
J E u r o p a i s c h e s   

Pa ten tamt  

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  0 5 0   9 5 4  

A 1  

EUROPEAN  PATENT  APPLICATION 

©  Application  number:  81304896.4  ©  Int.  CI.3:  E  21  B  4 /16  
^   E  21  D  1/06 
(22)  Date  of  filing:  20.10.81 

©  Priority:  23.10.80  GB  8034241  ©  Applicant:  CEMENTATION  RESEARCH  LIMITED 
981  Mitcham  Road 

_  Croydon  Surrey  CR9  3AP(GB) 
(«)  Date  of  publication  of  application: 

05.05.82  Bulletin  82/18  ©  Inventor:  Winder,  Richard  Bryan 
Cobbins  Halfacre  Hill 

(85)  Designated  Contracting  States:  Chalfont  St.Peter  Buckinghamshire(GB) 
AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE 

©  Inventor:  Miller,  Roy  Bruce 
25  Loudham  Road 
Little  Chalfont  Amersham  Buckinghamshire(GB) 

©  Inventor:  Salter,  Martin  De  Gaudrion 
7005  North  Stardust  Circle 
Tucson  Arizona  85704(US) 

©  Representative:  Abrams,  MichaelJohn  et  al, 
HASELTINE  LAKE  &  CO.  Hazlitt  House  28  Southampton 
Buildings  Chancery  Lane 
London  WC2A  1AT(GB) 

m  
0)  

o  

o  

0. 
LU 

©  Boring  tools. 

Apparatus  for  boring  holes  in  the  ground  is  provided,  the 
apparatus  comprising  two  cutting  heads  (1.1, 1.14)  arranged 
coaxially  and  separated  by  an  elongate  tubular  member  (1.4). 
The  first  cutting  head  (1.14)  is  carried  by  the  elongate  tubular 
member  itself,  and  acts  as  a  pilot  boring  head.  The  second 
cutting  head  (1.1)  is  annular  and  serves  to  form  the  bore 
proper.  The  apparatus  also  includes  means  (1.7)  carried 
externally  by  the  elongate  tubular  member  for  collecting 
debris  produced  in  the  course  of  a  boring  operation,  or  for 
deflecting  debris  away  from  the  first  (i.e.  lower)  cutting  head. 
In  one  development, the  elongate  tubular  member  is  cut  away 
in  part  so  thatthe  interior  of the tubular  member  is  exposed  to 
part of the  earth  surface  within  the  pilot  bore. 

The  debris  collecting  means  can  be  in  the  form  of  a  collar 
located  aboutthe  elongate tubular  member,  or  it  may  be  in the 
form  of  a  helical  ledge  or scroll  (1.7)  which  carries  debris  along 
when  the  first  cutting  head  is  rotated. 

Embodiments  of  the  apparatus  provide  a  large  degree  of 
working  space  within  the  elongate  tubular  member  (1.4) 
which  allows  the  provision  of  other  functional  units,  such  as 
debris  removal  means,  pumping  means,  and  grouting  means, 
as  well  as  allowing  adequate  space  for  inspection  of  the  earth 
surfaces  which  are  being  worked. 



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

in  t h e   g r o u n d   p a r t i c u l a r l y   bu t   no t   e x c l u s i v e l y   f o r   m i n i n g  

p u r p o s e s .   The  a p p a r a t u s   of  t he   i n v e n t i o n   i s   p a r t i c u l a r l y  

v a l u a b l e   in  c i r c u m s t a n c e s   w h e r e   i t   i s   no t   p o s s i b l e   t o  

p r o v i d e   p r i o r   a c c e s s   in  t he   form  o f ,   f o r   e x a m p l e ,   a  

s m a l l e r   d i a m e t e r   h o l e   (known  as  a  p i l o t   h o l e )   d r i l l e d   o n  

t h e   same  l i n e   b e f o r e   t h e   main  h o l e   in  o r d e r   to   c o n n e c t  

w i t h   e x i s t i n g   u n d e r g r o u n d   w o r k i n g s   f o r   t h e   p u r p o s e   of  d i s -  

p o s i n g   of  d e b r i s   g e n e r a t e d   by  the   ma in   b o r i n g   o p e r a t i o n .  

Such  a  p r i o r   d r i l l i n g   i s   s o m e t i m e s   r e f e r r e d   to   as  a  p i l o t  

h o l e .  

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

r e f e r r e d   to  as  " b l i n d   b o r i n g "   and  p o s e s   d i f f i c u l t   p r o b l e m s  

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

in  t h e   c a s e   of  l a r g e - d i a m e t e r   h o l e s   s u c h   as  t h o s e   w h i c h  

a r e   to  be  used   as  m i n e s h a f t s .   In  t h e   a b s e n c e   of  a  p i l o t  

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

c o n t i n u o u s ,   or  w a t e r - l o g g e d   s t r a t a   may  be  e n c o u n t e r e d ,  

d e m a n d i n g   s p e c i a l   t r e a t m e n t ,   such  as  g r o u t i n g   or  h i g h -  



c a p a c i t y   p u m p i n g ,   and  t h e r e f o r e   r e q u i r i n g   a c c e s s   f o r  

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

main   b o r i n g   m a c h i n e .  

E x i s t i n g   m e t h o d s   f o r   b l i n d   h o l e   b o r i n g   a r e   f r e q u e n t l y  

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

f l u s h   d e b r i s   f rom  t h e   b o r i n g   t o o l s   and  b r i n g   i t   to   t h e  

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

c i r c u l a t i o n   d r i l l i n g   u s i n g   a  m u d - f l u s h   i s   one  s u c h  

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

t h e   h o l e   u n t i l   s u c h   t i m e   as  l i n i n g   or   c a s i n g   can   b e  

i n s t a l l e d .   In  l a r g e - d i a m e t e r   b o r i n g s   t h e   q u a n t i t i e s   o f  

mud  r e q u i r e d   may  be  v e r y   l a r g e   and  e x p e n s i v e   and  mud  m a y  

be  l o s t   i n t o   c a v i t i e s   or  c o n d u i t s   in  t h e   g r o u n d .   The  u s e  

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

of  men  in   t h e   e x c a v a t i o n   so  t h a t   t h e   o p e r a t i o n   has   to   b e  

c a r r i e d   ou t   u n d e r   r e m o t e   c o n t r o l   f rom  t h e   s u r f a c e   to   t h e  

d e t r i m e n t   of  f l e x i b i l i t y   and  t he   c a p a c i t y   to   d e a l   w i t h  

u n e x p e c t e d   or  d i f f i c u l t   g r o u n d   c o n d i t i o n s .   The  e x c l u s i o n  

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

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

w h i c h   a r e   n o r m a l l y   e m p l o y e d   to  s e c u r e   t he   e x c a v a t i o n   a s  

soon   as  p o s s i b l e   in  t he   i n t e r e s t s   of  s a f e t y   and  of  g r o u n d  

c o n t r o l .  

E x i s t i n g   m e t h o d s   f o r   b l i n d   b o l e   b o r i n g   w i t h o u t   t h e   u s e  

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

m e c h a n i c a l   means   f o r   r e m o v i n g   d e b r i s   f rom  t h e   cu t   f a c e  

i m m e d i a t e l y   b e n e a t h   t he   b o r i n g   h e a d ,   s u c h   as  c h a i n   c o n -  

v e y o r s   a d a p t e d   to  s c r a p e   d e b r i s   f rom  t h e   f a c e   to  l i f t   i t  



t h r o u g h   a  s m a l l   h e i g h t   and  to  d e l i v e r   i t   to   a  ma in   c o n -  

v e y i n g   s y s t e m ,   w h i c h   may  be  in  t h e   fo rm  of  h o i s t e d   b u c k e t s  

or  a  p n e u m a t i c   e l e v a t o r ,   f o r   r e m o v a l   to   t h e   s u r f a c e .  

Such  m e c h a n i c a l   means   a r e   not   e a s i l y   a c c o m m o d a t e d   in  t h e  

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

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

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

and  to   p o w e r ,   b e i n g   l o c a t e d   in  a  r o t a t i n g   h e a d .   They  a r e  

a l s o   v u l n e r a b l e   to   d a m a g e   f rom  t h e   l a r g e   f o r c e s   e m p l o y e d  

to   p r o p e l   and  r o t a t e   t h e   b o r i n g   head   p a r t i c u l a r l y   in  t h e  

e v e n t   of  d e b r i s   a c c u m u l a t i n g   or  j amming   in   t h e   b o t t o m   o f  

t h e   e x c a v a t i o n .   One  s u c h   a p p a r a t u s   i s   d e s c r i b e d   in  U . S .  

P a t e n t   3 , 3 7 9 , 2 6 4   to   Cox.  T h i s   p r i o r   a p p a r a t u s   has   a  

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

whose   p e r i p h e r i e s   a r e   w e d g e - s h a p e d .   T h e s e   c u t t e r   w h e e l s  

p r o j e c t   f o r w a r d l y   f rom  t h e   f r a m e   in  a  m a n n e r   s u c h   t h a t  

t h e y   move  in  c o n c e n t r i c   c i r c l e s   a b o u t   t h e   a x i s   of  r o t a t i o n  

and  t h e y   a r e   a r r a n g e d   h e l i c a l l y   so  t h a t   c u t t e r   w h e e l s   i n  

a d j a c e n t   c o n c e n t r i c   c i r c l e s   a r e   s p a c e d   in  a  r e g u l a r  

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

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

p r e v i o u s l y   f o r m e d   p i l o t   h o l e .   The  d e b r i s   i s   t h e n   r e m o v e d  

f rom  t h e   p i l o t   h o l e   by  an  e l e v a t o r   b u c k e t   a r r a n g e m e n t   ( a s  

shown  in  F i g u r e   1)  or  by  a  p n e u m a t i c   c o n v e y o r   (as   s h o w n  

in  F i g u r e s   2  to  6  t h e r e o f ) .   In  t he   a r r a n g e m e n t s   shown  i n  

F i g u r e s   2  and  5,  c u t t e r s   70  or  122  a r e   p r o v i d e d   a t   t h e  

t i p   of  t h e   a p p a r a t u s   a h e a d   of  the   main   c u t t e r s   65  or  1 2 4 .  

