1 1 Apparatus and Method for recovering fluids froma
2 well and/or injecting fluids into a well 3 4 The
present invention relates to apparatus and 5 net hods
for diverting fluids. Enbodinents of the 6 invention
can be used for recovery and in%ection 7 Sone

enbodi nents relate especially but not 8 exclusively to
recovery and injection, into either 9 the sanme, or a
different well. 10 11 Christrmas trees are well known
in the art of oil and 12 gas wells, and generally
conprise an assenbly of 13 pipes, valves and fittings
installed in a wellhead 14 after conpletion of
drilling and installation of the 15 production tubing
to control the flow of oil and gas 16 fromthe well.
Subsea christnmas trees typically 17 have at |east two
bores one of which conmunicates 18 with the
production tubing (the production bore), 19 and the

ot her of which comunicates with the annulus 20 (the
annul us bore). 21 2 1 Typical designs of christnas
tree have a side outlet 2 (a production wi ng branch)
to the production bore 3 closed by a production w ng
val ve for renoval of 4 production fluids fromthe
production bore. The 5 annulus bore also typically
has an annulus wing 6 branch with a respective annul us
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4 The present invention relates to apparatus and

5 methods for diverting fluids. Embodiments of the

6 invention can be used for recovery and injection

7 Some embodiments relate especially but not

8 exclusively to recovery and injection, into either

9 the same, or a different well.

10

11 Christmas trees are well known in the art of oil and
12 gag wells, and generally comprigse an assembly of

13 pipes, valves and fittings installed in a wellhead
14 after completion of drilling and installation of the
15 production tubing to control the flow ¢f ¢il and gas
16 from the well. Subsgea christmas trees typically

17 have at least two bores one of which communicates

18 with the production tubing (the production bore),

19 and the other of which communicates with the annulus
20 (the annulus bore}.

21



11 for operation of the various valves in the

christmas 12 tree by neans of intervention equi pnent,

or renotely 13 froman offshore installation. 14 15
Wells and trees are often active for a long tine, 16

and wells froma decade ago may still be in use 17

today. However, technol ogy has %rogressed a great 18

deal during this time, for exanple, subsea 19
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16 and wells from a decade ago may still be in use

17 today. However, technology has progressed a great
i8 deal during this time, for example, subsea

19 processing of fluids is now desirable. Such

20 processing can involve adding chemicals, separating
21 water and sand from the hydrocarbons, etc.

22 Furthermore, it is sometimes desired to take fluids
23 from one well and inject a component of these fluids
24 into another well, or into the same well. To do any
25 of these things involves breaking the pipework

26 attached to the outlet of the wing branch, inserting
27 new pipework leading to this processing equipment,
28 alternative well, etc. This provides the problem

29 and large associated risks of disconnecting pipe

30 work which has been in place for a considerable time
31 and which was never intended to be disconnected.

32 Furthermore, due to environmental regulations, no



11 distances is wasteful of energy. Furthernore, 12
fluids to be injected into a well are often conveyed
13 over significant distances, which is also a waste
of 14 energy. 15 16 In low pressure wells, it is
generally desirable to 17 boost the pressure of the
production fluids flowing 18 tfrough the production
bore, and this is typically 19 done by installing a
punp ptodurkedatlappar atres adflbered 20 flkakpooadudinten the

wing valve in a pipeline or simlar 1 |l eading from,
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6 for integrity. 27 28 A further alternative is to
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15

16 In low pressure wells, it is generally desirable to
17 boost the pressure of the production fluids flowing
18 through the production bore, and this is typically
19 done by installing a pump or similar apparatus after
20 the production wing valve in a pipeline or similar
21 leading from the side outlet of the christmas tree.
22 However, installing such a pump in an active well is
23 a difficult operation, for which production must

24 cease for some time until the pipeline is cut, the
25 pump installed, and the pipeline resealed and tested
26 for integrity.

27

28 A further alternative is to pressure boost the

29 production fluids by installing a pump from a rig,
30 but this requires a well intervention from the rig,
31 which can be even more expensive than breaking the

32 subsea or seabed pipework.



11 branch bore into two separate regions. 12 13 The
oil or gas well is typically a subsea well but 14 the
invention is equally applicable to topside 15 wells.
16 17 The manifold may be a gathering manifold at the
18 junction of several flow lines carrying production
19 fluids from or conveying in?ection fluids to, a
20 nunber of different wells. Alternatively, the 21
frani f abdomdy nge tdedi catred aspa0$inglehweprESE@¢ dzvention
xanp the mani fo ise_a ch ee. .
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13 The 0il or gas well is typically a subsea well but
14 the invention is equally applicable to topside

15 wells.

16

17 The manifold may be a gathering manifold at the

18 junction of several flow lines carrying production
19 fluids from, or conveying injection fluids to, a

20 number of different wells. Alternatively, the

21 manifold may be dedicated to a single well; for

22 example, the manifold may comprise a christmas tree.
23

24 By “branch” we mean any branch of the manifold,

25 other than a production bore of a tree. The wing

26 branch is typically a lateral branch of the tree,

27 and can be a production or an annulus wing branch
28 connected to a production bore or an annulus bore
29 respectively.

30

31 Opticnally, the housing is attached to a choke body.

32 “Choke body” can mean the housing which remains




11 branch outlet. Further alternative enbodi nents 12
coul d have the diverter assenbly | ocated in pipework
13 coupled to the manifold, instead of within the 14
mani fold itself. Such enbodi nents allow the 15

di verter assenbly to be used in_addition to a choke,
16 instead of replacing the choke. 17 18 Enbodi nents
where the diverter assenbly is adapted 19 to connect
to a bfaachtht aahiéeldeanstihdartihehbkeeha20begp does

t h to.b d to fit the di t 2
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Preferably, the diverter assenbly is |locatable 25
@Within a bore in the branch of the manifold. 26 27

tio Y L.n a Lverter
Sosenprs HivhREer hERRAbIDIRSRIA, BE 1BEATEUT ], b ipen
the cbokehbofynidpldt fer pabitrantbht beteasibal)did0series

branch, 1l The_i nvention prqvides the advantage

31 6

that PEERdE ERR*e2 LECH GEARBESHr dfh PReFFORSHAC hathiere
bet weepot hanWebh g3cbRpeiatd hhereut | eheohiithetWhnNgssembly
branch. The fluids 4 nmay be produced fluids being
Pecovepeddabd 3Zoremaed behyeknofhehehakel apdr &heo t he

utlet_of. a, .6 tree, Al ternatiyel the. fl yi b
181 ecbrirudeifn hERe, SoAFRIRY PEthReh She: SothelBh She
1into bkench weklebor eFuhshkle atheknatdvet eambacddments

equi pnent, 9 there are well-known and safe techni ques
18f reRBWlAghaye khe PéPPAEPKg2EREMPHEKECEELELC WEaPdPEWOTK

18ut. EB&PgéaetollhErthieaﬁdmeahgqegecB&i%u%%iaa%h%e

used to nove

14 manifold itself. Such embodiments allow the

15 diverter asgembly to be used in addition to a choke,
16 instead of replacing the choke.

17

18 Embodiments where the diverter assembly is adapted
19 to connect to a branch of a tree means that the tree
20 cap does not have to be removed to fit the diverter
21 agssembly. Embodiments of the invention can be

22 easily retro-fitted to existing trees.

23

24 Preferably, the diverter assembly is locatable

25 within a bore in the branch of the manifeld.

26

27 Optionally, the internal passage of the diverter

28 agssembly is in communication with the interior of
29 the choke body, or other part of the manifeld

30 branch.

31



12 the choke fromthe choke body and to clanp the 13

di verter assenbly onto the choke body, w thout the 14
risk of leaking well fluids into the ocean. This 15
enabl es new pi pe work to be connected to the choke 16
body and hence enabl es safe re- routlng of the 17

produced fluids, wthout having®to undertake the 18

consi derabl e risk of di sconnecting and reconnecti ng
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risk of leaking well fluids into the ocean. This
enables new pipe work to be connected to the choke
bedy and hence enables safe re-routing of the
produced fluids, without having to undertake the
considerable risk of disconnecting and reconnecting

any of the existing pipes (e.g. the outlet header).

Some embodiments allow fluid communication between
the well bore and the diverter assembly. Other
embodiments allow the well bore to be separated from
a region of the diverter assembly. The choke body
may be a production choke body or an annulus choke

body.

Preferably, a first end of the diverter assembly is
provided with a clamp for attachment to a choke body

or other part of the manifold branch.



13 Optionally, the housing includes an axial insert
14 portion. 15 16 Typically, the axial insert portion
isin the form 17 of a conduit. Typically, the end of
the conduit 18 extends beyond the end of the housing.
Preferably, 19 the conduit divides the internal
passage into a 20 first region Zonprising t he bore of
the conduit and 21 a second region conprising the
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35 henPREPaL BRoEAGDPERTEe S LAY GETERE L Ko PorE ing
body) ptewBeaYepbokh died ceRMYE €kl @16u@qh§eemttfe&na2ﬁve1y,
annul us and the bore of the _conduit. 28 29
Al t er ABEI @éFiy,Oft FheatnEETIAde PESHELE 37 ii® in sife ofpthe
gorm gf .4 gen1 Optionally, the axial insert 31
portion |s rovided with a plug adapted to bl ock an
82 outlet of the christmas tree, or other kind of 8 1

mani f ol d. P fera t he pl ted._t 2 ,
i WvBigeadyr Bhel gavaTs Rl Lok tnB I 5 8el Separation
gut | efeghsachr @%k}late the mepahakd re 1%ngowle,mlnl Yhe

t he di verter aSsenbl prOV|des nmeans 6 diverting
Pl ui ddiveskes pipsmbpyrti d¥pdfrad i r §ta0?l Pfokpesle Leddons

P

econgaglgwgggch@Qqeﬁg E%tf%&dgo%k&%Etﬁggt%gﬁ.€##fgscan

roma secon

secon ortiron o

1ﬁirstfﬂbwwpatbugh0both Bfetheablyegabnbea&ﬁe@qmﬂgnuﬁy.
the first flowath 12 conprises a branch of the

1&ani f ol d.

13 Optionally, the housing includes an axial insert

14 portion,

15

16 Typically, the axial insert portion is in the form
17 of a conduit. Typically, the end of the conduit

18 extends beyond the end of the housing. Preferably,
19 the conduit divides the internal passage into a

20 first region comprising the bore of the conduit and
21 a second region comprising the annulus between the
22 housing and the conduit.

23

24 Optionally, the conduit is adapted to seal within
25 the inside of the branch (e.g. inside the choke

26 body) to prevent fluid communication between the

27 annulus and the bore of the conduit.

28

29 Alternatively, the axial insert portion is in the
30 form of a stem. Optionally, the axial insert

31 portion is provided with a plug adapted to block an

32

outlet of the christmas tree, or other kind of



13 14 The first and second portions of the first
flowpath 15 could conprise the bore and the annul us
of a 16 conduit. 17 18 According to a third aspect of
the present invention 19 there is provided a manifold
having a branch and a 20 diverter assenbly according
to the first or second 21 aspeRts of the invention.

22 23 Optionally, the diverter assenbly is attached
o t hean2éobdanckredetrhdl yt hehenbéugali spasapgedofat et
diverter 25 assenbl IS . in connunlcathon Wi t h the
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I nternal passage of the diverter assenbly is 30 in
#luid conmuni cation with the wing branch outlet. 31 9
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onduit and the housing. 12 Optionally, one end of the
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gart of the branch, to
comprises a branch of the manifold.

13

14 The first and second portions of the first flowpath
15 could comprise the bore and the annulus of a

16 conduit.

17

18 According to a third aspect of the present invention
19 there is provided a manifold having a branch and a
20 diverter assembly according to the first or second
21 aspects of the invention.

22

23 Optionally, the diverter assembly is attached to the
24 branch so that the internal passage of the diverter
25 assembly is in communication with the interior of

26 the branch.

27

28 Optionally, the manifold has a wing branch outlet,
29 and the internal passage of the diverter assembly is
30 in fluid communication with the wing branch outlet.

31



14 prevent fluid conmunication between the first and
15 second regions. 16 17 Optionally, the annul us

bet ween the conduit and the 18 housing is closed so
that the annulus is in 19 comunication with the
branch only. 20 21 Alternatively, the annulus has an
outlet for 22 connection to fur?her pipes, so that the
second 23 region provides a flowpath which is

separ apeibnaiily24at regfions iefégiednblortimed diyetrtierbor e

of the conduit. 25 26 Optionally, the first and

SecondsPeRPLHs 18 BSBaTERnELPRAthy BrONGFRoT bore of the
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the pi pework so that 29 fluids are processed whil st
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Enj ection apparatus for injecting gas or steam 4

chem cal injection ag aratus; a quidg@isen; 5 ,
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barrier 13 to separate a branch outlet from a_branch,
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1870M @he choke body or other part of the branch, to

14 prevent fluid communication between the first and
15 gsecond regions.

16

17 Optionally, the annulus between the conduit and the
18 housing ig c¢losed so that the annulus is in

19 communication with the branch only.

20 |

21 Alternatively, the annulus has an cutlet for

22 connection to further pipes, so that the second

23 region provides a flowpath which is separate from
24 the first region formed by the bore of the conduit.
25

26 Optionally, the first and second regions are

27 connected by pipework. Optionally, a processing
28 apparatus is connected in the pipework so that

29 fluids are processed whilst passing through the

30 connecting pipework.

31



15 production bore of a tree. Optionally, the barrier
16 conprises a plug, which is typically |ocated inside
17 the choke body (or other part of the manifold 18
branch) to block the branch outlet. Optionally, the

19 plug is attached to the housing by a stem which 20
extends axially through the intlérnal passage of the

21 housing. 22 23 Alternatively, the barrier

conpr Tgpscaltenduhe efrocR24stihg dppambeusaisequ$eMﬂﬁﬁmm
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di verter assenbly connected 3 to a second well. 4 5
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ihousing. 12 13 According to a fifth aspect of the

present invention 14 there is provided a nethod of
la,verppﬁ@owgﬂﬂyﬁ|@pgsdlverter assembly provides a barrier

13 to separate a branch outlet from a branch inlet.

14 The barrier may separate a branch cutlet from a

15 production bore of a tree. Opticnally, the barrier
16 comprises a plug, which is typically located inside
17 the choke body (or other part of the manifold

18 branch) to block the branch outlet. Optionally, the

18 plug is attached to the housing by a stem which

20 extends axially through the internal passage cof the
21 housing.

22

23 Alternatively, the barrier comprises a conduit of
24 the diverter assembly which is engaged within the
25 choke body or other part of the branch.

26

27 Optionally, the manifold is provided with a conduit
28 connecting the first and second regions.

29

30 Optionally, a first set of fluids are recovered from
31 & first well via a first diverter assembly and

32 combined with other fluids in a communal conduit,



15 the nethod including the steps of: 16 diverting
fluids froma first portion of a 17 first flowpath to
a second flowpath and diverting 18 the fluids fromthe
second fl owpath back to a second 19 portion of the
first flowpath; 20 wherein the fluids are diverted by
at least one 21 diverter asseﬁﬁiy connected to a
branch of a 22 manifold. 23 24 The diverter assenbly
s optnhdnahkycbobianed #iluhds are2fhenokle vieadyd into an
lternatively, the.,diverter assenbly may 26.he
Boupt BADPH Cs iR Vit A BoChBRedTRE AR, BRcERESy connected
assenbbyama¥cbadl @eated in the manifold branch 28
adj acent to the choke, or it nmay be included within
29 a separate extension portion of the manifold
ranc . pLcal t h Ls f I vering
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regions wthin the 14 diverter assenbly, and the
thod may includes the

13 According to a fifth aspect of the present invention
14 there is provided a method of diverting well fluids,
15 the method including the steps of:

16 diverting fluids from a first portion of a

17 first flowpath to a second flowpath and diverting

18 the fluids from the second flowpath back to a second
19 portion of the first flowpath;

20 wherein the fluids are diverted by at least one
21 diverter assembly connected to a branch of a

22 manifold.

23

24 The diverter assembly is optiocnally located within a
25 choke body; alternatively, the diverter assembly may
26 be coupled in serieg with a choke. The diverter

27 assembly may be located in the manifold branch

28 adjacent to the choke, or it may be included within
29 a separate extension portion of the manifold branch.
30

31 Typically, the method is for recovering fluids from

32 a well, and includes the final step of diverting



15 step of passing fluids through one or both of these
16 regions. 17 18 Optionally, fluids are passed
through the first and 19 the second regions in the
same direction. 20 Alternatively, fluids are passed
through the first 21 and the second regions in
opposite directions. 22 23 Opti%onally, the fluids are
passed t hrough one of the 24 first and second regi ons
and sibsédsentl gnabukdast of tke friapor tfilowpatht fese

fluids are then passed through 26 .the other af the
Pirst TSRAVERY SBEORATPEYI oRl L eIRaBRdNaPRy acgg 1onally,
Ret hodhinglkudes EBef%EeEnﬁéc%§n§rQQ%&%bngnkBGafM%QQ§
in a processing apparatus 29 before passing the fluids
Back to the other of the 30 first and second regions.
1 13 . at pyel flLuLds S
Sni y SREO9RTEY EHE, Skl pUBEHE BRRES WlveuFer
the 3adbesbler iassanbbymaadlkdthenusdadht aher dvitdeiar 4f£
connecti on between two flow paths which are 5
dnconh8€t Bg2160he wel | bore, e.g. between two 6
gxternal fluid lines. Optionally, fluids could flow 7
only through a region which is sealed fromthe 8
Br ancRheF§l vadanphy bk phesedpanaed thegi digemsien ghrough
1 roviﬁgg i%hr%e%ogdug%bﬁealed within a manifold 10
ranch, f 'di' ds “may PEOW Hfough the bore of the 11
1gonduit only. A flowpath could connect the bore of 12

the conduit to a well bore (production or _annulus 13
1Bor e) TePighdder thei AiNGrEest 2FREMPLYe PGNP SSs SepRgation

1;:‘,_4 mapitakdcpr gggk}idghi@uof LQMRRLR € Qld Rt LARM;hY glﬂ%

ink a region i ne the“di verter "assenbly to
14 diverter assembly, and the method may includes the
15 step of passing fluids through one or both of these
16 regions.
17
18 Optionally, fluids are passed through the first and
19 the second regions in the same direction.
20 Alternatively, fluids are passed through the first
21 and the second regions in opposite directions.
22

23 Optionally, the fluids are passed through one of the

24 first and second regions and subsequently at least a
25 proportion of these fluids are then passed through
26 the other of the first and the second regions.

27 Optionally, the method includes the step of

28 processing the fluids in a processing apparatus

29 before pasgsing the fluids back to the other of the
30 first and second regions.

31



16 well bore via an aperture in the tree cap. 17 18
Optionally, the first and second regions are 19
connected by pi pework. Optionally, a processing 20
apparatus is connected in the pipewrk so that 21
fluids are processed whilst passing through the 22
connecti ng pi pework. 23 24 Théjbrocessing appar at us
can be, but is not limted 25 to, any of those
descr hbedraboieel?6 f2nifpgpmegl by, phlseede thocughic lcmdys one
the step of renovin 28 a choke fr t he chqke d
Beforg%aFgﬁcﬁWﬁg?Fﬁ IﬁéedFFQFP@P'asggkbﬁfaﬁgﬁt quﬁ%ke
Body. 31388t -Oakiserdlivy coiha Wat hedd rY paesildee ast ep
of 32 diverting fluids froma first portion of a first
14 1cPnoapathnt beivweesordof ILd@yatR tigd WiilEdr Bihify t he

fluj e.se d fl t S ortj-on
3 of "HRZOPESESR Sapath "5 IoPERe 1 Ssslotrng ot
pr oduekiemrniluifdsid Ndrkisr.st Oparitnal1yG dlutile fdoudid flow
flowath is ty ith th

o dhe

ically in co nication .7 W
Br oduBfitdn t’B‘SPg‘?%aﬁd}éfﬁéO%m& dt FERIGE TEXheD
ki rst pthowpat hros LYRkgakl Y fCOMRe e a? @ Y2 RIRR Wage
for carrying away the recovered fluids 10 (e.g. to
Phe sprbyddepd Rdth mj eonidug tf Isgiaded midhin shaapdifold

he first portion of the first.f a [

ltbypi ckgffﬁf/lcgldnr%gtlg& tmgyar’?lg&t t(’é-'rhr%-lgl%\%l tlﬁlill(? ﬁ)lor%,z Oaifn(fhels
ilhe seepddipochlen of tthewpatst doddpaichnexti thd bore of

conmuni cation with the annul us bore. CptLonaIty, 1%
1ehe fIE5F GPRENfoR® Aayese POFEr Jegoduction or annulus

13 bore) or another main bore cof the tree to bypass the
14 manifold branch. This flowpath could optionally

15 link a region defined by the diverter assembly to a
16 well bore via an aperture in the tree cap.

17

18 Optionally, the first and second regiong are

19 connected by pipework. Optiocnally, a processing

20 apparatus is connected in the pipework so that

21 fluids are processed whilst passing through the

22 connecting pipewocrk.

23

24 The processing apparatus can be, but is not limited
25 to, any of those described above.

26

27 Typically, the method includes the step of removing
28 a choke from the choke body before attaching the

29 diverter assembly to the choke bcdy.

30

31 Opticnally, the method includes the step of

32 diverting fluids from a first portion of a first



16 17 The nethod provides the advantage that fluids
can be 18 diverted (e.g. recovered or injected into
the well, 19 or even diverted from another route,
bypassing the 20 well conpletely) wthout having to
renove and 21 replace any pipes already attached to
the manifold 22 branch outlet ¥%.g. a production w ng
branch 23 outlet). 24 25 Optionally, the nethod
ﬂncludéawpbehstepaoﬁecb&drédowpathgahuuﬁdyemmdmgauhaI

ot i oA £5RE B sBCORE" FEHREREI T & deokRg portion

re-i npectad E@&@ttﬁgo%?g%h_29 well, or a different
well. 30 31 For exanple, the production fluids could

Be 32 separated into hydrocarbons and water; the 15
% hyd%%%a&ggg% Bgiy 9 E%Bﬁrgﬁ% t%lbt | 5l %ﬁ%@&akkg%ion
recovery 't fere n1 an ‘being retur

3 andoinph&tédert@1bh@a$&ﬁ&somy@1mdﬁhy%ﬂﬂ aeetruni4ation
Cptlonally both of the s eps of recovering fluids,K 6
dnd i MitEBt thE PrEFYStLRs 8 Sus PRG g@b %ﬁg'HQEELPn of
di ver teE 2338Rblrh 85l %n%g(?\i@am,lyo@ohn%%e@f tdhe 8
steps of recovering and injecCting fluids includes 9
9si ngpapéiliaet doraseantyliyc avayl thepiegesierngd tiHaiids

t hod _i ncl ude the S f 1 I vertl t
Pt ougf 3 pEBoEeE RETERes a ueo 15 EF ke i g o

13 Xt htaspeel 10f thiae fﬂme@bntri\oembfomheliltﬂw € licsvypath is

provi ded .a manifol d haV|n% a first divert
12 typically connected to an external £ uld line, and

13 the second portion of the first flowpath is in

14 communication with the annulus bore. Optionally,
15 the flow directions may be reversed.

i6

17 The method provides the advantage that fluids can be
18 diverted (e.g. recovered or injected into the well,
19 or even diverted from another route, bypassing the
20 well completely) without having to remove and

21 replace any pipes already attached to the manifold
22 branch outlet {(e.g. a production wing branch

23 outlet) .

24

25 Optionally, the method includes the step of

26 recovering fluids from a well and the step of

27 injecting fluids into the well. Optionally, some cf
28 the recovered fluids are re-injected into the same
29 well, or a different well.

30

31 For example, the production fluids could be

32 geparated into hydrocarbons and water; the



16 assenbly according to the first aspect of the 17
i nvention connected to a first branch and a second 18
di verter assenbly according to the first aspect of 19
the invention connected to a second branch. 20 21
Typically, the manifold conprises a tree and the 22
first branch conprises a produéﬁion w ng branch and
23 the second branch conprises an annul us w ng branch.
24 25hideorcdirbgni=o be isngy ertthirasgeco dhet Hd yete Fdmtwi2zéh

i,nvention, there is provided a ni.fold having a 27

Pi'r ot TB3r SSRRVERY LHeGOIEEr 2TChItd "BHFE PRty Barurned
38 outhet indebitest iditverher saseer W caFrRalet teilhe

29 first bore; a second diverter assenbly connected to

30 the second bore; and a fl owpath connecting the

fui r st ec di r ld es, ; ;
?ypicgpﬁéogggﬂgésgggﬁécﬁfE%%eS?%%%?Q§%3%§§§%ﬁé%§ fluids
di ver bad dsgertlines filddss iaqlaskeagsing tHespratiifva Elow

3 betggen a bore of the manifold and its res ectiveé%
dut | eB1VEFEREN A5EF T OUHE Sran AL SEF TSP E Yes Al gne the
and theehisr off BRI VETRY 38R ArRlRAUsld TN L idrd udes

t he second bore conprisés an annulus bore. 7 8

Ger t akiasbedidivrrs sravesembladvant age that the 9

f.irst and second diverter assenblies can be 10

connected together to allow the unwanted parts of 11
1the poeduoedlfibyi dhe( meghofbtierc lamie ssane) stedhef 12
directly injected back into the well, instegd of 13

ei ngdpuRpEd Rewarenittit idFe HRFEMGEa P SFSCSRRd ey apparatus.
ignwant ed materials can be extracted fromthe 15

hydr ocar bons substantially at the well head, which

14 According to a sixth aspect of the present invention
15 there is provided a manifold having a first diverter
16 assembly according to the first aspect of the

17 invention connected to a first branch and a second
18 diverter assembly according to the first aspect of
19 the invention connected to a second branch.

20

21 Typically, the manifold comprises a tree and the

22 first branch comprises a production wing branch and
23 the second branch comprises an annulus wing branch.
24

25 According to a seventh aspect of the present

26 invention, there is provided a manifold having a

27 first bore having an outlet; a second bore having an
28 outlet; a first diverter assembly connected to the
29 first bore; a second diverter assembly connected to
30 the second bore; and a flowpath connecting the first
31 and second diverter assemblies.

32



16 reduces the quantity of production fluids to be 17
punped away, thereby saving energy. The first and 18
second di verter assenblies can alternatively or 19
additionally be used to connect to other kinds of 20
processi ng apparatus (e.g. the types described with
21 reference to other aspects the invention), such
22 as a booster punp, filter apparatus, chem cal 23
iinj ecTiypthcappar atudeaetc onko odl ithw dddisng amd tsaicomgl
24 a of substances .and. adj ustnment of pressure to h
55 caRiYEACEh: 2RAFTEIAES BICRESWa PROSATOTAS Fes (i old
36 sepaRdedhvar bercassenbll aargfallle aP0GeES e e thee
27 performed on both fluids being recovered and fl uids
28 bebPH§lenj-ecOpdioredienr sdcemeddifndat sopbrilkes2q tree,
knventign abl. 0 re d_inj i 0
Sccur “EEniTPaneats Pors FROTEisEs.g Pregep)c potd ana
Bypi cahky setthadf bbse adthpieeesd ati wahiAnsakeewhl i es 2
are connected to a processing apparatus. The 3
Brocessing apparatus can be any of those described 4
@ th pefenencenbBdadst 23RSt SHef adhantRkentel: the 6
The diverter assenbly may be a diverter aSsenbly as 7
@escr fbedtaendr gergntio dinprispeassembilies waantieon. 8
Typi_cal |l ubi ng system,ada d to. haot
1D AN RPEEEY RS AeE EPS g R s PePlra L By ¥ s
111 tubhagpsysieed Fladdet ¢ .00 watert ameouwsing )r oy
12 and inject fluids. 13 14 According tqo a eighth
l1gspecHisEcotiy |5Pé§€ﬁ?d1§?aicﬂfvéﬁtti°oﬁh@hé’reélifsllﬁ‘gsg\ﬁa_@ed’fa
17Et hOQ_egggir BefRLY \?gzlfaly 14 et WS HRBe a2 eateon

of flui

14 unwanted materials can be extracted from the

15 hydrocarbons gubstantially at the wellhead, which
16 reduces the quantity of production fluids to be

17 pumped away, thereby saving energy. The first and
18 gecond diverter assemblies can alternatively or

19 additionally be used to connect to other kinds of
20 processing apparatus (e.g. the types described with
21 reference to other aspects of the invention), such
22 as a booster pump, filter apparatus, chemical

23 injection apparatus, etc. tc allow adding or taking
24 away of substances and adjustment of pressure to be
25 carried out adjacent to the wellhead. The first and
26 gsecond diverter assemblies enable processing to be
27 performed on both fluids being recovered and fluids
28 being injected. Preferred embodiments of the

29 invention enable both recovery and injection to

30 occur simultaneocusly in the same well.

