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THIS  INVENTION  r e l a t e s   to  t he   s i n k i n g   of  s h a f t s   in  t h e  

e a r t h s   c r u s t .   Such   s h a f t s   may  be  f o r   t he   p u r p o s e   o f  

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   or  any  o t h e r   p u r p o s e s .   I n  

a d d i t i o n   s u c h   s h a f t s   may  be  v e r t i c a l   or   i n c l i n e d   and  o f  

v a r y i n g   c r o s s - s e c t i o n s   and  c r o s s - s e c t i o n a l   a r e a s .   I t   i s  

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

w h i c h   can   h a v e   a  c r o s s - s e c t i o n a l   a r e a   of  a p p r o x i m a t e l y   35 

s q u a r e   m e t r e s   and  d e p t h   of  900  m e t r e s   or  g r e a t e r .  

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

i n v o l v e s   t h e   f o l l o w i n g   s t e p s : -  

(a)  b o r i n g ;  

(b)  f i r i n g ;  

(c)   b o g g i n g ;  

(d)  s u p p o r t ;  

(e)  f u r n i s h i n g .  

B o r i n g   i n v o l v e s   t h e   d r i l l i n g   of  h o l e s   f o r   a c c o m m o d a t i n g  

e x p l o s i v e s   in  t h e   b o t t o m   of  t h e   s h a f t s   a c c o r d i n g   to  a  s e t  

p a t t e r n .   In  a  t y p i c a l   p a t t e r n   t h e r e   a r e   52  38  mm  d i a m e t e r  

h o l e s   in   a  p a t t e r n   c o m p r i s i n g   6  c e n t r a l   p y r a m i d   c u t   h o l e s  

on  a  1 . 8 3   m e t r e   d i a m e t e r   c i r c l e ,   10  cu t   h o l e   e a s e r s   a r o u n d  

a  3 . 0 5   m e t r e   to   3 .5   m e t r e   c i r c l e ,   15  ( s o m e t i m e s   18)  c r o p  

e a s e r   h o l e s   on  a  4 . 5 7   to   5 . 0 3   m e t r e   c i r c l e   and  21  c r o p p e r  
h o l e s   on  a  6.4  m e t r e   c i r c l e .   The  h o l e s   a re   u s u a l l y  
d r i l l e d   to   a  v e r t i c a l   d e p t h   of  b e t w e e n   1 . 3 7   and  1 . 5 2  

m e t r e s .  

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

c h a r g e s   in  t h e   a b o v e - m e n t i o n e d   p a t t e r n   of  h o l e s   in  a  

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

c r e a t e d   i n i t i a l l y   n e a r   t he   c e n t r e   of  the   f a c e   of  t he   s h a f t  

and  s u b s e q u e n t l y   o v e r   t h e   w h o l e   c r o s s - s e c t i o n a l   a r e a   o f  

the   s h a f t   on  f i r i n g   the   s u b s e q u e n t   c h a r g e s   in  the  p a t t e r n .  
I t   can  be  e x p e c t e d   t h a t   a  b r e a k   of  1 . 2 2   m e t r e s   d e p t h   w i l l  



r e p r e s e n t   125  t o n n e s   of  r o c k   m a t e r i a l   in  a  s h a f t   of  t h e  

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

B o g g i n g   c o n s i s t s   of  e x t r a c t i n g   t h e   b r o k e n   r o c k   m a t e r i a l  

f rom  t h e   s h a f t   u s i n g   a  b u c k e t   and  h o i s t   which   r a i s e s   t h e  

m a t e r i a l   t o   t h e   s u r f a c e .  

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

f a l l s .  

The  f u r n i s h i n g   s t e p   c o m p r i s e s   p a r t i t i o n i n g   t h e   s h a f t   w i t h  

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

i n t o   c o m p a r t m e n t s   to   a c c o m m o d a t e   man  c a g e s   and  c o u n t e r -  

w e i g h t s ,   o r e   and  w a s t e   s k i p s ,   l a d d e r   ways  and  s e r v i c e  

c o n d u i t s .   The  above   m e t h o d   of  s i n k i n g   s h a f t s   s u f f e r s   f r o m  
t h e   p r i n c i p a l   d i s a d v a n t a g e   of  b e i n g   v e r y   c o s t l y .  F o r  

e x a m p l e   r e c e n t l y   a t   t h e   G o l d e n   Grove   M i n i n g   p r o p e r t y   i n  

W e s t e r n   A u s t r a l i a   a  4 .6   m e t r e   d i a m e t e r   c o n c r e t e   l i n e d  

s h a f t   was  sunk   to   a  d e p t h   of  370  m e t r e s   t he   t o t a l   c o s t   o f  

$4  m i l l i o n   A u s t r a l i a n   D o l l a r s .  

The  a b o v e   m e t h o d   of  s i n k i n g   s h a f t s   has   two  p r i n c i p l e  

c a u s e s   f o r   t h e   h i g h   c o s t  i n   s h a f t   s i n k i n g   w i t h   c o m p r i s e : -  

(a)   t h e   low  power   of  m a c h i n e r y   t h a t   can   be  l o c a t e d  

a t   t h e   w o r k i n g   f a c e ;  

(b)  t h e   c y c l i c   n a t u r e   of  t h e   o p e r a t i o n .  

In  r e l a t i o n   to  t he   power   of  t h e   m a c h i n e s   wh ich   can  be  u s e d  

in  a  t y p i c a l   s h a f t ,   a  t y p i c a l   s i n k i n g   d r i l l   w h i c h   can  b e  

u s e d   in   s u c h   an  o p e r a t i o n   a p p l i e s   a p p r o x i m a t e l y   6  to   7  kW 

p o w e r   t o   t h e   c u t t i n g   e d g e s .   In  o p e n   cu t   m i n i n g   m a c h i n e s  

a r e   u s e d   w h i c h   can  t y p i c a l l y   a p p l y   power   of  the   o r d e r   o f  

90  kW  t o   t h e   c u t t i n g   e d g e s .   The  power   of  t h e   m a c h i n e s  

a v a i l a b l e   in  s h a f t   s i n k i n g   l i m i t s   t h e   d i a m e t e r   of  t h e   h o l e  
w h i c h   c a n   be  d r i l l e d   ( t y p i c a l l y   to   38  mm)  w h i c h   in  t u r n  

l i m i t s   t h e   a m o u n t   of  e x p l o s i v e '   w h i c h   can  be  l o a d e d   i n t o  



t h e   h o l e   r e s u l t i n g   in  a  l a r g e   number   of  h o l e s   b e i n g   r e -  

q u i r e d   to   a c c o m m o d a t e   t he   amount   of  e x p l o s i v e   n e c e s s a r y   t o  

b r e a k   t h e   r o c k .   I t   f o l l o w s   t h a t   i f   the   h o l e s   were   of  a  

l a r g e r   d i a m e t e r   f e w e r   h o l e s   would  need  to  be  d r i l l e d   a n d  

l e s s   e x p e n s i v e   l o w e r   b u l k   s t r e n g t h   e x p l o s i v e s   can  be  u s e d .  

