SUBSEA WELL SEPARATHON 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 Chri stmas
tree |located 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
conduits to subsea injection wells. This system
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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 |ocation on or adjacent
wel | head assenblies for boosting the pressure at the
wel | head to convey fluids to a floating production
vessel. -2 Summary of the Invention: In this

i nvention, a subsea Christmas tree is |ocated at the
upper end of a subsea well for controlling well fluid
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conduits to subsea injection wells. This system requires suﬁimently 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
may be remote from the wells being produced.

Installing a subsea seﬁarator 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.



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 Draw ns: 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 wel |l production systemin accordance with this
invention. Figure 3 is a schematic of another

al ternate enbodi nent of a subsea well production
systemin accordance with this invention. -4 Detailed

Seambhvb R Inehtibite | nvention: Referring to the

enbodi nent of Figure 1, a Christmas tree 11 i s nounted
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illustrated schematically as a single string, which is
foh @eparatinly) o/t Auid s tuch 1ag watér, stomi the voll fwid ddcubsen injeglpmpump is
17 is suspended in casing 15. Casing 15 is cenmented in
oumh¢otedi3o thaovabta Sluid oytiet obthe SepeTdier £ir PHOPIBE fatts Bid back into the well
apertures or perforations 19. Perforations 19
into an injection formation.

" In two embodiments, the separator and injection pump are camried 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 injected fluid may be injected to a tubing annulus surrounding the production tubing,

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



-comuni cate the interior of casing 15 with well fluid
of a producing formation. Al so, casing 15 has a set
of injection apertures or perforations. Injection
perforations 21 comuni cate the interior of casing 15
with an injection zone or formation. In this
enbodi nent,. injection perforations 21 are |ocated
above production perforations 19, but that could be
reversed in other wells. A packer 23 separates
perforations 19 from perforations 21, packer 23 being
pERt Blcriftoh VBB Deapinn® 15 and tubing 17. Tree 11 has a
oductii on.passage that is in fluid comrunication
Wi t h Bigueel g 4 sthemdtia loif A gubkda wall preduttioradystem Iverstractad ibaprgrdance
annul us passage 27 that is fluid comunication with
tvitle thissimventions sur roundi ng production tubing 17. Tree 1
I could be of a type wherein the tubing hanger (not

shown) for. tubhing, 17 | ands, i n, the
bl oS i sueats thin dage popeRen) e 15t v RS sypem n

as and one for tubi ng annul us 27. Alternately
%F@gﬂgfpﬁﬁﬂ?ﬁgg %P could be of the "horizontal " or

"spool " type, wherein the tubing hanger for production
t Ubi ghude’3 P Shemitid dfRBother @RerfdA¢] ciBsintt ¥f DAsubbeaGhell production
bore for production passage 25. The tubi ng annul us
BRE&ESIM & cerdanct With Bidtinvedhance ext ends through a portion
of tree 11 and bypasses the tubing hanger. A support
franme 29 is nounted to and above tree 11. In this
enbodi nent, support franme 29 preferably nounts to an
upward protrudi ng mandrel (not shown) of tree 11. The
mandrel -5



- conprises a cylindrical nmenber having an exterior
grooved profile for receiving a connector (not shown)
of support franme 29. A subsea separator 31 is nounted
on support franme 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 enbodi nent,
it is schematically shown to be a type having a
coal escent unit 33 and a dielecirophoresis unit 35,
such as described in US published application
PRAIPR R on of tREPVeRid: 31 is horizontally nounted

as a CNOKE ocated at its product outlet end,
which is connected to a product flow line 39 | eading
t 0 a Resstirigato the enbsirhantofdtigire I, a Ohfistmds tkeat is mbynted to the upper end
Pl aci ng choke 37 at the outlet end of separator 31
pswtl £3.i Well 2 typivtlir hag pt ledst wepgingt of cagitg beibuigin the schematic, the
substantial ly at wellhead pressure. Alternately, choke
Bltiplysirinee chsingaredbusspted pcbanatically 3pa sipgle siving whieh is the production
separator 31. Choke 37 is a conventional varjable
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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 welthead 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