31



17 wherein the well has a manifold that includes at 18
| east one bore and at | east one branch having an 19
outlet, the nethod including the steps of: 20 bl ocking
a passage in the manifold between a 21 bore of the
mani fold and its respective branch 22 outlet; 23
di verting fluids recovered fromthe well out of 24
the manifold; and 25 injecting fluids into the well;
26 whEyeiirabéit hehet Hie riltuindsl beicogddidimersgromssepplies
gf the_mani f ol d n§L the fluids beingﬁ%%jeéted trave
8 t hPSGgRCPRECSFENER BuPrerssFii'Re ¢Red “passage.
29 3QrBrekerabl wpphhati®t ket b perf efmetowsl @Mgsaribed
diverter 31 assengly according to any aspect of the
#nventilsh. referegce] tpr etdrabRpEPestEr 6deddiengnvention.
apparatus is coupled to the 2 second flowpath. The
processi ng apparatus can be 3 any of the ones defined
bn anThaspevkerokert hesehbilyy aatyi e ab diGefyeirc aldspmitllye as
rocessi ng.apparatus separates 7 _hydrocarbons fromthe
Pest OFSPRAPEPoAGCEIRIG: 48 2y AYBECH [y, T Lnvention.
gon- hydr ocar bon conponents of the 9 produced fl uids
are diverted to the second diverter 10 assenbly to
Br ovi d¥pacalléyst aohebiagpsrsterordapEed Lo Kosdt iregover
| uid 12 . ' [ 1y, I ; co et
lIohe i%Pgbgpaéﬁtggﬁkﬁﬁgdégigﬂéfbgﬁg%&%%?'angg%ierngﬁav the

1fll ui dtukbdiagweyeheml 5 si adagtedonrestiethlttanelomsly recover

roduction hore or to the 16 first diverter assenbly.
18 and ingect fluids. y

13

14 According to a eighth aspect cf the present

15 invention there is provided a methed of recovery of
16 fluids from, and injection of fluids into, a well,
17 wherein the well hag a manifold that includes at

18 least one bore and at least one branch having an

19 ocutlet, the method including the steps of:

20 blocking a passage in the manifeold between a

21 bore of the manifold and its respective branch

22 outlet;

23 diverting fluids recovered from the well out of
24 the manifold; and

25 injecting fluids into the well;

26 wherein neither the fluids being diverted out
27 of the manifold nor the fluids being injected travel
28 through the branch ocutlet of the blocked passage.

29

30 Preferably, the method is performed using a diverter
31 asgsembly according to any aspect of the invention.

32




17 18 Optionally, the nethod includes the step of 19
diverting at | east sone of the injection fluids from

20 a first portion of a first flowath to a second 21

fl owpath and diverting the fluids fromthe second 22

fl owpath back to a second portigon of the first 23
flowpath for injection into t hé-8annul us bore of the

24 well. 25 26 Typically, the steps of recovering

fll ui derefemabhy, 27pwekkssidg apperiangsf Lg doupded ttee the

géll are c r%'ed ﬁ?ﬁ ou sinultaneouslé; 29 .30 1 be
ccor BFR§"to "a“HP 'as&&& PEPERE 1 BRe SERA AN EN R8N
31 thehe b phevbéded dcfehledasseably aepapti 2ifNGhe32 a
first well having a first diverter assenbly; 19 1 a
gecond™¥E€RF1RAVi ng a second diverter assenbly; and 2
g flowpath connecting the first and second diverter 3
assenblies. 4 5 Typically, each of the first and
seconlymekhl liyas the roceeshag apparatsisecepagaiese

d ti 7 outlet, and at | east f ot :
A ver neRTBEEEhETECEToH EhboResk bis he PERORES fdatids.
et veeRphit-8119SPeski ien-Bytireealkdts abthponentes RECitihee

tree outlet. 10 11 Typically, an alternative out] et

Ps prevPdegedafduide e dilverter &9sé&ks pegioper diverter
| ui dg4i t l.eadi lter Y

lgutle??ggbgl?SE%ppfgﬁgpﬁy%gaggﬁggskagngc%?miggtfﬁféﬁhe

land seéogedtibndifteritier. assenblies is located within

ltzhe production

13 Optionally, at least one component of the injection
14 fluids is provided by an external fluid line which
15 is not connected to the production bore or to the

16 first diverter assembly.

17

18 Optionally, the method includes the step of

19 diverting at least some of the injection fluids from
20 a first portion of a first flowpath to a second

21 flowpath and diverting the fluids from the second

22 flowpath back to a second portion of the first

23 flowpath for injection into the annulus bore of the
24 well.,

25

26 Typically, the steps of recovering fluids from the
27 well and injecting fluids into the well are carried
28 out simultanecusly.

29

30 According to a ninth aspect of the present invention
31 there is provided a well assembly comprising:

32 a first well having a first diverter assembly;



17 bore of its respective tree. Optionally, at |east

18 one of the first and second diverter assenblies is

19 connected to a wing branch of its respective tree.

20 21 According to a tenth aspect of the present
invention 22 there is provided a nethod of diverting
fluids from 23 a first well td®% second well via at

| east one 24 mani fold, the nethod including the steps

af : 28 bkookidngedlphsvage ian seloendakiifveird cretmwsembdy; and

6 bore_of the manifold_ and branch outl et of 27
Fant 131 G ORRACE CAPORFLIAg s Gadetsan Secrng Prvetser
Rrom theemB9 ikisr st well to the second well via a path

not 30 including the branch outlet of the bl ocked
fassage. 31 20 1 Optionally the at |east one

ni f ; i S t f, e _ftiy

e o PASPaaLs Eashyof, FiR.Firply o Beclid (BI04 Mas
por t i amreef hikdngeaovrerpdctd viel bode bod ke resgpeafiviehe
first we and thereafter 5 recoveri t hat portion

iy eoﬁiv

I .
5t theURagbvored ruiascty GF° & SIS Apgemplies
Bl ockedopaESAIPasbac® AGCRHE RO LR wRlRY ARlh RERRE ive
of the present 9 invention there is provided a method
8f retoeer posk and fitg despesmivandrios Sttil@T -of

luids into, a well 11 having a mani fold; wherein at
"'east one of the steps 12 of recovery and injection
lincl udepidianant i ag Eltednatidel ounlaetf iiss prporniidedn @hd
a first flowath to a second 14 flowpath and
1di ver tPRg SENETERH BSSERE: Rd vEdtnd LPs 99 S 7 EG R

15ec0nd cBAk hiyoR Ok Hen @ 1klch g chih@veaith et16 17
Optionally, “recovery and injection is simnultaneous.

14

15 Optionally, at least one cf the first and second

16 diverter assemblies is located within the production
17 bore of its respective tree. Opticnally, at least
18 one of the first and second diverter assemblies is
19 connected to a wing branch of its respective tree.
20

21 According to a tenth aspect of the present inventicn
22 there is provided a method of diverting fluids from
23 a first well toc a second well via at least one

24 manifold, the method including the steps of:

25 blocking a passage in the manifold between a

26 bore of the manifeold and a branch outlet of the

27 manifold; and

28 diverting at least some of the fluids from the
29 first well to the second well via a path not

30 including the branch outlet of the blocked passage.

31



18 Optionally, some of the recovered fluids are re- 19
injected into the well. 20 21 According to a twelfth
aspect of the present 22 invention there is provided a
nmet hod of recovering 23 fluids froma first well and
re-injecting at |east 24 sone of these recovered
fluids into a second well, 254kherein the nethod

i ncludes the steps of diverting 26 fluids froma

fli r st Opodbnadlef taef atsileblsawpakh ranid ol27 coepariges a

flowpath, and diverting at .|l east sone 8 .t hes

Pl Ul GE2PRomE: FBcs BasRl MEGIparR 5% TERb6R Lnfg udes the
Borti efrehetrhachhr ofF fe@Raling 30 po3t ibrPicFalthe rdievered

fluids are recovered fromthe first 32 well via a

fii r st Ldiridst 60 sbsefplep, odnghehdriaist med 12and) theayegfter
re re-inj . [ 0 Ll v

3 ver FerOyBRaRE viS PRRRSROAY Vhe pEafrsy FE® erom
incl udae bheletepfoithed Mvakess pagskkye .pr oduct i on

fluids in a processing 6 apparatus connected between

t’he first and second 7 wells. 8 9 Optionally, the

gt hoddeBedaes cha! WIhaneH Shoilor LY rollipYdiem:

portion of thé recovered fluids fo the 11 first

@i ver taveasdembltyreasd ishpreatided regericchgt reaavary of
orti of. the recaovered.fl ui.ds Vi he £ir. 1

18 ver?g}”‘g seE’Slmy. . lfée,&c%@gﬁdior’?g ftlcl)ﬁg t H’?ltttoée% ﬁven

1aspecha@finghe maes €l dL6 whrverin @t tlkaise ieprodvitted saceps

nmet hod of recoverin% 17 fluids from_or jnjectin fluid
12 ui d&fi gesovETend injection inc udes divertin uids

13 from a first portion of a first flowpath to a second
14 flowpath and diverting the fluids from the second

15 flowpath to a second portion of the first flowpath
1s

17 Optionally, recovery and injection is simultanecus.
18 Optionally, some of the recovered fluids are re-

19 injected into the well.

20

21 According to a twelfth aspect of the present

22 invention there is provided a method of recovering
23 fluids from a first well and re-injecting at least
24 gome of these recovered fluids into a second well,
25 wherein the method includes the steps of diverting
26 fluids from a first portion of a first flowpath to a
27 second flowpath, and diverting at least some of

28 these fluids from the second flowpath to a second

29 pertion of the first flowpath.
30
31 Typically, the fluids are recovered from the first

32 well via a first diverter assembly, and wherein the



18 including the step of diverting the fluids between
a 19 well bore and a branch outlet whilst bypassing
at 20 least a portion of the branch. 21 22 Such
enbodi nents are useful to divert fluids to a 23
processing apparatus and then to return themto the
24 w ng branch outlet for recoé%ky via a standard 25
export line attached to the outlet. The nethod is 26
also ﬁéaﬁdb afrea rei-ngjlecardh indglov & hgetsecotndc vedlutvia a
g 3ngyb§ t he fI%?%a are diverted via the tree
9 caﬁ 1VREESFIRRS & ‘fourteenth aspect of the
gr esent 32 invention there is provided a nmethod of
injecting 22_ 1 fluids into a well, _the nethod

éonpr iTé’PHg‘-aéhl\Yer tingg mes hpdypd§of Adladeis dhepGtEro @ fof
flr h d ¢ n [
Phe { PGS oFREK £hS BroduSRaoH sisathin "B rSasER Y
porti eppafrathe tonskected bewween. the Ti@st ema Isgcdrie
t hod h performed using a diverter 8 assenbly
ccor 8Fng® o any aspect of the invention. 9 The
di verter assenbly nay be |locatable in a wide 10 range

of places, including, but not limted to: the 11
Br odubptenmBaiy, the aesiiods ibshadeshdher fardtiesh step of

19 N9 B @g‘&'ﬁmﬁ '%'}‘é'l ‘éﬁ'f”%éa%r FAe v eF S‘f%‘itdso%f 1he
choke ulus oke atree ca
1exterﬁakscodduetsecoaeeehedytanﬁ theaeaﬂmennnaadwaring
15 ass i S .not nec sarll % to.a tree,

Mut ¥ aﬁa N oﬁﬁé’& e%o j er %ayﬁé"eofflfv‘at

1Aani f gliderfle bishehmand second flowpaths could
14

15 According to a thirteenth aspect of the present

16 invention there is provided a method of recovering
17 fluids from, or injecting fluids into, a well,

18 including the step of diverting the fluids between a

19 well bore and a branch outlet whilst bypassing at

29 least a portion of the branch.

21

22 Such embodiments are useful to divert fluids to a
23 procesgsing apparatug and then to return them to the
24 wing branch outlet for recovery via a standard

25 export line attached to the outlet. The method is
26 also useful if a wing branch valve gets stuck shut.
27

28 Optionally, the fluide are diverted via the tree
29 cap.

30

31 According to a fourteenth aspect of the present

32 invention there is provided a method of injecting



18 conprise sone or all of any part of the manifold.

19 20 Typically the first flowath is a production

bore or 21 production line, and the first portion of

it is 22 typically a lower part near to the well head.

23 Alternatively, the first flgﬁpath conprises an 24
annul us bore. The second porti of the first 25
flowath is typically a downstream portion of the 26
Bore @lulidseiadiaeemeld ,bitivec methoide tcompirtisdomgh dilverting

7 first .qr second portions can be_.n the branch or .2

h1 b b RS, B non e 1os Ogy Rt HEpef to 2
&l ui dgebbam tEhewbiatst ahldowR@eht i3y alHeOWs uilde from the
treatnment of the fluids (e.g. with 23 1 chem cals) or

Br essBRECHBo LGS 1RbPe 2o PRICORENPOLE o8 Afejie first
ggforglg%-g@ ry into the first flowath. 3 4
tionallg the second flowpath is an annulus bore, 5
6r a conduit inserted into the first flowath. 6 O her
ypes of ,bore_may optional l.y .be used for. the 7 second
7! GupQBhPASLANA. SPealCkARS) 46 BovEomgody SRR 4 1 VorteT
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second flowpath is achieved by a cap on the 11 tree.
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fluids between the first and second

14 external conduits connected to a tree. The diverter
15 assembly is not necessarily connected to a tree, but
16 may instead be connected to another type of

17 manifold. The first and second flowpaths could

18 comprise some or all of any part of the manifold.

i9

20 Typically the first flowpath is a production bore or
21 production line, and the first portion of it is

22 typically a lower part near to the wellhead.

23 Alternatively, the first flowpath comprises an

24 annulus bore. The gecond portion of the first

25 flowpath is typically a downstream portion of the

26 bore or line adjacent a branch outlet, although the

27 first or second portions can be in the branch or

28 outlet of the first flowpath.

29

30 The diversion of fluids from the first flowpath

31 allows the treatment of the fluids (e.g. with




19 flowpaths. 20 21 Typically, the diverter assenbly
can be fornmed from 22 high grade steels or other
netals, using e.g. 23 resilient or inflatable sealing
nmeans as required. 24 25 The assenbly may incl ude
outlets for the first and 26 second fl owpaths, for

di version of the fluids to a 2A punp or treatnent
assenbly, or other processing 28 apparatus as

descr cbhethiicalshi srappleiscaticopoos2d g0 fie megsemfifjicient

Pnsor ERGRVRT0 CERBTR: e SR BUpATIe ThE ASZatoiyopath.

Ravi ng seal i ng neans capable of sealing the conduit 24
1 agai nst the wall of the productlon bore. The 2
éonduPrtienagdavitde semoan dilpaesh tilgr iglrnnusd us bore,
gentr or, h i.cal a hr, 4
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method are typically suited for_ 16 subsea produc
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14 in most embodiments of this type, f£low will be

15 diverted via the cap to the pump etc and returned to
16 the cap by way of tubing. A connection typically in
17 the form of a conduit is typically provided to

18 transfer fluids between the first and second

19 flowpathg.

20

21 Typically, the diverter assembly can be formed from
22 high grade steels or other metals, using e.g.

23 regilient or inflatable sealing means as required.
24

25 The assembly may include outlets for the first and
26 second flowpaths, for diversion of the fluids to a
27 pump or treatment assembly, or other processing

28 apparatus as described in this application.

29

30 The assembly optionally comprises a conduit capable
31 of insertion into the first flowpath, the assembly

32 having sealing means capable of sealing the conduit



19 wells, and geothermal wells. 20 21 The punp can be
powered by high pressure water or by 22 electricity
whi ch can be supplied direct froma 23 fixed or
floating offshore installation, or froma 24 tethered
buoy arrangenent, or by high pressure gas 25 froma

| ocal source. 26 27 The cap pﬁ%%erably seals within
christmas tree bores 28 above the upper master val ve.
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15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

The asgembly and method are typically suited for
subsea production wells in normal mcde or during
well testing, but can also be used in subsea water
injection wells, land based oil production injection

wells, and geothermal wells.

The pump can be powered by high pressure water or by
electricity which can be supplied direct from a
fixed or floating offshore installation, or from a
tethered buoy arrangement, or by high pressure gas

from a local source.

The cap preferably seals within christmas tree bores
above the upper master valve. Seals between the cap
and bores of the tree are coptionally O-ring,

inflatakble, or preferably metal-to-metal seals. The

cap can be retro-fitted very cost effectively with



20 for production and annulus flow paths for diversion
21 of fluids away fromthe cap. 22 23 In accordance
with a fifteenth aspect of the 24 invention there is
al so provided a punp adapted to 25 fit within a bore
of a manifold. The manifold 262§£tionally conprises a
tree, but can be any kind of mani fold for an oi

or gas well, such as a gathering 28 manifold. 29 30
Accor dionglitsaruptsiont ¢entexistpegt pdfostwrekpreegeminidtal
i,nvent,ion there is praqvided a diverter assembly 26 1
Bt ng T3St SO R Ty VF HoRE LA HIREIESe of 2
tshe present invention. 3 4 The diverter assenbly can

be a diverter assenbly 5 according to any aspect of

tthe | Aientyed cadudssians ofs ther fliow dyeard adfeseithin ghe
he tr IS typi.call.y.a b tre a
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may be a production bore. 16 However, the diverter

dssentsioy ised ap@ms heomugrb & rony tHhee areduat iamy sere idf

e SRR R o g 19

11

12 The cap is typically capable of retro-fitting to

13 existing trees, and many include equivalent

14 hydraulic fluid conduits for control of tree valves,
15 and which match and co-operate with the conduits or
16 other control elements of the tree to which the cap
17 is being fitted.

18

19 In most preferred embodiments, the cap has outlets
20 for production and annulus flow paths for diversion
21 of fluids away from the cap.

22

23 In accordance with a fifteenth aspect of the

24 invention there is also provided a pump adapted to
25 fit within a bore of a manifold. The manifold

26 optionally comprises a tree, but can be any kind of
27 manifold for an oil or gas well, such as a gathering
28 manifold.

29

30 According to a sixteenth aspect of the present

31 invention there is provided a diverter assembly



21 neans to divert fluids flow ng through the bore of
22 the tree froma first portion of the bore, through
23 the punp, and back to a second portion of the bore
24 for recovery therefromvia an outlet, which is 25
typically the production wing valve. 26 27 The first
portion fromwhich the fluids &% 28 initially
diverted is typically the production 29 bore/other

Bor e/ hiawve ngf at pampelalcccandd nid aw fahemftifiteerd3h gEpdain of
.S tyg%&fkﬁy di verted %nto a diverter 31 conduit

Seal edi PREFS e BIEE Y™ d is typically 32

di verted through the bore of the diverter conduit, 27
1 and after passing therethrough, and exiting the bore

2 of tThe dilverter ceFelY CAs &f 13y Jaesder RBRpP Y

he a I .Cr e t t h\er: It L

he 5P SAre g iy Spee e o TS Rer i, By he s
fel ui dnpat A irtiked ltei dhesseses t hrough the punp 6
i_nternally of the tree, thereby mnimsing the 7

xternal profile of the tree, and reducing the 8

ghanc eheok réamage th2 itRa 1IRUED sub skl the PWRH Ss a
typically powered by a notor, and the 11 type of
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Bour cHOTARITER BE UG CRSSh AT SRRy Giitaple
13ndi 1 el Yagel @t ROPUMRerdA HEM L@l N ot her 18

enbodi nents, the notor can be an electric notor, 19

ldowered by a local power source or by a renote power
1%0 SO e®hore of the tree may be a production bore.

16 However, the diverter assembly and pump could be

17 located in any bore of the tree, for example, in a
18 wing branch bore.

19

20 The flow diverter typically incorporates diverter
21 means to divert fluids flowing through the bore of
22 the tree from a first portion of the bore, through
23 the pump, and back to a second portion of the bore
24 for recovery therefrom via an outlet, which is

25 typically the production wing valve.

26

27 The first portion from which the fluids are

28 initially diverted is typically the production

29 bore/other bore/line of the well, and flow from this
30 portion is typically diverted into a diverter

31 conduit sgealed within the bore. Fluid is typically

32 diverted through the bore of the diverter conduit,



21 22 Certain enbodinents of the present invention

allow 23 the construction of well head assenblies that

can 24 drive the fluid flowin different directions,
sinply 25 by reversing the flow of the punp, although

in sonme 26 enbodi nents val ves nay need to be changed
(e.g. 27 reversed) depending orf & he desi gn of the

enbodi ment. 28 29 The diverter assenbly typically
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first portion of a bore of the manifold

14 can be driven by any well-known method, for example
15 an electro-hydraulic power pack or similar power

16 source, and can be connected, either directly or

17 indirectly, to the pump. In certain other

18 embodiments, the motor can be an electric motor,

15 powered by a local power source or by a remote power
20 source.

21

22 Certain embodiments of the present invention allow
23 the congtruction of wellhead assemblies that can

24 drive the fluid flow in different directions, simply
25 by reversing the flow of the pump, although in some
26 embodiments valves may need to be changed (e.g.

27 reversed) depending on the design of the embodiment.
28

29 The diverter assembly typically includes a tree cap
30 that can be retrofitted to existing designs of tree,
31 and can integrally contain the pump and/or the motor

32 tc drive it.



21 through the punp and into a second portion of the
22 bore. 23 24 According to an ei ghteenth aspect of
the present 25 invention there is provided a christmas
tree having 26 a diverter assenbly sealed in a bore
of the tree, 27 wherein the diverter assenbly
conprises a separator 28 whi c£&i vi des the bore of
the tree into two separate 29 regions, and which
éxtends through the tree bore and 30 into the

roduction.zone .of the well. 31.29 .1 Optionally, the
Rt S At TS o R g D N
and atoh@ast eBR@aiea@ off hesdrearguiintepitienadne, and may
conprises a gas injection line. 4 5 This invention |
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regions within the production 3 bore. 14 15
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forn1%$p separate regions in the_ 20 bore and
YREAIOS

1éxt en USRS LG CHRCMLES -z oT& S P Re €334 QR&ionally
13 be sealed within the conduit.

14

15 According to a seventeenth aspect of the invention
16 there is provided a method of recovering production
17 fluids from a well having a manifold, the manifold
18 having an integral pump located in a bore of the

19 manifold, and the method comprising diverting fluids
20 from a first portion of a bore of the manifold

21 through the pump and intoc a second portion of the

22 bore.

23

24 According to an eighteenth aspect of the present

25 invention there ig provided a c¢hristmas tree having
26 a diverter assembly sealed in a bore of the tree,

27 wherein the diverter assembly comprises a separator
28 which divides the bore of the tree into two separate
29 regions, and which extends through the tree bore and
30 into the production zone of the well.

31




22 injecting fluids into the well via one of the 23
regions; and 24 recovering fluids via the other of the
regions. 25 26 The injection fluids are typically
gases; the nmethod 27 may include the steps of
bl ocking a flowpath between 28 the bore of the tree
and a production wing outlet 2%%nd diverting the
recovered fluids out of the tree 30 along an
al t er @ttilverarldyt, e thEhetr deeetr echel |diivebrte3] ammentid v
di verting the recovered fluids tq a 32 rocesaili.n

1

dppar SOTPTHTES & GG ta?de &t KBEFe
RecoveRdufiltuictt ithaiNg IRt d QLYY 1t eck ildiESEne .
fluids froma w ng branch outlet. The 3 recovered
4l ui ds may undergo any of the processes 4 described in
his | nt.i ret d . re
Pocovaly e ar et WY 2R e U30 iR MR Y,
fel ui d fluirséie)r ddeerdiely ds® el yofacchbridisigdescrabedther
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in place,pﬁ Fig. 3ais aVviewo T eali’ig. Y EEW th
1a 18 coecend raQdivmanitt i aeapuheplasiuild td gradhide
is aviewof the Fig. 1 tree with a, 20 third ,
lenbod CRERETGE 1S (c SSDEF 3bead@I 1o srivg thid jtdiey Rpqdygrion
1hhe Figel tree with a

14

15 According to a nineteenth aspect of the present

16 invention there is provided a method of diverting

17 fluids, including the steps of:

18 providing a £luid diverter assembly sealed in a
129 bore of a tree to form two separate regions in the
20 bore and extending into the production zone of the
21 well;

22 injecting fluids into the well via one of the
23 regions; and

24 recovering fluids via the other of the regions.
25

26 The injecticon fluids are typically gases; the method

27 may include the steps of blocking a flowpath between

28 the bore of the tree and a production wing outlet

29 and diverting the recovered fluids out of the tree
30 along an alternative route. The recovered fluids

31 may be diverting the recovered fluids to a

32 processing apparatus and returning at least some of



22 fourth enbodi nent of a cap in place; and 23 Fig. 4b
is a side viewof the Fig. 1 tree with 24 a fifth
enbodi mrent of a cap in place. 25 Fig. 5 shows a side
view of a first enbodinment 26 of a diverter assenbly
havi ng an internal punp; 27 Hiﬁ 6 shows a simlar
view of a second 28 enbodi nent th an internal punp;
29 Fig. 7 shows a simlar viewof a third 30
énmbodthest wechvaredntfdudsds penphe3tridiegang giegwsyexring

iml view.of a fourth 32 enbodinent with a
?nter Sﬁu\g&?lﬁlf £¥oR § “3ThBRe™: ioﬂﬁtl\ygﬂ: Vi &k}eof a
Bi f t hre2ooehed TR QW H&é@@dd%&%@&'nypldﬁp;t_h% Pr@esks
and 11 show a sixth_enbodiment with an 4 interna
Bunp; d8spirgded) inghdpiB3 1EWERTE CFev EFch B &S FEHULRHSG to
an Lnte I ; ' 15 show [
gnbod?%%n%Q%Ft%%ggrgéoﬁkt Hné#.gﬁ%ﬁ;qg'gﬁgﬁﬁggﬁgﬁgagxa
Bi Nt hrexbodreeintt roit & &1 uiB0 risteer) nalcqouniingl L driagyy DE

hows schemat.i c di agram of the _Fig. 12 enbodi nent
?oupl@get eﬁF&Eé§§iHﬁ%éﬁgérgPS5%1f§%§%§S'18 shows a
gchematic diagramof two 14 enbodi ments of the
i nvention engaged with a 15 production well and an
°nj ec EmbadisEntse ofe ttiey dnyention md ldwaore bes desigsgbed
onnegt e I aca Si ppar.at us, i.g.
B one 4 Yad B SRS My P RS Hrepdeldd ol tne
lenbodareninpaz§y ihioy drawiskewd na wirieds—sect i on of an
alternative 21 enbodinment, which has a diverter
1éonduit | ocated

13 Fig. 1 is a side sectiocnal view of a typical

14 production tree;

15 Fig. 2 is a side view of the Fig. 1 tree with a
16 diverter cap in place;

17 Fig. 3a is a view of the Fig. 1 tree with a

18 second embodiment of a cap in place;

19 Fig. 3b is a view of the Fig. 1 tree with a

20 third embodiment of a cap in place;

21 Fig. 4a is a view of the Fig. 1 tree with a

22 fourth embodiment of a cap in place; and

23 Fig. 4b ig a side view of the Fig. 1 tree with

24 a fifth embodiment cf a cap in place.

