SUBSEA WELL SEPARATI ON AND REI NJECTI ON SYSTEM Field
of the Invention: This invention relates in general to
subsea well oil and gas production, and in particul ar
to a system having a subsea separator and injection
punp for injecting separated waste fluid back into
the well. -1 Background of the Invention: One type of
subsea wel | production utilizes a subsea Christnas
tree |ocated at the sea floor at the upper end of the
well. The Christmas tree has val ves and a choke for
controlling the well fluid being produced. In one
type of production, the fluid flows fromthe tree to a
production platformat the surface. The production

pl atform has separators for separating waste products,
such as water, fromthe well fluid. One nethod to

di spose of the separated water is to punp it back down
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to a system having a subsea separator and injection pump for injecting separated waste fluid back

into the well.



capacity to overcone the frictional effects of the
conduits leading to the injection wells, which maybe
renote fromthe wells being produced. Installing a
subsea separator adjacent a subsea well for separating
fluid has been proposed. Al so, subsea punps have been
proposed for location on or adjacent well head
assenblies for boosting the pressure at the well head
to convey fluids to a floating production vessel. -2
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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, io the production platform. In very
deep water, the well pressure may be inadequate. Also, the injection pump must have sufficient
capacity to overcomie the frictional effects of ﬂm conduits leading to the injection wells, which
may be 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 éonvey fluids to a floating production

vessel.



on a lateral side of the tree. In a third enbodi nent,
the separator and punp are nounted alongside the tree
and supported i ndependently. The injected fluid may be
injected to a tubing annul us surroundi ng the
production tubing. Alternately, a separate string of
tubing for injection could be utilized. -3 Brief
Description of the Drawings: Figure 1 is a schematic
of a subsea well production system constructed in
accordance wth this invention. Figure 2 is a
schematic of an alternate enbodi nent of a subsea well
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com:%gte e’wasg%Md outlet of the separator for pumping waste fluid back into the well

into an injection formation.

n 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
6n a lateral side of the tree. In a third embodiment, the separator and pump are mounted
alongside the tree and supported independently.

The inj ected fluid may be injected to a tubmg annulus surrounding the production tubing.

Alternately, a separate string of tubmg for injection could be utilized.



mul tiple 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 cenented in
wel | 13 and has a set of production formation
apertures or perforations 19. Perforations 19

communi cate the interior of casing 15 with well fluid
of a producing formation. Al so, casing 15 has a set
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enbodi nent, injection perforations 21 are |ocated

wifhlE gviehtuct i on perforations 19, but that could be
reversed in other wells. A packer 23 separates
perforations 19 fromperforations 21, packer 23 being-
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producti on passage 25 that is in fluid comuni cation

acabrdafcwitithxt ihwentiort. ubi ng 17. Tree 11 al so has a tubing
annul us passage 27 that is fluid comunication with
the annulus surrounding production tubing 17. Tree 11
couFiguize3 &f a acheypiéc whanotlien alidrpate @@?@mhﬁﬁg ¢ subgaggyell production
shown) for tubing 17 lands in the well head housi ng

sydbah ovectdrdance with nglinkeationwo bores, one for production
passage 25 and one for tubing annulus 27. Alternately,
production tree | 1 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 tubi ng annul us
passage 27 :




in that instance extends through a portion of tree i
and bypasses the tubing hanger. A support frame 29 is
nounted to and above tree 11. In this enbodi nent,
support frame 29 preferably nmounts to an upward
protrudi ng mandrel (not shown) of tree 11. The mandre
-5 conprises a cylindrical nenber having an exterior
grooved profile for receiving a connector (not shown)
of support franme 29. A subsea separator 31 is nounted
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It RefeRfRe Bk lcmBbditest 0O MEulea, PehAsthidieecNa\d RBurfed to the upper end
coal escent unit 33 and a dielectrophoresis unit 35,

of Ul BS WeB 5 el Rad® 10UkioSREEs 3PRIsinEals B in the schematic, the
2003/ 0150731. ""Separator 31 is horizontally nounted

mlahﬁkiq% %ﬁﬁg@of‘é&@lﬁ%:g’ Hkiesdl SEkndticdilySs RsRG4CHIRUhieh isgﬂéjproduction

I's connected to a product flow'line 39 |eading

trin®. 3 SBAPbEpRBEREES RibhHE ANE shhBUSR N tasin@qlis! | da¥ing 15 i ted 1
° S?aciﬁgﬂgho e 37 at ?%E ouff%t end 5? geparaﬁgg Siscmnmle.m

welleBUhildShdsh §her %)fbhﬁ‘éti'oﬁ rforfati&:E BRY-@tR or LrB@lictd 19. Perforations 19
substantially at well head pressure. Alternately, choke

corthufRhtt thelifteli @GR EREhzAB WitiSRelillinid bPSho8@Mg binfon. Also, casing 15
separator 31. Choke 37 is a conventional variable

hasg hidl 6£iBRYLS Spdrhiads of YekBmtibRe fnfeMbd pbioratinsl 2t méa%nilﬂﬁ:ate the

