WD 2005/ 047646 PCT/ GB2004/002329 1 1 Apparatus and
Met hod for recovering fluids froma 2 well and/or

WO pgosotiong fluids into a well 3 4 The presentPCT/GB2004/002329
invention relates to apparatus and 5 nmethods for
diverting fluids. Enbodinents .of the 6 invention can
be used for recovery and injegtion 7 Sone enbodi nents
rel ate especially but not 8 exclusively to recovery
and injection, into either 9 the sane, or a different
well. 10 11 Christmas 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 well head 14 after conpletion of drilling and
installation of the 15 production tubing to contro
the flow of oil and gas 16 fromthe well. Subsea

christmas trees typically 17 have at | east two bores
one of which comunicates 18 with the production
tubi ng (the production bore), 19 and the other of

whi ch communi cates with the annulus 20 (the annul us
bore). 21 WD 2005/ 047646 PCT/ GB2004/002329 2 1

Typi cal designs of christmas tree have a side outl et
2 (a production wing branch) to the production bore 3
cl osed by a production wi ng valve for renoval of 4
production fluids fromthe production bore. The 5
1annuhppabatesakad Mgphodl Fyrhascameanngl dduwidagfeom a
brancblmnth oegtkve a L us wi ng %alg- The 7

zannul us bore are usual |y capped by a christmas tree 9
cap which typically seals off the various bores in

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 gas wells, and generally comprise an assembly oXf

13 pipes, valves and fittings installed in a wellhead
14 after completion of drilling and installation oL the
15 production tubing to control the flow of oil and gas
16 from the well. Subsea 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 anmnulus
20 (the annulus bore).

21



10 the christmas tree, and provides hydraulic channels
11 for operation of the various valves in the
webksstsas 12 tree by neans of intervention ePCi/OBeW /002329
or renotely 13 froman offshore installation. 14 15
Wl ls and trees are often actiye for along tinme, 16
and wells froma decade ago nay still be in use 17
t oday. However, technol ogy has progressed a great 18
ldeal Typi¢al dbssonsnef tbriskampl eresubseg a9side outlet
processing. of fluids is,.n SLI .
2proc §sPﬁ%d%%El IR Sagﬁ%g?cﬁ%ﬁfﬁglngggﬁgggPinSre
321 walgsea@ngy sangrbaaatibe Wydgocarbensoreremo?al of
Furthernore, it Is sonetinmes desired to take quid%
4?3 f popfereloR| Flakds fredt thecBRPBHERL OBf PPREse 1h©
| ui [ a e 110 m5ERt 9nt .
o a8 Ay 1 257 These Thrrgs sl vas Braski g the
6pi peowakcR6wathaghedspectheecoanheliuef wihe weAgebr addle,

insertin 27 new pi pework. | eadin this progcessing
7equi598n8? thg BFPgPEEFPVebRéFI?ngt%BeTng pFo%Sges

gt he prabhem pdfeandel acdalagseapptadoli akehefistmas tree

di sconnecting pi pe 30 work which has been.in place far
9a comsbdehabhetyPiealdy afaLGhPER RS MevaPuPnPerdsd 1t
10to b%hgléﬁ?99€ﬁggdtr§% Fﬂﬁﬁhg&ggﬁaesngdEQulic channels

envi ronnental regulatidns, no WO 2005/ 047646
11PCT/ €B20608L0A2338 oF thpr vdudedsf vailldesare ahleowdd itsgmas

l eak _out jnto the 2 _ocean, and.any such unanti i pate
12and GREGN ¥n??8ﬂ§l°f3l&%§38ﬁﬁg&PPoﬁqB%gwfggé Fﬁégﬁhg%ely
13t hat ft-Blsawi bErdneeeurnstai6a€anvent i onal methods of

extracting fluid fromwells 7 involves recovering al
l4of the fluids along pipes to 8 the surface (e.g. a

15719 %%&géegnhotkggg)aqgf%r e%hﬁgtgvgy%ﬁgc%rggﬁ%'%@%e,

separ a rom unwant ed san
16 and wells from a decade ago may still be in use
17 today. However, technology has progressed a great
18 deal during this time, for example, subsea
19 processing of fluids is now desirable. Such
20 processing can involve adding chemicals, geparating
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



10 and water. Conveying the sand and water such great
11 distances is wasteful of energy. Furthernore, 12
wo bwss7et® be injected into a well are often cPCEeBe@4/002329

13 over significant distances, which is also a waste

of 14 energy. 15 16 In |low pressure wells, it is
generally desirable to 17 bogit the pressure of the
production fluids flowing 18 through the production
1bor epraddcedi §lisds ypreapl yowed donechpy PﬁgtéPFPnEhﬁ
punp _or_simlar_apparatus_after. h r ' :
2mﬁngO§%Tge f%a?p p%???eu%?né%ﬁ% %?GEZ%HEegg?%%bgﬁgﬁsnal
3the §ideopnttetlonfptbeiabsi shamsikkeehat22hbowsi i,
installing such a punp in an active well is 23 a
4di f fpe@VE- operation, for which production nust 24
cease for sone tine until the pipeline is cut, the 25

punp installed, and the pipeline resealed and tested
626 foonvahedohty. m@Thod8 ALfarthertahgefpatidvéricn wells

pressure_boost the 29 production, fluids by installj
Ta putBVPtBRFaT PGy T30 bﬁ?gtﬁﬁsgpgq%h égsgaﬁgﬁﬁ bibBd to
gi ntegMgntiierabeoMet Be ki gig 3% whkehteanabe)evetiorer ehe

expensi ve than breaking the 32 subsea or seabed
9pi pelBekoCROP2065A087 6282 PEFEARinON/ Ghe3pgwagpted sand
Accordin afj c f S Ne Rt
105 hePe T B Foui H a0 al deor For “Bacenbiy Tor a pan fard "
113 of daptahkeer igagareklfilcofpensiryy -a Roushegredei ng 4

an internal passage, erei,n, the diverter assenbl
12i g agéﬁﬁgﬁ t8 g&n%@éFg?SdalBanéhw #itﬁgenﬁﬁiﬁglg¥nv yed
137 Acgoedi Bg gho raceaeond saspeetk, Ofvhtike iiRventscon where of

8 is provided a diverter assenbly adapted to be 9
14j nseeneddwi-t hin a mani fol d branch bore, wherein the

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.



10 diverter assenbly includes a separator to divide
the 11 branch bore into two separate regions. 12 13
wab@soile4or gas well is typically a subsea wel PCGB2001402329
the invention is equally applicable to topside 15
wells. 16 17 The manifold may, be a gathering manifold
at the 18 junction of several ¥low |ines carrying
production 19 fluids from or conveying injection
1fluiktsceoiimg 20 aufrbest ofspié¢t epEntheepresent invention
Alternatlvel 21 manifold na e
2 si ngtEE el 1S %ﬁvﬁgﬁé +Ver€%5 %%%.?gfg §§§ %oﬁ%??ggld
3a Ch@f&hﬂa§llr@ﬁ ga23w@hl Bycolpanehigwe heasiagyhaving
branch of the manifold, 25 other than ,a production
4por @dfinterrel MheSadhg WPBrBiAnERSi 1¥SREEAl RySEUPLY
late §Ja§%8@83 £k &gﬁ Li€ero 27,280-5385PENE manifold.
pro UetTOM oF —an”annul us W ng branch 28 connected to
6a production bore or an annulus bore 29 respectively.

30 31 jonally, the h u3|n ttached to h
7bodyACCégél%ﬂoF% %oﬁ?“o% §ﬁ£ Hg %gﬁsfﬁven £o ﬁ Plire
8renﬁi§5p¥g%2@gé/Q4J§4§rE£E/QBQ@QBAQOQaaﬁteS &oabéer

the mani fold' s standard choke has been 2 renoved.  The
9chokenseyted WithéReaonanifpéd, PEANGD BOERoKENEF ARy the

ot her, f d h asse

10 o B T b a7 PRty hpahuletps FLYRELEDLAPOPIR Lde the
11branbhaﬁxhehsrenintn seoi sspa¥auket megicheke. For

1exarrple in an enbodi nrent where 8 the manifold
conprises a tree, the diverter assenbly 9 could be

13l ocatgd Betweenghbeyehokesangptibelly 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 Optionally, the housing is attached to a choke body.

32 “Choke body” can mean the housing which remains



10 production wi ng valve or between the choke and the
11 branch outlet. Further alternative enbodi nents 12
weombsd4teasre the diverter assenbly |ocated in pPEEGBRI04/002329
13 coupled to the manifold, instead of within the 14

mani fold itself. Such enbodi ts allow the 15

di verter assenbly to be used inh addition to a choke,

16 instead of replacing the choke. 17 18 Enbodi nents
1wheraefthe theemteifaddémbbyandandaphedic 19st BS€Bnnect

to a_branch of tree, neans tha r 2 p e
Znot haVeVE 'beT38n85858t%a¥i%et%eggﬁ§%r§gra gfgg’ dees
3assefahbye EAbadiymerhsrokihbeoifnwentifondcan be 22

easily retro-fitted to existing trees. 23 24
4preferably, the diverter assenbly is |ocatable 25

wi t hi.pn_a [ c t ' d; 6
SOpt1 SH5 Py CER ™ ALSrRal paseage of The drvartar “opeh
6assenlll yhesmanicoiruriocati bmanichheikhenispani 6n 6Eriz$

t he choke body, or other part of .the manifal.d 3

Thr ant/hth 3108\8“1?005% 8476467BESr GAZ06H 68%’@%@“891 L

gi NvephoR Rk vl desotbe iadyant ageet hahef kuivdstean asddawly

diverted fromtheir usual path between the well 3 bore
9and theldubkeiloghteRe bhitigepr aheh chvke PGl §8€ 4 may

be produced.f| ui ' reco ndyo thavel Lo tn
10f PR S D § LRSSt Lot oF a6 (Tone o the
11Al t eprahichebytliehe f [Fuirdheray e rnajtéctel @mbp dfimgindss

travelling in the reverse directi into the .8 well
12por e COBL % REVEN e zﬁ&aFésgaﬁﬁﬁ’ Catgd féy &1meoTk
13vel | kpoweand safe f-ecHailayes ngf e G thid amé

repl acing the choke as it wears out. The sane

14 manifold itself. Such embodiments allow the

15 diverter assembly 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 assembly. 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 manifold.

26

27 Optionally, the internal passage of the diverter

28 assembly is in communication with the interior of

29 the choke body, or other part of the manifold
30 branch.
31



11 tried and tested techni ques can be used to renove
12 the choke fromthe choke body and to clanp the 13
walpaensmie assenbl y onto the choke body, w t hourCT/682001402329
risk of leaking well fluids into the ocean. This 15
enabl es new pi pe work to be cqpnected to the choke 16
body and hence enables safe re-routing of the 17
produced fluids, w thout having to undertake the 18
lcgnsTUerthentisk pfodideanheet pAganhaddIreEBAReétlhgs can
1 n f_th XLstin L pe ; e d
230 3% e ERpdarnehe o Er Four Pra B EAnaar egp ghe Rely
3bet wegpe 214t BeeWeht1ber erapHet Wendi beeheh.asShabEynids
O her 23 enbodi nents allow the well bore to b
4sepaméveﬁefPéﬁﬁugﬁdafiééﬁénbE#nghéeSPVEF?graﬁgsenbly.
5 The EPQ%Sl??ﬂ% fZém”@%eb@eﬁlpbegéckboehehe&%1€@dﬁf05
an annul us choke 26 body. 27 28 Preferably, a first
6end bfethe Hivertetimsdgnbkiei §1lu2dspmeyi bediniehtaon

clanp_for. attachoent to_a, choke_ bod 3 r.oth a
of "t RAUHH FoRACDIAREN LR 3E o 3005r BaTangorih TheBthe
g PCT/ (8200410023285 ¥nd ©pbkenakl ¥rahharbousudgmesat,
cylindrical and the 2 internal passage extends axially
9thropéhr?hérﬁow§ﬂ%gkngwﬁe?ﬂéeﬁa§6p6§FP€18H@§ of RECVING
1phousing. Al Sgﬁﬂg!gﬁEthoﬁeogg E@dwggr%h%uknteﬁﬂélsame
passage is'in a side of the 5 housing. 6 7
11Typi ealky, ahbetdivedt €echssemisky cancbgdascseyar gehove

8 neaps t rovi de separ at e ,regiaons wthin 9
12diveFP@rC§§§§n6F§m %ﬁ%igipgﬁ,%ggghggﬁ ?ﬁegéapgg%%%s
1310 hagvarkespackews1iynbat cartcodhbet Bodihatrifthoud cae

11 flow through both of these regions independently.,

14 risk of leaking well fluids iInto the ocean. is

15 enables new pipe work to be connected to the choke
16 body and hence enables safe re-routing of the

17 produced fluids, without having to undertake the

18 considerable risk of disconnecting and reconnecting
19 any of the existing pipes (e.g. the outlet header).
20 '

21 Some embodiments allow fluid communication between
22 the well bore and the diverter assembly. Other

23 embodiments allow the well bore to be separated from
24 a region of the diverter assembly. The choke body
25 may be a production choke body or an annulus choke
26 body.

27

28 Preferably, a first end of the diverter assembly is
29 provided with a clamp for attachment to a choke body
30 or other part of the manifold branch.

31



12 13 Optionally, the housing includes an axia
insert 14 portion. 15 16 Typically, the axial insert
w@ouosiogis4é s in the form 17 of a conduit. TypiPR@El/GB2004/002329
the end of the conduit 18 extends beyond the end of
the housing. Preferably, 19 the conduit divides the
i nternal passage into a 20 first region conprising the
bore of the conduit and 21 a second region conprising
1t2 ge aphdbuslbgt webr hhesizg ReusivAgnand cefe agshddict .
24 Optional | the conduit__i. I :
2ui ¢ nEHECB820n B PHEPHe SoF RS BrAcR T &g hs ag (hgeing
3chokgetZ2Behodyboka tpr evert offl whd Gomsuniocatilar hetvieend v,
the 27 annulus and the bore of the conduit. 28 29
4A t eppat endl pf the AXit&rNiads &S 556t iton s & F 4% OBENe
5fornhgtsgn%pen1.CptionalIy, the axial insert 31
portion is’provided with a plug adapted to bl ock an
63%00ftlet of the christmas tree, or other kind of WO
5/ 047646 _PCT/ (GB20Q4/ 002329 8 mani_f ol d. :
Tpr ef g?’é’&lcﬁiltyhetﬁéu&liv§r &dfptaesoseﬂ“éﬂfyi tlm%uv%et%isr?paaﬁc?“o“
gseal pieRsisde A Ressage theAGdith tat At ey ioud i tofira the
branch of the manifold. 4 5 Optionally, the diverter,
9?sseﬁbW¢r§ﬁ6v@§§§Hﬁéahs fIore 1 @ ldire Gy A HRFEST F6HPnS
irs orti f I :St flwnat $86AN ;
10fI owtg)lglt%h,a éfn%p%ecatﬁg;ef &?118e%di4vert| r%e:tges‘%fl ul dsqfflruolr(r:11 aCan
11secofd oid anwpatdyht wekh @ Sedorak podiicors dndedandsntly.
flowpath. 10 11 Preferably, at least a part of the
L2 r st fl owpat h

13 Optiocnally, 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



12 conprises a branch of the manifold. 13 14 The

first and second portions of the first flowpath 15
weombsa4msadpri se the bore and the annul us of a BGI/GB2004/002329

conduit. 17 18 According to a third aspect of the

present invention 19 there is,provided a manifold

having a branch and a 20 d|ve§ter assenbly accordi ng

to the first or second 21 aspects of the invention.

122 @andbpidnal Pyeferabdivveither pdsgierts| poetact &ohdd t
to t he 24 br nch o the i al of,.t he
dlveW%EP Mo 8NYs §&1D 1%@% e Q ﬁ%ung%aﬁﬁgﬁﬁ%%?%o e

3i nt epizeN c0f ofza bﬁ@nb,mamfh thé?ma&&f@ﬂtdl.onal ly, the
mani fold has a wing branch outlet, 29 and the

di nternal passage of the diverter assenbly is 30 in
flui t meéﬁ% for

W0 2086 O1TGAE P CI00A 002550 28 1 Gty orat 5.

6reg|dmvéetungdf&wuﬁmefdwmeﬁtéﬂrzta$$€¢ﬁwW-mi §e§ﬁﬂéﬂe

from_the production bore ly,
Tthe Fﬁl?&’?%ﬁg %Qs%g:‘ee Y %felozf’p&ltvért ero{ énseser‘?‘ol y%l s
SSepaEl@tv%QrtEh@_;thée felildsharenby el edpalved i
t he mani fol d. 7 Alternativel the diverter

9asseﬁ’@lc§bndsp|§rr§\?10@ed>f & Vs taf iNER - n the form of
108 conduit which 9 defines a first region conprising
the bore of the 10 conduit, and a second separate
11r egi Grefenpibilsi, ngltt Heastl sapruitus hetheedti ttte Honhsth

12 ?gdstgg%é)gglésﬁlsgngae bran tloofnacl eymanlefo%.nqd of the conduit
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



13 the choke body or other part of the branch, to 14
prevent fluid communication between the first and 15
W@ emsndrenegi ons. 16 17 Optionally, the annul uBCTHEB®@/002329
the conduit and the 18 housing is closed so that the
annulus is in 19 comunication,wth the branch only.
20 21 Alternatively, the annul%s has an outlet for 22
connection to further pipes, so that the second 23
1rﬁgi ?ptppoawgs a fegwpat HedhneR by sdgaddvernitegm 24
the first. regi.on forned by the r f. t 0 it.
225 zéséﬁPPﬁ;P{aFFy,sepﬁéa °r étroglngf%%e gngurcg&giogingb%glreeo 7the
3conngeted byppipawenk., €pki antlklyiala pprseeessiory thas
apparatus is connected in the pipewrk so that __29

4f | ui d&varsepr 66688Pd YwHiS SEPpEsSIedy Tb i tivd1 B§re by
connect, [ k.. 3 7646
5PCT/ %B%ngfgoggggg 11(51 %h%é“%%gﬁo%‘t he processing

gapparatus is chosen from 2 at |east one of: a punp; a
process fluid turbine; 3 injection apparatus faor.

