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@  Cement  collar  and  method  of  use. 

A  cementing  collar  for  inclusion  in  a  well  casing  to  permit 
primary  multiple  stage  cementing  comprises  a  tubular  housing 
(12,40,  64),  a  cementing  port  (52)  and  sleeve  means  (200)  in- 
side  the  housing  and  slidable  in  response  to  pressure  changes 
to  open  and  close  the  port. 



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   a  c e m e n t i n g  

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

o i l   and  gas   w e l l s .  

C e m e n t i n g   a  c a s i n g   or  l i n e r   in  a  w e l l   b o r e  

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

s u r r o u n d i n g   t h e   c a s i n g   f rom  c o n t a m i n a t i o n   by  s u b -  

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

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

and  e l e c t r o l y s i s .   In  a d d i t i o n ,   c e m e n t i n g   e l i m i n a t e s  

c o n t a m i n a t i o n   of  f r e s h   w a t e r - c o n t a i n i n g   s t r a t a   by  b r i n e  

or  p e t r o l e u m   f l u i d s   w h i c h   c o u l d   o t h e r w i s e   t r a v e l   in  t h e  

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

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

p r e s s u r e   gas   z o n e s   p e n e t r a t e d   by  t h e   w e l l   b o r e ,   e x t e r n a l  

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

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

and  gas   m i g h t   o t h e r w i s e   f l o w .  

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

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

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

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

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

p r i m a r y   c e m e n t i n g .  



In  t he   e a r l y   d a y s   of  o i l   and  gas   e x p l o r a t i o n   a n d  

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

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

down  t he   i n t e r i o r   of  t h e   c a s i n g   to  t he   b o t t o m   t h e r e o f   a n d  

back   up  t he   e x t e r i o r   of  t h e   c a s i n g   in  t he   w e l l   b o r e  

a n n u l u s .   H o w e v e r ,   as  w e l l s   became   p r o g r e s s i v e l y   d e e p e r ,  

i t   became   more  d i f f i c u l t   to  c e m e n t   an  e n t i r e   w e l l   b o r e  

a n n u l u s   f rom  t h e   b o t t o m   of  t h e   c a s i n g .   As  a  r e s u l t ,   s o  

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

c e m e n t i n g   of  t he   w e l l   b o r e   a n n u l u s   in  s e v e r a l   s t e p s .  

M u l t i p l e   s t a g e   c e m e n t i n g   i s   e f f e c t e d   by  f i r s t  

p l a c i n g   t u b u l a r   c e m e n t i n g   " c o l l a r s "   in  t he   c a s i n g   a t  

p r e d e t e r m i n e d   l o c a t i o n s   as  t h e   c a s i n g   j o i n t s   a r e   m a d e  

up  and  l o w e r e d   i n t o   t h e   w e l l   b o r e .   T h e s e   c e m e n t i n g  

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

t h e r e o f ,   w h i c h  



ports   may  be  opened  and  c losed  by  s l i d i n g   valve  s l e e v e  

means .  

Cementing  c o l l a r s   of  th i s   type  usua l ly   have  two 

s l e e v e s ,   both  of  which  are  u sua l l y   shearp inned   i n i t i a l l y  

in  an  upper  p o s i t i o n ,   c los ing   the  cementing  por t s   in  t h e  

t o o l .   To  open  the  cementing  por t s   a  plug,  dart   or  b a l l  

is  pumped  or  dropped  down  the  casing  and  seated  on  t h e  

lower  s l e e v e .   The  f l u i d   p r e s s u r e   is  then  i n c r e a s e d   i n  

the  cas ing  u n t i l   s u f f i c i e n t   force  is  developed  on  t h e  

plug  and  s leeve   to  shear  the  shear  pins  and  move  t h e  

lower  s leeve   to  the  p o s i t i o n   uncovering  the  c e m e n t i n g  

p o r t s .   Cement  is  then  flowed  down  the  casing  and  out  of  

the  open  por ts   into  the  annulus .   When  the  p r e d e t e r m i n e d  

des i r ed   amount  of  cement  has  been  flowed  into  the  a n n u -  

lus ,   another   plug,  dar t   or  ba l l   is  placed  in  the  c a s i n g  

behind  the  cement  and  flowed  down  the  casing  to  seat   on 

the  upper  s l e eve .   The  p r e s su re   is  i nc reased   on  t h e  

second  plug  u n t i l   the  shear  pins  holding  i t   are  s e v e r e d  

and  the  upper  s leeve  is  moved  down  to  close  t h e  

cementing  p o r t s .  

