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©  Rotary  drill  bits  and  method  of  use. 
To  prevent  foreign  bodies  or  lost  circulation  material  in 

drill  mud  locking  the  nozzles  of  a  rotary  drill  bit,  the  central 
passageway  incorporates  a  separating  means  arranged  to 
separate  larger  particles  from  the  drill  mud  and to  divert them 
away  from  the  nozzles  and  out  of  the  bit.  The  separating 
means  is  arranged  to  operate  in  a  static  or  dynamic  manner. 



The  i n v e n t i o n   r e l a t e s   to  r o t a r y   d r i l l   b i t s   and  a  method 

of  use  and  in  p a r t i c u l a r   to  such  b i t s   which  are  used  to  d r i l l   h o l e s  

in  s u b s u r f a c e   f o rma t ions   to  e x t r a c t   o i l ,   gas  or  water   or  in  m in ing  

or  in  the  removal  of  cores .   The  b i t   is  d i sposed   at  the  l ead ing   end 

of  a  d r i l l   s t r i n g .  

The  d r i l l   b i t s   comprise  a  b i t   body  having  a  passageway  

w i t h i n   the  body,  e .g .   for  a  f l u i d   such  as  a  d r i l l i n g   mud,  open ing  

at  an  e x t e r n a l   su r f ace   of  the  body,  e lements   being  mounted  on  t h e  

e x t e r n a l   su r f ace   of  the  body  and  many  f l u i d   channels   ex tending   o v e r  

the  face  of  the  b i t   from  the  passageway  opening  and  past   some  of  t h e  

e lements   to  the  p e r i p h e r y .   The  e lements   may  be  formed  of  diamond, 

s y n t h e t i c   diamonds  or  the  l ike   and  they  may  cut  into  the  f o r m a t i o n  

by  a  t r u e   c u t t i n g   a c t i o n   or  by  an  abrading   a c t i o n .   Such  b i t s   a r e  

d i s c l o s e d   in,  for  example,  U.S.  p a t e n t s   2  371  489,  2  809  808,  3   709  308,  

and  3  727  704.  In  use  of  such  a  d r i l l   b i t ,   d r i l l i n g   f l u i d   "mud" 

is  pumped  th rough   the  passage  w i th in   the  b i t   body  and  emerges  

th rough   the  openings  and  flows  outwardly   and  upwardly  along  t h e  

many  f l u i d   channe ls ,   on  the  face  of  the  b i t   body  to  the  a n n u l u s .  

The  mud  f l u s h e s   c u t t i n g s   away  from  the  d r i l l   b i t   and  cleans  and 

cools   the  c u t t i n g   or  abrading   e lements ,   and  to  a  c e r t a i n   e x t e n t  



cools  the  f o r m a t i o n   being  d r i l l e d .   The  b i t   may  have  many  c u t t i n g  

e lements   but  far   fewer  openings  so  t h a t   the  mud  emerg ing  f rom  a n y  

one  opening  w i l l   have  to  f l u s h   c u t t i n g s   away  from  s e v e r a l   c u t t i n g  

e l e m e n t s .   This  is  because  the  flow  area   of  each  opening  must  b e  

l a rge   enough  to  pass  o c c a s i o n a l   f o r e i g n   bodies   in  the  mud  and  t h e  

t o t a l   flow  area   must  be  small   enough  to  ensure  adequate   ex i t   v e l o c i t y  

to  keep  them  c l e a r   and  to  f l u sh   the  b i t   f a c e .  

I d e a l l y ,   the  mud  t r a v e l l i n g   th rough   the  passageway  and  t h e  

openings   emerges  at  the  b i t   " c l ean" ,   t h a t   is  to  say  the  o n l y  

u n d i s s o l v e d   s o l i d s   are  of  m i c r o s c o p i c   d imens ions .   In  p r a c t i c e ,  

however,   o c c a s i o n a l   f o r e i g n   bodies   are  p r e s e n t   in  the  mud,  such  a s  

p i eces   of  r u b b e r ,   metal   or  rock.   For  example,  p i eces   of  rubber   o r  

metal   may  become  de tached   from  va lves   or  p i s t o n s   of  the  mud  pumps 

a s s o c i a t e d   wi th   the  d r i l l i n g   r i g .   The  f o r e i g n   bodies   o f t en   r a n g e  

in  s ize   from  2  mm  to  12  mm  and  f r e q u e n t l y   cause  b lockage   of  the  mud 

openings  in  the  b i t .  