Ti nj et ARG Gas 6r Yst Eiﬁ% dfrv(‘?lfgrﬁrcﬁssl ¢t iign Provided
gappagatusand iblswird finSehe Foreas ene¥nAppranaiivs
tenperature neasurenent 6 apparatus; flowrate
Ineasdedinss apparatuseIi BoRSNitsiow rdws giret the

10appaE%%%%ﬁtco%%hs%e%%%o %'g%§§yéygﬂyeéﬂﬁﬁﬂéﬁdﬁ¥iéﬂﬁ@ the
separat’ion apparatus; 9 “wat ar separ atl on appar at us;
11sol i dansépar akitereeh0 tayep arcatdus;t andl Hdr doardiory .

separati on par at us. 1 tionally,. the diverter,
12asse9€fc)¥oﬁagaiyde§n§ t?éﬂdrlioéfrl%“% Ctoélcglelp%rjaﬁ eseaacﬁbercgr%ghmde
130Ut | ehof oK BIRARCKH A NMt8fer part of the branch, to

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

16

17 Optionally, the annulus between the conduit and the
18 housing is closed so that the annulus is in

19 communication with the branch only.

20

21 Alternatively, the annulus has an outlet 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



14 The barrier may separate a branch outlet froma 15
production bore of a tree. Optionally, the barrier 16
weowpnises a plug, which is typically | ocated PaEGH2004/002329

17 the choke body (or other part of the manifold 18
branch) to block the branch out{egt. Optionally, the
19 plug is attached to the housing by a stem which 20

extends axially through the jnternal passage of the
21 hodsiigaldy, IhenRLaGRas g \APRIE Pk rirchosen from

conpri_se j t.of e di aﬂﬁ% I i.ch,
iZS enggtgg vact? % t%ig: aZ?%(%'keQ%%é%S ot eler)ptiaﬁrﬁtM‘ioI? ’
the brhancttizt @DpQettumnaldy,intjectnang fodgd ds steam;

grovi d%% with a conduit 28 connecti ngﬁth,e first and
econ& &Y IS CHPTORRRHA Y & st eSO
f5l Ui dscdf eRfeaMmer8b s Sk dndd FatuMelrle ad B dndrltf St
di verter assenbly and 32 conbined with other fluids in
& commpralr e e etiui ft], OGS0 31 CUSTBABN T/ aEBZEOTY 002329
11 ' ' r | verted j.nto . an
% exp%:r%?1 sltéllﬁ%l CC\?L:I% g% Sa e%:do%gépe &@eaﬁatégr}eagcs%e'nb Oyn%oén%e%ﬁg d
8 t o aczecorthemd lapphrad vdcCcaral npdar et faurdgpaasyact ;
f the present 6 invention, there is provided a nethod
f di VEMSIng SPA T Wi s 2RGHF T ing® O ISHh X8R G o
191 ver b@fp a8 Yan B Hydid M anah Lpa-Send dbaratus.
wherei n"the diverter assenbly conprises a housing
lRavi ng an internal 10 passage; and diverting the
£l ui d r h 11.. i ng. cor.dj to.a .
1fzi ft h%ggtggg}%qgﬁ}’t ﬁcelrlep?de:g\]geﬁ%vaen |beﬁl%/ %Croq;ld&e%g = bdrrier
to separate a branch outlet from a branch inlet.

14 The barrier may separate a branch outlet from a
15 production bore of a tree. Optionally, 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

19 plug is attached to the housing by a stem which

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

22

23 Alternatively, the barrier comprises a conduit of
24 the diverter assembly which i1s 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 a first well via a first diverter assembly and

32 combined with other fluids in a communal conduit,



14 there is provided a nethod of diverting well

fluids, 15 the nmethod including the steps of: 16
walposnsiong fluids froma first portion of a 1FCT/GB2G04/002329

flowpath to a second flowpath and diverting 18 the

fluids fromthe second flowathback to a second 19

portion of the first flowpath; 20 wherein the fluids

are diverted by at |east one 21 djverter assenbl
Conncttedhe OBPRREH o1 Uh0223RANERERAILVEEESd FHEO an
I ver S Yok pt.i | ¥4 d_wikhina
%hokeé%%%€? gF?érE%?i%e%%?gﬁﬁegékggﬁ%graggégﬁgyycﬁégeCted
26 betcomptedond setles with a choke. The diverter 27
gssenbly may be located in the manifold branch 28
dj acent to the choke, or it may be included within
29 a separat fgexbenastonrpnr hkpacef okhensapirbokdt
branch. 30'3% T gical[y, the method is for recovering
§1 ui dsnYeBE:OB2 g fee| 1sapgovherddasmehbofli aal ddveptong
ivertq 6 / Q023
I o T R e e LA R e
8 ecovies yatbhearthoot Al menhadidel yhereaddiheodakkyter3
he nethq%bis for in'ecting fluids into a well, 4 ?
%oti oMEFPYPLY hEOPREEPREI @ pEeEE(BRIoPVABIdR Vel PEPTRE
1@ssenblysh§et NagQ@NEUALEALhGNtWEt R1LhEsi Bhebligh @he 7
the branch. 8 9 The fluidS may be passed in either
1Hirechtowdpintrough 10 the diverter assenbly. 11 12
1%‘ypically, the diverter assenbly includes separation
3 neans to provide two separate regions within 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 optionally located within a
25 choke body; alternatively, the diverter assembly may
26 be coupled in series 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



14 diverter assenbly, and the nethod may includes the

15 step of passing fluids through one or both of these
wdagoosegicans. 17 18 Optionally, fluids are pasB&EHGB2004/002329

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

ppoSsi i rections. tionally, the fluids are
asse &Pﬁ% Sugk 6ﬁe9Ht ‘IQEP 15t st f 188w (&5 ons

and syhsed t t

fluids are%?geﬁﬁggggtgﬁfhrgﬁgﬁéxgggﬁﬁgdg?ﬁ%%L%%$E§§hally’

Bi r st thsdmehbosledendaredingrsst 121y Qptuigivalilnto tehevell.
thod i ncludes the step of 28 processing the fluids

I'n a processing apparatus 29 before passing the fluids

back Dettbaaother tof tihe erd3Q If igasisaanrd cseqonrd J18@i RS-
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Al t er RECPTEILY, 1F| dNdSMEYEEFdSTed Y dligh iariey ione of

2 of the Lwa,sgparate regions. For exanple, the 3

di verter assenbly could be used to provide a' 4

8onnecti on between two f|OMIpathS which are 5

ncon

gxterﬁg %gﬁﬁg |Pﬁé£%ecﬁﬁﬁéﬁ§| Q4ﬁ§e&sd&5®9§HQQmEhrPugh
1only theodgheateega@Bewpileh iS sealed fromthe 8

branch. For exanple if the separate regions were 9
1E-)rovided with a conduit sealed within a manifold 10

ranc of r.Qu or the 11
l?ondu? Ehgig§Aﬁ?¥ow€§?ﬁkgggl%gg%ﬁ%% ?ﬁ% dgge oparfflon
18he coaduost tbopaowele b@pesepamdmetm@@lomsamﬁmhd& Be

h f the tree to b
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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 passing the fluids back to the other of the
30 first and second regions.

31



15 link a region defined by the diverter assenbly to a

16 well bore via an aperture in the tree cap. 17 18
w@piososmid y, the first and second regi ons are ROI/GB2004/002329
connected by pi pework. Optionally, a processing 20
apparatus is connected in the pjpework so that 21

fluids are processed whi | st passing through the 22

onnectin i pe 3 4 The proceSS|n apparatu
an bé& gtngtgvﬁ Y| |fﬁ1 Jé?ﬁ? qftm@h only one
descrbpednabeve, s28a 2k IRiLd tﬁ*zf‘r @%e y(fjédes

the step of renoving 28 a C oke fron1the
Bef or digeraehi ngsemd130 atindet ter sk yotooritdee achoke

od t onaII t he t hod .i.ncl ydes the step
30 ooqilatt iRy PRIMESH U IR ST e ot £ 1 ot
5] 2oaﬁbeﬁﬁeéﬁeawoea2&04deqqzme 14 1 f ipwhatdh g
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econd_portian 8 the fi.rst owpat typi ca
%onne€¥§31988 Wét8|6e|P SOy @5#@@?& t@ﬁéyatﬁ@nlfgﬁd
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first flowath is in conmuni cation wth the snndl
1Bore. bqpeponalhyother main bore of 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 regions are

19 connected by pipework. Optionally, a processing

20 apparatus is connected in the pipework so that

21 fluids are processed whilst passing through the

22 connecting pipework.

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 body.
30
31 Optionally, the method includes the step of

32 diverting fluids from a first portion of a first



15 the flow directions may be reversed. 16 17 The

nmet hod provi des the advantage that fluids can be 18
walpoensmds (e. g. recovered or injected into theP@EGB2004/002329

19 or even diverted from another route, bypassing the

20 well conpletely) w thout havtpg to renove and 21

repl ace any pipes already attached to the manifold 22

branch_outlet (e.g. a production w ng branch 23

dut | efFovwpakhosoost SeRANCY flompakdt Red iHoardene Hée

te ; Vering Ui f I t
ot o7 ae FESR FhraS TRl HIS AR e SR YT 2hon
of 28fthbker écover édofvipaittis are re-injected into the

ame 29 well, or a different well. 30 31 For

xanpl e, the production fluids could be 32 separated
nto hydr eéabb@aingngrwh%&:i&nh%l\ﬁ@d%go@h%@%t portion
PCT/ GB2004/ 002329 15 1 hydrocarbons being returned to
Phe fefsthel dwpath 2 ompathedeydnpidedder demcommiintivation

ter in et.ur .3 _and i nject i_.nto the sane.or
L L N e SR L
®f recowefingtf flbdpath dmd tiypjieetlilyg ddnnieds danaddude

si ng reggective flow 7 diverter assenblies.

t erREPTVEl§, TORI $ASREIGO AHEY $her &peorrerest dvetidty

1@nd ingegting thui dsrifackydes 5@ USAG R 1HVeiSlds into
assenbly. 10 11 Optionally, the nmethod includes the _
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prese I nven
13 the second portion of the first flowpath is in
14 communication with the annulus bore. Optionally,
15 the flow directions may be reversed.
16
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 of
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 separated into hydrocarbons and water; the



15 there is provided a manifold having a first
diverter 16 assenbly according to the first aspect of
wa b@saFescivent i on connected to a first branch BCTGB2004/002329
second 18 diverter assenbly according to the first
aspect of 19 the invention coggﬁcted to a second
branch. 20 21 Typically, the ifold conprises a
tree and the 22 first branch conprises a production

Wi ng brdmekazhens2deting gedorrdast die - hvornfprisdest lgypath
nnul Wi nch. Accor di ev:
gs pec#ggf rtg%é)t?%%gsgn e%éri%%\/erﬁ%%gd,}pﬁgh@%e&l }eplﬁﬁﬁfet&rned
a manihdl dnjaviteg dn2d frihestsdae ehayidif faraitt lwetl;l a
second bore having an 28 outlet; a first diverter
ssenbly connected to the 29 first bore; a second
di ver b?”ci%%saﬁff@;',y peRNeqt edhd o U the [ cand Yy &1uids
and a tlowath connecting the first 31 and second
di ver eed adsgedtlings £13d WD 12005/ 16461y respective flow
CT/ GB2004/.002329 .1 Typical | t. |l east gqne of the
it st ARG L aoRa T BN ot S 1 B Dol 08 BF the
passagecbs bife ririvicalithg Jrketiverital hpre Wifdd higicludes
mani fold and its respective 4 outlet. Optionally, the
frani f BPd"goRpFiyestat AeeemM B Yand the first bore
160nprises a production bore and 6 the second bore
conprises an annulus bore. 7 8 Certain enbodi ments
lhave Obéisteddtyagéehchatethiosl i9dliudts aride ssogndf

181V onPERE IR B Jar T Sof T T Ane pPOHied T (e T2 cus-

16e.g. water and sand) to be 12 directly injected back
into the well, instead of 13 being punped away wth

lfhe h{EFEEABONSC Phe 1A ARRREd Tatldld AL pévention
lSXtra%h%gefﬁ%”bE%%ided 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



15 hydrocarbons substantially at the well head, which
16 reduces the quantity of production fluids to be 17
wQ@oepedieasvay, thereby saving energy. The firstP@ndB28/002329
second diverter assenblies can alternatively or 19
additionally be used to connec& to other kinds of 20
processi ng apparatus (e.g. the ?ypes described with
21 reference to other aspects of the invention), such
122 asTypbookterapuhpasti pnerodppheatiisstchifi earorg

i njection apparatus, etc.,. to allow [ [ .
250 i b antea ThR e e Bet fenR9ErEg, b AL fnggora
325 cadiwseoul Betacent the hhaivelbhead. ithertkpsttand

26 second diverter assenblies enabl e processing to be
427 pedloksied dPPBbPR2ELYr dERBelAGifeddy EPBRT AREST Pulrgse,

28 bej i,nj e e di ‘the
5inve%??%ﬁh§%ag%€9%o§ E%e%gggfgggﬁdbrﬁFgéyggﬁB?obggg and
coccurtlse nedtameéobsty comphéssanenwehhnl8s Wore.

2005/ 047646 PCT/ GB2004/ 002329 17 1 Typically, the

first and second diverter assenblies 2 are connected
gt 0 a @PeLessi SEbanPALAtYShaThetBepPrOCasSEAE aRRAr 8husS

can be any of those described 4 with reference to
%0t herfaspectrd opeenedi AFEREEBH. 2S5SB0OTRESIF?Br PEI

10asseq? ¥n egetgggkﬁgEtﬁ? Qaﬁggbkﬁeaﬁnwgnggﬁcﬁhg%g of

according to any aspect of the invention. 8 9

11Typi cieh¢ ypradtobiinfleyssernradaptetietroabat kand¢over bell

and inject fluids is al i d Preferably, t
10 BT e b p B adaBrel THEE: hliF: ARddueryErEEdver
1312 an@eigéfﬁﬁmﬁégiQﬁaylait&4tﬁécayd&@@a&@oaseigmhe

ep

aspect o resent 15 invention there is provided a
14netho@n@¢nt@@ométyréﬁls can be extracted from the

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

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

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

23 injection apparatus, etc. to 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 second diverter assemblies enable processing to be
277 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 simultaneously in the same well.
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16 fluids from and injection of fluids into, a well,
17 wherein the well has a manifold that includes at 18
wo e@sv4mme bore and at | east one branch havi ngp@nGB1®4/002329
outlet, the nmethod including the steps of: 20 bl ocking
a passage in the manifold betweep a 21 bore of the
mani f ol d and its respective branch 22 outlet; 23

|ver |ds eoovered fromthe well out of 24
n’& Yan&'r 55 |lrﬂ8&:ﬁrﬁjg Sﬁqsrriﬂjs e figie amsgmblies
26 whgrel Goﬁ%bk*&%ﬁ the f | AlpLerdied outy, 27

of the manifold nor the UIdS belng |njected travel
28 t hpoaghsshagbranerasusl etarofoe kevyblodc ke qraskageribed

ef rabl t he haod |s rfor usi
dlver% eh fgggenﬁltoagg i AFRES % QﬁéqﬁﬁQH
bnventi on. 32 WO 2005/047646 PCT/GBZOO4/002329 18 1
Preferably, grooessin apparatus is coupled to the

2 secbiid ﬁFdﬁﬁ £R. 2THE 1ob§§§'ﬁ§ Fppevatis cardsagdy as
any 0&e58918883a€85k8§ﬁg'% yaéﬂﬁﬁgif) bt 18 4 ventlon

I nvent i on ypi cal Iy, the €ssi ng app ara
%eparates 7 hydrocarbons fronrthe rest of the produced

I . 8 iC t he non- hydrocar bon conponents
o 't hSVB preticed FHRLDY S8 Ta eregs to tond DR ggover
1@i veraed 1ﬂ@ea§SQMBthtQSP%Q%bd?f%Wlb%@St @&%ferably, the

component of the 11 injection uids. 12
Lopt i onaP1y9 EYSF@QSFSoﬁ@a@ﬁﬁﬁoﬁ@nﬁldﬁlﬁﬁ@QQW&én|n§¢over

144 f'&hgslhﬁeQEOERQEsty an external fluid Iine which
15 is not connected to the production bore or to the

13

14 According to a eighth aspect of the present

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

18 least one bore and at least one branch having an

19 outlet, the method including the steps of:

20 blocking a passage in the manifold 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 outlet of the blocked passage.

29

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

32



16 first diverter assenbly. 17 18 Optionally, the

met hod includes the step of 19 diverting at |east sone
wotoosheroinj ection fluids from 20 a first portPEONGB2004/002329

first flowpath to a second 21 flowpath and diverting

the fluids fromthe second 22 i%ompath back to a

second portion of the first 23 owpat h for injection

into the_annul.us bore of the 24 well. 25 26

iI'ypi c FF§?rF‘E€éyst EpPIOCG SRR 1 st § ranRIRd oy the

ael | 3pdohhj egblpathl Ui dgd o des M) I e sardied,

28 out s?nultang%usly. 29 O.Accorgﬁ%gmgala mlﬂ§$ ©

Aspecengf ofthghpr esest dafiersd am aﬁwtd&yecﬁsﬁmngm;ded

wel | phly conprising: 32 a first wel aving a
e rstkrdi@\é/é?%%'assenbl y: WD 2005/ 047646
PCT/ GB2004/ 002329 19 1 a second well having a second

giverter,assenbl¥' and 2 a flowpath connecting the
i r st TRRACEA EBnd CHRY BrOSES S3 1 SRFRIddS pepmrates

Typi Cﬁbafocgﬁﬁgngf £iRe ftih%SEe%'%d seqend \Q%l uscehn?sfl%idfss.
tree having a respective bore and a resﬁ%ctlve
fout | efyprandlal, | tast none hgid riche riore rdtoatp casserldfe s heS

| ocks_a . passa Ln the tree bet nits respective 9
g?r ee %ﬁ?%ggﬁg ??5155385& fj\}é('etr?@geg@t It speonfy diverter
10Typi cabbymbanp abt prBatidee aeutlldlist SRl AvriRthe @t s 12
the djverter assenbly diverts fluids into a path 13
1} eadi Wy eotinR AltéfSative outlet. 14 15 Optionally,
10at | east one of the first and second

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 simultaneously.