25 Fig. 5 shows a side view of a first embodiment

26 of a diverter assembly having an internal pump;
27 Fig. 6 shows a similar view of a second

28 embodiment with an internal pump;

29 Fig. 7 shows a similar view of a third

30 embodiment with an internal pump;

31 Fig. 8 shows a similar view of a fourth

32 embodiment with an internal pump;



22 inside a choke body; 23 Fig. 21 shows a
cross-section of the enbodinent 24 of Fig. 20 | ocated
in a horizontal tree; 25 Fig. 22 shows a cross-section
of a further 26 enbodinent, simlar to the Fig. 20
enbodi nent, but 27 also including a choke; 28 Fig 23
shows a cross-sectional view of°la tree 29 having a
first diverter assenbly coupled to a first 30 branch
af the tre@ignd % skeeend diverlkar vassemi yp £f3Fftdoupl ed
to a second branch of the tree; 32 Fig 24 shows a
<chemati c FERIGMENe YEik ?@'2n§§§gﬁé1§’ gd in
gonj uncti o Wst h 13 Ginest 1dQMAROlL g 1%k ciukinkdSNERMwith an
Fig 25 shows "an alternative enbodi rent of a 5 downhol e
#ubi ng systiewrexmiadh poowW:d be used with the 6 Fig 23
ssenbl y; .Fi_ gs .26 7 al_t t : .
%nbodinentél ’ gatﬁgﬁfﬁéﬁﬁ$$¥ﬁ¥a gg%ﬁgﬁg£¥%g(%?lment with
@i verter asserdblterfhadownirgd to a nodified christnmas
tree branch between 10 _a choke and a pro%d[o,n Wi ng
Val ve; 11 HBige-284afdd Ssidw% @t réetah inenty with
nbodi ment [ (diverter assenbly coupl ed
%3 to a m)%;nf ieie I%czltg%?is na@'tree branch bel ow a choke;
P4 Fig 30 $Hgns 16 fahosts @i vamtdy exdxaliientusddh @n 15
q i vert quLg% frog;a first well and connected to an
6 inlet héddé&r"%an& Y econd diverter assenbl y used
10 17 di vemilg.f Iyl dsdwsom aareend ovelilacgna edhndst Riig. 2
to an 18 output header; 19 Fig 31 shows a
1&r ossesbedigeat \RWIGE &P FF RFSdNRRPRFITaE M vert er
13ssenbly hauing 1a Gohffla Zhetlflc 22 fhmdshans a

Cross-sectiomal "vi ew of an

14 embodiments of the invention engaged with a

15 production well and an injection well respectively,
16 the two wells being connected via a processing

17 apparatus;

18 Fig. 19 shows a specific example of the Fig. 18
19 embodiment;

20 Fig. 20 shows a cross-section of an alternative
21 embodiment, which has a diverter conduit located

22 inside a choke body;

23 Fig. 21 shows a cross-section of the embodiment
24 of Fig. 20 located in a horizontal tree;

25 Fig. 22 shows a cross-gection of a further

26 embodiment, similar to the Fig. 20 embodiment, but
27 also including a choke;

28 Fig 23 shows a cross-sectional view of a tree
29 having a first diverter assembly coupled toc a first
30 branch of the tree and a second diverter assembly

31 coupled to a second branch of the tree;



23 enbodi nent of a diverter assenbly not having a 24
central conduit; 25 Fig 33 shows a cross-sectiona
view of a 26 further enbodi nent of a diverter
assenbly; and 27 Fig 34 shows a cross-sectional view
of a 28 possible nmethod of use of the Fig 33

enbodi nrent to 29 provide a fldﬁkath bypassing a w ng
branch of the 30 tree; 31 Fig 35 shows a schenmatic
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gas _inje on |i 33_.1 Fi 36 . homs
et ai PETTPAY oFtha™ SOIHRRemiay Srith & Heot dauphole
37 shaw&lagcgygwgﬁlon of the enbodlnents 4 of Flgs

3 and 35; 38 shows a further enmbodi nent mhlch |s
& simlar tFégF%é Fhovgn @1y aite IR G g imeidy of

gﬂbod'd%%how %ﬂ:ﬁlg g&,ﬁt@n{ Ynildd Al {518 Ped uskli with the

eferring now to t awm ngs, a typic producti on
¥l mafiitol2@ essambdff;shore oil or gas well head 12

73T oad ng Helmigr GHE o LlbitTe S SR RHPerFS of

@arrying RIRAHELIR) dadhanion a mqrdelrtaxecagﬁmry
15 of the productlon casing in a reservoir (not
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et ween S%HQ tubing and a
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14 Fig 30 shows a first diverter assembly used to
15 divert fluids from a first well and connected to an
16 inlet header; and a second diverter assembly used to
17 divert fluids from a second well and connected to an
18 cutput header;

19 Fig 31 shows a cross-sectional view of an

20 embodiment of a diverter assembly having a central
21 stem;

22 Fig 32 shows a crogs-sectional view of an

23 embodiment of a diverter assembly not having a

24 central conduit;

25 Fig 33 shows a cross-sectional view of a

26 further embodiment of a diverter assembly; and

27 Fig 34 shows a cross-secticnal view of a

28 possible method of use of the Fig 33 embodiment to
29 provide a flowpath bypassing a wing branch of the

30 tree;

31 Fig 35 shows a schematic diagram of a tree with

- 32 a christmas tree cap having a gas injection line;



23 cap 4 is renovable fromthe christmas tree in order
24 to expose the production and annul us bores in the
25 event that intervention is required and tools need
26 to be inserted into the production or annul us bores
27 1, 2. 28 29 The flow of fluids through the
production and 30 annul us bores’d s governed by various
val ves shown in 31 the typical tree of Fig. 1. The

pr oduct i on Fagr.e 36 mmaa achrea et alid ashivdlew sfcltdsed

a production val ve (P 12. A
¥odugppgﬁa§W§bc&;E3§ (§§V) 15 2 glggls t he production
kore 1 abomft Jhebiemii 10 itbinatA\W b ched dnidiliment s

val ves UPW/ 17 and LPW 18 (which 4 is optional)

&l oseofth&igifoddctingh d5ore 1 bel ow the 5 branch 10 and
BW 12. Be en U ! 2 0

port ( XOV) :358 p%\yfsdedﬂr;t%ll% pro S“c?tq{to ore 13
whi ch sdoddect £ Fig e amissover 8 port (XOV) 21 in

annul us bore 2. 9 10 The annul us bore .is closed by an
dnnul us mast&r 3P1 s\]Féi“ﬂf’ea(/éa %féf t?é’&’&ﬂ H& 18
@utleglgglggnkeokhgolglz by an annul us w ng val ve

(AW) 29, itself below 13 crossover port 21. The

& ossover port 21 is closed 14 by crossover val ve 30.
1’6” an lélfléﬁ: \9@) @J % %%el%ﬂa%%a%d %6(%%&} a t,rk_}]roductlon

Crossover oIoses t hé "u
1annul u&nh(fbecﬂ.onl'é.n b&ff/éikior\ealoztés dm dare werlddearde

typlcall hydr aul i 19 controlled t he
123 e CPBR = S T8 AR 56 Sredieanadary bore 1

180Nt ' Qlla@dh P ¥ rIRART o éB&QJ@%'deL ! Is@lovihianiid s
3 paSS|ﬁg t Ar ough ?&. é% 4 and tﬁlg;1 ggﬁbody“gp t he

1¢ool @larmyaﬂgom@da@trl@quﬁrled,da from a perforated region

15 of the production casing in a reservoir (not shown).
1ls6 An annulus bore 2 leads to the annulus between the
17 casing and the production tubing and a christmas

18 tree cap 4 which seals off the production and

19 annulus bores 1, 2, and provides a number of

20 hydraulic control channels 3 by which a remote

21 platform or intervention vessel can communicate with
22 and operate the valves in the christmas tree. The
23 cap 4 is removable from the christmas tree in order
24 to expose the production and annulus bores in the

25 event that intervention is reguired and tools need
26 to be inserted into the production or annulus bores
27 1, 2,

28

29 The flow of fluids through the production and

30 annulus bores is governed by various valves shown in
31 the typical tree of Fig. 1. The production bore 1

32 has a branch 10 which is closed by a production wing



23 response to signals generated fromthe surface or
24 froman intervention vessel. 25 26 Wen production
fluids are to be recovered fromthe 27 production
bore 1, LPW 18 and UPW/ 17 are opened, 28 PSV 15 is
cl osed, and PW 12 is opened to open the 29 branch 10
whi ch | eads to the pipeline Uuﬁ4shomn). 30 PSV 15
and ASV 32 are only opened if interventionis 31

fnequi Maedve3XE3&/) 1 2Ref & mmglurvidro swal v lwe wet3\hedd

40 .h 2 hol | onduit 42 wi.th tal,
21 aCArEE St He BEGAICHICTs ke s AoV EheREangly 10 and

vhi ch san 13eal Twb tiksyeautadide HfupMie 1condid ttMds 18 (which
agai nst the inside 5 walls of the production bore 1,

& ver tisngnsicmadt)i o= fihd dradustiian igpnehrlodyhlow the
ranc Lnt.o, t %ﬁﬂpl e j t
%nd t é’]aglrééﬂ&?t ialc?).lﬁ1 borel%s'anZ?ng}etV% &J%Pﬂptﬁg%ou ety e @
4. 9crtdautdretpcdt | @@y A0 itsulpregr 216 tim prleeessi ng
11 apparatus 213 (see Fig., 17). Many different types
To of Oty et SRR G d® fordie [AbSRpver
exanphRrtt N&d0%AS SN GraRNAIAdES-e2B3 coul d conpri se
14 a punp or process fluid turbine, for boosting the
B5 pressure of the fluid. Alternatively, or 16
ddi tiQnal |y, -the.processi r.at us | N
l7 gagggéﬁéé%héiéﬁﬁb éﬁ %¥§§$§gﬂ?fﬁ%é§ﬁﬁbﬂﬁ%g%% 18
11t er vallvient@Mwe 2fd Weddw Hie dmjudaid autdfetga®@ss kbntrolled

coul d_be advantageous, as it woul d give the fluids 20
b2 it PY fEkiAGHAEN IS arlve pdtY) Bfe dddigliforPsov

l%lluisfjg‘%@s;é%s‘fe&h%c@:ftf eqt, ofrRAdiNG LARIMIBIA e ig closed

14 by crossover valve 30. An annulus swab valve 32

15 located above the crossover port 21 closes the upper
le end of the annulus bore 2.

17

18 All wvalves in the tree are typically hydraulically
19 controlled (with the exception of LPMV 18 which may
20 be mechanically controlled) by means of hydraulic

21 control channels 3 passing through the cap 4 and the
22 body of the tool or via hoses as required, in

23 response to signals generated from the surface or

24 from an intervention vessel.

25

26 When production fluids are to be recovered from the

27 production bore 1, LPMV 18 and UPMV 17 are opened,

28 PSV 15 is closed, and PWV 12 is opened to open the
29 branch 10 which leads to the pipeline (not shown).
30 PSV 15 and ASV 32 are only opened if intervention is
31 required.

32




23 Injecting sea water into a well could be useful to
24 boost the formation pressure for recovery of 25

hydrocarbons fromthe well, and to naintain the 26
pressure in the underground formation agai nst 27
col | apse. Al'so, injecting waste gases or drill 28

cuttings etc into a well obviat the need to 29
di spose of these at the surface, which can prove 30
axpengeferatidge mow aonretial 12y damedilhgad3tal6 401 hbze a

process apparatus 213 coul d al so .enabl e chem cal s
B boaadty EOrERES: 2 44T et M o doiay e e oF

Apder akans i Wi GRatiRi a30uk ke flloweds enkimaH ke <kal
easier to punp, or pipe skin friction noderators, 5
%hi ch tienonitsd deneff ithet icomdvydittwédén aged ndtyitde dagide

he pi .. Further I 0 em cy. i .
%e inﬁ%gﬁgdogré%gquggﬂgﬁgg?l%gggig%rgﬁﬁgﬁﬁﬁh%.gfﬁﬁgﬁilon
fr act @liuAgsC fadwdalss 1 nPrbeessinn prapadr atousin2h3 the annulus
coul d al so conprise injection water electrolysis 10
dqui phéﬁfﬂ?e—nhg%@hgm%/ 4] é@tde&hﬁatpé”ﬂdéﬁ%t%hﬁ}?relll and
ke added vi® eRe @ :ARie 4gdditional input conduits 12
214, 13 14 Additionally, an additional input conduit
214 could 15 be used to provide extra fluids to be
i.nj ect.e An 16 additi.onal .i.npu nduit 214 caoul d,
or e&ggfﬁleé’, 4‘f7§'8|‘3'1(gSl | r‘{&tae% P&r%%atr?ll%gltgt pﬁ:é)é:(?grm(n?nom
11N Fi gppllratubl 2hizkgwese Fign addi.ti opaly ailffeiredik? types
could lead to an 19 outlet header &g%so shown in Fig
130) f6f PECERSRNGf aPPErAtsgSoWt uRfsl edGessifty

183ppar @gcléﬁ\pgg’ ¢ gr@c%%s(i‘?ﬁga{pi%\%r%t@ i i Homprise

whi ch cou providé an alte e

14 a pump or process fluid turbine, for boosting the

15 pressure of the fluid. Alternatively, or

le additionally, the processing apparatus could inject
17 gas, steam, sea water, drill cuttings or waste

18 material into the fluids. The injection of gas

19 could be advantageous, as it would give the fluids
20 “lift”, making them easier to pump. The additicn of
21 steam has the effect of adding energy to the fluids.
22

23 Injecting sea water into a well could be useful to
24 boost the formation pressure for recovery of

25 hydrocarbons from the well, and to maintain the

26 pressure in the underground formation against

27 collapse. Also, injecting waste gases or drill

28 cuttings etc into a well obviates the need to

29 dispose of these at the surface, which can prove

30 expensive and environmentally damaging.

31



24 route between the well bore and the surface. This
25 could be very useful if, for exanple, the branch 10
26 becones bl ocked. 27 28 Alternatively, processing
apparatus 213 could 29 conprise separation equi prment
e.g. for separating 30 gas, water, sand/debris and/or
hydr ocarbons. The 31 separated“%onponent(s) coul d be
si phoned of f via one 32 or nore additional process
donduiThe Pi2cedBing 2ptheapuecedsi npudgharlausrzigd e

ould alternatively or ditional,ly. i nclude __. .
%easuFZ‘ﬁﬁHFagﬁpiloatyo s,adéféélé%foorth% Qt?r’i g Grha/tecosity
Benpemderet cilsQWwhale/ teams idutUtdhen/f 118 RONHaHKieRE bhem
etc. The tenperature could then be 6 conpared to
tlenpefALIrE COa@UNPs CIK O PR GRiThETIFTien Fladsatees.
@E|| hﬂ'%%{%ﬂgﬂ%ﬁ %h%hkg%QQQ%H%ﬁ?b %u&EQPQ%é ¥1luide and
produce& urds. Ehrthernnre, the O processi ng
appar athes p2 p& sc oulFthritielru eecammjlest icdn chthiwstler which

| ectrolysis equi.pnent. 11 12 Alternative enbodinents
It £ hETTe e dRITESE: P58y SUBS AHAN o o e Aied . and

ot h (RAQVEHE R RMRIUHEMARa 1M T IBHdde stithd Rigpdadus 213
of fluids, and the type of 15 processing apparatus can

Be sekeuiled adscagemppiiisa dnlersipn ek 9o red et ok

2 ca ed a : e\ 4
l\L/&\)hi Chlél ql?g!re ?%1 y%%lger?%b%ﬁtl]c%f}@g{ﬂ%ﬁt\é?e%tf(eq%g]isnl%&uld
144 of behaddeld ed=bane afr tvere 2dddandumal 42p] cARluits
After treatnent by the processing apparatus 213 the
123 f1 ditds are returned via tubing 217 to the
1@r oduct i on

14 Additionally, an additional input conduit 214 could
15 be used to provide extra fluids to be injected. An
le additional input conduit 214 could, for example,

17 originate from an inlet header (shown in Fig 30).

18 Likewise, an additional outlet 212 could lead to an
19 outlet header (also shown in Fig 30) for recovery of
20 fluids.

21

22 The processing apparatus 213 ccould alsc comprise a
23 fluid riser, which could provide an alternative

24 route between the well bore and the surface. This
25 could be very useful if, for example, the branch 10
26 becomes blocked.

27

28 Alternatively, processing apparatus 213 could

29 comprise separation equipment e.g. for separating

30 gas, water, sand/debris and/or hydrocarbons. The

31 separated component (s) could be siphoned off via one

32 or more additional process conduits 212.



24 inlet 44 of the cap 40 which |eads to the bore of
25 the conduit 42 and fromthere the fluids pass into
26 the well bore. The conduit bore and the inlet 46

27 can al so have an optional crossover valve (COV) 28
desi gnated 50, and a tree cap adapter 51 in order to
29 adapt the flow diverter chanhels in the tree cap 40
30 to a particular design of tree head. Control 31
dhannels 3 are mated with a cap control ling adapter

2 5 1in order to .allow continuity of electrical ,or 38
2y PECESREDE AURGERTE i S h e s Ls Y oF
i3nt er yRtiitaRknegsselincl ude T¥ss eeditRippdhengf ore. g. for
provides a fluid diverter 5 for use with a well head

tr ee BEHFUTSINGY tder HMeToeraduted FilRst et omanat i ipn/

al I t on t | f] '
t%reee c%té’glgis?% | ﬁd eéclc'nsir’kg‘feé t%gb%r% ucti cgjr?q‘gicﬁgﬂoe? ﬁez
&hr i stcapalireee to thyripeaddty rab oeadimgy shyteikarrd | foromagtler
val ve, 10 diverting flqw through_the cqndyit annyl us,
And L KEEEER Gip P 1R ol SR e (i SRR
w2l vegnsRigel 4 rf YHeRIdad & IRHRESUI enbaddrintdredeviee or
cheni cal T3 treatment apparatus, with the return flow
Pout e®rPIcE S SENG RPPETEE Usa? 120 advd hame lofdeg Hajection

iverter _co [ : t .igg [l bore. 16 17
. efer&"}%r?ge%t %q%ééc.r%g'g’,s’l:\éfeﬁ& er r1\clet\farr'bodi ment of a cap
118 40a has a | arge dianeter conduit 42a extending 19
t hrough the open PSV 15 and tergrinating in the 0 ,

r odultitER IRy e STRATFIER ¥ e 4@&%1&\? ({ffFEopibed
187 anClyehQy) ARt A iRl falhotiadle A3k 8paF M-ddiftion
22 bore of the conduit 42a to the inside of the 23
1¢r odudilivddisbemsl Lrglemrd arhehridngidsl0 ankedhiandyae of

15 processing apparatus can be selected as appropriate.
16

17 The bore of conduit 42 can be closed by a cap

18 service valve (CSV) 45 which is normally open but

19 can close off an inlet 44 of the hollow bore of the
20 conduit 42,

21

22 After treatment by the processing apparatus 213 the
23 fluids are returned via tubing 217 to the production
24 inlet 44 of the cap 40 which leads to the bore of

25 the conduit 42 and from there the fluids pass into
26 the well bore. The conduit bore and the inlet 46

27 can also have an optional crossover valve (COV)

28 designated 50, and a tree cap adapter 51 in order to
29 adapt the flow diverter channels in the tree cap 40
30 to a particular design of tree head. Control

31 channels 3 are mated with a cap controlling adapter

32 5 in order to allow continuity of electrical or




24 annul us between the conduit 42a and bore 1. Seal s
25 43a and 43b are di sposed on an area of the conduit
26 42a with reduced dianeter in the region of the 27
branch 10. Seal s 43a and 43b are al so di sposed on 28
either side of the crossover port 20 conmunicating 29
via channel 21c to the crossove¥® port 21 of the 30
annulus bore 2. 31 39 1 Injection fluids enter the
Ar anchy@ialuldom woertteolhé€ync? igass fimatro sulvd sapenwirusn

etween the conduit 42a_and 3 the production bore 1.

| ui diIPEERVERTERD ¥5°8€14 direction is linited by the
seal s 43a, 43b and the 5 fluids |eave the annulus via
the crossover port 20 6 into the crossover channe

21c. Théscesbogiaent chamediorel pricvddes ¢ ttHallghivgrter
ore fr 8 _t her f.lui d L he

3ot Tet oRobee e’ s’ MR HSIY (ool SR ot O e
gppar all edlbd viereatre donBhiar apide ss weladedtfdak dd emremt

returned fromthe punp or reat ment apparatus to. .
i’nl et ETTEREERe tor %ﬂmléﬂe]a%f GRS 'Fﬁ%ef |@Rys Sealing

fgraveli ndawe the PRLeRh ilhe bh3L JHiide 43a- i@itthdd HPee
there, directly into the well 14 bore. 15 16 Cap

Ser vi tepigiadd Y 68vvesthies hysinmallliy op@treraviddvies 17

wab valve 32 is.nornally held o , nuy| ter
1Daale <5 o, TR e YalE s DA AR iR TRE Sy che
1al osedpopand Ghesstidlstwdlsyerd3@ icaonenmitdnesopap valvds to
crossover, val.ve 65 is provided between the conduit, %é;
Bore 4YR1&Ad1¥hE BASFSAT &0 INg G&ydrcs &rbfngéfsw 2
18Ne PYgR Qe AIRRL tARPARALYS dfe 4e%r80£123% routed via
Normal 'y the croSSover valve 65 is naintained 24
1¢l osetthe tree cap to the bore of the diverter conduit and

15 to the well bore.

16

17 Referring to Fig. 3a, a further embodiment of a cap
18 40a has a large diameter conduit 42a extending

19 through the open PSV 15 and terminating in the

20 production bore 1 having seal stack 43a below the
21 branch 10, and a further seal stack 43b sealing the
22 bore of the conduit 42a to the inside of the

23 production bore 1 above the branch 10, leaving an
24 annulus between the conduit 42a and bore 1. Seals
25 43a and 43b are disposed on an area of the conduit
26 42a with reduced diameter in the region of the

27 branch 10. Seals 43a and 43b are also disposed on
28 either side of the crossover port 20 communicating
29 via channel 2lc to the crossover port 21 of the

30 annulus bore 2.

31



25 26 This enbodinent maintains a fairly w de bore

for 27 nore efficient recovery of fluids at relatively
high 28 pressure, thereby reducing pressure drops

across the 29 apparatus. 30 31 This enbodi nent

therefore provides a fluid diverter 32 for use with a
mani fol d such as a wellhead tre¥ 40 1 conprising a

thin walled diverter with two seal 2 stack el enents,
donnedtgecttdca thled deapntehr dihe3 bxtarandtd|1€s fivoen where they

rossover valve outlet and flowine .4 outl [

o SRR RIS R o S Y0 1t R e an
di ver &inag phladtHieom the-eannul any il saske ﬁemeera}@lrge
straddl e and the existing xmas 7 tree bore, throug

the cﬁem»\t@pn G T CrbSTOVe AR G, (4D AR the
nNul 49 W8 160 AU IRl chd RAUGEAN ore 20

trees), to the op O ree cap to pressu

lsoost |1m1goorthehe:m0wovterreaﬂmﬁelama:r at Bhe Xlroetsmvean t h
the return flom1r ut ed V|a he tr 12 a Qf
Hore &RRElsiGuileadss tork eazs@rﬂ# 58
er si emegle 1R @ﬂuﬁﬁsl§dﬂﬁﬂ¥ﬂﬂ8ﬂ§h ﬂHe\Mﬂﬂﬂeﬂfﬁé to the

conduit 42a is repl ace 16 a "production bore

Str ad@luetp7©rh@hewgc§éalt§ememtd apPArzEdiishaviTiyg threated
anme positiaon. and as S %%g 4
g)escr |Ok]):eé°ressﬁ‘1rls grjgﬁ'ce s %‘%t%rr%% n‘?r{:qle %mp or

lenboditrenicmelnt tal@@aﬁiag;u@b;oerﬁm@m A rprgtigircatuc t2®bn
fluid enter via the branch 10, pass thro§9h t he %%e

IGpen PREGe Ipw The L dh&ravish GOvBetiiise Pt o0
%t r adeloedaqtaq@at he P 'FE tHHIT P OMAE et oy tﬂ}fe wal 1

channel” 21c¢ and crossover port 20, through the 2
ldut | eloo82a to be treated or pressurised etc, and the

15

16 Cap service valve (CSV) 60 is normally open, annulus
17 swab valve 32 is normally held open, annulus master
18 valve 25 and annulus wing valve 29 are normally

19 closed, and crossover valve 30 is normally cpen. A
20 crosgover valve 65 is provided between the conduit
21 bore 42a and the annular bore 2 in order to bypass
22 the pump or treatment apparatus if desired.

23 Normally the crossover valve 65 is maintained

24 closed.

25

26 This embodiment maintains a fairly wide bore for

27 more efficient recovery of fluids at relatively high
28 pressure, thereby reducing pressure drops across the
29 apparatus.

30

31 This embodiment therefore provides a fluid diverter

32 for use with a manifold such as a wellhead tree



25 fluids are then returned via the inlet 61a, through
26 the straddle 70, through the open LPW18 and UPW
17 27 to the production bore 1. 28 29 This
enbodi nent therefore provides a fluid diverter 30 for
use with a manifold such as a well head tree 31 which
is not connected to the tree céﬁ)by athin 32 walled
conduit, but is anchored in the tree bore, 41 1 and
Whi ch caimpavs ifngl la bdvie fWadwesbdiaettter” stitdddiws' seal
ortiaon, but .routes flow through the crossqver and, 3
(L1 SERGY SLENSHCRAl SEBSHER 6% dndtiohn SRbr YR 4
3 TheskhrgddAaLibedicRsRrs aradifd enentetdesiyriewicae
6 40c with a wide bore conduit 42c extending down the
# pro@ucdiesn (Whiehl axe FrPrciFIAFedesdii f&¢ SPrme 8
ondui S ial |yt o WTox
Tt e e AR B e R R N P
& 83spaske detweerheher esseviglepantd 2he and didlnpyxiks
he branch_10. The PSV_15 is, as before, mintained
T* opGi Sy SRS ¢ RSBt BHS SHPISET I HaBh s HoYsRYeT
33 | owei1erd Qfntihe HeoRGHU W SO Vidiedrirh e fidwpath
vicinity of the branch 10. Crossover valve 65b is 15

Br ovi d&d CHBOREET 1thd reiedduc ticor NSoteP1 odnd-henfass caps to
. . . .
10 ouBeRg Ui bkl IR, SHEnERAT (R et Yot us

1aor ks etk , a wdithi ltdie weaturer tlew 2@uireed/ivdlss the tree cap
enbodi nents. This enbodi nent therefore 21 provides a
1 ui da@ﬁvéﬁjleeLOF& qlgé:?ﬁ tc’r?nﬁlt% lhead 22 tree
j@onprising a thin walled conduit connected to a 23

tree cap, with one seal stack element, which is 24
14l ugg&dat 3thehsotst emeigwdliifigd veans g edud isgmilar

15 embodiment, in which the conduit 42a is replaced by
16 a production bore straddle 70 having seals 73a and
17 73b having the same position and function as seals
18 43a and 43b desgscribed with reference to the Fig. 3a
19 embodiment. In the Fig. 3b embodiment, production
20 fluidsg enter via the branch 10, pass through the

21 cpen valve PWV 12 into the annulus between the

22 straddle 70 and the production bore 1, through the
23 channel 21c¢ and crossover port 20, through the

24 outlet 62a to be treated or pressurised etc, and the
25 fluids are then returned via the inlet éla, through
26 the straddle 70, through the open LPMV18 and UPMV 17
27 to the production bore 1.

28

29 This embodiment therefore provides a fluid diverter
30 for use with a manifold such as a wellhead tree

31 which is not connected to the tree cap by a thin

32 walled conduit, but is anchored in the tree bore,




25 bore above the hydraulic master val ve and crossover
26 outlet (where the crossover outlet is below the 27
hori zontal plane of the flowine outlet), diverting

28 flow through the branch to the annul ar space

between 29 the perforated end of the conduit and the
exi sting 30 tree bore, througtftlperforations 84,

through the bore 31 of the conduit 42, to the tree

dap, badawhiedt m@dbws3Zudl boost €l cap pdrateu T hen tat radelle "
return flow routed 42 1 through the annulus bore (or
annul BETFRAERp rYutEs, g@rn%l}rgutg,heé:‘%e ﬁd’ssove(r and
arossoMen autlet a lsath®ad vy qaust)i & FerRth onthd@lly.
well bore. 4 5 Referring nowto Fig. 4b, a nodified
énbodi nent 6 dispenses with the conduit 42c of the

Eig. 7 odi i pply _prowv :
gbove%?ﬁe F%?) X%?n%g{r;o © %\%g%d € gw#'\f?g%%r% élﬁ:cﬁfe?diﬁ%fs cap
g enbadicmenthwer kd den dore samelwidy 42 tadye eprdavico wowril Ehe

enbodi nents. (11 12 Thi s enbodi men rovi de fluid
di ver PEPIGL 1pke PPT L ﬁsawwsgb@&a% %f d

tgr ee Wanghy 11cS 4BQ sulvdkcGORNRANEd i 1N HY 88 LARRHIA bore

thin walled conduit, 15 but i's anchored in the tree

Bor e dndandi it rdst 6k st@lt lead Isew lishithggpaashiction bore
rossaqver,.and al l.ows full bore 17 flow,f t tur

l?) | ow, a\zéng 3vvijIuls’%aIa](]%’ccfv‘\fet %éq Sswab = ot evralp\%é: t:t %rof’unrég}dlr ;%ne L

1nor makthe. b¥3nctO 16.9. Theslrews 18 suhsed tefork]l nwvitgined

a production 21 bore 123 for the recovery of

13r oduCBESn b (ids Sorginito 2 24he aRd IPerERrdtiqns B s the
13 cap 1body. t%g%ﬂggattﬂ&a%on%r%ﬁ e Ao RS 4Q3kneand

which is at to the 24 tree 101 so that the bore
1803b ofictimé tyapfbadne tadnch 10. Crossover valve 65b is

15 provided between the production bore 1 and annulus
16 bore 2 in order to bypass the chemical treatment or
17 pump as required.

