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©  Flow  line  filter  apparatus. 
(57)  An  apparatus  for  filtering  drilling  mud  that  is  recirculated 
out  of  a  well  casing,  comprising: 

a.  a  flow  conveying  tubular  section  (12),  sealably 
attachable  at  its  first  lower  end  to  the  well  casing  for  allowing 
fluid  flow  therethrough  and  open-ended  at  its  top  portion 
(18); 

b.  an  outer  tank  portion  (22)  encapsulating  said  tubular 
section  having  a  substantially  open-ended  top  portion  and 
defining  a  container  for  receiving  fluid  flow  from  said 
open-ended  tubular  section,  and  for  maintaining  turbulence 
in  said  filtered  fluid; 

c.  primary  filter  means  (36)  on  that  portion  of  said 
tubular  section  housed  within  said  tank  portion  comprising  a 

^   plurality  of  vertical  slotted  vents  equally  and  circumferential- 
^   ly  spaced  around  the  wall  of  said  tubular  section  and  in  fluid 
-j  communication  with  said  tank  portion  for  filtering  fluid  flow 

out  of  said  tubular  section  into  said  tank  portion,  said  tank 
portion  being  substantially  twice  the  diameter  of  said  tubular 
section; 

(§  d.  fluid  conveying  means  (30)  for  conveying  filtered  fluid 
(V)  out  of  said  tank  portion;  and 
^   e.  secondary  filter  means  (25)  for  filtering  fluid  flow 

between  the  top  of  said  tubular  section  in  said  tank  portion. 
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  An  apparatus  for filtering  drilling  mud  that  is  recirculated 
out  of  a  well  casing,  comprising: 

a.  a  flow  conveying  tubular  section  (12),  sealably 
attachable  at  its  first  lower  end  to  the  well  casing  for  allowing 
fluid  flow  therethrough  and  open-ended  at  its  top  portion 
(18); 

b.  an  outer  tank  portion  (22)  encapsulating  said  tubular 
section  having  a  substantially  open-ended  top  portion  and 
defining  a  container  for  receiving  fluid  flow  from  said 
open-ended  tubular  section,  and  for  maintaining  turbulence 
in  said  filtered  fluid; 

c.  primary  filter  means  (36)  on  that  portion  of  said 
tubular  section  housed  within  said  tank  portion  comprising  a 
plurality  of  vertical  slotted  vents  equally  and  circumferential- 
ly  spaced  around  the  wall  of  said  tubular  section  and  in  fluid 
communication  with  said  tank  portion  for  filtering  fluid  flow 
out  of  said  tubular  section  into  said  tank  portion,  said  tank 
portion  being  substantially  twice  the  diameter  of  said  tubular 
section; 

d.  fluid  conveying  means  (30)  for  conveying  filtered  fluid 
out  of  said  tank  portion;  and 

e.  secondary  filter  means  (25)  for  filtering  fluid  flow 
between  the  top  of  said  tubular  section  in  said  tank  portion. 





B a c k g r o u n d   of  t he   I n v e n t i o n  

1.  F i e l d   of   t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  o f f - s h o r e   d r i l l i n g  

e q u i p m e n t .   More  p a r t i c u l a r l y ,   t he   p r e s e n t   i n v e n t i o n   r e l a t e s   t o  

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

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

2.  G e n e r a l   B a c k g r o u n d  

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

o f f - s h o r e   o i l   and  gas   w e l l s ,   c u t t i n g s   and  o t h e r   d e b r i s   f rom  t h e  

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

by  means   of   p u m p i n g   d r i l l i n g   mud  u n d e r   p r e s s u r e   down  t h e   d r i l l  

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

c u t t i n g s   and  o t h e r   m a t e r i a l s   b a c k   to  t he   s u r f a c e   t h r o u g h   t h e  

e x t e r i o r   c a s i n g .   Upon  r e a c h i n g   t he   s u r f a c e   of  t h e   d r i l l e d   h o l e ,  

t he   mud,  c u t t i n g s   and  o t h e r   m a t e r i a l   a r e   r o u t e d   up  t he   c a s i n g  

t h r o u g h   the   w e l l   h e a d   i n t o   a  f l ow  l i n e   wh ich   a n g u l a r l y   a l l o w s  

t he   mud  to  f l o w   away  f rom  t h e   d r i l l i n g   s i t e   to  be  s e p a r a t e d   f r o m  

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

down  i n t o   t he   h o l e s   f o r   u se   once   m o r e .  

One  of  t h e   mos t   t r o u b l e s o m e   p r o b l e m s   one  c o n f r o n t s  

in  t h i s   o p e r a t i o n   i s   t h e   c o n s t a n t   c o a g u l a t i o n   of   mud  and  c u t =   '  

t i n g s   w i t h i n   t h e   f l o w   l i n e   and  t he   u l t i m a t e   b l o c k a g e   of  t h e  

f l o w   of  mud  and  c u t t i n g s   t h e r e t h r o u g h .   When,  in  f a c t ,   t he   f l o w  

l i n e   b e c o m e s   b l o c k e d ,   t h e   f l o w   of  mud  t h r o u g h   t h i s   l i n e   i s  

i n t e r u n t e d .   T h e r e f o r e ,   t h e   mud  and  m a t e r i a l s ,   r a t h e r   t h a n  



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

on  t h e   d r i l l   f l o o r ,   w h i c h   r e s u l t s   o f t e n   t i m e s   in  t he   l o s s   o f  

q u a n t i t i e s   of  v a l u a b l e   d r i l l i n g   mud  w h i c h   i s   e x p e n s i v e   a n d  

t i m e   c o n s u m i n g   to   r e p l a c e   and  r e p l e n i s h .   A l s o ,   t he   l i n e  

m u s t   be  u n c l o g g e d   w h i c h   c r e a t e s   down  t i m e   in   t he   o p e r a t i o n  

of  t h e   r i g ,   c o n s e q u e n t l y   a  l o s s   of  v a l u a b l e   r e v e n u e s .  

