a ir  deck
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t h e  c a b l e  w a s  p r o p e r l y  c r u s h e d  a n d  a  r e l a t i v e l y  n o i s e  f r e e  s i g n a l
w a s  o b t a i n e d .  M e a s u r e d  V O D s  r a n g e d  b e t w e e n  4 0 0 0  m / s  a n d  4 5 0 0
m / s .  I n  t h e  a i r  d e c k e d  p o r t i o n  o f  t h e  h o l e ,  t h e  s p e e d  o f  t h e  s h o c k
w a v e  w a s  a p p r o x i m a t e l y  h a l f  t h e  V O D .  S i m i l a r l y,  t h e  p r e s s u r e
i n  t h e  s h o c k  w a v e  w a s  n o t a b l y  l o w e r.  T h i s  c a n  b e  s e e n  i n  t h e
s i g n a l  t r a c e s  i n  F i g u r e  6  w h e r e  t h e  l o w e r  p r e s s u r e  c r u s h e d  t h e
R G 5 8  c a b l e  l e s s  e f f i c i e n t l y  a n d  t h u s  t h e  s i g n a l  b e c a m e  n o i s i e r .
T h e  l o w e r  p r e s s u r e  i n  t h e  a i r  d e c k s  i s  d e s i r a b l e  f o r  t h e  r e d u c e d
h e a v e  a n d  c o a r s e r  f r a g m e n t a t i o n  r e q u i r e d  i n  t h e  t o p  p o r t i o n  o f
t h e  b l a s t s  a t  D u v h a .

DAMAGE CONTROL

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

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

COST ANALYSIS

S i g n i f i c a n t  s a v i n g s  o n  e x p l o s i v e  c o n s u m p t i o n  h a v e  b e e n  a c h i e v e d
w i t h  n o  d e t r i m e n t  t o  D r a g l i n e  p r o d u c t i v i t y.  D u v h a  S e c t i o n  u s e s
1 2  0 0 0  0 0 0  k g  o f  A N F O  p e r  a n n u m  a n d ,  w i t h  t h e  i n t r o d u c t i o n  o f
a i r  d e c k s ,  t h i s  h a s  b e e n  r e d u c e d  b y  a b o u t  2 0  % .

D r a g l i n e  r e h a n d l e  h a s  b e e n  r e d u c e d  b y  k e e p i n g  t h e  t o p  o f  t h e
blas ted  bench ,  which  the  drag l ine  wi l l  t raverse ,  as  leve l  as  poss ib le .

A signif icant  improvement in dragline performance has been achieved
i n  t h e  t o p  p o r t i o n  o f  e a c h  b l a s t  w h e r e  r o c k  d i s p l a c e m e n t  h a s  b e e n
m i n i m a l .  T h i s  i s  b e c a u s e  r o c k  f r a g m e n t s  h a v e  n o t  m o v e d  m u c h
a n d  h a v e  r e m a i n e d  i n  t h e i r  r e l a t i v e  p o s i t i o n s .  A s  a  r e s u l t ,  a i r
voids  normal ly  associa ted  wi th  bulk ing  are  minimal  and the  dragl ine
b u c k e t  f i l l  f a c t o r  h a s  i n c r e a s e d  b y  a b o u t  1 5  %  i n  t h e  u p p e r  7  m
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Figure 6.

VOD traces  measured  in  a  number  of  tes t  holes  conta ining a ir
decks  a t  the  top  of  the  exp los ive  charge .  The  t race  through

the  a i r  decked  por t ion  of  the  b las t  represents  the  shock  wave
t rave l l ing  through the  a i r  deck .  The  ve loc i t y  o f  the  shock

wave  i s  t yp ica l l y  about  ha l f  the  VOD through  the  exp los i ve
co lumn.  The  lower  pressure  in  the  a i r  deck  caused  less

e f f ic ien t  crushing  of  the  sensor  cab le ,  hence  the  more  noisy
t race  corresponding  to  the  a ir  deck .
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o f  e a c h  b l a s t e d  b l o c k .

C O N C L U S I O N S

For  a  number  o f  yea r s ,  t op  co lumn  a i r  decks  have  been  ex t ens ive ly
u s e d  a t  D u v h a .  Ty p i c a l l y  a i r  d e c k  l e n g t h s  b e t w e e n  3  a n d  4  m  a r e
u s e d  i n  a  b e n c h  h e i g h t  o f  a b o u t  1 8  m .  T h e  s t e m m i n g  a b o v e  t h e
a i r  d e c k  i s  n o r m a l l y  a b o u t  3  t o  4  m  l o n g .  T h i s  h a s  r e s u l t e d  i n  a
m u c k p i l e  p r o f i l e  t h a t  i s  f l a t  a t  t h e  c r e s t  w i t h  t h e  c r e s t  h e i g h t
b e i n g  v e r y  s i m i l a r  t o  t h e  o r i g i n a l  b e n c h  h e i g h t .  T h i s  s i g n i f i c a n t l y
i m p r o v e s  d r a g l i n e  p e r f o r m a n c e  b e c a u s e  d r a g l i n e  p a d s  d o  n o t  n e e d
t o  b e  b u i l t  u p  t o  t h e  r e q u i r e d  l e v e l .  T h i s  m u c k p i l e  p r o f i l e  h a s
b e e n  a c h i e v e d  b e c a u s e  t h e  a i r  d e c k ,  w h i c h  i s  l o c a t e d  b e t w e e n
the explosive  column and the  s temming a t  the  hole  col lar,  effect ively
l i m i t s  h o r i z o n t a l  a n d  v e r t i c a l  h e a v e  i n  t h e  t o p  4 0  %  o f  t h e  b l o c k
b e i n g  b l a s t e d .

D r a g l i n e  p e r f o r m a n c e  h a s  a l s o  b e e n  s i g n i f i c a n t l y  i m p r o v e d  b y
b e t t e r  b u c k e t  f i l l  f a c t o r s .  F r a g m e n t a t i o n  i n  t h e  t o p  p o r t i o n  o f
t h e  b l a s t  i s  c o a r s e r  t h a n  i n  b l a s t s  w h e r e  n o  a i r  d e c k i n g  i s  u s e d ,
bu t  because  f r agmen t s  have  no t  moved  much  r e l a t ive  to  each  o the r,
b u l k i n g  h a s  b e e n  m i n i m i s e d  a n d  v o i d s  h a v e  t h u s  b e e n  r e d u c e d .

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

U s u a l l y,  t h e  m o t i v a t i o n  f o r  t h e  u s e  o f  a i r  d e c k s  i s  o n e  o f  d i r e c t
c o s t  r e d u c t i o n  b y  u s i n g  l e s s  e x p l o s i v e .  D i r e c t  b l a s t i n g  c o s t s  h a v e
been reduced by replacing explosive with air.  However,  this  reduction
is  combined  wi th  improved  b las t ing  resu l t s  and  thus  have  conf i rmed
t h e  s u c c e s s  o f  t o p  c o l u m n  a i r  d e c k s  a t  D u v h a .

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

A l l  t e s t  w o r k  r e p o r t e d  i n  t h i s  p a p e r  w a s  c a r r i e d  o u t  a t  t h e  D u v h a
S e c t i o n  o f  M i d d e l b u rg  M i n i n g  S e r v i c e s  ( P t y )  L t d .  T h e  a u t h o r s
wish  to  thank  the  mine  fo r  a l lowing  publ ica t ion  of  th i s  in format ion .
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