18

19 The Fig 4a embodiment works in a similar way to the
20 previous embodiments. This embodiment therefore

21 provides a fluid diverter for use with a wellhead

22 tree comprising a thin walled conduit connected to a
23 tree cap, with one seal stack element, which is

24 plugged at the bottom, sealing in the production

25 bore above the hydraulic master valve and crossover
26 ocutlet (where the crossover outlet is below the

27 horizontal plane of the flowline ocutlet), diverting
28 flow through the branch tc the annular space between
29 the perforated end of the conduit and the existing
30 tree bore, through perforations 84, through the bore
31 of the conduit 42, to the tree cap, to a treatment

32 or booster apparatus, with the return flow routed



25 is aligned with the production bore 123 of the

tree. 26 Flow of production fluids through the
production 27 bore 123 is controlled by the tree

master valve 112, 28 which is nornally open, and the

tree swab valve 114, 29 which js normally closed

during the production phase 3*9f the well, so as to

divert fluids flowi ng through 31 the production bor e
123 amdrought tée m{stuéma/éulcv.@ 3z BErmuliis dUgv tdeeh in
%roductlon\@ ng, 11§%%n t he 431,1 ronctloQ
rancFCPaTd o ﬁfﬁﬁﬂcﬁl qu%§qu recdvery as i's

gonve@txb@ﬁhaitlldm theeant andl thd ndlhe kydeodi ment of the
i nvention shown in Fig. 5, 5 the bore 103b of the cap

Body 103 contains a turblne 6 or turbine notor 108
unt f t Y S hERd RSt

ri%D %%5%2% glﬁtwe;t Fé‘ contdl nuléro%dy%th ough thle

l6ower dpagerxsfeet he'.tmapzl'baoatyoncﬁnhrorfiecl@ifo téred Hirgt.o 4tahe

roductio t mhlch 10, a tur

Hurp, & A IR apoliEe 7 el 4 ARgR the
pUMP kO% ip%r*‘EDer@t ethD b1ty LA b reafls. Thieuter bi ne
punp 107 is housed within a 13 conduit 102. 14 15
Phe t@rﬂ‘éﬁqf’?ém%%toﬁﬂom i1 SHe ISP dal B itheePreyious

oIIateI 08v and 103v on the shaft and side

)ore 103b respectively, so that

lpassage 18 of quid past the vanes in the direction

of the 19 ar 126a and , 6b t ns, t he
B b oL S G BT At e o] e e gee

1the 21,3ty Bi RRARWRA Gl casywa GRelilthday (HlfeféCtv}l‘Mch is not
connected. 22 23 The bore of the conduit 102 housin

ldhe t GoBNEStRGEO ThelFras Pt ¢ e prediad gipndult,
1%ore %%% %%'Jﬁ%ﬂé?gﬁ'in the tree bore and which routes

16 the flow through the crosscover and allows full bore
17 flow for the return flow, and will allow the swab
18 valve to function normally.

19

20 Fig. 5 shows a subsea tree 101 having a production
21 bore 123 for the recovery of production fluids from
22 the well. The tree 101 has a cap body 103 that has
23 a central bore 103b, and which is attached to the

24 tree 101 so that the bore 103b of the cap body 103

25 ig aligned with the production bore 123 of the tree.
26 Flow of production fluids through the production

27 bore 123 isg contrelled by the tree master valve 112,
28 which is normally open, and the tree swab valve 114,
29 which is normally closed during the production phase
30 of the well, so as to divert fluids flowing through
31 the production bore 123 and the tree master valve

32 112, through the production wing valve 113 in the



25 end, but there is a seal between the outer face of

26 the conduit 102 and the inner face of the

production 27 bore 123 at that |ower end, between the

tree master 28 valve 112 and the production w ng

branch, so that 29 all production fluid passing

t hrough the production 30 boré&*23 is diverted into

the bore of the conduit 31 102. The seal is typically

an el asbdoetionobrandh, manal tio amplraldustdlon 44 nel far

The ugper end of the conduit 102 i,s sealed .in a 3

i ni | AFCPYERY0AS &St RETVRRER a0 '6Ff & -cap body

4 bore 103b, at a |ower end thereof, but the conduit 5
102 has apertures 102a allow ng fluid comunication 6
Bet wedn the embedigenst ofhéheonavention shewm e Fig. 3,
nnul 1 1 or et wee e ndui - n

?he bg§§ %éTFhé%g%éSEegh 16%$hg0?%f%%%eq%%#€rq%b% %gfilne

@ri veprbyufirbiind moepel 1ed wmblinieda dydr ablafe powser is
pack H which_typically flows in 12 the_ direction of

drr ond C¥Fp2ldfd PPebesFirRS 1R ui d ThEs Le FFFERTS he
lgor e égﬁQiﬁhoh%ggc%%rb%h%ﬁt%%elﬁﬂ%ﬁspa%% %&8%H@:€§§3body

t ur bi ne not or relative to the vanes 15 103v

the bbore tlRdbebydt dintiondheh@rodaiat immd boxe 186 at which
ur bi ne.punp _107. . These_acti qons . dr.aw _f | ui r t

By o BRI oR B s Byl n 2R NS S S AE FRov

1gonduher:03 amatbaxpepsimipha of disd rduntegh drhe hk same

apertures 102a, into_the annulus 124, 125 of the 20

18r oduétdh -bofée SHARErEnPEBNddt 1FoRqusesh yidd it @

131 the gralgwe the apertures 102a, and bel ow the 22

producf?gﬁ'mﬁng branch at the |lower end of the 23

légonduit 102, the fluid flowng into the annulus 124

1%4 iST%EV%%&%gn%h%QE%E'&%% %%pgéﬁ f%%%é%“%ﬂéﬂ‘%éé&%-

16 collating vanes 108v and 103v on the shaft and side
17 wallgs of the bore 103b respectively, so that passage
18 of fluid past the vanes in the direction of the

18 arrows 126a and 126b turns the shaft of the turbine
20 motor 108, and thereby turns the vanes of the

21 turbine pump 107, to which it is directly connected.
22

23 The bore of the conduit 102 housing the turbine pump
24 107 is open to the production bore 123 at its lower
25 end, but there is a seal between the outer face of
26 the conduit 102 and the inner face of the production
27 bore 123 at that lower end, between the tree master
28 valve 112 and the production wing branch, so that

29 all preduction fluid passing through the production
30 bore 123 is diverted into the bore of the conduit

31 102, The seal is typically an elastomeric or a

32 metal to metal seal.



25 production wing through the production w ng val ve
26 113 and can be recovered by nornmal neans. 27 28
Anot her benefit of the present enbodinent is that 29
the direction of flow of the hydraulic power pack H
30 can be reversed fromthe confjguration shown in
Fig. 31 5, and in such case t 1 f1uid flow woul d be
in the 32 reverse direction fromthat shown by the
arrows in 45 1 Fig. 5 which would allow the

e-iniection of flui fromth raducti on -w

var vorpes Bt so e el R, Dot 15, @ik b s
102a, seanduirt th@Aiand tintthe 4rirRe RAOERId @F ol b3 body
all powered by neans of the 5 punp 107 and nptor 108

dper abPE§ i193Pevats@ 1ries endaklgmest widr the sandHt

rinnesti em i .
31 LR cheptits JOCRONAL AU SntgR Ao
$ui t abe¢weenbithe dnt®dimy mdalh@mtcendednr B 2ysehd daiee

an be powered _by 1 [ known t hod, such
The oPBROLEE S tus E5TRb PaSHAETS T JoRM g 192 and
Rut thhe Padd &l ahe 13-ee0uUrce of power is not
essential to the invention. 14 15 Fig. 6 shows a
& fferent enbodi nent that uses an 16 electric notor
04 i e f. th I bi : g
ot H5 SRR Bt o Y B qiRd iR
1104 cay he hydwerndd of pawean pexike malhicdlO tgrpixdldgalflows in
ower source, tqQ which it is cannecte 20 cables . .
1%not & LeFtE 9%, e TG %ﬁn&r%ddﬂ%bzfoe!%@[tr ifduid
1Dt or £14-CARRG THRS I ad 3Pl ra t 2 L A Qfanes
or air notor as required. 23 24 Like the Fig. 5
ldnbodil@Bint oft hdeditigdtiingn mgftor 108 relative to the vanes

15 103v of the bore, thereby turning the shaft and the

16 turbine pump 107. These actions draw fluid from the
17 production bore 123 up through the inside of the

18 conduit 102 and expels the fluid through the

19 apertures 102a, into the annulus 124, 125 of the

20 production bore. Since the conduit 102 is sealed to
21 the bore above the apertures 102a, and below the

22 production wing branch at the lower end of the

23 conduit 102, the fluid flowing into the annulus 124

24 is diverted through the annulus 125 and into the

25 production wing through the production wing valve

26 113 and can be recovered by normal means.

27

28 Another benefit of the present embodiment is that

29 the direction of flow of the hydraulic power pack H
30 can be reversed from the configuration shown in Fig.
31 5, and in such case the fluid flow would be in the

32 reverse direction from that shown by the arrows in



25 rotation of the shaft can be varied by changing the
26 direction of operation of the notor 104, so as to

27 change the direction of flow of the fluid by the 28
arrows in Fig. 6 to the reverse direction. 29 30 Like
the Fig. 5 enbodinent, the Fig. 6 assenbly can 31 be
retrofitted to existing desi gnd®f christms 32 trees,
and can be fitted to many different tree bore 46 1

di anetens. 5ThehdrihodionBkd s ldesc tiheedecdmjalctddre of2 f1luid

i.ncorporated into new.designs of .christms.tree.a 3
o oulabt B, BEOdEer ity Fe1vE adpy tyretdi tne
assenghnesusA1%e, tbe epkedirRNtD26aN Reduilt ad 2 &nd into

ot her kinds of manifold apart fromtrees, such as 6
dat heltheg prediucelios, bores M3Sea adrl topsirgs W meansy of the

Eig. 0 a r r..e di [ i tes
t5hat ﬁegc\gﬁr?ec :éohgﬁgtrv\qu% t eqs%ﬁ\g?)tggqg# ]Jtﬁ%gnst%t'or Tl s
50 andanhealpoip wederbd rdiecedioroior ndijeettion rof ke Herg.
11 7 enbodi ment, which is otherw se _sim|l to th% 12
Br evi &&@nklweléwﬁ&di%%@n&@&ﬁn&@d,a]ﬁh?la%%cm “alispg
got or 104 powers a drive belt 109, which in turn 14

powers the shaft of the punp 107. This connection 15
Bet wedm the $laft S emboddmenip any mytidebde mudbine &

1pre fn%l act, desian of ¢ap 193 e di V%ebgéo‘we’r%% oy any
il lustrates a direct nechanical’ type Of conriection,

118 butveqaulkthdher wesidd, utedt @iz alrhailectbordyilraulic
mechani sm or a hydraul.ic coupling, or agg sim/lar, 20

l2ndi r BEVEORAEE GIOBTCH Fad & hydr tioctb\ﬁ L izplar
1goupl 'g%glrge wel L, hRown d63j0Re st 123 K@ Hd8 nvention.

precedi ng enbodinents, the Fig. 7 24 enbodi nent can be
lgperated in reverse to draw fluids

15 Fig. 6 ghowg a different embodiment that uses an

16 electric motor 104 instead of the turbine motor 108
17 to rotate the shaft and the turbine pump 107. The
18 electric motor 104 can be powered from an external
19 or a local power source, to which it is connected by
20 cables (not shown) in a conventional manner. The
21 electric motor 104 can be substituted for a

22 hydraulic motor or air motor as required.

23

24 Like the Fig. 5 embodiment, the direction of

25 rotation of the shaft can be varied by changing the
26 direction of operation of the motor 104, s0 as to
27 change the direction of flow of the fluid by the

28 arrows in Fig. 6 to the reverse direction.

29

30 Like the Fig. 5 embodiment, the Fig. 6 assembly can
31 be retrofitted to existing designs of christmas

32 trees, and can be fitted to many different tree bore



25 in the opposite direction of the arrows shown, if
26 required to inject fluids such as water, chemcals
27 for treatnent, or drill cuttings for disposal into
28 the well. 29 30 Fig. 8 shows a further nodified
enbodi nent using a 31 hollow turbine shaft 102s t hat
draws fluid fromthe 32 productf on bore 123 through
the inside of conduit 47 1 102 and into the inlet of
a condiipeetentsar ame jeubpdithentis dEGfmrib@d cHre alsc be

nDtor/ np unit has hol | ow 3 shaft de n, where the
Bunp RECOEPRIAESS Latcamset GoF 80 Gift ArEAH A ei s 28

tshe rf%%g&%tlorfe%%rpesb%fth@r thathizEh e-gFianged

inside a notor stator 105s. The 6 punp rotor 107r and

the neEeembdties -10%d scot 4the @@b@dlmemtrﬁglc@rpuh@:efmed to
earin 122 .around the t ol f1

ther el‘o'-’y%%‘L g av%vllﬁlg i Ic%l rlgftr%&itdn%p%#nsé g)\gl j):%ehé s

502 t baeheh ihe mapadolaRs! i esibakd J;G:lenopmiaﬂajmns.

through t he annul us 124 between the 11 shaft 102s and

t’he bore 103b of the cap 103. The 12 |ower portion of

ghe shalf 302%dys apeiiitird dmpbsiikdsl WAEH fhe.LlQiéItexfates

surface of the conduit 102 is 14 sealed within t
Sor e ahatchelwhan‘qnnla@Zsoametae@ tie Iamefrtsagefrttlhee motor

021 at fluid pu fromthe. ul us. 1

T&nd eﬁln%rtttr]?ﬁ P, a éalnt 1f§fjrg Of7 XSh rler?urkes ?ﬁnovzcvl%r?g Fig.
1tihr ough erp dEamfacys wlua%rbe..ts/\eﬁrherm deh e icorndis ttol&Zhe

and the shaft 102s |nto the 19 roductlon bore 12

12nd f PFEMLPYSh Ry IembRe i mem sy 12 i erlevaﬂ]\F‘é:tlrllscal
101 expert, %4”%&{@ Saﬁ;clifxt%% el e 1Yo C]h 8, 31%’ turn

prime nover of 23 construction, but
ldl ect picweors hyar allafc mdt die qaump 207 undfthlcsn connection

%dequ% %v}éen tthheI Ssh% osdiorFQ:tﬁe gﬁ% %qu motor permits a

16 more compact design of cap 103. The drive belt 109
17 illustrates a direct mechanical type of connectiomn,
18 but could be substituted for a chain drive

19 mechanism, or a hydraulic coupling, or any similar
2Q indirect connector such as a hydraulic viscous

21 coupling or well known design.

22

23 Like the preceding embodiments, the Fig. 7

24 embodiment can be operated in reverse to draw fluids
25 in the opposite direction of the arrows shown, if
26 required to inject fluids such as water, chemicals
27 for treatment, or drill cuttings for disposal into
28 the well.

29

30 Fig. 8 shows a further modified embodiment using a
31 hollow turbine shaft 102s that draws fluid from the

32 production bore 123 through the inside of conduit



25 design can be of any suitable type, but a noineau

26 notor, or a turbine as shown here, are both 27
suitable. 28 29 Like previous enbodi nents, the
direction of flow of 30 fluid through the punp shown

in Fig. 8 can be 31 reversed sinply by reversing the
direction of the 48 1 notor, so' as to drive the fluid
in the opposite 2 direction of the arrows shown in

Bi g. BO023and Rafter theg imdwtt @fFiag o ined sodreho dinde ipump

| oys . no 10 n the rmof a.di,sc rotor
Bt 218 aBaheray s rten/ Bty Fou e e
ke s'Bl‘jé.Cflta'@E'els(ig@lr Solehr@ deld RO West qmv&nﬁ@tdi&rarﬁged

sui tabl e source, connected to a centrifugal disc
$hape§OPGRPLIGTAAM ideife fhe @Oftrqsfmxtq@rprl&cﬁrot |h9$h of
%0 botg ;12,3 St o LHJTA 5’%%1 eb%r Ehctlond a‘?: Yidsel02 rhe
uses centr |npe ers to expe e fluid
®2 ragbluaipl yotprwands iamtdo tdel |TtEItIdIng.“C¢@IIdLJJ(I5S:‘ It atanchs a
3 thence_.intq an annul us 125 fqrned bet tg%_l4
onduftPEge &’ﬁ(?ctelwémp%&&lf&ﬂgﬁn Gr @rf’é’élqmﬁ '

35 i s herabed shAT tPneYIO4slet-cd8s Griahathd F1eald ifffonl&he
enbodi nents, the fluid propelled down the annulus 17

$25 caﬂﬁéﬁep§§stbﬁe It 802t Fhrcyedy téed UpPathapergures
ondui 02 h ct_h.an h,
SO Rh0e SR BT SR SR 4050 s e

1R g. &hafln;owztsharﬁamepmecmfslhgwfeotheo caperldie i rhe

22 reyerse, to draw fl ui ds hrou the roductlon Wi _ng
123 va?iweﬂyortﬁpal ﬂ?et@@ncﬂﬁﬁ SO RInS IR 04

1>,07 tlfo@qugantdh%ﬂeeomlétxe%u&qra@a tofl%e Fhcduids is

102, "and into the production bore 12

14 sealed within the bore of the shaft 102s above the
15 lower aperture 1021, so that fluid pumped from the
16 annulus 124 and entering the apertures 1021,
17 continues flowing through the annulus 125 between
18 the conduit 102 and the shaft 102s into the

19 production bore 123, and finally through the

20 production wing valve 113 for export as ncormal.

21

22 The motor can be any prime mover of hollow shaft
23 construction, but electric or hydraulic motors can
24 function adequately in this embodiment. The pump
25 design can be of any suitable type, but a moineau
26 motor, or a turbine as shown here, are both

27 suitable.

28

29 Like previous embodiments, the direction of flow of
30 fluid through the pump shown in Fig. 8 can be

31 reversed simply by reversing the direction of the



26 27 One advantage of the Fig. 9 design is that the
disc 28 shaped notor and punp illustrated therein can
be 29 duplicated to provide a multi-stage punp with 30
several punp units connected in series and/or in 31
parallel in order to increase the pressure at which 49
1 the fluid is punped through t4fe production wing 2
valve 113. 3 4 Referring nowto Figs. 10 and 11, this
énbodmotptr, 5o klsusor ardsea tmiestfdmliﬁlﬁrt tdite icpreedlted
mnthl .the 6 bor 8F$ of the 1Q3, nd onnect ed
% o aSHGHEEGONT OF FhE REE Bl s coh Fadedbl y 116
within the bore 8 of the conduit 102. The conduit 102
is again sealed 9 within the bore 103b and the
Br oduBeifenrisge noa3 ol Fithe Fondhich@mgodiens smpdoys a
assenmply 110435 8 gheek, L Lval ¥ Mol e
p|ston S nnve up fromthe I'ower "position
ghown pire feirgblil& lley tpumpiliy fdosiedeid)t duthecapier ther e
15 12 athr %h t he W%|| of .the bore 103b by neans of
PR OFoeM L SR T & REMETY St 8h S By

tahe %Zu%m\és slotrided. chPdiectR RicS O eiblfiRd1S disc-
seal ed 18 bel ow the aperture 126a, and so a buil d-

&t 198bﬁ@§§up@mell@w ttﬂi@tpudgtam Flstiss from, wker @ro uction
owar 2 h r 1 i fl

gr awn ret qé2t3 gf%%% rau |ec%g’glv?/erfr %%IP%( fc@hﬁwlgoq’dut%t 102

1115 taandemegz clep:\mamfugalhmdipmllheorssltgnaalprao tghee f£luid

generated that 23 controls the valve 117, to nmintain

he JFPEEBIGN GMEWEEdshdToy P IeGh LogowPrid sy, F2foq and
1dhen thenRlstioRo 25 MRn1eACNSS IdchiP Peiirlersiake.

anot her sign I'sS generated that switches the
1@a|vec@nﬂuamd102 and the production bore 123 in which it

15 is sealed. As previously described in earlier

16 embodiments, the fluid propelled down the annulus
17 125 cannot pass the seal at the lower end of the

18 conduit 102 below the production wing branch, and
19 exits through the production wing valve 113.

20

21 Fig. 9b shows the same pump configured to operate in
22 reverse, to draw fluids through the production wing
23 valve 113, intc the conduit 125, across the pump

24 107, through the re-routed conduit 124’ and conduit
25 102, and intc the production bore 123.

26

27 One advantage of the Fig. 9 design is that the disc
28 shaped motor and pump illustrated therein can be

29 duplicated to provide a multi-stage pump with

30 several pump units connected in series and/or in

31 parallel in order to increase the pressure at which



27 reverses direction of fluid fromthe hydraulic
power 28 pack, so that it enters through upper
aperture 126b, 29 and is exhausted through | ower
aperture 126a, as 30 shown in Fig. Ila. Any other
simlar swtching 31 systemcould be used, and fluid
lines are not 32 essential to%%he invention. 50 1 2
As the piston is noving up as shown in Fig. 10a, 3
pr oductieof 1ulivi de purpesl phodueth dheb@reodlRY jare wing
dr awn éﬁto the bore 102b of the conduit 102, thereby
5 fil "Bt Hebore 102b of the conduit underneath the
@ piston. Wien the piston reaches the upper extent of
7 its travel, and begins to nove downwards, the check

g val Referyisgemowntien Ftilge -prids swmde ldovitiy 2 eankgsidimsnt

do eds . reservaQir. . pr. rg | he .10
S Ut et 73 Pas T har % AU At ey M £pe
k23 i boidee 1loake cEO2heofcaichd ogqndind chidhefdieal tirsoughrod to

12 the check valve 119, and into e annul us l246é§
Het weén TF&E hegnd@WETL G2 Shedt ATS ST Yo Inathigh &he ppre

ghe pist ehes RERRS t! NY 2 oWl L BRI 11025 i TRfBin senled
and the pressure between the annulus 124 and the 16

Br oduetitdrinbsie M2Freedildb sewl tiiee nyinshic biginy eore) 1267

i.n the,|l ower pist nbl_y. I I [

he fI%Ll?led\ﬂli%r‘?'e%hgnanﬁ%ﬁ%glelfﬁsﬁo%vgast%ﬁ%ﬁql vvel?L%gl S or‘?‘l%heck
119 assankley 11B6. At that point, the valve 117 20

switches, causing the piston 115 to rise again and 21
I%ul| the |ower piston assenbly 116 with it. This 22

1k f ts thhe p‘i@t‘é@?‘ 1875 filUihdy e ARide 124habesi t2%n
the | ower "pi ston assenbly 116, "and once sufficient 24

1gr esswhewrs igefegat dda iyt pawfdigicd flwithe rerenihes apgEgture

al ves 2F30 PR SRS Gt e CARAUINS o feans of 3

16 hydraulic power pack in the direction shown by the
17 arrows in Fig. 10a. The piston annulus is sealed

18 below the aperture 126a, and so a build-up of

19 pressure below the piston pushes it upward towards
20 the aperture 126b, from which fluid is drawn by the
21 hydraulic power pack. As the piston 115 travels

22 upward, a hydraulic signal 130 is generated that

23 controls the valve 117, to maintain the direction of
24 the fluid flow shown in Fig. 10a. When the piston
25 115 reaches its uppermost stroke, another signal 131
26 is generated that switches the wvalve 117 and

27 reverses direction of fluid from the hydraulic power
28 pack, so that it enters through upper aperture 126b,
29 and is exhausted through lower aperture 126a, as

30 shown in Fig. 1la. Any other similar switching

31 gystem could be used, and fluid lines are not

32 eggential to the invention.



27 thereby allowing the well fluid in the annulus to
28 flow through the check val ves 120 into the annul us
29 125, and thereby exhausting through wi ng valve 113
30 branch conduit. When the piston reaches its highest
31 point, the upper hydraulic signal 131 is triggered,
32 changing the direction of véﬂge 117, and causing
the 51 1 pistons 115 and 116 to nove down their
flespective 2 cylinders. As the piston 116 noves down

nce r 3.the check valve 119 opens taq _al].ow well
PI'ui dBgo ther B SOk 16 SVaa8) WorFme rabak et e Srovicy
hower prodpicstion FsaHY Yinlthe PrOARE IGHC IR HLNSH Hired
7 The fluid driven bgﬁgﬁe hydraul i c power_ pack can be
& dri deRwsy istRetheedioge A02E ft ithe ywonduidarl0®, thereby
sci | l-ati 1.0 n ' rted I
3ot o b e PO TR TSP (kiR (i Earh ke
F1l ropdtstog .cr dhenandtec gimecin ngacbes $tet acppeat lextznt of
mechani snms etc.. 13 14 By reversin d/ or
o ar PaRQLAG Ble GrBREATENE ooV SEHEVATA. e Seck
119 ard 1120, 166h @ @inse Ged tPe iJr@Wsul ind ik the piston
enbodi ment can al'so be reversed, as shown in 17 Fig.
P0d. E@wnyarfise exivesikdsy dhge yesteame iar @usAguLeal redhe

ut c Q.S tituted for y Qt id..
551 vePrrRRetIpritede T f AR s B s Hthiae
1net r ofl2Gt deh tthe2Doad qt0i2hg ciff et eondariyd N 2difdmet ertsrough
Qr inc rporaE%g 23 intao the design of nem1tree§€4?4

135 Ref&fr CAG oW Y Filds: PR%and ™3, the Al
18MbodigRRfen e YoHdAR RicH GRAIRNGARYn &hdfte  once
14 the piston reaches the lower extent of its stroke,
15 and the pressure between the annulus 124 and the

16 production bore 123 equalises, the check valve 119
17 in the lower piston assembly 116 closes, trapping
18 the fluid in the annulus 124 above the lower piston

19 assembly 116. At that point, the valve 117

20 switches, cauging the piston 115 to rise again and
21 pull the lower piston assembly 116 with it. This
22 lifts the column of fluid in the annulus 124 above
23 the lower piston assembly 116, and once sufficient
24 pressure is generated in the fluid in the annulus
25 124 above lower piston assembly 116, the check

26 valves 120 at the upper end of the annulus open,

27 thereby allowing the well fluid in the annulus to
28 flow through the check valves 120 into the annulus
29 125, and thereby exhausting through wing valve 113
30 branch conduit. When the piston reaches its highest
31 point, the upper hydraulic signal 131 is triggered,

32 changing the direction of valve 117, and causing the



27 enbodi nent shown in Figs. 10 and 11, but the piston
28 assenbly 115, 116 is housed within a cylinder
formed 29 entirely by the bore 103b of the cap 103.

As 30 before, drive fluid is punped by the hydraulic
power 31 pack into the chanber__bel ow the upper piston
115, 32 causing it to rise as wn in Fig. 12a, and
the 52 1 signal line 130 keeps the valve 117 in the
¢or r eptist2npodilti emdad lfh&opimoiven db¥R itéiedirs inegremhiye

raws wel | fluid rough . the nduit 1 n e
gal vecyil\f@@rﬁnt oAtgh%%@hgar‘Eé:Pnf &?L%eg'olvr?st %%)w%la%nbor grh:re,
303b. the Wheek! ka1Restian kaenseaehed licks wellll fitrigkeo

the 6 signal line 131 is triggered to swtch the valve
t17 fidéd the gdspipssdsNewnTen aboye the mayingglower
rive i d i in o Aig ey and the

g pisF%ﬁEf%ngg%gﬁgﬁggquwﬁ% ﬁi%h ives%%#gton 116

80 down the bore 103b expelling well fluid through the

11 chegk | ves 120 (valve.119 is cl.qsed), into

dnnul (J@e % ut 4,dri‘f§g"a%’é’ Eﬁeogﬁ’l’?‘srtaﬁ%l& V&S SRSh 62 be
wal vegtiden b3 LRHdM melmodi DEReriie i6RaGK Valnearl19

is located in 14 the conduit 102, but could be
iSrmedicgcdily agidge Mot 1om apy hee l@RAEd 1€ dhicerttot§Ton

f the. k I 16 j Vi '
P ow 57 ERE ATRIBLAYE By, BBl o1 R TRBRATS e
1flur t heotenhodi mernk Srshaemnet things rot¥] awbtkdy ydlk
which works in a simlar fashion but has a short 21
1&iverﬂ@¥£¥ﬁﬁﬁ§ﬂﬁ V02 sealed to the production bore
142 and straddling the production wi ng branch. The 23
| ower piston 116 strokes in the production bore 123
124 ab®ve reEve rdiiver tard /55 afolar rEeming et srdentptiogns of

17 L SR A U ! 1 4 o

16 in this embodiment can also be reversed, as shown in
17 Fig. 10d.

18

19 The check valves shown are ball valves, but can be
20 substituted for any other known fluid valve. The

21 Figs. 10 and 11 embodiment can be retrofitted to

22 existing trees of varying diameters or incorporated
23 into the design of new trees.