When  a  m u l t i p l e   s tage  cementing  ope ra t ion   is  t h e n  

conducted  in  a  well  having  such  cementing  c o l l a r s  

t h e r e i n ,   the  f i r s t   "s tage"   of  cement  is  placed  in  t h e  

manner  de sc r i bed   above,  e .g .   cement  s l u r ry   is  pumped 

down  the  cas ing  to  the  bottom  the reo f   and  back  up  t h e  



well  bore  annulus  to  the  des i r ed   l eve l   or  p r e d e t e r m i n e d  

l e v e l ,   which  may  be  the  level   of  the  f i r s t   c emen t ing  

c o l l a r .   Pumping  of  the  cement  s l u r r y   is  then  s t o p p e d ,  

and  r e - e n t r y   of  the  s l u r r y   into  the  casing  is  p r e v e n t e d  

by  a  check  valve  means  at  or  near  the  bottom  of  t h e  

cas ing ,   g e n e r a l l y   r e f e r r e d   to  as  a  f l o a t   shoe  or  f l o a t  

c o l l a r .   The  valve  s leeve  means  in  the  l owermos t  

cementing  co l l a r   is  then  s h i f t e d   as  he re to fo re_  no ted   by 

a  plug,  dart   or  ba l l   pumped  or  dropped  down  the  c a s i n g  

from  the  r ig  f l o o r .   Slurry  is  then  pumped  through  t h e  

opened  cementing  por ts   in  the  c o l l a r   to  the  l eve l   of  t h e  

next  higher  c o l l a r ,   then  the  valve  s leeve  means  i s  

s h i f t e d   closed  by  a  second  plug,   dart   or  b a l l .   The  p r o -  

cess  is  then  r epea ted   at  the  next  higher   c o l l a r s   u n t i l  

the  des i r ed   length  of  casing  is  cemented.  Cementing 

c o l l a r s   which  opera te   as  de sc r ibed   above  are  d i s c l o s e d  

in  U.S.  patents   nos.  3,768,556,  3,811,500  and  4 , 2 4 6 , 9 6 8 .  

An  a l t e r n a t i v e   cementing  co l la r   design  is  d i s c l o s e d  

in  U.S.  patent  no.  3,768,562.  The  co l la r   d i s c l o s e d  

there in   has  a  s ingle  valve  sleeve  which  is  man ipu la t ed  

with  respect   to  the  cementing  ports  by  opening  and 

closing  tools   incorpora ted   in  a  tubing  s t r ing   lowered 

inside  the  casing,   and  cement  s lurry  is  placed  a d j a c e n t  



the  opened  por t s   by  pumping  through  the  center   of  t h e  

tubing  s t r i n g   to  an  i s o l a t i o n   packer  ad jacen t   t h e  

c o l l a r ,   the  i s o l a t i o n   packer  con t a in ing   the  cement  b e t -  

ween  fac ing  packer  cups.  When  the  cementing  is  f i n i s h e d  

at  one  c o l l a r ,   moving  the  s t r i n g   to  the  next  h i g h e r  

c o l l a r   causes  the  c los ing   tool  on  the  s t r i n g   to  engage  

the  s l eeve ,   r e cove r ing   the  p o r t s .  

While  the  p r io r   a r t   cementing  too ls   are  w i d e l y  

used,  a l l   such  too ls   r e q u i r e   the  use  of  mechanical   means 

in  the  c a s i n g  t o   open.  In  the  i n s t ance   of  the  p l u g ,  

dar t   or  ba l l   ope ra ted   t o o l s ,   when  the  well  o p e r a t o r  

wishes  to  pump  a  plug  down  to  engage  a  f l o a t   shoe  o r  

c o l l a r   at  the  bottom  of  the  casing  to  shut  off  the  f l o a t  

c o l l a r   or  shoe  p r io r   to  p r e s su re   t e s t i n g   the  cas ing ,   t h e  

plug,   dar t   or  ba l l   subsequen t ly   employed  to  open  t h e  

lowermost  cementing  c o l l a r   must  be  of  the  f r e e - f a l l  

type,   as  one  cannot  pump  f l u id   behind  the  objec t   t o  

dr ive   it   down  the  casing  a f t e r   the  f l o a t   co l l a r   or  shoe  

is  shut  o f f .   While  in  s u b s t a n t i a l l y   v e r t i c a l   wells  t h i s  

p r e s e n t s   l i t t l e   problem,  in  h ighly   dev ia ted   wel l s ,   such  

as  many  o f f s h o r e   we l l s ,   the  well  bore  angle  may  d e v i a t e  

50  degrees  or  more  from  the  v e r t i c a l   and  the  plug,  d a r t  

or  bal l   qu i t e   simply  takes  a  great   deal  of  time  to  f a l l .  

In  cases  of  extreme  casing  d e v i a t i o n ,   it  may  not  f a l l  

a l l   the  way  and  the  opera to r   may  have  to  push  it   down  t o  



the  c o l l a r   with  d r i l l   pipe,   a  cos t ly   and  time  consuming 

o p e r a t i o n .   Another  d i sadvan tage   o f  u s i n g   a  f r e e - f a l l  

ob jec t   to  open  a  c o l l a r   is  the  i n a b i l i t y   to  wipe,  o r  

remove,  the  th in .  f i lm  of  d r i l l i n g   mud  on  the  ins ide   o f  

the  casing  before   passage  of  the  cement  s l u r r y   and  t h e  

plug  which  is  pumped  behind  the  s lu r ry   to  close  t h e  

t o o l .   Consequent ly ,   the  l a s t   cement  to  exi t   the  c o l l a r  

to  the  annulus  is  highly  contaminated   with  the  mud  wiped 

off  the  casing  i n t e r i o r ,   r e s u l t i n g   in  a  poor  cement  j ob  

ad j acen t   the  c o l l a r .  

