
SUBSEA WELL SEPARATION AND REINJECTION SYSTEM  Field
of the Invention: This invention relates in general to
subsea well oil and gas production, and in particular
to a system having a subsea separator and injection
pump for injecting separated waste fluid back  into
the well. -1 Background of the Invention: One type of
subsea well production utilizes a subsea Christmas
tree located at the sea  floor at the upper end of the
well. The Christmas tree has valves and a choke for
controlling the  well fluid being produced. In one
type of production, the fluid flows from the tree to a
production platform at the  surface. The production
platform has separators for separating waste products,
such as water,  from the well fluid. One method to
dispose of the separated water is to pump it back down
conduits to subsea injection wells. This system
requires sufficiently high pressure in the well in
order to convey the well fluid, which still contains
water, to the production platform. In very  deep
water, the well pressure may be inadequate. Also, the
injection pump must have sufficient  capacity to
overcome the frictional effects of the conduits
leading to the injection wells, which  



maybe remote from the wells being produced. Installing
a subsea separator adjacent a subsea well for
separating fluid has been  proposed. Also, subsea
pumps have been proposed for location on or adjacent
wellhead  assemblies for boosting the pressure at the
wellhead to convey fluids to a floating production
vessel. -2 Summary of the Invention: In this
invention, a subsea Christmas tree is located at the
upper end of a subsea well for  controlling well fluid
flowing up the well. A subsea separator is located at
the outlet of the tree  for separating waste fluid,
such as water, from the well fluid. A subsea injection
pump is  connected to the waste fluid outlet of the
separator for pumping waste fluid back into the well
into an injection formation. In two embodiments, the
separator and injection pump are carried on a frame
that is  supported by the tree. In one of these
embodiments, the pump and separator are located above
the tree and in the other of these embodiments, the
separator and pump are supported by the tree  on a
lateral side of the tree. In a third embodiment, the
separator and pump are mounted  alongside the tree and
supported independently. 



The injected fluid may be injected to a tubing annulus
surrounding the production tubing.  Alternately, a
separate string of tubing for injection could be
utilized. -3 Brief Description of the Drawins: Figure
1 is a schematic of a subsea well production system
constructed in accordance  with this invention. Figure
2 is a schematic of an alternate embodiment of a
subsea well production system in  accordance with this
invention. Figure 3 is a schematic of another
alternate embodiment of a subsea well production
system in accordance with this invention. -4 Detailed
Description of the Invention: Referring to the
embodiment of Figure 1, a Christmas tree 11 is mounted
to the upper end  of a well 13. Well 13 typically has
at least two strings of casing 15, but in the
schematic, the  multiple strings of casing are
illustrated schematically as a single string, which is
the production  string. A string of production tubing
17 is suspended in casing 15. Casing 15 is cemented in
well 13 and has a set of production formation
apertures or perforations 19. Perforations 19  



communicate the interior of casing 15 with well fluid
of a producing formation. Also, casing 15  has a set
of injection apertures or perforations. Injection
perforations 21 communicate the  interior of casing 15
with an injection zone or formation. In this
embodiment,. injection  perforations 21 are located
above production perforations 19, but that could be
reversed in other  wells. A packer 23 separates
perforations 19 from perforations 21, packer 23 being
sealed  between casing 15 and tubing 17. Tree 11 has a
production passage 25 that is in fluid communication
with production  tubing 17. Tree 11 also has a tubing
annulus passage 27 that is fluid communication with
the  annulus surrounding production tubing 17. Tree 1
I could be of a type wherein the tubing hanger  (not
shown) for tubing 17 lands in the wellhead housing
below the tree and has two bores, one  for production
passage 25 and one for tubing annulus 27. Alternately,
production tree 11 could  be of the "horizontal" or
"spool" type, wherein the tubing hanger for production
tubing 17 lands  in the tree and has only a single
bore for production passage 25. The tubing annulus
passage 27  in that instance extends through a portion
of tree 11 and bypasses the tubing hanger. A support
frame 29 is mounted to and above tree 11. In this
embodiment, support frame  29 preferably mounts to an
upward protruding mandrel (not shown) of tree 11. The
mandrel  -5 