T h e s e   s e r v e   to   fo rm  a  v e r t i c a l   r im  D  w h i c h   in  e f f e c t  



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

c u t t e r s   70  or  122  a c t   as  a  downward   c o n t i n u a t i o n   of  t h e   m a i n  

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

r e a l   a x i a l   s e p a r a t i o n   b e t w e e n   t h e   main   c u t t e r s   and  t h e   p i l o t  

c u t t e r s .  

A  f u r t h e r   d e v e l o p m e n t   by  Cox  i s   d e s c r i b e d   in   U.S .   P a t e n t  

4 , 1 8 6 , 8 0 8 .   Here   t h e   p i l o t   c u t t e r s   s u c h   as  70  and  122  i n  

F i g u r e s   2  and  5,  r e s p e c t i v e l y   of  U .S .   P a t e n t   3 , 3 7 9 , 2 6 4   a r e  

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

to   p r e v e n t   o v e r s i z e   d e b r i s   r e a c h i n g   t h e   p n e u m a t i c   e x t r a c -  

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

W h i l e   t h e   a p p a r a t u s   d e s c r i b e d   a b o v e   may  be  u s e d   in  t h e  

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

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

c r u s h e r s   c l o s e   to   t h e   ma in   c u t t i n g   head   g r e a t l y   r e s t r i c t s  

t h e   w o r k i n g   s p a c e   w i t h i n   t h e   a p p a r a t u s   and  may  e l i m i n a t e  

i t   a l t o g e t h e r .   The  d e b r i s   e x t r a c t i o n   s y s t e m   in  t h e s e  

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

w i t h i n   t h e  w o r k i n g   a r e a   of  t h e   main   c u t t e r s .  

O t h e r   e x i s t i n g   m e t h o d s   d e p e n d   upon  t h e   d r i l l i n g   of  a  

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

t h e   ma in   m a c h i n e ,   on  a  l i n e   c o r r e s p o n d i n g   a p p r o x i m a t e l y  

w i t h   t h e   i n t e n d e d   c e n t r e l i n e   of  t h e   main   e x c a v a t i o n ,   i n t o  

w h i c h   d e b r i s   may  be  d r o p p e d   d u r i n g   t h e   ma in   b o r i n g .   I n  

t h e   c a s e   of  m i n e s h a f t s   in  p a r t i c u l a r ,   i t   i s   no t   n o r m a l l y  

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

a c c u r a c y   e q u a l   to   or  b e t t e r   t h a n   t h a t   r e q u i r e d   of  t h e  

s h a f t   e x c e p t   a t   c o n s i d e r a b l e   e x p e n s e .   D i s c r e p a n c i e s   may  

t h e n   d e v e l o p   d u r i n g   t h e   ma in   b o r i n g   in   t h e   r e l a t i v e   l o c a -  



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

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

i n t e n d e d   p u r p o s e   of  d e b r i s   r e m o v a l .   I f ,   as  i s   s o m e t i m e s  

t h e   c a s e ,   t he   p i l o t   h o l e   i s   u s e d   to  g u i d e   t he   main   b o r e r ,  

t h e   a c c u r a c y   of  t h e   main   b o r e r   i s   u n l i k e l y   to  b e  b e t t e r  

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

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

o t h e r .   Such  means   t e n d   to   be  c o m p l i c a t e d   and  d i f f i c u l t   t o  

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

of  a  main   b o r i n g   h e a d .  

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

in  U.K.  P a t e n t   A p p l i c a t i o n   2028897A  by  P a u r a t   and  P a u r a t .  

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

p o r a t i n g   a t   l e a s t   one  m i l l i n g   r o l l e r   and  a  p i l o t   b o r i n g  

head   a t t a c h e d   to  a  s c r e w   c o n v e y o r   f o r   d e b r i s   r e m o v a l .  

D e b r i s   f o r m e d   by  t h e   ma in   c u t t i n g   head   t r a v e l s   to  t h e  

s h a l l o w   p i l o t   b o r e   f rom  w h i c h   i t   i s   r e m o v e d   by  t he   s c r e w  

c o n v e y o r .   The  p r o v i s i o n   of  m i l l i n g   r o l l e r s   g r e a t l y  

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

a p p a r a t u s   and  a g a i n   l i m i t s   t he   a v a i l a b l e   s p a c e .  

An  o b j e c t  o f   t h e   p r e s e n t   i n v e n t i o n   i s   to  p r o v i d e  

a p p a r a t u s   f o r   t he   s i n k i n g   of  s h a f t s   w h i c h   d o e s   no t   r e q u i r e  

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

w h i c h   i s   r e l a t i v e l y   s i m p l e   to  c o n t r o l   and  to  p o w e r .  

A n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   to  p r o v i d e   s u c h  

a p p a r a t u s   in  w h i c h   t h e r e   i s   i n t e r n a l   s p a c e   a v a i l a b l e  

w h i c h   p e r m i t s   t he   i n t r o d u c t i o n   of  a u x i l i a r y   e q u i p m e n t  

such   as  g r o u t i n g   e q u i p m e n t   i n t o   the   i n t e r i o r   of  t h e  



a p p a r a t u s .  

A c c o r d i n g   to   one  a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n ,  

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

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

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

c o - a x i a l l y   w i t h   t h e   f i r s t   c u t t i n g   h e a d ;   and  m e a n s ,  e x t e r n a l l y  

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

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

The  d e b r i s   c o l l e c t i n g   means   can   be  in   t h e   form  of  one  o r  

more   c o l l a r s   l o c a t e d   a b o u t   t h e   e l o n g a t e   t u b u l a r   m e m b e r  

w h i c h ,   when  t h e   a p p a r a t u s   i s   in  u s e ,   c o - o p e r a t e   w i t h   t h e  

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

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

w a l l   of  t h e   e l o n g a t e   t u b u l a r   member   a t   t h e   l e v e l   of  t h e  

c o l l a r   or   w h i c h   f a l l s   to  t h e   b o t t o m   of  t h e   p i l o t   h o l e   f o r  

c o l l e c t i o n   t h e r e .   Wi th   an  a r r a n g e m e n t   of  t h i s   t y p e ,   t h e  

c o l l a r   can   h a v e   a  c o n i c a l   u p p e r   s e c t i o n   w h i c h   a c t s . t o  

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

g r e s s i v e l y   t i g h t e r   n ip   f o r m e d   by  c o - o p e r a t i o n   of  t h e '  

c o n i c a l   s e c t i o n   of  t h e   c o l l a r   and  t h e   s i d e w a l l   of  t h e   b o r e .  

A l t e r n a t i v e l y ,   t h e   d e b r i s   c o l l e c t i n g   means   can  be  i n  

t h e   f o r m   of  an  e x t e r n a l   g u i d e w a y ,   e . g .   a  h e l i c a l   l e d g e  

( w h i c h   can   be  t e r m e d   a  s c r o l l ) ,   p r o v i d e d   on  t h e   s u r f a c e  

of  t h e   e l o n g a t e   t u b u l a r   member .   H e r e ,   t h e   t u b u l a r   m e m b e r  

i s   p r e f e r a b l y   h o l l o w .   Thus  a c c o r d i n g   to   a  s e c o n d   a s p e c t  

of  t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a p p a r a t u s   f o r  

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



c u t t i n g   h e a d   m o u n t e d   on  an  e l o n g a t e   h o l l o w   t u b u l a r   m e m b e r ;  

a  s e c o n d ,   a n n u l a r   c u t t i n g   head   l o c a t e d   c o - a x i a l l y   w i t h   t h e  

f i r s t   c u t t i n g   h e a d ;   and  means   f o r   c o n v e y i n g   d e b r i s   a l o n g  

t h e   e x t e r n a l   s u r f a c e   of  s a i d   e l o n g a t e   h o l l o w   t u b u l a r   mem-  

b e r   to   a  p o r t   or  window  c o m m u n i c a t i n g   w i t h   t h e   i n t e r i o r  

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

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

fo rm  of  a  h e l i c a l   l e d g e   s e c u r e d   to   t h e   e x t e r n a l   s u r f a c e   o f  

t h e   e l o n g a t e   h o l l o w   t u b u l a r   m e m b e r .  

In  u s e ,   t h e   f i r s t   c u t t i n g   head   a c t s   as  a  p i l o t   b o r i n g  

t o o l   f o r   t h e   ma in   c u t t i n g   head   ( i . e .   t he   s e c o n d ,   a n n u l a r  

c u t t i n g   h e a d   in   t he   a b o v e   t e r m i n o l o g y ) .  

A c c o r d i n g   to  a  t h i r d   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n ,  

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

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

e l o n g a t e   h o l l o w   t u b u l a r   member  and  s e r v i n g   to   fo rm  a  

p i l o t   h o l e ;   a  s e c o n d ,   a n n u l a r   c u t t i n g   head   l o c a t e d   o r  

l o c a t a b l e   c o - a x i a l l y   w i t h   t he   f i r s t   c u t t i n g   head   a n d  

s p a c e d   a x i a l l y   t h e r e f r o m   and  s e r v i n g   to   form  t he   h o l e  

p r o p e r ;   and  means   f o r   r e m o v i n g   d e b r i s   w h i c h   c o m p r i s e s  

( i )   a  h e l i c a l   l e d g e   f o r m e d   on  t h e   o u t s i d e   of  a t   l e a s t   a  

p a r t   of  t he   e l o n g a t e   h o l l o w   t u b u l a r   member ,   and  ( i i )   a  

window  f o r m e d   in  t he   body  of  s a i d   e l o n g a t e   h o l l o w   t u b u l a r  

member  a d j a c e n t   t h e   u p p e r   end  of  s a i d   h e l i c a l   l e d g e .  

The  h e l i c a l   l e d g e   can  c o n t i n u e   d o w n w a r d l y   f rom  t h e  

e l o n g a t e   h o l l o w   t u b u l a r   member  so  as  to  g i r d l e   t he   s u r f a c e  

of  t he   f i r s t   c u t t i n g   h e a d .  



P r e f e r a b l y   t h e   d e b r i s   r e m o v a l   means   a l s o   s e r v e s   t o  

c o l l e c t   d e b r i s   f rom  t he   s e c o n d ,   a n n u l a r   c u t t i n g   h e a d .  