Such  f o r e i g n   bodies   could  a lso   be  harmful   to  the  s u c c e s s f u l  

f u n c t i o n i n g   of  a  downhole  motor  such  as  a  mud  t u r b i n e   near   t h e  

bottom  of  the  d r i l l   s t r i n g .   I t   is  common  p r a c t i c e   when  using  such  

t u r b i n e   to  use  a  coarse   s t r a i n e r   having  ho les   a p p r o x i m a t e l y   6  mm 

d iame te r   i n t e r p o s e d   j u s t   below  the  k e l l y   and  above  the  u p p e r m o s t  

piece  of  d r i l l   p ipe .   This  s t r a i n e r   must  be  changed  each  time  a n  

a d d i t i o n a l   10  metres   l eng th   of  d r i l l   pipe  is  connec ted .   I t   i s  

c leaned  b e f o r e   the  next  connec t ion   and  then  r e - u s e d ,   so  t h a t   two 

such  s t r a i n e r s   are  r e q u i r e d .   Desp i te   t h i s   p r e c a u t i o n   i t   is  f o u n d  

f o r e i g n   bod ies   s t i l l   reach  the  b i t   and  t h i s   may  be  due  to  d i r t y  

d r i l l   p i p e s ,   d i r t y   j o i n t   compound,  or  o c c a s i o n a l   a c c i d e n t a l   o m i s s i o n s  

of  the  s t r a i n e r .  

Another   source  of  con tamina t ed   mud  is  d e b r i s   l e f t   in  t h e  



hole  from  p rev ious   d r i l l i n g   o p e r a t i o n s   and  e n t e r i n g   the  d r i l l  

s t r i n g   th rough   the  b i t   while  the  b i t   is  t r a v e l l i n g   to  the  b o t t o m  

of  the  h o l e .  

Another   p o t e n t i a l   cause  of  b lockage  of  such  b i t s   w i t h  

smal l   openings  is  the  o c c a s i o n a l   but  impor t an t   use  in  d r i l l i n g   o f  

s o - c a l l e d   " l o s t   c i r c u l a t i o n   m a t e r i a l " ,   which  is  added  to  the  mud 

to  sea l   an  a c c i d e n t a l   f r a c t u r e   of  the  fo rma t ion   being  d r i l l e d .  

This  m a t e r i a l   may  c o n s i s t   of  l a rge   mica  f l a k e s   or  even  w a l n u t  

s h e l l s ,   and  p a r t i c l e s   of  t h i s   s ize  can  block  small  openings  o f  

6  mm  or  l e s s .   The  need  to  use  such  m a t e r i a l   may  occur  u r g e n t l y  

and  u n e x p e c t e d l y .  

I t   has  been  proposed  to  overcome  the  b lockage  of  s m a l l  

openings  in  the  b i t   by  p rov id ing   a  s t r a i n e r   w i t h i n   the  b i t   i t s e l f .  

While  t h i s   s t r a i n e r   may  p reven t   b lockage   of  the  openings  in  t h e  

su r f ace   of  the  b i t   the  s t r a i n e r   can  become  plugged  by  a c c u m u l a t e d  

r e t a i n e d   m a t e r i a l   and  i t   also  p r e c l u d e s   the  use  of  l o s t   c i r c u l a t i o n  

m a t e r i a l   s ince   the  la rge   p a r t i c l e s   in  such  m a t e r i a l   would  be  

t r a p p e d   by  the  s t r a i n e r .  