comprises a cylindrical member having an exterior
grooved profile for receiving a connector (not  shown)
of support frame 29. A subsea separator 31 is mounted
on support frame 29 above tree  11 and has its inlet
connected to tree 11 by a conduit 38. Separator 31
could be of a variety of  types. In this embodiment,
it is schematically shown to be a type having a
coalescent unit 33 and  a dielecirophoresis unit 35,
such as described in US published application
200310150731.  Separator 31 is horizontally mounted
and has a choke 37 located at its product outlet end,
which  is connected to a product flow line 39 leading
to a remote processing and transport facility.
Placing choke 37 at the outlet end of separator 31
results in the interior of separator 31 being
substantially at wellhead pressure. Alternately, choke
37 could be located on tree 11, upstream  from
separator 31. Choke 37 is a conventional variable
orifice device that varies the flow rate  and thus the
back pressure in tree production passage 25. Fluid
separated by separator 31 is typically water but it
alternately could be or contain  gas. This fluid,
called herein for convenience "waste fluid", proceeds
through a waste fluid  outlet 41 to the inlet of an
injection pump 43. Injection pump 43 is a subsea pump
and could be  of a variety of types. If the waste
fluid happens to be gas, injection pump 43 may
comprise a  compressor, and the term "pump" is meant
to include compressors. Preferably, injection pump  43
is driven by an electrical motor. Injection pump 43
has an outlet to tubing annulus passage 27  



for discharging waste fluid into casing 15. In the
operation of the first embodiment, well fluid from
production formation  perforations 19 flows up
production tubing 17 and production passage 25 in tree
11 to inlet line  38 of separator 31. Separator 31
separates waste fluid from the well fluid and passes
the product  fluid through choke 37 to product flow
line 39. The product flows through flow line 39 to a
processing and transport facility, typically a
floating platform. Separator 31 passes the waste  -6
fluid through waste outlet 41 to injection pump 43.
Injection pump 43 injects the waste fluid. into
tubing annulus passage 27. The waste fluid flows down.
casing 15 in the annulus surrounding  tubing 17 and
into an injection zone through injection perforations
21. In the embodiment of Figure 3, tree 45 may be
either a conventional type or a horizontal  type. Tree
45 is located at the upper end of a well 47 having a
string of production casing 49.  Production tubing 51
is suspended in casing 49 for receiving flow from
production formation  perforations 53. An upper packer
55 maybe used to separate production formation
perforations  53 from the annulus of production tubing
51. Tree 45 has a production passage 57 and an
injection passage 59. In this example,  injection
passage 59 is in fluid communication with a string of
injection tubing 61 suspended in  



casing 49 alongside production tubing 51. Injection
passage 59 may extend through the tubing  hanger
alongside production passage 57, or it may be routed
in another manner. Production  tubing 51 is in fluid
communication with injection formation perforations
63. A lower packer 65  separates injection formation
perforations 63 from production formation perforations
53. Lower  packer 65 seals between injection tubing 61
and casing 15. Upper packer 55 has a sealing  passage
through which injection tubing 61 passes. Although
injection formation perforations 63  are shown lower
than production formation perforations 53, this could
be opposite in other wells. Another optional
difference between the embodiment of Figure 2 and that
of Figure 1 is  the support frame 67. Support frame 67
is mounted to tree 45 for support by tree 45 above the
sea floor. It may be mounted to the mandrel with a
mandrel connector (not shown) as in the first
embodiment. However, in this embodiment, rather than
being located above, support frame 67 is  cantilevered
out laterally from tee 45. -7 A separator 69 that may
be the same as separator 31 in the first embodiment is
mounted  to support frame 67 with its inlet in fluid
communication with production passage 57. An
injection pump 71 is connected between injection
passage 59 and the waste fluid outlet of  separator
69. In the embodiment of Figure 2, the operation is
the same as described above  



except injection pump 71 injects fluid into injection
tubing 61 rather than into the casing, such as  casing
15 in the first embodiment. In the third embodiment,
shown in Figure 3, Christmas tree 73 may be mounted to
a well  constructed as in Figure 1 or as in Figure 2
or other types. Tree 73 has a production passage 75
and an injection passage 77. As in the other
embodiments, tree 73 may be either a conventional
type having two vertical tree bores 75, 77 or it may
be a spool or horizontal type. The difference between
this embodiment and the others principally is that the
support  frame 79 is not supported by tree 73. Rather,
it is mounted alongside and independently  supported
above the sea floor. Support flame 79 supports a
separator 81 and an injection pump  83. Separator 81
and injection pump 83 may be the same as in the first
two embodiments. The invention has significant
advantages. Locating separator and an injection pump
at a  subsea tree allows the operator to inject fluid
back into the same well that the operator is
producing from. The disposal of waste water may assist
in the production of well fluids and  provides an
efficient means of disposal. This system avoids costs
associated with transporting  waste fluid to and away
from a floating production vessel to a remote
injection well. This  system may also avoid the need
for having a booster pump to pump well fluids to a
remote  production vessel. 