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;



16 diverter assenblies is located within the
production 17 bore of its respective tree.
w@piososmid y, at | east 18 one of the first andPGECB2@4/002329
diverter assenblies is 19 connected to a w ng branch
of its respective tree. 20 21 Agcording to a tenth
aspect of the present invention 22 there is provided
a method of diverting fluids from 23 a first well to
la secdndeGenP VYed lafdAvdast Sorie it T tars el hiod and
i ncl ugli t for s Ckd. S '
2rmni f%l ggglg \%ggn%g%n%gtéér%emgf%t lggsrrtgnl ol aonotgpaéjjp\?erter
Dranchseembeétiesf. the 27 manifold; and 28 diverting at
east some of the fluids fromthe 29 first well to
he second well via a path not 30 including the branch
put | etypichheyhl eaked Jrassr0e: rs3l M 200040476461 s has a
PCT/ GB2004/ 002329 20 1 Optionally the at |east one
Grani f breechaPi-nses FePPacdd vigf e fandta \ied dpeariol wehe
t hod i ud t further. st of r.eturning a .
ggrti%%{g%lcf hgﬁgeggvéreé%t Ej%fel lﬁfggj}eo C{lﬁ}eejﬁeeregaosfs quoelles
& irstbietksandptbeneaf tier the reeevédmgdrhatt parddgrtive
of the recovered flyids from 6 the outlet of the
bl ocketCPallhGedn? 1§ SACESPHGHY o e eIBIditth aspect
100f the present 9 invention there is provided a nethod
of recovery of 10 fluids from and injection of
L | ui dBYPhE®L1H, wahl altepavitigea ovddicftolids nwstiglad atand
east e S f. Qv .and .injectio
12: ncl ut e(g %?g%%??ﬁgggfgﬁﬁgﬁé %&‘%r%occr% <';1%rlf¥lllrc{s1 lﬁloryrot iaorPagcfh
13a firk¢adiogpadhthe alsecomdivi4 Sfdtdwpat h and
1 diverting the fluids fromthe second 15 flowpath to a
“second portion of the first flowath 16

15 Optionally, at least one of the first and second

16 diverter assemblies is located within the production
17 bore of its respective tree. Optionally, 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 invention
22 there is provided a method of diverting fluids from
23 a first well to 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 manifold 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



17 Optionally, recovery and injection is sinultaneous.
18 Optionally, sonme of the recovered fluids are re- 19

WO pjososmde i nto the well. 20 21 According to apemeBRi0h/002329
aspect of the present 22 invention there is provided a
met hod of recovering 23 fluids froma first well and
re-injecting at |east 24 sonef%f t hese recovered
fluids into a second well, 25 wherein the nethod

1i ncl oges onlad 1st ehse eft diasstt iome r@ﬁlif@l@sc@m@nirfaes a

first portion. of first flo 27 S n

2 {1 bABR. St vartTng Sh! 1 e 6L g iR EMes the

3 flui dgfr@m the gﬁQﬁpﬂﬂﬂﬁi 'btﬁbﬁtﬁ@ﬁoﬁﬂ tR8 recovered
portion of the rst flowpath. 30 31 Typi call t he

41| ui fdvdds reecdher & ge omh tiHee fEFsit 82 ﬁeﬂl dy e%‘eafter

oSBT B P " By cruas on

61 e-i mjphectet liet @ff tthesesontkee| pavsaga. 2 second
diverter assenbly. 3 4 Typically, the method al so
i ncludes the step of 5 processing the production

gflui @%a&car%r QCeSs rtgle@e@tpfpaa st COANERE efrbespeen
the first and second 7 well Cﬁtlonal y, the

9netho@Wanﬂumm§ﬂEM§f%ﬁt@ﬁﬁvsﬁ%% pfme OO@ePﬁrﬁ?ﬁ@V%rY of
porti recov r 1

1Odlvelﬂ‘er asse éﬁ% Iﬂ%%%%.?%réfe%ggég%nlﬁtg § well

llgorth@%ﬂﬁgtdﬁhdﬁﬂﬁh&ﬂﬁﬂhﬁér&ﬁm ataléhetfonstofl@he steps
iverter assenbly. 14 15 According to a thirfeent .
12 aspe&t &FQQﬁ?ﬁﬁwﬁﬁﬁleIﬁ??&%%t?%ﬂg?ﬂ%Fed?geﬁ%699dgﬁuéds

13method f 4 eCOME! idrtion 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
16

17 Optionally, recovery and injection is simultaneous.
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 some 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 portion of the first flowpath.

30 .

31 Typically, the fluids are recovered from the first

32 well via a first diverter assembly, and wherein the



17 fluids from or injecting fluids into, a well, 18

i ncluding the step of diverting the fluids between a
waoeaekiesbore and a branch outl et whil st bypasRCTGBai04/002329

20 | east a portion of the branch. 21 22 Such

enbodi nents are useful to diverg fluids to a 23

processi ng apparatus and then to return themto the

%4 m%ﬂgﬁbranch outlet for recovery via a standard 25
xport-4+18 affacRedPdECtRE datietthermesmithote s vizs a
2l so usebnh hfivarweRgakiape wal ve gets stuck shut.

27 28 Optionally, the fluids™are diverted via the tree
29 cap. 30 31 According to a fourteenth aspect of the
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%3 seCOERPFRbUPaERNBRELEFY BELVSET 1o ITdingd farsmassemd
secondH owpath into a second portion of the first 5
flowpath. 6 7 Optionally, the nethod is perforned
Qsing a diverter 8 assenbly according to any aspect

f the,i.nvention. The, di verter assenbl be
foca?%%#@x?%igymﬁEgelﬁnghéel@Flﬁﬁﬁﬁbgﬁm¥ﬁgﬁﬁﬁFﬁgPqﬁﬁ of
1ot Iriefiiedihg: at Pert1dnpbediutl QR RBed T BRHAUNYS the

bore, .the production 12 wi ng branch, the annul us w ng
Llpr andhr st pibuaet £snasssmbhak ansodyie ram feiulngs coisakeng
]JPOdyth%tirﬁgrfﬁgnoBf1éhgxkg%g@%r%%n%ﬂbg%kp%HQE%%%Qf&%st

a tree. The diverter 15 assenbly 1s not necessarily
1Zonnedivedrter aasserblput 16 nmay i nstead be connected
140 anot her type of

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

20 least a portion of the branch.

21

22 Such embodiments are useful to divert fluids to a
23 processing apparatus 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 fluids 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



17 manifold. The first and second fl owpaths could 18
conprise sone or all of any part of the manifold. 19
wQeoFpgiceal |y the first flowpath is a productiPCT/G8e@4/002329
or 21 production line, and the first portion of it is
22 typically a |l ower part near %o the wel |l head. 23
Alternatively, the first flompg h conprises an 24
annul us bore. The second portion of the first 25
1f | owgdthids iyph cal wel by dbkAﬁsW‘éhﬁﬁp@@mpéhSéﬂgt Aévezging

bore r_.l i ne.adj acent a br ut l.e 0
27f|f:1 4% % %%ﬁﬁigor%to%s can8 E% 5 F?kggrggg g$h2§0 a
3out | glec¥nd hj_elcﬁWgSéﬁhfé@(ﬂ\/pdihertZBgi%GhEhEldlLder sirom ahe
fluids fromthe first flowath 31 allows th
4t r eatSRERN DT kiR Iy HRT P e2 gSCHPRA 9@??69@/9378@6 first
PCT/@%%Q&%QQQZSZQ 23 1 chem cals) or pressure
boostlng for nore efficient 2 recovery before
ere-entry into the first flompath 3 4 Optional ly the
,S€eco d ro e?an annul.us bor gr a,caondu ‘
7 nse ¥he T r'8t ??gmbﬁtﬁergofpﬁ UPYhds oglver e
8b0red§§ém3ﬁ onatdyabe Uﬁ@daﬁ9rabb@ct7o$eﬁﬁédlhbéwmab&
i nstead of an annul us %ore T{ pically the flow
9di veBicor ¥ ot ¢ he2 $5¢8P LY @wabﬁ QGaFébXﬁellE}eé‘oW&de
10fI O\A@aa é%ﬁﬁé‘i&@g byn@lﬁaﬁngn BB% nga% §ER€ted to: the
Opti ona contains a punp or 12 treatnent
11appapﬂaﬁncﬁnmntmmsepanheeapnowudedole,separateﬁyctopn

12, T 2Tt POLL f D PRl o0andd, 18 OBl
13the capito wbeypusp shsuand cabueneddy) al€rthe cegp dvy
way of tubing. A connection typically in 17 the form

ldof  a ccorritnaligongpital F?n?@?@%?éeaoté 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.

19

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 second 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



18 transfer fluids between the first and second 19
flowpaths . 20 21 Typically, the diverter assenbly
w@avshersior med from 22 high grade steel s or oPEIEGB2004/002329
nmetals, using e.g. 23 resilient or inflatable sealing
means as required. 24 25 The gsenbly may i ncl ude
outlets for the first and 26 cond fl owpat hs, for
diversion of the fluids to a 27 punp or treatnent
lassembbyical ot ler proeesse ngoest appaFarusoas efficient
descr.i be |n th| plic T S
2optlonaPg onpf§%§£ %?c%%%ﬁ tlngg gﬁe @gfggf%ﬂgbgath'
3insertion into the first flowath, the assenbly 32
havi ng sealing means capabl e. of sealing the conduit WO
42005PD% 7628 PAT/ R 0927 9023250 WRaAthE d§aPRsERPREURaPPTE/
5°f teg Br QQH‘%M 0oL & dhe; 2 Gopdui ;1 paY @newbgeha
iverter t roug its 3 central bore
6typ|0ahby tg@¢§tqfebqh&umaﬁasptnonaééycap aﬁddtﬁer the

| | effected
gg?ﬁégﬁnPﬂe reggg#% ¥%%Jf?Fs?n S%PB 5? Oﬁ?events

gfluid fromthe first flompath 7 entering the annulus
between the conduit _and the 8 production bore excep
9as dE¥PArpd hes nbfeerdiveraierr fpa8sih§ ffﬁFéEgﬁlawpath

10t YPI €8l {RQOSIEL, PyNp, aBfUpE28 gae%a'% yehemheaby the
treatment apparatus, the 11 flurd s diverted Into
11t he seeend Olmpwpatdl and thenmaQZCDhEaenEoaapcmpsscver

back to the first flowath and . 13 fir ro
1200 | 6ESEFASNTS HRABLebabl §oanki it G0 RPePey o ar y
13sui t edphert ety subsean paadueti-opavel bg ktheneppalafode and
or during 17 well testing, but can also_be used in
l4sypsén Waser embodiments of this type, flow will be
15 diverted wvia 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 flowpaths.

20

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

23 resilient 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 insexrtion into the first flowpath, the assembly

32 having sealing means capable of sealing the conduit



18 injection wells, |land based oil production

injection 19 wells, and geothermal wells. 20 21 The
W@ evp/0¢mme be powered by hi gh pressure water orP@lGB2®4/002329

el ectricity which can be supplied direct froma 23

fixed or floating offshore |nsggllat|on or froma 24

t et hered buoy arrangenent, y high pressure gas 25

froma |ocal source. 26 27 The cap preferably seals

1w t hegagheitstthes Makk ®brieke pgodpevéonhboggper Thast er

valve eal,.s between th a 9 es, of e.tree

Zare SRR b gt ot R pe dpP - 3r plbublnifs
3”Etabehﬁr&ﬁl&kﬂ&£8W§chhﬁyp3&aEBp maadbetbehr@h&u@t@ds

very cost effectively with WO 2005/ 047646
4PCT/€B§@O@%UDZ§E@'t@% RUHP @?@Fﬁﬁ??@on8Vé9P§9Nng The
5P beyd %&%Met@e%@@ﬁ% esnaem;rghdsx%erﬁrst

alre in ace e typical design of the flow
6d|vefﬂewgaﬂhrpnevémtsSftapdcénomatyemﬁnhsthél@wpagm

of tree, the nber, 6.size, and confi gur ti.on_of

a1 vePRE T dREhdls FHeHRG RAFEHGR RhEh PRESRodac: Fon
gand @@Bd{l@ﬁ:lbﬁ{ 8Sore 8eza@sp@t her aeéérﬁB@dC@%Qeﬁ&)éflﬁ%r

Thi s provides a way to isolate the punp fromthe

9r odBétpEn HrorElng tﬂ@r%@aea taﬁacaﬂséoﬁrﬁaﬁurd@sm@r

bypa h I
O P T I
11eqU|fahedt:&ﬂ-d@mbzméd01ht0|ﬂheoaduong ffaowpernty endoff rom

tree yval ve 15 and which match a CQ-0 i
12 ho EBRER 10 Gt R0 SONRE BBRET o BPEnSALETof [EHETrea™
13to whiehtt el sapatd7ohs1being fitted. 18
14
15 The assembly and method are typically suited for

16 subsea production wells in normal mode or during

17 well testing, but can also be used in subsea water
18 injection wells, land based oil production injection
19 wells, and geothermal wells.

20

21 The pump can be powered by high pressure water or by
22 electricity which can be supplied direct from a

23 fixed or floating offshore installation, or from a
24 tethered buoy arrangement, or by high pressure gas
25 from a local source.

26

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

30 inflatable, or preferably metal-to-metal seals. The

31 cap can be retro-fitted very cost effectively with



19 In nost preferred enbodi nents, the cap has outlets
20 for production and annulus flow paths for diversion
WQ@10604fekaii ds away fromthe cap. 22 23 | n accPeTaBe@4/002329

with a fifteenth aspect of the 24 invention there is

al so provided a punp adapted t% 25 fit within a bore

of a manifold. The manifold 26 éptionally conprises a
tree, but can be any kind of 27 manifold for an oi

lor gae déHruEmmﬂna@oaegéﬁhéngngipzaowénﬁﬁdl@inzgalﬂ)

Accordln to . a SIXt ect re t. 31

|nveﬁpP8%tiﬁ) s prOV| gggsd Fvert S g&s%ﬁ%Ff WO
32005/ 047646 PCT/GBZOO4/002329 26 1 having a punp

accordin% to the fifteenth aspect of 2 the present

4 nveRtro YH¥C@1T%%SHQQePfthSS§éﬁHIQlﬁﬁﬁtﬁéSanthln the

di very wifGCPAA agy a$Rect +gf %%%

5. t b

i nvent oﬁ%ﬁﬁ ¥ 6 %%t ?F%gPeg t hése. Thé
&reesusetymnﬁu¢gnﬁ&gubaéaonreé,thacmlaeraeg @Mammﬂms

tree plcall ea well ut _a__10 _topside

7t £ eebest Bt St st e nae B UCEARELFRE SETihg o Pores,
gt OpSIaeLa wﬂele@uég Bh&0chEeapROPEI. at ehik2 pliekiizeat al way

or vertical trees are equally suitable 13 for use of

% he itRvémdlorte 1ahe 1BUTReLBeethe PROIUCEE OfaPBE 4T

prod [ b sthe rt senbly
10 %%%d%%%uﬁ%§%eaﬂggkp%§ggg |% §§§$%org of ‘the tree,
11for exanple ina 18 wing branch bore. 19

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



20 The flow diverter typically incorporates diverter
21 nmeans to divert fluids flowi ng through the bore of
WQ2o006ke7686 ee froma first portion of the bore, P TIGBAYN002329
23 the punp, and back to a second portion of the bore
24 for recovery therefromvia 3 outlet, which is 25
typically the production w ng val ve. 26 27 The first
portion fromwhich the fluids are 28 initially
1di vehpBEnpsat ppinealddEAHEL 1 deickhont 2ot pepenogfBpct of
sbore n flow fromthis 30 portion
|s té%%cgfgg élveﬁﬁkgllﬁﬁg a diverter 31 conduit
3sealed within the bore. Fluid is typically 32

di verted through the bore of the diverter conduit XD
45005754 7848 PETF RGO 2 57 3 SHUCEFESr SpasEP
sthergbhroyghy 80d £ tdélgeéiheopofﬁe 2nobnthendi¥gEt ek is
conduit, typically passes through 3 the annul Us
6creahed bénneed ﬂw&ath&&ﬂter conduit and 4 the bore
-0r line. At sone point on the diverted 5 fluid path,
the fluid passes through the punp 6 internally of the
8treeThéh€E@BY1mlﬂyﬁiﬁdmﬂyf@ stbextetpak, psathl esok
the tree, and reducing the . 8 chances of danmm e to the
9punpChyisEnashbLasmp ﬁ@ﬂt%}% Py podePEd2bYCALnOPBE, 2
102nd EBESl&é E¥?%'%bf“gﬁﬂeﬁa@oﬁ§18@°ﬁ§ﬂ1%693¥S@Mﬁﬁéhted
di ffer In some enbodi nments of the
11|nvemblantoaslsehydmhhl¢@uh®t@lsoabEUBbpnepﬁéabe or
au. not 14 can be d iven by any _we
nethgarlFSP Siaﬁﬁigeﬁﬁ%%% e %%??oaﬁdegu?hlypgagtable
13pack rer skBl bar tHpeerndénisberi ce, and can be connect ed,
either directly or 17 indirectly, to the punp. In
ldcertain other 18 enmbodinents, the notor can be an

158! eChhLCLARLOL %@%@%Qy Be! 9C8LoRAWRE oSOHKEE . OF
by a renote power

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 sealed within the bore. Fluid is typically

32 diverted thxrough the bore of the diverter conduit,



20 source. 21 22 Certain enbodi nents of the present
invention allow 23 the construction of well head
wa@s®snwickes that can 24 drive the fluid flow i PCT/GB2004/002329
different directions, sinply 25 by reversing the flow
of the punp, although in sone 26 enbodi nents val ves
may need to be changed (e.g. 2? reversed) dependi ng on
t he design of the enbodinment. 28 29 The diverter
lasse®BIdy afsie 2Pa§Sine| bheseihrpughe apnBE*HdN I dhhdore
et r ofd d L SLi Lgn . LK 3Lan
ernt e%rfal th;e (é)j{r)]‘tr%%%é% hggggﬁgténgy ggctgl%g%n&aor e%S%H%nugh
Adri vehiet arD DO 0436468 PETNEBAOQAHL00232Fte28 cohdhiit and
The fl ow diverter preferably also conpris a 3
“CondUit® LaFEblF ok Phser SLoROMRL BOLRG B5r &<kt ViR =
shave fSeald pateansnsapalla phsgeal iRg ol %rédtgmngi
agai nst the wall of the bore. The flow diverter
& ypi daldeynacal s of thire thekst FAsrebyempngadetinen the
bor e an e t valve in Q ional 8
Tree ot T hE e BRatha BoFts Aot FONETde o
gand sgalnsecarobedapigonabl yhe- pung,. inflatable, 10
el astoneric or netal to netal seals. The cap or 11
%t her parts of the flow diverter can conprise 12
1ohydr ayld | s UEL$1y TREWRYER 63N 0plhenal lang i3
be seal e tvf?hinQ%ﬂg condﬁi?.w14 15§2€Cording to a ©
llsevertventof aspleet ofnthe rhvemnhi dmomlEetvigeed idsfferent
provi a ho fr ring_production_ 17 .fl uids
1y i har\lli%fgrg% SRR CrE e et e et AT Wavithg
13an i miyegsall jpumpotecat edtiipbanbonetofr the mb neeni it

and the nethod, conprising diverting fluids
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,

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

21

22 Certain embodiments of the present invention allow
23 the construction 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 to drive it.