A  f u r t h e r   d i sadvan tage   of  using  f r e e - f a l l   o b j e c t s  

r e s u l t s   when  the  opera to r   wishes  to  c i r c u l a t e   t h r o u g h  

the  lowermost  cementing  c o l l a r   while  the  f i r s t   s t a g e  

cement  s e t s ,   and  a s c e r t a i n   the  level   of  the  top  of  t h e  

f i r s t   s tage  of  cement  which  has  been  pumped  through  t h e  

f l o a t   shoe  or  f l o a t   c o l l a r .   In  order  to  a c c o m p l i s h  

t h i s ,   the  plug,   dart   or  bal l   must  be  f i shed   out  of  t h e  

casing  a f t e r   i t   is  used  to  open  the  cementing  c o l l a r  

s l eeve ,   in  order  to  run  a  t empera tu re   probe  down  t h e  

casing  i n t e r i o r   below  the  cementing  c o l l a r   to  loca te   t h e  

cement  level   in  the  a n n u l u s .  

While  a  cementing  system  of  the  type  desc r ibed   i n  

the  a f o r e s a i d   U.S.  patent  no.  3,768,562  e l i m i n a t e s   t h e  

use  of  p lugs ,   dar ts   or  b a l l s ,   i t   is  also  d i f f i c u l t   t o  

use  in  highly  devia ted   holes  as  the  weight  of  the  t u b i n g  



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

f rom  e n g a g i n g   t h e   c o l l a r   s l e e v e ,   and  t he   i s o l a t i o n  

p a c k e r   c u p s   f rom  s e a l i n g   e f f e c t i v e l y .   M o r e o v e r ,   r u n n i n g  

a  t u b i n g   s t r i n g   t a k e s   t i m e   and  money ,   and  d o e s   no t   e f f e c t  

t he   w i p i n g   of  mud  f rom  t h e   c a s i n g   i n t e r i o r .  

We  have   now  d e v i s e d   a  c e m e n t i n g   c o l l a r   w h i c h  

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

to  an  i n c r e a s e   in  p r e s s u r e   i n s i d e   t h e   c a s i n g ,   t h u s  

e l i m i n a t i n g   t he   need   f o r   an  o p e n i n g   p l u g ,   d a r t   or  b a l l ,  

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

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

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

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

s t a g e   of  c e m e n t   to  a s c e r t a i n   i t s   t o p .  

A c c o r d i n g   to  t he   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  c e m e n t i n g   c o l l a r   c o m p r i s i n g :   s u b s t a n t i a l l y  

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

w a l l   of  s a i d   h o u s i n g   m e a n s ;   and  o p e n i n g   s l e e v e   m e a n s  

i n s i d e   s a i d   h o u s i n g   means   c o v e r i n g   s a i d   p o r t   m e a n s ;   a n d  

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

s a i d   o p e n i n g   s l e e v e   m e a n s .  

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

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

one  of  o r d i n a r y   s k i l l   in  t h e   a r t   by  a  r e a d i n g   of  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   of  one  p r e f e r r e d   e m b o d i -  

ment   and  o p e r a t i o n   t h e r e o f ,   g i v e n   by  way  of  i l l u s t r a t i o n  

o n l y ,   t a k e   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 ,  

w h e r e i n :  

FIGS.   1A  and  1B  c o m p r i s e   h a l f - s e c t i o n   v e r t i c a l  

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

i n v e n t i o n   in  i t s   i n i t i a l ,   c l o s e d   mode  as  run  i n t o   t h e  

w e l l   b o r e .  



FIGS.  2A  and  2B  comprise  a  view  s imi l a r   to  FIGS.  1A 

and  1B,  but  with  the  cementing  c o l l a r   in  an  open  mode. 

FIGS.  3A  and  3B  show  the  cementing  c o l l a r   of  t h e  

p resen t   i nven t ion   in  a  f i n a l   c losed  mode  as  it   would 

appear  a f t e r   cementing  has  been  conducted  t h e r e t h r o u g h .  

FIG.  4  is  a  f u l l   s ec t ion   schematic  of  a  c a s i n g  

s t r i n g   i n c o r p o r a t i n g   the  c o l l a r   of  the  p resen t   i n v e n t i o n  

showing  a  wiper  plug  p reced ing   the  cement  s l u r ry   w i t h  

the  c o l l a r   in  an  open  mode. 

FIG.  5  is  a  f u l l   s e c t i o n   en la rged   schematic  showing 

the  c o l l a r   of  the  p r e s e n t   i nven t ion   as  it   is  c losed  by  a 

plug  fo l lowing  the  cement  s l u r r y   pumped  through  t h e  

c o l l a r   p o r t s .  