The  i n v e n t i o n   se t s   out  to  provide   a  d r i l l   b i t   a d a p t e d  

to  p reven t   b lockage   of  small  openings  in  the  b i t   by  f o r e i g n  

bodies   and  which  s t i l l   permi ts   the  use  of  l o s t   c i r c u l a t i o n   m a t e r i a l .  

According  to  the  i n v e n t i o n   t he re   is  p rovided  a  r o t a r y  

d r i l l i n g   b i t   for  use  in  s u b s u r f a c e   f o r m a t i o n s   compr is ing   a  b i t  

body,  a  passageway  w i t h i n   the  body  for  a  d r i l l   f l u i d ,   c u t t i n g  

e lements   mounted  on  the  e x t e r n a l   su r f ace   of  the  body  for  c u t t i n g  

or  ab rad ing   the  fo rmat ion ,   the  passageway  opening  at  a  p l u r a l i t y  

of  nozz le s   a d j a c e n t   the  c u t t i n g   e l emen t s ,   f i l t e r   means  being  p r e s e n t  



in  the  passageway  c h a r a c t e r i s e d   in  t h a t   s e p a r a t i n g   means  is  a r r a n g e d  

to  s e p a r a t e   l a r g e r   p a r t i c l e s   from  the  mud  and  to  d i v e r t   them  away 
from  the  nozz l e s   and  out  of  the  b i t .  

The  s e p a r a t i n g   means  is  adapted  to  p r e v e n t   f o r e i g n   b o d i e s  

in  the  d r i l l i n g   f l u i d   from  pas s ing   to  and  b l o c k i n g   the  s m a l l e r  

open ings ,   but  a l lows   or  d i r e c t s   them  to  pass  wi th   the  d r i l l i n g   f l u i d  

to  the  l a r g e r   opening  or  open ings .   There  is  thus   l i t t l e   r i s k   of  t h e  

s m a l l e r   openings  be ing   i n t e r n a l l y   blocked  by  f o r e i g n   bodies   in  t h e  

d r i l l i n g   f l u i d .   If  i t   should  become  n e c e s s a r y   to  use  l o s t   c i r c u l a t i o n  

m a t e r i a l ,   such  m a t e r i a l   can  pass  th rough   the  b i t   and  w i l l   be  

d i v e r t e d   out  of  the  b i t   by  the  s e p a r a t i n g   means  w i thou t   p a s s i n g  

t h r o u g h   the  small   o p e n i n g s .  

The  s e p a r a t i n g   means  may  take  a  v a r i e t y   of  f o r m s  

a r r a n g e d   to  ope ra t e   in  s t a t i c   or  dynamic  manner.  In  one  s i m p l e  

form  the  means  compr ises   a  p l a t e   or  disc  having  p e r f o r a t i o n s   t o  

hold   back  f o r e i g n   ma t t e r   and  l a r g e r   p e r f o r a t i o n s   j o ined   to  t u b e s  

l e a d i n g   to  the  e x t e r i o r   of  the  b i t   and  a r r anged   to  pass  the  f o r e i g n  

m a t t e r   out  of  the  b i t .   Another   s t a t i c   form  of  s e p a r a t i n g   means  i s  

p r e f e r a b l y   a  cone  or  a  c y l i n d e r ,   is  p r e f e r a b l y   d i sposed   in  t h e  

passageway  of  the  b i t   and  communicates  with  an  o u t l e t   at  the  s u r f a c e  

of  the  b i t   i n d e p e n d e n t   of  the  n o z z l e s .   The  tube  may_ins tead   b e  

d i s p o s e d   in  a  passageway  of  ano ther   par t   of  the   d r i l l   s t r i n g ,   e . g .  

the  s t a b i l i s e r   and  be  in  communicat ion  wi th   the  o u t l e t   of  the  b i t .  

The  s e p a r a t i n g   means  may  be  shaped  and  a r r anged   to  a c t  

as  a  h y d r o c y c l o n e   or  c e n t r i f u g a l   s e p a r a t o r .   As  the  d r i l l   f l u i d   i s  

pa s sed   t h r o u g h   the  s e p a r a t o r   the  p a r t i c l e s   t h e r e i n   are  a c c e l e r a t e d  

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

d e n s i t y   than  the  d r i l l   f l u i d   may  be  s e p a r a t e d   from  the  d r i l l   f l u i d  

p r o p e r .  