20 froma first portion of a bore of the manifold 21
t hrough the punp and into a second portion of the 22
wWhes/ 048 24 According to an ei ghteent h aspeceCDGBRIVE/002329
present 25 invention there is provided a christnmas
tree having 26 a diverter assepbly sealed in a bore
of the tree, 27 wherein the diverter assenbly
conprises a' separator 28 which divides the bore of
he tree into two separate 29 regions, and which
xte tAr, [ duct
N Soe o et 3 Ve 2088 o7 age e iadY &
PCT/ CR2O/DE232P1e2P A Tpseohabhyinthetae beast, emel may
4diveilter ass nbkg 2 congrisei a_conduit, ang at | east,
one SEX° YA FLBRANT OPPRBRGI Py CORPIPGeshE eBduit
5 nj eelgadmdt Ree wA1D ThE SthavBBLEON TRY BeUsed vidtter
conjunction with a 6 further diverter assenbly
%accolrdPigald Yampadeheri thagpebristmeRe tiraeepirioshictdon
Wi th ivVer S ' h rm.of _a _condui,t.
i RS S Gires o IS pratteti SAther & Bofh i eneional
8di verttrer ,assernbhl ithe naybidd benparsefcandvirtison®Re tree,
condui t, may .be arranged 11 concentrically w thin_the
9othangoﬁ§%ﬁF F@an8Vi tlﬁ%a%gﬁc@ﬁFFPS{ dBparieele,
10r egi ens sWiokliri ot e RIoewiCt £ ONnedd1beEg1514 Tha cap or
According to a nineteenth aspect of the present f%
11 hveptiher Prete of pivvi e adkBehbarofadi vempirige 17
f I ui i-nGl:uding . t;h f: providing a_fluid
i ver D07 "Sedbniry Bes Bl TR S 157 o aYer cA% PeEipER 1Ly
13f or nbewsesépar atieht agitdns ¢condihet . 20 bore and
extending into the production zone of the

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 into a second portion of the

22 bore.

23

24 According to an eighteenth aspect of the present

25 invention there is provided a christmas 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



21 well; 22 injecting fluids into the well via one of
the 23 regions; and 24 recovering fluids via the

w@ehen4miic t he regi ons. 25 26 The injection flRCTHEBa04/002329
typically gases; the nethod 27 may include the steps
of blocking a flowpath between,428 the bore of the
tree and a production w ng outFet 29 and diverting t he
recovered fl uids out of the tree 30 along a

Bl t erPALio0e Llgiat &0 G?H%tr%%%§5r@86fﬁ&V§§teglaﬁ§¢m&§Y

di verddnpg iR Lecomeied: fLyhdst 98582, g@v%%%i' "%he

apparatus and returning at [east sonme o

P005/047646 POTAGBZODYY 0028201s86 & thesénrjectdenedine.
fluids to the tree and recovering 2 these fluids from

a Wi ng branch outlet. The 3 recovered fluids may
sunderngq sanyivehtt be Qﬁ&@eﬁée@séddﬁﬁcébﬁﬁdnb'ﬁlb?ﬂ %ith a

i nvention, and na¥ be returned to e tree

& ecoveryhesr dAgert@s gﬂS$$@®1ha§06@rélﬁ§c§@eﬁ@@ bﬁ@@ma

f1 ui r)ea r h

L Sopeser ) encear d i piany oL fche HESRUERETasoemo1y
8|nvenm1®hewfbkmnoﬁ7b£ desdul bedhidh by maﬁleﬁ &maﬁhbe

onI and with r ference to the 11 acconpan

dra%ﬁﬁﬁgucﬁlﬁﬁl RES2 A% giverteraagpge é@§|8ﬁ§
1OVIeWc@ﬁp@lb&Db@ﬁHui&%i”éﬁ%m&bﬁﬂuifeﬁa%léergra% ged a

side view of the Fig. 1 tree with a di verter “cap
Hin prageentrirpglysarishin vikw ofhehecnguil treprwiviie

a 1 nmb f [ e; .19 Fi
1.2i S a%\(/)?ig\%ﬁgglg Qg:d gﬁ. %tét)rreé;‘gf&gﬁ xplpégﬁ Ehe prog{uc%lon
13enbodioment of a cap in place;

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 fluid diverter assembly sealed in
19 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 injection 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



21 Fig. 4ais aviewof the Fig. 1 tree with a 22
fourth enbodi nent of a cap in place; and 23 Fig. 4b is
w@2@sderewd ew of the Fig. 1 tree with 24 a fifPr¢r/GB2004/002329
enbodi nrent of a cap in place. 25 Fig. 5 shows a side
view of a first enbodi nent 263%f a diverter assenbly
having an internal punp; 27 Fig. 6 shows a sim/lar
view of a second 28 enbodi nent with an internal punp;
9 Fitdiese strowyexresi nilardgi 6x dheatilier @nd3recovering
nmbodi t it I 0t er nal _pupp; Fi Q. sh a
ST s e et o PanBe R e r bt o
3 nt ermalovergy AMI 2005084 7648 PED/ 68004 @3232F otk skes
Fig. 9 shows a simlar viewof a fifth 2 enbodi nent

Wi t h 9§FG5Rsha” pdhpS 3PERREioRe aRd TRYskhswigidisagd to
mbodi | t | rngl puep; (2 G gs-

5sehOWCHaII{Q;g/ree\r% hﬂ%elarr{)koedécr)rtﬁ%ﬁw tah %Iggn (i%ntgler %z?lejyzpu ; k%eg

Fi gs.retpvared ¥ rschove afleighrhsembodicremdimict ko &ran of

j nternal punp;..9 Fig. .16 sho ni nt h, enbodi nent with
T 10 ARSI AR g S 1 HBRe 1S “schemt | ¢

gli agram of the Fig. 2 12 enbodi ment coupled to
9grocessi ng apparatus; 13 Fig. 18 shows a schematic

i agraRosimands of ribddinBRnEien A li mpehideoRlescribed
1eNga it g8 pdughi gnaugl |1 @Rd 2 oy Ra! |

wel | %r%gé“\g c?)i veﬁ]géj,ng 16 t%egt\% vveh S %:%r?é:@é%‘r%ngg)?et ©
lli a aquoogessiing UF appagat Us; wh8chi:g. 19 shows a
12's:pecifi c exanple of the Fig. 18 19 enbodi nent; 20

ig. 20 shows a cross-section of an alternative

13 Fig. 1 is a side sectional 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 is a side view of the Fig. 1 tree with

24 a fifth embodiment of 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;



21 enbodi ment, which has a diverter conduit |ocated 22

i nside a choke body; 23 Fig. 21 shows a cross-section
w@booshereedrbodi nent 24 of Fig. 20 | ocated in aPCT/GB2004/002329

hori zontal tree; 25 Fig. 22 shows a cross-section of a

further 26 enbodinent, simlarto the Fig. 20

enbodi nent, but 27 also incluglng a choke 28 Fig 23

shows a cross- seg@tﬁgﬁl view of a tree 29 having a

Tirst divért®r % P Sdupteart 8igv Pse f3F WY anch

of the (resupndiRaecand diNeLhet Assephiy, 31 coupled

to a second branch of the tree; O 7646

3PCT/ GB20047ig02329 @2l 1 IFisgh o4 shewsta semlbemajmwtvimﬁvuh an

©of the Fmﬁﬁls 2a§$senbly used in conjunction with a

flrst do ug\ﬁg system 4 Fig 25 shows an

Sal ternati e genbadi neit 10f sohSwdaWsBeka thuRHAG SYSheMyith

whi ch could be used with the 6 Fig 23 assenbly; 7

%igs 26 afd 27tsKE®lalEPati ve enbodi nents of 8 the

i nventi on, av iwert I d

7to a nodiﬁ?’ c%?|étﬁgg%t%gég%rgﬁc%§§§?&e§ﬁ%o%g%% nEwith

8choke andaa pmdduciilomuiong valve 11 Figs 28 and 29
show further alter atlve 12, er i ments, each having a

2di vert er §§%nﬂ#§s QUE Ed™ 43t e%bﬂﬂHWFPEdW&ﬁPI§PnaS
10tree branghthehhew aughgke; 14 Fig 30 shows a first
dlverter assenbly used to 15 divert fluids froma
Lifjrst wel Fignd ldoRhekted sshematsci dlegrhmaddr thandig. 2
seco [ r I f.l ui ds
o om ATELEEEE T PRRIRY Yo et rlan tRhta bl
13header; 19151g131shb@wsaas@ﬂm@maﬁfctdoagkaMIew @fvoan

i ren f verter |y havin ntra
20 EWb%?dQ%e%t% o% % eel%$€H1 fggbeXgaged %1a Ce t
15 production well and an injection well respectively,
16 the two wells being comnected 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-section 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 to a first
30 branch of the tree and a second diverter assembly

31 coupled to a second branch of the tree;



22 Fig 32 shows a cross-sectional view of an 23

enbodi nent of a diverter assenbly not having a 24
w@enwsnglesconduit; 25 Fig 33 shows a cross- sectPONaB2004/002329

view of a 26 further enbodi nment of a diverter

assenbly; and 27 Fig 34 shoms3g cross-sectional view

of a 28 possible nethod of use"of the Fig 33

enbodi mrent to 29 provide a flowpath bypassing a w ng

Ibranch of Fibe2436hbreea FLiEmpi3EC shbws af sthenBitbc23

d t with 32 h
% Qa6 SPRIGLY: BROR e SR S0 bt bt ER500ar 005508
333 1tEb@ng3§y§h@m§ a nore detailed view of the 2

apparatus of Fig. 35; 3 Fig. 37 shows a conbi nati on of
4t he enbodﬂrgn?é shopF RilgsilemmRt B FUpPdingnihas 2a

o BRSO O Ut o A g oo A

6si m Fag ©6 Ebgem31y9 10 Referring nowto the
dramnngs |cal ol d on

ty du tion

Tof f shor e EFQS gﬁgdméﬁ fﬁl%%ﬁ%?gﬁgg %m%ﬂPFQFHE§ of
gtreeWet Rndcpieduct baRUL ng 13 headiparf a8Bembly

production tubing (not shown) and 14 carrying

%r odgetipdrdf k@i dsmPedhieherinlatnads r efeonPraBChf bekyeen

prodyc casiyn £ n own) 16 An
10annu% Ehggseg§dlgaggo?% t éﬁgﬁﬁ%?% Qééiaeen the 17
llcasi ng anditgbe2pr addctiOrstabi figraner aathersbhisel8

tree p 4 which seals off, the production and 9

annu?ﬂgogépﬁ§tf ?acgnﬁmbﬁHV$d%sdéyﬁﬁﬁﬁﬁraﬁﬁemgéy coupled

13hydr ayl hcneanteiely ehannglss 3 byedhbslnanreanbe 3lchoke;
platformor intervention vessel can communicate with

14 Fig 30 shows a first diverter assembly used to
15 divert fluilids 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 output 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 cross-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-sectional 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;



22 and operate the valves in the christmas tree. The

23 cap 4 is renovable fromthe christnas tree in order
WQ200s04Bxp0ose t he producti on and annul us bor eSPCTIGBRE®4/002329

25 event that intervention is required and tools need

26 to be inserted into the progyction or annulus bores

27 1, 2. 28 29 The flow of flurds through the

production and 30 annul us bores is governed by varlous

al ves shdWf i 6 SNt & yinicaldereeler FigY of The

prodygddon ey A 732 has. a branch 10 which is cl osed

by a productlon wi ng WO 2005/ 047646 PCT/ GB2004/ 002329

B4 1 val ve'i{dPWH7 Ehows pr caudtiiroat swabovakhe €RSYdilEnts

2 clos the odugctjon bore 1 above the branch 10 and

S P E o W %IE’;I ves UPW 17 and LPW 18 (whi ch

% is optionaj 3cl0ssd he MGt i eALBAR Rk tbehowrt he 5

branch 10 and PW 12. Between UPW 17 and PSV 15, a

%r os SoVEr FForte (E¥OV)2320 arst provided in the 7

roductio r c rossover.

F@ort (XCN%ngzﬁ%%hgﬂt %'%ﬁgﬁgﬁéf %8b§83$%8%a%§upés

8bor e sisidlaosed i gannul us naster 11 val ve (AW) 25
bel ow an annul us outlet 28 controlled 12 by an

“annul us wi ng val ve (AW) 29, itself below 13 crossover

10por t réke rkieChRss AL it ROIdr a2 i §s ¢! QSQQpléélbéroductlon
crossover valve 30. An annul us swab val ve
1Y} ocafsdidisdve arharncddsdvare padt Q1 @B@s@elﬂheadpper
16 e frst nn| re Iv s int
12treeQ%}g tf%%b%l%&lﬁ% %h F%gﬁly %@ coﬁf PFg&OPWPPﬁe 1
13t he éx@@pm@oﬁr@h.bawdubindm chioyg 20obesnechanteal |y

controlled) of h ulic 21 control channels
145 ST P BgH e a A 146d TFen o berror&led fegion

15 of the production casing in a reservoir (not shown) .
16 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 required 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



22 body of the tool or via hoses as required, in 23
response to signals generated fromthe surface or 24

WO p@s0#is4é nt er venti on vessel . 25 26 When pr odRCT/GBR004/002329
fluids are to be recovered fromthe 27 production
bore 1, LPW 18 and UPW 17 are, opened, 28 PSV 15 is
closed, and PW 12 is opened to open the 29 branch 10
whi ch | eads to the p| pel ine (not shown 30 PSV 15
land AR 32 @W)odidy ofemiPdyct helr vuabi alve (BEV) 15

equi 764 0 2

Rt or T hE Dot B PR 2 ot BT | S als ahohgegerp 10 and
Sol | @vedridui tTwé?2 lwivtdr netlate s | Pt abl endr LMV 18 (which
Z]{esl l.ient seal 43 at It‘chtl ower end, which can seal

4
he ot SRf¢BRYneOsmdite 2ragarhient Rerendi gelsv the
sval | $1efn drhe opreduativon hor esdy wdbNenbig1pr @dUCHsoN 15, 4
6 fluids flowing in through branch 10 into the annul us
67 betdisEsdiss eordui XA Zéd ;t$1eppwddedu on bbee 1 and

t hr eotlet4 .9 lOQJt| 6 Vi a

7?ubl ng%ycttt gnpl;éggees& %ghlff a%%%?% gTS ?gg Firgssover
8L7) . pMiﬁ:y didvherantint ypes: 1yl ]@cﬁr@r:@ceSS| ng appar at us
could be used here. For 13 exanple, the processing
apparatus 213 could conprise 14 a punp or process
10 Ul duridifusf 9 R0ast i 448 e Qﬁe§ﬁHﬁ§ugf mbl®er
fluid. Alternatively, or 16 additionally,

1lpr ocersdiviey (@pfyar atbudedow @ni rﬁlre@mluamg’aéetsﬂéan:pnsea)lled

wat er, dril] ttings or ste ria e
12fI ui é‘@’ “hé n|n‘r%1ljliect |w%n fvag<'§{se 1 %Sbe %a$§% g&@&‘ﬁ’s,
13s i terwelodegi yortthelf.l uitds &Qosi;cb‘fré pbeki ng tkemlosed
easier to punp. The addition of 21 st eam has the
Ldff e GrosfGiRE &Rergy X0 t HE! fRgdus swab valve 32

15 located above the crossover port 21 closes the upper
16 end of the annulus bore 2.
17

18 All valves in the tree are typically hydraulically

19 controlled (with the exception of LPMV 18 which may
20 be mechanically controlled) by means of ﬁydraulic

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



22 23 Injecting sea water into a well could be useful
to 24 boost the formation pressure for recovery of 25

whyasoemibons fromthe well, and to maintain tPer/GB2004/002329
pressure in the underground formation agai nst 27
col | apse. Al'so, injecting waste.gases or drill 28

cuttings etc into a well obviatés the need to 29

di spose of these at the surface, which can prove 30

expefsifrrrdng e ot ald y @Iaﬁﬁéﬂh@adsllam‘lo has a
005/ / 3 [ ssi.ng

D par At o R 2 <5 GnalT 575 ARRTESFE 1Eo e

Added-d=a ikt lddadss 48 at viissodsotigr anﬁodaﬁ@howan seal

mhlch thin out the fl uids, naklng%then1 4 easier to

bunp, TG Pitse- i TG B ibbef At 8F8LNS twiien 1nside
91 ni jj58 & b frdcd pbatgenstpe il ua%e%qngfi %%glgtion

pi pes. Further exanples of chenicals which
6nJedﬂ@ddﬁ%iknwﬂngnxnnthrqugh|geaaﬂhsloamdtosumaIannulus
racturln chem cal s Pro SSi par at.us, 213

ioul "o coﬁbrlseq ?Pgmfgg 8F88PF59?§1§9ﬁ? 1 and
&qU|Qﬁﬁﬁhghﬂtheﬂvﬁﬂxéﬂsﬂenjected materials could 11

be added via one or nore additional input conduits 12
14. 13 14 Additionally, an additional input conduit
1214 epihd: L% he uged ito piovhdesext £a bk i

I njected. An 16aadd|t|oaﬁ?£l ut condu% %%S
1% or @;mqﬂaéusi‘m@ru(gaa@atFeLg‘rolﬁan i My uéaden:e@sthcmpes

Fi ddi t | tlet 212
1 oul & SRPG5GRT TEHRRRE HaddLy o8 85 Ehotmern Bog
1380) fexampaeqveine @rocdd iy dspp2tatdd The pooaesoifprise

apparatus 213 coul d al so conprise a
a pump or process fluid turbine, for boosting the

15 pressure of the fluid. Alternatively, or

16 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 “1ift”, making them easier to pump. The addition 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



23 fluid riser, which could provide an alternative 24
route between the well bore and the surface. This 25
w@ombd4tses very useful if, for exanple, the braPChiGB2004/002329
26 becomes bl ocked. 27 28 Alternatively, processing
apparatus 213 could 29 conprisgsseparation equi pment

e.g.

for separating 30 gas, water, sand/debris and/or

qﬁgrbons. The 31 separated conponent(s) could be
i pho
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2 The processing apparatus 213 coul'd altérnda

ively or

3 addiederaidysi ndhlde pebsurenerite appariatsys madigg ftdtem

nme égjgg %ge tenperature/ flow rate/ .constitution/

CO%%IS ehey. R 1He Rdmpetatitrer b oata™ Rofsgaters,

sonparteitti antreimesat thie feasi Ngs takeachr emet lﬁuigjs and

ottomof the well to calculate the tenmperature 8
ge's PiRSHuc ¥ The B sexFpkdreraibr ehephigads which

Pr 0OCESR{NY PPAS %e@%&oﬂﬁél&%fgg%r't gjregfgr%ﬂg%rfan%%, and

wat er el ectrolysis equi pnent. 1

rve

enbodiatent Bragft uieng nvtestionl { destrddedsihd bebewhtean 213

i nj ection &t

e used Qgrjpoth recovery, of pr.oduction 14 fluids and

oul
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1 @pparajuipreatt be sel ectat as SRR @benati6:i11sTheu1g
bore of conduit 42 can be closed by a cap 18 service

1 al veg es\Bed s ighi ke iaF msramldddidgernplt inpotcgenduits

1xcloseqf f an inlet 44 of the hollow bore of the 20
conduit 42. 21 22 After treatnent by the processing

lZpparatus 213 the

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Additionally, an additional input conduit 214 could
be used to provide extra fluids to be injected. An
additional input conduit 214 could, for example,
originate from an inlet header (shown in Fig 30).
Likewise, an additional outlet 212 could lead to an
outlet header (also shown in Fig 30) for recovery of

fluids.