Re fe r r ing   to  FIGS.  lA  and  lB,  cementing  c o l l a r   10 

of  the  p re sen t   i n v e n t i o n   comprises  tubu la r   upper  body  12 

with  c y l i n d r i c a l   e x t e r i o r   14  having  ex t e rna l   th reads   16 

on  i ts   lower  end.  The  i n t e r i o r   of  upper  body  12  i n c l u -  

des  entry  bore  wall  18,  fo l lowed  by  r a d i a l   annular   s t e p  

20  leading   to  i n t e r n a l   th reads   22  by  which  co l l a r   10  i s  

made  up  with  a  casing  j o i n t   thereabove   (not  shown).  

Below  th reads   22,  su r f ace   24  leads  to  annular   s h o u l d e r  

26,  f lanked  by  ob l ique   edges  28  and  30.  Below  s h o u l d e r  

26,  c y l i n d r i c a l   inner  wall  32  leads  to  beveled  lower  edge 



34,  t e r m i n a t i n g   at  the  r a d i a l l y   f l a t   bottom  edge  36  o f  

upper  body  1 2 .  

Case  40  is  secured  by  threads   42-to  upper  body  12 ,  

and  pos se s se s   a  s u b s t a n t i a l l y   uniform  c y l i n d r i c a l  

e x t e r i o r   44.  Below  th reads   42,  c o l l e t   wall  46  leads  t o  

obl ique   annular   shoulder   48,  extending  r a d i a l l y   i nward  

to  shallow  annular   s tep  49,  below  which  is  shallow  a n n u -  

lar   r ecess   51  in  c y l i n d r i c a l   wall  50.  Wall  50  i s  

p ie rced   by  a  p l u r a l i t y   of  c i r c u m f e r e n t i a l l y   s p a c e d  

cementing  por t s   52,  below  which  a  p l u r a l i t y   of  lock  r i n g  

notches  54,  56  and  58  are  cut .   At  the  bottom  of  w a l l  

50,  i n t e r n a l   t h reads   60  engage  e x t e r n a l   threads   62  o f  

lower  body  64,  which  has  a  second  set  of  e x t e r n a l  

th reads   66  on  i t s   lower  e x t e r i o r   for  connect ion  to  a 

casing  j o i n t   (not  shown).  Upper  body  12  is  welded  t o  

case  40  at  68,  and  case  40  is  in  turn  welded  to  lower  

body  64  at  70,  to  form  a  un i t a ry   a s s e m b l y .  

On  the  i n t e r i o r   of  c o l l a r   10,  thin  tubula r   p r o t e c -  

t ive   s leeve   80  is  s l i d a b l y   d isposed  within  inner  wall  32 

of  upper  body  12.  P r o t e c t i v e   s leeve  80  has  an  upper  

e x t e r i o r   wall  82,  t e r m i n a t i n g   in  shallow  annular   g r o o v e  

84  near  i t s   lower  end.  Below  groove  84,  wall  86 

th i ckens   and  extends  r a d i a l l y   outward  a  s l i g h t   d i s t a n c e  

beyond  wall  82,  t e r m i n a t i n g   at  i t s   lower  end  in  o b l i q u e  

annular   edge  98.  The  i n t e r i o r   of  p r o t e c t i v e   s leeve  80 



has  a  beveled  entry  wall  88,  fol lowed  by  a  smooth 

c y l i n d r i c a l   i n t e r i o r   wall  90,  which  is  p i e rced   by  r e l i e f  

por ts   92  opening  into  groove  84.  At  the  bottom  o f  

s leeve  80,  i n t e r n a l   th reads   94  engage  e x t e r n a l   t h r e a d s  

96  of  r e l e a s i n g   s leeve  100.  

Releas ing  s leeve  100  is  g e n e r a l l y   t ubu la r   in  s h a p e ,  

but  is  r e l a t i v e l y   t h i c k - w a l l e d   in  comparison  to  p r o t e c -  

t ive   s leeve  80.  Releasing  s leeve  100  inc ludes   uppe r  

e x t e r i o r   wall  102  into  which  a  p l u r a l i t y   of  a p e r t u r e s  

104  are  bored.  Below  a p e r t u r e s   104,  grooves  106  and  108 

hold  0 - r ings   110  and  112.  At  the  bottom  of  e x t e r i o r  

wall  102,  beveled  annular   edge  114  leads  inwardly  t o  

lower  e x t e r i o r   wall  116  of  l e s s e r   d iamete r .   The 

i n t e r i o r   of  r e l e a s i n g   s leeve  100  has  a  r a d i a l l y   f l a t  

upper  edge  118,  the  i n t e r i o r   of  which  abuts  f r u s t o c o n i -  

cal  wall  120  extending  into  c y l i n d r i c a l   i n t e r i o r   w a l l  

122,  leading   to  the  bottom  124  of  r e l e a s i n g   s leeve  100.  

A  p l u r a l i t y   of  notches  126  are  cut  in  the  bottom  124  o f  

s l e e v e  1 0 0 .   Plug  la tch  groove  128  is  d isposed  i n  

i n t e r i o r   wall  122 .  