T h i s   can   be  a c h i e v e d   by  p r o v i s i o n   of  a  b a r r i e r   a d j a c e n t  

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

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

f rom  t h e r e   p a s s e s   t h r o u g h   s a i d   w i n d o w .   The  b a r r i e r   can  b e  

d i s p e n s e d   w i t h   i f   t h e   h e l i c a l   l e d g e   i s   a b l e   to   cope   w i t h  

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

s u c h   a  c a s e ,   d e b r i s   f rom  t h e   ma in   c u t t i n g   h e a d   ( i . e .   t h e  

s e c o n d ,   a n n u l a r   c u t t i n g   h e a d )   f a l l s   down  u n t i l   i t   r e a c h e s  

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

t h e   w i n d o w .  

The  e l o n g a t e   h o l l o w   t u b u l a r   member  i s   p r e f e r a b l y   a  

c l o s e d   body   e x c e p t   f o r   t h e   p r o v i s i o n   of  a  w indow  ( o r  

s e v e r a l   w i n d o w s )   f o r   d e b r i s   r e m o v a l .   T h i s   e n a b l e s   t h e  

i n t e r i o r   t h e r e o f   to  a c t   as  a  w o r k i n g   s p a c e   w h i c h   i s  

f l e x i b l e   as  to   i t s   u s a g e .   C o n v e n i e n t l y   t h e   w o r k i n g   s p a c e  

can  be  a d a p t e d   to   r e c e i v e   a  b u c k e t   f o r   d e b r i s   e n t e r i n g  

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

a r r a n g e m e n t s   ( e . g .   a  p n e u m a t i c   s y s t e m )   may  be  p r o v i d e d   i f  

r e q u i r e d .  

The  l e n g t h   of  t h e   e l o n g a t e   h o l l o w   t u b u l a r   member  may  

be  f i x e d   or  v a r i a b l e .   P r e f e r a b l y   i t s   a x i a l   l e n g t h   ( o r  

i t s   m in imum  a x i a l   l e n g t h )   i s   g r e a t e r   t h a n   i t s   r a d i u s .   I n  

a  v a r i a b l e - l e n g t h   a r r a n g e m e n t ,   e x t e n s i o n   o f  t h e   t u b u l a r  

member   may  be  a c h i e v e d   by  s e c u r i n g   t o g e t h e r   a  s u c c e s s i o n  

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

The  two  h e a d s   can  be  f o r m e d   i n t e g r a l l y   or  t h e y   can  b e  



s e p a r a b l e   t h e   one  f rom  t h e   o t h e r .   In  some  e m b o d i m e n t s   o f  

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

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

of  t h e   two  c u t t i n g   h e a d s   to  be  v a r i e d   to   g i v e   t h e   o p t i m u m  

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

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

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

a c c o m m o d a t i n g ,   as  r e q u i r e d ,   d e b r i s   r e m o v a l   m e a n s ,   p u m p i n g  

m e a n s ,   g r o u t i n g   m e a n s ,   i n s p e c t i o n   m e a n s ,   or  any  o t h e r  

means   r e q u i r e d   f o r   a s s i s t i n g   the   p r o g r e s s   of  a  b o r i n g  

o p e r a t i o n .   Such  means   a r e   p r e f e r a b l y   a c c o m m o d a t e d   w i t h i n  

t h e   i n t e r i o r   of  t h e   h o l l o w   body  on  t h e   f o r w a r d   end  o f  

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

c u t t i n g   head   p r e f e r a b l y   i s   c o n s t r u c t e d   so  t h a t   i t   can  b e  

u s e d   to  c u t   t r a n s v e r s e l y   of  t he   main  a x i s   of  t h e   a p p a r a t u s ,  

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

a c t i o n   t o g e t h e r   w i t h   t h e   main  ( s e c o n d )   c u t t i n g   h e a d  

in  t h e   c o u r s e   of  a  b o r i n g   o p e r a t i o n ,   e . g .   f o r   a d j u s t i n g  

t h e   l i n e   of  t he   b o r e .  

In  a  d e v e l o p m e n t   of  t h e   i n v e n t i o n   d e s c r i b e d   a b o v e ,   we 

have   f o u n d   t h a t   t h e   e l o n g a t e   t u b u l a r   member   can  b e  

m o d i f i e d   so  as  to   be  c u t   away  ove r   i t s   e n t i r e   l e n g t h ;  

t h i s   l e a v e s   the   i n t e r i o r   of  the   t u b u l a r   member   e x p o s e d  

to  a  s u b s t a n t i a l   p o r t i o n   of  t he   cu t   or  b o r e d   e a r t h   s u r f a c e  

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

be  c u t   away  o v e r   a  c o r r e s p o n d i n g   a r e a .   Wi th   t h i s   d e v e l o p -  

m e n t ,   t he   l e a d i n g   edge   of  the   c u t - a w a y   t u b u l a r   member  ( a n d  

t he   l e a d i n g   edge  of  t h e   f i r s t   c u t t i n g   head   i f   t h i s   i s  



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

d e v i c e ,   e . g .   a  p l o u g h   b l a d e   or  a  s c r a p e r   b l a d e   or  a  

t o o t h e d   ( s e r r a t e d )   b l a d e ,   t h e   p u r p o s e   of  w h i c h   i s   t o  

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

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

t i o n   of  t h e   p i l o t   b o r e .   The  b l a d e   or  b l a d e s   t h u s   s w e e p  

up  or  c o l l e c t   d e b r i s   and  t h e   a c c u m u l a t e d   d e b r i s   i s   t h e r e b y  

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

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

may  be  p r o v i d e d   w i t h i n   t h i s   s p a c e ,   and  s u c h   a  b u c k e t  

p r e f e r a b l y   has   a  p o r t   in  t he   s i d e w a l l   t h e r e o f   t h r o u g h  

w h i c h   d e b r i s   can  p a s s .   Such  a  b u c k e t   w i l l   g e n e r a l l y   b e  

d i m e n s i o n e d   so  as  to   be  a  c l o s e   f i t   w i t h i n   t h e   t u b u l a r  

m e m b e r .  

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

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

c o m p r i s e s   a  f i r s t   c u t t i n g   head   m o u n t e d   on  an  e l o n g a t e  

h o l l o w   t u b u l a r   member   w h i c h   i s   cu t   away  in  p a r t ;   a  s e c o n d ,  

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

c u t t i n g   h e a d ;   and  means   f o r   c o l l e c t i n g   or  d e f l e c t i n g  

d e b r i s   away  f rom  t h e   f i r s t   c u t t i n g   h e a d ,   s a i d   m e a n s  

b e i n g   in   t h e   fo rm  of  one  or  more  b l a d e s   or  s c r a p e r s  

c a r r i e d   by  t h e   c u t - a w a y   t u b u l a r   member  and  o p t i o n a l l y   b y  

t h e   f i r s t   c u t t i n g   head   i t s e l f .   The  i n v e n t i o n   l i k e w i s e  

p r o v i d e s   a  c o m b i n a t i o n   of  t he   a p p a r a t u s   j u s t   d e f i n e d   and  a  

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

of  t h e   c u t - a w a y   t u b u l a r   member  and  h a v i n g   a  p o r t   in  a  s i d e -  

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



In  t h o s e   e m b o d i m e n t s   of  t h e   i n v e n t i o n   w h e r e   t h e   t w o  

c u t t i n g   h e a d s   a r e   s e p a r a b l e ,   i t   may  be  c o n v e n i e n t   f r o m  

t i m e  t o   t i m e   to   r e m o v e   t h e   f i r s t   c u t t i n g   head   and  t h e n  

e i t h e r   to   u se   t h e   t o o l   in  t h i s   fo rm  ( e . g .   to   f a c i l i t a t e  

r e p a i r   or  m a i n t e n a n c e   of  an  e x i s t i n g   h o l e )   or  t o . i n c o r -  

p o r a t e   i n t o   t h e   t o o l   a n o t h e r   f u n c t i o n a l   u n i t   w h i c h   may  b e ,  

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

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

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

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

head   s e c u r e d   to   or  f o r m i n g   p a r t   of  an  a n n u l a r   b o d y ,   t h e  

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

r e c e i v e   a  f u r t h e r   f u n c t i o n a l   u n i t .   The  f u r t h e r  f u n c t i o n a l  

u n i t   w i l l   be  s e l e c t e d   a c c o r d i n g   to   t h e   use   to   w h i c h   t h e  

t o o l   i s   to   be  p u t ,   e . g .   b o r i n g   and  g r o u t i n g   or  b o r i n g   a n d  

c o n t i n u o u s   m o n i t o r i n g   of  t h e   p r o g r e s s   of  t h e   b o r e .  

For   c o n v e n i e n c e ,   t he   f i r s t   c u t t i n g   head   w i l l   h e r e i n -  

a f t e r   be  r e f e r r e d   to  as  t h e   p i l o t   h e a d   or  p i l o t   t o o l ,  

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

to  as  t h e   ma in   c u t t i n g   h e a d .  

