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©  Method  and  appararus  for  producing  viscous  crudes. 

©  To  assist  submersible  pumps  in  producing  high- 
ly  viscous  crudes  from  oil  wells,  injection  water  is 
conveyed  to  the  pump  assembly,  injected  into  the 
crude,  and  mixed  with  it  to  form  an  oil-in-water 
emulsion.  This  effectively  decreases  the  viscosity  of 
the  produced  fluid  and  helps  to  control  pump  operat- 
ing  temperatures.  The  water  injection  is  done  in  a 
shroud  at  the  base  of  the  submersible  pump. 
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METHOD  AND  APPARATUS  FOR  PRODUCING  VISCOUS  CRUDES 

The  present  invention  relates  to  the  production 
of  petroleum,  and  more  particularly  to  a  method 
and  apparatus  for  producing  extremely  viscous 
crude  oil  from  underground  reservoirs. 

Little  by  little,  the  world's  easily  found  and 
easily  produced  petroleum  energy  reserves  are 
becoming  exhausted.  Consequently,  to  continue  to 
meet  the  world's  growing  energy  needs,  ways  must 
be  found  to  locate  and  produce  much  less  acces- 
sible  and  less  desirable  petroleum  sources.  Wells 
are  now  routinely  drilled  to  depths  which,  only  a 
few  decades  ago,  were  unimagined.  Ways  are  be- 
ing  found  to  utilize  and  economically  produce  re- 
serves  previously  thought  to  be  unproducible  (e.g., 
extremely  high  temperature,  high  pressure,  corro- 
sive,  sour  and  so  forth).  Secondary  and  tertiary 
recovery  methods  are  being  developed  to  recover 
residual  oil  from  older  wells  once  thought  to  be 
depleted  after  primary  recovery  methods  had  been 
exhausted. 

Some  crude  oils  (or,  more  broadly,  reservoir 
fluids)  have  a  low  viscosity  and  are  relatively  easy 
to  pump  from  the  underground  reservoir.  Others 
have  a  relatively  low  viscosity  at  elevated  reservoir 
temperatures,  but  become  viscous  as  they  cool 
while  being  produced.  Still  others  have  very  high 
viscosities  even  at  reservoir  conditions.  It  is  not 
uncommon,  therefore,  to  find  wells  with  consider- 
able  quantities  of  valuable  crude  which  have  never- 
theless  been  shut  in  because  it  was  too  expensive 
to  produce  the  viscous  crude  by  pumping  it  out. 

A  need  therefore  remains  for  a  new  and  im- 
proved  method  and  apparatus  which  will  change 
the  economics  of  producing  such  highly  viscous 
crudes  so  that  these  valuable  energy  reserves  can 
be  economically  and  efficiently  produced.  Prefer- 
ably,  such  a  method  and  apparatus  will  be  uncom- 
plicated  and  straightforward  in  design  and  imple- 
mentation,  versatile,  durable,  and  readily  suited  to 
utilization  in  the  widest  possible  range  of  viscous 
crude  pumping  environments. 

Briefly,  the  present  invention  meets  the  above 
needs  with  a  new  and  improved  method  and  ap- 
paratus  for  producing  viscous  crudes  which  is  par- 
ticularly  well  adapted  for  use  with  electrical  sub- 
mersible  pumps. 

The  apparatus  according  to  the  invention  com- 
prises:  a  submersible  pump  lift  system;  a  shroud 
having  an  inlet  for  reservoir  fluids  containing  such 
viscous  crudes,  said  shroud  substantially  surround- 
ing  an  inlet  of  said  submersible  pump  lift  system;  a 
water  conduit  for  conducting  water  from  the  surface 
to  said  shroud  inlet:  and  means  connected  to  said 
water  conduit  for  injecting  water  threfrom  into  said 

shroud  crude  inlet  for  mixing  such  water  with  reser- 
voir  fluids  coming  in  through  said  crude  inlet. 

The  method  according  to  the  invention  com- 
prises:  inducing  an  artificial  water-cut  into  the  vis- 

5  cous  crudes  to  decrease  the  effects  of  viscosity  on 
the  components  of  the  submersible  pump  lift  sys- 
tem;  by  means  of  the  induced  artificial  water-cut, 
increasing  the  volume  and  heat  capacity  of  the 
fluids  in  contact  with  the  motor  of  the  submersible 

70  pump  lift  system  to  reduce  its  operating  tempera- 
ture;  and  producing  the  injected  water  and  the 
viscous  crudes  through  the  submersible  pump  lift 
system. 