The  c y c l i c   n a t u r e   of  t he   s h a f t   s i n k i n g   o p e r a t i o n   i s   u n -  

a v o i d a b l e   as  t h e r e   a r e   c e r t a i n   u n p r o d u c t i v e   a c t i v i t i e s  

wh ich   must   be  e x e c u t e d   in  b e t w e e n   the   p h a s e s   of  the   c y c l e .  

T h e s e   a c t i v i t i e s   i n c l u d e : -  

(a)  mov ing   e q u i p m e n t   in  and  ou t   of  t he   s h a f t   a f t e r  

c l e a r i n g   t h e   s h a f t   of  r ock   m a t e r i a l   and  p r i o r   t o  

f i r i n g   t h e   e x p l o s i v e s   r e s p e c t i v e l y ;  

(b)  w a i t i n g   f o r   b l a s t   fumes  to  c l e a r   from  the   s h a f t ;  

(c)  g e n e r a l l y   c l e a n i n g   t h e   s h a f t   f a c e   of  t he   r e s i -  

d u a l   b r o k e n   m a t e r i a l   b e t w e e n   b o g g i n g   and  b o r i n g   t o  

a v o i d   t h e   d a n g e r   c r e a t e d   by  b o r i n g   i n t o   t h e   f a c e   a n d  

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

f i r i n g .  

I t   i s   d e s i r a b l e   to   make  each  p h a s e   of  t he   c y c l e   as  long  a s  

p o s s i b l e   b u t   t he   c o n t r o l l i n g   f a c t o r   is  the   d e p t h   of  t h e  

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

h e a d i n g s   wh ich   a r e   i n c l i n e d   u p w a r d l y   i t   is  p o s s i b l e   t o  

a c h i e v e   a d v a n c e s   f rom  4 .75   to  1.2  t i m e s   the   h e a d i n g   d i a m e -  

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

g r a v i t y .   In  c o n t r a s t   when  s i n k i n g   s h a f t s   the   e x p l o s i v e s  

a r e   o p e r a t i n g   a g a i n s t   t he   f o r c e   of  g r a v i t y   and  i t   s e e m s  
t h a t   a p p r o x i m a t e l y   2 .5   m e t r e s   is  t he   maximum  d e p t h   o f  

r o u n d   t h a t   can  be  f i r e d   even  w i t h   s h a f t s   of  l a r g e  
c r o s s - s e c t i o n a l   a r e a .   In  p r a c t i c e   t he   a d v a n c e   pe r   r o u n d  

is  l i m i t e d   to  a b o u t   h a l f   t h i s   d e p t h   b e c a u s e   of  the   d e s i r e  

to  c o m p l e t e   a  f u l l   b o g g i n g ,   b o r i n g   and  f i r i n g   c y c l e   in  o n e  

s h i f t   w i th   f i r i n g   t a k i n g   p l a c e   at  the   end  of  the  s h i f t   t o  

g i v e   b l a s t   fumes   t i m e   to  c l e a r   from  the   s h a f t   b e f o r e   t h e  

n e x t   s h i f t   s t a r t s   w o r k .  



R e c e n t l y   i t   has   b e e n   p r o p o s e d   to  s i n k   s h a f t s   u s i n g   b l i n d  

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

l a r g e   r o t a t i n g  c i r c u l a r   c u t t i n g   head   f a c e d   w i t h   a  p l u r a -  

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

t u n g s t e n   c a r b i d e .   Each   e l e m e n t   r o t a t e s   f r e e l y   on  the   h e a d  

and  a r e   a r r a n g e d   o v e r   t h e   f a c e   of  t h e   head  t o   f u l l y   c o v e r  

t h e   e n t i r e   s h a f t   c r o s s - s e c t i o n .   The  body  of  t h e   m a c h i n e  

i s   w e d g e d   in  t h e   s h a f t   by  h y d r a u l i c   means  and  o t h e r   h y d -  
r a u l i c   r ams   f o r c e   t h e   c u t t i n g   head   a g a i n s t   t he   w o r k i n g  

f a c e   as   t h e   head   i s   c a u s e d   to   r o t a t e .   In  some  c a s e s   t h e  

c u t t i n g s   f rom  the   m a c h i n e   a re   e x t r a c t e d   by  a  s u c t i o n   u n i t .  

B l i n d   s h a f t   b o r i n g   m a c h i n e s   of  t h e   above   f o rm  a p p l y   h i g h  

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

t h e y   a r e   r e p o r t e d   to   be  e x t r e m e l y   e x p e n s i v e   to   o p e r a t e   i n  

h a r d   r o c k   c o n d i t i o n s .   T h i s   i s   p r o b a b l y   b e c a u s e   of  t h e  

h i g h   c o n s u m p t i o n   of  c u t t i n g   c o n e s   w h i c h   i s   t h e   e x p e r i e n c e d  

w i t h   r a i s e   b o r i n g   m a c h i n e s   w h i c h   o p e r a t e   on  t h e   same  p r i n -  

c i p l e .  

I t   w o u l d   seem  to   be  c o n t r a r y   to   good  p r a c t i c e   to  u s e  

e x p e n s i v e   b o r i n g   m a c h i n e s   in  s h a f t   s i n k i n g   when  c h e a p  
e f f i c i e n t   e x p l o s i v e s   a r e   a v a i l a b l e   to   e f f e c t   a  s i m i l a r  

s a t i s f a c t o r y   r e s u l t .  

I t   i s   an  o b j e c t   of  t h i s   i n v e n t i o n   to   p r o v i d e   a  m e t h o d   o f  

s h a f t   s i n k i n g   w i t h   e x p l o s i v e s   in  wh ich   t h e   c o s t   of  s h a f t  

s i n k i n g   i s   r e d u c e d   in   r e l a t i o n   to   t he   c o n v e n t i o n a l   t e c h -  

n i q u e s   d e s c r i b e d   a b o v e .  

In  one   fo rm  t h e   i n v e n t i o n   r e s i d e s   in  a  m e t h o d   of  s i n k i n g  

s h a f t s   c o m p r i s i n g   e x c a v a t i n g   a  s e r i e s   of  l i f t s   t h r o u g h o u t  

t h e   l e n g t h   of  t h e   s h a f t   w h e r e i n   each   l i f t   i s   e x c a v a t e d   b y  

d r i l l i n g   a  p a t t e r n   of  b l a s t   h o l e s   fo r   t he   f u l l   d e p t h   o f  

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



a  c h a m b e r   a t   t he   l o w e r   end  of  t he   l a r g e   d i a m e t e r   h o l e ,  

b l a s t i n g   t h e   w a l l s   of  t he   c h a m b e r   to  d e p o s i t   r o c k   m a t e r i a l  

i n t o   t h e   c h a m b e r ,   e x t r a c t i n g   a t   l e a s t   a  p o r t i o n   of  t h e  

r o c k   m a t e r i a l   c r e a t e d   by  the   b l a s t   and  r e p e a t i n g   t h e  

b l a s t i n g   and  e x t r a c t i o n   s t e p   t h r o u g h o u t   t h e   l e n g t h   of  t h e  
l i f t   w h e r e i n   on  t h e   f u l l   v o l u m e   of  the   l i f t   b e i n g   b l a s t e d  

t h e   r e m a i n i n g   b r o k e n   m a t e r i a l   is   e x t r a c t e d .  