By  v i r t u e   of  the  presence   of  the  s e p a r a t i n g   means  t h e  

nozz le s   may  be  made  s m a l l e r   and  s u b s t a n t i a l l y   of  the  same  d i a m e t e r  

so  improving  nozzle   d e n s i t y   and /o r   mud  exi t   v e l o c i t y .  

The  i n v e n t i o n   i n c l u d e s   a  method  of  d r i l l i n g   i n v o l v i n g  

use  of  the  b i t   d i s c l o s e d   h e r e i n   in  which  any  f o r e i g n   mat te r   in  t h e  

d r i l l   f l u i d   is  d i v e r t e d   to  the  e x t e r i o r   of  the  b i t   and  away  f rom 

the  nozz l e s .   The  i n v e n t i o n   i n c l u d e s   a  method  as  ou t l i ned   in  w h i c h  

the  d r i l l   f l u i d   con ta ins   a  l o s t   c i r c u l a t i o n   m a t e r i a l .  

In  order  t h a t   the  i n v e n t i o n   may  be  well   unders tood ,   i t  

w i l l   now  be  d e s c r i b e d   with  r e f e r e n c e   to  the  accompanying  d i a g r a m -  

matic  drawings,   i n  w h i c h  :  

Figure  1  is  a  v e r t i c a l   s ec t i on   through  a  r o t a r y   d r i l l   b i t  

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

Figure  2  is  a  v e r t i c a l   s e c t i o n   as  Figure  1  in  which  t h e  

s e p a r a t i n g   element  is  p r e s e n t   in  the  d r i l l   s t r i n g   s t a b i l i s e r ,   and 

Figure  3  is  a  v e r t i c a l   s ec t i on   through  a  r o t a r y   d r i l l  

b i t   i n c l u d i n g   a  s e p a r a t i n g   element  ac t ing   as  a  h y d r o c y c l o n e .  

In  the  f o l l o w i n g   d e s c r i p t i o n   the  same  r e f e r e n c e   n u m e r a l s  

are  used  to  de sc r ibe   the  same  p a r t s   in  the  d i f f e r e n t   embodiments  

w h e r e   p o s s i b l e .  

A  d r i l l   b i t   10  is  of  known  form  and  has  a  number  o f  

s y n t h e t i c   agglomerate   p o l y c r y s t a l l i n e   preform  c u t t e r   e l e m e n t s ,  

not  shown.  P r e f e r a b l y   the  b i t   is  according  to  our  c o - p e n d i n g  

A p p l i c a t i o n   81.300062.7   (UDS  7 /10) .   A  c e n t r a l   passage  11  e x t e n d s  

from  the  t r a i l i n g   end  of  the  b i t   towards  the  l ead ing   end.  The 

passage  11  narrows  at  the  l ead ing   end  of  the  b i t   and  a  s h o r t e r  



d iame te r   condu i t   12  ex t ends   from  the  passage  11  to  the  e x t e r i o r  

of  the  b i t .   Bores  13  b ranch   off  the  passage  and  end  in  n o z z l e s  

14  which  l i e   in  f l u i d   channe l s   15.  The  c u t t e r s ,   not  shown,  l i e  

on  the  w a l l s   of  the  f l u i d   channe l s   15.  In  the  drawing  only  t h r e e  

bores   13  are  shown  but  many  such  nozz l e s   are  p r e s e n t .   The  n o z z l e s  

t y p i c a l l y   w i l l   be  of  c i r c u l a r   shape  and  may  be  about  2  to  6  mm  i n  

d i ame te r   whereas   the  condu i t   12  is  u s u a l l y   of  t r e f o i l   shape  and  may 

be  12  to  20  mm  in  d i a m e t e r .  