By  way  of  e x a m p l e ,   t he   i n v e n t i o n   w i l l   now  be  d e s c r i b e d  

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

F i g u r e   1  i s   a  v iew  of  a  l a r g e   d i a m e t e r   b o r i n g   a p p a r a t u s  

in  a c c o r d a n c e   w i t h   t he   i n v e n t i o n   and  a c c o m m o d a t i n g   i n t e r n a l  

means   f o r   t h e   r e m o v a l   of  d e b r i s ,   e x t e r n a l   c u t t i n g   t o o l s  

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

t h e   p i l o t   b o r e ,   and  e x t e r n a l   h e l i c a l   s c r o l l s   ( i . e .   l e d g e s )  



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

c u t t i n g   t o o l s ;  

F i g u r e   2  i s   a  d i a g r a m m a t i c   v i e w   of  a  l a r g e   d i a m e t e r  

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

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

F i g u r e   1 ;  

F i g u r e s   3a  and  3b  t o g e t h e r   f o r m   a  d i a g r a m m a t i c   v i e w  

of  a  d e t a c h a b l e   p i l o t   t o o l   p r o v i d e d   w i t h   a  r o t a r y   d r i v e  

i n d e p e n d e n t   of  t h e   d r i v e   to   t h e   ma in   b o r i n g   h e a d ,   and  m e a n s  

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

d e b r i s   i t   may  c o n t a i n ;  

F i g u r e s   4a  and  4b  t a k e n   t o g e t h e r   i l l u s t r a t e   a  p i l o t  

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

d e b r i s   e i t h e r   to   t h e   s u r f a c e   or  to  an  i n t e r m e d i a t e  

l o a d i n g   s t a t i o n ;  

F i g u r e s   5a,   5b  and  5c  t a k e n   t o g e t h e r   i l l u s t r a t e   a  

p i l o t   t o o l   e q u i p p e d   w i t h   c o n v e n t i o n a l   f l u i d   means   f o r  

t r a n s p o r t i n g   d e b r i s ;  

F i g u r e   6  i l l u s t r a t e s   a  f u r t h e r   e m b o d i m e n t   of  a  l a r g e  

d i a m e t e r   b o r i n g   t o o l   e q u i p p e d   w i t h   an  i n t e g r a l   p i l o t  

b o r i n g   t o o l ;   a n d  

F i g u r e   7  i l l u s t r a t e s   a  d e b r i s   r e m o v a l   b u c k e t   a d a p t e d  

to   o p e r a t e   w i t h i n   t h e   b o r i n g   t o o l   of  F i g u r e   6 .  

R e f e r r i n g   now  to  F i g u r e   1,  t h e   s h a f t   s i n k i n g   a p p a r a t u s  

c o m p r i s e s   a  main   l a r g e - d i a m e t e r   b o r i n g   head   1 .1   and  a  

p i l o t   h e a d   i n t e g r a l l y   f o r m e d   of  an  e l o n g a t e   h o l l o w  

t u b u l a r   member   1 .4   and  a  c u t t i n g   head   1 . 1 4 .   The  m a i n  

h e a d   1 . 1   i s   e q u i p p e d   w i t h   c u t t i n g   t o o l s   1 .2   and  i s   of  a  



a  g e n e r a l l y   f r u s t o - c o n i c a l   fo rm  w i t h   a  s e m i - v e r t i c a l  

a n g l e   ( i . e .   t h e   a n g l e   b e t w e e n   t h e   a x i s   of  t h e   cone   a n d  

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

a x i s )   c h o s e n   to   a l l o w   d e b r i s   p r o d u c e d   by  t h e   c u t t i n g  

t o o l s   1 . 2   to   move  u n d e r   t h e   i n f l u e n c e   of  g r a v i t y   t o w a r d s  

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

a b l y   o r i e n t a t e d   p l o u g h   b l a d e s   1 . 3   or  s i m i l a r   m e a n s .   T h e  

c e n t r a l   p o r t i o n   of  t h e   main   head   1 .1   i s   e x t e n d e d   in  t h e  

b o r i n g   d i r e c t i o n   by  t h e   t u b u l a r   member  1 . 4 .   The  h e a d  

1 . 1 4   c a r r i e s   c u t t e r s   1 .5   f o r   b o r i n g   in  t he   a x i a l   d i r e c t i o n ,  

w h i l e   s i d e - c u t t e r s   1 .6   to   f a c i l i t a t e   t r a n s v e r s e ,   i . e .   s i d e -  

w a y s ,   m o v e m e n t   when  r e q u i r e d   f o r   a d j u s t i n g   t h e   l i n e   of  b o r e  

a r e   c a r r i e d   on  t h e   e x t e r n a l   w a l l   of  t h e   e l o n g a t e   h o l l o w  

t u b u l a r   member   1 . 4 .   A  d e b r i s   c o l l e c t i n g   d e v i c e   in  t h e  

form  of  a  h e l i c a l   l e d g e   or  s c r o l l   1 .7   i s   l i k e w i s e   p r o v i d e d  

on  t h e   e x t e r n a l   w a l l   of  t h e   member  1 . 4 .   The  s c r o l l  

s e r v e s   to   l i f t   d e b r i s   f rom  t h e   p i l o t   b o r e   u p w a r d l y   t o w a r d s  

t h e   ma in   b o r e   whence   i t   may  f a l l ,   or  be  p r o p e l l e d ,   t h r o u g h  

w i n d o w s   1 .8   i n t o   t he   h o l l o w   i n t e r i o r   of  t h e   p i l o t   t o o l   1 . 4 .  

D e b r i s   f rom  t h e   main   c u t t e r s   1 .2   a l s o   p a s s e s   t h r o u g h   t h e  

w i n d o w s   1 .8   a f t e r   f a l l i n g   d o w n w a r d l y   to  a  c o l l e c t i n g   l e d g e  

1 . 1 5 .   R e t r a c t a b l e   c h u t e s   1 .9   a r e   p r o v i d e d   in  o r d e r   t o  

m i n i m i s e   s p i l l a g e   of  d e b r i s ,   to  d i r e c t   i t   as  r e q u i r e d ,  

and  to   c l o s e   t h e   w i n d o w s   1 .8   when  i t   i s   d e s i r a b l e   to  h a l t  

t he   movemen t   of  d e b r i s .  

I n s i d e   t h e   h o l l o w   t u b e   1 .4   of  t h e   p i l o t   b o r i n g   t o o l  

t h e r e   i s   a c c o m m o d a t e d   a  h o i s t   b u c k e t   1 . 1 0   to  r e c e i v e  

d e b r i s   f rom  t h e   c h u t e s   1 .9   and  to  t r a n s p o r t   i t   as  r e q u i r e d  



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

s y s t e m .   The  b u c k e t   1 . 1 0   i s   r a i s e d   or  l o w e r e d   by  a  h o i s t  

r o p e   1 . 1 1   w h i c h   i s   w i n c h e d   e i t h e r   by  s h a f t   w i n d i n g  

e q u i p m e n t   or  by  a  w i n c h   c a r r i e d   in   t h e   body  of  t h e   b o r i n g  

m a c h i n e .   A  s w i v e l   c o u p l i n g   1 . 1 2   in  t h e   r o p e   p e r m i t s   t h e  

b u c k e t   1 . 1 0   to   r o t a t e   d u r i n g   b o r i n g   w i t h o u t   a p p l y i n g  

t o r s i o n   to  t h e   ma in   u p p e r   p a r t   of  t h e   r o p e   1 . 1 1 .   T h e  

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

c e n t r a l   c o r e   to   a l l o w   p a s s a g e   of  t h e   b u c k e t   1 . 1 0 .  

S e a l i n g   means   1 . 1 3   a r e   p r o v i d e d   i n s i d e   t h e   p i l o t  

b o r i n g   t o o l   1 . 4   to   e n g a g e   w i t h   a p p r o p r i a t e   e x t e r n a l  

s u r f a c e s   of  t h e   b u c k e t   1 . 1 0   in   o r d e r   to   m i n i m i s e   s p i l l a g e  

of  m a t e r i a l   e n t e r i n g   t h e   b u c k e t   1 . 1 0 .  

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

of  t h e   i n v e n t i o n ,   d e t a i l e d   d e s c r i p t i o n s   and  e x p l a n a t i o n s  

w i l l   be  o m i t t e d   in  r e l a t i o n   to  F i g u r e s   2  to   7  e x c e p t  

w h e r e   t h e r e   a r e   d i f f e r e n c e s   in  c o n s t r u c t i o n   or  mode  o f  

o p e r a t i o n   c o m p a r e d   to   t h e   e m b o d i m e n t   shown  in   F i g u r e   1 .  

R e f e r r i n g   now  to  F i g u r e   2,  t h e   a p p a r a t u s   c o m p r i s e s   a  

m a i n   l a r g e - d i a m e t e r   b o r i n g   head   2 . 1   s u b s t a n t i a l l y   a s  

d e s c r i b e d   above   w i t h   r e f e r e n c e   to  F i g u r e   1  and  w h i c h   i s  

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

t h e   f u l l   h e i g h t   of  t h e   main   b o r i n g   m a c h i n e .   The  c y l i n d r i c -  

a l   w a l l s   2 .2   of  t h e   s a i d   o p e n i n g   form  p a r t   o f ,   and  r o t a t e  

w i t h ,   t h e   main  b o r i n g   head   2 . 1 .  

I n t o   t he   a x i a l   o p e n i n g   t h e r e   i s   i n s e r t e d   a  h o l l o w  

p i l o t   b o r i n g   t o o l   2 . 3 ,   e q u i p p e d   w i t h   an  e x t e r n a l   s c r o l l  

or  s c r o l l s   2 . 4   and  w i n d o w s   2 . 5   s u b s t a n t i a l l y   as  d e s c r i b e d  



a b o v e   w i t h   r e f e r e n c e   to   F i g u r e   1.  In  a d d i t i o n   t h e   u p p e r  

p a r t   of  t h e   body  of  t h e   p i l o t   b o r i n g   t o o l   i s   p r o v i d e d  

w i t h   a  h e a v y   c o l l a r   2 . 6   a d a p t e d   to  f i t   s l i d e a b l y   in   t h e  

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

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

w i t h   t h e   m a i n   b o r i n g   h e a d .   R e t r a c t a b l e   p o w e r - o p e r a t e d  

l a t c h e s   2 . 7   a t t a c h e d   to   t h e   ma in   b o r i n g   head   a r e   a d a p t e d  

to  e n g a g e   w i t h   r e c e s s e s   in  t h e   c o l l a r   2 . 6   so  as  to   c a u s e  

t he   p i l o t   b o r i n g   t o o l   to   r o t a t e   w i t h   t h e   ma in   b o r i n g   t o o l .  

When  t h e   p i l o t   b o r i n g   t o o l   has   been   f i l l e d   by  d e b r i s  

e n t e r i n g   v i a   t h e   w i n d o w s   2 .5   (or   a t   any  o t h e r   t i m e )   t h e  

l a t c h e s   2 . 7   may  be  d i s e n g a g e d   and  t he   p i l o t   b o r i n g   t o o l  

l i f t e d   by  h o i s t   r o p e   2 . 8   f o r   e m p t y i n g   or  f o r   r e p l a c e m e n t  

by  a n o t h e r   t o o l ,   or  to  p e r m i t   a c c e s s   f o r   o t h e r   e q u i p m e n t  

to  t h e   p i l o t   b o r e .  