It  is  an  important  aspect  of  the  present  inven- 
75  tion  that  water  is  injected  and  mixed  with  viscous 

crude  in  a  shroud  at  the  base  of  the  submersible 
pump,  thereby  decreasing  the  effective  viscosity  of 
the  produced  fluids  and  also  controlling  the  pump 
operating  temperature. 

20  Electrical  submersible  pump  lift  systems  are 
preferred  in  certain  environments,  for  example  de- 
viated  wells  such  as  commonly  found  in  offshore 
situations,  where  a  plurality  of  wells  is  drilled  from 
a  single  platform.  In  a  deviated  well  a  rod  pump 

25  can  be  very  difficult  to  use,  partly  because  the  rod 
tends  to  rub  against  the  casing  and  tubing,  and 
partly  because  the  effective  pump  stroke  is  signifi- 
cantly  shortened  as  the  rod  flops  up  and  down 
within  the  casing,  once  each  cycle.  Also,  on  off- 

30  shore  platforms  the  surface  equipment  for  a  rod 
pumped  well  is  much  too  bulky. 

In  a  preferred  embodiment  of  the  apparatus 
according  to  the  present  invention,  an  electrical 
submersible  pump  lift  system  has  an  essentially 

35  cylindrical  shroud  which  entirely  surrounds  the  low- 
er  portion  of  the  pump  system.  In  addition  to  the 
usual  production  string  or  tubing  for  carrying  the 
produced  wellbore  fluids  to  the  surface,  the  appara- 
tus  according  to  the  present  invention  is  in  use  also 

40  connected  to  a  second  string  or  tubing  through 
which  injection  water  is  carried  downwardly  to  the 
base  of  the  shroud.  At  the  shroud  base,  the  water 
is  then  injected  into  the  incoming  crude  such  that 
the  crude  and  water  are  mixed  before  entering  the 

45  pump  intake.  Sufficient  water  is  used  (a  water  cut 
of  55%  or  more  being  required)  to  create  a  con- 
tinuous  water-wet  dispersion  or  emulsion  of  the 
viscous  crude  oil  and  the  water.  In  a  preferred 
embodiment  of  the  apparatus  according  to  the  in- 

50  vention,  this  mixing  is  facilitated  by  causing  the 
initial  combined  mixture  to  flow  upward  through  a 
static  mixer. 

The  water  is  usually  at  temperatures  below  the 
formation  temperature,  and  the  heat  capacity  of  the 
water  is  also  greater  than  that  of  the  crude  oil. 
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Advantageously,  therefore,  the  water-wet  emulsion 
is  next  caused  to  pass  in  contact  with  the  pump 
motor  in  order  to  assist  in  reducing  its  operating 
temperature.  The  water-wet  emulsion  then  enters 
the  pump  intake  for  pumping  to  the  surface  through 
the  production  string. 

These  and  other  objects  and  advantages  of  the 
invention  will  be  apparent  from  the  following  de- 
scription  with  reference  to  the  accompanying  draw- 
ings,  in  which: 

Fig.  1  is  a  greatly  simplified,  schematic,  par- 
tially  sectioned  elevational  view  of  an  apparatus  for 
producing  viscous  crudes  according  to  the  present 
invention,  located  within  a  cased  and  producing 
wellbore. 

Fig.  2A  is  a  somewhat  foreshortened,  de- 
tailed  view  of  the  top  portion  of  a  preferred  em- 
bodiment  of  the  invention  illustrated  schematically 
in  Fig.  1. 

Fig.  2B  is  a  continuation  of  Fig.  2A.  showing 
the  lower  portion  of  the  apparatus. 

Fig.  3  is  a  cross  sectional  view  taken  on  line 
3-  3  in  Fig.  2A. 

Fig.  4  is  a  cross  sectional  view  taken  on  line 
4-  4  in  Fig.  2A. 

Fig.  5  is  a  cross  sectional  view  taken  on  line 
5-  5  in  Fig.  2B. 

Fig.  6  is  a  cross  sectional  view  taken  on  line 
6-  6  in  Fig.  2B. 

Fig.  7  is  a  cross  sectional  view  taken  on  line 
7-  7  in  Fig.  2B. 