for discharging waste fluid into casing 15. In the
operation of the first enbodi nent, well fluid from
production fornmation perforations 19 flows up
production tubing 17 and producti on passage 25 in tree
11 to inlet line 38 of separator 31. Separator 31
separates waste fluid fromthe well fluid and passes
the product fluid through choke 37 to product flow
line 39. The product flows through flowline 39 to a
processing and transport facility, typically a
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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
gasl 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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casi ng 49 al ongsi de production tubing 51. Injection
passage 59 may extend through the tubing hanger

al ongsi de production passage 57, or it may be routed

i n anot her manner. Production tubing 51 is in fluid
conmuni cation with injection formation perforations
63. A lower packer 65 separates injection formation
perforations 63 from production formati on perforations
53. Lower packer 65 seals between injection tubing 61
and casing 15. Upper packer 55 has a sealing passage

th h which jnjection tubi 1 A o
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is mounted to tree 45 for support by tree 45 above the
sea f1,GR embolimeR)bf BRukGitdee!d nia bt Bitherrmerirantional tybe @r a horizontal
mandr el connector (not shown) as in the first )
@y 0 dirdrrigtis lobdmatien ée uppen etchifs vesliAidianien e stringefreeduetipyasing 49.
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passage 59 and the waste fluid outlet of separator

tGge L’grhc% Izi gggg g%';il g% p%%%gg ieSg Wh8 ad.injbdti6n B4 1590 Mn ithis 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 lateraﬂy.ﬁ'om tree 45.



except injecti-on punp 71 injects fluid into injectton
tubing 61 rather than into the casing, such as casing
15 in the first enbodinment. In the third enbodi nment,
shown in Figure 3, Christmas tree 73 may be nounted 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

enbodi nents, tree 73 may be either a conventiona

type having two vertical tree bores 75, 77 or it may

be a spool or horizontal type. The.differenc et ween
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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 independgntly
supported above the sea floor. Support frame 79 supports 2 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.
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-8 Wiile the tnvention has been-shown in only three of
its fornms, it should be apparent to those skilled in
the art that it is not so limted but susceptible to
vari ous changes w thout departing fromthe scope of
the invention. -9 CLAIMS 1. A subsea well assenbly,
conprising: a subsea Christmas tree for |ocation 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

SO, UL 1580 0 iy b s e, 0N Afperent 0

conpr|3|ng a I'ndrica ated hou3|ng
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separating water fromoil in the well fluid; a subsea
] %ﬁ&ﬂﬂﬁg&@egmh@mMﬁﬁ&{ outl et of the separator, the
I njection punp being connected to the tree for
injecting water back into the well; and wherein the
separator and the.injection punp are nounted to a
mandrel of the tree such that their weights are
supported by the tree and the |ongitudinal axis of the
housi ng of the separator is transverse to a

| ongi tudi nal axis of the tree.



2. The assenbly according to claiml, wherein the
separator and the injection punp are and | ocated
above the tree. 3. The assenbly according to claiml1,
wherein the separator and the injection punp are
directly nmounted to and cantil ever supported only by
the tree on a lateral side of the tree offset from
the longitudinal axis of the tree. 4. A subsea well
assenbly, conprising: a string of casing cenented in
the well, the casing haviGigAIMS i r st set of apertures
in fluid communication with a production fornmation
and a second set of apertures in fluid comruni cation