A  f u r t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n   i s   shown  i n  

F i g u r e s   3a  and  3b.  In  t h i s   e m b o d i m e n t ,   a  r e m o v a b l e   p i l o t  

b o r i n g   t o o l   3 . 1   s u b s t a n t i a l l y   as  h e r e i n b e f o r e   d e s c r i b e d  

is   g u i d e d   c o n c e n t r i c a l l y   w i t h i n  a   main  b o r i n g   t o o l   3 . 2  

a l s o   s u b s t a n t i a l l y   as  a l r e a d y   d e s c r i b e d ,   bu t   i n  t h i s  

e m b o d i m e n t   t h e   p i l o t   b o r i n g   head   i s   a d a p t e d   to  be  i n d e -  

p e n d e n t l y   p o w e r e d ,   r o t a t e d ,   and  a d v a n c e d   or  r e t r a c t e d .  

I t   i s   a c c o r d i n g l y   l i n k e d   v i a   a  k e l l y   ba r   3 .3   w i t h   a  

r o t a r y - p o w e r   u n i t   3 .4   and  w i t h   a  c r o s s - h e a d   3 .5   a t t a c h e d  

to  rams  3 . 6 .   The  k e l l y   ba r   3 .3   i s   s l i d e a b l y   l i n k e d   w i t h  

the   r o t a r y   power   u n i t   3 .4   v i a   keys   of  a  r e c t a n g u l a r   c r o s s -  

s e c t i o n   in  a  r e c t a n g u l a r   h o l e   a r r a n g e m e n t   so  t h a t   i t   may 

r e c e i v e   r o t a r y  d r i v e   w h i l s t   r e m a i n i n g   f r e e   to  move  up  o r  



down  u n d e r   t he   i m p e t u s   of  t h e   rams   3 . 6 .   F u r t h e r m o r e   t h e  

u p p e r   end  of  t he   k e l l y   b a r   3 . 3   i s   a t t a c h e d   v i a   a  s w i v e l  

c o u p l i n g   3 .7   to   a  h o i s t   r o p e   3 .8   a c t i v a t e d   by  a  w i n c h   3 . 9 .  

B e t w e e n   t h e   s w i v e l   3 . 7   and  t h e   w i n c h   3 . 9   t h e   h o i s t   r o p e  

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

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

c o m p l e t e   a s s e m b l y   c o m p r i s i n g   t h e   p i l o t   b o r i n g   t o o l   3 . 1 ,   t h e  

k e l l y   b a r   3 . 3 ,   t h e   r o t a t i n g   d r i v e   3 . 4 ,   t h e   c r o s s - h e a d   3 . 5  

and  t h e   rams  3 .6   to  be  h o i s t e d   t h r o u g h   t h e   c e n t r e   of  t h e  

main   b o r i n g   m a c h i n e   in  o r d e r   to   f a c i l i t a t e   a c c e s s   to  i t  

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

c l e a r   f o r   t he   i n s t a l l a t i o n   of  p u m p i n g ,   i n s p e c t i o n ,  

d r i l l i n g ,   g r o u t i n g   or  o t h e r   e q u i p m e n t .   The  same  h o i s t i n g  

a r r a n g e m e n t   may  a l s o   be  e m p l o y e d   d u r i n g   b o r i n g   to   l i f t   t h e  

p i l o t   b o r i n g   t o o l   3 . 1   to  a  h e i g h t   a t   w h i c h   i t   may  b e  

r e m o v e d   f rom  t he   k e l l y   b a r   3 .3   and  t r a n s f e r r e d   to   a  c o n -  

t a i n e r   3 . 1 0   f o r   h o i s t i n g   to   t h e   s u r f a c e   w h e r e   i t s   c o n t e n t  

of  d r i l l i n g   d e b r i s   i s   d i s c h a r g e d   or  w h e r e   i t   may  be  m a i n -  

t a i n e d ,   r e p a i r e d ,   or  r e p l a c e d .   M e a n w h i l e   a  s e c o n d   p i l o t  

b o r i n g   t o o l   3 . 1 1   may  be  moved  in  f rom  a  s e c o n d   c o n t a i n e r  

3 . 1 2   l o c a t e d   in  t h e   u p p e r   c a v i t y   a r e a   of  t h e   m a i n   b o r i n g  

t o o l   3 . 2   and  a t t a c h e d   to  t h e   k e l l y   b a r   3 .3   so  t h a t   b o r i n g  

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

In  t h i s   way  s u b s t a n t i a l l y   c o n t i n u o u s   b o r i n g   may  be  s u s -  

t a i n e d   by  t he   a l t e r n a t i n g   use   of  two  p i l o t   b o r i n g   t o o l s .  

D u r i n g   b o r i n g   t h e   r o t a r y   d r i v e   3 . 4   and  t h e   rams   3 . 6 . a r e  

s e c u r e l y   l o c k e d   in  p o s i t i o n   to  e n a b l e   them  to  p r o v i d e   t h e  

t o r q u e s   and  f o r c e s   r e q u i r e d   f o r   b o r i n g ,   and  a r e   u n l o c k e d  



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

D u r i n g   b o r i n g   t h e   d i r e c t i o n   of  t h e   p i l o t   b o r i n g   t o o l   3 . 1  

c o a x i a l   w i t h   t h e   m a i n   b o r i n g   head   3 .2   i s   m a i n t a i n e d   by  a  

p i s t o n   3 . 1 3   w h i c h   i s   a  c l o s e   s l i d e a b l e   f i t   a g a i n s t   t h e   w a l l  

3 . 1 4   of  t h e   c e n t r a l   a p e r t u r e   of  t he   ma in   b o r i n g   m a c h i n e  

and  i s   a t t a c h e d   to   t h e   k e l l y   ba r   3 .3   f o r   w h i c h   i t   p r o v i d e s  

g u i d a n c e   f o r   t h e   p i l o t   b o r i n g   t o o l   3 . 1 .  

In  an  a l t e r n a t i v e   a r r a n g e m e n t   of  t h i s   e m b o d i m e n t   o f  

t h e   i n v e n t i o n   t h e   k e l l y   b a r   3 . 3 ,   t h e   r o t a t i n g   d r i v e   3 . 4 ,  

t h e   c r o s s - h e a d   3 .5   and  t h e   rams  3 .6   a r e   a l l   o m i t t e d   a n d  

t h e   s w i v e l   3 . 7   i s   a t t a c h e d   d i r e c t l y   to   t h e   p i s t o n   3 . 1 3  

w h i c h   i s   in  t u r n   t e m p o r a r i l y   l o c k e d   to   t h e   w a l l   3 . 1 4 .  

The  p i s t o n   and  t h e   a t t a c h e d   p i l o t   b o r i n g   t o o l   3 . 1   a r e  

t h e n   o b l i g e d   to   r o t a t e   and  to   a d v a n c e   w i t h   t h e   main   b o r i n g  

h e a d   3 . 2   t h u s   c o n s t i t u t i n g   a  s i m p l e r   a l t h o u g h   l e s s   f l e x i b l e  

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

p a r a g r a p h s .   When  t h e   p i l o t   b o r i n g   t o o l   3 . 1   i s   f u l l   o f  

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

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

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

T h i s   e m b o d i m e n t   of  t h e   i n v e n t i o n   t h u s   p r o v i d e s   f o r  

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

a r e   e i t h e r   d r i v e n   and  a d v a n c e d   i n d e p e n d e n t l y   of  t h e   m a i n  

b o r i n g   head   or  a r e   d r i v e n   and  a d v a n c e d   by  t h e   main   b o r i n g  

h e a d .  

In  a n o t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n   i l l u s t r a t e d   b y  

F i g u r e   4,  a  p i l o t   b o r i n g   t o o l   4 .1   s u b s t a n t i a l l y   as  d e s c r i b e d  

a b o v e   in  r e l a t i o n   to  F i g u r e   1,  i s   r o t a t e d   and  a d v a n c e d  



i n d e p e n d e n t l y   of  t h e   ma in   b o r i n g   head   and  i s   p r o v i d e d   w i t h  

one  or  more   a p e r t u r e s   4 . 2   t h r o u g h   w h i c h   d e b r i s   g e n e r a t e d  

by  i t   and  by  t h e   main   b o r i n g   head   may  p a s s   t o   a  f l u i d -  

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

t r a i l i n g   edge   of  t h e   a p e r t u r e   4 . 2   may  be  p r o v i d e d   w i t h   a  

b l a d e   4 . 3   a d a p t e d   to  u r g e   d e b r i s   i n t o   t h e   a p e r t u r e .   T h e  

s i d e s   and  f l o o r   of  t h e   a p e r t u r e   may  be  h o r i z o n t a l   o r  

v e r t i c a l   or  i n c l i n e d   or  c u r v e d   a c c o r d i n g   to   t h e   n a t u r e  

of  t h e   d e b r i s   to   be  h a n d l e d ,   and  t he   a p e r t u r e   m a y  

c o n v e r g e   to  an  o p e n i n g   4 . 4   g i v i n g   a c c e s s   to   a  r o t a t i n g   o r  

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

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

t r a n s p o r t   d u c t   4 . 5 .   A l t e r n a t i v e l y ,   t h e   o p e n i n g   4 . 4   m a y  

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

p r e s s u r e   i s   l e s s   t h a n   t h a t   o u t s i d e   t he   d u c t ,   as  in   a  

vacuum  c o n v e y i n g   s y s t e m ,   so  t h a t   v a l v i n g   may  n o t   b e  

n e c e s s a r y .   W a t e r   in  t h e   b o t t o m   of  t h e   b o r e   may  be  t r a n s -  

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

same  way  as  d e s c r i b e d   in  c o n n e c t i o n   w i t h   t h e   t r a n s f e r   o f  

d e b r i s .  