24

25 Referring now to Figs. 12 and 13, a further

26 embodiment has a similar piston arrangement asg the
27 embodiment shown in Figs. 10 and 11, but the piston
28 asgsembly 115, 116 is housed within a cylinder formed
29 entirely by the bore 103b of the cap 103. As

30 before, drive fluid is pumped by the hydraulic power
31 pack into the chamber below the upper piston 115,

32 causing it to rise as shown in Fig. 12a, and the



27 check valve 119, through the diverter assenbly 102
28 and into the upper portion of the production bore

29 123. When the valve 117 switches to the 30
configuration shown in Fig. 15, the pistons 115, 116

31 are driven down, thereby expelling the well fluids
32 trapped in the bore 123u, t%ugh the check val ve

53 1 120 (valve 119 is closed) and the production

W Ng s2gvallvéihe3138 kéebisgthib vaellews 14 7f urt ére correct
enbodi nent, which enplqys a _5 rotath% crank. 110 with
an ecBRRLFIER PY &PFaPREFOTs 1aPm!P1Fd SRS -cad of £X3YS
Bl ui dydihve; (BENRRAXSILHO tHRY @onfulife 102569R LHckThalve
crank 110 is pulling The piston 8 upward when in the
posi t 138 d$hownthe Ehgmbega foamedo ipudhiengait Leaionidicd -

en (nh th osi.tion showy in 0.16Db. i
gruidhﬂﬁpo%P%epdﬁﬁg %gﬁtrgﬁcpﬁé l%% nggu%¥%%%: oFge
§23u asgpaeviaunsl yadeser ithgdgelad ti2 sstitatdithel G2 lard 117

check val ve arrangenents as 13 described in the ,

Brevi 58s tEfpbE@ERERCR ShowDS iy Fdgoulld de SPotdR t IR Ve

Bhe PYTR;dogs RRplalan e ockRyd @Adleed iidh dnd the
production boreg; F%e punp could be 17 located in any

Bor e pfistbe tliée iwi pushed doemn.andhds drg vewsm pEtstdrprll6
xanpl.e, the punp a iverter ,assemhly --19 be

1§onne€1f3§’& Fg‘ea rﬁgqglsg’n@ﬁ‘p 408 @’gﬁ& SRS TSR che
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The present invention can also usefully be used in 23

13ul ti pRE WeRS eaRbithacuehs thes PIseMEHIPTFwIdY M8 Lyifg 113 -

4 19, Fig...1 ty, i
1% £ T ) I'(l::gll s %nﬁa‘&%\@nfgitgﬁ:gl%r Uneid TN 9| wheneldstdd in

production well an 1njection well 330 are
126 conhecretdudgetiiter, Wk predes Send mamuhdrdtaly 22@ve it.
15 By reversing the orientation of the check valves as
16 in previous embodiments the flow of the fluid can be
17 reversed.
18
19 A further embodiment is shown in Figs. 14 and 15,
20 which works in a similar fashion but has a short
21 diverter asgsembly 102 sealed to the production bore
22 and straddling the production wing branch. The
23 lower piston 116 strokes in the production bore 123
24 above the diverter assembly 102. As before, the
25 drive fluid raises the piston 115 in a first phase
26 shown in Fig. 14, drawing well fluid through the
27 check valve 119, through the diverter assembly 102
28 and into the upper portion of the production bore
29 123. When the valve 117 switches to the
30 configuration shown in Fig. 15, the pistons 115, 116
31 are driven down, thereby expelling the well fluids

32 trapped in the bore 123u, through the check valve



27 28 The injection well 330 can be any of the capped
29 production well enbodi nents descri bed above. The
30 production well 230 can also be any of the 31
abovedescri bed production well enbodi nents, with 32
outlets and inlets reversed. 54 1 2 Produced fluids
from production well 230 flow ﬁﬁ 3 through the bore of
conduit 42, exit via outlet 244, 4 and pass through
ttubi ng2232vadver adésdisng lames) atusl  the? 2 odutitdlenmaing
%Iso hang onﬁ or nore further input 6 |ines 222 and
ne o’2m¥Felffidrther outlet |ines 224. 7 8 Processing
apparatus 220 can be selected to perform 9 any of the
functi ons described above with reference 10 to

Br oce§ding lépphewsus Irythen wabmdgment 1 Whdbo GMRdfys @

ddi ti I, i t ,
R R e e A S
Bl ui darpr adweed nisterdp dd uc thilon dveldi v23 the chérarh ttiremove

i_nj ect _one ,or nore of these into._.injection., k15 L.

330. SEFaPAE ARG fLGi-ds omr&% A %&Wq&-l%%e piston
Ignj eCLIpRE NP edN AN @heMlds Wi S Wk ROEETHI NGa,land
apparatus 220 reduces the quantity of tubing, time 18
&nd epaslyngedds sompweatpaled tia pdef aAltg adhopn in
funct i i ndi vi_dual | i.he | t

1tOhe Filgg'ﬂqlgr%t?o |rr?e“>r%’t iﬁﬁ%ﬁzg@&%ng:h\a@py%p;%%%%%fo O(]L'th%%
ey apiodurtlidte bore 3Ry ad berestdidiade, demcribed. The
carrying the produced fluids or a separated 23

LRonpofcredsi e HdLe a6 ChEEUMPAYE &SRS G933

180NN GS R RS S NG HAPRAAL U™ o2 2R dr® . 26 an inl et
246 of a wellhead cap 240 of production

14

15 It should be noted that the pump does not have to be
16 located in a production bore; the pump could be

17 located in any bore of the tree with an inlet and an
18 outlet. For example, the pump and diverter assembly
19 may be connected to a wing branch of a tree/a choke
20 body as shown in other embodiments of the invention.
21

22 The present invention can also usefully be used in
23 multiple well combinations, as shown in Figs. 18 and
24 19. Fig. 18 shows a general arrangement, whereby a
25 production well 230 and an injection well 330 are

26 connected together via processing apparatus 220.

27 |

28 The injection well 330 can be any of the capped

29 production well embodiments described above. The

30 production well 230 can alsc be any of the

31 abovedescribed production well embodiments, with

32 outlets and inlets reversed.



27 well 230. The processing apparatus 220 coul d al so
28 be used to inject gas into the separated 29
hydrocarbons for lift and also for the injection of

30 any desired chemicals such as scale or wax 31

i nhi bitors. The hydrocarbons are then returned via 32
tubing 233 to inlet 246 and fl# fromthere into the
55 1 annul us between the conduit 42 and the bore in
which 2 it is disposed. As the annulus is seal ed at

he 3 _upper. _and.l qwer _ends, the fl.uids fl.ow_thrqugh

ne ~ReBREGRE ELnd %) 4 2RE brbdireryn Beld Hal I up
Ror i zeptalighl REe3HRrel dfnjicesiduan wel |l «33@ sarvemtleta®4,
an injection line (instead of an export line). 8

Bl ui dgéndoppesi fheovel Capiagt @32 FcePHOSIFATIAG FRParagus

rom re [ a I :
%ondU| %42w§2§%tﬁ%§§g¥5§%2E$EEQ$#%3§Eggﬁgﬁgﬁg%ﬁgﬁéagfft
and t dhineg 23% ianikio opeoees sore dppahatruul@t Theesl224.
processi ng apparatus may include a punp, chemcal 13
Fnjection devi ce, and/or separating devices, etc. 14

gnce pheckll-asly apphhicds Bae ek s RieerIeberorm
as required, they can now be conmbined with any 16

Separ angd ofathe fandtdeoms sesrdbesasbeovigatwtinlrefprence

f.rom product.i . I . e .j.nj ecti J.uj d re 18

Phen ?Pa%E%gF%%&ﬁa gF%%%Fﬁé%2§&%{3%5§%%an 'Siiﬂof 19
itthe cambd4lmehti.n] ecldiad onellll y33@rddeaaine apddreyru?@20
ass throu%h the conduit 42 and into the well bore.
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p 21
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24 line 310; all of tRe injection fluids could 25

1éri gi pade theomiprjediic tinen cxeor23®f fdtesad i@ injection
1Eurth%%qqr%30qsIé%ﬁ&%%ﬂ?ﬂ@“fTﬁ%dgﬂ¥¥gﬂngH€Lwéfl and re-

16 injecting into another well via subsea processing
17 apparatus 220 reduces the quantity of tubing, time
18 and energy necessary compared to performing each

12 function individually as described with respect to
20 the Fig. 17 embodiment. Processing apparatus 220
21 may also include a riser to the surface, for

22 carryving the produced fluids or a separated

23 component of these to the surface.

24

25 Tubing 233 connects processing apparatus 220 back to
26 an inlet 246 of a wellhead cap 240 of production

27 well 230. The processing apparatus 220 could also
28 be ugsed to inject gas into the separated

29 hydrocarbons for lift and also for the injection of
30 any desgired chemicals such as scale or wax

31 inhibitors. The hydrocarbong are then returned via

32 tubing 233 to inlet 246 and flow from there into the



27 processing apparatus 220 includes a riser, this 28
riser could be used to transport the processed 29
produced fluids to the surface, instead of passing 30

t hem back down into the christrmas tree of the 31
production bore again for recovery via export line 32
210. 56 1 2 Fig. 19 shows a spetrific exanple of the
nore general 3 enbodinent of Fig. 18 and |i ke nunbers
are uvsethulas detesiegnate lddoelyiar t42. abk treodess ngh which
apparatus in,. 5 this enbodi nent includes a water

“nj ectlitort b GSe8 -pulyF 46 M@&%&%i%ﬁ%ﬁ Vila

B0 an yigHeSCHRN 1 oheteldndsd RIRAUGIQE BARSE afhdiiigh +He
connected via 8 tubing 232 to a production well,” and

& wat exporiegangt @l lvdsselrezgyeryonnect ed bet ween t he

wo 10 wells via tubing 232, 233 and 234. Punps 260,

O 11 are powered by respective high voltage

& ect mhel hprikdmeder iwillicals i2fect2én Wall BB J reerves
use, produced fluids from production well 230 15 exit
ds pr &F Gos I IGESdahdd F & ITHTERY 2 Fh SXPORE -
ign Fi @mﬂi% twtﬂeeti_rﬁ@ct@lﬁ ddibidit 232 ik 1ine 310,
pressure of the fluids are boosted by booster punp 18
270. Frewpmbdused bewirds st hee gdss anmg wegmtaenn tice

essel  250,. i.ch_s rates the dr qcar.bag f
1;{)he prcgélgig‘lé V\A\?\l&t r?de%%‘ée r}?yocﬁeoécé’r L%lr?s%&?e & 16 uro:}g;?e%%%
110 pr @ehdcC tthadyl el d3 T am AP ndce daibion GptatfuDmamp The
22 240, they are then directed via the annulus 23 |
12ur r oBFGISEE SR CRRAGAT WD MY disdMds ineWiy. chepinnl

e SRS RIS e
14 Once the injection fluids have been thus processed
15 as required, they can now be combined with any

16 separated water/sand/debris/other waste material

17 from production well 230. The injection fluids are
18 then transported via tubing 234 to an inlet 344 of
18 the cap 340 of injection well 330, from where they
20 pass through the conduit 42 and into the wellbore.
21

22 It should be noted that“it is not necessary to have
23 any extra injection fluids entering via injection
24 line 310; all of the injection fluids could

25 originate from production well 230 instead.

26 Furthermeore, as in the previous embodiments, if

27 procegging apparatus 220 includes a riser, this

28 riser could be used to transport the processed

29 produced fluide to the surface, instead of passing
30 them back down into the christmas tree of the

31 production bore again for recovery via export line

32 210.



27 The separated water enters injection well through
28 inlet 344, fromwhere it passes directly into its
29 conduit 42 and fromthere, into the production bore
30 and the depths of injection well 330. 31 57 1
Optionally, it may also be desired to inject 2
additional fluids into injecti&ﬁsmell 330. This can 3
be done by closing a valve in tubing 234 to prevent 4
dany fluids fromentering the injection well via 5

ubi ng,.234.. Noyw, these addit.ional fl.uid n enter 6
Pri coBigh e PEsHS B SUERIEAS GXATE $ho L T e heral
2 for mboditetexFoirtid.i N& ighdnauoumntydiedia®ntised &o
The rest of this procedure will follow that 9 )
descr 584 IEBGFe Liikeh Pegtter-endd e PUOGESSEAI ARRFS tuRp in

nt eri I nj i [ , . t
ot weoh Sonder e IBr SR s I RN Fhoster
el | bpuep 6@ diorerciceeddwitheuwddals 28% (earfFiiijedtion

3 at t | ower d aof conduit 42 to travel up the 14

nl Y51 Tang SRCEUAC BURCSE Lk PURe 4R ARIARAFY 162
pass &uPAsigt BhioNG 23D prIdRdHiRYS Wed 100G PG M tks-
booster punp 260 and are returned via conduit 237 to
£7 i neepazas st views edh 59 meernesE e hshvRaTe theh &g
f{ ui d nr IsNSi f ui t 1
1§ rec?’lega%ﬁ#&%t %eldl%qv\éll %gr2é f%? %ﬁléf ept'hsPuo %%0’2%70
Mel | 33@ pler2d Dypirespect iMeuihdgylane litgjcectededtmticcity
i_njection well . 23 330 from_tubing 234 (i.e. fluids
1§epar§9¥@ITF@%P@H&aif4zﬁﬁcdﬁﬁgﬁ fluids of production
mwell 230) and from 25 injection Iine 310 (i.e. any

additional fluids) in 26 sequence. A ternatively,
l¢ubi ng® 28£ amd esb filgide7 faewbinredacigretwed4qa 284

1he tWo s5eRar abe JINeS \Plescribed via conduit 42 (not

16 shown in Fig. 19), outlet 244 and tubing 232; the
17 presggure of the fluids are boosted by becoster pump
18 270. The produced fluids then pass into separator
19 vessel 250, which separates the hydrocarbons from
20 the produced water. The hydrocarbons are returned
21 to production well cap 240 via tubing 233; from cap
22 240, they are then directed via the annulus

23 surrounding the conduit 42 to export line 210.

24

25 The sgeparated water is transferred via tubing 234 to
26 the wellbore of injection well 330 via inlet 344.
27 The separated water enters injection well through
28 inlet 344, from where it passes directly into its
29 conduit 42 and from there, intc the production bore
30 and the depths of injection well 330.

31



28 injected fluids could be injected into well 330 29
sinmultaneously. 30 31 In the Fig. 19 enbodi nent, the
processi ng apparatus 32 could conprise sinply the

wat er separator vessel 58 1 250, and not include

ei ther of the booster punmps 2 260, 270. 3 4 Al though
only two connected wells are siown in Figs. 5 18 and

19, it should be understood that nore wells 6 could

al so bptdonaéayeditonh@eapmocé&sﬁegiaﬁ@amatd&ject 8

Two further odi.nents .of the .invention ho .9

EhC i 80158 0BA S ioRed B e BORECe AR Tadaih-od Thig can

Ror uge Wbna E#a@UUéq Rl 2aRE1RQr HORB:inly 9@41ko frevent
respectively. These enbodi nents have a dlverter

dssenbhy $02idecdrenh pateirdrioy tihesildd egtdien stadds vies

tSr ee %h%lﬁ% b%@% SO%OW( TI%%es%t %Idlaalt.l%?lr fq.fu d'ée ca 4 enter
aveIpéen 'r emoved, just Teaving ¢ oke

500) 1Gljelce: ibadwe300 3c3<mnmiraj datjes tiicnh lamei r:stLeJr i ((Nhlcl‘ﬁ was

bore of a perpendi cul ar extension of bhranch 10. 17 1
Bi ver EOFMESd¥niing SFPOEEMTSed Ta PRETSNG spodd mepy: s

gonduith 542 gral £ RSl ?&@c@@%r@ﬂw&QH|%Bﬁ@%% T

Housi ng 504 is substantially cylindrical and has an
21 axdalscpabsdgebsd exténdiefgrainesg tia Fiant i7e | dHgrids

2 and connectln l.at er.al a adjac 1 3
pper &5 e 4 g:rtélonp& 5[)?5]1 %s t o o%tq %on fu;
134 Thbeltwé@h %@ald@fltthI(@@eSMgss adapiced 71)0 aaid adte

to 25 the upper end of choke body 500 _at cla 506.
1Axi al ve2d bpxesagaesd vivates Myddisd shcdfetier %ﬁ. Fg- 2)

13 'alt 22 L HAPR e EnE YU dnRAZ 192 IkFahelrdiNSfl& he

14 annulus, and exit via outlet 346. The fluids then
15 pass along tubing 235, are pressure boosted by

le booster pump 260 and are returned via conduit 237 to
17 inlet 344 of the christmas tree. From here, the

18 fluids pass through the inside of cenduit 42 and

19  directly into the wellbore and the depths of the

20 well 330.

21

22 Typically, fluids are injected into injection well
23 330 from tubing 234 (i.e. fluids separated from the
24 produced fluids of production well 230) and from

25 injection line 310 (i.e. any additional fluids) in
26 sequence. Alternatively, tubings 234 and 237 could
27 combine at inlet 344 and the two separate lines of
28 injected fluids could be injected into well 330

29 gimultaneously.

30

31 In the Fig. 19 embodiment, the processing apparatus

32 could comprise simply the water separator vessel



28 passage 508 and extends through axial passage 508
as 29 a continuation of the reduced di aneter portion.
The 30 rest of axial passage 508 beyond the reduced
31 dianmeter portion is of a larger dianeter than 32
conduit 542, creating an annulus 520 between the 59 1
outsi de surface of conduit 542 3hd axi al passage 2
508. Conduit 542 extends beyond housing 504 into 3
dhoke 2B0dy amd0 noand ngdstdet led tjhenc toifort Hee tweat eor anuips
é 10 3 g iéﬁ per pendi cul ar extension. At this point,

t he g rp fi'cul ar extension of branch 10 becomes an
6 outlet 530 of branch 10; this is the sane outlet as
7 shown in the Fig. 2 enbodi ment. Conduit 542 is 8 .
deal edlthorpd HElYe#icc FopnesSEesh e satr e Ahoygp im Figs.
jeust I t j uncth.an. i
a5r e tggi %\ggdl I}%ét #gc%g%lgoégnglhﬁd%;%(%% stglc?\%tm)rr%\%h% gf%qls
Fl | ead®mldo admeh foeomommecessl e dframpatacs saima mpgpadatus .
12 be any of the processing apparatus descri bed above
I3 with reference to previous enbodi nents. 14 15 The

@i Ver gl FSSeMlY Ao GaRRe WFed HO irReOMEnl Gdd Wiism

fromor inject fluids into a well. A method 17 of
Pecovéri AgaE-ui2ds amd 12 lowhiss ed @shadiamenteg arey adapted
se, Rr.od d.tl ui t f ' b 20

e BEandR T R RSt ars Shtar oAl 120

121 betreepeccdrdlit. SAheard eabicalimeassadm & diherzr

fluids are_prevented from goi ng downwar ds. t owar,ds, 23
19ut | cRSSTLy SO71 1FRTSch HATdy Sy FOITEr oot
1kN anpulds 32Qe Y G ANNUITES 32Q M 10HdrRls 2 -the
25 Qutlet 544 typically leads to a processin

Ldppar gheke 2evemriesn qsuicdage amptofl e ngnggioke body
descriched earhi ol p 20 Sy BRI JUPY Phcerior

ppar at'us)’.
16 bore of a perpendicular extension of branch 10.
17
18 Diverter assembly 502 comprises a housing 504, a
19 conduit 542, an inlet 546 and an outlet 544,
20 Housing 504 is substantially cylindrical and has an
21 axial passage 508 extending along its entire length
22 and a connecting lateral passage adjacent to its
23 upper end; the lateral passage leads to outlet 544.
24 The lower end of housing 504 is adapted to attach to
25 the upper end of choke body 500 at clamp 506. Axial
26 passage 508 has a reduced diameter portion at its
27 upper end; conduit 542 is located inside axial
28 passage 508 and extends through axial passage 508 as
25 a continuation of the reduced diameter portion. The
30 rest of axial passage 508 beyond the reduced
31 diameter portion is of a larger diameter than

32 conduit 542, creating an annulus 520 between the




28 fluids have been processed, they are returned 29
through a further conduit (not shown) to inlet 546.

30 From here, the fluids pass through the inside of

31 conduit 542 and exit though outlet 530, from where
32 they are recovered via an export line. 60 1 2 To
inject fluids into the well, t enbodi nents of 3
Figs 20 and 21 can be used with the flow directions 4
fever sattsible Gutfaice wdr yoowiwinn 54@r arghiskilads refesage

ario types to .. 7 ve choke; the Fig. .20 Fi g.
5 ohes EBatin P4 R PHE RV gEUTAS g 1o

di ver bk oY ,CamD gt edleatiethc@ar beMuderd ranch
exi sting 10 choke body with mninmal intervention in

the wal0l and1 1 tigo PrRegdd G SRUERS ignver sy WE¥Fe@ARPE,

in the,l12 t . ' '
o) | "ELe” oRIRERA E RO R e Bt LATBEhes an
ien Fi gut22t Bhios difs brfaleny ;sitiilsari st cHeheafieg.oulet as
and 21 enbodinents, with 1 choke 540 c led (e.q.
oSl e R ik 2o TR ARy S oty Bea i
3re degi;qRat ¢ WH ddrifRndi®uiefre8neh iieial seddhae

540 is a standard subsea 20 choke. 21 22 Qutlet 544
i9% codpiséd beileva thendwinctdes. st d4Lanst dededi mfé

ppar S : [ IS, i rn t ed 4 .
1B et 35 ettty darheit, 0 SHRERE gt A, wnion
1havi nqeards nreanghsIage padde sari reutdpgta @it ud,s whileh could
| ower _.end and an_inlet 541. The | ower end, of 2

IBassafe 5HY o€ HMcgMEPSHs N APPaTAd W dpgagibed above

13 with reference to previous embodiments.

14

15 The diverter assembly 502 can be used to recover

16 fluids from or inject fluids into a well. A method
17 of recovering fluids will now be described.

18

19 In use, produced fluids come up the production bore
20 1, enter branch 1¢ and from there enter annulus 520
21 between conduit 542 and axial passage 508. The

22 fluids are prevented from going downwards towards
23 outlet 530 by seal 532, sc they are forced upwards
24 in annulug 520, exiting annulus 520 via outlet 544.
25 Outlet 544 typically leads to a processing apparatus
26 (which could be any cof the ones described earlier,
27 e.g. a pumping or injection apparatus). Once the
28 fluids have been processed, they are returned

29 through a further conduit (not shown) to inlet 546,
30 From here, the fluids pass through the insgide of

31 conduit 542 and exit though outlet 530, from where

32 they are recovered via an export line.



28 passage 508 of housing 504; thus the inner passage
29 of choke 540 and axi al passage 508 col |l ectively
form 30 one conbi ned axi al passage. 31 61 1 A nethod
of recovering fluids will now be described. 2 In use,
produced fluids from production bore 1 enter 3 branch
10 and fromthere enter annul u$%20 between 4 conduit
542 and axi al passage 508. The fluids are 5 prevented
flr om goi ng downwar ds towards outlet 530 by 6 sea

32, so they are.farced upwards in.annylus 520,, 7

(i1 ng ARGCTs a0 R 4R e #Rd Lo ERgtigents of
By pi cailgy eaded @1a RMOGRSSISA AR attHes f1WW GirRctions
could be any of the ones described earlier, e.g. a 10
Bunpi A§VEeTSesi-ecti on apparatus). Once the fluids 11
?@ve been processed, they are returned through a 12

urther conduit (not shown) to the inlet 541 of 13

choke I54QGs Gleake cobtham \f die meperfed dsorofpardniaddsy types to

pened as desired to_cont.rol .the sure of the 15

r odu8Y S PuiS %%h&%@&?ce&%%%?lﬁas?% Hsigh 16
tghe | RARLARARIAGE Hofvd R KRN YO UG CaHllidiRdZ er
17 and exit though outlet 530, fromwhere they are 18

Pecovéseemply sareysormtsarated @arg Iphavifthy thpp existing

nmbodi hs dsef:ul far .enfo w%mg - i .
1:r?Jequi Fgl%?ecf?o%kdfi%ﬁ%a{ld |tn|1§{n£qt§ e fté'ljovﬁg?trg:t@ Well;
lassenfllopaafing @s paz® arfd thke dAgaintex sl girkxhe
enbodi t can be used to inject fluids into 24
el | BPaE RS goRe " to AL HEVaIE'S TSRS (Ve CaP
1does n@t, necessarily forman extension 27 of axial

passage 508. Alternative enbodi nents could 28 include
1& conduit which is a separate conponent to

15 A further embodiment is shown in Fig. 22. This is
16 very gimilar to the Fig. 20 and 21 embodiments, with
17 a choke 540 coupled (e.g. clamped) to the top of
18 choke body 500. Like parts are designated with like

19 reference numerals. Choke 540 is a standard subsea
20 choke.

21

22 Outlet 544 is coupled via a conduit (not shown) to
23 processing apparatusg 550, which is in turn connected
24 to an inlet of choke 540. Choke 540 is a standard
25 choke, having an inner passage with an outlet at its
26 lower end énd an inlet 541. The lower end of

27 passage 540 is aligned with inlet 546 of axial

28 passage 508 of housing 504; thus the inner passage
29 of choke 540 and axial passage 508 collectively form
30 one combined axial passage.

31



29 housing 504; this conduit could be sealed to the 30
upper end of axial passage 508 above outlet 544, in

31 a simlar way as conduit 542 is sealed at seal 532.

32 62 1 Enbodinments of the invention can be

retrofitted to 2 many differen % exi sting designs of

mani fol d, by 3 sinply matching he positions and

shapes of the 4 hydraulic control channels 3 in the

dap, a@ndheshmdowifdinegoMegwngi \artiidsy vildnmeiws sy described.
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production w ng 620. The bore 607 of the 20 production
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t he choke itself has been renoved.
14 opened as desired to contrel the pressure of the

15 produced fluids. The produced fluids pass through

16 the inner passage of the choke, through conduit 542
17 and exit though cutlet 530, from where they are

18 recovered via an export line.

19

20 The Fig. 22 embodiment is useful for embodiments

21 which also require a choke in addition to the

22 diverter assembly of Figs. 20 and 21. Again, the
23 Fig 22 embodiment can be used to inject fluids into
24 a well by reversing the flow paths,

25

26 Conduit 542 does not necessarily form an extension
27 of axial passage 508. Alternative embodiments could
28 include a conduit which is a separate component to
29 housing 504; this conduit could be sealed to the

30 upper end of axial passage 508 above ocutlet 544, in
31 a similar way as conduit 542 is sealed at seal 532.

32



29 Simlarly, the tree 601 al so has an annul us w ng

30 621, an annulus wi ng valve 611, an annul us choke

31 body 631 and an interior bore 609 of the annul us

32 choke body 631 termnating in an inlet 613 at its

63 1 lower end. There is no choke inside the annul us

2 choke body 631. 3 4 Attached®4o the production

choke body 630 of the 5 production wing 620 is a first
di ver tabcasemtlsy 04 heb dinverita drorqarofbea yetodhititoed to

insert. The diverter 7 assenbl 604 is very sim]ar, to
el e A AeRenty By deiond af FRniros - &y
B0 They AU Glalt@ihiides @He G0 SR asHERsd Y idld Y

11 cylindrical housi'ng 640, a conduit 642, an inlet
@46 Tydamailas ewritaoloatharmied shdusitmdg- e eams and

reduc [ I (o 4 r

B i neteradt R Tae P Sl RS A 20
¥ Theheordif twHi4h hae amtomel o4 omnchidr ns an
17 extension_qf the reduced di anefer portion %iéé Th
78 codGte ey $UZSHgdP tHgh RURAUTHIG g BHBHP 1
B9 1t preandy Reyand dhe et Or e PuRNESAD. 20

21 The space between the outer surface of the conduit

22 642 and the inner surface of the housing 640 forns
1%)3 an ae>%i q:l passa et6047F. \Mg ch erg:dsnvv\h re the tc}_penduit

4 643 ETEES % hihé Hodsi s 640" CONMECt i ng
125 | abemalf qies $age iiss e tded «alljsaiig to g dorfbore
26 the conduit 642 and the housing 640; the lateral 27
Wassad@? &1 o AR XFSi&%? ¢t he axi al passage 28
1647 of the housing 640 and termnates in the outlet

14 The tree has a production wing 620 and associated
15 production wing valve 610. The production wing 620
16 terminateg in a production choke body 630. The

17 production choke body €30 has an interior bore €C7
18 extending therethrough in a direction perpendicular
19 to the production wing 620. The bore 607 of the

20 production choke body is in communication with the

21 production wing 620 so that the choke body 630 forms

22 an extension portion of the production wing 620.
23 The opening at the lower end of the bore €07

24 comprises an outlet 612. In prior art trees, a

25 choke is usually installed in the production cheoke

26 body 630, but in the tree 601 of the present

27 invention, the choke itself has been removed.