The processing apparatus 213 could also comprise a
fluid riser, which could provide an alternative

route between the well bore and the surface. This
could be very useful if, for example, the branch 10

becomes blocked.

Alternatively, processing apparatus 213 could
comprise separation equipment e.g. for separating
gas, water, sand/debris and/or hydrocarbons. The
separated component(s) could be siphoned off via one

or more additional process conduits 212.



23 fluids are returned via tubing 217 to the
production 24 inlet 44 of the cap 40 which leads to

wa b@shoeioes of 25 the conduit 42 and from there BPEEGB2004/002329
fluids pass into 26 the well bore. The conduit bore
and the inlet 46 27 can also fave an optiona
crossover valve (COV) 28 designated 50, and a tree cap
@dapter 51 in order to 29 adapt the flow diverter

hannels in the tree cap 40 30 to a particular design

Df 1r8e headke SOMJ Apl-Lhannel $ 3,818 %&E%%d@ﬂﬁ%éiy or
cap controlling adapter 32 5 1n order to al
Tont iandiyioiakledindloade omeammﬁ)émﬂﬁ@aratus, e.g. for

CT/ 2004/002 9 ,38 1 hydraulic contr functians
LA e e MO 6 S nstle/ 585 g 1on/

rom sur% ace %

erbodidgredis tdrefef ares pr otidlesensdit 4t drdi \é%ﬁtl@ir th%nf e
%se with a wellhead tree conprising a thin 6 walled

i verd PGS e adame sﬁ%@@@@%nﬁﬁkem Eamre thed

10 aymdi i S cap, g inside
t he product?%%q%%re 0 S%gQ%Hfﬁgfhasa%b%etg%gfﬁaggfly
fabovehdrgdyidr uddduarab tidruivi ve , Fddtdeyvaotrieng thkow

hr ough t he .conduit annul and the, 11 top, of the
e ST 108 P ST 1 el % 5 it vESCL a8 3P ection

10 ypi calder aemfcﬁﬁ%lry%ltéﬁ‘éﬁ iRghedRVi ce or chemcal 13
treatment apparatus, with the return flow routed via

1114 the tree cap to the bore of the diver- ter conduit

12and A]igtér‘?latﬁ% V\%ln{balgﬁfrﬁnt]s(i Oletél Bflrlﬁénglgﬁa d%scrlbed

further enbodi nent a ca as "a
13d| amétegrowd o i tbe4mmtﬁend|br®g:h19:et¢w®elgp blﬂep@ﬁaacESMn

14 15 a l}e m_na Ln% in the(ép eructlon bore 1 having

seal “stac fé?l BEHET e 156“ dah@eatihet ﬁ@r

15seal pHcacds A3y %@J@Jalr%gzutsh%anz%eb%r@l@étéaeagOHEH!EBp%.ZLQte
to the inside of

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 (COoV)

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



23 production bore 1 above the branch 10, |eaving an

24 annul us between the conduit 42a and bore 1. Seals
wQ@20048&6ad 43b are di sposed on an area of thePCDGH2AO0H/002329

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

ei ther side of the crossover égrt 20 comuni cating 29

via channel 21c to the crossover port 21 of the 30
lannuhydrboiéc2conB8toWOE 20064 042646 ORCTLGB20G4/V0 %329

239 1.Ig£ectign fluids enter the branch 10 from where

t hey M 2°piEE I RPoER& annul us between the conduit 42a
zand 3 the production bore 1. Fluid flowin the axial 4

direction is limted by the seals 43a, 43b and the 5

4f | ui gsireambothBeintinaselpract REOFiE8sodeit pord ovepter

into e 0 e 2 T ry ht-
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punp or chem cal treatnent apparatus. The treated 10,
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12 bore 1. The tluids travel down the bore of the 13
9condtivpigadlanabprventhRehgdravddet MpsitaoMaeswel | 14

bore.,. eryi a .60 _1 I
1CopentidRRithe Hhoh ok S0a Ve s, (ke na iy RS Sdnche
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are normally 19 cl osed, apd crqssover ,val ve %%%%s.
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2 in order to bypass 22 the punp or treatnent _
l4appatheusrek dei tedthe3brsenslll Fhehdigrsdsonegondnve and

1565 i%on%hgtﬁgﬁ%dbore.

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



24 closed. 25 26 This enbodinment maintains a fairly
w de bore for 27 nore efficient recovery of fluids at

WO edoaniteed y hi gh 28 pressure, thereby reduci nBCT/GB2004/002329
pressure drops across the 29 apparatus. 30 31 This
enbodi nent therefore provides3 fluid diverter 32 for
use with a mani fold such as a Il head tree WO
2005/ 047646 PCT/ GB2004/ 002329 40 1 conprising a thin

lwal | @djdctvérnefluith entesedhe Rrangbk 1) i syhere they

connected,t e_ca h 3 _strad
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sthe #18338veE lvgoeh@ngn% BsoYeL tﬁeowﬁsm}& owLdhe 20

annul us bore or annu I"'owpat h in concentric
6t r eesptot ahtherbespooktrt bbahneé €ap. tom pressurecr
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130Ppen ¥akve tPW¥ 212 nigntre-dishe harey | us reetvween Ahe 22e well
straddl e 70 and the production bore 1, through the 23

ldchankelre21c and crossover port 20, through t he
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 open. A
20 crossover 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



24 outlet 62a to be treated or pressurised etc, and
the 25 fluids are then returned via the inlet 61a,
wa boosigiede 26 t he straddl e 70, through the openP@PUB1®4/002329
and UPW 17 27 to the production bore 1. 28 29 This
enbodi nent therefore provides fluid diverter 30 for
use with a mani fold such as a Il head tree 31 which
is not connected to the tree cap by a thin 32 walled
lcondgtmprigtingsaahbhor wdliledt Haverserboigh Weo seal
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12 open by the conduit 42c, and perforations 84 at the
913 | dwercomgndrichéregndui ttoat@epitep @dd the tthHeeq4cap to
Vi ci nit f t h_10. ver 6 I
1O v dey DECwb e E AL PP SdGEE oy Bor S F g a1 18
11bor e e2 d,n wdrtthe - heo rleypass filher cherredalvifar edtementeor cap
17 punp, as required. 18 19 The Fig 4a enbodi nent
12001 k§nidntgl‘esi%g'r‘flearng S §PREL20 previ ous
13enmbodi ments. This enbodi nent therefore 21 provides a
fluid diverter for use with a wellhead 22 tree
ldconpfiigi-ngha stieivs walsliewlddiddi vegeimactdd & ¢ Hnipar

lStreeé%%%dfMéﬁ&OQE,%%QEhs%ﬁﬁkc%ﬂayyy’4?Mﬂf§]féblaced 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 described with reference to the Fig. 3a
19 embodiment. In the Fig. 3b embodiment, production
20 fluids enter via the branch 10, pass through the

21 open valve PWV 12 into the annulus between the

22 straddle 70 and the production bore 1, through the
23 channel 21lc 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 6la, 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,



24 plugged at the bottom sealing in the production 25

bore above the hydraulic master val ve and crossover
wWQ@goossieed (where the crossover outlet is bel oRCT/B8207/002329

hori zontal plane of the flowine outlet), diverting

28 flow through the branch to t.he annul ar space

between 29 the perforated end of the conduit and the

existing 30 tree bore, through perforations 84,

1t hr oaghl whecborélogs dtilithé®ogenduion 2Rovieo thige "tteeaddle”

cap, to.a treatnent .32 qr boQster apparatus,. W t
2retupﬁrFF8%’r HFe50%6650%%F%4%%f€u§%T$%§26%%?5%%%%@ Qﬁd
#42 lythnoughowhe swawl ws1ker g psor awondhus thiloownesttal Dy .
2 concentric trees) and crossover outlet, to the 3
dporoduction bore 1 and the well bore. 4 5 Referring

now Fi 41, £ | NBRHe i

T th eRe agrdrt CAoe ar ihe Fra t a7 oanbod mens ang °P
ési nply cpwathdes wadsedlor@3acalsonie t42e &t iper d@dn the
and bel ow the branch_10. This .9 enbodi nent.. wor ks j.n

"t he @59@%%9053 BPRE gr &vi B LR anbogernEs a1 ThY

gThi s cerbedicmant: RLedes ia1filuifd 1disvenke b doafucisieod 3oore
with a manifold such as a well head tree which is not

N4 cédnnéefedtt dtehdisted cay HEad s Kihe RAAeEtdomyupere
5Db i or. i.n e ich.r
1000 (RS Pron Thr Gugh ot ke ot oseayer R el I'ode Tl 1 Bo7
1117 f kbw baeantche 10et uhef POV, ldnd s lals @ldfowet, hewasivabained
18 valve to function normally. 1 2Q Fig.. 5 sho a
15 ubs R Ty G FOT [RAOHG St G 57 e 9 Tof the
13 he rnegevendob Mredueioremifd urds Faemde? itthe Hael | .
The tree 101 has a cap body 103 that has 23 a central

14or e vig3p i tan@ fwtheh brenglt déhed Guessipyer valve 65b 1s

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 outlet (where the crossocver outlet is below the

27 horizontal plane of the flowline outlet), diverting
28 flow through the branch to 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 xouted



24 tree 101 so that the bore 103b of the cap body 103
25 is aligned with the production bore 123 of the

W e@e/047626 Fl ow of production fluids through tPer/GB2004/002329
production 27 bore 123 is controlled by the tree
master valve 112, 28 which iaznornally open, and the
tree swab valve 114, 29 which™is normally cl osed
during the production phase 30 of the well, so as to

1di vethréhgh dshé| annngushbough (0B1anhelppodleri &3 thoria

123 and the tree _nmaster valv 2 ugh t
2 ot o PORC I ho TAPGY 119 PRCPREYHD BH0BrbATET6 e
3PCT/ GB2004L 08R389re43 anpreHeckédb boaach, and to a
production line for 2 recovery as is conventional in
4the art. 3 4 In the enbodi ment of the invention shown
in F : res;103p, of .t : 0
500nt%?E%§5l?gré?§e986gé§'tngiﬁeﬂﬁggggegogﬁﬁ%ﬁﬁfgﬁﬁbn
6a shatspéhatsi 81%hj bbenabhddibn4BearifngbelZ29.THe

shaft extends 8 continuously thrqugh_the_Lower part of
Tt he EEBCHLBS"Tte BB esiﬁﬁgyaﬁaoyﬁgggtﬁesﬁ?gdgggi5ﬁxﬁﬁ?éthe
8123 abywWhbeh 280aR@i Bkiod tHEDbRENnRHNMMO . centrid ugal

punp or, as shown 11 here a turbine punp 107 is
Smounesboghmehe wamEsS12nskAft SaTReWEYr BEnéPFumF TP YS

hous 1.t N 13 conduit 102. 14 15 The turbine
1Onnto§g?§@£ﬁéﬂggﬁfigured with inter 16 coll ating vanes

11108v and 103v on the shaft and side 17 walls of the
bore 103b respectively, sao that _.passage 18 of fluid
12past TPhE 9§H8§1Wﬁ h@¥8vﬁggﬁi8nnglgh Y§ afows 1768
13and }26h buppsitheashakh ek thectukhkiage tr2@ Rptiath 108, not
and thereby turns the vanes of the 21_turbin§gfuwp ,
14107, coonghied ite it&editrest cpPcbiingctedn wald lepgl gnduit,

15boreb8E Egeaﬁgﬂg%%%.£%2tﬁgu%kgg B%%etgﬁgiW%ﬂ%Hn%outes

16 the flow through the crossover 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 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 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



24 107 is open to the production bore 123 at its | ower

25 end, but there is a seal between the outer face of
wQaooshereaonduit 102 and the inner face of the PCT/GB2004/002329

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

tree master 28 valve 112 and e production w ng

branch, so that 29 all production fluid passing

t hrough the production 30 bore 123 is diverted into
1t he Ppaoslustt ire bagagdi-t angl tPo2 Prssiusdd|on shimgpifed |y

an el ast j ¢ on . a I t S WO
22005F%§§%%%%L%f7éﬁ?é%%?%%%%ﬁBEHAE%'?hf %ﬁgzupper end
3of the conduit 102 is sealed in a 3 simlar fashion to
t he i_nner surface of the c?gbbod 4 bore 103b, at, a

4 onedPerirdis KERSSE ISR Othd PEord iS5 Cfo B dgerftigres

5102a gl R0 1fd3y %fc‘%'ﬂ@"@a%aﬁdo@'ﬂ/ 19 Petwsen 4dhe turbine
interior of the conduit 102, andthe 7 annul us 124,

6125 far reed digtenesrt orhé OBo mdintt et @rared st fithg Hedr € sof

t he tree. 10 The tur.bi ne tor 108 i.s driven b

e doSsa e BE et i e et At bS5 ch
gt ypi e@lnlty ifdcams yi Rhrbagrhend neatdopaft arf ame 1262 body~

and 126b so that fluid 13 forced down the bore 103b
%f tRerCap A F9t RetParkds PEAMTE BF RHE thidbidte which

i . i 3 hown
100t o o:!LQl‘%,r % a8 nko tél?rt%,v%%rl%féaqi \é)r‘%[p tch’_e, %%r &h

thereby turning the s and the I'ne pu
11107. hEhrese dotibdms graw fUOY d f rmomrttlesl ot Yreodasats on

b 2 h,the inside of .the 18 conduit, 102
Vand GRBaS t AGS IO E GUBE (e 15 S5SRCH 46 1038,

13 nt o ddmgiannuloes, 124, 125 of the 20 production bore.
Since the conduit 102 is sealed to 21 the bore above
14 he apertures 102a, and bel ow the 22 production w ng

150r ahgr%eatt&xfmeowto%nqo%f @ A 1N ty3482.1 e -
fluid flowmng 1nto the annulus 124

16 collating vanes 108v and 103v on the shaft and side

17 walls of the bore 103b respectively, so that passage

18 of fluid past the vanes in the direction of the

19 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 production 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.



24 is diverted through the annulus 125 and into the 25
production wi ng through the production wing valve 26
wal®sasmd4can be recovered by normal nmeans. 27 P@BGB2004/002329

Anot her benefit of the present enbodinent is that 29

the direction of flow of the hygraulic power pack H

30 can be reversed fromthe configuration shown in

Fig. 31 5, and in such case the fluid flow would be
in"the 32 reverse direction fromthat shown by the

B e RooTa Al o tRe r&i ot e of T ¥ Fom

3 he prioductd dfesiiimgn viad viehd 1ind hroughs ddeo S t&limwha{s body
25, 124 ture 102a, conduit 102 and into_ 4 the
r odl?&qeoa%g e a‘lgfzsa %a{?"feji)o‘?/%ﬁ!1 e By Hear of thierorsluit
Punp 1107 rand Pt A0S apes all Ny dy rmcﬁecoﬁmrﬁ7c§ation

can allow water injection or injection of other
Thenisdiveesr Hubsitrdmeelsrd mb ¢ dinitisi flaRl land @

nt Fi nbodj Jrent sui t abl.e turbine or

ﬂrmi nte:égllﬁ’l dr;rLD Sorslzgdnque userdr,lea}{]aﬁooe J%Véenerbetenpeov%)r% by 1a03%/) and

8l1 welHe kown oretthed,tsiech as the el ectro-hydraulic 12
ower pack shown in Fig. 5, but this particular 13

source of power is not essential to the invention. 14

1015 Fitthe @ushowe andlidd erent; enbodidenty, thati HSSSoRN 164

16 electric nmot or 104 i nstead of the turbine notor 10
1117 t & 6t &velnave ishafaveandadie H urtbiate tymipeall0®; flews in

8 electry. t.or. 1 can be red, fr an ter .
1219 oFC%;é Id&c%arg)%gv\n/eroqéoauﬁrcoe"fs tlgé)él\v%i%rhd i]tzo 5 Scooﬁtﬁbagct énﬁiuld
1y Zodresbl epwnatheshawy 10Bm cOtentdagnaluffnngls vanes

The 21 electric notor. 104 can be substituted for a 22

Ly dr a0ive ot o imamdivroast teqinadd-ve 2 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 valwve
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



24 Like the Fig. 5 enbodi nent, the direction of 25
rotati on of the shaft can be varied by changing the
wQ@eoodiosmad i on of operation of the notor 104, SPCEHEBR®4/002329
27 change the direction of flow of the fluid by the 28
arrows in Fig. 6 to the reversgsdirection. 29 30 Like
the Fig. 5 enbodinent, the Fig. 6 assenbly can 31 be
ns of chrjstms 32 trees,

[ d
T 8 e TG (1 hahy AT S S q 10 Serie et raia
2005/1046 46, L& f@Mr@Q@ﬁ?gg v&Byrd ﬁi?”e&ﬁtro%%ﬁrhﬁqe

enbodi nents described can also be 2 incorporated into
Shew dE8TWHs of2 Thrist ettt 3130263 |¢me:gnai Jf%tam@s;nto

20050 AT G310l 8 255U |51 AR W% o ene

Smani feoingd dper tarfd eotdreans Spdras fy gat heridise.  This

E{mnlfolds on subsea or topS|de wells. 7 8 Fig. 7
howSa® RirtHe o ditAaat vam aF |1|r11ﬁsqtrﬂeqre§f P thteat

the connectian detueen dhe Shalds of the P well%lsand

the punp can be direct or I rect.