A c c o r d i n g   to   a  p r e f e r r e d   f e a t u r e   of  t he   i n v e n t i o n   s u f f i -  

c i e n t   r o c k   m a t e r i a l   i s   e x t r a c t e d   b e t w e e n   e a c h  b l a s t i n g  

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

c r e a t e d   by  t he   s u b s e q u e n t   b l a s t .  

A c c o r d i n g   to  a  f u r t h e r   p r e f e r r e d   f e a t u r e   of  t he   i n v e n t i o n  

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

to  p r o v i d e   s a i d   c h a m b e r .  

A c c o r d i n g   to   a l t e r n a t i v e   p r e f e r r e d   f e a t u r e   of  t h e   i n v e n -  

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

i t s   l o w e r   end  to   p r o v i d e   s a i d   c h a m b e r .  

A c c o r d i n g   to   an  a l t e r n a t i v e   form  of  the   i n v e n t i o n   of  s a i d  

l a r g e   d i a m e t e r   h o l e   i s   e n l a r g e d   a t   i t s   l o w e r   end  to   p r o -  
v i d e   s a i d   c h a m b e r   and  a t   s p a c e d   i n t e r v a l s   a l o n g   i t s   l e n g t h  

to   p r o v i d e   s p a c e s   to   a c c o m m o d a t e   e x p l o s i v e   c h a r g e s .  

A c c o r d i n g   to   a  p r e f e r r e d   f e a t u r e   of  t he   i n v e n t i o n   s a i d  

b l a s t   h o l e s   a r e   c h a r g e d   w i t h   e x p l o s i v e   c h a r g e s   in  t h e  

r e g i o n   of  t he   w a l l s   of  t h e   c h a m b e r   wh ich   have   been   e x p o s e d  

by  t h e   p r e v i o u s   b l a s t .  

The  i n v e n t i o n   w i l l   be  more   f u l l y   u n d e r s t o o d   of  t h e   l i g h t  

of  t h e   f o l l o w i n g   d e s c r i p t i o n   of  one  s p e c i f i c   e m b o d i m e n t .  

The  d e s c r i p t i o n   i s   made  w i t h   r e f e r e n c e   to  the   a c c o m p a n y i n g  

d r a w i n g s   of  w h i c h : -  



F i g .   1  i s   a  c r o s s - s e c t i o n a l   r e p r e s e n t a t i o n   of  a  s h a f t  

s h o w i n g   t he   p a t t e r n   of  d r i l l   h o l e s   u sed   fo r   a  l i f t  

a c c o r d i n g   to  t he   e m b o d i m e n t ;  

F i g .   2  is  a  l o n g i t u d i n a l   s e c t i o n   a l o n g   l i n e   A-A  o f  

F i g .   1  of  t h e   l o w e r   p o r t i o n   of  a  l i f t   a c c o r d i n g   t o  

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

l i f t ;  

F i g s .   3A,  B,  C  and  D  a r e   f o u r   l o n g i t u d i n a l   s e c t i o n s  

of  t h e   l o w e r   p a r t   of  t he   l i f t   a t   v a r i o u s   p h a s e s   o f  

t h e   e m b o d i m e n t ;  

F i g .   4  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  a  v a c u u m  

b o g g i n g   i n s t a l l a t i o n   w h i c h   may  be  u s e d   w i t h   t h e  

e m b o d i m e n t ;  

F i g .   5  i s   a  s e c t i o n a l   s i d e   e l e v a t i o n a l   of  a  r e a m e r  

a c c o r d i n g   to   t he   e m b o d i m e n t s   in   t h e   c o l l a p s e d   m o d e ;  

F i g .   6  i s   a  s e c t i o n a l   s i d e   e l e v a t i o n   of  a  r e a m e r  

a c c o r d i n g   to  t he   e m b o d i m e n t   in  t h e   e x p a n d e d   mode;   a n d  

F i g .   7  i s   a  c r o s s - s e c t i o n a l   v i e w   of  a  r e a m e r   a l o n g  

l i n e   A-A  o f  F i g .   6 .  

The  e m b o d i m e n t   i s   d i r e c t e d   to   t h e   s i n k i n g   of  a  s h a f t   in  a  

s e r i e s   of  l i f t s .   At  t he   c o m m e n c e m e n t   of  e a c h   l i f t   a l l   o f  

t h e   r e q u i r e d   b l a s t   h o l e s   1  to   23  ( s e e   F i g .   1)  w h i c h   a r e  

r e q u i r e d   a r e   d r i l l e d   to  t he   f u l l   l e n g t h   of  t he   l i f t   a c c o r -  

d i n g   to   a  s o m e w h a t   c o n v e n t i o n a l   p a t t e r n .   In  a d d i t i o n   a  

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

l e n g t h   of  t h e   l i f t .   The  l a r g e   d i a m e t e r   h o l e   i s   t h e n  

r e a m e d   o u t   to   d e f i n e   an  e n l a r g e d   c h a m b e r   B  a t   t h e   l o w e r  

end  of  t h e   h o l e   a t   l e a s t ,   u s i n g   a  r e a m e r   of  t h e   form  s h o w n  

a t   F i g s .   5  t o   7  d e s c r i b e d   b e l o w .   I f   d e s i r e d   t h e   h o l e   A 

may  r e a m e d   o u t   f o r   i t s   who le   l e n g t h   u s i n g   t h e   r e a m e r   o f  

F i g s .   5  t o   7  or  a  c o n v e n t i o n a l   h o l e   o p e n e r   as  i s   c o m m o n l y  

u s e d   in  o i l   w e l l   d r i l l i n g .  

S u i t a b l e   d i a m e t e r s   f o r   t he   c e n t r a l   l a r g e   d i a m e t e r   h o l e   may 
be  of  t h e   o r d e r   of  254  to  311  mms  and  the   b l a s t   h o l e s   may  



h a v e   d i a m e t e r s   in  t h e   r e g i o n   of  121  mms.  The  b l a s t   h o l e  

p a t t e r n   is  c o n t r o l l e d   by  w e l l   known  c r i t e r i a   which   i n -  

c l u d e : -  

(a)   e x p l o s i v e   w e i g h t   to   b r o k e n   r o c k   v o l u m e   r a t i o s ;  

(b)  e x p l o s i v e s   s t r e n g t h ;  

(-c)  r o c k   s w e l l   f a c t o r   ( r o c k   when  c r u s h e d   and  w e l l  

b r o k e n   by  e x p l o s i v e s   e x p a n d s   by  a  f a c t o r   of  35  p e r  
c e n t ) ;  

(-d)  t h e   d i s t a n c e   of  e a s e r   h o l e s   f rom  t he   c e n t r a l  

l a r g e   d i a m e t e r   h o l e ;  

(e)   t h e   r a t i o   of  b u r d e n   on  a  h o l e   to   t h e   l e n g t h   o f  

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

be  in  t h e   r a n g e  o f   .5  to  . 8 7  -   e x c e p t   f o r   t h e   i n i t i a l  

c u t   e a s e r s ) ;  