T h e r e   i s   no  a p p a r a t u s   w h i c h   i s   b e i n g   used   by  t h e  

o f f - s h o r e   i n d u s t r y ,   w h i c h   is   known  to   t h i s   i n v e n t o r ,   w h i c h  

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

w i t h o u t   i n t e r r u p t i n g   t h e   f l o w   of  mud  t h e r e t h r o u g h .  

S e v e r a l   a p p a r a t u s e s   have   b e e n   p a t e n t e d   w h i c h  

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

They  a r e   as  f o l l o w s :  

U.S.   P a t e n t   No.  3 , 8 8 0 , 7 6 2   i s s u e d   to   Roger   W i s e  

e n t i t l e d   " S e p a r a t o r   f o r   C u t t i n g s "   t e a c h e s   a  s e p a r a t o r   f o r  

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

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

t h e   t op   of  t he   c o n t a i n e r ,   t he   s l i d e   a r e a   b e i n g   c o m p r i s e d   o f  

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

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

a d d r e s s e s   t he   p r o b l e m   of  f i l t e r i n g   o u t   c u t t i n g s   wh ich   m a y  

c o l l e c t   and  c l o g   t h e   s h a k e r   s c r e e n .   T h i s   p a r t i c u l a r   a p p a r a t u s  

w o u l d ,   in   a f f e c t ,   h a v e   t o   have   a  f i l t e r   s c r e e n   which   w o u l d  

f i l t e r   c u t t i n g s   of  a  v e r y   m i n u t e   s i z e   so  as  n o t   to  c l o g   t h e  



s h a l e   s h a k e r   s c r e e n   a n d ,   f o r   our   p u r p o s e s ,   would   be  i n e f f e c t u a l  

and  i n o p e r a t i v e .  

U.S .   P a t e n t   No.  4 , 1 1 6 , 2 8 8   i s s u e d   to  W i l l i a m   W. 

Love ,   e n t i t l e d   " M e t h o d   and  A p p a r a t u s   f o r   C o n t i n u o u s l y  

S e p a r a t i n g   L o s t   C i r c u l a t i n g   M a t e r i a l   From  D r i l l i n g   F l u i d "  

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

d r i l l i n g   mud.  The  l o s t   c i r c u l a t i n g   m a t e r i a l   i s   r e t a i n e d   on  a  

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

a  f i n e r  m e s h   s c r e e n .   T h i s   p a r t i c u l a r   a p p a r a t u s   is  a  r a t h e r  

i n v o l v e d   s e p a r a t o r   a p p a r a t u s   and  w o u l d   n o t   s u i t   t he   p a r t i c u l a r  

n e e d s   of  t h i s   i n v e n t i o n .  

O t h e r   p a t e n t s   w h i c h   a r e   p r e s e n t l y   in   t he   a r t   a r e  

p a t e n t s   no.   3 , 7 7 4 , 7 0 2   i s s u e d   to  W a y l a n d   E l e n b u r g   e n t i t l e d  

" F o r m a t i o n   Chip  S a m p l i n g   M e t h o d " ,   U .S .   P a t e n t   No.  2 , 1 6 9 , 6 7 5  

i s s u e d   to  G.  S.  Bays  e n t i t l e d   "Back  P r e s s u r e   C o n t r o l   i n  

P r e s s u r e   D r i l l i n g " ,   U .S .   P a t e n t   No.  2 , 5 1 4 , 5 8 5   i s s u e d   to   M.  L .  

N a t l a n d   e n t i t l e d   " M e t h o d   f o r   D r i l l i n g   W e l l s "   and  U.S.   P a t e n t  

No.  2 , 8 7 0 , 9 9 0   i s s u e d   to   T.  G.  B e r g e y   e n t i t l e d   " D r i l l i n g   F l u i d  

Me thod"   a r e   a l l   d i r e c t e d   t o w a r d   c l e a n i n g   d r i l l i n g   mud  a n d  

r e c i r c u l a t i n g   i t ,   b u t   e a c h   of  t h e s e   p a r t i c u l a r   a p p a r a t u s e s  

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



Summary  of  t he   P r e s e n t   I n v e n t i o n  

The  p r e f e r r e d   e m b o d i m e n t   of  the   a p p a r a t u s   of  t h e  

p r e s e n t   i n v e n t i o n   s o l v e s   t h e   p r o b l e m   as  o u t l i n e d   in  t h e   p r e v i o u s  

s e c t i o n   in  a  s t r a i g h t f o r w a r d   and  s i m p l e   m a t t e r .   What  i s   p r o v i d e d  