A f t e r   e n t e r i n g   t h e   t r a n s p o r t   d u c t   4 . 5   t h e   d e b r i s   ( o r  

w a t e r )   i s   e n t r a i n e d   in  t h e   f l o w   of  t r a n s p o r t   f l u i d   and  i s  

c o n v e y e d   by  i t   e i t h e r   to   t h e   s u r f a c e   f o r   d i s c h a r g e   or  t o  

some  i n t e r m e d i a t e   p o i n t   in   t h e   b o r e   f o r   t r a n s f e r   t o  

a n o t h e r   h o i s t i n g   s y s t e m .   The  d u c t   4 .5   i s   p r o v i d e d   a s  

r e q u i r e d   w i t h   s l i d e a b l y   e x t e n s i b l e   or  r o t a r y   c o u p l i n g s  

such   as  4 . 6   p r o v i d e d   to   a c c o m m o d a t e   movemen t   of  t h e   p i l o t  

b o r i n g   t o o l   4 . 1   r e l a t i v e   to   t h e   main  f i x e d   l e n g t h   4 . 7   o f  



t h e   s a i d   d u c t .   S i m i l a r   a c c o m m o d a t i o n   may  be  p r o v i d e d   f o r  

a  d o w n c o m i n g   d u c t   4 . 8   s u p p l y i n g   t r a n s p o r t   f l u i d   to   t h e  

s y s t e m .  

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

t o o l   4 . 1   f rom  t h e   main   b o r i n g   h e a d   f o r   m a i n t e n a n c e   p u r p o s e s ,  

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

c o m p r i s i n g   t h e   d u c t i n g   4 . 5   and  4 . 8   and  t h e   c o m p o n e n t s   o f  

t h e   f l u i d   v a l v i n g   or  l o c k i n g   e q u i p m e n t   may  be  d e t a c h e d  

and  l i f t e d   f rom  t h e   p i l o t   b o r i n g   t o o l .  

In  a n o t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n   as  i l l u s t r a t e d  

by  F i g u r e   5,  a  p i l o t   b o r i n g   t o o l   5 . 1   s i m i l a r   to  a  c o n v e n -  

t i o n a l   d r i l l   i s   r o t a t e d   and  a d v a n c e d   i n d e p e n d e n t l y   of  a  

ma in   b o r i n g   t o o l   5 .2   by  means   of  an  e l o n g a t e   h o l l o w  

t u b u l a r   member  or  d r i l l   t u b e   5 .3   s u s p e n d e d   f rom  a  y o k e  

5 . 4   s u p p o r t e d   by  l i f t i n g   c y l i n d e r s   5 . 5 .   The  d r i l l   t u b e  

5 . 3   i s   r o t a t e d   by  a  power   u n i t   5 . 6   v i a   c o n v e n t i o n a l   s l i d i n g  

key  means   ( n o t   s h o w n ) .   In  a  v a r i a t i o n   of  t h i s   e m b o d i m e n t  

of  t he   i n v e n t i o n ,   t h e   t u b e   5 .3   i s   r o t a t e d   by  a  p o w e r   u n i t  

c a r r i e d   upon  t h e   yoke   5 . 4 .  

The  d r i l l   t u b e   5 .3   i s   j o i n e d   as  shown  a t   5 . 7   to  e n a b l e  

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

c o n d i t i o n s   or  to  f a c i l i t a t e   i t s   r e m o v a l   f rom  the   h o l e .  

In  most   a p p l i c a t i o n s   t h e   t u b e   5 .3   w i l l   i n c o r p o r a t e   a  

s e c o n d   c o n c e n t r i c   t u b e   5 . 8 ,   t h e   a n n u l a r   s p a c e   b e t w e e n  

t u b e s   5 .3   and  5 . 8   b e i n g   e m p l o y e d   to   c a r r y   f l u i d   u n d e r  

p r e s s u r e   d o w n w a r d s   i n t o   t h e   h o l e   to  be  u sed   in  o r d e r   t o  

g e n e r a t e   a  movemen t   of  f l u i d   up  t he   i n n e r   t u b e   5 . 8 ,   t h e  

s a i d   f l u i d   b e i n g   drawn  f rom  t he   b o r e   c r e a t e d   by  t h e   p i l o t  



b o r i n g   t o o l   5 .1   p a s t   t h e   c u t t e r s   of  t h e   s a i d   t o o l   in  o r d e r  

to  e n t r a i n   and  r e m o v e   d e b r i s   f r o m   t h e   v i c i n i t y   of  t h e   t o o l .  

Such  a  s y s t e m   i s   commonly   u s e d   in   d r i l l i n g   and  i s  

g e n e r a l l y   r e f e r r e d   to   as  a  r e v e r s e - c i r c u l a t i o n   s y s t e m .  

In  g e n e r a l   ( b u t   no t   e x c l u s i v e l y )   t h e   f l u i d   f i l l i n g   t h e  

b o r e   i s   w a t e r ,   s o m e t i m e s   m i x e d   w i t h   mud  or  o t h e r   m a t e r i a l s  

in  o r d e r   to   e n h a n c e   i t s   d e b r i s - c a r r y i n g   c a p a c i t y ,   a n d  

t h e   p r e s s u r e   f l u i d   e m p l o y e d   to  u r g e   i t   up  t h e   i n n e r   t u b e  

5 .8   may  c o n v e n t i o n a l l y   be  a i r   or  w a t e r .   In  some  c a s e s  

t h e   f l u i d   in  t h e   p i l o t   b o r e   may  be  a i r .  

In  t h e   v i c i n i t y   of  t h e   yoke   5 . 4   a  t u b e   5 . 9   i s   a t t a c h e d  

v i a   a  s w i v e l   5 . 1 0   to   t h e   h e a d   of  t h e   i n n e r   t u b e   5 . 8   i n  

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

h o i s t a b l e   c o n t a i n e r   5 . 1 1 .   The  c o n t a i n e r   5 . 1 1   may  i n c o r -  

p o r a t e   s c r e e n i n g   means   a d a p t e d   to   r e t a i n   s o l i d s   w h i l e  

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

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

A l t e r n a t i v e l y   t h e   s c r e e n i n g   means   may  be  i n s e r t e d   b e t w e e n  

t h e   t u b e   5 . 9   and  t h e   c o n t a i n e r   5 . 1 1   in   o r d e r   to   s e p a r a t e  

s o l i d s   and  l i q u i d ,   b e f o r e   t h e   f o r m e r   e n t e r   t he   c o n t a i n e r .  

The  t u b e   5 . 9   may,  when  t h e   c o n t a i n e r   5 . 1 1   i s   f u l l ,  

be  d i v e r t e d   to  a  s e c o n d   c o n t a i n e r   5 . 1 2   t h u s   l e a v i n g   t h e  

f i r s t   c o n t a i n e r   f r e e   to   be  h o i s t e d   to  t h e   s u r f a c e   a n d  

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

p r o c e s s .  

I t   i s   a n t i c i p a t e d   t h a t   t h e   m a i n   b o r i n g   head   5 .2   may  

be  p a r t i a l l y   i m m e r s e d   in  a  l i q u i d   u s e d   to  f i l l   and  c l e a r  

t h e   p i l o t   b o r e .   I f   a i r   a l o n e   i s   u s e d   in  t h e   p i l o t   b o r e  



t h e n   t h e   ma in   b o r i n g   h e a d   w i l l   a l s o   o b v i o u s l y   b e  

i m m e r s e d   in  i t .   L i q u i d   u s e d   in  t h e   p i l o t   b o r e   i s   r e p l e n -  

i s h e d   by  l i q u i d   r e t u r n i n g   f rom  t he   e n t r y   to   t he   h o i s t i n g  

s y s t e m   a l r e a d y   d e s c r i b e d   and  m a i n t a i n e d   a t   a  l e v e l   in  t h e  

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

D e b r i s   f rom  t h e   m a i n   b o r i n g   head   5 . 2   f a l l s ,   a s  

a l r e a d y   d e s c r i b e d   in   r e l a t i o n   to   o t h e r   e m b o d i m e n t s   of  t h e  

i n v e n t i o n ,   t o w a r d s   (and   in  t h i s   c a s e   i n t o )   t h e   p i l o t   b o r e .  

S t a b i l i s i n g   or  r e a m i n g   t o o l s   of  a  c o n v e n t i o n a l   form  a r e  

a t t a c h e d   to  t he   d r i l l   t u b e   5 .3   a t   l o c a t i o n s   5 . 1 3   .and  5 . 1 4  

in  o r d e r   to  g u i d e   i t   d u r i n g   d r i l l i n g   b u t ,   in  a c c o r d a n c e  

w i t h   t h i s   e m b o d i m e n t   of  t h e   i n v e n t i o n ,   t h e y   a r e   a d a p t e d  

by  t h e   a d d i t i o n   o f  c o l l a r s   5 . 1 5   to  r e s t r i c t   t he   p a s s a g e  

of  d e b r i s   f rom  t he   main   b o r i n g  h e a d   u n t i l   i t   has  b e e n  

r e d u c e d   to  a  p a r t i c l e   s i z e   c o m p a t i b l e   w i t h   the   d e b r i s  

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

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

t h e   t u b u l a r   p a r t   5 . 8 .   The  r e d u c t i o n   in  s i z e  i s   e f f e c t e d  

by  g r i n d i n g   t he   d e b r i s   in  t h e   t a p e r i n g   a n n u l u s   b e t w e e n  

t h e   r o t a t i n g   c o l l a r s   5 . 1 5   and  t h e   s t a t i c   w a l l   of  t h e  

p i l o t   b o r e ,   such   g r i n d i n g   a c t i o n   b e i n g   f a c i l i t a t e d   b y  

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

t h e   c o l l a r s   5 . 15   and  t he   p r o v i s i o n   of  r i b s   or  p r o t r u s i o n s  

as  r e q u i r e d   on  t he   s a i d   s u r f a c e s .   O b s t r u c t i o n s   may  b e  

i n s e r t e d   in  t h e  g a p   b e t w e e n   t h e   c o l l a r s   5 . 1 5   and  t h e  

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

movement   of  d e b r i s   to  a  r a t e   c o n s i s t e n t   w i t h   the   c a p a c i t y  

of  t he   f l u i d   t r a n s p o r t   s y s t e m .   The  s a i d   r e g u l a t o r y   m e a n s  



may  be  a d j u s t a b l e   so  t h a t   t h e   o p t i m u m   r a t e   of  f l o w   o f  

d e b r i s   m i g h t   be  v a r i e d   f o r   d i f f e r e n t   k i n d s   of  d e b r i s .  