( f )   i f   two  h o l e s   a r e   b l a s t i n g   to   a  f r e e   f a c e   t h e  

l o a d   s h o u l d   be  e q u a l l y   d i s t r i b u t e d   b e t w e e n   them  a n d  

t h e   r a t i o   of  b u r d e n   to   t h e   h o l e   s p a c i n g   s h o u l d   n o t   b e  

l e s s   t h a n   .5 .   ( B l a s t i n g   of  two  such   h o l e s   s i m u l -  

t a n e o u s l y   w i l l   b r e a k   t h e   wedge   of  r o c k   b e t w e e n   t h e m  

w h i c h   wou ld   o t h e r w i s e   r e m a i n   u n b r o k e n   i f   t h e   h o l e s  

w e r e   b l a s t e d   s e p a r a t e l y . )  

On  d r i l l i n g   of  t he   b l a s t   h o l e s   and  the   c e n t r a l   l a r g e   d i a -  

m e t e r   h o l e   t h e   l o w e r   end  of  a l l   of  t h e   d r i l l   h o l e s   1  to  23  

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

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

m a t e r i a l   p r o d u c e d   by  e a c h   f i r i n g   f i l l s   the   c h a m b e r   B .  

B e t w e e n   e a c h   f i r i n g   a t   l e a s t   a  p o r t i o n   of  t h e   b r o k e n   r o c k  

m a t e r i a l   so  p r o d u c e d   is   r e m o v e d   by  vacuum  b o g g i n g   t o  

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

p r o d u c e d   by  t h e   s u b s e q u e n t   f i r i n g .   At  t h e   c o n c l u s i o n  

of  t h e   f i r s t   r o u n d   t h e   c h a m b e r   B  f o r m e d   by  t h e  

b l a s t i n g   has   t h e   d e s i r e d   l a t e r a l   d i m e n s i o n s   of  t he   s h a f t .  

The  h e i g h t   to  which  each  hole  is  charged  with  e x p l o s i v e s   to  form  t h e  

i n i t i a l   chamber  depends  upon  the  expec ted   h e i g h t   o f  
s u b s e q u e n t   rounds,   the  p r o p o r t i o n   of  o v e r s i z e d  



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

t h e   f l o o r   b e c a u s e   r o c k   w i l l   no t   b r e a k   to  the   f u l l   d e p t h   o f  

t h e   c h a r g e d   h o l e )   and  t h e   t y p e   of  b l a s t i n g   a c t i o n   a p p l i e d .  

The  r o u n d s   f i r e d   a f t e r   the   i n i t i a l   c h a m b e r   r o u n d   can  b e  
f i r e d   e i t h e r   as  big  h o l e   b u r n   c u t s   or  as  m o d i f i e d   p y r a m i d  

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

t h e   b o t t o m   ( i . e .   w h e r e   t h e y   e m e r g e   f rom  t h e   f r e e   f a c e )   b y  

a  s u i t a b l e   m e a n s .   An  e x a m p l e   of  s u c h   means   c o m p r i s e   u s i n g  

s h o r t   l e n g t h s   of  c l o s e d   p i p e   made  of  a  s u i t a b l e   m a l l e a b l e  

m e t a l   and  c o n t a i n i n g   a  s m a l l   c h a r g e   of  l o w e r   power   e x p l o -  

s i v e s .   T h e s e   w o u l d   be  l o w e r e d   to   t h e   b o t t o m   of  t he   h o l e  

w h e r e   t h e   c h a r g e   wou ld   be  d e t o n a t e d   w e d g i n g   the   p i p e  

a g a i n s t   t h e   w a l l s   of  t h e   h o l e .   The  h o l e s   a r e   t h e n   l o a d e d  

w i t h   e x p l o s i v e s   to  t he   r e q u i r e d   h e i g h t   above   the   f r e e   f a c e  

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

The  h o l e s   a r e   t h e n   f i l l e d   w i t h   w a t e r   which   a c t s   as  a n  

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

h o l e s   and  e a s e r   h o l e s   1  to   5  or   9,  t h e   e x p l o s i v e s   s h o u l d  

be  d i s t r i b u t e d   a l o n g   t h e   f u l l   l e n g t h   of  t he   a p p r o p r i a t e  

s e c t i o n   of  t he   h o l e   r a t h e r   t h a n   t a m p e d   i n t o   t h e   top   h a l f  

as  i s   s o m e t i m e s   t h e   p r a c t i c e .   In  some  rock   c o n d i t i o n s  

t h i s   c an   r e s u l t   in  f a i l u r e   t h r o u g h   t h e   c o l l a r   of  t he   r o c k  

f a i l i n g   to   b r e a k .   In  o r d e r   to  m a i n t a i n   a  r e a s o n a b l e  

e x p l o s i v e s   r a t i o ,   t he   h o l e s   a r e   no t   c o m p l e t e l y   f i l l e d   w i t h  

e x p l o s i v e s ,   r a t h e r   t h e   c h a r g e s   a r e   b r o k e n   up  i n t o   s e g m e n t s  

by  t h e   use   of  wooden  s p a c e r   b l o c k s .   The  h o l e s   a r e   f i r e d  

in   t h e   s e q u e n c e   i n d i c a t e d   in  F i g .   6  u s i n g   s u i t a b l e   t i m e  

d e l a y   e l e c t r i c   d e t o n a t o r s .  

The  d i s a d v a n t a g e   of  the  above  system  is  t h a t   the  c e n t r a l   l a r g e  

d i a m e t e r   hole  A  must  be  reamed  out  to  f u l l   s i ze   th roughout   i t s  

e n t i r e   l e n g t h .   This  is  not  n e c e s s a r y   if   a  modif ied   pyramid  cut  i s  

used  for  f u r t h e r   rounds  a f t e r   the  i n i t i a l   chamber  has  been  fo rmed .  

R e f e r r i n g   to  Fig.  2,  the  l ine   40  t h e r e i n   is  taken  as  an  i m a g i n a r y  
c o n i c a l   s u r f a c e   the  base  d iamete r   of  which  co r r e sponds   to  t h e  

minimum  d i ame te r   of  the  s h a f t   and  the  apex  of  which  is  loca ted   a t  



t h e   c e n t r e   of  t h e   s h a f t .   A  c h a m b e r   50  is   r e amed   in  t h e  

c e n t r a l   l a r g e   d i a m e t e r   h o l e   a t   t h e   apex   of  t he   cone   40  

u s i n g   t he   h o l e   r e a m e r   d e s c r i b e d   b e l o w .   S i m i l a r   c h a m b e r s  

a r e   l o c a t e d   a t   r e g u l a r   i n t e r v a l s   up  the   l e n g t h   of  t h e  