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

of  t h e   h y d r i l ,   f o r   e x a m p l e ,   to   r e c e i v e   the   f l o w   of  mud  a n d  

c u t t i n g s   f rom  w i t h i n   t h e   h o l e   as  i t   i s   pumped  u p w a r d .   T h e  

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

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

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

P r o v i d e d   a l o n g   the   w a l l   of   t h e   f l o w   c o n v e y i n g   t u b u l a r   s e c t i o n  

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

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

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

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

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

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

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

p o r t i o n   d e f i n i n g   an  e n c l o s u r e   t a n k ,   w i t h   t he   t a n k   h a v i n g   a n  

u p p e r ,   o p e n - e n d e d   f l u i d   c o n v e y i n g   t u b e   or  f l o w   l i n e   a n g u l a r l y  

e x t e n d i n g   o u t   of  and  away  f r o m   i t s   u p p e r   s i d e   w a l l .   The  u p p e r  

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

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

c o u l d   be  a  g r a d i n g ,   or   a  c i r c u l a r   p l a t e   h a v i n g   a  s e r i e s   o f '  

s l o t t e d   o p e n i n g s   or  p e r f o r a t i o n s   t h e r e t h r o u g h .  



In  the   u t i l i z a t i o n   of  t he   a p p a r a t u s ,   t h e   d r i l l i n g   mud 

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

wou ld   f low  t h r o u g h   t h e   t u b u l a r   p o r t i o n   w h i c h   i s   c o n n e c t e d  

to  t he   h y d r i l ,   and  t h a t   m a j o r   p o r t i o n   of  t he   f l o w   w o u l d   f i l t e r  

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

p o r t i o n   and  i n t o   t h e   t a n k   p o r t i o n   and  be  c o n v e y e d   o u t   of  t h e  

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

n o t   f i l t e r   o u t   of  t h e   p r i m a r y   f i l t e r   means   or  s l o t t e d   o p e n i n g s ,  

wou ld   f low  t h r o u g h   t h e   t o p   of  t he   t u b u l a r   p o r t i o n   and ,   b e i n g  

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

o f f   of  t he   t o p   p o r t i o n   and  wou ld   be  d i s a l l o w e d   f rom  f l o w i n g  

i n t o   t he   f l ow  l i n e .   The  g r a d i n g   or  p e r f o r a t i o n s   in  t h e   t o p  

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

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

and  d e b r e e   w o u l d   be  a l l o w e d   to  r e e n t e r   t h e   t a n k   p o r t i o n   f o r  

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

c u t t i n g s   would   be  u n a b l e   to   r e e n t e r   t h e   t a n k   p o r t i o n   and  s i m p l y  

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

t h e s e   o b j e c t s .  

T h e r e f o r e ,   i t   i s   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

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

b e t w e e n   the   w e l l   h o l e   and  t h e   f low  l i n e ;  

The  f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   a  p r i m a r y   f i l t e r i n g   means  f o r   d i s a l l o w i n g   c e r t a i n  

s i z e   c h u n k s   of  d e b r i s   and  c u t t i n g s   f rom  f l o w i n g   i n t o   t h e   f l o w  



l i n e ;  

I t   is   s t i l l   a  f u r t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n  

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

s m a l l e r   p a r t i c l e s   i n t o   t he   f l o w   l i n e   and  d i s a l l o w i n g   l a r g e  

d e b r i s   f rom  r e e n t r y ;  

I t   i s   a  f u r t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   t o  

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

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

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

t h e   f l o w   l i n e .  



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

For   a  f u r t h e r   u n d e r s t a n d i n g   of  t h e   n a t u r e   and  o b j e c t  

of  t h e   p r e s e n t   i n v e n t i o n ,   r e f e r e n c e   s h o u l d   be  had  to  t h e  

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

r e f e r e n c e   n u m e r a l s   and  w h e r e :  

F i g u r e   1  i l l u s t r a t e s   an  o v e r a l l   s i d e   v i e w   of  t h e  

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

as  a t t a c h e d   to  t he   w e l l   h e a d ;  

F i g u r e   2  i s   a  p e r s p e c t i v e   p a r t i a l l y   c u t - a w a y   v iew  o f  

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

i n v e n t i o n ;  

F i g u r e   3  is   a  s i d e   v i e w   of  t h e   p r e f e r r e d   e m b o d i m e n t  

of  t h e   a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n ,   i l l u s t r a t i n g   i n  

p h a n t o m   t h e   p r i m a r y   f i l t e r   m e a n s ;  

F i g u r e   4  i s   a  t o p   v i ew   of  t he   p r e f e r r e d   e m b o d i m e n t  

of   t h e   a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n   i l l u s t r a t i n g   t h e  

s e c o n d a r y   s i e v e   m e a n s ;   a n d  

F i g u r e   5  &  6  a r e   t o p   v i e w s   of  a l t e r n a t i v e   e m b o d i m e n t s  

of  t h e   s e c o n d a r y   s i e v e   means   of  t he   a p p a r a t u s   of   t h e   p r e s e n t  

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   of  t h e   P r e f e r r e d   E m b o d i m e n t  