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

f e e d   and  m i g h t   have   to   be  r e d u c e d   to   a  s m a l l e r   s i z e   i n  

o r d e r   to   a v o i d   t h e   r i s k   of  b l o c k a g e   in   t h e   t u b e  5 . 8   o r  

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

The  w h o l e   a s s e m b l y   of  p i l o t   b o r i n g   t o o l ,   i t s   t u b i n g  

and  i t s   d r i v i n g   and  g u i d i n g   means   i s   r e m o v a b l e   f r o m   t h e  

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

t r e a t m e n t   and  o t h e r   p u r p o s e s   as  d e s c r i b e d   h e r e i n b e f o r e .  

In  a n o t h e r   e m b o d i m e n t   of  t h e   i n v e n t i o n   i l l u s t r a t e d   b y  

F i g u r e   6,  a  p i l o t   b o r i n g   t o o l   6 . 1   i s   r i g i d l y   a t t a c h e d   to   a  

ma in   b o r i n g   t o o l   6 . 2 .   The  main   b o r i n g   t o o l   6 . 2   i s  

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

b o r i n g   t o o l   6 .1   i s   no  l o n g e r   in  t h e   form  of  a  c o m p l e t e  

c y l i n d e r ,   b e i n g   cu t   away  o v e r   a  s u b s t a n t i a l   p o r t i o n   of  i t s  

c i r c u m f e r e n c e   and  a  c o r r e s p o n d i n g   p o r t i o n   of  i t s   b a s e  

6 . 5 ,   so  as  to   l e a v e   i t s   i n t e r i o r   e x p o s e d   to  a  s u b s t a n t i a l  

p o r t i o n   of  t h e   cu t   or  b o r e d   s u r f a c e   of  t he   p i l o t   h o l e .  

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

6 .3   s u f f i c i e n t   in  number   and  f o rm  to   e n a b l e   i t   to   b o r e  

a t   t h e   same  r a t e   as  t he   main   b o r i n g   t o o l .  

The  l e a d i n g   edge   of  t h e   b a s e   of  t h e   p i l o t   b o r i n g  

t o o l   6 . 1   i s   p r o v i d e d   w i t h   a  p l o u g h   b l a d e   or  s c r a p i n g   b l a d e  

or  t o o t h e d   b l a d e   6 . 4   so  a n g l e d   and  o r i e n t a t e d   as  t o  

p r e v e n t ,   so  f a r   as  p o s s i b l e ,   d e b r i s   in  t h e   p i l o t   b o r e  

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

6 .5   and  the   b a s e   6 . 6   of  t h e   p i l o t   h o l e .   The  b l a d e   6 . 4  



t h u s   s e r v e s   to   k e e p   t h e   p i l o t   c u t t i n g   t o o l s   6 .3   as  f r e e  

as  p o s s i b l e   f rom  p r e v i o u s l y   cu t   d e b r i s .  

A n o t h e r   b l a d e   6 . 7   i s   a t t a c h e d   to  t h e   l e a d i n g   edge   o f  

t h e   r e s t   of  t h e   p i l o t   b o r i n g   t o o l   6 . 1   in  o r d e r ,   in  s i m i l a r  

f a s h i o n ,   to  e x c l u d e   d e b r i s   f rom  t he   a n n u l a r   gap  6 . 8  

b e t w e e n   t he   p a r t - c y l i n d r i c a l   s u r f a c e   6 . 9   of  t h e   p i l o t  

b o r i n g   t o o l   6 . 1   and  t h e   w a l l s   6 . 1 0   of  t h e   p i l o t   h o l e .  

O t h e r   b l a d e s   s u c h   as  b l a d e   6 . 1 1   may  be  a t t a c h e d   t o  

t h e   main   b o r i n g   t o o l   6 . 2   in  o r d e r   to  d e f l e c t   d e b r i s  

d e s c e n d i n g   f rom  t he   main   b o r i n g   c u t t e r s   6 . 1 2   away  f rom  t h e  

s a i d   a n n u l a r   gap  6 . 8 .  

D e b r i s   f rom  t h e   ma in   c u t t e r s   6 . 1 2   and  t h e   p i l o t  

c u t t e r s   6 .3   a c c u m u l a t e d   in   t he   p i l o t   b o r e   may  be  r e m o v e d  

by  m e c h a n i c a l   g r a b s   ( n o t   i l l u s t r a t e d ) ,   or  by  f l u i d  

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

or  by  b u c k e t   means   s u b s t a n t i a l l y   as  h e r e t o f o r e   d e s c r i b e d .  

In  a  p r e f e r r e d   fo rm  of  t h i s   e m b o d i m e n t   of  t h e  

i n v e n t i o n ,   t h e r e   i s   u s e d   a  d e b r i s   r e m o v a l   b  c k e t   7 . 1  

i l l u s t r a t e d   in  F i g u r e   7  h a v i n g   a  s h a p e   a d a p t e d   to  f i t  

c l o s e l y   w i t h i n   t he   p i l o t   b o r i n g   t o o l   6 . 1  a n d  p r o v i d e d  

w i t h   one  or  more  a p e r t u r e s   7 .2   in  i t s   b a s e   f o r   t h e  

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

t h e   p i l o t   b o r e .   D e b r i s   d e s c e n d i n g   f rom  t he   main   b o r e  

i s   p e r m i t t e d   to  f l o w   i n t o   t h e   b u c k e t   7 .1   o v e r   i t s   t o p  

edge   7 . 3 ,   t h e  h e i g h t   of  t he   b u c k e t   b e i n g   c h o s e n   so  as  n o t  

to  o b s t r u c t   such   f l o w .  

The  a p e r t u r e s   7 .2   a r e   p r o v i d e d   w i t h   h i n g e d   c o v e r s   7 . 4  

so  t h a t   t h e y   may  be  c l o s e d   in  o r d e r   to  p r e v e n t   s p i l l a g e   w h e n  



t h e   b u c k e t   7 . 1   i s   h o i s t e d   to   d i s c h a r g e   i t s   d e b r i s   e i t h e r  

o n  t h e   s u r f a c e   or  a t   some  t r a n s f e r   p o i n t   in   or  a b o v e   t h e  

b o r i n g   m a c h i n e .   C l o s u r e   of  t h e   h i n g e d   c o v e r s   7 .4   may  

be  e f f e c t e d   by  m e c h a n i c a l ,   e l e c t r i c a l ,   or  h y d r a u l i c   m e a n s .  

When  o p e n ,   t h e   c o v e r s   7 .4   may  s e r v e   as  s c r a p e r s   d i r e c t i n g  

d e b r i s   i n t o   t h e   a p e r t u r e s   7 .2   t h u s   p e r m i t t i n g   t h e   b u c k e t  

7 .1   to   work   i t s   way  i n t o   an  e x i s t i n g   heap   of  d e b r i s   a s  

i t   i s   l o w e r e d .   In  t h i s   r e s p e c t   t h e   b u c k e t   7 . 1   may  f u n c t i o n  

as  a  t e m p o r a r y   b o r i n g   t o o l   of  a  t y p e   in  common  u se   f o r  

b o r i n g   h o l e s   in   weak  g r o u n d .  

To  e n s u r e   t h a t   t h e   b u c k e t   7 . 1   a d o p t s   a  p r o p e r   r o t a t i o n a l  

p o s i t i o n   in  r e l a t i o n   to  t h e   p i l o t   b o r i n g   t o o l   6 . 1   as  i t  

e n t e r s   t h e   t o o l   and  i s   r o t a t e d   as  i t   r e c e i v e s   d e b r i s ,  

l a t c h e s ,   w h i c h   m a y  o r   may  no t   be  r e t r a c t a b l e ,   a r e   p r o v i d e d  

on  t h e   b u c k e t   7 . 1   to   e n g a g e   p r o j e c t i o n s   or  e d g e s _ o r  

r e c e s s e s   in   t h e   p i l o t   b o r i n g   t o o l   6 . 1   so  as  to   r e c e i v e  

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

f rom  i t .   In  t h e   p a r t i c u l a r   e x a m p l e   i l l u s t r a t e d   by  F i g u r e  

7,  t h e   l a t c h   7 . 5   i s   i n t e n d e d   to  e n g a g e   b e n e a t h   t h e  

i n c l i n e d   l e a d i n g   edge   6 . 1 3   of  t h e   p i l o t   b o r i n g   t o o l   6 . 1   i n  

o r d e r   to  r e c e i v e   r o t a t i o n a l   and  downward   t h r u s t i n g   f o r c e s .  

The  l a t c h   7 . 5   may  be  r e t r a c t e d   in  o r d e r   to   r e l e a s e   t h e  

b u c k e t   7 .1   p r i o r   to   h o i s t i n g .  



1.  A p p a r a t u s   f o r   b o r i n g   h o l e s   in  t h e   g r o u n d ,   w h i c h '  

c o m p r i s e s   a  f i r s t   c u t t i n g   h e a d ( 1 . 1 4 ;   2 . 3 ;   4 . 1 ;   5 . 1 ;  6 . 5 )  

c a r r i e d   by  an  e l o n g a t e   t u b u l a r   member  ( 1 . 4 ;   3 . 1 ;   5 . 8 ;   6 . 1 ) ;  

a  s e c o n d ,   a n n u l a r   c u t t i n g   h e a d   ( 1 . 1 ;   2 . 1 ;   3 . 2 ;   5 . 2 ;   6 . 2 )  

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

( 1 . 7 ;   2 . 4 ;   5 . 1 3 ,   5 . 1 5 ;   6 . 7 ,   6 . 4 ) ,   c a r r i e d   e x t e r n a l l y   b y  

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

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

2.  A p p a r a t u s   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  

d e b r i s   c o l l e c t i n g   means   c o m p r i s e s   one  or  more   c o l l a r s  

( 5 . 1 3 )   l o c a t e d   a b o u t   t h e   e l o n g a t e   t u b u l a r   m e m b e r . ( 5 . 8 )  

w h i c h ,   when  t h e   a p p a r a t u s   i s   in   u s e ,   c o - o p e r a t e ( s )   w i t h  

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

c o l l e c t   d e b r i s .  