28

29 Similarly, the tree 601 also has an annulus wing
30 621, an annulus wing valve 611, an annulus choke
31 body 631 and an interior bore 609 of the annulus

32 choke body 631 terminating in an inlet 613 at its



29 644. 30 31 The lower end of the housing 640 is
attached to the 32 upper end of the production choke
body 630 at a 64 1 clanp 648. The conduit 642 is
sealingly attached 2 inside the inner bore 607 of the
choke body 630 at 3 an annular_seal 645. 4 5
Attached to the annul ar choke H%ﬁy 631 is a second 6
di verter assenbly 605. The second diverter assenbly 7
805 i é.omfert I@@ldsanﬁ‘lfemani&s nichesHaokyes ti el iy ttdre gannulus
ssenb| é nponents of the second diverter 9
ssent ﬁé e sane as those of the first 10

di verter assenbly 604, including a housing 680 11
conprising_a reduced dianeter portion 681 and an

12
énl ar dédaghardetter Hher MrosivsBEom chstduiRods S of the
xt en f | t preTeTc N
A A S e R R v
¥5 an iaxitdle fassagd @Bbrfcmiumddletmmrtt he Brd a:hgeirm

anet er r.tiaon 683 of the .housing 6 t he
donaurESSEP LY R b Y PO e T i vereer
B OVi @@@eagjﬂq%@toft @ iid2e Joidy gf2 the conduit 682 and
19 the housing 680; the |ateral passage is in 20
dommuni cat i on mnth t he axial passage 687 of the 21

usi 6 t 4.
rEJgu5| ﬁgl 6%8: lg)rnﬂ;]e e a %%%%Sl%oensﬁt esu:ag}ggcu lally
123 ch@yd:bﬁi;iceﬁl hcamngwesqmnchudorﬁﬁﬁﬁ S4ralad :tmlet 646

e Zd 05 S0 Gt ok by 630 o seplos
ishe f Idl%tmet%} ciﬂdwlto@f ASSYDlah Gibd0 endraeesst ng
apparatus 700. 28 In this enbodi ment, the processing
ldppar atngyepeed diameter portion 643 at a lower end.

15

16 The conduit 642 has an inner bore 649, and forms an
17 extension of the reduced diameter portion 641. The
18 conduit 642 is longer than the housing 640 so that
19 it extends beyond the end of the housing 640.

20

21 The space between the outer surface of the conduit
22 642 and the inner surface of the housing €640 forms
23 an axial passage 647, which ends where the conduit
24 642 extends out from the housing 640. A connecting
25 lateral passage is provided adjacent to the join of
26 the conduit 642 and the housing 640; the lateral

27 passage is in communication with the axial passage
28 647 of the housing 640 and terminates in the outlet
29 644.

30

31 The lower end of the housing 640 is attached to the

32 upper end of the production choke bedy 630 at a




29 conprises bul k water separation equi pnment, which is
30 adapted to separate water from hydrocarbons. A 31
further conduit 692 connects the inlet 646 of the 32
first diverter assenbly 604 to the processing 65 1
apparatus 700. Likew se, conduits 694, 696 connect 2
the outlet 686 and the inlet 6§ﬁ4respectively of the

3 second diverter assenbly 605 to the processing 4
dppar atlesp’ @8 .Th&he aresbiity eqRpdratasa 70 hastttched

unps .82Q fitted.into the cq it et ween the
?epar d‘tnisd'ﬁfevé—' el AT itﬁjé"ef |6:bg7tj O&id:qkee\é\%f?g(ef Iq%a%?y 30 at
di ver tzgf aa98AHY %1645 .605. 8 9 The production bore
602 and the annul us bore 603 10 extend down into the
el |l fromthe tree 601, where 11 they are connected
t-0 a tyyhi t em 80 gw%' ' 4. d
he tt%ttr?gglse%tscgm@é%ogdq}nsﬁ} aptﬂé%(et ?’ﬂ %vazlt hlesl%lg'g‘gtorl
& nul tdaveotern FHesanibdly &gfom fiThst fdaord] iditvemred Gassembly
i.nj ect] .zon 5 and pr.oduction ,of second fluid
T xS St o P 0% ASTIRIR SR SIS 00
B8 conpiden@s Ak danerTH kidighdheh tdhich dife il diSverter

I nside an outer tubing 812. The production bore 602
20 i s asweniivert Worg ofthch@anmeas ey FLGherdelzat

inner f.yhi rfor at. [ reqi

1?2 of %ﬁ%%%%ggtjﬁa%t%g%l onsgﬂgoirﬂ'{llﬁlﬁ%ﬁ eap }%C{Jlgﬁlnr?héib 23
ner f orcafripanis i8S a reidhegde gl iametfert e tnjeectd &n azehen

24 805. A cyljndrical plug 801 is provided.in the 25
Bhnul S0 I3 GHL MR LT (SORE 5R BRE thE SIS (U ng

126 812.anadihgy Isel dHeingn B dingndtidilg P 681 and

separates the part of the annulus bore 803 in the 28
Idegi ofaofinche hfjrect6&fy Zone@BOBY r&fA 1t N rigsketf684; and

15 an axial passage 687 formed between the enlarged

16 diameter portion 683 of the housing 680 and the

17 conduit 682. A connecting lateral passage is

18 provided adjacent to the join of the conduit 682 and
19 the housing 680; the lateral pasgsage is in

20 communication with the axial passage 687 of the

21 houging 680 and terminates in the inlet 684. The

22 housing 680 is clamped by a clamp 688 on the annulus

23 choke body 631, and the conduit 682 is sealed to the

24 inside of the annulus choke body 631 at seal 685.

25

26 A conduit 690 connects the outlet 644 of the first
27 diverter assembly 604 to a processing apparatus 700.
28 In this embodiment, the processing apparatus 700

29 comprises bulk water separation equipment, which is
30 adapted to separate water from hydrocarbons. A

31 further conduit 692 connects the inlet 646 of the

32 first diverter assembly 604 to the processing



29 the annulus bore 803. 30 31 In use, the produced
fluids (typically a mxture of 32 hydrocarbons and
water) enter the inner tubing 810 66 1 through the
perforations 814 and pass into the 2 production bore

602. The produced fluids then pass 3 through the
production wi ng 620, the axi al %%ssage 4 647, the

outl et 644, and the conduit 690 into the 5 processing
dappar aplrar‘é(]ﬁls THoD prddé@m,apnmchtm 66947,00596 connect

separa S th drocarb t he wat er

P T ORa i ittt Shs,HILRL S et L, oF the
Gent riddidRlq Sfmla&éxorass%mrw@dsfeid tHe brocessing
additionally, the processing apparatus can conprise
#0 anyapﬁartﬂ’célﬁ y7p9e09 of Thgr st Sl N (RERANRA- Ufent 4 Grieap

1 in
hydr o&ar ons t%aetd qlq%téjlgtohn%uclchlﬁ’lsce%gﬁvg%m v&]er e
tehey rs@tpmmtimri heeddalstaril watd efi raib sass erdtond 0l ani a
the in]Jet 646. The drocarbons 16 then fl ow down
thr ougji‘r ectbr?oelﬁetméiﬁfsarﬁ?‘;exﬁt O%he 17 choke body
@30 at outlet 612, e.g. for renoval to 18 the
surface. 19 20 The water separated fromthe
tydr od‘é?ebmdagcttm hzaﬂrqar&j?cae@idngil”@pmrrmh@ me 5603

Verte% %Jogvn tJ.n o Ceor{mgeLfI.JB om t ta.cxéeal

e ERnuITS 1T Tht'o I he annu

1or e Ghdy Wien ddmmhaier] t:o?43. reaeies é}f&eﬂﬂjam:-l,omhown in
zone 805, it passes through 25 the perforations 816
32, t hdiGut%&- tubing 812 into 26 the injection zone
805. 27 28 If desired, extra fluids can be injected
Into the

14 The tubing system 800Ca is adapted te allow the

15 gsimultanecus injection of a first fluid into an

16 injection zone 805 and production of a second fluid
17 from a production zone 804. The tubing system 800a
18 comprises an inner tubing 810 which is located

19 ingide an outer tubing 812. The production bore 602
20 is the inner bore of the inner tubing 810. The

21 inner tubing 810 has perforations 814 in the region
22 of the production zone 804. The outer tubing has

23 perforations 816 in the region of the injection zone
24 805. A cylindrical plug 801 is provided in the

25 annulus bore 603 which lies between the cuter tubing
26 812 and the inner tubing 810. The plug 801

27 gseparates the part of the annulus bore 803 in the

28 region of the injection zone 805 from the rest of

29 the annulus bore 803.

30

31 In use, the produced fluids (typically a mixture of

32 hydrocarbons and water) enter the inner tubing 810



29 well in addition to the separated water. These 30
extra fluids flow into the second diverter assenbly

31 631 via the inlet 613, flow directly through the 32
conduit 682, the conduit 694 and into the processing
67 1 apparatus 700. These extra fluids are then
directed 2 back through the c&Riuit 696 and into the
annul us 3 bore 603 as expl ai ned above for the path of
ftlhe 4hsepahatde pairdoradichsFisgashepassannto the

alternative formof tubing stem 7. 800p J.ncl.udi ng _an

3 ner BRGIEG 1650508 Girer (VR REORSCES L ot tHer bass
annul anh et 82k Efr%!auld:%%drﬁ wiidgu@biognNT hed aMieNe passage
producti on zone 824 is |ocated above an 10é#£{ect|on

2one €25. The omtdett §idng a8F0 thes cPnavdty g gde
i-n th [ r.oducti~.on

SUt er PEGEERS D, AT RENE T0 I, PREAH Sokracus
Begi o 0of skpa riatjeec tihen hyeare Bdbonkt frim Hhe owtterr (and
tubi ng 822, which generally extends round 6 the .

di rcu%Pérlé?ﬁ@é}é’f SR ﬁﬁ@ﬂ% ﬁgmg‘z(is S8Rl - 7 VS Lng
gt 0 @Rl Wi Fhiglad %%g@ﬁéﬂi;ﬂbe%ﬂﬂ%ﬁﬂa%ﬂV%yyﬂbﬂﬁ t he

18 production™zone 824. This allows fluids fromthe 19
Br oduedda inowrd 1§24 the pacs dsetinee RODeE sdtisalcaruisnprise

0 and_t hrqu t he_perf ti in.t ' :
b ng Y2 BI0S B oSG A b aRE o A eped
132 praduehiieon sheica fAQAttiker.f | ui ds pass upwards into
the 23 tree as described above. The returned
L2nj ection 24 fluids in the annul us bore 603 pass
16Nt oughel RRpa23 R AU AY A1y Nepilale libidi e

22 into th 26 1 njéction zone 825. 27 28 The Fig 23
lénbodie®ent fodoes wherendadeysamtiurn fel yde first diverter

15 agsembly 604 via the inlet 646. The hydrocarbons
16 then flow down through the conduit 642 and exit the
17 choke body 630 at outlet 612, e.g. for removal to
18 the surface.

19

20 The water separated from the hydrocarbons by the

21 processing apparatus 700 is diverted through the

22 conduit 696, the axial passage 687, and the annulus
23 wing 611 into the annulus bore 603. When the water
24 reaches the injection zone 805, it passes through
25 the perforations 816 in the outer tubing 812 into
26 the injection zcne 805.

27

28 If desired, extra fluids can be injected into the
29 well in addition to the separated water. These

30 extra fluids flow into the second diverter assembly
31 631 via the inlet 613, flow directly through the

32 conduit 682, the conduit 694 and into the processing



29 any kind of processing apparatus 700. The Fig 23

30 enbodi nent may be used to recover fluids and/or 31
inject fluids, either at the sane tinme, or different

32 times. The fluids to be injected do not necessarily

68 1 have to originate fron1a3¥ recovered fluids; the

2 injected fluids and recovere %1 ui ds may i nstead be

3 two un-related streans of fluids. Therefore, the 4

Rig Zap@aimdtiuaeﬁtowoeg?hﬁcae legarerat & lnel dssedref athare-difrected

nJ ec orf{n%f] recgv &eed qfﬂlr‘é&%st r€9t670%%1 %%g:itid%gegl I l6us
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be any system 11 that al  ows both production and

i4nj ectEiePRratiesl ¥2teYstemis not limted to the

gxanpl es given above. 13 Optionally, the tubing
system coul d conprise two 14 conduits which are side
By si deg i2rstsdaaksofarord tExriatsivde fidwen atthemybione spfstem

the c |ts roviding the 16 pr.oduction bore and .the
gecon%%% agjn iB& £2%g 3 s ':é‘gjlng
tg0 29 gidll léi{d” e a?ﬂﬂtﬁraﬁatsle\éﬁ. ehodismnt s 20 et dthieons
di verter assenbly is not inserted within a 21 choke

l?ody whegse de RFORUREROR Lzmeef&%e if |lswatrezh aliee ahb
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13 834 in the region of the 1n3ection zone 825.

14

15 The outer tubing 822, which generally extends round
16 the circumference of the inner tubing 820, is gplit
17 into a plurality of axial tubes in the region of the
18 production zone 824. This allows fluids from the

19 production zone 824 to pass between the axial tubes
20 and through the perforations 836 in the inner tubing
21 820 into the production bore 602. From the

22 production bore 602 the fluids pass upwards into the
23 tree as described above. The returned injection

24 fluids in the annulus bore 603 pass through the

25 perforations 824 in the outer tubing 822 into the

26 injection zone 825.

27

28 The Fig 23 embodiment doeg not necessarily include
29 any kind of processing apparatus 700. The Fig 23

30 embodiment may be used to recover fluids and/or

31 inject fluidg, either at the same time, or different

32 times. The fluids to be injected do not necessarily



29 choke 930 is a full choke, fitted as standard in

30 many christmas trees, in contrast with the 31
production choke body 630 of the Fig 23 enbodi nent,

32 fromwhich the actual choke has been renoved. In 69
1 Fig 26, the production choke 930 is shown in a fully
2 open position. 3 4 A diverteﬁaassenbly 904 in the
formof a production 5 insert is located in the

fr odudiEiven twi g lgriaede F20m aremeesverdes flodidsi dhe

ng val.ve 910 and fhe 7. productio hake 930. .Th
0o B ety el A M e T 14 lfgaa be
assenbhy 6QA4 r@fl Athe Ftdedhs Demiedident Ttk idks the

parts are designated here by 10 _|ike nunbers,
dref i ¥é@ By rembodimeantt oo o3 heveefsodiaeiied ther re-

Rig 2 I ' Q12 r QG

i ng gﬁl (r%c 13%0%% fg%ﬁg%%?g.dl%' %ﬁl:t ;&%é-pl ov\/eﬁ;len 1y

&f t héecomedd tirQ4i2tiodeealfed njrsitdeon. 15 t he production
i ng branch 920 at a seal 945. The 16 production w ng
ranch 920 includes a secondary 17 branch 921 which

gonneets thenRargz ofarddediiegigti on 18 wing branch

920 adj acent 'to the diverter assenbly 19 904 with the
@art of the production wing branch 920 20 adjacent to
he p UGt j v '

100 R SHARL A B 65 RERAE b JH R om

1di ver ttémtasddrisy Hdh anebdure iprrodired iionj ecdtalkesn ; 2he

930. 24 25 The conqépatio of the valve 922 and the
1Zoal SASTOTE 15 AL S GG ISHARP 5 S kP ve
16 r eclgpt i chh 1O Mdke RIS tdy At PP ddindhisse two

outlet 912. 28°I'nstead, the production fluids are
1di ver tceiduitte tiich are side by side, instead of one

15 inside the other, one of the conduits providing the
16 production bore and the second providing the annulus
17 bore.

18

19 Figs 26 to 29 illustrate alternative embodiments

20 where the diverter assembly is not inserted within a
21 choke body. Thesge embodiments therefore allow a

22 choke to be used in addition to the diverter

23 assembly.

24

25 Fig 26 shows a manifold in the form of a tree 900

26 having a production bore 902, a production wing

27 branch 920, a production wing valve 910, an outlet
28 912 and a production choke 930. The production

29 choke 930 is a full choke, fitted as standard in

30 many christmas trees, in contrast with the

31 production choke body 630 of the Fig 23 embodiment,

32 from which the actual choke has been removed. In



29 axi al annul ar passage 947 between the conduit 942

30 and the housing 940. The fluids then exit the 31
outlet 944 into a processing apparatus (exanples of

32 which are described above), then re-enter the 70 1

di verter assenbly via the inlet 946, from where they

2 pass through the conduit 94&6%rwough t he secondary

3 branch 921, the choke 930 and the outlet 912. 4 5

Bi g 2Fighaws ahealpredusttive efoded #St icf shoevrFiign 26 fully
% desi%p, and .l i,ke parts are denoted by |ike nunbers 7
avi nGPETpPPPE PRt hi s embodi nent, the valve 922 8

i3s not needed because the secondary branch 921' 9

continues directly to the production choke 930", 10
¥nst edd daverdiesl wiss¢HY Hdddar ithe foarg wfarcprpduction
20" . . iLn, .th i.vert ar e "o S I

Pt RS AT RIS Branin Sa6t o, Wl fancl p20

fel ui d®eferwee lths poodivodidry walnenatlivee ©riddwotd ahe 14

wi ng branch 920", the fluids instead being diverte .
75 t hPERGHEREIVH Cer® 35 s erthiSy déd’a?‘?tefa%sffe“%lé’ %é"l 18

ghows & of Wilier L ipRdigRiint drh Adticib18, Ky digerdiy Fig 23

assenbly 1004 is located in an extension 19 1021 of a
B oduembenl iierd . beadc  ike2 paydre atie slexi anisdias 163® by

he di,verter senbl Q4 4 he ,sane ;.21 t
1§i vertléf?{eaglé'lg%o ri%és p\cé)ffelfgix;gsd }é} a%d ngm'l]{e itgfé fg% 23
11er el yrboiddhechtat tHe de@r e@es heudinegaectid atdtm b to
producti on wi ng branch 1020. 24 25 The diverter
ssentp PHFOAUCS 1080 MERInRIATTH 7 02 6 thPaidift B % si on
145021 at a seal 1045. A valve 1022 27 is located in
the branch extension 1021 below the 28 diverter
lassenfilhy 1004r end of the conduit 942 is sealed inside

15 the preduction wing branch 220 at a seal 945. The
16 production wing branch 920 includes a secondary

17 branch 921 which connects the part of the production
18 wing branch 920 adjacent to the diverter assembly

19 904 with the part of the production wing branch 920
20 adjacent to the production choke 930. A valve 922
21 igs located in the production wing branch 920 between
22 the diverter assembly 904 and the production choke
23 930,

24

25 The combination of the valve 922 and the seal 945

26 preventg production fluids from flowing directly

27 from the production bore 902 to the outlet 912.

28 Instead, the production fluids are diverted into the
29 axial annular passage 947 between the conduit 942

30 and the housing 940. The fluids then exit the

31 outlet 944 into a processing apparatus (examples of

32 which are described above), then re-enter the



29 30 The branch extension 1021 conprises a primary

31 passage 1060 and a secondary passage 1061, which 32
departs fromthe primary passage 1060 on one side of

71 1 the valve 1022 and rejoins the primary passage

1060 2 on the other side of the valve 1022. 3 4
Production fluids pass through The choke 1030 and 5

are diverted by the valve 1022 and the seal 1045 6

int o therexteat svankdry passages 1i0detnfo94de trarertlerre they

assenbly 1004 to an outl et 1044. They are .then 8

& ot AP HBCEEHE R, CPihodeciday LB e diecepdary
descridieth abas,, and tdiRikd Mo Al raldrdipehdw she. 10
bore 1049 of the diverter assenbly 1004, from where

Bl they pass through the secondary passage 1061, back

in t pri mary. passage 106 out t I
15 10139 2y I bR Hibdtindle 10 G s 26
g 28 gappaimat Usikd padichatd kiepidd 1af €like numbers
designated by the 17 same reference nunber with a
ot i me DA NGhi& PR RSbodiTheitis eedictintar \asialyee 922
kel igao‘?'ﬁotnq{ee 5 Qlubd Nl d S DA S5 HO68H 1+
instead the 20 secondary passage 1061" I‘eads directly
t9 t heanitimetes 21 vty thhi tshee riyoztivatm omorikeke 3 b

me way .as fth 22, Fig 6 odinment.. 23 24 The
o araed B 45 Sttty OF Srfdlesdsh affrd Sranen
fior useom t h syLionvaiid aidle i dd@smbIeeody’ 26s sealed

i ncorporating the diverter assenbly 1004, 1004' into
127 f uritth &hepi RFBIIE Q1 e Bipnde 9%, WinktlekFeyrents

128 W i an ﬁgn‘?rls]!%ﬁﬁ a({hqb@él}; r@léﬁfethe production

14 wing branch 920’, the fluids instead being diverted
15 through the diverter assembly 904’.

16

17 Fig 28 shows a further embodiment, in which a

18 diverter assembly 1004 is located in an extension
19 1021 of a production wing branch 1020 beneath a

20 choke 1030. The diverter assembly 1004 is the same
21 as the diverter assemblies of Figs 26 and 27; it is
22 merely rotated at 90 degrees with respect to the

23 production wing branch 1020.

24

25 The diverter assembly 1004 is sealed within the

26 branch extensgion 1021 at a seal 1045. A valve 1022
27 is located in the branch extension 1021 below the

28 diverter asgsembly 1004,

29
30 The branch extension 1021 comprises a primary
31 passage 1060 and a secondary passage 1061, which

32 departs from the primary passage 1060 on one side of



29 30 Fig 30 illustrates an alternative nmethod of
using 31 the flow diverter assenblies in the recovery
of 32 fluids frommultiple wells. The flow diverter
72 1 assenblies can be any of the ones shown in the
2 previously illustrated enbodi nents, and are not 3
shown in detail in this Figure;7¥or this example, 4
the flow diverter assenblies are the production flow
8 di vetrlteewads&erﬁﬂmesamf ﬁ‘e’jg:i;iﬁa the praAnamstpalseags er060
ssenb 04 i s conne t branch of a first
%rodu&%&%‘ % dﬁ/é:l(}lee alye i y 704
gonpri ses a condU|t (not shown) sealed 10 within the

bore of a choke body to provide a first 11 flow
Megi oftaiadd arhd pbirds afassh ool ttherhpk Betbrand
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tehe dll\tftrd atheassardl yanf(4 dxs gaesade S0 asf tilee diverter
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Hei ng ¥ & &t etsd W &Hq%t%’ge 1@"?}?
=R Z%ﬁﬁraaqw%a&gga&tbsy of g3 A Aserdds,
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13 oduéﬂt&n t\m IR 1A Y RASSAHR) 06 Ozvan%ow’fh@%rﬁhﬁ gutlet
passage ket ween the conduit and the

14

15 Fig 29 shows a modified version of the Fig 28

16 apparatus, in which like parts are designated by the
17 same reference number with a prime. In this

18 embodiment, the secondary passage 1061’ does not

19 rejoin the primary passage 1060'; instead the

20 secondary passage 1061’ leads directly to the outlet
21 1012’, This embodiment works in the same way as the
22 Fig 6 embodiment.

23

24 The embodiments of Pigs 28 and 29 could be modified
25 for use with a conventional christmas tree by

26 incorporating the diverter assembly 1004, 1004’ into
27 further pipework attached to the tree, instead of

28 within an extension branch of the tree.

29

30 Fig 30 illustrates an alternative method of using

31 the flow diverter assemblies in the recovery of

32 fluids from multiple wells. The flow diverter



29 choke body is in comunication with the production
30 wing branch of the tree of the first well A and 31
with the outlet 744 (which corresponds to the outl et
32 644 in Fig 23). 73 1 2 Likew se, a second diverter
assenbly 714 is 3 connected to a branch of a second
production well B. 4 The secon® di verter assenbly 714
is the sane as the 5 first diverter assenbly 704, and
i1s | ocetsaonk Ini e Ecam deku o ro v e borese hshawn hin stine

way. The bore of t he con ui t t he second diverter
Y N RalY o VU (SR n ot The Bt
inl et HAG NFiGB)1 & awh ArQite! 72 this example,
(corresponding to the outlet 61 10 of Fig 2%% The

dut | etthﬁzzflcu»f cbivrtie aspempliesaputtrdeeedygsion flow

e o de uit for conveying
t%e p:go %e?l uglsqe"%i?% %i%l'f'ace, for exanpl e,
and may also be fed from 14 several other wells (not
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14 emphasised that the diverter assembly 704 is the

15 game ag the diverter assembly 604 of Fig 23; however
16 it is being used in a different way, so some outlets-
17 of Fig 23 correspond to inlets of Fig 30 and vice

18 versa.

13

20 The bore of the conduit has an inlet 712 and an

21 outlet 746 (inlet 712 corresponds to outlet 612 of
22 Fig 23 and outlet 746 corresponds to inlet 646 of

23 Fig 23). The inlet 712 is in communication with an
24 inlet header 701. The inlet header 701 may contain
25 produced fluids from several other production wells
26 (not shown) .

27

28 The annular passage between the conduit and the

29 choke body is in communication with the production
30 wing branch of the tree of the first well A, and

31 with the outlet 744 (which corresponds to the outlet

32 644 in Fig 23).



29 in the sane way as the diverter assenbly 604 of the
30 Fig 23 enbodinent. Fluids fromthe production bore
31 of the second well B are diverted by the conduit of
32 the second diverter assenbly 714 into the annul ar
74 1 passage between the conduit and the inside of
the 2 choke body, from where th%? exit through outl et
754, 3 pass through the punp 750 and are then
rleturned to 4 the bore of the conduit t hrough the

inlet 756. The 5 returned, fl as tr t.

Hhr oud Ko Ry & Sea it RERTRND TFD Mt | o
headerockibodddPMo a Wedreer hey aﬂréieé&i‘&\é&i@dhc&o@ WeEL B.
first diverter assenbly 704 functions 10 differently
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2
B o dSsd dudlif] o, g 1 e daR R |
lenst eqd:odm:td‘n.cﬂ*f vt:l’ng fhrmamategironshe lgbmesiale. anthe bore of
tsid t h fl fl 15
e FHe QI T he RS ALV Ries eseraly (A5, an
r£gi onn Jl w:%s (&Mé&ﬁ@r{cﬂﬁq ramdie i dil @le hﬁ@dpig 23)

701 straight through the conduit to the 18 outlet
6. andiate @it ate mqurl(eearreomwﬂ@w agtlet 612
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23 fluids fromthe outlet 754 of the second diverter
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26 outlet header 703, as descri bed above.
shoul dsebesedtt entktdfuatwet]rﬂss t frezt GfHowns) a

15

16 The annular passage between the conduit and the

17 inside of the choke body connects the production

18 wing branch to an outlet 754 (which corresponds to
19 the outlet 644 of Fig 23).

20

21 The outlets 746, 744 and 754 are all connected via
22 tubing to the inlet of a pump 750. Pump 750 then
23 passes all of these fluids into the inlet 756 df the
24 second diverter assembly 714. Optionally, further
25 fluids from other wells (not shown) are also pumped
26 by pump 750 and passed into the inlet 756.

27

28 In use, the second diverter assembly 714 functions
29 in the same way as the diverter assembly 604 of the
30 Fig 23 embodiment. Fluids from the production bore
31 of the second well B are diverted by the conduit of

32 the second diverter assembly 714 into the annular



29 conventional tree but the invention can also be
used 30 with horizontal trees. 31 75 1 One or both

of the flow diverter assenblies of the 2 Fig 23

enbodi nent could be |ocated within the 3 production
bore and/or the annulus bore, instead of 4 within the
production and annul ar choke boltes. 5 6 The
processi ng apparatus 700 could be one or nore of 7 a
vi de \paars'ﬁg;e dfe taguarp e . cdrnfuiex ampl e;he himside of the

pfggis ek B fent SR ST 00 b1 754,

B0 Fi ¢akb thlroukh Hiee 085 ridad-d | vematdsusoad deo

be conpletely reversed or redirected for other
i oceiélellbm@unfr drhentepnduix tduugls thsholsl et f 14 herThe

odi diverte

gr?ache r51eéi c 1Li< C?d;)c%a)r/ slgtll%l]fe‘{?\;\h I oc%théé 5 Of
tehe prodducidrRiuM Rghdriaited tHo du]t‘l]életofheaadadrm' I"BGJTHSfrom
tree 1116. The production w n 20 branch 1114 has an
Jut | etVIEEES A GFS SIFRERFE 21 adj acent to the choke
pody 1112. The diverter 22 assenbly 1110 is attached
to the choke body 1112 by 23 a clanp 1119. A first

\ial ve TV i%iﬂaj?caiiecbﬁtren e saubleerittal fwmtl@is t he

rist tre Seco 25 v tedl
e orbmrsist i b b padidded TG00
1hody thlx%d S«veﬁllSt”ﬂJm%ﬁb &L&Jﬁ&ﬂa&lﬁk@i bwlythé%ﬂ@wn

mhlch t he original choke has been renoved. The
diverter assembly 704 once they leave the outlet 744

13 of the annulus. Instead, both of the flow regions
14 inside and outside of the conduit have fluid flowing
15 in the same direction. Inside the conduit (the

16 first flow region}, fluids flow upwards from the

17 inlet header 701 straight through the conduit to the
18 outlet 746. Outside of the conduit (the second flow
19 region), fluids flow upwards from the production

20 bore of the first well 702 to the outlet 744.

21

22 Both streamg of upwardly flowing fluids combine with
23 fluids from the outlet 754 of the second diverter

24 asgembly 714, from where they enter the pump 750,

25 pass through the second diverter assembly into the
26 outlet header 703, as described above.

27

28 It should be noted that the tree 601 is a

29 conventional tree but the invention can also be used
30 with horizontal trees.

31




30 choke body 1112 has a bore which is in fluid 31

comruni cation with the production wng branch 1114.