8enbodi ment, which is otherwise S|n1lar to the 12

r evi-Qu enb [ nts de crlbed ectri cal 13
9$mt orI(Pl %ﬁle\l\% %d eg‘?‘) \fgl hcé’r? i Y e L1
10povvemltnlwtshﬁﬂomfcatrh%aolﬂﬁédloéndﬂba% GRNARGIE QY 5‘3}5 any
betmeeg‘the shafts of the punp and notor pernits a

Thore O ve S1gi st @é’ﬁhl@:? th?eﬁiﬁ%%@lﬁ@l@l@?
12|IIu%bm%&e a1 |§§§%1qu cal ¢ e %Iy%i€(¥ér
18 but could be substituted for a a|n “d <)
L3nechamivgme orf @cwedr dud |n©t0@l$;$le|nrtg,alortoarty1esumvleaartlo?iﬂ
i ndi rect connector such as a hydraulic viscous 21
coupling or well known design. 22 23 Like the
15pr ece@digng cerbodisnentss.f flethenkl @mbbdiment 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, 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 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



24 enbodi ment can be operated in reverse to draw
fluids 25 in the opposite direction of the arrows
W@ badng7eitd 26 required to inject fluids such BST/GBR@A/002329
chemcals 27 for treatnent, or drill cuttings for
di sposal into 28 the well. 29,.30 Fig. 8 shows a
further nodified enbodi nent using a 31 hollow turbine
shaft 102s that draws fluid fromthe 32 production
bor e diEgneteBugh Hfe SHIHESTE T ARREF 1R 2005/ BUTB 468

CT/@ﬁ%Q %Qg%g@ iy [t o-t [

j(:;orrbi neof%ﬁré)tor andlngtuon%lé‘g%%dgﬂi%& 1%i%§£s Qéreae as
Jrot orirprerani fedtasres haddlosy Xisdhafds destgnfiwhere the
4)unp rotor, 107r is arranged 4 concentrically inside

he ftBTR-0tGT 16550 bt TSRS 72 ¢ angfdeed to
g Nsi dec1fe MOt A St Hanki0RSLg T PR £2L0% 1974 and

the notor rotor 105r rotate as a 7 single piece on

Dear i IR anareurid alds sten | tUSs dol v shritde 10Jsls .
hereby drawing fluid fromthe 9 inside of the shaft
102 through the upper apertures 10 102u, and down

g hr ougty t He stowd us £l4 Het weesod ieentl uishe t1 1028 @tk s

the bore 103b of the cap 103. The 12 | ower portion of
The sHEft TSI esgetiuRsd wenFhpahak thethutmgtor

1BUr f aggy ofnd NReond thel Q2 der Ik sealed W thif, the ryg.

bore of the shaft 102s above the 15 [ower aperture
111021,7 soldvdimeritui ahpumpeids fatdmtvhisse I16imanal uso 124

nd entering the apertures 102 17..continues flqw.n
o EHe i B Lo Bateahs TEHRY ot o907 al
13and thecshafdd KRsedantp dhisrd bgarodupd i orh ot eid 23:irn
and finally through the 20 production wing valve 113
¥ or SPBITS d'or et ORI P nftor ch bec@ipction
1Pr i Mg, dmuedn Afh DAL Sha ten 2 H NI G QR Plmits a

el ectric or hydraulic notors can
16 more compact design of cap 103. The drive belt 109

17 illustrates a direct mechanical type of connection,
18 but could be substituted for a chain drive

19 mechanism, or a hydraulic coupling, or any similar
20 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



24 function adequately in this enbodi nent. The punp
25 design can be of any suitable type, but a noineau
wWQaosnseieg or a turbine as shown here, are botPCRGB2004/002329

suitable. 28 29 Like previous enbodi nents, the

direction of flow of 30 fluidy{hrough the punp shown

in Fig. 8 can be 31 reversed sinply by reversing the

directjon of the WO 2005/ 047646 PCT/ GB2004/ 002329 48

b notlde agl dat Wi vidttele 9T @ CORPIIRE gt tand pump
ire t rr §@9ﬁgf

%@fe?&?ﬁgjgghngyéngM%% I's eéﬁ%gfﬁghﬁﬁﬁ%p c%%}%PWS

Jot orshed®: idestim,f ovhed  theliponw atoront Nl 71 si6 arranged
referably el.ectr.icall owered, but cquld be 7

fyar STET G Y TP Boe T o Sy ot Here g both of

Bui t abil%lﬁ%lﬂec%,rrc‘aqu@fitﬁﬁsidb & Getdd faaalodisesd.  The
shaped punp 107 that draws fluid fromthe production

G0 b&EPLZD UK dg tohe i mdore Bitathe Gondidtati@zas a
1 fl.uid
7%2 ?%&n < p‘?_%@e“ élu%aéafﬂp%e)% I ec%s gro Lﬁﬁ)?uﬁ $ a2t4lucl and

y “out war ds 1 nt i Nng c¢on
813 t heddew mh@ﬁﬁ1kﬂﬁuﬂﬂhefﬁﬁyfdMJWthﬁﬁN&ﬁH]ﬂﬂmmiﬁhe

d 102 th d 3 which it
Ao drsaires Y A R Sueld? daveni B ien R Gibere-ures
(ﬁnboqwmﬁnt%mdt@%ﬁﬂlﬂHidHéH“ﬂHéﬂhﬂkﬂMhé'ﬁ?@“HB%WQ%n:%%e

125 cannot pass the seal at the |lower end of the

Llcondgie o2 B8l ena féreprstiretl G g hsr arreh, lQahd Itge
]jﬁx'tﬁé%gﬁgg% t%%ﬁlQﬁpqﬂ§§léﬁhf¥r¥b2§ﬂ(ft%§e tur d 5%

S € sanme punp conflgure era e 1n
122 réverlse antlo ttheawdtati dsitfr@ught the pfdifd:lmfd alro 2M ing
23 val v 13, nto e condui 125 across t he punp 24
SRR SR B

1407, S¢ Ahd T GRAKg the
15 lower aperture 1021, so that fluld 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 normal.

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



25 102, and into the production bore 123. 26 27 One
advantage of the Fig. 9 design is that the disc 28

W basedonot or and punp illustrated therein canP@EGB2004/002329
duplicated to provide a multi-stage punp with 30
several punp units connected ijpseries and/or in 31

parallel in order to increase the pressure ag whi ch WO
2005/ 047646 PCT/ GB2004/ 002329 9 1 the fluid is
Tounp & o odigh Fhd Db i Wiy A 21 dihe opERside 4
2Ref ergilRGtNOW oF RIS .2 A A& bl L Sg%b%g' ment 5
illustrates a piston 115 that is seale ithin the 6
3ore 103b of the cap 103, and connected via a rod to

7 a fturther. | ower piston assenhly 116 w fhin the hore

G of SLHE ORI L0 T CoadIt SIS s o Swme =
59 wi troitert he ebame tHRBr amd dthe prieductdnr hore 123. 10

The | ower end of the piston assenbly 116 has a check

611 vargderaglyielept e divs kayeresli $urowsdileh Her om

t he L It | unpi n
7f|uiggﬁﬁﬁgﬁgﬁebgggf¥ﬁ$%§ﬁ€%RT%2§)t réﬁ%ﬁlg%%pﬁb E”%f

8t he Ibori&abd8b soyrnreans:cofneatelB thoy dr amlrntcr_iﬁmg@rl r@??@—

in the _direction own t he arraows in Fig. a. .
SThe. BLEPSH BRIGH 40 & PearEd s T thE dper Lipeenet ion
10126apoaad186 &hbuilgt- Wheofi nh@ PHRSSUE BelOWtRRit 102

pi ston pushes it upward towards 20 the aperture 126b,
11f y onPRAi ERSFI GRA LTS Thoadn LB etlRe rs2 tohpapall Itﬁead\mﬁd
ack, [ 1 rayel : r r,aul i_c

a0 T S onar s Fhat 34 Sait Dore HE tarva and
13117, thenmai Atébnanhendiulect il@% dbrm24 beewklwn (ir];lfd ow

shown in Fig Oa. Wen the piston 25 115 reaches its
14uppeFﬁ%sPl§t}8%e?ngn8 ePr§9§ﬁ§POT3?0re 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, into the conduit 125, across the pump

24 107, through the re-routed conduit 124’ and conduit

25 102, and into 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



26 is generated that switches the valve 117 and 27

reverses direction of fluid fromthe hydraulic power
wWQ@opaciess so that it enters through upper aperPar/6B2004/002329

126b, 29 and is exhausted through | ower aperture

126a, as 30 shown in Fig. Ila. y other simlar

swtching 31 systemcould be used, and fluid Iines
are not 32 essential to the invention. WO 2005/ 047646

IpCT/ &BFod4ipior 370 pwwed thyeughdhs tepdeet hovi nighap
S's jn-Fg. 10a, 3 production fluids in the

:%rodﬁgﬁﬁg%n%%%é 123 are 4 drawn into the bore 102b of

X he conduit 102, thereby 5 filling the bore 102b of

t he conduit, underneath the 6 piiion. When the piston

¥ eachEs STHE WP &t It 17 315 thraviells apPdrbgrert

g o mve dewwards, diheshecks &a\gﬂualivse s OREPS AN he

the pressure noving the piston downwar ds exceeds
& he Peger VI3 mieddie eam e Bhdpragurtdiosd bore d2%d to

0 that.t roduction fluids 11 .123 in the bore 102b
7Zf t %e%élgﬁglue% qf?f’frf I%olv@tthnr ougn - t:ﬁh]e&c & l?/at—rek}f%quore
8119, cindHentawrichd tanrod .us T4 cbhhetwerr the Leatlidealed
102 and the piston shaft. Once_ 14 the piston reaches
% he MawdriTettentdre kS iaskéne BFogF e phers uk%s -

1cbet weeR thg AN 134 a8 dhe, ]a%s!%ﬁ?%gtj[f@ P & 133 o

equal i ses, the check valve 119 17 in ower piston
llassensllyre1 16 %ol oses, trapping 18 the fluid in the
12annulus 124 above the |l ower piston 19 assenbly 116.

At that point, the valve 117 20 switches, causing the
13pi st ahel 18 st 1196 dgainb vt u? I ol [tHder dwwerpdy istiath

assenbly 116 with it. This 22 lifts the colum of
L4 ) ui ¢ROWTY A dridul dd1 2y BRnp$ e 1w Bistamprture

mssenbs Hia g e S et Bk PUEREP s o o
169 owehyglirstdi cagoeeyl parks in Hdeclidolection 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. 1l0a. When the piston

25 115 reaches its uppermost stroke, another signal 131
26 is generated that switches the valve 117 and
27 reverses direction of fluid from the hydraulic power

28 pack, so that it enters through upper aperture 126D,

29 and is exhausted through lower aperture 126a, as
30 shown in Fig. lla. Any other similar switching
31 system could be used, and fluid lines are not

32 essential to the invention.



26 val ves 120 at the upper end of the annul us open,
27 thereby allowng the well fluid in the annulus to
wQ@oslegmé hr ough the check val ves 120 into theP@neBkews/ 002329

29 125, and thereby exhausting through w ng valve 113

30 branch conduit. Wen the pigbon reaches its highest

31 point, the upper hydraulic Signal 131 is triggered,

32 changing the direction of valve 117, and causi ng

% he WO 2005/ 047646 PCT/ GB2004/ 002329 51 1 pi stons 115
nd \/ their ecti l4nder As

The proter TERO0eD S o2 Mot L 4EE Foa

Yal vertapens floiiadd awm vield glaductiod Botd 1he are

i d vol b h ing, | 5 pi st
bR T E T R Cy AT cpedas Endihel 4y thereby
3ri veri 1y ddheHy ol i pover pack-Gadi: e uididid vem bne

other neans. Alternatively, linear 9 oscillating
Grot i oH-sd@m -be Whigarthed Rictde tearied Ot stmreassendily of

16 0 I I1_- . ods i.e.. 11 rotati
T an g et BT 8wy ded iRt e heck
tet c. val¥eld 1By apevey silteh &t Qfrd €s@rd anghingy tiee piston
orientations of 15 the check valves 119 and 120, the

i r e OOH G 15006 1 TR} Hi S Sl it S TP al s o e
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val ves shown are ball val ves, but can pe 20
1llsubstiZButiad ther e did¥dr ddhdwre feendbiial AR ey t2irough

o StTng Tk YR Waryi o et o2 oot Ton bor i b

123 i beavweke dés gomfuitew dr egsl 2 2stRef eyrrd Mg Nawice
1&0 F%%%'p&%gygjfgécﬁéglgﬁguaéwer 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, causing 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



26 enbodi nent has a simlar piston arrangenent as the

27 enbodi nent shown in Figs. 10 and 11, but the piston
wQoassmabl y 115, 116 is housed within a cyli nBE&r/GB2004/002329

formed 29 entirely by the bore 103b of the cap 103.

As 30 before, drive fluid is pgqped by the hydraulic

power 31 pack into t he chanber bel ow t he upper piston

115, 32 causi o rise as shown in Fig. 12a, and
the W3 d’ﬂl 4%1 CTY GEZ0 0% 0 2520 @zearsw%@cﬂm

130 al COL I
2t he ﬁg{iglr?erlki%vl syflgﬁgél%%#}g 1dloé Mes vveﬁp‘% (%ﬁ@é] Iﬁére'

Y hr olrgha e Jonthdive 110129 aymerchesk a/Jalcwa wefl 11811iid oto
t he &, fo he ca bore 10 5 V%e t he
“bi st o%lr} as T eaclhséogL vaﬁJ1 %&ve tﬂé én%ng‘?% Y e
5131 sl stidrggarReidio smw thri&&ﬁéﬁ'dﬁﬁ:l]éjreﬂeét% the

osition shown in Fig. 13a, so that drive 8 fluidis
(gunped in the other direction and the 9 plston 115 is

ush U t ore
?OSb@)?gg?yﬁ r?g@% r%‘ﬁ%ﬁﬁeﬁ hg}a)%a]!{ah Cl 11 © e%akc vaq%
8120 (dVEaMﬁ@ b9 dtheot omed)s. | mlcteaﬁmﬂmlﬁ NiZfsarl25

nd thra t.he production valve 113. 13 In this
Hboiirent A Rehe Thi i Beb St iiad & e tevar
10conduyiits th a séimbagulid ey orediatel 1y -38eus, 'rﬁetho]cr% B e.

reversing the orientation of the check val ves as
14 0 préieddd % mEedimemcs acmaeatdwdpfrache sdafich mme

1217 r%%%%%%Qsm%Set%Q A further enbodi ment is shown in
Figs. 14 and 15, 20 which works in a sim/lar fashion

13put has a short 21 diverter assenbly 102 sealed to the
production bare d straddli t he production w ng

L el e T3 B0 A B o SF e kLY ARt onY of

15pr odiidkl ehckar €al23s 24 cabewe 1bhe  dinerdiele ASIRIMY £1ow

102. As before, the 25 drive fluid raises the pi st on
16115 Fﬁ ghﬁ§r§pbﬁﬁé@@nt 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 as the
27 embodiment shown in Figs. 10 and 11, but the piston
28 assembly 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



26 shown in Fig. 14, drawmng well fluid through the 27

check valve 119, through the diverter assenbly 102 28
w@nasiosieas t he upper portion of the producti on POT/6B2®9/002329

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

32t i_n the bore 123u, through the check val ve
0 26085y Gag PP 558 063240 153 14l g (W veo et
as CkQﬁﬁﬂBidﬁ“¥§I%%epEQ%Qﬁﬁi‘ylgmjﬁglj%ﬁ¥§%y:é%ﬁfg é&aﬁ%s

Fig. 16 shows a further enbodi nent, oys a

F ot afiedd drlarikl th@rowighh tére ecoehtirti ddld yarad teichsd v&alv7e

arm a.i nstead of a, fluid drive hani sm.to nmove
Fhe Biot on e RSl EHAh UG e Bie b &
supwartheshemd ithenpasist irem Fhewt td fig. k& kand 1
pushing it downward when in the position shown in 10
©16b. STRINS ldridie APdi dsi iird ddies agpper parachoftiicherale 117
7Pr odyct i-on gQ%%gi%ﬁusa%wﬁr§%!%ﬁ .y]gﬁ§cﬁkpﬁgkng&iv%?
straddl e 102 and check val ve arrangemgnt’s as
8desciilbed il @hmppdeihom&eemﬂﬂmﬂﬁnaﬂrectﬁ?n15ngtFﬁﬁpulg
be naot.ed th t he pu oes not have to be 16 |ocate
%n apﬁﬁgggc?ﬁgnlﬁoEEgBF%edﬁﬁﬁp cgﬁﬂﬁ SEiVes edatted ild o6
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The present invention can arsbise ully be tsed i
13mul t Lpl &hikel kmborbinaati bhe, chsc&heowl vien 1Riogss 18caréd in
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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 assembly 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



26 connected together via processing apparatus 220.
27 28 The injection well 330 can be any of the capped
wQopneguct i on wel | enbodi ments descri bed aboveCT/GB2004/002329
30 production well 230 can al so be any of the 31
abovedescri bed production wellsgenmbodi ments, with 32
outlets and inlets reversed. 2005/ 047646
PCT/&?%QO4Q&3%3 9 54 1 2 Produced fluids from '
brodded dvaddis 1250 19 St D b e e Bitel @ wing
xondwizt142,118xit via outlet 244, 4 and pass through
tubing 232 to processing apparatus 5 220, which may
3l so have one or nore further input 6 lines 222 and

one qr, nore further tlet lines 224. 7 8 Processing
4appagét91js 1%2(?%003'@ ﬁe%gletltzlcetrede’fb&%&%’mw%%fnﬁlQ% a
& unctrioens iGes eiriahed 1alove oM tdh refermnce a1, ti+ached
rocessin% apparatus 213 in the Fig. 17 11 enbodi nent.
-l [

Addi B8R, 1pesEassiog sappariat (i 17E) mephagdrsmaltsp move
Sepakate S/ Qi / / rd from.the.
fIuigg%pﬁggﬁgéél?§0n1gpgaﬁg%?%ﬁ]dgfﬁjégﬁéﬁff |M?%I%ﬁ$ton
8 nj ecrvemd whemprie dhet pesd tinto shywectino®igls Mel,l and
330. Separating fluids fromone |1 and re- 16 ,
% i cBERRG"Ents SRSTHER PR i S5 ER Prtdces S 17
10appanadbus 220 sr eduees fiihe duartd tohOfudddd Gt IdFe 18
and ener gy necessary conpared to performng each 19
11f uncPrEATERAPR BOAEl 238 @6s®rieddusiltvh desspddect.o 26

t he Ei e dinent.;. .Pro i_n t 220 21

12rray EFng§%§|ggg gﬂﬁiggﬁc#O tiékgﬁ%%§%§%%F§%5255

13car r yergrthedpriodibed pirkwiids soemb s panat.ed 23
scomponent of these to the surface. 24 25 Tubing 233
connects processing apparatus 220 back to

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 also be any of the

31 abovedescribed production well embodiments, with

32 outlets and inlets reversed.