F i g u r e s   1  t h r o u g h   4  i l l u s t r a t e   t h e   p r e f e r r e d   e m b o d i m e n t  

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

by  N u m e r a l   10.  In  the   p r e f e r r e d   e m b o d i m e n t ,   a p p a r a t u s   10  w o u l d  

g e n e r a l l y   c o m p r i s e   an  e l o n g a t e d   t u b u l a r   p o r t i o n   12,  w h i c h   wou ld   ! 

c o n n e c t ,   p r e f e r a b l y   to  the   t o p   p o r t i o n   of   a  h y d r i l   14  as  s e e n  

in  F i g u r e   1.  In  the   p r e f e r r e d   e m b o d i m e n t ,   t h e   c o n n e c t i o n  

b e t w e e n   a p p a r a t u s   10  a n d . h y d r i l   14  w o u l d   be  a  s e r i e s   of  b o l t s  

15  s e c u r e d l y   a t t a c h e d   on  to   t h e   f l a n g e   b a s e   p o r t i o n   16  o f  

a p p a r a t u s   10  to  c r e a t e   a  s e a l   b e t w e e n   a p p a r a t u s   10  and  h y d r i l  

14.  T u b u l a r   p o r t i o n   12  w o u l d   be  open   e n d e d   a t   i t s   u p p e r   e n d  

18,  and  w o u l d   a l l o w   f l u i d   f l o w   t h e r e t h r o u g h   b e i n g   a  f l u i d   f l o w  

c o n v e y i n g   s e c t i o n .   As  f u r t h e r   i l l u s t r a t e d   in   F i g u r e s   1  a n d  

2,  a  d r i l l   p i p e   20  is   i l l u s t r a t e d   as  r u n n i n g   down  t h e   c e n t e r  

of  t u b u l a r   p o r t i o n   12,  w h e r e t h r o u g h   d r i l l i n g   mud  and  o t h e r  

m a t e r i a l s   a r e   pumped  u n d e r   p r e s s u r e   down  t he   d r i l l   h o l e .   P r e -  

f e r a b l y ,   t h e   d i a m e t e r   of  a  a v e r a g e   w e l l   c a s i n g ,   t h a t   b e i n g   20 

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

be  in   t h e   n e i g h b o r h o o d   of  6  i n c h e s ,   t h e r e f o r e   a l l o w i n g   a d e q u a t e  

s p a c e   b e t w e e n   t h e   d r i l l   p i p e   20  and  t h e   t u b u l a r   p o r t i o n   12  f o r  

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

i t   i s   pumped   t h r o u g h   d u r i n g   d r i l l i n g   o p e r a t i o n s .   In  t h e   p r e -  

f e r r e d   e m b o d i m e n t ,   a p p a r a t u s   10  i s   l o c a t e d   b e t w e e n   t h e   w e l l   h e a d  

d e c k   and  t h e   d r i l l   f l o o r .  

In  t h e   p r e f e r r e d   e m b o d i m e n t ,   t u b u l a r   p o r t i o n   12  w o u l d  

be  e n v e l o p e d   n e a r   i t s   u p p e r   m o s t   end  by  t a n k   p o r t i o n   22.  T a n k  

p o r t i o n   22  w o u l d ,   in  t he   p r e f e r r e d   e m b o d i m e n t ,   as  i l l u s t r a t e d  



in  F i g u r e s   2  and  3,  w o u l d   e x t e n d   f rom  a  p o i n t   s l i g h t l y   b e l o w  

the   u p p e r   mos t   end  of  t u b u l a r   p o r t i o n   12  down  to  a  p o i n t   2 1  

a p p r o x i m a t e l y   h a l f   way  down  t h e   l e n g t h   of  t u b u l a r   p o r t i o n   1 2 .  

In  t h e   p r e f e r r e d   e m b o d i m e n t ,   t a n k   p o r t i o n   22  w o u l d   be  c i r c u l a r  

a l t h o u g h   i t   c o u l d   be  v a r i o u s   o t h e r   s h a p e s ,   and  w o u l d   be  s e a l a b l y  

c o n n e c t e d   o n t o   t u b u l a r   p o r t i o n   12  v i a   a  b o t t o m   p l a t e   p o r t i o n   24 

i n t e g r a l l y   a t t a c h e d   to  t h e   w a l l   23  of  t a n k   p o r t i o n   22  and  c i r -  

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

p o r t i o n   12,  t h u s   f o r m i n g   a  t a n k   i n c a p s u l a t i n g   s u b s t a n t i a l l y   t h e  

u p p e r   h a l f   of  t u b u l a r   p o r t i o n   12.  E x t e n d i n g   o u t w a r d   f r o m  

t h e   u p p e r   m o s t   p o r t i o n   of  w a l l   23  of   t a n k   p o r t i o n   22  w o u l d   b e  

f l u i d   c o n v e y i n g   t u b e   30,  w h i c h   w o u l d   c o n v e y   f l u i d   f rom  w i t h i n  

t a n k   p o r t i o n   22  o u t   of  t a n k   22,  b e i n g   a n g u l a t e d   d o w n w a r d   a n d  

away  f rom  t a n k   p o r t i o n   22,  as  s e e n   in   F i g u r e s   1  &  3 .  