A  s e p a r a t i n g   e lement   16  is  d i sposed   in  the  passage  11.  As 

shown,  the  e lement   is  c o n i c a l   and  extends   the  l eng th   of  the  p a s s a g e  

wi th   a  sho r t   tube  17  in  the  condu i t   12  being  in  engagement  with  t h e  

nar rower   end  of  the  e lement   16.  The  wa l l s   of  the  e lement   h a v e  

p e r f o r a t i o n s   18  d imens ioned   r e l a t i v e   to  the  nozz l e s   14;  p r e f e r a b l y  

the  p e r f o r a t i o n s   are  s m a l l e r   than  the  n o z z l e s  -   for  example  t h e  

p e r f o r a t i o n s   can  be  1.5  mm  d i ame te r   for  nozz le s   about  2  mm  d i a m e t e r .  

The  e lement   may  be  of  shee t   metal   or  mesh.  The  p e r f o r a t i o n s   a r e  

p r e f e r a b l y   c i r c u l a r   but  may  be  of  ano the r   s h a p e .  

In  o p e r a t i o n ,   d r i l l i n g   f l u i d   is  pumped  downwardly  in to   t h e  

passage  11  and  in to   the  upper  end  of  the  e lement   16.  Some  of  t h e  

f l u i d   passes   t h rough   the  e lement   16  and  emerges  t h r o u g h   the  c o n d u i t  

12  from  where  i t   pa s ses   ou tward ly   and  upwardly  along  the  channe ls   15 .  

A  c e r t a i n   p r o p o r t i o n   of  the  f l u i d   passes   th rough   the  p e r f o r a t i o n s   18 

and  then  a long  the  bores   13  to  the  nozz les   14.  The  e lement   16  a c t s  

as  a  s t a t i c   s e p a r a t o r   because   any  f o r e i g n   bodies   l a rge   enough  t o  

b lock  the  nozz l e s   14  w i l l   not  pass  through  the  p e r f o r a t i o n s   18  and  

w i l l   be  c a r r i e d   downwardly  t h rough   the  l a r g e r   opening  12.  The 

f l u i d   pa s s ing   to  the  n o z z l e s   14  w i l l   thus  be  "clean"  and  t h e r e   w i l l  

thus  be  l i t t l e   l i k e l i h o o d   of  the  nozz les   14  becoming  i n t e r n a l l y  

b l o c k e d .  

If  i t   becomes  n e c e s s a r y   to  use  l o s t   c i r c u l a t i o n   m a t e r i a l ,  



t h i s   w i l l   pass  down  the  whole  l eng th   of  the  s e p a r a t i n g   element  16 

and  th rough  the  condui t   12  w i thou t   pass ing   to  the  small   nozz les   1 4 .  

During  use  of  the  b i t   some  of  the  p e r f o r a t i o n s   18  may 

become  b locked  but  in  view  of  t h e i r   l a rge   number  r e l a t i v e   to  t h e  

number  of  small   nozz le s   14  t h i s   can  be  t o l e r a t e d .  

In  the  embodiment  of  Figure  2,  the  s e p a r a t o r   16  is  mounted 

w i t h i n   a  c e n t r a l   passage  19  of  a  s t a b i l i s e r   20,  to  which  the  b i t   i s  

connec ted .   The  tube  17  is  of  g r e a t e r   l eng th   than  in  Figure  1  and 

extends   the  l eng th   of  the  passage  11  in  the  b i t   body .  

The  embodiment  of  Figure   3,  i nc ludes   a  h y d r o c y c l o n e  

s e p a r a t o r .   A  d isc   30  is  p r e s e n t   at  the  t r a i l i n g   end  of  the  b i t   10 .  