The  overall  layout  of  the  apparatus  according 
to  the  invention  may  be  seen  in  Fig.  1,  where  an 
electrical  submersible  pump  assembly  10,  consist- 
ing  of  a  motor  11,  seal  12,  and  pump  13,  is 
suspended  downhole  beneath  a  packer  14  in  the 
casing  15  of  an  oil  well.  Fluids  exiting  the  pump 
assembly  10  are  conveyed  to  the  surface  through  a 
conventional  production  string  17. 

Surrounding  the  electrical  submersible  pump 
assembly  10  is  a  shroud  20.  In  the  preferred  em- 
bodiment,  the  shroud  20  extends  entirely  around 
and  below  the  pump  assembly  10  so  that  the  fluids 
being  pumped  thereby  will  flow  past  and  in  contact 
with  the  pump  motor  11.  Thus,  the  shroud  20  has 
an  inlet  25  at  the  bottom  thereof  for  the  wellbore 
fluids  27.  Also  located  at  the  bottom  or  base  of  the 
shroud  20  -is  a  water  injector  30  for  injecting  water 
32  conveyed  thereto  from  the  surface  by  an  injec- 
tion  water  string  33.  Where  appropriate,  injector  30 
may  be  designed  to  jet  the  water  32  into  the 
incoming  reservoir  fluid  27  in  the  inlet  25  of  the 
shroud  20. 

As  will  be  clear  from  the  drawing  figures,  the 
injection  water  32  is  thus  injected  into  the  wellbore 
fluids  as  they  enter  the  shroud  20,  upstream  from 
(although  physically  below)  the  pump  and  pump- 

inlet.  The  objective  is  to  reduce  the  effective  vis- 
cosity  of  the  fluids  by  creating  a  water-continuous 
dispersion  or  emulsion,  which  requires  relatively 
intimate  mixing  of  the  viscous  crude  oil  27  and  the 

5  water  32.  Such  mixing,  of  course,  will  ultimately 
take  place  within  the  pump  13.  However,  in  the 
preferred  embodiment  it  is  considered  desirable  to 
have  the  emulsion  reasonably  well  formed  before  it 
gets  to  the  pump  impeller  so  that  the  operation  of 

w  the  pump  impeller  will  be  more  efficient,  as  further 
described  below.  The  preferred  embodiment  thus 
includes  a  static  mixer  35  in  the  flow  path  between 
the  shroud  inlet  25  and  the  pump  intake  37.  Static 
mixer  35,  in  the  preferred  embodiment,  is  simply 

75  any  appropriate  commercially  available  static  dif- 
fuser.  The  particulars  of  the  diffuser  are  not  critical 
and  may  be  varied  as  desired  or  appropriate. 

Injection  of  the  water  and  initial  mixing  with  the 
wellbore  fluids  27,  in  the  preferred  embodiment,  is 

20  also  facilitated  by  passing  them  simultaneously 
through  an  inverted  crossover  diffuser  38  from  a 
513  Series  Centrilift  separator  (available  from 
Baker/Hughes  Centrilift  factory,  Huntington  Beach, 
California,  USA),  which  was  easier  and  less  expen- 

25  sive  than  custom  fabricating  injector  nozzles. 
The  operation  of  the  invention  is  thus  quite 

straightforward.  The  second  string  33  brings  the 
injection  water  32  to  the  shroud  20  where  effective 
mixing  of  the  wellbore  fluids  27  with  the  additional 

30  injection  water  32  takes  place.  The  mixed  fluids 
then  pass  upwardly  by  the  electric  pump  motor  1  1 
to  cool  it,  and  then  enter  the  pump  intake  37  for 
pumping  to  the  surface  through  the  production 
string  17.  Advantageously,  sufficient  water  32  can 

35  be  initially  supplied  such  that  the  electrical  sub- 
mersible  pump  13  can  be  started  with  a  100% 
water-cut. 