In  t h e   p r e f e r r e d   e m b o d i m e n t ,   t a n k   p o r t i o n   22  w o u l d  

be  f i x e d l y   a t t a c h e d   to   t h e   u p p e r   end  of  t u b u l a r   p o r t i o n   12  

v i a  a   g r a d i n g   31  w h i c h   w o u l d   d e f i n e   a  s e c o n d a r y   f i l t e r   o r  

s i e v e   means  25  b e t w e e n   t u b u l a r   p o r t i o n   12  and  t h e   w a l l   23  

of  t a n k   p o r t i o n   22,  as  s e e n   in  F i g u r e s   3  and  4 .  

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

in  F i g u r e s   2  and  3,  t h e   u p p e r   end  p o r t i o n   18  of  t u b u l a r   p o r t i o n  

12  i s   s l i g h t l y   h i g h e r   t h a n   t h e   u p p e r   end  33  of  t a n k   p o r t i o n   2 2 ,  

so  t h a t   t h e   s t r a i n   or  s i e v e   means   25  as  d e f i n e d   by  t h e   g r a t i n g  

31,  w o u l d   d e f i n e   an  a n g u l a t e d   s u r f a c e   d e s c e n d i n g   away  f r o m  

t u b u l a r   p o r t i o n   12,   p r e f e r a b l y   a t   a  20  to  30  d e g r e e   a n g l e .  



In  t he   p r e f e r r e d   e m b o d i m e n t ,   t h i s   s e c o n d a r y ,   a n g u l a t e d  

s i e v e   means   25  w o u l d ,   w h i l e   a l l o w i n g   f l u i d   and  s m a l l  

p a r t i c l e s   and  d e b r i s   to  f i l t e r   or  s t r a i n   t h r o u g h   g r a d i n g   3 1 ,  

w o u l d   d i s a l l o w   d e b r i s   or  t he   l i k e   of  s u b s t a n t i a l   s i z e   to   s l i d e  

o f f   of   g r a d i n g   31  and  t h u s   p r e v e n t   t h e   r e t u r n   of  s a i d   m a t e r i a l  

b a c k   i n t o   t h e   t a n k   p o r t i o n   22  and  t h u s   f u r t h e r   d i s a l l o w   c l o g -  

g i n g   of  f l ow  l i n e   3 0 .  

In  t h e   p r e f e r r e d . e m b o d i m e n t ,   t h a t   p o r t i o n   of  t u b u l a r  

p o r t i o n   12  w h i c h   e x t e n d s   f rom  the   f l o o r   24  of  t a n k  p o r t i o n   22  

up  t h r o u g h   t h e  t o p   end  of  t a n k   22  w o u l d   p r o v i d e   t h e   p r i m a r y  

f i l t e r i n g   means   36  c o m p r i s i n g   a  p l u r a l i t y   of  s l o t t e d   v e n t s   o r  

c u t s   3 7  c i r c u m f e r e n t i a l l y   s p a c e d   a r o u n d   t he   w a l l   of   t u b u l a r  

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

i n t o   t a n k   22  as  f l u i d   moves  up  t u b u l a r   p o r t i o n   12  as  i n d i c a t e d  

by  a r r o w s   42  in  F i g u r e   2.  In  t he   p r e f e r r e d   e m b o d i m e n t ,   t h e s e  

s l o t t e d   v e n t s   37  w o u l d   be  p r e f e r a b l y   one  f o o t   in   l e n g t h   b y  

one   i n c h   in  w i d t h   and  w o u l d   be  s p a c e d   a p p r o x i m a t e l y   2  i n c h e s  

a p a r t .   They  w o u l d   be  s e t   up  in  f o u r   rows  a l o n g   t h e   l e n g t h   o f  

t h a t   s e c t i o n   of  t u b u l a r   p o r t i o n   12  as  p r e v i o u s l y   d e f i n e d .  

In  t he   p r e f e r r e d   e m b o d i m e n t ,   s l o t s   37,  w h i c h   c o m p r i s e  

t h e   p r i m a r y   f i l t e r   means   36,  wou ld   s e r v e   to   c a p t u r e   t h e   m a j o r  

p o r t i o n   of  t h e   m i x t u r e   of  f l u i d   and  mud  as  i t   moves  u p w a r d  

t h r o u g h   t u b u l a r   p o r t i o n   12  i n t o   t a n k   p o r t i o n   22  of  a p p a r a t u s  

10  as  i n d i c a t e d   by  a r r o w s   4 0 " i n   F i g u r e   2.  T h a t   p o r t i o n ,   d u r i n g  

t h e   p r o c e s s ,   t he   f l ow  of  t he   a d m i x t u r e   as  i n d i c a t e d   by  a r r o w s  

40,   w o u l d   c o n t i n u o u s l y   c r e a t e   a  t u r b u l a t e d   s t a t e   of  a d m i x t u r e  



w i t h i n   t a n k   p o r t i o n   22.  T h a t   a d m i x t u r e   in  t a n k   22  wou ld   f i l l  

t a n k   22  u n t i l   t he   l e v e l   of  f l u i d   wou ld   r e a c h   t h e   f l o w   c o n v e y i n g  

t u b e   30  a t   w h i c h   p o i n t   t h e   a d m i x t u r e   would   be  d i r e c t e d   o u t w a r d  

up  t a n k   22  in  f low  30  i n t o   s h a k e r s   f o r   f u r t h e r   f i l t e r i n g .   I t  

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

t h e   t u r b u l a t e d   s t a t e ,  s o   t h a t   t h e   p a r t i c l e s   of  mud  wou ld   n o t  

have   a  t e n d e n c y   to   s e t t l e   on  t h e   b o t t o m   of  t a n k   22  and  wou ld   b e  

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

m a i n t a i n e d   in   t h e   t u r b u l a t e d   s t a t e   w i t h i n   t a n k   p o r t i o n   2 2 .  