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

to   t h e   h e i g h t   of  t he   r o u n d s .   The  b o t t o m   of  t he   c e n t r a l  

h o l e   i s   b l o c k e d   by  s u i t a b l e   means  and  f i l l e d   w i t h   a  q u i c k  

s e t t i n g   c e m e n t   g r o u t   52.  The  c h a m b e r   i s   f i l l e d   w i t h  

e x p l o s i v e s   53  and   s e a l e d   w i t h   a  p l u g   of  s u i t a b l e   i m p e r -  

v i o u s   c o m p o u n d   54.  The  h o l e   i s   t h e n   f i l l e d   w i t h   w a t e r   5 5  

w h i c h   a c t s   as   s t e m m i n g   to   c o n f i n e   t h e   c h a r g e .   S u r r o u n d i n g  
h o l e s   a r e   s i m i l a r l y   p l u g g e d   a t   t h e   b o t t o m   and  f i l l e d   w i t h  

a  q u i c k   s e t t i n g   g r o u t   56  to   a  p o i n t   h a l f   way  b e t w e e n   t h e  

f a c e   t h e   s u r f a c e   of  t h e   c o n e .   They  a r e   f i l l e d   w i t h   e x p l o -  

s i v e s   57  t o   s l i g h t l y   above   t h e   s u r f a c e   of  t h e   c o n e .   An 

i m p e r v i o u s   p l u g   i s   p l a c e d   on  t o p   of  t he   e x p l o s i v e s   a n d  

more   g r o u t   58  i s   p l a c e d   e x t e n d i n g   f rom  t h e   i m p e r v i o u s   p l u g  

to   a  p o i n t   h a l f   way  to  a  h o r i z o n t a l   p l a n e   e x t e n d i n g  

t h r o u g h   t h e   apex   of  t h e   c o n e .   More  e x p l o s i v e s   59  a r e   t h e n  

p l a c e d   e x t e n d i n g  t o   a b o v e   t he   h o r i z o n a l   p l a n e   and  i m p e r -  

v i o u s   p l u g s   60  a r e   p l a c e d   a b o v e   t h e   e x p l o s i v e s   59.  T h e  
d r i l l   h o l e s   a r e   t h e n   f i l l e d   w i t h   w a t e r   as  d e s c r i b e d   a b o v e .  

The  p e r i p h e r a l   h o l e s   14  to   23  i n c l u s i v e   a r e   p a r t i a l l y  

f i l l e d   w i t h   g r o u t   61  t o p p e d   w i t h   e x p l o s i v e s   62  to  t h e   s a m e  

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

s t e m m i n g .   The  c h a r g e   in  t he   r e a m e d   c h a m b e r   and  t h e   c h a r -  

ges   in  t h e   b o t t o m   p a r t   of  t h e   s u r r o u n d i n g   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   u s i n g   i n s t a n t a n e o u s   e l e c t r i c   d e -  

t o n a t o r s .   The  c h a r g e s   in  t h e   t o p   p a r t   of  t he   h o l e   s u r -  

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

d e t o n a t e d   in   t h e   s e q u e n c e   i n d i c a t e d   in   F i g .   6  u s i n g   s u i t -  

a b l e   t i m e   d e l a y   e l e c t r i c   d e t o n a t o r s .  

F i g .   4  i l l u s t r a t e s   a  s u i t a b l e   v a c u u m   of  b o g g i n g   i n s t a l l a -  

t i o n   fo r   e x t r a c t i n g   r ock   m a t e r i a l   from  the   f i r s t   a n d  

s u b s e q u e n t   l i f t s .   The  i n s t a l l a t i o n   c o m p r i s e s   a  p a i r   o f  



e x t r a c t o r   f a n s   20  and   21  wh ich   e x h a u s t   a  c y l i n d r i c a l  
h o p p e r   22  t h r o u g h   a  d u c t   23.  The  i n l e t   h o p p e r   22  i s  

c o n n e c t e d   to   an  i n l e t   d u c t   24  w h i c h   t e r m i n a t e s   a t   a  v e r -  

t i c a l   leg  w h i c h   t e l e s c o p i c a l l y   r e c e i v e s   a  d e l i v e r y   d u c t  

25.  The  d e l i v e r y   d u c t   25  p a s s e s   t h r o u g h   t h e   c e n t r a l   l a r g e  
d i a m e t e r   h o l e   A  and   t e r m i n a t e s   a t   t he   c h a m b e r   B.  A  s e a l  

26  i s   p r o v i d e d   b e t w e e n   t h e   d u c t s   24  and  25.  The  l o w e r   e n d  

of  t he   d e l i v e r y   d u c t   25  s u p p o r t s   t h e   f l e x i b l e   t u b e   27 

w h i c h   i s   l o c a t e d   in   t h e   c h a m b e r   B  and  p i c k s   up  r o c k   m a t e -  

r i a l   in  t he   c h a m b e r   B  f o r   i t   to   be  c a r r i e d   to   t he   h o p p e r  
22.  The  d e l i v e r y   d u c t   can  be  r a i s e d   or   l o w e r e d   by  m e a n s  

of  a  w i n c h   28  w h i c h   i s   c o n n e c t e d   to   a  c o l l a r   c l a m p   29  o n  

t h e   e x t e r i o r   of  t h e   d e l i v e r y   d u c t   25.  A  f u r t h e r   s u p p o r t  
c o l l a r   30  i s   c o u n t e r e d   to   t h e   e x t e r i o r   of  t h e   d e l i v e r y  

d u c t   25  to   s u p p o r t   t h e   d e l i v e r y   d u c t   25  on  t h e   o p e n i n g   o f  

t h e   l a r g e   d i a m e t e r   h o l e   A  when  t h e   p o s i t i o n   of  t he   c o l l a r  

c l a m p   29  i s   b e i n g   v a r i e d   on  t h e   d e l i v e r y   d u c t .   The  h o p p e r  

22  has   a  d i s c h a r g e   c h u t e   31  a t   i t s   l o w e r   f a c e   to  f a c i l i -  

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

t r u c k   or  l i k e   m e a n s .   A  g a t e   33  i s   u s e d   to   c l o s e   and  s e a l  

t h e   c h u t e   31  d u r i n g   b o g g i n g   p r o c e d u r e s .   In  o p e r a t i o n   t h e  

d e l i v e r y   d u c t   25  i s   l o w e r e d   i n t o   t he   c e n t r a l   l a r g e   d i a m e -  

t e r   h o l e   A  u n t i l   t h e   end  of  t h e   f l e x i b l e   t u b e   c o n t a c t s   t h e  

b r o k e n   r o c k   m a t e r i a l   in   t h e   c h a m b e r   B.  A i r   e n t e r s   i n t o  

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

25  and  w a l l   of  t h e   c e n t r a l   l a r g e   d i a m e t e r   h o l e   A  a n d  

e n t e r s   t h e   f l e x i b l e   t u b e ' e n t r a i n i n g   r o c k   f r a g m e n t s   f r o m  

t h e   c h a m b e r   B  as  i t   d o e s   so  to  c a r r y   them  to  t he   h o p p e r  

22.  The  end  of  t h e   f l e x i b l e   t u b e   27  i s   m a i n t a i n e d   i n  

c o n t a c t   w i t h   t h e   b r o k e n   r o c k   m a t e r i a l   u n t i l   t h e   r e q u i r e d  

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

room  f o r   t he   n e x t   b l a s t .   L a r g e   s l a b s   of  r o c k   may  b e  

b r o k e n   or  f o r c e d   o u t   of  t he   way  by  means   of  a  h e a v y   c a b l e  

r i g   t y p e   c u t t i n g   t o o l   i n t r o d u c e d   i n t o   t h e   d u c t   25  a f t e r  

b e i n g   d i s c o n n e c t e d   f rom  t he   i n l e t   d u c t   24.  If   d e s i r e d  

s u i t a b l e   means  may  be  p r o v i d e d   on  t h e   f l e x i b l e   d u c t   t o  



f a c i l i t a t e   c o n t r o l   of  i t s   p o s i t i o n   in  t h e   c h a m b e r   B  f r o m  

t h e   s u r f a c e .   In  a d d i t i o n   i f   d e s i r e d   a  c a m e r a   may  b e  

l o w e r e d   i n t o   t h e   c h a m b e r   B  to  m o n i t o r   p r o g r e s s   of  t h e  

b o g g i n g   o p e r a t i o n .  