-8 While the invention has been shown in only three of
its forms, it should be apparent to  those skilled in
the art that it is not so limited but susceptible to
various changes without  departing from the scope of
the invention. -9 CLAIMS  1. A subsea well assembly,
comprising: a subsea Christmas tree for location at an
upper end of a subsea well for controlling well fluid
containing water and oil flowing up the well; a subsea
water/oil separator at an outlet of the tree for
separating water from the well fluid, the  separator
comprising a cylindrical, elongated housing having a
longitudinal axis and containing a  device for
separating water from oil in the well fluid; a subsea
injection pump at a water outlet of the separator, the
injection pump being connected to  the tree for
injecting water back into the well; and wherein the
separator and the injection pump are mounted to a
mandrel of the tree such that their weights  are
supported by the tree and the longitudinal axis of the
housing of the separator is transverse to a
longitudinal axis of the tree. 



2. The assembly according to claim I, wherein the
separator and the injection pump are and  located
above the tree. 3. The assembly according to claim 1,
wherein the separator and the injection pump are
directly mounted to and cantilever supported only by
the tree on a lateral side of the tree offset  from
the longitudinal axis of the tree. 4. A subsea well
assembly, comprising: a string of casing cemented in
the well, the casing having a first set of apertures
in fluid  communication with a production formation
and a second set of apertures in fluid communication
with an injection formation; -10-  a string of
production tubing extending into the casing, the
tubing having an interior in fluid  communication with
the production formation; a barrier separating the
interior of the tubing from fluid communication with
the injection  formation; a subsea Christmas tree
located at an upper end of the well and in fluid
communication with the  interior of the tubing for
controlling well fluid flowing from the production
formation up the  tubing; 



a subsea water/oil separator connected to a production
outlet of the tree for separating water from  the well
fluid, the separator comprising an elongated
cylindrical housing having a longitudinal axis  and a
separator device for separating water from oil in the
well fluid; a subsea injection pump having an intake
at a water outlet of the separator, the injection pump
having an outlet connected to the tree for injecting
water into the injection formation; and wherein  the
separator and the pump are mounted to a mandrel of the
tree such that their weights are  supported by the
tree, and the longitudinal axis of the housing of the
separator being perpendicular  to a longitudinal axis
of the tree. 5. The assembly according to claim 4,
further comprising a supporting frame mounted on an
upper end of and supported by the tree, the separator
and the pump being mounted on the  supporting frame
above the tree. 6. The assembly according to claim 4,
further comprising a supporting frame mounted
directly to and supported only by the tree, the
supporting frame extending laterally from the tree,
the separator and the pump being mounted on the
supporting frame alongside and offset from a
longitudinal axis of the tree. 7. The assembly
according to claim 4, wherein the injection pump
injects the water into a  tubing annulus surrounding
the tubing. 



-11-  8. The assembly according to claim 4, further
comprising: a string of injection tubing extending
through the casing alongside the production tubing and
having an upper inlet in fluid communication with the
injection pump and a lower outlet in fluid
communication with the injection formation. 9. A
method of producing a subsea well, comprising: (a)
installing a subsea Christmas tree at an upper end of
a subsea well, mounting a subsea water/oil  separator
and subsea injection pump to a mandrel of the tree
such that their weights are supported  by the tree,
the separator having an elongated cylindrical housing
with a longitudinal axis oriented  horizontally and
containing a separating device connecting the
separator to an outlet of the tree,  and connecting
the pump to a water outlet of the separator and to the
tree; (b) flowing well fluid up the well through the
tree and into the housing of the separator;  (c)
separating water from the well fluid within the
housing of the separator; and (d) with the injection
pump, injecting the water separated by the separator
back through the tree  into an injection formation in
the well. 10. The method according to claim 9, wherein
step (a) comprises mounting the separator and  the
injection pump on and above the tree. 



11. The method according to claim 9, wherein step (a)
comprises cantilever mounting the  separator and the
injection pump directly to the tree for support only
by the tree above a sea floor  on a lateral side of
and offset from a longitudinal axis of the tree. 12.
The method according to claim 9, wherein: step (b)
comprises flowing the well fluid up a string of
production tubing installed in the well; and  _12_ 0
step (d) comprises injecting the water into a tubing
annulus surrounding the production tubing.  13. The
method according to claim 9, wherein: step (a)
comprises installing a string of production tubing in
the well in communication with a  production
formation, and installing a string of injection tubing
in the well in communication with  an injection
formation; step (b) comprises flowing the well fluid
up the string of production tubing; and  step (d)
comprises injecting the water into the injection
tubing. -13- 0 