T h u s ,   t h e   p r i m a r y   f i l t e r   means   36  wou ld   a l l o w   t h e   g r e a t e r  

a m o u n t   of   t he   a d m i x t u r e   to   f i l t e r   t h e r e t h r o u g h   f o r   c o n v e y i n g  

i n t o   f l o w   l i n e   30,  w i t h o u t   h a v i n g   t o  s p i l l   o u t   of   t h e   o p e n  

e n d e d   end  18  of  t u b u l a r   p o r t i o n   1 2 .  

C o n s e q u e n t l y ,   t h a t   m a t e r i a l   in  t he   a d m i x t u r e   w h i c h  

is   of  such   s i z e   t h a t   i t   c o u l d   n o t   s i e v e   t h r o u g h   s l o t s   3 7 ,  

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

e t c . ,   wou ld   be  c o n v e y e d   ou t   of  t he   top   end  p o r t i o n   18  o f  

t u b u l a r   p o r t i o n   12  to  i n c u r   s i e v e   means  25  wh ich   i s  

c o m p r i s e d   of  t he   g r a d i n g   31,  in  t h e   p r e f e r r e d   e m b o d i m e n t .  

T h a t   p o r t i o n   of  t he   a d m i x t u r e   w h i c h   would   t h e n   be  of  such   a  

s i z e   to  be  s t r a i n e d   t h r o u g h   g r a d i n g   31  would   be  a l l o w e d   to  d o  

so  and  wou ld   t h e n   be  r e - e m p t i e d   i n t o   t a n k   p o r t i o n   22  and  o u t   o f  

f l o w   l i n e   30,  and  t h a t   m a t e r i a l   in  t he   a d m i x t u r e   w h i c h   w o u l d  



be  to  l a r g e   to  s i e v e   b e t w e e n   g r a d i n g   31  wou ld   s i m p l y   i n c u r  

g r a d i n g   31  as  t he   s e c o n d a r y   f i l t e r   means   25  and ,   b e c a u s e  

of   t he   a n g u l a t e d   p o s i t i o n   of  g r a d i n g   31  ( in   t he   p r e f e r r e d  

e m b o d i m e n t   20  to  30°  of  t h e   h o r i z o n t a l )   w o u l d   s i m p l y   s l i d e   o f f  

of   a p p a r a t u s   10  o n t o   t h e   d r i l l   f l o o r   or  i n t o   t he   w a t e r   to   b e  

s w e p t   or  c a r r i e d   away  a t   a  l a t e r   t i m e .  

Of  c o u r s e ,   t h a t   m a t e r i a l   w h i c h   w o u l d   have   s i e v e d  

b a c k   t h r o u g h   g r a d i n g   25  and  i n t o   t a n k   22  w o u l d   be  r e c o n v e y e d  

by  f l ow  t u b e   30  f o r   e n g a g e m e n t   w i t h   t h e   mud  s h a k e r s   a n d  

r e c i r c u l a t i o n   b a c k   down  i n t o   t h e   mud  h o l e .   I t   i s   t h r o u g h   t h i s  

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

a p p a r a t u s   wou ld   a l l o w   t h e   f l o w   l i n e   30  to   m a i n t a i n   s u b s t a n t i a l l y  

u n b l o c k e d   by  l a r g e   c h u n k s   of  mud  and  d e b r i s   w h i c h ,   in  t h e  

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

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

F i g u r e   4  i l l u s t r a t e s   a  t o p   v i e w   a l o n g   l i n e s   4-4  o f  

F i g u r e   3  of  a p p a r a t u s   10.  As  s e e n   in  F i g u r e   4,  g r a d i n g   31  

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

t u b u l a r   p o r t i o n   12  and  t h e   o u t e r   w a l l   of  t a n k   p o r t i o n   22.  A l s o  

i l l u s t r a t e d   in  F i g u r e   4  i s   a  t o p   v i ew   of   f l o w   l i n e   30,  w h i c h  

a n g u l a r l y   e x t e n d s   o u t   of  t h e   u p p e r   p o r t i o n   of  t a n k   22.  T h i s  

t o p   v iew  one  can   s ee   t h e   r e l a t i v e   d i a m e t e r   of  t a n k   p o r t i o n  