26 an inlet 246 of a well head cap 240 of production 27

wel | 230. The processing apparatus 220 could also 28
wWhe00sse46 0 i nject gas into the separated 29 PCT/GB2004/002329

hydrocarbons for lift and also for the injection of

30 any desired chenicals such @s scale or wax 31

i nhibitors. The hydrocarbons are then returned via 32

tubing 233 to inlet 246 and flow fromthere into the

MO 2005/ 047646 PCT/ GB2004/ 002329 55 1 annul us bet ween

A he acongduyj re. d [ i tsd

di sposed. CtEsdArt% %?qg%%uﬁpi@ds%%ﬁtw%hle 2’o’jolsjpfpleorW and

3 overtherpggh tthe flariedsff lawdithirtoudh teheit 4riexpoarildt nedq,

210 f.or, recov . 5 he haqrizaontal |ine 310 of

A nj eE%RARE ﬁ%g&g&%n%%gg i oM igrparatus
Kinstead ehidh @xROEILJd MRlve Srfd Wrdsdr@ B idHEct 8yt

can enter injection line 310, 9 from where they pass
%ia tlﬁélee?nﬁl?rjlzu@@em@e@ﬁ e relugdhdy tutd ednd dtrtes  224.
sbore to the tree cap outlet 346 11 and tubing 235

i nto processing apparatus 220. The 12 processing
Bappafaious ssayngi acpade taisp@r, cenedbiecalelebd dNjtRCtdediForm

devi ce, and/or separating devices, etc. 14 Once the

% nj Vol f FiPad TRAV BefioEhis B5Roeesysy wits e ference
10r equitbegrotbeyiegn a@%wr&%_u%ormen% winch rany. 16

separ at ed wat er/sand/ debri s/ other waste naterial 17
L1f r onePPeddBensn WAKHiZ3enathe i mreceisennkl @ings rarteis RO

t hen a r La .t uhi 234 to i nl_et 4. of , 19
“ine sap 5365 rerar el SRR Sasy” oo ineed £y 20
13passfrrbmotigk ftheidenguiodu42datidonbeotie twell hena. 2321
1422 It %hggl d be.noted that it is not necessary to have

23 afiy%ext'tR ThyEEti 8RS Phi BETEnCer thESE aNith) detiiesition
1524 |WQQ13$@D.a|Be@&rbﬂ@nbnﬁﬁﬁﬁbgnfEbﬂ'g%ec%%hq 2%d re-

originate fromproduction well 230 instead.
injecting into another well via subsea processing

17 apparatus 220 reduces the quantity of tubing, time
18 and energy necessary compared to performing each

19 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 carrying 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 used to inject gas into the separated

29 hydrocarbons for 1lift and also for the injection of
30 any desired chemicals such as scale or wax

31 inhibitors. The hydrocarbons are then returned via

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



26 Furthernore, as in the previous enbodiments, if 27
processi ng apparatus 220 includes a riser, this 28
Wo p@s4senl d be used to transport the processeRCREB2004/002329
produced fluids to the surface, instead of passing 30
them back down into the christggs tree of the 31
production bore again for recovery via exportzane ig
10. WD 2005/047646 PCT/ GB2004/002329 56 1 i g.
hows ™! iR§ S G ity eRéngral bose in which
2mbodidreny Pfsddbd 18 andHd ke nuher ss ate, Usgd, Qt%e
designate |ike parts. The processing apparatus 1n
3his @m|mthw heks ,a e eflidnjectlon boosteh t7lﬁe
u nec tubln 235 to an injection
JJTWJg%} produ ?%lon(%oo§ié? ﬁﬁ:270 connected via 8
3ub|ng 232 to a production mell and a water 9
(izpar tor vessel 250, connected between the two 10

|1 £ DR AG 2232 10233 1dh @ D 3417 eimipan 2601 1 233D aelrves

re " e e t tricity
7gome?@ﬁﬁ%fﬁf§§?§ﬁgg%q‘5% quﬂl%gifﬁggée (%ﬁﬁé% )
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e Ccr. i a ndU|t 42 (not 16 sho n Fig
BT o5 ke T ba5%, VIR 4 A the i qr e
10F | ui d:@n&il“u&i‘b@@sta@l@l Bhebooster PWHe & 2704, W& 1et 346

produced fluids _then pass into separator 9 vesse
11550, 2Rfl EW béé]@a?ét5e§rntﬁepm¢@re§§amo@@ﬁa@ﬁuszcmme The
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production wel vi a ing 233" cap
13240, lpI@Ftap@.Uh&nceureudé@rvB@gwmaﬂmmgﬂdﬁwiﬁbs, etc.

1a53rT U 00 NGCORU S5 ko enger LG 210, 20 28
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

19 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 Furthermore, as in the previous embodiments, if

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 them back down into the christmas tree of the

31 production bore again for recovery via export line

32 210.



26 the well bore of injection well 330 via inlet 344.
27 The separated water enters injection well through
WQ0s04m86 344, from where it passes directly iPCDGBRE®4/002329
29 conduit 42 and fromthere, into the production bore
30 and the depths of injecti ong 1 330. 31 WO
2005/ 047646 PCT/ GB2004/ 002329 7 1 Optionally, it may
fl so be desired to inject 2 additional fluids into
njection well 330. This can 3 be done by closing a
al verin tubi 4.t t |
Tt er g (he R op el T T TPl o A AqgY, seneral
3 heseergdiimeortalof | i gls Thmmit B ke Gnumpecs | e wesdd to
4330 v'ea |quea cti o.n}él i ne t310 (which was 7 formerly the,
export® TIHE 1% Pr'etitat enbodi Tent 35S Bl AheaPRRTA GRS in
3his prioc s ddt foldnmdhal 9 eescri et ahoviso Y t &y
reference to Fig. 17. Fluids 10 entering injection
?i ne B3I Ffds et ethith st ulti et e nt ¢ omlui i é@tion

see FiGsS. ; ,.are diverted
éy th“gélge’alag 3 %%%1%?33‘5%@:9]%?\’@@ mﬁl%%r}e%%%&o\fla
gonduitbi4® 232 raved pupdiret iloh avul Ussndng wxidr vi a

utlet 346. The fluids en 15 pass al ong tubing 235,
%r e PrEdeite hossss @315[({11'6 %H“s%“g?e%ﬁﬁpt"ﬁ%@ e alfvee

10 et urpad viva Cantiidg 28% t @331 ddl e 34.Q8s they, 270
christmas tree. Fromhere, the 18 fluids pass through
1k he i¥s povsreshiulitesredrde 19 afi rectiaod mledtwicity

Il - f 20 wel | 330. 21 22
10 wleexa'&?r\bhll'lgc%%t hgs 0 C%"}Be we -

Typi cal ly, s are injected into injection well
1830 fromtubing 234 (i.e. fluids separated fromthe

4 produced fluids o roduction well 230) and from 25
1) RO S RECSER ] B it (RO TI ASLE 306
13equence. oAl paiRaldusaly addiiings 234 anth&3% el dhot
16 shown in Fig. 19), outlet 244 and tubing 232; the
17 pressure of the fluids are boosted by booster 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 separated 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, into the production bore

30 and the depths of injection well 330.
31



27 conmbine at inlet 344 and the two separate |ines of

28 injected fluids could be injected into well 330 29
wa@reshsmmeously. 30 31 In the Fig. 19 enbodi neait/GBRGva/002329

processi ng apparatus 32 could conprise sinply the

wat er separator vessel WO 20054047646

PCT/ GB2004/ 002329 58 1 250, and not include either of

t he booster punps, 2 260, 270. 3 4 Although only two
ConndRePREtY are Bhov 3N 1% giesizedgtaniniectit

shoul g b 4 r s¢0pdyd hﬂtﬂr&p@@éi&a v?ei}f’%% al sp, be o
connected to the processing appar at us. g8 Two
Furt Her damdiyrenites ofg thevd Ienitn onulateg shent o Ypoitdvent

igs. 20 and 21;_these enbodi nents, are adapted. . 10 for
{oo” 9% THEHT [ PP 2O s ITebian el Tia
3 espeatdive] Y2 34Thesewmbhad Sl g Ravsh 1 dfl’l?:[él@rcarlzﬁréter

assenbly 502 located partially inside a christmas
& r ee ICHEGE vryWeEd0. 30THe 4 nirsrerll i grartsnof3the(wiich was

hok v j : | eavi ng. choke .body 15
7gOO) .ef%?“o%eﬂgg%yé ?ggyo?gcmrﬂulﬁega ne} ]}vﬁ‘%ho%sn T Oeﬁ/%?nti%'
Bor e Tfe agear pehditcid gsrevddnsd an lof tyaneh dfst 17 918

i verfer assepbly 502 canprises a housing 504, a 19
9?ond F°%: ,ecg%k%/%‘ieetw LEPSuttRtE 51, 1 ho  Fluids

10Hous it 204 d Sirsiestian ialdy £y ididid gad @ ékﬁ%iﬁﬁ‘s
21 axi al paé%aé? 50§'extending aﬁg%g ﬁ%é entire length
112 afftaessnmsaidwig 14 efsdle dassage atjacdeht and ithse 23
er ’ e tes. eads t0 ousl et 544.
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130 25 tthe upper end off chokmibody 50 wdawd anp 506
Axi al %ﬁipassa e 508 has a reduced di aneter_ portion

14at i fon s, 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 conduit 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 simultaneously.

30

31 In the Fig. 19 embodiment, the processing apparatus

32 could comprise simply the water separator vessel



27 upper end; conduit 542 is located inside axial 28
passage 508 and extends through axial passage 508 as
wWQ@00&/0¢mmé | nuat i on of the reduced di aneter porPCDGB200AO02329
30 rest of axial passage 508 beyond the reduced 31
di aneter portion is of a |largetfgdianeter than 32
conduit 542, creating an annulus 520 between the WO
2005/Qi7646 CT/GBZO 4/ 002329 59 1 outside surface of
Tond it A AAP axiL Y5 Sddre > SoghodireRrs e 4mps
2xt entsp beygnd housing 504 into 3 choke body 500, and
past t he junction between branch 4 10 and its
Jer pendi cul ar extenS|on At this point, 5 the

erp r on of bran becone
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9 ust S alFe dshemsrctast Iter B vt d 98 i6t9 Suarkdus.
sare typically attached to conduits (not shown) which
11 leads to and from processi ng apparatus, which could
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13 mnth ef erence reyious e iments. 14 15 The
2di ver laqssse%g) n‘§b§ a%hﬁée gg)qd&%&rel@qalgﬁe@s
10fr0ﬁﬁ©k e Ain %|&k@ﬁlkﬂb@a@\Mﬂd-hd%ﬂﬁgﬂﬁﬁi & of
recovering fluids will now be described. 18 19 In
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outle h %A 532, so theﬁ arg forced upwards 24

4n annulus 526, gfptFﬁaogﬁﬁuIQ 5526 SFVA NGuahekes pedy
1525 Ogvbet. 54fokypbeak! gobeadsamt0i@aPLRCESHHNNGN interior

apparatus 26 (which could be any of the ones
16descPPE§dO§aﬁlP@?PendlCUlar 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 axlial 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; conduilt 542 is located inside axial

28 passage 508 and extends through axial passage 508 as

29 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



27 e.g. a punping or injection apparatus). Once the 28
fluids have been processed, they are returned 29
wo boosiogiie4@ further conduit (not shown) to inl ePCBEE82004/002329
30 From here, the fluids pass through the inside of
31 conduit 542 and exit though.gutlet 530, from where
32 they are recovered via an export line. WO
2005/ 047646 PCT/ GB2004/002329 60 1 2 To |nject
¥ 1 ui RGHEE tHERREIT of morshbodi MEhtandfaxi® Fipgssage
nd an ; ' ' ' .
P over b " SERE 12, LAl P I g g inco
Jari aukeypesit G007, havk mascthoke: turectHidgh hk?@tmh Rbfanch
1 tree 8 enmbodi nents have the advantage that the .
%i vereoera gg%%l?iﬂﬁp B ntBGrdt TP Easity Wit Raknt,
®Xi stdHg p Gioke; 100y Wi d s i dl ey Vﬂ“]&@&)ﬂ%? an
the wel | ; 1 locating a part of the diverter asse y
G n tpatiztc Hoke dodyratedd 1ot Wvien dinvdley samemowitnet as
[ ; 14 15 A further .enbodi nent i hown
—)iNﬁ Fisgﬂ”é’z .]lghrﬂt%se i]Fslg'l veen}byO&slimrﬁ oy t%gor{%eltlzi %45 20°
gand %badlmbddeEﬂieS,péMﬁdhdiﬂlléhﬁbm&féd rfsgigarchatEI%laJ( 53
cl amped o the top of 18 choke body 500. Like parts
%re @é@?tgﬁﬂﬂléﬂ’ wilteh JUneEtory ¢ st e 4fursrhl i1 L &th okéd

1040 iz §tandand, sHhseae 24 £hakeiyidls (%togﬂﬁnﬁ%‘hich

is coupled via a conduit (not shown) to 23 processing
llappar&ags 3580 anghifsten rardagime emrestagdis 24vtictancould

i nl et of 0] 0. Choke .540 is a standard 25 chaqke
I havi ‘rs?ge grﬁl%/{jr?ﬁrt%%a%?é:eesvﬁjﬂg aar?poalﬁa\sce“}s a?fjleﬁ%rsl%eég sbove
13 owemvieind rarfeh ramdenitet phdliclhe dneri netd: Of

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 10 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, so they are forced upwards
24 in annulus 520, exiting annulus 520 via outlet 544.

25 Outlet 544 typically leads to a processing apparatus

26 (which could be any of 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 inside of

31 conduit 542 and exit though outlet 530, from where

32 they are recovered via an export line.



27 passage 540 is aligned wth inlet 546 of axial 28
passage 508 of housing 504; thus the inner passage 29
w@booshglees 540 and axi al passage 508 col | ecti vePgT/GBRIOH/002329
30 one conbi ned axi al passage. 31 WD 2005/ 047646
PCT/ GB2004/ 002329 61 1 A nethgg of recovering fluids
wi Il now be described. 2 In use, produced fluids from
roduction bore 1 enter 3 branch 10 and fromthere
nter annul us 520 between 4 conduit 542 and axi al
pass T i d nt f i n
domnagfds d%%?ﬁ%é%%%|E?@%§%§%§&§¥féea °5 @S%ggh?ﬁ5§ of
are foreced Upwed &3 i camnvel wsed 20 th 7texi fiog anngktsons
20 v}ggé%gé t 544. CQutlet 544 8 typically leads to a
processing apparatus (which 9 could be any of the ones
flescribed earlier, e.g. a 10 punping or injection
apparatus). Once the fluids 11 have been processed,
S hey Hr el § steihetPErR D UEME dnanDfelds ef conduis types to
ho iyl ety 5410 C 540. oke 540 may
@e gg%ﬁ&%figﬁiéﬁiizﬁ%yFl 4%%%é%§gqgggdégﬁkﬁf?o
& ont rastbadienguries swaes ofhd hedvalb: pyodiced fhali @sve Ther

?

roduced fl.uids ss through 16 the inner passage of
he ﬁﬁﬁ&ﬁb%%ﬁ%ﬂg

S OMUAIEEAS oae ke it Hho LSt ing

1out | edhdd0 bddwmwhers they ang 18, dacayer s wmia v?é‘ 1;
export line. 19 20 The Fig. 22 enbodinment is usefu

1_ﬁddi
21

s imehtss Pzt vl ciheal iy etepnt raes serdhiok el nthe

(180 Gkl P R S Tl 2Pl

13njedﬂtfluids into 24 a well by reversing the flow

aths. 25 26 Conduit 542 does not necessarily form an

extension 27 of axial passage 508. Alternative
1®nbodi MeitthedOWntbodiment is shown in Fig. 22. This is

16 very similar 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 apparatus 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 and 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



28 include a conduit which is a separate conponent to
29 housing 504; this conduit could be sealed to the 30
wappsnsmme of axi al passage 508 above outl et 5SBEAT/GBR004/002329
31 a simlar way as conduit 542 is seal ed at seal 532.
32 WD 2005/ 047646 PCT/ GB2004/0Q2329 62 1 Enbodi ments
of the invention can be retrofifted to 2 many
ifferent existing designs of manifold, by 3 sinply
t chd MgeERed posi FPePEeAad shApEds of 1L henOy hgdedaarrébed.
ontr n i . gap d Ldi.n 0
B ver fh g Channdle e Somnast sa tor RApRELER BCERON enter
are natzheld 10 podi fron (bade 7eptefeaabhiyusi 38) betwben

roduction,, a | us . and. ot her bo in the tree or
B her ARl B2 A O RER b PR RGE How Db+ Fi §9af Laias are
sonveptéoaated rﬁﬁoxﬂcl%cﬂﬁ%f@&ﬁn@&)ﬂdé StblbUaLr ghedet 530 by
havi ng a production bore 12 602 and an annul us bore
®03. 9821 1283Fhese relechasra peodedt ipvanilagis2enandus 520,
SSocC| ct i i N e 0. Th
?rodu%%%%ﬁn%%%gggggy %%@?%¥%1%%¥€%¥i%Qé'préag%?Fo%44
g hoket hotlya BBY. 1 dénés 1¥o pa opluct ¢ oni chokephodyus3Qwhash
n inter'gr bore 60 18 extendi ng therethrough in a
%irec??%% PRT PR Sl B 9%°F oo predueti bhShi ng-9- 2
1620. ﬁ@@pf@@eaﬁQﬂnPécEﬁ@nZQ%ﬁéﬁgg@éjpn 6heketRody1} $ys

i n comruni cation wth the 1 production wing 620 so

1} hat haiee dieke Douse B394 1 ofley 27e areexrendi bhrpoghi an
. . - .
1P ower-shdrer RSN atos Sl cEil L tat: effeas

13n prélovkari4@reesholee 260 ahowkebé Sopkstiad) yoinsaatlgdly
| n the production choke 26 body 630, but in the tree

lZ%01 o‘?p‘%wee presEtt 254 i 1R ertt ord ! tHeS dhbkesrEeePf Has

1een gedmMY®EH fluids. The produced fluids pass through

16 the inner passage of the choke, through conduit 542
17 and exit though outlet 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 outlet 544, in
31 a similar way as conduit 542 is sealed at seal 532.