{
ack preSsure in tree production passage 25. Fl ui

intSfRaslRRA 0N VaRamakREtichl zér® Sy RiGaiony WRtSY eRBbdilbnt, injection
aIternater coul d be or contain

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 11 could be of a type wherein the tubing hanger
(not shown) for tubing 1‘7 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 annplus 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



gas. This fluid, called herein for conveni ence "waste
fluid", proceeds through a waste fluid outlet 41 to
the inlet of an injection punp 43. Injection punp 43
is a subsea punp and could be of a variety of types.
If the waste fluid happens to be gas, injection punp
43 may conprise a conpressor, and the term "punp" is
meant to include conpressors. Preferably, injection
punp 43 is driven by an electrical notor. Injection
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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
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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 may be used to separate production formation
perforations 53 fromthe annul us of production tubing
51. Tree 45 has a production passage 57 and an
injection passage 59. In this exanple, injection
passage 59 is i qu1d communi.cation with a str
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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.ﬁom tree 45.



enbodi nent. However, in this enbodi ment, rather than
bei ng | ocated above, support frame 67 is cantilevered
out laterally fromtree 45. -7 A separator 69 that nay
be the sane as separator 31 in the first enbodinent is
nounted to support frame 67 with its inlet in fluid
comruni cation with production passage 57. An
i njection punp 71 is connected between injection
passage 59 and the waste fluid outlet of separator
69. In the enbodinment of Figure 2, the operation i
t heAsarEatersSdhd amaydedhatgy m@ll%fb&ﬁrﬁ&ﬁmﬁ@w&mﬂmomd
injects fluid into |n1ect|on t ubj ng at her .t han
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enbodi nent. In the third enbodi nent, shomn in Figure
injeptiomipringt Hals qoppRsted Pefpspn HRIeFHoNRAEWET 80 Zndhthg waste flud outlet of
constructed as in Figure 1 or as in Figure 2 or other
sepespis 9. Tinglde pmbpdiment ‘itfr%@ﬂ%tzr &% ??Séag%és thg samgp @s geseribed above
I njection passage 77. In the other enbaodi nents,
exqepidaieqtpnpErPYd teipethwd alt%@iﬁ*f%?ﬂ fubing b1 rafker Bhap inje fhg cpsig such as
vertical tree bores 75, 77 or it may be a spool or
casiugr S fredirsteppedingite di f f er ence between this
enbodi nent and the others principally is that the
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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 frame 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 W;ll fluids to a remote

production vessel.



83. Separator 81 and injection punp 83 maybe the sane
as in the first two enbodi nents, The invention has
signi ficant advantages. Locating separator and an
injection punp at a subsea tree allows the operator
to inject fluid back into the sanme well that the
operator is producing from The disposal of waste
wat er may assist in the production of well fluids and
provi des an efficient neans of disposal. This system
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d%ﬁﬁ?ﬁ?&@ﬁﬂgﬁgﬁﬁo e BN %nree of its forns, it shoul d
be apparent to those skilled in the art that it is
not so limted but susceptible to various changes
wi t hout departing fromthe scope of the invention. -9
| claim 1. A subsea well assenbly, conprising: a
subsea Christmas tree for |location at an upper end of
a subsea well for controlling well




fluid flomng up the well; a subsea separator at an
outlet of the tree for separating waste fluid fromthe
well fluid; and a subsea injection punp at a waste
fluid outlet of the separator, the injection punp
being connected to the tree for injecting waste fluid
‘back into the well. 2. The assenbly according to claim
1, wherein the separator and the injection punp are
carried on and supported by the tree. 3. The assenbly
pEgording to claiml, wherein the separator and the
|njection punp are nounted on and |ocated above the

d | 1, wh
1 A e e g On punp are. mounted o
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ongs he tree. 6. A subsea well assenbly,
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a subsea injection pump at a waste fluid outlet of the separator, the injection pump being

connected to the tree for injecting waste fluid back into the well.

2. The assembly according to claim 1, wherein the separator and the injection pump are carried

on and supported by the tree.

3. The assembly according to claim 1, wherein the separator and the injection pump are mounted

on and located above the tree.

4. The assembly according to claim 1, wherein the separator and the injection pump are mounted

to and supported by the tree on a lateral side of the tree.

5. The assembly according to claim 1, wherein the separator and the injection pump are mounted

alongside the tree.

6. A subsea well assembly, comprising:
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comuni cation with a production formati on and a second
set of apertures in fluid conmunication with an
injection formation; a string of production tubing
extending into the casing, the tubing having an
interior in fluid comunication with the production
formation; a barrier separating the interior of the
tubing fromfluid communication with the injection
formation; a subsea Christnas tree |ocated at an upper

end of  the well and jn fluid, conmunicatiqn ith the . ..