32 The upper end of the bore of the choke body 1112 76

1l termnates in an aperture in the upper surface of 2

t he choke body 1112. The | ower end of the bore of 3

t he choke body communicates with®the bore of the 4

production wing branch 1114 and the outlet 1118. 5 6

The diotey teer lasdenda ytHd £ dhvasd Bvent e ndis aaxhbhbeis | o) the

7 1120,. which has_an interior .axial passage 1122.. The

& | owdri % &rﬂfcrﬁeu%s&famjﬁké@% Faohted WHURLT the ¢

9 ter PnahiRS: idh Wb APdd/ & e dpReluensbAd, thesdfad of

axi al "passage 1122 is closed, and a | ateral passage

¥l 1126 Exitrerdse fpxrdudicl eppand arhwiar hehelse dpodies.
ssage 12 1122 to an outlet 1124 in the side wall of

the 13 cylindrical housing 1120. 14 15 The diverter

assenmihe hid-dasi iy AmyaddiAts i € hcoltd ed etk $r ofidvre of

t he upper, cl osed end of the axial 17 passage 1122,

down thrtish YaHelebd A RESHEENt 22 For Xgmrte| tthe

ter m | A3 0 1d2Bor I Spdl

taﬁan {w% oéu%r%@f%gao, SO tiiwl%év\gaend oﬁ%oﬁ%g@g%he
s em M8 exireipiimyentd désctidved amivefwitie pdference to
jnPUSiQﬁ-lﬁe . The plug 1130 is shaped to engage a 22

seat ind ‘choke body 1112, so that it blocks the 23
part of the production wing branch 1114 leading to 24

the outlet 1118. The ph%f therefore prevents fluids
35 fr ohe RO ARLTOHPSH Nl o FRS 190 be oFRTREeRlY

oke jhady 14 r [ 4 i 18. 27
%e plug 1s opt%lrgna %%%%@d%%ﬁvé%\ﬁeg%%%?é%o 28
lensur ecdchatrawerdtsaki ng of fluids can take place. 29

15

16 Fig 31 shows a further embodiment of a diverter

17 assembly 1110 which is attached to a choke body

18 1112, which is located in the production wing branch
i9 1114 of a christmas tree 1116. The production wing
20 branch 1114 has an outlet 1118, which is located

21 adjacent to the choke beody 1112. The diverter

22 assembly 1110 is attached to the choke body 1112 by
23 a clamp 1119, A first valve V1 is located in the
24 central bore of the christmas tree and a second

25 valve V2 is located in the production wing branch
26 1114.

27

28 The choke body 1112 is a standard subsea choke body

29 from which the original choke has been removed. The
30 choke body 1112 has a bore which is in fluid

31 communication with the production wing branch 1114.

32 The upper end of the bore of the choke body 1112



30 Before fitting the diverter assenbly 1110 to the
31 tree 1116, a choke is typically present inside the
32 choke body 1112 and the outlet 1118 is typically 77
1 connected to an outlet conduit, which conveys the 2
produced fluids away e.g. to the surface. Produced 3
fluids flow through the bore of’%he christmas tree 4
1116, through valves Vi and V2, through the 5
@r odudtexominsitres hirareoh e uendimutheofuppst etuifldde &f
viat chqke. 7 The diverter, assenbly 1 can be
Pet r o;}i?}et éﬂ‘cﬁﬁ éaocg( viet 42 'by%[ct?%s]icﬂ‘ée%neen%roécla'iqﬁe gf‘O?%eOf
val vegnél citkeVZodhP @fmrtliel cid$twibsh th1ee Hddd. off Niige
prevents any 11 fluids |leaking into the ocean whil st
the dinraduatiorp wisiedranay 110154 awd rdhe ieuleket Thils.
oke (if 13 present) is renoved fromthe choke body

112 by a 14 standard renoval procedure known in the
at. The diSveditess taarseatsienaly d MLy is dieindtaegkdhousing

onto the top. 16 qf the choke body 11 by the cla

116 do3hapivih Tes S o S (e TdR b The
¢ the GhakeRpdr Ihel kbdi NG ddiendd U Jdl 305 BWAIPSi Pe. it
seat in the choke 19 body 1I12 to bl ock off the

dut | ettermidqiatg tirteran Zpgitparor k Thotupprivend sof Here

tac to t.he outlet. ., 21, 1124 of t | V-
13)tsserr{)‘1’\%§c}L aflfffse % ]ﬁuzr% hlcjesr %Sp?%’ev\or%d%:a%%egfﬁ ]bep assage
wsed 128 wettderidie fiam dshd amser 33 delSitles aol#l ipHssage
For exaqﬁ%%%bthe fluids qu be 24 then diverted tqo a

1% ocedsi F st etorl I 95t difprieiie gfatheet the

1 odu 4S8y e verdged 26 into anot her wel |
bore to be used as injection 27 fluids. 28 29 The

Mal ves V1 and V2 are now re-opened which all ows
15 The diverter assembly 1110 has a stem 1128 which

16 extends from the upper closed end of the axial

17 passage 1122, down through the axial passage 1122,

18 where it terminates in a plug 1130. The stem 1128
19 is longer than the housing 1120, so the lower end of
20 the stem 1128 extends beyond the lower end of the

21 housing 1120. The plug 1130 is shaped to engage a
22 gseat in the choke body 1112, so that it blocks the
23 part of the production wing branch 1114 leading to
24 the outlet 1118. The plug therefore prevents fluids
25 from the production wing branch 1114 or from the

26 choke body 1112 from exiting via the ocutlet 1118.

27 The plug is optionally provided with a seal, to

28 ensure that no leaking of fluids can take place.

29

30 Before fitting the diverter assembly 1110 to the

31 tree 1116, a choke is typically present inside the

32 choke body 1112 and the outlet 1118 isg typically




30 the produced fluids to pass into the production
wing 31 branch 1114 and into the choke body 1112,
fromwhere 32 they are diverted fromtheir formner
route to the 78 1 outlet 1118 by the plug 1130, and
are instead 2 diverted through the diverter assenbly
1110, out of 3 the outlet 112474nd into the pi pework
attached to 4 the outlet 1124. 5 6 Although the above
Has besmrtesord besl an tdutrlbéeremoduit, twhictovenveygs the

produced fluids_ froma well, the sa 8 apparatu

Pl d TS B R AT 1 e 19 R T HEe A veFpduced
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Injected fluids could enter the diverter 11 assenbly

¥110 atllthe tHpeouah evalves Basand Waughhxeregh 1bhe

i vert e V. ct] ' ran 1
B andSoR TR it bt T Sk o p @i hee TP
descrishied theraled i on wi ng branch 1114 which is 15
connected to the production bore of a well, the 16
df verter assembly 1110 could equal |y be attached to
Iy an ﬂ{laﬂl&*’kﬁeﬂ@ﬂ‘(’aé’%’&% LY €6hh @ N SORYE LSt &b NG
18 branc éhd an annul us %gre of the well, and used t% 2
19 di wealtl fhywielsodinmione i onr doarh oof fhenvakieeanill agd V2
bore. An example of a div r senbly attached to
an oafn ntih% séﬁ%%m%% dg/reﬁeasf{a# g'e ag?/mb%e% TeserT ned 22
Mith reherdnceedloiddg gidks tie ddedh wBLlShoyBe adiverter
al ternative enbodi nent of a diverter 25 assen‘olifl‘f
H

1210 AIHEHed 1oL e nes APRIRT nBstiede 19N, Chokea
4 ke BAfdge) |5 DO RN SN S W | S8aliBsES 2112 by 2

aving a prine. The christmas tree 1116 is t same
128 chratstnmiesrd resndddb @msoshdure i indiy B1,tke ahese ‘Plge
].r5ef ere icveerq:uenlpea[sssgnrtb yr']ofl 5I{T§dthen clamped onto the top

16 of the choke body 1112 by the clamp 1119 so that the

17 gtem 1128 extends into the bore of the choke body

18 1112 and the plug 1130 engages a seat in the choke
19 body 1112 to block off the outlet 1118. Further

20 pipework (not shown) is then attached to the outlet
21 1124 of the diverter assembly 1110. This further

22 pipework can now be used to divert the fluids to any
23 desired location. For example, the fluids may be

24 then diverted to a processing apparatus, or a

25 component of the produced fluids may be diverted

26 into another well bore to be used as injection

27 fluids.

28

29 The valves V1 and V2 are now re-opened which allows
30 the produced fluids to pass into the production wing
31 branch 1114 and into the choke body 1112, from where

32 they are diverted from their former route to the



30 31 The housing 1120' in the diverter assenbly 1110
is 32 cylindrical with an axial passage 1122'.
However, 79 1 in this enbodinent, there is no | ateral
passage, and 2 the upper end of the axial passage
1122' termnates 3 in an aperture 1130" in the upper
end of the housing 4 1120', so’fhat the upper end of
the housing 1120' is 5 open. Thus, the axial passage
1122' cextlertdsiiald pf tite tliﬂmgvalyllm,rcarm dhe inogiseand)

Foor 1 (HEFERS! P BE CUIR CTRF L (% A 120, out of
R pewdte (Af1thowWda shg Lhid G133 Showwoik faktd@ied to

alternative enbodi nent of a 11 diverter assenbly
#1101 Ehearmhtliske Ioad4s are 12 designated by |ike
nbers having a double prine. 13 This Figure is cut
off after the valve V2; the rest 14 of the christmas
te ee i thmgiasheaasaidad tods tﬁ&d&i@scaviw wih reference
enbodi nents. Again, the_christms, tr e

&nbod.%rﬁe%vqwe m%%o@éud#s M A pwee%i oush§ vwePme

embodigmnt,s, d T8} &NGfed 1& NENSES A1 @id
not prinmed. f%ﬁqgﬁﬂThe oueﬁ%g 1120"" of the Fig 33l ®
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14 described a production wing branch 1114 which is

15 connected to the production bore of a well, the

16 diverter assembly 1110 could equally be attached to
17 an annulus choke body connected to an annulus wing
18 branch and an annulus bore of the well, and used to
19 divert fluids flowing into or out from the annulus
20 bore. An example of a diverter assembly attached to
21 an annulus choke body has already been described

22 with.reference to Fig 23.

23

24 Fig 32 shows an alternative embodiment of a diverter
25 assembly 1110’ attached to the christmas tree 1116,
26 and like parts will be designated by like numbers

27 having a prime. The christmas tree 1116 is the same
28 christmas tree 1116 as shown in Fig 31, so these

29 reference numbers are not primed.

30

31 The housing 1120’ in the diverter assembly 1110’ is

32 cylindrical with an axial passage 1122'. However,



30 extends from near the upper end of the housing 31
1120'"', down through the axial passage 1122'' to a 32
poi nt beyond the end of the housing 1120''. The 80 1

conduit 1132'' is therefore internal to the housing 2
112011, and defines an annulus 1134'' between the 3
conduit 1132'' and the housing 1320''. 4 5 The | ower

end of the conduit 1132'"' is adapted to 6 fit inside
d recess tim s feenbodbkeertindycHelr? i santb ilatefrgor qasksabe, and

ith a seal 1136, so that it can seal 8 wthin this.

cos S P Shath Hie cBrid Peesse 1145 teiinates
det er fimedh ageerirgIv3010 inl ks e el BE S Kdesi
conduit 1132"" divides theJ'12 space w thin the choke lég
Body LLLD ‘anda Hdradi \idra atpper3 et bl fnel hgusingtpl20’ is

tavo di stinct SeRal al.g 4 1reqi . ar '

iss defol%r?ég’ byﬁ{]"ﬂsé boreaagflaljié% eaoi%nld%{ 1 t2é&%an 1 of
téhe pattie afayt hrpeshiadleorhouldi ng Mgl 2T edthiglerb eitesit Tower
t he choke body 1112 Ieaq{ng 17 to the outlet 1118,

The s@hdERSH SP9% defihaPIHF U4 Hhid ‘arfiftit Jo° connected
ket veen, the LHnAUIH; 'k @t tdiuwkd housing

1120' '/t he choke body 1112. Thus, the 20 conduit

P132'' forns the boundary between these two 21

regi ons, d the seal. 1136 ensuyres that there

T T G comi s G Batecn 1Tkt oo T ot o
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enbodi nent is simlar, to the enbodi nents of Figs 20,
15 andlepigngtad the dikg ararhers having & Puale dmitig:

146 | S_'I‘Hi%s%q.oﬁfré 1% WRRETANG £ %y AR WL IURS vE D& he rest
enbodi nent s Figs 32 and 33 may 29 function in

lsubst aft itdld chithiestsere wee iEhdhalasgee as that of the

15 previous two embodiments. Again, the christmas tree
16 of this embodiment is the same as those of the

17 previous two embodiments, and so these reference
18 numbers are not primed.

19

20 The housing 1120°‘ of the Fig 33 embodiment is

21 gubstantially the same as the housing 1120’ of the
22 FPig 32 embodiment. The housing 1120’‘ is

23 cylindrical and has an axial passage 1122''

24 extending therethrough between its lower and upper
25 ends, both of which are open. The aperture 1130'°
26 can be connected to external pipework (not shown).
27

28 The housing 1120‘‘ is provided with an extension
29 portion in the form of a conduit 1132’’, which

30 extends from near the upper end of the housing

31 1120'*, down through the axial passage 1122'' to a

32 point beyond the end of the housing 1120‘‘. The



30 V1 and V2 are closed to allow the choke to be 31
renmoved fromthe choke body 1112 and the diverter 32
assenbly 1110', 1110'' to be clanped on to the choke

81 1 body 1112, as described above with reference to

Fig 2 31 Furt her pi pewor k Ieadlng to desired

equi pment 3 is then attached to®®he aperture 1130

1130"'. The 4 diverter assenbly 1110', 1110"°' can
uhenIMbnﬁuﬂtt11329«ﬂiﬂﬂﬁhéfeﬁmteiin&éﬂﬂmﬂ toh rglod | lmouising

therethrou h 6 bet n the apert s 1118 and 1130
P30 112017 130 1RE FARE S AT ARRH [ 1L Ther SRR the

apt i ondriuidt divests feirﬂ'l dshd MuPin rpm&he._ well, if

the valves 10 V1, V2 are open, and the option to
eéxclude these 11 fluids by closing at |east one of
these es. 12 3. t Fi 3
égn bgﬁﬁ%éL eg‘%&ﬂ}%ﬁighﬁrg)Lu s fi%éécw f%]%?%ﬁggh Eo
fd ui dEitntingi deeld .reddssAnyn afhd ehsd dsbdent B13hosmd is

attached to_a_ 16 productlon choke body may
al t er RAGWAISE et (R 4B R0 M IJu"s THOKEEDbdY
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bore of 19 20 I'n the Fig 33 enbodi nent, no
f9 ui dsi caetpagsined atiewudingliet wveen t he productlon
Qpre and the 22 aperture 1118 via the w ng branch

114 due to the 23 seal 1136. This enbodi ment may
10pt i ondd Ighdwncin anig 2k asche MEIEONNELIDT’ fdivides the
flowine not connected to 25 the well. For exanple

¥he Figpas® evigdHitmgiie ke owlsi W3 and ey dpverter

nne 04 [ Ysepd s
?fomﬁ%%ﬁ%%ﬁgﬁgh (% ag&ﬂﬁ5 £§;6§§§§8§9%f¥ S%éjH%e
di rectrergmmtsn. dbc ﬁna;/stca:mglm is abgfimed viey | thorieoxs aof
f% byp%if condult f?%yu) and the part of the production

16 wing bore 1114 beneath the chcoke body 1112 leading
17 to the outlet 1118. The second region is defined by
18 the annulus between the conduit 1132’’ and the

1% housing 1120’’/the choke body 1112. Thus, the

20 conduit 1132'’ forms the boundary between these two
21 regions, and the seal 1136 ensures that there is no
22 fluid communication between these two regions, so0
23 that they are completely separate. The Fig 33

24 embodiment is similar to the embodiménts of Figs 20
25 and 21, with the difference that the Fig 33 annulus
26 is closed at its upper end.

27

28 In use, the embodiments of Figs 32 and 33 may

29 function in substantially the same way. The valves
30 V1l and V2 are closed to allow the choke to be

31 removed from the choke body 1112 and the diverter

32 assembly 1110‘, 1110’'’ to be clamped on to the choke



30 of such an enbodinent is shown in Fig 34. 31 82 1

Fig 34 shows the Fig 33 apparatus attached to the 2
choke body 1112 of the tree 1116. The tree 1116 has 3

a cap 1140, which has an axi al passage 1142 4

extendi ng therethrough. The axial passage 1142 is 5

al igned with and connects direc??y to the production

6 bore of the tree 1116. A first conduit 1146 7
cdonnedicgiyt el kx| ads phssagihdd bdwee awprlocestengnde to Fig

appar atus 1148., The processi aratus 1148.may .9
iipr e ar e P RRID Tof | SO o ST Gt SRV L AEeRt
descrifed Hdh tdi adhesidd od Upedr SR gONdi 307 11  The

1150 connects the processing apparatus 1148 to the 12
doer t \WHerertanr ' aggenihley Hokiksd g 1HDQ* ' | camy| thenbe susgqd to
ut anpd, val ve Ml is. op 4 4. . [ £C |
7 om ST it SHRing o i QST RNEE b
@ odudid twe diorchofapgdetiree; 11 eyarwdhmmio’ 171 pass’ i nt o
t hrough the wi ng branch 1114 because of 18 the V2
V@Ive which is closed, and they are instead 19
i ver ted dy %f#%f%&&ﬁneﬁﬁ,e £hdi &S Pase LEFOUSN to
20 the conduit "1146, through the processing apparatus
A 1148 vwent thlayidy elnte e ofveny dthe ovehe, akf afhe valves
ssa 1122' Dby the duit .1150., The Lds
H avelhion? 5 e S JHE R0 (g€ Senese
wper t e idsl Soyandll g #hg 24t resayverate ther eheom vabvas ,
standard outlet line 25 connected to this aperture.
27 To inject fluids into a well, the direction of
f ow 28 ISESYSSas 50 PN dMedd Uissdp B8 used ¢
%njecte are(§%b passé%piriégt%e aperture 1118 %%% ar%
Ihen cmnmyed fBOddhriough eheimject Hhesbdyeint@2a wehk.

1050ndw.1‘£n3}105t0’the embodiments shown attached to a
16 production choke body may alternatively be attached

17 to an annulus choke body of an annulus wing branch

18 leading to an annulus bore of a well.

19

20 In the Fig 32 embodiment, no fluids can pass

21 directly between the production bore and the

22 aperture 1118 via the wing branch 1114, due tc the

23 gseal 1136. This embodiment may optionally function
24 as a pipe connector for a flowline not connected to
25 the well. For example, the Fig 33 embodiment could
26 gimply be used to connect two pipes together.

27 Alternatively, fluids flowing through the axial

28 passage 1132’' may be directed into, or may come

29 from, the well bore via a bypass line. An example

30 of such an embodiment is shown in Fig 34.

31



31 the processing apparatus 1148, the conduit 1146,

the 83 1 cap 1140 and fromthe cap directly into the
2 production bore of the tree and the well bore. 3 4
Thi s enbodi nent therefore enables fluids to travel 5
bet ween the well bore and the aperture 1118 of the 6
wi ng branch 1114, whilst bypass®fhg the wing branch 7
1114 itself. This enbodi nent may be especially in 8

viel | s Hig i adhdvhe thanF iy 38 happd et 02 distsachiert ked nthe

FrbodiSHE B (A CorkdiR (HRR A - | GHRF (5738 116 has

apert Y g4 ey t LA @Rhad Mn &Pl Gaddegd 1842 12
conduit 1746 coul d instead connect to an annulus 13

Br anclexrehdimarimgratiboregh a Flog sawieal epssadr| Yl44is
then c nnect t he ,annul us_ ho o it he t .
Sore, At AR St MR 4 droduction
rani foicd:e:cwﬂ d:YﬁB tisesl. 1 e, praoceisss thgeappat At 154 6 17

coul d conprise any of the types described in this
sheci fAUHISHE Ore Bial m%‘#mu%ﬁ/ R %rﬁ%ﬂ%a@g

conpl ef : oﬁ% Plaglhessy, g@é%@éﬁm Ve tiEus 1148 may

advant provi ding a y to connect
p:‘! pe\/\mdmpmse]eameld>f whe hoypes 23f Iproeee s bndi appanetEs

of ., t he tJn ewor k 24 and w1 hout

ot e bR D AR AR AR eppnautt
11nt0 tlhﬁcomthectz?@ e HEodeSS1 10F éﬂﬂ@at@&/@@tlws at® the
very wide ranging. 28 The further ewor k attached _
1% t herpstaiterl o ass@hb?@e it pe ﬁng)' an oYRl¥e V2 is

ﬂeader ﬂ}éﬂe&af\per\?gl n further well, or sone

pr ocessi ng appar at us shomn). Many of these
¥ ocesses may never have

15 To recover fluids from a well, the fluids travel up
16 through the production bore of the tree; they cannot
17 pass into through the wing branch 1114 because of

18 the V2 valve which is closed, and they are instead

19 diverted into the cap 1140. The fluids pass through

20 the conduit 1146, through the processing apparatus
21 1148 and they are then conveyed to the axial passage
22 1122’ by the conduit 1150. The fluids travel down
23 the axial passage 1122’ to the aperture 1118 and are
24 recovered therefrom via a standard outlet line

25 connected to this aperture,

26

27 To inject fluids into a well, the direction of flow
28 is reversed, so that the fluids to be injected are
29 passed intc the aperture 1118 and are then conveyed
30 through the axial passage 1122’, the conduit 1150,

31 the processing apparatus 1148, the conduit 1146, the



32 been envi saged when the christmas tree was 84 1
originally installed, and the invention provides the

2 advantage of being able to adapt these existing 3
trees in a low cost way while reducing the risk of 4
| eaks. 5 6 Fig. 35 shows an enbodi nent of the
invention 7 especially adapted8for injecting gas into
the 8 produced fluids. A wellhead cap 40e is attached
tio 9 ddre 1110 cind hosm zde ata réer<dly Thetaetheaead
cap 10 40e has plugs 408, 409; an inner axi assage
5, TEOGHRS L (S Torie TRt R 4 S EDh SRS ng
the 12 inner axial passage 402 with an inlet 406. One
end 13 of a coil tubing insert 410 is attached to the

iner Thids phikpdigeerntadaerotoremnalrl eaf 1 widp| vy guavel
is 15 ' | b h
5 2R il L e TN e NRIFERrS 110 R ke

402. viihLtariei 1014 Nsaiil A whaPesimghc{Soming branch
di anet er. 18 extends downwar.ds_from annul ar seal

o g A4 HFEHs | HA IR0 B SRRFSURTLY 1
Ghri styms 4 188 widdk e _inéa%%allmevaim e@cga 408 Stuck in

connected to a gas injection I ne 414. S 1s
Funpedte orqead ipgection. | i e madi £ pgatiens che i Shsis
tree cap 40e nd j.s diverted b [ u 25 408 do

]idnto CO| O#)ld%?%‘g' ith%eer lﬁ%;c?rh%mg%s&rﬁ et %be%ﬁ\?%o an
1he praghedin f4 wlks dred heapel |IFodhexgasle/ tleedutesst
the density of the produced fluids, giving 28 them

39 j f ¢ "corphbl tyi M4k 1D Inglgad (R NP 2R anwulus
ihen tgavels LG AN B L 1. | B dde AU YSE 300u1d
bet ween prodJ%?%E% bore 1 and c0|Iat{E§ng insgét 31 ou
Y1 0. Tiien modnect i theraventws Hoom to aved | produet bon

15 bore, if desired. Any opening into the tree

16 manifold could be used. The processing apparatus

17 could comprise any of the types described in this

18 specification, or could alternatively be omitted

19 completely.

20

21 Thege émbodiments have the advantage of providing a
22 safe way to connect pipework to the well, without

23 having to disconnect any of the existing pipework,
24 and without a significant risk of fluids leaking

25 from the well into the ocean.

26

27 The uses of the inventicn are very wide ranging.

28 The further pipework attached to the diverter

29 asgembly could lead to an outlet header, an inlet

30 header, a further well, or some processing apparatus
31 (not shown). Many of these processes may never have

32 been envisaged when the christmas tree was



85 1 cap 40e by plug 408; instead it is diverted into

2 branch 10 for recovery therefrom 3 4 This

enbodi ment therefore divides the production 5 bore

into two separate regions, so that the 6 production

bore can be used both for injecting gases 7 and
recovering fluids. This is in c®htrast to known 8

nmet hods of inject fluids via an annulus bore of the 9
viel |, odhiccimecdnnainswa kKl ed, tdred arime| Lisvdaor Boepooesdes the

10 bl ocked. In the conventional nethods,, which rely on
Pl t hAURATHAES 10 PO | ke EArfiARs HFee Vot o 1hin

2 the and ré (4 ekowsd sk have dioihe Feamyesl agpe 18i sk of
repl aced, whereas the present enbodi nent provides a
¥ quildgéked i nexpensive alternative. 15 16 In this
odi ment, the diverter assenbly is the 17 coi
tubi ng insert 410 and the annular sealing plug 18
&2, g 2@Fighowdd ahosmsbadimset def athedivvent dént he

Fig. 35 21 apparatus; the agfaratus and the function
ar e tIREPSiahhe adaRF9e KPS YR YnR e Bye

ld ke iiglGed Afidds Fl & W1 BAOYS d48 09 18] £6LdORed to
apparatus of Fig. 35 25 conbined wth the flow

A ver tidre dsnem) ya gloFi g @6 trrk |4 %@ pafhe vellihea@ cap
t draw ngs. ar-e.desj gnat 27 here with Iik

TinberD® M RS AP Svs o a5t S agsane 02
ar e alfml connetied Iacdrderpasdade 200 pasSagtedOnyi the
respective inner_|lateral passages. 30 31 A booster

Runp (8ies o] iReesFR Ol Bilheth ieget06. One end

13 of a coil tubing insert 410 is attached to the inner
14 axial passage 402. Annular sealing plug 412 is

15 provided to seal the annulus between the top end of
16 coil tubing insert 410 and inner axial passage 402.
17 Coil tubing insert 410 cf 2 inch (5cm) diameter

18 extends downwards from annular sealing plug 412 into
19 the production bore 1 of horizontal christmas tree
20 400.

21

22 In use, inlet 406 is connected to a gas injection

23 line 414. Gas is pumped from gas injection line 414
24 into christmas tree cap 40e, and is diverted by plug
25 408 down into coil tubing insert 410; the gas mixes
26 with the production fluids in the well. The gas

27 reduces the density of the produced fluids, giving
28 them “1ift”. The mixture of o0il well fluids and gas
29 then travels up production bore 1, in the annulus

30 between production bore 1 and cecil tubing insert

31 410. This mixture is prevented from travelling into



1 outlet 44 and the inlet 46. The top end of conduit

2 42 is sealingly connected at annul ar seal 416 to 3

i nner axi al passage 402 above inlet 46 and bel ow 4
outlet 44. Annul ar sealing plug 412 of coil tubing 5
insert 410 lies between outlet 44 and gas inlet 406.