1. Wi tAsubseaiwefl @stmbly, domprisitg:on; -10- a string of
production tubing extending into the casing, the
tubi ng having an interior in fluid conmunication wth

a subsse Chiissriasdies &n lacaionat arompergndefarsiesea welpter eanfralling well fluid

congamn%r“;agg il it qgltmg,,gur om fluid comunication with

he~i nj ecti on fornatlon a subsea Christmas tree

Iocated at an upper end of the well and in fluid

a subQETHRY G BlepdPRor it &rhodtl@tenf tHerﬂJe@fdr Spar@fing Wiertioli tR@wéIPfluid, the
control l.ing wel | fI Wi fron1th%wpm3duct|on

OW N
sepqr%?rﬁapprdﬁmglfﬁyyq@ca ¢ ﬁtﬁd housmg having a longt 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 1, 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;
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a subsea water/oil separator connected to a production
outlet of the tree for separating water from the well
fluid, the separator conprising an el ongated
cylindrical housing having a longitudinal axis and a
separator device for separating water fromoil in the
well fluid; a subsea injection punp having an intake
at a water outlet of the separator, the injection punp
havi ng an outl et connected to the tree for injecting

a staivegt of prodidtion tubing extereldtgi inn tHeensing ihe fybingmdvingvariatemor it figd

co %%R%t%‘%{%thf%%g}r&{&%&%a% mounted to a mandre| of the

ree suc elr welghts are supported by the

tree, and the longitudinal axis of the housing of the
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tree. 5. The assenbly according to claim 4,
formatipp;her conpr|S|ng a supporting frane nmounted on an
upper end of and supported by the tree, the separator
and the punp being nmounted on the supporting
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directly to and supported only by the tree, the

tublaginnorting frame extending laterally fromthe tree,
the separator and the punp being nounted on the
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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.
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-11- 8. The assenbly according to claim4, further
conprising: a string of injection tubing extending

t hrough the casi ng al ongsi de the production tubing and
havi ng an upper inlet in fluid conmunication with the
injection punp and a |ower outlet in fluid

communi cation with the injection formation. 9. A

nmet hod of producing a subsea well, conprising: (a)
installing a subsea Christnmas tree at an upper end of
a subsea well, nmounting a subsea water/oil separator

gandﬁﬁetl’%gsseﬁ%{y éo?&ééstggll'a}WMUr{hgr &)rﬂggﬁ% el of the tree

suc are su rted by the tree,
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ning a separating device connecting the
Conyélplmﬁmlb\i“ the igisctinntforEeetif the tree, and connecting
the punp to a water outlet of the separator and to the
tree; ) flowing well fluid up the well through the
%reb ")?éh?d phrreducing 2 B Wl OMPFNBS'separator;  (c¢)
separatlng water fromthe well fluid within the
ousi ng of the separator; and é ect.i

fd)wthlﬁhein wer/oil
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horiz6gt&lBtand tonpritify Dsepanig dddaeeotrizetitgrtigeseparator 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
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11. The nmethod according to claim9, wherein step (a)
conprises cantilever nounting the separator and the
injection punp directly to the tree for support only
by the tree above a sea floor on a |lateral side of
and offset froma longitudinal axis of the tree. 12.
The nmet hod according to claim9, wherein: step (b)
conprises flowwing the well fluid up a string of
production tubing installed in the well; and _12 0
steps(tip@mpd)es agarpng thewatbmijte e tubimg anmaussatreunding the prodtiagion ging.
annul us surroundi ng the production tubing. 13. The
nmet hod according to claim9, wherein: step (a)
18.onfheinggtmd nepotdirigltd elgimed, whereing of producti on tubing in
the well in comunication with a production
formation, and installing a string of injection tubing
step () comgrisee installing e Brinaefiprodstion tukingtin the ell {j copupigation witha
proélfa{iémﬁn%bn, ShERsthifng LA FfRtidd QMhB the Vel MB bdmrhidinidallon with
up the string of production tubing; and step (d)
an ipjgeHop f¥Batianhj ecting the water into the injection
tubing. -13- 0

step (b) comprises flowing the well fluid up the string of production tubing; and

step (d) comprises injecting the water into the injection tubing.
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