" nt @R ObFs e HHHE et B SROTEIERGE a8 o7 | P phgrtutes in luid
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the tree for se ataﬂ¥n waste fluid fromthe well
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a waste fluid outlet of the separator, . the. inj.ecti.on. .
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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 separator connected to a production outlet of the tree for separating waste fluid

from the well fluid; and

a subsea injection pump having an intake at a waste fluid outlet of the separator, the

injection pump having an outlet connected to the tree for inj ecting waste fluid into the injection

formation.

7. The assembly according to claim 6 wherein the separator and the injection pump are carried

on and supported by the tree.

8. The assembly according to claim 6, 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.

-11-



8. The assenbly according to claim®6, further
conprising a supporting frame nounted on an upper end
of and supported by the tree, the separator and the
punp bei ng nounted on the supporting frame above the
tree. -11 9. The assenbly according to claim6,
further conprising a supporting franme nounted to and
supported by the tree, the supporting frane extending
laterally fromthe tree, the separator and the punp
bei ng nmounted_on the supporting frane al gngsi de the
9. tThe @ssembly avqpeding toeiain ¢, AEBS COMPRFIRER %IP%‘?THR‘%‘?? amyGrapugfeq to and
the separator and the punp are npunted al ongsi de the
suppogied by the trepdhesuppariing framecsieading lategrlly) Eamhihe tres, Mg sepapptor and
the injection punps injects the waste fluid into a
the prsRRF g ROHRERS 08 the HopaEtngdramselangtisige 19 . The
assenbly according to claim®6, further conprising: a
string of injection tubing extending through the
casi ng al ongsi de the_ production tubing .and having an
10y e pssemblycqording igickine 6rivRsFAIL e Poralar e fop BuPh e EloPRiRd
punmp and a lower outlet in fluid conmunication with
alqngeidg e &8%-i on formation. 13. A method of producing a
subsea wel |, conpri sing:

11. The assembly according to claim 6, wherein the injection pumps injects the waste fluid into

a tubing annulus surrounding the tubing.

12. The assembly according to claim 6, 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.

13. A method of producing a subsea well, comprising:

(a) installing a subsea Christmas tree at an upper end of a subsea well, connecting a
subsea separator to an outlet of the tree, and connecting a subsea injection pump at a waste fluid
outlet of the separator and to the tree;

(b) flowing well fluid up the well through the tree and into the separator;

(c) separating waste fluid from the well fluid with the separator; and

(d) with the injection pump, inj ectiﬁg the waste fluid separated by the separator back

through the tree into an injection formation in the well.
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(a) installing a subsea Christmas tree at an upper end
of a subsea well, connecting a subsea separator to an
outl et of the tree, and connecting a subsea injection
punp at a waste fluid outlet of the separator and to
the tree; (b) flowing well fluid up the well through
the-tree and into the separator; (c) separating waste
fluid fromthe well fluid with the separator; and (d)
with the injection punp, injecting the waste fluid
separated by the separator back through the tree into
an injection formation in the well. -12 14. The net hod

di | i i :
SR hE iAo SAGE et Rabls R cppryor end
tree. f t the t b | oor. 15.
e R s T T e

conprises nounting the separator and the injection
punp on and above the tree. 16. The nethod according

15, TpE Pl Sk Elatn s SRS SRR BB MM et dcbfiator ana
support by the,tree.ahove a sea floor on a latera
thes‘PEEmB‘fp e#n apd ghove iy gy o et hod according to clai m

13, wherein step (a) conprises nounting the separator
and '

16. The method according to claim 13, wherein step (a) comprises mounting the separator and

the injection pump to the tree for support by the tree above a sea floor on a lateral side of the

tree.

17. The method according to claim 13, wherein step (a) comprises mounting the separator and

the injection pump alongside the tree.

18. The method according to claim 13, wherein:

step (b) comprises flowing the well fluid up a string of production tubing installed in the

well; and
step (d) comprises injecting the waste fluid into a tubing annulus surrounding the

production tubing.

19. The method according to claim 13, wherein:
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the injection punp alongside the tree. 18. The net hod
according to claim 13, wherein: step (b) conprises
flowng the well fluid up a string of production
tubing installed in the well; and step (d) conprises
injecting the waste fluid into a tubing annul us
surroundi ng the production tubing. 19. The net hod
according to claim 13, wherein: -13 step (a)
conprises installing a string of production tubing in

oINS 4 o PR copgpmn
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up he str &N tubi ng; and step (d)
00?8‘ g?n“” ﬁ%ég d%n?ri}‘gﬁl\/\/félste fluid into the injection

tubj Is’creIISJ ) ¢ compnses flowing the well fluid up the string of production tubmg, and

step (d) comprises injecting the waste fluid into the injection tubing.
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