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©  Secondary  oil  recovery  system. 
  A  method  and  apparatus  for  oil  recovery  wherein  a 
downhole  steam  generator  16  and  a  pump  32  are  secured 
substantially  parallel  with  each  other  to  permit  simultaneous 
positioning  in  the  borehole  and  are  operated  independently 
whereby  said  pump  32  can  be  operated  sequentially  or 
simultaneously  with  said  generator  16. 



Background  of  the  I n v e n t i o n  

1.  Field  of  the  I n v e n t i o n  

This  inven t ion   r e l a t e s   to  secondary  oil  r ecovery   systems  and  i s  

p a r t i c u l a r l y   d i r e c t e d   to  means  for  g e n e r a t i n g   steam  within  a  borehole  and 

r ecover ing   oil  s t imula ted   by  said  s t e a m .  

2.  D e s c r i p t i o n   of  the  Prior   A r t  

The  use  of  steam  for  enhancing  secondary  oil  r ecovery   began  in  t h e  

United  S ta tes   around  1960.  O r i g i n a l l y ,   the  process  ca l l ed   for  a  steam  gen-  

e r a to r   loca ted   at  the  sur face   with  the  steam  being  i n j e c t e d   into  t h e  

t r e a t e d   well.   Over  the  next  twenty  years ,   steam  s t i m u l a t i o n   has  ga ined  

wide  accep tance   and  downhole  steam  g e n e r a t o r s   have  been  deve loped ,   which 

are  lowered  into  the  borehole  to  g e n e r a t e   steam  in  s i t u .   Typical  of  t h e s e  

downhole  steam  gene ra to r s   is  tha t   d i s c l o s e d   in  the  copending  a p p l i c a t i o n   o f  

William  R.  Wagner  et  al,   Ser.  No.  202,990,   f i l ed   11-3-80,   ass igned  to  t h e  

present   a s s i g n e e .  

The  Wagner  device  is  a  vas t   improvement  over  previous   steam  g e n e r -  

a to r s .   However,  there   has  s t i l l   been  c o n s i d e r a b l e   room  for  f u r t h e r   im- 

provement.  With  the  steam  g e n e r a t o r s   of  the  Wagner  type,   the  genera to r   i s  

lowered  down  the  borehole  to  the  level   of  the  format ion  to  be  t r e a t e d ,  

where  it  gene ra te s   steam  and  i n j e c t s   the  steam  into  the  fo rmat ion .   After  a 

des i red   period  of  time,  the  steam  gene ra to r   is  withdrawn  from  the  b o r e h o l e  

and  is  rep laced   by  a  pump  which  serves   to  produce  the  oil  which  was  r e -  

leased  by  the  steam.  Obviously  a  s u b s t a n t i a l   period  of  time  is  requi red   t o  

accomplish  th i s   t r a n s f e r   and  the  s t e a m - t r e a t e d   format ion  will  be  c o o l i n g  

down  during  th is   period.   Consequent ly ,   much  of  the  e f f e c t   of  the  steam 



t r e a t m e n t   is  wasted.   Moreover,  the  o p e r a t i o n s   involved  in  lowering  t h e  

steam  g e n e r a t o r   into  the  borehole ,   s u b s e q u e n t l y   removing  i t ,   and  l o w e r i n g  

the  pump,  r e q u i r e   much  labor  and  downtime,  whi-h  add  s u b s t a n t i a l l y   to  t h e  

cos t   of  the  p r o c e s s .  

Br ie f   Summary  and  Objects   of  the  I n v e n t i o n  

These  d i s a d v a n t a g e s   of  the  prior   art   are  overcome  with  the  p r e s e n t  

i n v e n t i o n   and  a  method  and  appara tus   are  provided  which  e l im ina t e   the  l o s s e s  

a s s o c i a t e d   with  equipment  t r a n s f e r s   and  which  permit   steam  t r ea tmen t   and 

p roduc t ion   to  occur  without   i n t e r m e d i a t e   equipment  t r a n s f e r s   and,  in  f a c t ,  

permit   p roduc t ion   to  occur  s i m u l t a n e o u s l y   with  the  steam  t r e a t m e n t .  

The  advan tages   of  the  present   i nven t ion   are  p r e f e r a b l y   a t t a i n e d   by  p r o -  

v iding  a  secondary   oil   r ecovery   system  having  a  downhole  steam  g e n e r a t o r  

and  pump  mounted  s u b s t a n t i a l l y   in  p a r a l l e l   with  each  o ther   so  as  to  p e r m i t  

s imul t aneous   p o s i t i o n i n g   in  the  borehole  and  to  permit   independent   o p e r -  

a t i on   of  the  steam  g e n e r a t o r   and  pump,  so  t ha t   the  pump  may  be  o p e r a t e d  

s e q u e n t i a l l y   or  s i m u l t a n e o u s l y   with  the  steam  g e n e r a t o r .  

Accord ing ly ,   i t   is  an  objec t   of  the  p re sen t   i nven t ion   to  provide  an 

improved  system  for  secondary  oil  r e c o v e r y .  