3.  A p p a r a t u s   as  c l a i m e d   in   c l a i m   2,  w h e r e i n   t h e  

c o l l a r ,   or  a t   l e a s t   one  of  t h e   c o l l a r s ,   has   a  c o n i c a l  

u p p e r   s e c t i o n   ( 5 . 1 5 )   w h i c h   a c t s   to   c o m m i n u t e   d e b r i s   a s  

t h e   d e b r i s   f a l l s   d o w n w a r d l y   i n t o   t he   p r o g r e s s i v e l y   t i g h t e r  

n ip   f o r m e d   by  c o - o p e r a t i o n   of  t h e   c o n i c a l   s e c t i o n   ( 5 . 1 5 )  
and  t h e   s i d e   w a l l   of  t h e   b o r e .  

4.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   1,  2  o r  3 ,   w h e r e i n  

a t   l e a s t   one  p o r t   ( 1 . 8 ;   2 . 5 ;   4 . 2 )   i s   p r o v i d e d   in  t h e   w a l l  

of  t h e   e l o n g a t e   t u b u l a r   member   f o r   a d m i s s i o n   o f  d e b r i s  

i n t o   t h e   i n t e r i o r   of  t h e   e l o n g a t e   t u b u l a r   m e m b e r .  

5.  A p p a r a t u s   f o r   b o r i n g   h o l e s   in  t h e   g r o u n d ,   w h i c h  

c o m p r i s e s   a  f i r s t   c u t t i n g   h e a d   ( 1 . 1 4 ;   2 . 3 ;   4 . 1 ;   6 . 5 )  

m o u n t e d   on  an  e l o n g a t e   h o l l o w   t u b u l a r   member  ( 1 . 4 ;   3 . 1 ;  

6 . 1 ) ;   a  s e c o n d ,   a n n u l a r   c u t t i n g   head   1 . 1 ;   2 . 1 ;   3 . 2 ;   6 . 2 )  
l o c a t e d   c o a x i a l l y   w i t h   t h e   f i r s t   c u t t i n g   h e a d ;   and  m e a n s  

( 1 . 7 ;   2 . 4 ;   6 . 7 )   f o r   c o n v e y i n g   d e b r i s   a l o n g   t h e   e x t e r n a l  

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

or  w indow  ( 1 . 8 ;   2 . 5 ;   4 . 2 ;   6 . 1 3 )   c o m m u n i c a t i n g   w i t h   t h e   i n -  

t e r i o r   of  s a i d   e l o n g a t e   h o l l o w   t u b u l a r   member  ( 1 . 4 ;   3 . 2 ;  

6 . 1 ) .  

6.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   5,  w h e r e i n   t h e  

means   f o r   c o n v e y i n g   d e b r i s   i s   in  t he   form  of  an  e x t e r n a l  



g u i d e w a y   ( 1 . 7 ;   2 . 4 )   p r o v i d e d   on  t h e   s u r f a c e   of  t h e   e l o n g a t e  

h o l l o w   t u b u l a r   m e m b e r .  

7.  A p p a r a t u s   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  

e x t e r n a l   g u i d e w a y   i s   in   t h e   f o rm  of  a t   l e a s t   one  h e l i c a l  

l e d g e   ( 1 . 7 ;   2 . 4 ) .  

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

c o m p r i s e s   a  f i r s t   c u t t i n g   h e a d   ( 1 . 1 4 ;   2 . 3 ;   4 . 1 )   m o u n t e d  

on  an  e l o n g a t e   h o l l o w   t u b u l a r   member  ( 1 . 4 ;   3 . 1 )   and  s e r v i n g  

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

( 1 . 1 ;   2 . 1 ;   3 . 2 )   l o c a t e d   or   l o c a t a b l e   c o a x i a l l y   w i t h   t h e   f i r s t  

c u t t i n g   head   and  s p a c e d   a x i a l l y   t h e r e f r o m   and  s e r v i n g   t o  

fo rm  t h e   h o l e   p r o p e r ;   and  means   f o r   r e m o v i n g   d e b r i s   w h i c h  

c o m p r i s e s   (1)  a  h e l i c a l   l e d g e   ( 1 . 7 ;   2 . 4 )   f o r m e d   on  t h e  

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

m e m b e r ,   and  (2)  a  w i n d o w   ( 1 . 8 ;   2 . 5 ;   4 . 2 )   f o r m e d   in   t h e   b o d y  

of  s a i d   e l o n g a t e   h o l l o w   t u b u l a r   member  a d j a c e n t   t h e   u p p e r  
end  of  s a i d   h e l i c a l   l e d g e .  

9.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   5,  6 ,  7   or  8,  w h i c h  

a l s o   i n c l u d e s   a  b a r r i e r   ( 1 . 1 5 )   a d j a c e n t   t h e   w i n d o w  w h e r e b y  

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

s a i d   w indow  ( 1 . 8 )   i n t o   t h e   i n t e r i o r   of  t h e   e l o n g a t e   h o l l o w  

t u b u l a r   member  ( 1 . 4 ) .  

10.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   7  or  8,  w h e r e i n   t h e  

h e l i c a l   l e d g e   ( 1 . 7 )   c o n t i n u e s   d o w n w a r d l y   f r o m   t h e   e l o n g a t e  

h o l l o w   t u b u l a r   member   ( 1 . 4 )   so  as  to  g i r d l e   t h e   s u r f a c e   o f  

t h e   f i r s t   c u t t i n g   h e a d   ( 1 . 1 4 ) .  

11.  A p p a r a t u s   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 i c h  

c u r t h e r   i n c l u d e s   means   ( 1 . 1 0 ;   4 . 5 ,   4 . 8 ;   5 . 3 ;   7 . 1 )   f o r  

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

m e m b e r .  

12.  A p p a r a t u s   as  c l a i m e d   in   c l a i m   11,  w h e r e i n   t h e  

i n t e r i o r   of  t h e   e l o n g a t e   h o l l o w   t u b u l a r   member   c o n t a i n s ,  

or  i s   a d a p t e d   to   r e c e i v e ,   a  b u c k e t   ( 1 . 1 0 ;   7 . 1 )   f o r   d e b r i s  

e n t e r i n g   t h e   e l o n g a t e   t u b u l a r   member  v i a   a  p o r t   or  w i n d o w .  

13.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   11,  w h e r e i n   a  f l u i d ,  

p n e u m a t i c   or  v a c u u m   t r a n s f e r   s y s t e m   ( 4 . 5 ,   4 . 8 ;   5 . 3 )   i s  

p r o v i d e d   f o r   c o n v e y i n g   d e b r i s   f rom  t h e   i n t e r i o r   of  t h e  



e l o n g a t e   t u b u l a r   m e m b e r .  

14.  A p p a r a t u s   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   t h e   l e n g t h   of  t h e   e l o n g a t e   t u b u l a r   member   i s  

v a r i a b l e .  

15.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   14,  w h e r e i n   t h e  

e l o n g a t e   t u b u l a r   member  can   be  i n c r e a s e d   in  a x i a l   l e n g t h  

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

s e c t i o n s   ( 5 . 7 ) .  

16.  A p p a r a t u s   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   t h e   a x i a l   or  minimum  a x i a l   l e n g t h   of  t h e   e l o n g a t e  

t u b u l a r   member  i s   g r e a t e r   t h a n   t h e   r a d i u s   t h e r e o f .  

17.  A p p a r a t u s   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   t h e   f i r s t   c u t t i n g   head   ( 2 . 3 ;   3 . 1 ;   4 . 1 ;   5 . 1 )   a n d  

t h e   s e c o n d ,   a n n u l a r   c u t t i n g   head   ( 2 . 1 ;   3 . 2 ;   5 . 2 )   a r e  

s e p a r a b l e   f rom  one  a n o t h e r .  

18.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   1,  5  or.  8,  w h e r e i n  

t h e   f i r s t   c u t t i n g   head   ( 1 . 1 4 ;   6 . 5 ) ,   t h e   e l o n g a t e   t u b u l a r  

member   ( 1 . 4 ;   6 . 1 )   and  t h e   s e c o n d ,   a n n u l a r   c u t t i n g   h e a d  

( 1 . 1 ;   6 . 2 )   a r e   f o r m e d   i n t e g r a l l y .  

19.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   17,  w h e r e i n   t h e   t w o  

c u t t i n g   h e a d s   ( 2 . 3   , 2 . 2 ;   3 . 1 , 3 . 2 )   a r e   m u t u a l l y   r e c i p r o c a b l e  

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

20.  A p p a r a t u s   f o r   b o r i n g   h o l e s   in  t h e   g r o u n d ,   w h i c h  

c o m p r i s e s   a  f i r s t   c u t t i n g   h e a d   ( 6 . 5 )   m o u n t e d   on  an  e l o n g a t e  

h o l l o w   t u b u l a r   member  ( 6 . 1 )   w h i c h   i s   cu t   away  ( 6 . 1 3 )   i n  

p a r t ;   a  s e c o n d ,   a n n u l a r   c u t t i n g   h e a d   ( 6 . 2 )   l o c a t e d   c o a x i a l l y  

w i t h   t h e   f i r s t   c u t t i n g   head   ( 6 . 5 ) ;   and  means   ( 6 . 7 , 6 . 4 )   f o r  

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

f i r s t   c u t t i n g   h e a d ,   s a i d   means   b e i n g   in  t h e   f o rm  of  one  o r  

more   b l a d e s   or  s c r a p e r s   ( 6 . 7 )   c a r r i e d   by  t h e   c u t - a w a y   t u b u l a r  

member  ( 6 . 1 )   and  o p t i o n a l l y   ( 6 . 4 )   by  t h e   f i r s t   c u t t i n g   h e a d  

i t s e l f .  

21.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   20,  w h i c h   f u r t h e r  

c o m p r i s e s   a  d e b r i s   c o l l e c t i n g   b u c k e t   ( 7 . 1 )   a d a p t e d   to  f i t  

i n t o   t h e   i n t e r i o r   of  t he   c u t - a w a y   e l o n g a t e   h o l l o w   t u b u l a r  

member   ( 6 . 1 )   and  h a v i n g   a  p o r t   ( 7 . 2 )   in  a  s i d e   w a l l   t h e r e o f  

f o r   a d m i t t i n g   d e b r i s .  



22.  A  t o o l   f o r   b o r i n g   h o l e s   in   t h e   g r o u n d ,   w h i c h  

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

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

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

u n i t .  
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