Closing  s leeve  130  is  d isposed  between  r e l e a s i n g  

s leeve  100  and  case  40.  Closing  s leeve  130  inc ludes   a  

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

upward  extending  c o l l e t   f i nge r s   132  having  lugs  134  a t  

t he i r   upper  end.  Lugs  134  have  edges  136  ex tending   o u t -  



ward  over  annular   shoulder   48  in  case  40,  and  l o n g i t u d i -  

nal ly   o r i e n t e d   inner  faces  138  a g a i n s t   which  bears  t h e  

e x t e r i o r   of  wall  86  of  p r o t e c t i v e   s leeve   80.  Upward 

facing  ob l ique   annular   edge  139  is  d i sposed   at  t h e  

r a d i a l l y   inner  bottom  of  c o l l e t   f i n g e r s   132.  Shear  

screws  140  extend  through  th readed   a p e r t u r e s   142  i n  

c los ing   s leeve  130  into  a p e r t u r e s   104  in  r e l e a s i n g  

s leeve  100.  A  seal   is  e f f e c t e d   between  r e l e a s i n g   s l e e v e  

100  and  c lo s ing   s leeve  130  by  0 - r i ngs   106  and  108 

bear ing  a g a i n s t   i n t e r i o r   wall  143  of  c lo s ing   s leeve  130.  

The  e x t e r i o r   wall  144  of  c l o s ing   s leeve   130  is  o f  

s l i g h t l y   l e s s e r   d iameter   than  c o l l e t   f i n g e r s   132.  A  s e t  

of  annular   sea ls   146  and  148  are  d i sposed   in  a n n u l a r  

grooves  150  and  152  in  wall  144,  and  are  in  an 

uncompressed  s t a t e   as  they  p r o t r u d e   into  shallow  a n n u l a r  

recess   51  in  case  40.  A  second  set  of  annular   sea ls   154 

and  156  are  d isposed   in  annular   grooves  158  and  160  i n  

e x t e r i o r   wall  144,  and  s e a l i n g l y   bear  a g a i n s t   wall  50  o f  

case  40.  A  p l u r a l i t y   of  c i r c u m f e r e n t i a l l y   spaced  v a l v e  

ports   162  extend  through  the  wall  of  c lo s ing   s leeve  130 

and  open  onto  annular   groove  164  in  e x t e r i o r   wall  144 

t h e r e o f .   O-ring  166  in  annular   groove  168  s ea l ing   b e a r s  

aga in s t   wall  50  of  case  40  below  valve  por t s   162.  Wedge 

lock  r ings   170  and  172  are  d i sposed   in  t apered   r e c e s s e s  

174  and  176  in  c lo s ing   s leeve   130  below  O-ring  166,  and 



are  main ta ined   in  a  r a d i a l l y   inwardly  compressed  s t a t e  

by  wall  50 .  

Opening  seat   r e t a i n e r   180  is  disposed  below  v a l v e  

ports   162  w i t h i n  t h e   lower  po r t ion   of  c los ing   s l e e v e  

130,  th reads   182  thereof   engaging  threads   178  of  s l e e v e  

130.  0 - r ing   184,  disposed  in  groove  186  in  e x t e r i o r   w a l l  

188  of  r e t a i n e r   180  bears  aga ins t   i n t e r i o r   wall  143,  

e f f e c t i n g   a  seal   between  c los ing   s leeve  130  apd  open ing  

seat  r e t a i n e r   180.  

I n t e r i o r   wall  190  of  r e t a i n e r   180  is  p ierced   by 

a p e r t u r e s   192,  into  which  a  p l u r a l i t y   of  s h e a r  s c r e w s  

194  extend  through  threaded  ape r tu re s   196  in  the  wall  o f  

opening  s leeve  200,  which  is  disposed  within  r e t a i n e r  

180.  0 - r ing   202  in  groove  204  in  e x t e r i o r   wall  206  o f  

opening  s leeve   200  bears  aga ins t   i n t e r i o r   wall  190  o f  

r e t a i n e r   180,  e f f e c t i n g   a  seal  between  opening  s l e e v e  

200  and  seat   r e t a i n e r   180.  Annular  recess   198  e x t e n d s  

around  the  i n t e r i o r   of  seat   r e t a i n e r   180  at  the  top  o f  

wall  190 .  

At  the   top  of  opening  s leeve  200,  f lange  210 

extends  r a d i a l l y   outward  over  seat  r e t a i n e r   180,  and  t h e  

outer   face  212  of  f lange  210  conta ins   annular   groove  214 

t h e r e i n ,   wherein  0- r ing   216  is  d isposed,   bearing  a g a i n s t  

i n t e r i o r   wall  143  of  c los ing   s leeve  130.  The  top  o f  

f lange   210  comprises  a  r a d i a l l y   f l a t   sur face   218,  above 



which  a  p l u r a l i t y   of  ups tand ing   c i r c u m f e r e n t i a l l y  

extending  studs  220  extend  in  a l ignment   with  notches  126 

in  r e l e a s i n g   s leeve  100.  At  the  bottom  of  f lange  210,  a 

p l u r a l i t y   of  lugs  222  extends  downwardly  the re f rom.   On 

the  i n t e r i o r   of  opening  s leeve   200,  obl ique  entry  w a l l  

224  leads  to  c y l i n d r i c a l   bore  226,  within  which  an  

annular   plug  groove  228  is  d i sposed .   At  the  bottom  o f  

opening  s leeve   200  is  r a d i a l l y   f l a t   annular   s u r f a c e  

230.  