The  a b o v e - m e n t i o n e d   b o g g i n g   o p e r a t i o n   w i l l   n o t   work  i f   t h e  

end  of  the   f l e x i b l e   t u b e   i s   u n d e r w a t e r .   T h e r e f o r   t h e  

l e v e l   of  w a t e r   in  t h e   c h a m b e r   B  s h o u l d   be  k e p t   low  by  t h e  

use   of  a  s u i t a b l e   b o r e   h o l e   pump.  I f   t h e   w a t e r   f low  i n t o  

t h e   c h a m b e r   i s   e x c e s s i v e   t h e n   w a t e r   can   r e p l a c e   a i r   as  t h e  

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

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

ing  w a t e r   down  s e v e r a l   of  t h e   h o l e s .   The  w a t e r   w o u l d  

r e t u r n   to   t h e   s u r f a c e   t h r o u g h   t h e   d e l i v e r y   d u c t   25  to  b e  

d r a i n e d   from  t he   r o c k   m a t e r i a l   and  to   be  r e t u r n e d   to  t h e  

d r i l l   h o l e s .   A l t e r n a t i v e l y   i f   a  h e a v y   w a t e r   f low  i s  

a n t i c i p a t e d   t he   w a t e r   b e a r i n g   a q u i f i e r s   a n d / o r   f i s s u r e s  

can   be  s e a l e d   b e f o r e   d r i l l i n g   t h e   l i f t   by  i n j e c t i n g   c e m e n t  

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

e s t a b l i s h e d   p r o c e d u r e s .  

F i g .   3  shows  a  s e q u e n c e   of  b l a s t i n g   a  l i f t   and  c l e a r i n g  

t h e   c h a m b e r .   The  p o s i t i o n   b e f o r e   f i r i n g   t he   f i r s t   p y r a m i d  

c u t   i s   shown  a t   F i g .   3A  and  p o s i t i o n   a f t e r   f i r i n g   t h e  

f i r s t   p y r a m i d   c u t   i s   shown  a t   F i g .   3B.  In  t he   r e p r e s e n -  
t a t i v e   e x a m p l e   shown  in  r e l a t i o n   to   t h e   d r a w i n g ,   b e c a u s e  

0 . 2   m e t r e s   of  b u t t s   a r e   l e f t   t h e   a d v a n c e   i s   2.9  m e t r e s ,  

b r e a k i n g   ( 3 2 . 7   X  2 . 9 )   9 4 . 8   c u b i c   m e t r e s   w h i c h   e x p a n d s   t o  

( 9 4 . 8   X  1 . 3 5 )   128  c u b i c   m e t r e s .   T h i s   l e a v e s   ( 9 4 . 8   + 

( 1 3 6 . 8  -   1 2 8 ) )   1 0 3 . 6   c u b i c   m e t r e s   of  f r e e   s p a c e   wh ich   m u s t  

be  i n c r e a s e d   to   128  c u b i c   m e t r e s   by  vacuum  b o g g i n g   2 4 . 4  

c u b i c   m e t r e s   of  b r o k e n   r o c k   w h i c h   r e p r e s e n t s   (  1 2 8  )   19% 

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

p o s i t i o n   a f t e r   v a c u u m   b o g g i n g   i s   shown  in  F i g .   3 C .  



The  p o s i t i o n   a f t e r   f i r i n g   t h e   s e c o n d   r o u n d   is   shown  i n  

F i g .   3D. 

The  f r e e   s p a c e   i s   9 4 . 8   c u b i c   m e t r e s   w h i c h   mus t   be  i n -  

c r e a s e d   to   128  c u b i c   m e t r e s   by  vacuum  b o g g i n g   3 3 . 2   c u b i c  

m e t r e s   w h i c h   r e p r e s e n t s   ( 3 3 . 2 1   128)  26%  of  t h e   r o c k  

b r o k e n   by  t h e   s e c o n d   r o u n d .   T h i s   p r o c e d u r e   i s   f o l l o w e d  

f o r   t h e   r e m a i n d e r   of  t h e   l i f t ,   t h a t   i s ,   a f t e r   e a c h   2 . 9  

m e t r e   h i g h   r o u n d   i s   f i r e d   26%  of  b r o k e n   m a t e r i a l   i s   r e -  

moved .   F i n a l l y   when  t h e   l a s t   r o u n d   of  t h e   l i f t   i s   f i r e d  

as  a  b ig   h o l e   b u r n   c u t ,   t h e   r e s i d u a l   b r o k e n   r o c k   w h i c h  

f i l l s   t h e   l i f t   f rom  t op   to   b o t t o m   i s   r e m o v e d   on  a  c o n -  
t i n u o u s   b a s i s   by  any  s u i t a b l e   means   such   as  a  c a c t u s   g r a b .  

When  a l l   of  t he   r o c k   m a t e r i a l   h a s   b e e n   e x t r a c t e d   f rom  t h e  

l i f t   t h e   w a l l s   of  t h e   s h a f t   a r e   i n s p e c t e d   and  l o o s e   r o c k  

i s   r e m o v e d .   Rock  b o l t s   and  mesh  a r e   i n s t a l l e d   in  t h e  

w a l l s   of  t h e   s h a f t   and  any  r e s i d u a l   b r o k e n   r o c k   i s   r e m o v e d  

from  t h e   s h a f t   by  hand   b o g g i n g .   When  a l l   b r o k e n   r o c k   i s  

r e m o v e d   f rom  t h e   s h a f t   s u i t a b l e   f o r m - w o r k   i s   t h e n   l o w e r e d  

and  i n s t a l l e d   in  t h e   s h a f t   and  t h e   s p a c e   b e t w e e n   them  a n d  

t he   w a l l s   of  t h e   s h a f t   i s   f i l l e d   w i t h   c o n c r e t e   as  o n e  

c o n t i n u o u s   m o n o l i t h   w h i c h   may  be  f o r m e d   a t   t h e   top   to  f o r m  

t h e   f l o o r   of  t he   p l a t   t h e r e o n   and  t he   s e c t i o n   of  t he   s h a f t  

b e l o w   t h e   f o r m w o r k   i s   t h e n   s t r i p p e d   to   form  t h e   n e x t   p l a t  
and  t h e   d r i l l i n g   e q u i p m e n t   i s   moved  down  to  t h i s   l e v e l   f o r  

t h e   n e x t   l i f t .  