The  d isc   has  i n l e t   ho les   31  l e a d i n g   to  ex i t   holes   32,  which  p o i n t  

in  a  t a n g e n t i a l   d i r e c t i o n .   The  disc  30  is  above  a  cone  33  (non 

p e r f o r a t e d )   and  a  passageway  34  extends   between  the  unders ide   of  t h e  

disc  30  and  the  top  of  the  cone  33.  The  top  of  the  cone  33  i s  

nar rower   in  d iameter   than  the  body  cav i ty   and  the  annu la r   c a v i t y  

35  so  formed  communicates  with  bores  13  l ead ing   to  nozz l e s   14.  A 

tube  36  d i r e c t s   mud  to  the  passageway  34.  The  pa r t s   30  to  34  and 

the  tube  36  c o n s t i t u t e   the  h y d r o c y c l o n e .  

In  o p e r a t i o n   d r i l l i n g   mud  flows  down  the  passage  of  t h e  

b i t   and  th rough   the  i n l e t s   31  of  the  d isc   30.  As  the  mud  emerges  

from  the  o u t l e t   holes   32  the  v e l o c i t y   is  i n c r e a s e d   and  any  l a r g e r  

p a r t i c l e s   are  thrown  to  the  ou t s ide   of  the  cone  33,  the  c lean  mud 

being  forced  up  the  tube  36  and  along  the  passageway  34  to  t h e  

nozz les   14.  The  l a r g e r   p a r t i c l e s   ex i t   through  the  condui t   12  at  t h e  

nose  of  the  b i t .   In  t h i s   way  the  s e p a r a t o r   s e p a r a t e s   the  c l e a n  

mud  from  f o r e i g n   bodies   which  are  passed  out  of  the  b i t .  

The  i n v e n t i o n   is  not  l i m i t e d   to  the  embodiments  d e s c r i b e d .  



For  example  the  e lement   16  may  be  c y l i n d r i c a l   i n s t e a d   of  t a p e r e d .  

The  s e p a r a t o r   of  F igure   3  may  have  vo lu t e   chambers  or  guide  v a n e s .  

T u r b i n e - l i k e   b l a d e s   may  be  p r e s e n t   to  give  the  d r i l l   mud  r o t a t i o n  

about   the  ax i s   of  the  b i t .   The  b i t   of  Figure   3  may  i nc lude   a  

second  s e p a r a t o r   to  s e p a r a t e   from  the  mud  f o r e i g n   ma t t e r   which  i s  

l e s s   dense  than  the  mud. 



1.  A  r o t a r y   d r i l l   b i t   for  use  in  s u b s u r f a c e   f o r m a t i o n s  

compr i s ing   a  b i t   body,  a  passageway  w i t h i n   the  body  for  a  d r i l l  

f l u i d ,   c u t t i n g   e lements   mounted  on  the  e x t e r n a l   s u r f a c e  o f   the  body 

for  c u t t i n g   or  abrad ing   the  fo rma t ion ,   the  passageway  opening  at  a 

p l u r a l i t y   of  nozz les   ad j acen t   the  c u t t i n g   e lements ,   f i l t e r   means 

being  p r e s e n t   in  the  passageway  c h a r a c t e r i s e d   in  t h a t   s e p a r a t i n g  

means  is  a r ranged   to  s epa ra t e   l a r g e r   p a r t i c l e s   from  the  mud  and  t o  

d i v e r t   them  away  from  the  nozz les   and  out  of  the  b i t .  

2.  A  b i t   accord ing   to  Claim  1,  c h a r a c t e r i s e d   in  t ha t   t h e  

s e p a r a t i n g   means  is  a r ranged  to  opera te   in  a  s t a t i c   or  dynamic 

manne r .  

3.  A  b i t   accord ing   to  Claim  1  or  2 ,  c h a r a c t e r i s e d   in  tha t   t h e  

s e p a r a t i n g   means  is  s t a t i c   and  comprises   a  p e r f o r a t e   element  h a v i n g  

t u b u l a r   means  for  the  passage  of  f o r e i g n   mat te r   towards   the  o u t s i d e  

of  the  b i t .  

4.  A  b i t   accord ing   to  Claim  1  or  2,  c h a r a c t e r i s e d   in  tha t   t h e  

s e p a r a t o r   means  is  s t a t i c   and  comprises   a  tube  d i sposed   in  t h e  

passageway,   the  tube  i n c l u d i n g   a  p e r f o r a t e d   wal l   the  ma jo r i t y   of  t h e  

p e r f o r a t i o n s   of  which  are  smal le r   than  the  d iameter   of  the  n o z z l e s ,  



and  communicat ing  at  one  end  with  an  o u t l e t   at  the  su r face   o f  

the  b i t .  