Mixing  the  highly  viscous  crude  27  with  the 
additional  injection  water  32  has  several  significant 

40  advantages.  The  actual  viscosity  of  the  oil  itself,  of 
course,  remains  unchanged.  However,  the 
"effective"  viscosity  of  the  fluid  to  be  pumped  is 
significantly  reduced  if  sufficient  water  is  employed 
to  create  an  effective  water-wet  emulsion.  In  such  a 

45  case,  the  water  lubricates  the  pump,  and  the  pump 
impellers  essentially  see  water,  not  the  suspended 
or  emulsified  oil  therein.  The  load  on  the  pump  is 
thus  very  substantially  reduced  because  it  does  not 
have  to  overcome  the  substantial  drag  of  a  highly 

so  viscous  crude  oil.  In  the  preferred  embodiment,  a 
water  cut  of  around  55%  or  more  has  been  found 
to  be  highly  effective,  and  to  be  essentially  in- 
dependent  of  the  viscosity  of  the  particular  crude 
27  being  produced.  Pump  energy  consumption  is 

55  thus  substantially  diminished,  pump  efficiency  is 
accordingly  improved,  pump  heating  and  the  re- 
quirements  for  cooling  the  pump  are  correspond- 
ingly  reduced,  and  viscous  drag  of  the  fluids  flow- 

3 



5 EP  0  322  958  A2 6 

ing  through  the  production  string  17  to  the  surface 
is  also  very  greatly  reduced. 

As  an  example  of  the  effectiveness  of  the 
present  invention,  it  has  been  used  successfully  to 
produce,  at  commercially  acceptable  net  rates  and 
costs,  an  average  of  35  m3  of  oil  per  day  from  a 
well  which  had  been  previously  shut-in  for  one  and 
a  half  years.  In  fact,  the  well  had  been  shut-in  due 
to  the  unfavorable  economics  of  producing  the 
highly  viscous  crude  in  the  well.  With  the  apparatus 
according  to  the  present  invention,  however,  inject- 
ing  about  50-200  m3  of  water  per  day  (58%  -  84% 
blended  water-cut),  the  well  is  now  commercially 
successful. 

As  may  be  seen,  therefore,  the  present  inven- 
tion  has  numerous  advantages.  Through  the  in- 
troduction  of  a  suitable  fluid  from  the  surface  into 
the  producing  wellbore,  the  detrimental  effects  of 
the  viscous  oil  on  the  performance  of  an  electrical 
submersible  pump  are  substantially  reduced.  An 
injection  water  side  string  is  incorporated  along 
with  a  modified  motor  shroud  for  generating  a 
homogeneous  mixture  of  oil  dispersed  in  water, 
introducing  it  to  the  pump  intake,  and  also  causing 
it  to  travel  along  the  outside  of  the  motor  to  facili- 
tate  improved  motor  cooling.  Detrimental  effects  of 
viscous  crudes  on  the  electrical  submersible  pump 
are  thus  decreased,  and  the  run  life  of  the  electrical 
submersible  pump  motor  is  accordingly  increased. 
Pump  motor  life  is  further  increased  due  to  the 
increased  cooling  thereof.  Backpressure  on  the 
pump  is  decreased  and  tubing  friction  losses  dur- 
ing  production  are  reduced.  Additionally,  the 
present  invention  allows  the  produced  water-cut  to 
be  positively  controlled.  Also,  pump  selection  may 
be  made  with  greater  accuracy  and  without  the 
need  for  large  viscosity  correction  factors.  Further, 
the  injection  water  32  may  be  used  for  the  con- 
trolled  addition  of  chemicals,  such  as  for  scale 
inhibition,  corrosion  control,  and/or  further  viscosity 
reduction. 

Thus,  while  the  methods  and  forms  of  appara- 
tus  described  with  reference  to  the  accompanying 
drawings  constitute  preferred  embodiments  of  this 
invention,  it  is  to  be  understood  that  the  invention 
is  not  limited  to  these  precise  methods  and  forms 
of  apparatus,  and  that  changes  may  be  made 
therein  without  departing  from  the  scope  of  the 
invention. 

Claims 

1.  An  apparatus  for  producing  viscous  crudes 
from  a  producing  wellbore,  comprising: 
-  a  submersible  pump  lift  system; 
-  a  shroud  having  an  inlet  for  reservoir  fluids  con- 
taining  such  viscous  crudes,  said  shroud  substan- 

tially  surrounding  an  inlet  of  said  submersible 
pump  lift  system; 
-  a  water  conduit  for  conducting  water  from  the 
surface  to  said  shroud  inlet,  and 

5  -  means  connected  to  said  water  conduit  for  inject- 
ing  water  therefrom  into  said  shroud  crude  inlet  for 
mixing  such  water  with  reservoir  fluids  coming  in 
through  said  crude  inlet. 