In  e n l a r g i n g   t h e   d i a m e t e r   of  t h e   c e n t r a l   l a r g e   d i a m e t e r  

h o l e   A  a  r e a m e r   may  be  u s e d   as  d i s c u s s e d .   The  r e a m e r   may  
t a k e   t h e   form  of  t h a t   shown  a t   F i g s .   5,  6  and  7.  T h e  

r e a m e r   c o m p r i s e s   s u b s t a n t i a l l y   a  c y l i n d r i c a l   body  5  w h i c h  

i s   t h r e a d e d   a t   one  end  f o r   e n g a g e m e n t   w i t h   t h e   l o w e r   e n d  

of  a  d r i l l   s t r i n g   14.  The  o t h e r   end  of  the   body  5  i s  

f o r m e d   w i t h   f o u r   a x i a l l y   e x t e n d i n g   p r o n g  6   w h i c h   a r e  
r e c e i v e d   in  a  s l o t t e d   t u b e   7.  The  i n t e r i o r   of  t h e   t u b e   7 



s u p p o r t s   a  p a i r   of  d i a m e t r i c a l l y   o p p o s e d   g u i d e s   8.  T h e  

body  5  p i v o t a l l y   s u p p o r t s   a  p a i r   of  w i n g s   1  which   a re   r e -  

c e i v e d  i n   t he   s l o t s   of  t h e   t ube   7  and  p i v o t a l l y   m o u n t e d   t o  

t h e   body  to  p i v o t   a b o u t   a  c h o r d   a x i s   of  t h e   body  5  and  a r e  

p i v o t a b l e   b e t w e e n   a  p o s i t i o n   a t   w h i c h   t h e i r   e x t e r i o r  

c u t t i n g   s u r f a c e   3  is   s u b s t a n t i a l l y   c o - l i n e a r   w i t h   t h e  

e x t e r i o r   s u r f a c e   of  t h e   s l o t t e d   t u b e   7  and  body  5  and  a n  
o u t e r   p o s i t i o n   as  shown  a t   F i g .   6  a t   w h i c h   t h e   e x t e r i o r  

c u t t i n g   s u r f a c e   3  i s   i n c l i n e d   o u t w a r d l y   f rom  t he   body  5 .  

The  e x t e r i o r   s u r f a c e   3  of  t he   w i n g s   s u p p o r t   t u n g s t e n  
c a r b i d e   or  d i a m o n d   or   l i k e   a b r a s i v e   e l e m e n t s .   The  i n -  

t e r i o r   f a c e   of  t h e   w i n g s   1  a r e   f o r m e d   such   t h a t   t hey   a r e  

c o m p l i m e n t a r y   w i t h   e a c h   o t h e r   and  when  w i n g s   a r e   a t   t h e i r  

i n n e r m o s t   p o s i t i o n   in  t he   t u b e   as  shown  a t   F i g .   5  t h e  

i n n e r   e d g e s   of  t h e   w i n g s   m a t i n g l y   e n g a g e   e a c h   o t h e r .   T h e  

i n n e r   e d g e s   of  t he   w i n g s   1  a r e   a s s o c i a t e d   w i t h   a  w e d g e  

member   9  w h i c h   i s   s l i d a b l y   s u p p o r t e d   w i t h i n   t h e   s l o t t e d  

t u b e   7  on  t h e   g u i d e s   8  b e t w e e n   t h e   w i n g s   w h e r e b y   w i t h  

a x i a l   m o v e m e n t   of  t h e  w e d g e   9  away  f rom  t h e   c y l i n d r i c a l  

body  5  t h e   wedge   e n g a g e s   t h e   i n n e r m o s t   e d g e   of  t he   w i n g s   1 

to   f o r c e   t h e   w i n g s   to   t h e i r   o u t e r m o s t   p o s i t i o n .   T h e  

m o v e m e n t   of  t h e   wedge  9  is   e f f e c t e d   t h r o u g h   a  push   rod   10  

d r i v e n   f rom  a  h y d r a u l i c   c y l i n d e r   12  w h e r e b y   t h e   push   r o d  

10  is   f i x e d   a t   i t s   end  to  t he   p i s t o n   11  of  t he   h y d r a u l i c  

c y l i n d e r   12  and   f l u i d   i s   i n t r o d u c e d   i n t o   t h e   h y d r a u l i c  

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

in  t h e   d r i l l   s t r i n g   14.  The  p i s t o n   11  i s   b i a s s e d   to  i t s  

r e t r a c t e d   p o s i t i o n   w i t h i n   t he   h y d r a u l i c   c y l i n d e r   12  by  a  

s p r i n g   1 5 .  

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

of  t he   w i n g s   1  t h r o u g h   p a s s a g e s   2  in  t h e   c y l i n d r i c a l   b o d y  

5  w h e r e b y   t h e   p a s s a g e s   e x t e n d   f rom  t h e   i n t e r i o r   of  t h e  

d r i l l   s t r i n g   to  t he   e x t e r i o r   c u t t i n g   s u r f a c e   3 .  



In  o p e r a t i o n   t h e   r e a m e r   i s   a t t a c h e d   to   t h e   end  of  t h e  

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

p o i n t   in  t he   h o l e   w h e r e   r e a m i n g   i s   to   commence .   T h e  

r o t a r y   d r i v e   on  the   d r i l l   is   e n g a g e d   g i v i n g   the   r e a m e r   a  
s u i t a b l e   r o t a t i o n   s p e e d   and  t h e   r e a m e r   h y d r a u l i c   c y l i n d e r  
12  i s   t h e n   p r e s s u r i s e d   so  t h a t   t h e   wedge   9  s t a r t s   to   f o r c e  

t h e   w i n g s   1  a p a r t   b r i n g i n g   t h e   c u t t i n g   s u r f a c e s   3  i n t o  

c o n t a c t   w i t h   t he   w a l l s   of  t h e   h o l e   a t   a  s u i t a b l e   p r e s s u r e .  
T h i s   i s   c o n t i n u e d   u n t i l   t h e   w i n g s   a r e   f u l l y   e x t e n d e d   a s  
shown  a t   F i g .   7.  The  p u l l b a c k   m e c h a n i s m   on  t he   d r i l l   i s  

t h e n   a c t i v a t e d   so  t h a t   t h e   c o m b i n a t i o n   of  s u i t a b l e   r e v o l u -  

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

r e a m s   o u t   t he   h o l e   o v e r   t h e   r e q u i r e d   l e n g t h .   To  p u l l   t h e  

r e a m e r   o u t   of  t he   h o l e   t h e  p r e s s u r e   in  t he   h y d r a u l i c  

c y l i n d e r   12  i s   r e l e a s e d   and  t h e   s p r i n g   15  c a u s e s   t h e   w e d g e  
9  to   be  r e t r a c t e d   to  i t s   p o s i t i o n   a d j a c e n t   t h e   c y l i n d r i c a l  
b l o c k   5.  The  r o c k   s u r f a c e   w i l l   t h e n   f o r c e   t h e   w i n g s   1 

b a c k   t o   t h e i r   c l o s e d   p o s i t i o n   as  t h e   d r i l l   s t r i n g   p u l l i n g  
c o n t i n u e s   to   e x t r a c t   t h e   r e a m e r   f rom  t h e   h o l e .  