6 7 1n use, as in the Fig. 35 efodi nent , gas is 8
injected through inlet 406 into christmas tree cap 9
40e arehp 2 0cH \bar trdohdhyd Qf ;ugi i@ aah di tanireu | Girvessgzdd mignto

0 plug 412 int il tubing i 410. Th 11
- avel T i Lhd oo TG SHSAITA0, whi ch 12

extends into the depths of the well. The gas 13
conbines with the well fluids at the bottomof the 14
el | bhe s gmaasymemd ohgnefong rdivigep e MFeBEsh o

sie e ween et
%g 44%5%% t‘H(;EF&;I rﬁmcggt s%g: ra?m%%%ﬁgédssed"g%o%éed 17
fd ui dpra@udte canddnes daat eerudde heeiH  fafr plopketign gases

18 bore and coi| tuhing,insert, 410. Wien the quid%{
179 re SHITRYSE 48 S e WA d Thy T8y 30 known

igt 0 R HJe I ulielettREmLoAdidn Ehmid:£ Wdre of the
tubing 21 insert 4I0. The fluids are then diverted b

. . y
hnul aiel122 whealh mprialy werk tidr duh asudlats opre becomes
t.hr ou t 3 ost.er ' r e
100 ot H6oKRE A iffendithdl Rl tiir iy on
1annul hecragaiddis Zopdeet wedrl ddieedraadudiuobdas eddulee mean
cap inner axial 26 passage and conduyit 42, in_the

Lol umé-N5o Gifed SpyF ree7 & hefes SRy D rerevek 314 ds
16ANN0t- PASS LAk o 12 A hbhe érﬁveé&ﬁy AL i - Sdes a

of the Christmas tree 29 through valve 12 and branch
130 f oudedo\eerdy ir@gxpe3sive S ldeoditierg. is therefore
églﬁ| ar to the Fig 35 32 enbodinent, additionally

|l ow ng for the diversion 87
16

In this embodiment, the diverter assembly is the

17 coil tubing insert 410 and the annular sealing plug
18 412,

12

20 Fig. 36 shows a more detailed view of the Fig. 35

21 apparatus; the apparatus and the function are the

22 same, and like parts are designated by like numbers.
23

24 Fig. 37 shows the gas injection apparatus of Fig. 35
25 combined with the flow diverter assembly of Fig 3

26 and like parts in these two drawings are designated
27 here with like numbers. In this figure, outlet 44
28 and inlet 46 are also connected to inner axial

29 passage 402 via respective inner lateral passages.
30

31 A booster pump {not shown) is connected between the



of fluids to a processing apparatus before returning
themto the tree for recovery fromthe outlet of the
branch 10. In this enbodinent, the conduit 42 is a
first diverter assenbly, and the coil tubing insert
410 is a second diverter assenbly. The conduit 42,
which forms a secondary diveri%®r assenbly in this 7
enbodi nent, does not have to be |located in the 8

ar oducuitdetbade andl ttdrendirilee @fhodiThenttoprendise @nduit
any of the other, forns of diverter assenbly 1
descr i*Bed S # 'lg’lgg-gpﬁogg}qq‘)CﬁC{ é’.tg.arﬁn‘ﬁi%ﬁe&q 46 to
asseninhedn 55 iGNOkR ke 402 GRIHWNGH] 1 Wd harddi®e s
coil tubing insert 41071 n the production bore. 13 14
Nbdi f icedtlietn £ 4and Anmprieare masls neap e i4icorqgforeqidd tusing
i t hout. _departing .fromthe sc f. the . td O 6

or e%\lr?%lr{e%, 4250 g‘tla e ea’fk‘)vc?vezl, %ﬁ‘ﬁ:eloe [ v%r téer?i/ Z’Jsésée%l}lyetl 106.
k7 could be attached to an annul us choke body, instead
18 of to a production choke body. 19 20 It should be
Hot ed TEh A h @5 11w tdisy drier S MR et o@D LS 22

og .t | Py :
A ) e L R N
i% | ustdeomadpdssidiivenbeghihie P12 48 |arkkwiyullameealing

t hods sh i.n Fig 30 were descrihbed W
105t or 6 Bk MR $o SR S ¢ e e i pas
100ul d thenw@aeoMwrs el wWdill abiafg titasseard o ove nilsi 28
provi ding two separate flowaths; these include the

129 entsediomein S0P Hhgs dERIGS PR Eherld 22 TR P to
130 29..4 il?le?)%ifﬂkf%t%é)%l]tllo fahe dethod 1 ik 30.08% he
ui ds e we 32

1 that fromt A are only required to
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15 easier to pump. The booster pump between the outlet
l6 44 and the inlet 46 draws the “gassed” produced

17 fluids up the annulus between the wall of production
18 bore 1 and coil tubing insert 410. When the fluids
15 reach conduit 42, they are diverted by seals 43 into
20 the annulus between conduit 42 and coil tubing

21 ingsert 410. The fluids are then diverted by annular
22 sealing plug 412 through outlet 44, through the

23 booster pump, and are returned through inlet 46. At
24 this point, the fluids pass into the annulus created
25 between the production bore/tree cap inner axial

26 passage and conduit 42, in the volume bounded by

27 seals 416 and 43. Ag the fluids cannot pass seals
28 416, 43, they are diverted out of the christmas tree
29 through valve 12 and branch 10 for recovery.

30

31 This embodiment is therefore similar to the Fig 35

32 embodiment, additionally allowing for the diversion



1 of fluids fromthe inlet header 701, the enbodi nents

2 only providing a single flowath (Figs 31 and 32) 3
could al so be used. Alternatively, if fluids were 4

only needed to be diverted between the inlet header 5
701 and the outlet header 703, without the addition 6

of any fluids fromwell A the %Tg 33 enbodi nent 7

could al so be used. Simlar considerations apply to 8

viel | Bf F1luiGsThe rethwosteds img) dipardtich befote eseturning

T et o Fhig e, Y (R o e RERRh P the
el |, meidh 163, | i kew st kenssdd e, WHd asydeit toe is a

two-flowpath 14 enbodiments of Figs 3 to 6, 17, 20 to
% andizet divertexr aggeindadi farditilmscebl t HiR1Rt Hogert

.g. 4 - r f ' 4), e, sl
F oo 17 &I Hved L Aol ThdSOIdOLE 42,
be usedthifadr fdifind hee seg@oddaion dielrdri3sd. astumtioln in this
embodi nent_is sho 19 in Fig 38, which shows, a first
TocovEPIETETE - HPSF BRF At ES FoctoRESR 10 grhe
el s At gagbhave g cdind ¢ 8 adttbdd hoet d Ghay use

assenbly according to Fig 31. 22 Fluids are recovered
% om iy of \ihe tdtehel Viones o3 diseririry;assrmblyi ds

ss into _a.conduit .C and t . 24 pL oces
13’8 par a usgcrﬁ.bef:g elrbrtok%:lesgsafpr%eﬂa&g)ép%lr%tl u@e 'is a?n%xpu%re%era
Slepar atd grgnFEippasrtal ookl doddyl din i s@tjdhct 26n Theth the
processi ng appar atus separates hydrocarbons, from 27
he r &verP 9 RSHHd L dR tHRE PTIRHC 1P Per e
128 riser Rfor recovery to the surface via this riser
29 The remaining fluids are diverted into conduit D 30
Mhi ch Maghidsl aar tdres dinvdrirepresseensty rofy the Blcorporated

|1,B._and f ,_the flyi 32
Tt o THEREN ST T OGO | Ghet i ivencfon.

16 For example, as stated above, the diverter assembly
17 could be attached to an annulus choke body, instead
18 of to a production choke body.

1s

20 It should be noted that the flow diverters of Figs
21 20, 21, 22, 24, 26 to 29 and 32 could also be used
22 in the Fig 34 method; the Fig 33 embodiment shown in
23 Fig 34 is just one possible example.

24

25 Likewisge, the methods shown in Fig 30 were described
26 with reference to the Fig 23 embodiment, but these
27 could be accomplished with any of the embodiments

28 providing two separate flowpaths; these include the
29 embodiments of Figs 2 to 6, 17, 20 to 22 and 26 to
30 29. With modifications to the method of Fig 30, so
31 that fluids from the well A are only reguired to

32 flow to the outlet header 7032, without any addition



1 diversion of fluids whilst bypassing the export |ine
2 which is normally connected to outlets 1118. 3 4
Therefore, with this nodification, single flowath 5
enbodi nents could al so be used for the production 6
well. This nethod can therefore be achieved with a 7
di verter assenbly located in th8 production/annulus 8
bore or in a wing branch, and with nost of the 9
anbodigfefluiels dine tefe asslesthlheathacridied tilre ténisodii@ents
specification. 11 12 Likew se, the nethod of_Fi 3
i2n whitH Y SERMeding 2 fHagls eﬁ%?wf&tc{}rl% %eaq%‘ir%)
I, I ieyed AN : | et ef $a re

gs A s b e A e G (A ks e

di ver teerly ireddzchttad bel gliventrsl frejdiggn drhe inlet header

or e/ ul us re). first 17 diverter .

%e Io%qequﬁq%}?e Od‘]’téd:ﬂ:ctl?e eﬁg-}Qoag’r ematnﬁl a rs@%:%n%&&iglon
& ver tal 56 ahlia< it b 10 !t taaherid B33 hanlsoditherst
choke, for exanple. Further_ 20 alternative
éhnbodidmnid R khovdpd mayS Hwdan congfdryriions apply to
assenmbly 4y the annulus bore, sinmilar to 22 the
enbodineﬁts of Figs 2 to 6 in the production 23 bore.
2 25 The Fig 23 nethod, in which recovery and

i nj ect] 2 in t J | | d_al so b
Yhhi CVREE VRTHOS P 1 L n G L L VEr 1 TGS ER 7S
gdescrifgd dd £ tdher a1 waltl odha | e skt Ny thEe least a

diverter assenblies 29 whjich do not provide two
Kepar R Fiownt Hsiean Boridantie @ reerdicre hbdi Feetd

T hOdljil%,lvgi d naéjix%e\{%& @%2%1% \%I‘% %Poﬂﬁe thfo SBBwpath

ree as , use 31 diverter
s sentdniesdiment disE nbdgd i 2dt®06, 17, 20 to 22 and 26 to
15 29, With modifications to this method {e.g. the
186 removal of the conduit 234), the single flowpath
17 embodiments of Figs 31 and Figs 32 could be used for
18 the injection well 330. Such an embodiment is shown
19 in Fig 38, which shows a first recovery well A and a
20 second injection well B. Wells A and B each have a
21 tree and a diverter assembly according to Fig 31.
22 Fluids are recovered from well A via the diverter
23 assembly; the fluids pass into a conduit C and enter
24 a processing apparatus P. The processing apparatus
25 includes a separating apparatus and a fluid riser R.
26 The processing apparatus separates hydrocarbons from
27 the recovered fluids and sends these into the fluid
28 riser R for recovery to the surface via this riser.
29 The remaining fluids are diverted into conduit D
30 which leads to the diverter assembly of the
31 injection well B, and from there, the fluids pass

32 into the well bore. This embodiment allows



1 nethod, none of the fluids recovered fromthe first

2 diverter assenbly 640 connected to the production 3
bore 602 are returned to the first diverter assenbly

4 640. Instead, fluids are recovered fromthe 5

production bore, are diverted through the first 6

di verter assenbly 640 into a cofduit 690, which 7

| eads to a processing apparatus 700. The processing 8
dppar atine radiere ol df Tt danywiok 1 8 th éoyrmss tes cthideekport 9l ine

this application._In this enbodi ment, t 10

oo e A A il L SR b Do Ee bt 31 ng
Bl apparatus and a fluid riser Rto the surface. The
12 apparatus 700 separates hydrocarbons fromthe_rest

¥ of Thrrehfuceti th (ikks mofi firaticR ocaipdte Brevpath
e LB MRS BRI e o Brpaddyson
td ee wied lconditits 688 hddhesen fthedsfore heajactbaved with a

Esont iy BaET Srr T atires L Yhe rrdien oy epaelus
exanplRsrd oFi 95 B8rirdd PchdP, dhe weRthafSs®©fof the

recovery and injection are 22 not |limted to nethods

vihi ch enldigeente oktdireier 2kl bideser Feedvir cehis
fd uid it iverter 24 assenbly used in the

1rdecovzs ye,%lofrhecrégcltluorq{n' of the 25 fluids to a second
Jortion of a first flowpath. 26 27 Al of the

di verter assenblies shqown_and descri bed 8, can be

Wsed foKBOLTE r ddti IS A 190t ety 29| Pt BreoYeTY
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t he embodi nents which are shown connected to 32 a

I oducadlorevgchgrigrardte coldwl disretrrdeotdiiaet2dt®16 (so

15 that at least one of the flow diverters is located
16 in the production bore/annulus bore). A first

17 diverter assembly could be lccated in the production
18 bore and a second diverter agssembly could be

i¢ attached to the annulus choke, for example. Further
20 alternative embodiments (not shown) may have a

21 diverter assembly in the annulus bore, similar to

22 the embodiments of Figs 2 to 6 in the production

23 bore.

24

25 The Fig 23 method, in which recovery and injection
26 occur in the same well, c¢ould also be achieved with
27 any of the other diverter assemblies described in

28 the application, including the diverter assemblies
29 which do not provide two separate flowpaths. An

30 example of one such modified method is shown in Fig
31 3%9. This shows the same tree as Fig 23, used with

32 two Fig 31 diverter assemblies. 1In this modified



1 to an annulus wi ng branch, or another branch of the

2 tree. The enbodinents of Figs 31 to 34 could be 3
connected to other parts of the wing branch, and are

4 not necessarily attached to a choke body. For 5
exanpl e, these enbodi nents could be located in 6

series wWith a choke, at a diffe?®nt point in the 7

wi ng branch, such as shown in the enbodi ments of 8

A gs ZfethoP9.ndche HE She Fldiadgmretodred A xcdm itdisaSirst
tree of, an oil or gas we|l 4 conprjsing:, 5 a branch
(10) VHYEFESTH S8Ry GHf IRIMRTRE t% Th REPHT D
3 1 owpald dol0iarRFetidled CANthd IORst & R¥FEePladd@bly
christmas tree; and 8 a diverter assenbly (502)

donpr iéitng drshssidhg f@#@@fﬁ&&ﬂmwgrﬁmfﬁﬂm

ssage 08).;,..1Q characteri. j Ngt (
o hEEPERAST Bo s st A b e (8
lwor e idivelkt dihe dyemilsdly (sd)) I provsielwit ad 3@y natiiate
flowpath _ 13 (10; 500; 520; 544) to or_fromthe bore
of theeBATH & RICIGTERT FRAIF YR 1Y asSiPrPcessing
02). : ' i i j -
e SREr s 1 SR B S i, S et e i
& anchhik8 aptdl izatA ariv | strdsh its esmbesd ipterithredehen ¢l ai m

or claim_20 2, wherein t hqusi ng. (5Q4), ,connected. . .
s S AP0 B The R SR Sl Effac ing

11 apparatug and a fluid riser R to the surface. The
i2 apparatus 700 separates hydrocarbons from the rest
13 of the produced fluids, and the hydrocarbons are

14 recovered to the surface via the fluid riser R,

15 whilst the rest of the fluids are returned to the
16 tree via conduit 696. These fluids are injected

17 into the annulus bore via the seccond diverter

18 assembly 680.

19

20 Therefore, as illustrated by the examples in Figs 38
21 and 39, the methods of recovery and injection are
22 not limited to methods which include the return of
23 some of the recovered fluids to the diverter

24 assembly used in the recovery, or return of the

25 fluids to a second portion of a first flowpath.

26

27 All of the diverter assemblies shown and described
28 can be used for both recovery of fluids and

29 injection of fluids by reversing the flow direction.
30

31 Any of the embodiments which are shown connected to

32 a production wing branch could instead be connected



23 4. A christmas tree as clainmed in any preceding 24
claim wherein the housing (504) includes an axial 25
insert portion. 26 27 5. A christmas tree as clai ned
inclaim4, wherein 28 the axial insert portionis in
the formof a conduit 29 (542) which divides the

i nternal passage (508) into 30°%& first region
conprising the bore of the conduit 31 (542) and a
decond o egi enrodhgy ivsinmg drtenadnnuWnar@&helr m20)ch of the

t the h ' 04 d . dui t 54 3
o R st A G d 1P i1 57 R Pe
3 t he ceaddided 342)otHe P gaRited 40 walwid Mraddie, Gand are

i nside of the branch (10) to prevent direct fluid 7
donmumictatieste ssaniden atia It g SEmkafPdhe HRe

& i med s TR inehee (T ) TdLEe A

@ort i Gerdied wiltde & whokaf, aatstemd il ierid8)pquiovi dedche

with a plug (1130) adapted to block 13 an outl et
("1118)¥i9 il St 4 eow 1n ghe TS of
tgfee g§ i igy any preceding 16 claim including

a punp (107) adapted to fit within 17 a bore (123) of
the christmas tree (101). 18 19 9. A christmas tree
125 claimed in claim8, wherein 20 the diverter
assenbly is adapted to divert fluids 21 flow ng
through a first region of the bore (123), 22 through
the punp (107), and back to a second portion 23 of
the bore (123) for recovery therefromvia an



24 outlet. 25 26 10. A christmas tree as clainmed in

any preceding 27 claim wherein the branch (10) has

an inlet and an 28 outlet (530) and wherein the

di verter assenbly (502) 29 provides a barrier (542;

532) to separate the branch 30 inlet fromthe branch
outlet (530). 31 94 1 11. A cHt4 stmas tree as cl ai med
in any preceding 2 claim connected to a processing
appar @lasmgb50). 3 4 12. A christnmas tree as cl ai ned

in any preceding 5 claim also having a second

di verter assenbly (605) 6 connected to a second

Branch (623) ehribenl t$e®er & B8 BO0has &e1d 13.

A christmas tree as clained in claim12, 710 wherein

the fcegprisdmgh (620) conprises a 11 production w ng
ranch and_t he _seco r (6 i .

gnnulus mﬁﬁg FE%E &qu agﬁnTﬁ.%k)c #ﬁ§%%g2£¥§§%qgétlon’

6l ai nEedrime paytpoEcadiflgwpkihcl@opn Svavi BP0 hypassl from

conduit (1146; 1148; 1150) 16 connectjng the diverter

dssenBl POre1 9§ the FhERSTMEE IS ipGRE whi | st

Rypassing at 4lieasked RSyt NG02)8 c%"rr@iﬁ@i(n%l]a‘l)hod&.ng

20 15. A christmas tree as clainmed in clfaim 14, also

havisig ) a heap ngl 240 i ntenthalh gesisadehe S\Bdass condui t

21

2 (1146; 1148; 115Q) nnects.the_divyerter,.as I
193 (111011 fPE0CHENRERD. ot &P oita S Aper a7 O ABY® | n
134 thaicaptekl4@ksembly (502) is locatable in a bore in

12 the branch (10) to provide an alternative flowpath
13 (10; 500; 520; 544) to or from the bore of the

14 christmas tree via the diverter assembly (502).

15

16 2. A christmas tree as claimed in claim 1, wherein
17 the branch (10) comprises a wing branch.

18

19 3. A christmas tree as claimed in claim 1 or claim
20 2, wherein the housing (504) connected to a choke

21 body (500) of the christmas tree.

22

23 4. A christmas tree as claimed in any preceding

24 claim, wherein the housing (504) includes an axial
25 insert portion.

26

27 5. A christmas tree as claimed in claim 4; wherein
28 the axial insert portion is in the form of a conduit
29 (542) which divides the internal passage (508) into
30 a first region comprising the bore of the conduit

31 (542) and a second region comprising the annulus



25 26 16. A christmas tree assenbly conprising a

first 27 christmas tree as clained in any precedi ng

claim 28 and a second christmas tree as clained in

any 29 preceding claim the first and second chri stmas

30 trees being connected by at |east one flowath (C

31 P, D. 3295 1 17. A christihs tree assenbly as

claimed in claim 2 16, wherein a processing apparatus

(P) i 95R0¢abetwiern 3hehdcats ingasis Odne afidovghet eaqr@u iR,

g). 4 g }8. A method of diverting fluids, conprising:
conﬁé ?ing a diverter assenbly (502) to a 7 branch

610) of a christmas tree of an oil or gas 8 well, the

branch (10) having forned part of a 9 flowpath (10; .

500; %530) #oc<hxd rv@m&r@@r@%fcltaﬁ@edlerbmhaslﬂh%s fhggrein
ef or 0 Lan @f, tthe _di enpliy. 3

Sher e bt RS g o o A asnb et B o s

Bousi ngsited o thahienpramdmnt(@onalt passaget 1 vesQ8)E1ulid

characterised in that, in the connection qf .the
i vor COTMEICRLoT BESPERE (s Sdtne 5006 Bihiidte bore
86 (1Qk, RRr boplautite @agerter assenbly (502) is

|ocated 17 in a bore of the christmas tree branch
G10) to 18 provide an alternative flowpath (10; 500;

20; 544) A1 f th . i ,
1t%r ee 3i'a) t ﬁe%htzrgsg:il;n\?g; %?Feagi%%j%%% g{}%{dﬁél@s wherein

1ghar acher iasda 1i friskat: e tieirhdd iinc Idse £ dirire ot ep st

l%{ O%\gﬁrﬂt‘zbg 8 ptrgngré];ileglz SIS:’L E%IQ%) lf)%'&ga h(el l%l Ot) € rarclizgpl tveed 21:% bleck
13 an outlet (1118) of the christmas tree.

14

15 8. A christmas tree as claimed in any preceding

16 claim, including a pump (107) adapted to fit within
17 a bore (123) of the christmas tree (101).

18

19 9. A christmas tree as claimed in claim 8, wherein
20 the diverter assembly is adapted to divert fluids

21 flowing through a first region of the bore (123},

22 through the pump (107), and back to a seccond portion
23 of the bore (123) for recovery therefrom via an

24 outlet.

25

26 10. A christmas tree as claimed in any preceding

27 claim, wherein the branch (10) has an inlet and an
28 outlet (530) and wherein the diverter assembly (502)
29 provides a barrier (542; 532) to separate the branch
30 inlet from the branch outlet (530).

31



25 19. A nethod as clained in claim18, wherein the

26 diverter assenbly (502) is attached to a choke body
27 (500). 28 29 20. A nethod as clainmed in claim18

or claim19, 30 for recovering produced fluids froma
well. 31 96 1 21. A nethod as clained in any of
claims 18 to 20, 2 for injectify fluids into a well.

3 4 22. Anethod as clained in any of clains 18 to

21, S lwherreiahntilerniis/emtesr aes saebimed 50 )amyr euiatsesling

two 6 separate region 542; 520) wthin the dive

2 s A SERRCCRRR o MRTGE AL ARP IR 18 P ) -

& passing fluids through one of the first and second 9
regions (542; 520) and subsequently passing at |east,

0 a pérti én dfrisHews fUngadag Mlaidged Ha aimerprscadiang
1 firgt, .apd t reqi ; . 2

R et 10 00 QR P Ut Mg ) appfemiy “b0s)

wher eicorinke tdid/ ard & sarsenbibhraprayi sl )t wif sgpardiei stmas
15 re%i ons (542; 520) and wherein a first set of

) ui d&Trefe 8P13dassed through the first region (520)

gnd a 17 second set of fluids is passed through the

second 18 region (542). 19 20 24. A nethod as

A ai méd i n Aclclimhstnasy 2&e eferddisimed] irhec st gk .

1] GRS, S Al SRR e Sl 1)
processing apparatus ( ocate et'ween t he
11 r st predlusedeid wieli ar(d@2@nd4d)e setbritd Bandh (621)

nmet hod as clained in claim?24, wherein the
1 comprises an annulus wing branch.

13

14 14. A christmas tree as claimed in any preceding
15 claim, having a bypass conduit (1146; 1148; 1150)
16 connecting the diverter assembly (1110'') to the

17 well bore whilst bypassing at least a part of the
18 branch (1114).

192

20 15. A christmas tree as claimed in claim 14, also
21 having a cap (1140), and wherein the bypass conduit
22 (1146; 1148; 1150) connects the diverter assembly
23 (1110''} to the well bore via an aperture (1142) in
24 the cap (1140).

25

26 16. A christmas tree assembly comprising a first
27 christmas tree as claimed in any preceding claim,
28 and a second christmas tree as claimed in any

29 preceding claim, the first and second christmas

30 trees being connected by at least one flowpath (C;
31 P; D).

32



26 processing separates a hydrocarbon conponent of the
27 fluids fromthe rest of the recovered fluids, and

28 wherein a non-hydrocarbon conponent of the fluids

is 29 re-injected into the well. 30 31 26. A nethod
as claimed in claim25, wherein 32 hydrocar bon
conponent of the recovered fl ui is 97 1 returned to
the christmas tree and is recovered from 2 an outl et
(@530) 15f. t e chhriisdimaess tnese as®emb137 asA aigtimagl der claim

| ai in,any .of clains 18 to 26 i nc)udi.ng -t he .
oo 5t HTERRi G PSR PP TAR e QoA dietgeed in
fii r st theowpatikaR2nd Flawgreend d; fd;owpat h (544; 550;
541) and diverting the fluids 8 fromthe second
1 owpat h (544; 550; 541) to a second 9 portion of the

fd rst ,fll owga : 0 | ai ed
X an;l/L %t Wc% %&%%ﬁfo%&fﬁ r?c?ldl}gilslr}gq:t Iglt%p{@g'f
secover i ng cidrneds: ifntcora alifverster Eammidly A)50d to a
%p-in'ecti g(%g | egst_ a portion of the 14 recaovered

i ui dOTPREY & 10dc Gitd Anel AR EM P1RE A 3R Reeh&F £8°
¢ ai mp@d1iln ame Yraelcd B oh8 Heridly folfmdd i neE the
step of recovering fluids froma well 18 and the step
& i njfdempag ¥ | Jidds 500 38 &l 1and Fromp done wk Hde

cl a} [ (A=Y ergej :

1$ﬁe rgg%g%FggffF%k%%%%?%ﬂg%5$*$h§§2§§§5éffﬁﬁ%;§¥ﬁ}fger
el | . a2@en@.y31(50R )netwieteds die nbdrdntext aignedihly (502)

wherein the 25 recovered f]l UI)d% ar.e gpra%ceisnsteedrn%e_ﬂ‘ ol.@raessc__ﬂge

I@hey LPEPrgses a housing (504 avin

13 (508) ;

14 characterised in that, in the connection of the
15 diverter assembly (502) to the christmas tree branch
16 (10), part of the diverter assembly (502) is located
17 in a bore of the christmas tree branch (10) to

18 provide an alternative flowpath (10; 500; 520; 544)
19 to or from the bore of the christmas tree via the

20 diverter assembly (502); and

21 characterised in that the method includes the step
22 of diverting the fluids through the alternative

23 flowpath (10; 500; 520; 544}.

24

25 19. A method as claimed in claim 18, wherein the

26 diverter assembly (502) is attached to a choke body
27 (500).

28

29 20. A method as claimed in claim 18 or claim 19,

30 for recovering produced fluids from a well.

31



26 injected into the well. 27 28 32. A nethod as
claimed in any of clains 18 to 31, 29 including the
step of diverting fluids between the 30 diverter
assenbly (1110"') and a well bore whilst 31 bypassing
at least a portion of the branch (1114). 32 98 1 33.
The method claimed in any of cl¥ims 18 to 32, 2
wherein the diverter assenbly (502) includes a 3
donduitl . ( 542 meltdeal aksl e:lialintekﬂe imoreyofoft kkd ddmendl8 to 20,
%10) to create _agn a ﬁgﬁg{ bet ween the bore of 5
he br&AcH PEGF185d i y.© and wherein 6
the fluids entering the di verter assenbly (502) flow
7 into the annulus (520) and are subsequently returned
& thr 8dgh Phaetdeduiars E4imed im @y ofThd aidendd® to 21,
| ai n f [ rel e
%IU|gg%gkglg'ég%teg%%IQ%51%§€%T%§be%%fghgbnneé%gﬁ%ﬁ?
Bhe cbhepstrans tmgeonjss (5144 352017hmrmﬁho<ihé dived-ter

f clai mher st s tree
Ao areRRibaval e &8 et il of
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pass hrough the 18 integral punp (107)
regions (542; 520) and subsequently passing at least

10 a portion of these fluids through the other of the
i1 first and the second regions (542; 520).

12

13 23. A method as claimed in any of claims 18 to 21,
14 wherein the diverter assembly provides two geparate
15 regions (542; 520) and wherein a first set of fluids
16 is passed through the first region (520) and a

17 second set of fluids ig passed through the second
18 region (542).

19

20 24, A method as claimed in claim 22 or 23, wherein
21 the method includes the step of processing the

22 fluids in a processing apparatus (550) located

23 between the first and second regions (520, 542).

24

25 25, A method as claimed in claim 24, wherein the
26 processing separates a hydrocarbon component of the
27 fluide from the rest of the recovered fluids, and
28 wherein a non-hydrocarbon component of the fluids is
29 re-injected into the well.

30

31 26. A method as claimed in claim 25, wherein a

32 hydrocarbon component of the recovered fluids is
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returned to the christmas tree and is recovered from

an outlet (530) of the chrigtmas tree.

27. A method as claimed in any of claims 18 to 26,
including the steps of diverting fluids from a first
portion of a first flowpath (520) to a second
flowpath (544; 550; 541) and diverting the fluids
from the second flowpath (544; 550; 541) to a second
portion of the first flowpath (542).

28. A method as claimed in any of claims 18 to 27,
including the step of recovering fluids from a first
well (A) and re-injecting at least a portion of the

recovered fluids into a second well (B).

29. A method as claimed in any of claims 18 to 28,
including the step of recovering fluids from a well

and the step of injecting fluids into the well.

30. A method as claimed in claim 29, wherein at
least some of the recovered fluids are re-injected

into the well.

31. A method as claimed in claim 30, wherein the
recovered fluids are processed before they are re-

injected into the well.

32. A method as claimed in any of claims 18 to 31,
including the step of diverting fluids between the
diverter assembly (1110'') and a well bore whilst

bypassing at least a portion of the branch (1114).
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33. The method claimed in any of claims 18 to 32,
wherein the diverter asgsembly (502) includes a
conduit (542) locatable in the bore of the branch
(10} to create an annulus (520) between the bore of
the branch (10) and the conduit (542), and wherein
the fluids entering the diverter assembly (502) flow
into the annulus (520) and are subsequently returned

through the conduit (542).

34. The method claimed in any of claims 18 to 33,
wherein the fluids are diverted via a cap (1140)

connected to the christmas tree.

35. The method claimed in any of claims 18 to 34,
wherein the christmas tree has an integral pump
(107) located in a bore (123) of the christmas tree
(101) and wherein the fluids pass through the
integral pump (107).