Another  o b j e c t   of  the  present   inven t ion   is  to  provide  an  improved 

method  and  a p p a r a t u s   for  steam  t r e a t i n g   s u b t e r r a n i a n   format ions   and  r e c o v e r -  

ing  oil  r e l e a s e d   from  the  format ions   by  the  t r e a t m e n t .  

An  a d d i t i o n a l   ob jec t   of  the  present   i n v e n t i o n   is  to  provide  a p p a r a t u s  

for  steam  t r e a t i n g   borehole  format ions   and  r e c o v e r i n g   oil  r e leased   by  t h e  

t r e a t m e n t   wi thout   r e q u i r i n g   i n t e r m e d i a t e   t r a n s f e r   of  appara tus   into  and  ou t  

of  the  b o r e h o l e .  

A  s p e c i f i c   ob jec t   of  the  present   i nven t ion   is  to  provide  a  s e c o n d a r y  

oil  recovery   system  compris ing  a  downhole  steam  g e n e r a t o r   and  a  pump  s e -  

cured  s u b s t a n t i a l l y   p a r a l l e l   with  each  other   to  permit  s imultaneous  p o s i -  

t i o n i n g   in  the  borehole  and  means  for  o p e r a t i n g   the  pump  independent ly   o f  

the  steam  g e n e r a t o r   to  permit  the  pump  to  be  opera ted   s e q u e n t i a l l y   o r  



s imu l t aneous ly   with  the  steam  g e n e r a t o r .  

These  and  other   o b j e c t s   and  f e a t u r e s   of  the  p resen t   inven t ion   will  be 

apparent   from  the  fo l lowing   d e t a i l e d   d e s c r i p t i o n ,   taken  with  r e f e r e n c e   t o  

the  accompanying  d r a w i n g .  

Br ief   Desc r ip t ion   of  the  Drawings 

In  the  d r a w i n g s :  

FIG.  1  is  a  d iagrammat ic   r e p r e s e n t a t i o n   of  a  secondary  oil  r e c o v e r y  

system  embodying  the  p re sen t   i n v e n t i o n ;  

FIG.  2  is  a  t r a n s v e r s e   s ec t ion   through  the  system  of  FIG.  1,  taken  on 

the  l ine  2  -  -   2  t h e r e o f ;   and  FIG.  3  is  a  d iagrammat ic   r e p r e s e n t a t i o n   o f  

an  a l t e r n a t i v e   form  of  the  oil  r ecove ry   system  of  FIG.  1 .  

Detai led  Desc r ip t i on   of  the  I n v e n t i o n  

In  that   form  of  the  p resen t   i n v e n t i o n   chosen  for  purposes  of  i l l u s t r a -  

t ion  in  the  drawing,   FIG.  1  shows  a  secondary  oil  recovery   system,  i n d i -  

cated  g e n e r a l l y   at  2,  loca ted   in  a  borehole   4  which  p e n e t r a t e s   a  p l u r a l i t y  

of  fo rmat ions ,   as  i n d i c a t e d   at  6,  8,  10,  and  12.  If  d e s i r e d ,   the  b o r e h o l e  

4  may  be  enclosed  by  casing  14  along  part   of  i t s   l eng th .   Obviously,   how- 

ever,   the  formation  10  to  be  t r e a t e d   must  e i t h e r   be  increased   or,  i f  

cased,   the  casing  must  be  p e r f o r a t e d .  

The  oil  recovery   system  2  comprises   a  steam  gene ra to r   unit   16,  which 

may  be  s imi la r   to  tha t   of  Wagner  et  al,   c i ted   above.  A  water  l ine   18,  a 

fuel  l ine  20  and  an  a i r   l ine   22  connect  the  steam  gene ra to r   unit   16  w i t h  

s u i t a b l e   supply  sources ,   not  shown,  at  the  s u r f a c e .   The  output  of  t h e  

steam  genera tor   uni t   16  is  d e l i v e r e d   through  condui t   24,  check  valve  26, 

conduit   28,  and  exhaust   nozzle  30  into  the  borehole   4  and  the  formation  10 

to  be  t r e a t e d .   A  s u i t a b l e   pump  32  is  mounted  ad j acen t   conduit   28  and  i s  

ac tua ted   from  the  su r face   by  s u i t a b l e   means,  such  as  sucker  rod  34.  The 

pump  32  draws  oil  from  the  borehole  4  through  i n l e t   36  and  conduit   38,  and 

d e l i v e r s   the  oil  to  the  sur face   through  condui t   40.  A  s u i t a b l e   packer  42 

secures  condui ts   28  and  38  t o g e t h e r   and  serves  to  main ta in   the  r e c o v e r y  



system  2  at  a  d e s i r e d   l o c a t i o n   in  the  borehole   4  and  to  seal  the  borehole  4 

so  as  to  dr ive   the  steam  into  the  fo rmat ion   10  to  be  t r e a t e d .   A d d i t i o n a l  

coupl ing  means  44  serve  to  secure  the  components  t oge the r   to  form  an  i n t e -  

gral  u n i t .  