5.  A  b i t   a c c o r d i n g   to  Claim  4,  c h a r a c t e r i s e d   in  t h a t   a  

condu i t   ex tends   from  the  end  of  the  passageway  to  the  o u t l e t   and  

a  c y l i n d e r   is  connected   to  a  tube  in  the  c o n d u i t .  

6.  A  b i t   a c c o r d i n g   to  any  of  Claims  2,  4  or  5,  c h a r a c t e r i s e d  

in  t h a t   a  s e p a r a t i n g   c y l i n d e r   is  p r e s e n t   in  a  passageway  in  a  

d r i l l   s t r i n g   behind  the  b i t   and  a  tube  ex tends   from  the  c y l i n d e r  

th rough   the  passageway  of  the  b i t   to  an  o u t l e t   at  the  su r f ace   o f  

the  b i t .  

7.  A  b i t   a c c o r d i n g   to  Claim  1,  c h a r a c t e r i s e d   in  t h a t   t h e  

s e p a r a t i n g   means  is  dynamic  and  is  a r ranged   as  a  hydrocyc lone   o r  

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

8.  A  b i t   a c c o r d i n g   to  Claim  7,  c h a r a c t e r i s e d   in  t h a t   a  d i s c  

ex tends   ac ross   the  passageway  of  the  b i t   and  t h rough   holes   a r e  

p r e s e n t   in  the  d i sc ,   the  holes   being  a r ranged   to  p rope l   the  d r i l l  

f l u i d   and  a  b a r r i e r   is  p r e s e n t   to  d i r e c t   the  p r o p e l l e d   d r i l l   f l u i d  

to  the  nozz l e s   and  the  p r o p e l l e d   l a r g e r   p a r t i c l e s   to  an  o u t l e t   a t  

the  s u r f a c e   of  the  b i t .  

9.  A  b i t   a c c o r d i n g   to  Claim  7  or  8,  c h a r a c t e r i s e d   in  t h a t  

the  disc   i n c l u d e s   a  d e p r e s s e d   p o r t i o n   and  the  t h rough   holes   a r e  

p r e s e n t   in  the  side  wa l l s   of  the  depressed   p o r t i o n .  

10.  A  b i t   a c c o r d i n g   to  any  p reced ing   Claim,  c h a r a c t e r i s e d   i n  

t h a t   the  n o z z l e s   are  s u b s t a n t i a l l y   of  the  same  d i a m e t e r .  

11.  A  method  of  d r i l l i n g   compr is ing   u rg ing   a  b i t   a c c o r d i n g  

to  any  of  Claims  1  to  10  in to   a  s u b s u r f a c e   f o r m a t i o n   with  r o t a t i o n  



and  pumping  a  d r i l l   f l u i d   through  the  b i t ,   any  f o r e i g n   m a t t e r  

being  d i v e r t e d   to  the  e x t e r i o r   of  the  b i t   and  away  from  t h e  

n o z z l e s .  

12.  A  method  of  d r i l l i n g   a c c o r d i n g   to  Claim  11,  in  w h i c h  

a  l o s t   c i r c u l a t i o n   m a t e r i a l   is  pumped  in to   the  hole  and  is  p a s s e d  

to  the  e x t e r i o r   of  the  b i t   and  away  from  the  n o z z l e s .  

13.  For  use  with  a  b i t   a cco rd ing   to  Claim  6,  a  d r i l l   s t r i n g  

or  s t a b i l i s e r   having  a  passageway,  a  s e p a r a t i n g   c y l i n d e r   b e i n g  

p r e s e n t   in  the  passageway  and  a r ranged   to  be  l o c a t a b l e   in  communicat ion 

wi th   the  o u t l e t   of  the  b i t .  
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