22  in   r e l a t i o n   to  t h e  d i a m e t e r   of   t u b e   p o r t i o n   12.  In  v i e w   o f  

t h e   f a c t   t h a t   f i l t e r   a p p a r a t u s   10,   i s   e n g a g e d   to  t he   top   p o r t i o n  

of   h y d r i l   14,  i t   i s   e a s i l y   r e m o v a b l e   by  r e m o v i n g   b o l t s   15  f o r  



c l e a n i n g   or  r e p a i r   and  can  be  r e p l a c e d   in  a  s i m p l e   m e t h o d   f o r  

r e s u m i n g   p r o d u c t i o n   of  o i l   or  t he   l i k e .   In  t he   p r e f e r r e d  

e m b o d i m e n t ,   t he   e n t i r e   a p p a r a t u s   c o u l d   be  c o n s t r u c t e d   of  m e t a l ,  

and  the   g r a d i n g   31  wou ld   be  a  common  g r a d i n g   known  in  o t h e r ,  

a r t .   In  t he   p r e f e r r e d   e m b o d i m e n t ,   the   t a n k   p o r t i o n   of  t h e  

a p p a r a t u s   wou ld   be  s u b s t a n t i a l l y   6  f e e t   in  l e n g t h   and  42  i n c h e s  

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

same  d i a m e t e r   as  d r i l l   p i p e ,   t h a t   b e i n g   20  i n c h e s   and  d i a m e t e r .  

F i g u r e s   5  and  6  i l l u s t r a t e   a  top   v iew  of  a l t e r n a t i v e  

e m b o d i m e n t s   of  t he   s e c o n d a r y   f i l t e r   means  25,  w h i c h   is   i l l u -  

s t r a t e d   in  F i g u r e s   5  and  6  c o u l d   be  a  s o l i d   p l a t e   a n g u l a r l y  

e x t e n d i n g   f rom  t h e   t op   p o r t i o n   of  t u b u l a r   p o r t i o n   12  to   t h e  

t op   p o r t i o n   of  t h e   w a l l   of  t a n k   22  and  i n t e g r a l l y   a t t a c h e d  

t h e r e t o   t h r o u g h   w e l d i n g   or  t h e   l i k e .   Th i s   p l a t e   p o r t i o n   c o u l d  

be  p e r f o r a t e d   w i t h   a  p l u r a l i t y   of  p o r t s   44  as  s e e n   in   F i g u r e  

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

moved  o u t   of  t h e   t op   of  t u b u l a r   p o r t i o n   12  f o r   r e c o n v e y a n c e   i n t o  

f low  l i n e   30,  o r ,   as  s e e n   in  F i g u r e   6,  s e c o n d a r y   f i l t e r  

means   25  c o u l d   be  a  p l a t e   h a v i n g   a  s e r i e s   of  s l o t t e d ,   c u r v e d  

o p e n i n g s   36  p o s i t i o n e d   a r o u n d   t he   e n t i r e   c i r c u m f e r e n c e   of  p l a t e  

25  f o r   f i l t e r i n g   once   m o r e .   I t   s h o u l d   be  s t r e s s e d   t h a t   t h e  

p r i m a r y   f i l t e r   means  in  t h e   a p p a r a t u s   would   be  the   p r i m a r y  

f i l t e r i n g   means   36  c o m p r i s i n g   the   p l u r a l i t y   of  s l o t t e d   v e n t s   o r  

c u t s   37,  w h e r e i n   mos t   i f   n o t   a l l   of  t h e   f l u i d   f l o w i n g   u p  

t h r o u g h   t u b u l a r   p o r t i o n   12  w o u l d   be  i n i t i a l l y   f i l t e r e d   i n t o  

t a n k   p o r t i o n   2 2 .  



B e c a u s e   many  v a r y i n g   and  d i f f e r e n t   e m b o d i m e n t s   may  

be  made  w i t h i n   t he   s c o p e  o f   t he   i n v e n t i v e   c o n c e p t   h e r e i n  

t a u g h t ,   and  b e c a u s e   many  m o d i f i c a t i o n s   may  be  made  in  t h e  

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

r e q u i r e m e n t   of  t he   l aw ,   i t   is   to  be  u n d e r s t o o d   t h a t   t h e  

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

n o t   in  a  l i m i t i n g   s e n s e .  



1.  An  a p p a r a t u s   f o r   f i l t e r i n g   d r i l l i n g   mud  t h a t   i s  

r e c i r c u l a t e d   ou t   of  a  w e l l   c a s i n g ,   c o m p r i s i n g :  

a.  a  f low  c o n v e y i n g   t u b u l a r   s e c t i o n ,   s e a l a b l y  

a t t a c h a b l e   at  i t s   f i r s t   l o w e r   end  to  the  w e l l   c a s i n g   f o r  

a l l o w i n g   f l u i d   f low  t h e r e t h r o u g h   and  o p e n - e n d e d   at  i t s  

t o p   p o r t i o n ;  

b.  an  o u t e r   t a n k   p o r t i o n   e n c a p s u l a t i n g   s a i d  

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

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

f l o w   f rom  s a i d   o p e n - e n d e d   t u b u l a r   s e c t i o n ,   and  fo r   m a i n -  

t a i n i n g   t u r b u l e n c e   in  s a i d   f i l t e r e d   f l u i d ;  

c.  p r i m a r y   f i l t e r   means   on  t h a t   p o r t i o n   o f  

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

c o m p r i s i n g   a  p l u r a l i t y   of  v e r t i c a l   s l o t t e d   v e n t s   e q u a l l y  

and  c i r c u m f e r e n c i a l l y   s p a c e d   a r o u n d   the   w a l l   of  s a i d  