I t   s h o u l d   be  a p p r e c i a t e d   t h a t   t h e   s c o p e   of  the   p r e s e n t  
i n v e n t i o n   need   n o t   be  l i m i t e d   t o   t h e   p a r t i c u l a r   s c o p e   o f  
t h e   e m b o d i m e n t   d e s c r i b e d   a b o v e .  



1.  A  m e t h o d   of   s i n k i n g   s h a f t s   c o m p r i s i n g  

e x c a v a t i n g   a  s e r i e s   of  l i f t s   w h e r e i n   e a c h   l i f t   i s  

e x c a v a t e d   by  d r i l l i n g   a  p a t t e r n   of  b l a s t   h o l e s   ( 1 -  

23)  f o r   t he   f u l l   d e p t h   of  t he   l i f t   i n c l u d i n g   b o r i n g  

a  l a r g e   d i a m e t e r   h o l e   (A)  and  c r e a t i n g   a  c h a m b e r   ( B )  

a t   t h e   l o w e r   end  of  t h e   l a r g e   d i a m e t e r   h o l e ,  

b l a s t i n g   t h e   u p p e r   w a l l s   of  t h e   c h a m b e r   to  d e p o s i t  

r o c k   m a t e r i a l   i n t o   t h e   c h a m b e r ,   e x t r a c t i n g   a t   l e a s t  

a  p o r t i o n   of  t h e   r o c k   m a t e r i a l   c r e a t e d   by  t h e   b l a s t  

and  r e p e a t i n g   t h e   b l a s t i n g   and  e x t r a c t i o n   s t e p  

t h r o u g h o u t   t h e   l e n g t h   of  t h e   l i f t   w h e r e i n   on  t h e  

v o l u m e   of  s a i d   l i f t   b e i n g   b l a s t e d   the   r e m a i n i n g   r o c k  

b r o k e n   m a t e r i a l   i s   e x t r a c t e d .  

2.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1  w h e r e i n   t h e  

i n i t i a l   b l a s t i n g   and  e x t r a c t i o n   s t e p   r e q u i r e s  

b l a s t i n g   of  t h e   u p p e r   and  l a t e r a l   w a l l s   of  t h e  

c h a m b e r   to  f o rm  an  e n l a r g e d   c h a m b e r   h a v i n g   t h e  

d e s i r e d   l a t e r a l   d i m e n s i o n s   of  t h e   s h a f t .  



3.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1  or  c l a i m   2 

w h e r e i n   s u f f i c i e n t   r o c k   m a t e r i a l   i s   e x t r a c t e d  

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

s p a c e   f o r   t h e   r o c k   m a t e r i a l   c r e a t e d   by  t h e  

s u b s e q u e n t   b l a s t .  

4.  A  m e t h o d   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m  

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

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

5.  A  m e t h o d   as  c l a i m e d   in  any  of  c l a i m s   1  t o  

3  w h e r e i n   s a i d   l a r g e   d i a m e t e r   h o l e   i s   e n l a r g e d   i n  

d i a m e t e r   a t   i t s   l o w e r   end  to  p r o v i d e   s a i d   c h a m b e r .  

6.  A  m e t h o d   as  c l a i m e d   in  any  of  c l a i m s   1  t o  

3  w h e r e i n   t h e   l a r g e   d i a m e t e r   h o l e   is   e n l a r g e d   a t   i t s  

l o w e r   end  to   p r o v i d e   s a i d   c h a m b e r   and  a t   s p a c e d  

i n t e r v a l s   to  p r o v i d e   s p a c e s   to   a c c o m m o d a t e  

e x p l o s i v e   c h a r g e s .  

7.  A  m e t h o d   as  c l a i m e d   in  c l a i m   6  w h e r e i n  

s a i d   i n t e r v a l s   c o r r e s p o n d   to  t he   l o c a t i o n   of  e a c h  

r o u n d   of  e x p l o s i v e   f o r   e a c h   b l a s t .  



8.  A  m e t h o d   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m  

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

in  t h e   r e g i o n   of  t h e   w a l l s   of  t h e   c h a m b e r   e x p o s e d   b y  

t h e   p r e v i o u s   b l a s t .  

9.  A  r e a m i n g   t o o l   f o r   e n l a r g i n g   t h e   d i a m e t e r  

of   b o r e   h o l e s   c o m p r i s i n g   a  body   (5)  d i m e n s i o n e d   t o  

be  a b l e   to   p a s s   t h r o u g h   s a i d   b o r e   h o l e ,   a  p l u r a l i t y  

of  wing   m e m b e r s   (1)  p i v o t a l l y   m o u n t e d   to  t he   u p p e r  

p o r t i o n   of  s a i d   body  to   be  p i v o t a b l e   o u t w a r d l y   f r o m  

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

t h e   d i m e n s i o n   of  t h e   b o d y ,   t h e   o u t e r   f a c e   (3)  of  t h e  

wing   s u p p o r t i n g   a b r a s i o n   r e s i s t a n t   c u t t i n g  

e l e m e n t s ,   and  d r i v e   means   (9)   to   c a u s e   o u t w a r d  

p i v o t a b l e   m o v e m e n t   of  t he   w i n g .  

10.  A  r e a m e r   as  c l a i m e d   in  c l a i m   9  w h e r e i n   t h e  

body  is   a d a p t e d   to  be  m o u n t e d   to   a  d r i l l   s t r i n g   ( 1 4 )  

w h i c h   c a u s e s   r o t a t i o n   of  t h e   r e a m e r .  

11.  A  r e a m e r   as  c l a i m e d   in  c l a i m   9  or  10 

w h e r e i n   t h e   body  s u p p o r t s   a  wedge   member   (9)  w h i c h  

i s   m o v a b l e   t h r o u g h   t h e   body  to  be  e n g a g e d   w i t h   t h e  

i n n e r   f a c e s   of  t he   wing  m e m b e r s   to  c a u s e   s a i d  

o u t w a r d   p i v o t a b l e   m o v e m e n t .  



12.  A  r e a m e r   as  c l a i m e d   in  c l a i m   11  w h e r e i n  

s a i d   wedge   member   (9)  i s   b i a s e d   to   a  p o s i t i o n   ou t   o f  

e n g a g e m e n t   w i t h   t h e   wing   m e m b e r s .  

13.  A  r e a m e r   as  c l a i m e d   in  c l a i m   12  w h e r e i n  

s a i d   wedge  m e m b e r s   (9)  a r e   c a u s e d   to   move  t h r o u g h  

t h e   a c t i o n   of  a  h y d r a u l i c   c y l i n d e r   ( 1 2 ) .  

14.  A  r e a m e r   as  c l a i m e d   in  any  of  c l a i m s   9  t o  

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

p a i r   of  wing   m e m b e r s   (1)   w h e r e i n   t h e   wing  m e m b e r s   o f  

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

o t h e r .  
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