2.  The  apparatus  of  Claim  1  wherein  said 
70  shroud  further  comprises  means  for  conducting  the 

mixed  water  and  reservoir  fluids  in  contact  with  the 
motor  of  said  pump  system  to  assist  in  cooling 
said  motor. 

3.  The  apparatus  of  Claim  1  further  comprising 
75  mixing  means  in  said  shroud  for  mixing  such  in- 

jected  water  with  the  reservoir  fluids  upstream  from 
the  inlet  of  said  pump  system  to  produce  a  sub- 
stantially  homogeneous  mixture  of  oil  dispersed  in 
water  for  introduction  into  said  pump  system. 

20  4.  The  apparatus  of  Claim  3  wherein  said  mix- 
ing  means  further  comprises  a  static  mixer. 

5.  The  apparatus  of  any  preceding  claim,  com- 
prising: 
-  an  electrical  submersible  pump  lift  system; 

25  -  a  substantially  cylindrical  shroud  having  an  inlet 
on  the  bottom  thereof  for  reservoir  fluids  containing 
such  viscous  crudes,  said  shroud  substantially  sur- 
rounding  said  electrical  submersible  pump  system 
and  extending  downwardly  therebeneath;  and 

30  -  a  static  mixer  in  said  shroud  for  mixing  injected 
water  with  the  reservoir  fluids  above  and  upstream 
from  the  inlet  to  said  electrical  submersible  pump 
system  to  produce  a  substantially  homogeneous 
mixture  of  oil  dispersed  in  water  for  introduction 

35  into  said  pump  system. 
6.  A  method  using  a  submersible  pump'  lift 

system  for  producing  viscous  crudes  from  a  pro- 
ducing  wellbore,  comprising: 

a)  inducing  an  artificial  water-cut  into  the 
40  viscous  crudes  to  decrease  the  effects  of  viscosity 

on  the  components  of  the  submersible  pump  lift 
system; 

b)  by  means  of  the  induced  artificial  water- 
cut,  increasing  the  volume  and  heat  capacity  of  the 

45  fluids  in  contact  with  the  motor  of  the  submersible 
pump  lift  system  to  reduce  its  operating  tempera- 
ture;  and 

c)  producing  the  injected  water  and  the  vis- 
cous  crudes  through  the  submersible  pump  lift 

so  system, 

7.  The  method  of  Claim  6  wherein  said  step  of 
inducing  an  artificial  water-cut  further  comprises 
injecting  water  into  the  crude  inlet  at  the  base  of  a 

55  shroud  which  substantially  surrounds  the  submers- 
ible  pump  lift  system  to  mix  the  water  with  viscous 
crudes  coming  in  therethrough. 

4 



7  EP  0  322  958  A2  8 

8.  The  method  of  Claim  6  further  comprising 
intimately  mixing  sufficient  water  with  the  viscous 
crudes  to  create  a  water-wet  emulsion,  thereby 
reducing  viscosity  effects  on  the  pump  impellers 
and  increasing  heat  transfer  from  the  motor.  5 

9.  The  method  of  Claim  8  wherein  said  intimate 
mixing  step  further  comprises  jetting  the  water  into 
the  viscous  crude  to  draw  the  viscous  crude  into 
the  inlet  of  the  shroud. 

10.  The  method  of  Claim  8  wherein  said  in-  w 
timate  mixing  step  further  comprises  causing  the 
mixture  of  the  viscous  crude  and  the  injected  water 
to  flow  through  a  static  mixer. 

11.  The  method  of  Claim  6  further  comprising 
starting  up  the  electrical  submersible  pump  with  a  75 
substantially  100%  water-cut. 

12.  The  method  of  Claim  6  further  comprising 
adding  chemicals  to  the  injected  water. 

13.  The  method  of  Claim  12  wherein  said  step 
of  adding  chemicals  to  the  injected  water  further  20 
comprises  adding  chemicals  for  scale  inhibition. 

14.  The  method  of  Claim  12  wherein  said  step 
of  adding  chemicals  to  the  injected  water  further 
comprises  adding  chemicals  for  corrosion  control. 

15.  The  method  of  Claim  12  wherein  said  step  25 
of  adding  chemicals  to  the  injected  water  further 
comprises  adding  chemicals  for  viscosity  reduc- 
tion. 

30 

35 

40 

45 

50 

5 



EP  0  322  958  A2 



r  U  S£2.  958  A2 



EP  0  322  958  A2 


	bibliography
	description
	claims
	drawings