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

t a n k   p o r t i o n   fo r   f i l t e r i n g   f l u i d   f l o w   out   of  s a i d   t u b u -  

l a r   s e c t i o n   i n t o   s a i d   t a n k   p o r t i o n ,   s a i d   t a n k   p o r t i o n  

b e i n g   s u b s t a n t i a l l y   t w i c e   t he   d i a m e t e r   of  s a i d   t u b u l a r  

s e c t i o n ;  

d.  f l u i d   c o n v e y i n g   means   fo r   c o n v e y i n g   f i l -  

t e r e d   f l u i d   out   of  s a i d   t a n k   p o r t i o n ;   a n d  

e.  s e c o n d a r y   f i l t e r   means   f o r  f i l t e r i n g   f l u i d  

f l o w   b e t w e e n   the  top   of  s a i d   t u b u l a r   s e c t i o n   in  s a i d  

t a n k   p o r t i o n .  



2.  The  a p p a r a t u s   in  C l a i m   1,  w h e r e i n   s a i d   s e c o n -  

d a r y   f i l t e r   means  c o m p r i s e s   an  a n g u l a t e d   s u r f a c e   h a v i n g  

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

w i t h   top  p o r t i o n   of  s a i d   t a n k   p o r t i o n   to  t he   top  end  o f  

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

3.  The  a p p a r a t u s   in  C la im   1,  w h e r e i n   the   top   e n d  

o f   s a i d   t a n k   p o r t i o n   is  s l i g h t l y   l o w e r   t h a n   the  top  e n d  

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

d o w n w a r d l y   d i s p o s e d   s u r f a c e   d e f i n i n g   s a i d   s e c o n d a r y  

f i l t e r   m e a n s .  

4.  The  a p p a r a t u s   in  C la im  1,  w h e r e i n   the   d i a m e t e r  

of   s a i d   t u b u l a r   s e c t i o n   is  s u b s t a n t i a l l y   e q u a l   t o  t h e  

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

5.  An  a p p a r a t u s   fo r   f i l t e r i n g   d r i l l i n g   mud  t h a t   i s  

r e c i r c u l a t e d   ou t   of  t he   w e l l   c a s i n g ,   c o m p r i s i n g :  

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

i t s   f i r s t   end  a  f l a n g e   b a s e   p o r t i o n   s e a l a b l y   a t t a c h a b l e  

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

d e c k   and  the   d r i l l   f l o o r   and  o p e n - e n d e d   at   i t s   s e c o n d  

end  fo r   a l l o w i n g   f low  t h e r e t h r o u g h ;  

b.  an  o u t e r   t a n k   p o r t i o n   b e i n g   at  l e a s t   t w i c e  

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

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

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

t i a l l y   o p e n - e n d e d   at  i t s   top  p o r t i o n   and  a t t a c h e d   at  i t s  

b o t t o m   p o r t i o n   to  t he   o u t e r   s u r f a c e   of  s a i d   f low  c o n v e y -  

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

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



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

of   v e r t i c a l   s l o t t e d   v e n t s   e q u a l l y   and  c i r c u m f e r e n c i a l l y  

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

s e c t i o n   w i t h i n   s a i d   t a n k   p o r t i o n   and  in  f l u i d   c o m m u n i c a -  

t i o n   t h e r e w i t h   fo r   c o n v e y i n g   f l u i d   ou t   of  s a i d   t u b u l a r  

s e c t i o n   and  i n t o   s a i d   t a n k   p o r t i o n   as  s a i d   f l u i d   c o n -  

t a i n i n g   s o l i d s   t r a v e l s   up  s a i d   t u b u l a r   p o r t i o n ;  

d.  s e c o n d a r y   f i l t e r   means  i n t e r c o n n e c t i n g   t h e  

t o p   of  s a i d   t u b u l a r   s e c t i o n   to  the   top  of  s a i d   t a n k   p o r -  

t i o n ,   s a i d   s e c o n d a r y   f i l t e r   means  c o m p r i s i n g   a  p l a t e  

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

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

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

i ng   s a i d   s o l i d s   f l o w i n g   o u t   of  t he   top   of  s a i d   t u b u l a r  

s e c t i o n ,   y e t   a l l o w i n g   f l u i d   to  f low  t h r o u g h   s a i d   o p e n -  

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

e.  f l u i d   c o n v e y i n g   means  e x t e n d i n g   f rom  and  i n  

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

f i l t e r e d   f l u i d   ou t   of  s a i d   t a n k   p o r t i o n .  

6.  The  a p p a r a t u s   in  C l a i m   5,  w h e r e i n   s a i d   t u b u l a r  

s e c t i o n   i s   s u b s t a n t i a l l y   t he   d i a m e t e r   of  s a i d   w e l l  

c a s i n g .  

7.  The  a p p a r a t u s   in  C l a i m   5,  w h e r e i n   s a i d   a n g u -  

l a t e d   s u r f a c e   of  s a i d   s e c o n d a r y   f i l t e r   means   s l o p e s  

d o w n w a r d l y   at   an  a n g l e   b e t w e e n   20  to  30  d e g r e e s   b e l o w  

t h e   h o r i z o n t a l   p l a n e .  
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