Refe r r ing   now  to  FIGS.  1-5  of  the  drawings,   t h e  

ope ra t i on   of  the  cementing  c o l l a r   of  the  p r e s e n t . i n v e n - .  

t ion  wi l l   be  desc r ibed   in  d e t a i l .   When  a  well  is  to  be 

cemented  in  s eve ra l   s t a g e s ,   a  c o l l a r   or  c o l l a r s   10  o f  

the  p re sen t   i nven t ion   are  i n c o r p o r a t e d   in  the  casing  a s  

casing  j o i n t s   are  made  up  and  run  into  the  well  b o r e .  

Collar   10  is  in  i t s   i n i t i a l ,   c losed  mode  as  shown  i n  

FIGS.  1A  and  1B  as  it   is  run  into  the  well  b o r e .  

As  shown  in  FIG.  4,  when  running  the  casing  302 

into  well  bore  300  is  completed,   the  f i r s t   s tage  o f  

cementing  is  begun,  with  cement  s l u r r y   being  pumped  down 

the  casing  bore  304  to  a  f l o a t   shoe  306  at  the  bottom  o f  

the  cas ing ,   and  out  into  annulus  308  between  the  c a s i n g  

302  and  the  wall  310  of  the  well  bore  300.  Pumping  o f  

the  s l u r r y   is  cont inued  u n t i l   the  cement  level   in  t h e  

annulus  reaches   a  des i r ed   l eve l   312,  which  may  be  a d j a -  



cent  the  lowermost  cementing  co l l a r   10  of  the  p r e s e n t  

i n v e n t i o n .   As  noted  p r e v i o u s l y   in  the  background  of  t h e  

i n v e n t i o n ,   the  well  ope ra to r   may  then wish  to  p r e s s u r e  

t e s t   the  casing  302  pr ior   to  i n i t i a t i n g   the  second  s t a g e  

of  cement ing.   In  th is   case,   s h u t - o f f   plug  313  is  pumped 

to  f l o a t   shoe  306  to  shut  off  thereon  and  p r e v e n t  

i nc rea sed   casing  p re s su re   from  opening  the  check  v a l v e  

in  f l o a t   shoe  306.  The  casing  may  then  be  p re s su red   up 

to  the  de s i r ed   l e v e l .  

While  p r e s s u r e   is  being  appl ied   for  the  t e s t ,   i t  

can  if  de s i r ed   be  f u r t h e r   i nc reased   so  as  to  s h i f t  

opening  s leeve   200  downward,  opening  the  casing  bore  304 

to  the  annulus  308  through  valve  por ts   162  and  cemen t ing  

por ts   52.  (See  FIGS.  2A  and  2B,  and  FIG.  4).  The 

a f o r e s a i d   s h i f t i n g   is  e f f e c t e d   by  the  l o n g i t u d i n a l  

p r e s su re   d i f f e r e n t i a l   across   opening  sleeve  200,  when 

the  force  gene ra t ed   by  casing  p re s su re   act ing  on  t h e  

l a rge r   area  provided  by  the  top  sur face   218  of  f l a n g e  

210  exceeds  the  force  genera ted   by  the  same  p r e s s u r e  

ac t ing   upon  bottom  sur face   230,  by  the  amount  of  f o r c e  

r equ i r ed   to  sever  shear  screws  194  securing  open ing  

s leeve  200  to  opening  seat   r e t a i n e r   180.  By  varying  t h e  

number  and  m e t a l l u r g i c a l   composi t ion   of  shear  sc rews  

194,  opening  s leeve  200  in  d i f f e r e n t   c o l l a r s   10  in  t h e  

same  cas ing  may  be  caused  to  shear  at  d i f f e r e n t  



p r e s s u r e s ,   an  opening  s leeve  200  in  a  lower  co l l a r   10 

being  s h i f t e d   at  a  lower  p r e s su re   than  the  open ing  

s leeve   200  in  a  higher  c o l l a r   10  n e x t  a b o v e .  

As  shown  in.FIG.  4,  the  opera to r   can  c i r c u l a t e  

through  the  opened  co l l a r   10  while  the  f i r s t   s tage  o f  

cement  is  s e t t i n g ,   and  run  a  t empera ture   probe  t h r o u g h  

and  below  the  unobs t ruc t ed   bore  of  co l l a r   10  and  c a s i n g  

bore  304.  