As  shown,  the  pump  i n l e t   36  is  p o s i t i o n e d   immediately  ad j acen t   t h e  

steam  nozzle  30.  This  ar rangement   is  p r e f e r r e d   for  what  is  ca l l ed   " h u f f  

and  puff"  o p e r a t i o n ,   wherein  the  steam  g e n e r a t o r   16  and  pump  32  are  a c t u -  

ated  s e q u e n t i a l l y .   With  th is   a r r angemen t ,   the  p ressure   developed  by  t h e  

steam  will  d r ive   oil  out  of  the  borehole   4  and,  hence,  will  p rec lude   s i m u l -  

taneous  pumping  while  the  steam  g e n e r a t o r   16  is  o p e r a t i n g .   However,  pump 

32  can  be  a c t u a t e d   in  the  same  i n s t a n t   t h a t   the  steam  genera tor   16  s t o p s .  

Thus,  p roduc t ion   can  be  i n i t i a t e d   while  the  format ion  10  is  at  i t s   h o t t e s t  

t e m p e r a t u r e   and  the  oil  is  at  i t s   lowest   v i s c o s i t y .   Thus,  a  s u b s t a n t i a l  

q u a n t i t y   of  oil  can  be  pumped  during  the  time  h e r e t o f o r e   requi red   for  t r a n s -  

fer  of  equipment.   Moreover,  s ince  no  equipment  t r a n s f e r   is  needed,  i t  

becomes  f e a s i b l e   to  ope ra te   the  steam  g e n e r a t o r   16  and  pump  32  on  a l t e r -  

nat ing  s chedu l e s ,   such  as  four  hours  of  steam  t r ea tmen t   followed  by  f o u r  

hours  of  pumping.  

FIG.  3  shows  an  oil  recovery   system  2  which  is  s imi la r   to  tha t   of  FIG. 

1  except  tha t   the  pump  i n l e t   condui t   38  is  e longated  so  as  to  p o s i t i o n   t h e  

pump  i n l e t   36  a  s u b s t a n t i a l   d i s t a n c e   below  t he  s t eam  exhaust  nozzle  30. 

With  th is   a r r angemen t ,   oil  that   is  r e l e a s e d   from  the  formation  10  by  t h e  

steam  t r ea tmen t   will  drain  into  the  borehole   4  ad jacen t   the  pump  i n l e t   36 

with  the  r e s u l t   tha t   steam  gene ra to r   16  and  pump  32  can  be  operated  s i m u l -  

t a n e o u s l y .   This  permits   recovery   from  ext remely   d i f f i c u l t   format ions   which 

would  not  y ie ld   to  pr ior   art   methods  of  p r o d u c t i o n .  



Obviously,   numerous  other   v a r i a t i o n s   and  m o d i f i c a t i o n   can  be  made 

without   d e p a r t i n g   from  the  p resen t   i n v e n t i o n .   Accord ing ly ,   i t   should  be 

c l e a r l y   unders tood  tha t   the  forms  of  the  p re sen t   invent ion   de sc r i bed   above  

and  shown  in  the  accompanying  drawing  are  i l l u s t r a t i v e   only  and  are  n o t  

intended  to  l im i t   the  scope  of  t h i s   i n v e n t i o n .  



1.  An  oil  r ecovery   system  c o m p r i s i n g :  

a  downhole  steam  g e n e r a t o r ;  

a  pump  secured  s u b s t a n t i a l l y   p a r a l l e l   with  said  steam  g e n e r a t o r   t o  

permit   s imu l t aneous   p o s i t i o n i n g   of  said  pump  and  said  g e n e r a t o r   in  a  b o r e h o l e ;  

and 

means  for  o p e r a t i n g   said  pump  and  said  g e n e r a t o r   i ndependen t ly   o f  

each  o t h e r .  

2.  The  oil  r ecovery   system  of  Claim  1  wherein  the  in take   for  said  pump  i s  

l oca t ed   a d j a c e n t   to  and  s l i g h t l y   above  the  o u t l e t   nozzle   of  said  steam  g e n e r a t o r .  

3.  The  oi l   r ecovery   system  of  Claim  1  wherein  the  in take   for  said  pump  i s  

l oca t ed   a  s u b s t a n t i a l   d i s t a n c e   below  the  o u t l e t   nozzle   of  said  steam  g e n e r a t o r .  

4.  The  oil  recovery   system  of  Claim  1  wherein  said  means  for  o p e r a t i n g  

permits   s imul t aneous   o p e r a t i o n   of  said  pump  and  said  steam  g e n e r a t o r .  

5.  The  method  of  oil  recovery   compris ing  the  s teps   o f :  

g e n e r a t i n g   steam  in  s i tu   at  a  l o c a t i o n   wi th in   a  b o r e h o l e ;  

i n j e c t i n g   sa id   steam  i n t o  t h e   format ions   a d j a c e n t   said  borehole  t o  

r e l e a s e   oil  from  said  f o r m a t i o n s ;   and 

pumping  said  oil  to  the  su r f ace   wi thout   removing  said  steam  g e n e r a t o r .  

6.  The  method  of  Claim  5  wherein  said  pumping  step  is  performed  s i m u l -  

taneous  with  said  g e n e r a t i n g   s t e p .  
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