Upon  commencing  the  second  stage  of  cementing,   a 

wiper  plug  314  may  be  run  ahead  of  the  second  s t a g e  

cement  s l u r r y   316  in  order  to  wipe  the  casing  i n t e r i o r  

of  d r i l l i n g   mud,  which  as  noted  p r e v i o u s l y ,   c o n t a m i n a t e s  

the  cement  and  impairs  the  performance.   When  wiper  p l u g  

314  reaches   c o l l a r   10,  it  moves  t he re th rough   to  a  p o s i -  

t ion  jus t   below  ports   162  and  52,  as  shown  in  FIG.  5,  

pushing  most  of  the  d r i l l i n g   mud  through  por ts   162  and 

52  and  out  into  the  annulus  308.  The  second  s t a g e  

cement  s l u r r y   then  ex i t s   c o l l a r   10  and  f i l l s   the  a n n u l u s  

above  c o l l a r   10  to  the  next  higher  c o l l a r   10,  if  any,  o r  

to  any  o ther   des i r ed   l e v e l .  

At  the  top  of  the  second  stage  cement  s l u r r y  

column,  c los ing   plug  318  is  r e l e a s e d   by  the  well  o p e r a -  

t o r ,   and  is  pumped  down  casing  302  to  contact   r e l e a s i n g  

s leeve   100,  shou lder ing   on  wall  120  t h e r e o f .   The 

p r e s s u r e   above  c los ing   plug  318  wil l   cause  sever ing  o f  



shear  screws  140  securing  r e l e a s i n g   s leeve  100  t o  

c los ing   s leeve  130,  which  permits   downward  movement  o f  

r e l e a s i n g   s leeve  100  u n t i l   downward  facing  edge  98  o f  

wall  86  con t ac t s   upward  facing  edge  139  on  c l o s i n g  

s leeve  130.  This  movement  removes  the  outward  b i a s  

aga in s t   the  inner  faces  138  of  c o l l e t   lugs  134  by  w a l l  

86  of  p r o t e c t i v e   s leeve  80.  As  a  r e s u l t ,   c o n t i n u e d  

a p p l i c a t i o n   of  p re s su re   above  c lo s ing   plug  318  w i l l  

cause  lugs  134  on  c o l l e t   f i nge r s   132  to  move  r a d i a l l y  

inwardly,   whereupon  c los ing   s leeve  130  moves  downwardly 

with  r e l e a s i n g   s leeve  100,  p r o t e c t i v e   s leeve  80,  open ing  

s leeve  200  and  opening  seat   r e t a i n e r   180  to  the  p o s i t i o n  

shown  in  FIGS.  3A,  3B  and  5,  wherein  sets   of  seals   146 

and  148  and  seals   154  and  156,  r e s p e c t i v e l y ,   on  c l o s i n g  

s leeve  130  are  p o s i t i o n e d   above  and  below  cemen t ing  

por ts   52  in  case  40,  s h u t t i n g   off  annulus  308  from 

casing  bore  304.  Closing  s leeve  130  is  locked  in  t h e  

p o s i t i o n   shown  in  FIGS.  3A,  3B  and  5  by  the  expansion  o f  

wedge  lock  r ings   170  and  172  into  two  of  notches  54,  56 

and  58.  

Of  course ,   if  when  casing  p r e s su re   is  i n i t i a l l y  

appl ied   to  s h i f t   opening  s leeve  200,  s leeve  200  i s  

jammed  or  o therwise   wil l   not  s h i f t ,   for  example  due  t o  

the  use  of  i n c o r r e c t   shear  screws  of  the  wrong  number 

t h e r e o f ,   a  conven t iona l   f r e e - f a l l   opening  plug  may  be 



dropped  as  an  emergency  measure  and  p re s su re   a p p l i e d  

across   the  e n t i r e   c r o s s - s e c t i o n a l   area  t h e r e o f ,   so  as  t o  

s h i f t   s leeve   200  to  i t s   open  mode. 

Thus  it   is  apparen t   tha t   a  novel  and  unobvious  

cementing  c o l l a r   and  method  of  cementing  has  been 

i nven t ed .   The  p r e s e n t   i nven t ion   permits   the  opening  o f  

cementing  c o l l a r   ports   wi thout   mechanical   means,  and 

r e g a r d l e s s   of  the  degree  of  well  bore  d e v i a t i o n .  

Moreover,  the  c o l l a r   of  the  p re sen t   inven t ion   p e r m i t s  

the  use  of  a  wiper  plug  p r io r   to  the  second  stage  o f  

cement,  and  f a c i l i t a t e s   the  placement   of  i n s t r u m e n t a t i o n  

used  to  l o c a t e   cement  l eve l   in  the  a n n u l u s .  

Of  course ,   many  a d d i t i o n s ,   d e l e t i o n s   and  m o d i f i c a -  

t ions   may  be  made  to  the  p r e f e r r e d   embodiment  of  t h e  

i n v e n t i o n   as  de sc r i bed   he re in   wi thout   depar t ing   from  t h e  

s p i r i t   and  scope  of  the  i nven t ion   as  claimed.  For 

example,  and  not  by  way  of  l i m i t a t i o n ,   the  shear  sc rews  

employed  in  the  p r e f e r r e d   embodiment  might  be  d e l e t e d  

and  expandable   locking   r ings   employed  to  r e t a i n   com- 

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

employed;  the  c l o s i n g   s leeve  and  the  opening  s e a t  

r e t a i n e r   might  be  f a sh ioned   as  a  s ing le   piece;   s h e a r  

means  r a t h e r   than  c o l l e t   f i n g e r s   might  be  used  to  s e c u r e  

the  c l o s ing   s leeve   to  the  case  of  the  c o l l a r ;   the  o u t e r  

housing  of  the  c o l l a r . m i g h t   be  machined  as  one  p i e c e ;  

and  o t h e r s .  



1.  A  c e m e n t i n g   c o l l a r   c o m p r i s i n g :   s u b s t a n t i a l l y  

t u b u l a r   h o u s i n g   means   ( 1 2 , 4 0 , 6 4 ) ;   c e m e n t i n g   p o r t   m e a n s  

(52)   t h r o u g h   t h e   w a l l   (50)   of  s a i d   h o u s i n g   m e a n s ;   a n d  

o p e n i n g   s l e e v e   means   ( 2 0 0 )   i n s i d e   s a i d   h o u s i n g   m e a n s  

c o v e r i n g   s a i d   p o r t   m e a n s ;   and  p r e s s u r e   r e s p o n s i v e  

s l e e v e   s h i f t i n g   means   ( 2 1 8 )   a s s o c i a t e d   w i t h   s a i d  

o p e n i n g   s l e e v e   m e a n s .  

2.  A  c o l l a r   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   s a i d  

s l e e v e   s h i f t i n g   means   i s   a d a p t e d   to  s h i f t   s a i d   o p e n i n g  

s l e e v e   means   in  r e s p o n s e   to  a  p r e s s u r e   i n c r e a s e   i n s i d e  

s a i d   h o u s i n g   m e a n s .  

3.  A  c o l l a r   a c c o r d i n g   to  c l a i m   2,  w h e r e i n   s a i d  

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

at   one  end  of  s a i d   o p e n i n g   s l e e v e   m e a n s .  

4.  A  c o l l a r   a c c o r d i n g   to  c l a i m   3,  w h e r e i n -  s a i d  

f l a n g e   means   i s   d i s p o s e d   at  t h e   top   of  s a i d   o p e n i n g  

s l e e v e   m e a n s .  

5.  A  c o l l a r   a c c o r d i n g   to  any  of  c l a i m s   1  to  4 ,  

f u r t h e r   i n c l u d i n g   o p e n i n g   s e a t   r e t a i n e r   means   ( 1 8 0 )  d i s p o s e d  

b e t w e e n   s a i d   h o u s i n g   means   and  s a i d   o p e n i n g   s l e e v e  

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

r e s p e c t   to  s a i d   o p e n i n g   s e a t   r e t a i n e r   m e a n s ,   a n d  

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

6.  A  c o l l a r   a c c o r d i n g   to  c l a i m   5,  f u r t h e r  

i n c l u d i n g   c l o s i n g   s l e e v e   means   ( 1 3 0 )   d i s p o s e d   b e t w e e n  

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

s e c u r e d ,   and  s a i d   h o u s i n g   m e a n s ,   s a i d   c l o s i n g   s l e e v e  

means   h a v i n g   v a l v e   p o r t   means   ( 1 6 2 )   t h e r e t h r o u g h  

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



7.  A  c o l l a r   a c c o r d i n g   to  c l a i m   6,  f u r t h e r   i n c l u d i n g  

r e l e a s i n g   s l e e v e   means   ( 1 0 0 )   s l i d a b l y   d i s p o s e d   w i t h i n  

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

s a i d   o p e n i n g   s l e e v e   m e a n s .  

8.  A  c o l l a r   a c c o r d i n g   to  c l a i m   7,  f u r t h e r   i n c l u d i n g  

c o l l e t   means   ( 1 3 2 )   a s s o c i a t e d   w i t h   s a i d   c l o s i n g   s l e e v e  

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

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

r e l e a s i n g   s l e e v e   means   w h i l e   s a i d   r e l e a s i n g   s l e e v e   m e a n s  

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

9.  A  c o l l a r   a c c o r d i n g   to  c l a i m   8,  w h e r e i n   s a i d  

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

t i v e   s l e e v e   means   (80)   at   t he   top   t h e r e o f   and  e x t e n d i n g  

u p w a r d   t h e r e f r o m .  

10.  A  c o l l a r   a c c o r d i n g   to  c l a i m   8  or  9,  f u r t h e r  

i n c l u d i n g   s l e e v e   l o c k i n g   means   ( 1 7 0 , 1 7 2 )   a s s o c i a t e d  

w i t h   s a i d   h o u s i n g   means   and  s a i d   c l o s i n g   s l e e v e   m e a n s  

and  a d a p t e d   to  l o c k   s a i d   c l o s i n g   s l e e v e   means   in  a  

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

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