32



28 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
W@20080e%4631 and an interior bore 609 of the aPemGB2004/002329

32 choke body 631 terminating in an inlet 613 at its

WD 2005/ 047646 PCT/ GB2004/002329 63 1 |ower end.

There is no choke inside the annulus 2 choke body

31. 4 Attached_to the production choke body 630 of
he ﬁ%%%ﬂ&%ﬁ?*g%e%f nbh%zbnﬁe%m‘al@nr%%n A Ty e

$04 iy dherd o ofx BsPIQ U&éé??ménéfrﬁanirﬁcgl?f by

diverter 7 assenbly 604 is very simlar tot
i verieirlB maseimbld eshofods sl @0s t an@2sh&ped OoThehe

rod ' insert 604 c ri ses substanti al | 11
‘gyl in r‘%lg%i%%u%?%%réno&%n%ﬁ%u? 18491 5P n| %’Fd646
32 amtandidd et 1 &Addi vidrer hoyisingn§40s has dongduced 43
gianeter portion 641 at an upper end and an 14

ncr dd¥eaR dt@ Pt thorClsasd Bk ROsbween efrnd 15 16
TThe gandtd t das.an 4 §u 848, and for mE an
17 extensié% of the %edugggg |é%et€$l%%r?%%n %ﬁ.aﬁ%e
818 corfdhit Bx2ed sin drigert tdwmrot het thatishag 6404 S0 t hat
d9 it extends beyond the end of the housing 640. 20
21 The space between the outer surface of the conduit

122 642 mnd-ihe ddweto surd ace, of dherdiousing 6404 or ms
23 an axial passage 647, which ends where the conduit

1124 eaprediitis> butl § ridruste Hovs iy i6uD.2 prwhnetidmgore
138 RS e ard e GAT e R DTy 640; the lateral 27
13assage is in comunication with the axial passage

14 The tree has a production wing 620 and associated

15 production wing valve 610. The production wing 620
16 terminates in a production choke body 630. The

17 production choke body 630 has an interior bore 607
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 607

24 comprises an outlet 612. 1In prior art trees, a

25 choke is usually installed in the production choke
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



28 647 of the housing 640 and termnates in the outlet
29 644. 30 31 The |ower end of the housing 640 is
w@raoaokmds t o the 32 upper end of the productipCI/GBG0d/002329
body 630 at a WD 2005/ 047646 PCT/ GB2004/ 002329 64 1
clanp 648. The conduit 642 is ﬁgalingly attached 2
i nside the inner bore 607 of the choke body 630 at 3
an annul ar seal 645. 4 5 Attached to the annul ar
Thokel D8Ry o3d- i sTAesecdpdn® eroketersadselBpyaBpglus
The s Lyer assenbly 7 605 is of the sane
%ornﬁggggﬂég?¥§s§§%fverter 8 assenbly 604. The
Tonponents of the second diverter 9 assenbly 605 are

h h f the first 10 divert mpl
04, I Ag 8 HotsPRG16BDIon ISRokpr PRFhobar BAubES

ool aﬁeé:%dlp@lfidsﬁnwﬁ%é and 8o o 125 eot a&ﬂ@@rgéﬁ'@%gémbly 604

ortion 683; a conduit 682 13 extending fromt
educed dhankeer pbraiprod8dtberd indehbvi nfha dorverter

89; t 6; .0l et 4; and_, 15_an axi al
ﬁass aagsreg%@%if o?(rigdi %2?%}5 ngjt%g‘gae%l P geld® 1%%’ aﬁﬂf%? ter
fortiaaeal3 dsthie hoysi nyg 6GB8Rand the 17 conduit
&82. A connecting | ateral passage is 18 provided
adj acent to the join of the conduit 682 and 19 the

1dousimng 6354t e bat fﬁ@ér’@ai@@@g@oﬂlﬁrié‘egoa s?]ﬁ%tarétiially

comuni cation with the axial passage 687 of

Lhousigiy 68t erll tkewshag e84 @ n a heondihet €82, JheilRet 646
ousi 0 i by. | anp, 6388 t he annul us
L%S cho e§%56§5%%%@n§ﬁ%'tHg%%gﬁﬁ%%n%Ség@sh%%a?eﬁe?%ced

13 he czizhmertséndqu{idme e U 1 sa ¢ hakse bostyd 63dd asn seal
1685.,25 26 A 3$nduit 690 connects the outl et 644 of
Y he AT EA FHRARTERT RIENY B0% b A breeeseidg

1mpparatus 700.

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
22 042 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 body 630 at a



28 In this enbodi nent, the processing apparatus 700 29
conprises bul k water separation equi pnent, which is
w@oanigeted t o separate water from hydrocar bonBCT/GB3M4/002329
further conduit 692 connects the inlet 646 of the 32
first diverter assenbly 604 tog he processi ng WO
2005/ 047646 PCT/ GB2004/ 002329 5 1 apparatus 700.
Li kewi se, conduits 694, 696 connect 2 the outlet 686
land tHeampl 648 684Thesperdnifel 943f1s heeaBiggtpnattached
iverter: ass I h rogessing, 4. ap t
Zoo: Hhe & oo e 2 T P06 S "B RBR %0 o
Fittehiantoulde condub4S. bet ween the 6 separation
vessel and the first and second flow 7 diverter
Yssenbl i es 604, 605. 8 9 The production bore 602 and
g he gl tSeHOFS 93 arifiext endh dowRoh Pt 3ihesWel Lo cong
fromthe tree 601, where 11 they are ctonnected to a
& ubi il eystem 809embEhob i n THe Fegond. diigerildr Thesembly
ubi sfem 800a jis adapted to allow the,. 15
Fiinul éﬁéﬁ%§géﬂﬁagt?%$FC)é%Pf??th?l ﬁsgn?%y%ﬁFﬁ%
8 nj ects LaMIZONEcBO5 arttk pr@guetddns obf atseco8dotd Wverter
17 froma production zone 804. The tubing sggten]SOOa
18 c&}ﬁﬁ%@sy 07 et it FRINB 105 vHre$e | &F | Bt ebrag
j nsi dg i . sk cti
T S he Tane bare o TR P 1T 42
1 nnercamubi el 181 08 hasdypeed ot smensr 8ddr{on hesT egiden

2 of _t duct i on zane ,804. _outer_tubin as 23
12ererf oernajthaﬁfaiés(gé%ba r?egt?lﬁéa Vi Sh %E??’t he ??ﬁlé%ﬁ O%BQ one
124 8Gxtemdyd nbhrdre alhepl tegh88Ed | &i e degoitidhes @b and

annul us bore 603 which |lies between the outer tubing
196 8T Gty the*TFhett TURThPEERT 9P pl 21y BBUeR 7684, and
155€eparaf escide pardpf dde anlds, bar&,803,4 neﬁl%ged

16 diameter portion 683 of the housing 680 and the
17 conduit 682. A connecting lateral passage is

18 provided adjacent to the Jjoin of the conduit 682 and

19 the housing 680; the lateral passage is in

20 communication with the axial passage 687 of the

21 housing 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



28 region of the injection zone 805 fromthe rest of
29 the annulus bore 803. 30 31 In use, the produced
wo bassrefe ypi cal ly a m xture of 32 hydrocar boPGT/@Be004/002329
water) enter the inner tubing 810 WO 2005/ 047646
PCT/ GB2004/ 002329 66 1 through-dhe perforations 814
and pass into the 2 production bore 602. The produced

| ui ds_t hen pas 3 through the production wi ng 620,
he aQPBFrBBE§a§80-4 GAFSWELRE 0 FONEN 1684 694md P01 connect

gonduthe 6901 8L0ckBeAIPEACCISIAG BRRALALUSIAG NS 1o
rocessi ng apparatus 6 700 separates the hydrocarbons
gron1§ﬁ@00ﬁtéiveahar Zseptbdyalél0y abheheepenertsisgch

. ' centrifugal separation
At erndbargrds JohNY aRe bk oI 28Rk S L7 00 nas
apparatiiss capoconptedeintd any ebnbhettypeswREn the

rocessing apparatus nmentioned 11 in this
gpeci??E%??Bﬁ?nlﬁesi%lTﬁédsébéréﬂé@th§ﬂdo§aﬁbndsfﬂbww
ynto uj , 0 ere they return to
¥he f??ﬁ?gggge?%%?ﬁﬂ%ggésgg%br§6504 via the inlet 646.
&he hydrocarbons 16 then fIOM/domnbtgroggg t he et
ondujt 642 and, exit, the chqke body at outle
%12,u%$%.p AP BRSOt 6§§ £R Copfakeults bogeThAS
1lwat erestepad adledn f 1000 t fige hyydr ocarbansn by L bg 6%1, ghere
rocessi ng apparatus 700 is diverted through the 2 .
1£ondd?ﬂe%9%Fet%%n%§¢%$dp5%sﬁgéubsﬂg andtemnes @paul sisown in
123 W 614 into the annulus bore 603. Wien the water
24 reaches the injection zone 805, it passes through
135 the perforations 816 in the outer tubing 812 into

1426 t%el néqultrllé)nsfsotneemsé?gOazzs adapted to allow the

15 simultaneous 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 inside 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 outer tubing

26 812 and the inner tubing 810. The plug 801

27 separates 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



28 If desired, extra fluids can be injected into the
29 well in addition to the separated water. These 30
wexaosadfokari ds fl ow into the second di verter asBEmNsB004/002329

31 631 via the inlet 613, flow directly through the 32
conduit 682, the conduit 694 angd into the processing
WO 2005/ 047646 PCT/ GB2004/ 0023 67 1 apparatus 700.
Ihese extra fluids are then directed 2 back through

he cbRGarel658caRariiREGLEREBSaRAE G8I3PBEFe 1609 Ade
2Xp|ab9§Qu@99¥ﬁ E@EetQQZpatﬁhgf E%%ucédS?EﬂEé%e@ en pass
water. 5 Fig 25 shows an al't rnatlve orm of tubi ﬁ
§ystehhﬂOBQDbthﬁcpuddngtannlWmag ﬁabbnghazaxlan puls@lage

b 8 822 | | 821, for
APt ThsTRE GREHE0. 000 udhel BRe, Grbtush eU0; spBpedne
- Bbovepancdsinpespparazape7885. The pﬂaeéséﬂﬁbnapéégatus

has 11 gerforatlons 836 in the region of

Produé? oﬁepﬁQaE%ﬁet824haﬁ60?ﬁéb@9§efrpmbthg 822ehad and
per f og 35 [ g t jection

zone 8§E%Q€§ll%5 ?ﬁérog%éggFE gBBgzé mﬁpgﬂ 7 gendr aly 9

%xten@sntouﬁ@gaIGSeperationnfeAeneEnatlvBEylBﬁer
' of axi al

ubi n ] I 17 into a pluralit ,
%ubesggﬁ ?%%n?%§$ £B? PﬁgceiglﬁgoaHEFFB usoRangggmprise
10hi s ah{oys {E@lﬂ§pééoﬂftEﬁoégsBEQQUQ%EQPa%QQGmégélgﬂed
ass between the axi al 20 and rough t
gerfo¥%t?%h% B38CihiepbipAner tubing 21 820 into the
1production bore 602. Fromthe 22 production bore 602
the fluids pass upwards into the 23 tree as descri bed
1%bovérhah@ep@rwta@thdrecarb@n§4fibuiﬂﬁtbnth@ec@ﬂauhus

1Lpore f Ss t r htthe ferforations 834 in the
out er” tUbi nig 8227 ForhRg © %u Rj b2t FoR bRt gdbvepher

15 assembly 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 zone 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



28 The Fig 23 enbodi nent does not necessarily include
29 any kind of processing apparatus 700. The Fig 23
w@o0sidmedé mrent nmay be used to recover fluids apdl/eB2®1/002329

inject fluids, either at the sanme time, or different
32 times. The fluids to be injested do not necessarily
WO 2005/ 047646 PCT/ GB2004/ 002329 68 1 have to

riginate fron1a§¥ recovered fluids; the 2 injected

e

| ui d8PBAGAFEEoVEPed NGRS Skya Adidss Bee Fhempdirected
an- 1 ebabadiatbaaRe oAk Lol FORr efer endhent Big.23s
enbodi nent does not have to be used
anecbobﬁ 6ﬂ3resoeapédlhbdldbpvetfoanta@dmbwmn@ElygeG
e used | t.hod injection. 7 8 The punps 82
gre op??oﬁ%?ed @aﬁﬁ "The tubing system 800a, 800b coul d
pe any system 11 that allows both production and
|nject|on the 12 systemis not limted to the
exanpi8 4PveRCHBO?E. altsreﬁtnaﬁaﬁpym Plie tbbingg system
ste u sg 4 which are sid
%z S|%%§B|%g%gggPﬁ? one %ngﬁggggh§§8{he% OgngroFuglng
8 he cohduang @noandumgrtheallezp;oduatue@ bor eigndttbes
econoll,Il rOV|d|n annulus %6 18 19 Figs 26
o 29" %?%s?r%? PHaFP9S 8 an Reatsd %HQW€ £he
1@i Vefiﬁje@ﬁﬁ@ﬁthnéSSBQt i paer tadew thbRng 324 Eagke
body. These enbodinents therefore allow a™22 choke to
Ihe useRrfarabépesoh3folinhkhai vegien of3thssembbpct24n
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14

15 The outer tubing 822, which generally extends round

16 the circumference of the inner tubing 820, is split

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 834 in the outer tubing 822 into the

26 injection zone 825.

27

28 The Fig 23 embodiment does 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 fluids, either at the same time, or different

32 times. The fluids to be injected do not necessarily



28 912 and a production choke 930. The production 29

choke 930 is a full choke, fitted as standard in 30
WOreowg/0¢tond st mas trees, in contrast with the 31PCT/GB2004/002329

producti on choke body 630 of the Fig 23 enbodi nent,

32 fromwhich the actual choke % s been renoved. In WO

2005/ 047646 PCT/ GB2004/ 002329 1 Fig 26, the

roduction _choke 930 is shown in a fully 2 open

Eosi t%&ﬁ.e 30 PTAGINANS it U b 5P TOEL S Tl ¥ im tote

a produsetl [ t5 Egﬁﬁ; | net.hey pr. it

W ng brg%g%%gzo%l%%%{etav\%cgnﬂt e epr;‘{lrjeoddur!EcltL?'L(;ednspv{n&%Clvﬂa vead be

810 aitdot he-Tegrdduttstoreantmoke FMidEhe diherdf®ire, the

ssenbl, 4 j t he sane as the diverter assenbly

04 of ‘Pne FeTss T G SR, A 15tk paia e ze-
desi gnatedthene dFy b dvid@nunherss; prefdxed e Pnally
Like the Fig 23 11 enbodinent, the Fig 26 housing 940
Ps at PﬁcHé&%t " retiwelspddderiiesttiWimg branch 920 at a
el anp 948. 13 14 The lower end of the conduit 942 is
seal ed inside 15 the production wi ng branch 920 at a
Seal 9u6. pThes B&Oproducktdonslng branch 920 i ncl udes
? secondary 17 branch 921 which connects the part of

he production 18 wi ng branch 920 adjacent to the
1di verrre asperbl ¥yst@mO@4ouw,t odre RN e S system

roduction wing branch 920 20 adjacent to thé
1produtbpbnadheke 3Gh Rresiugd i9pp angl ing daddatred tibe

he p [ Nole! 0, bet 22 the
i vertor agsannly 004 Ng t RS BF B GECT A Sehokg ST gPove
1830. g@tigsaThe,cuiei habiay ofysthe vave Rpande kao
eal 945, 26 prevents production fluids fromflow ng
1§irec??§du§gsfwgﬁp h@rﬁrg&égt'ghsﬂgﬁe 89S tEgt RE one

1outl ein91de 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. These 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



28 I nstead, the production fluids are diverted into
the 29 axial annul ar passage 947 between the conduit
w@458076a¢d t he housi ng 940. The fluids then erRCT/GBR@®4/002329
31 outlet 944 into a processing apparatus (exanples of
32 which are described above), en re-enter the WO
2005/047646 PCT/ GB2004/ 002329 O 1 diverter assenbly
iat Iet 46, from where they 2 pass through the
ondu 11 9 ERE0 RGP T 1980 Shedis) 939 BrsarfdiPp iin thefully
ghokeo838 ggl%q%nputlet 912. 4 5 Fig 27 shows an
aIternat|ve enbodi nent of the Fig 26 6 design, and
Bi ke parts are denoted by like nunbers Z hSV|ng a
prime thls enbadi t he v lLve 92 i S not
needeé 8ec§5§§Itﬁ§ sggﬁﬁaﬁPf BPa §%f M @I Ghihagetion
Bi recihyetre tlke lpcedeet iion teRoks ABRtionl §idistaath & 920
rejoining the production wing branch 11 920'." Agai n,
Phe dPFEFEER §§§eﬁﬁl U@GAOnl§¥§@3W@dvelﬁhﬁwamﬁbthe
produgtbanchhug eaeeehg%%o MY S RE N S sphibaly WA i
fromflowng directly along t e production
%ranchhezeamethe theldsvem$bea@shemmggdmmerkﬁdthkSEig 23

hr ough, t he di verter 904'. 16 17 Fig
L hous o b Ep R S L REB T el Dot Smimen Aasig ha ey fe by
1@ssenbiyelﬁaﬁbeeslogaeedxea aR extensitQfe 191041 of; a
groductlon wi ng branch 1020 beneath a 20 choke 1030.

he dfBertérchSseibry F10046i Sourdngadd0 25 asteleded to
14li ver¢ge ?§§8&B%h8§ ki n g g§a%@ha@§02gt 'tcg%mph%4§3

nmerely rotated at rees wth respect
1broduction Wi ng branch 1020. 24 25 The diverter

004 ale mnthl t he hranch _ext ensi,on
1ﬁser@h¥ @SF' 3B350TA §| §8n4835 9%3 'S F6edEed ipgide
1% he bt@@Cbr@&h@ﬁ§bﬁnwlﬁéleQhQW'@b@ 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 is 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 prevents 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



28 diverter assenbly 1004. 29 30 The branch extension

1021 conprises a primary 31 passage 1060 and a
wG@emondmiey passage 1061, which 32 departs fronmP@i6B2004/002329

primary passage 1060 on one side of WD 2005/ 047646

PCT/ GB2004/ 002329 71 1 the valye 1022 and rejoins the

pri mary passage 1060 2 on the other side of the valve

022. 3. 4 Producti flyi ds _pass through the choke
030 ShdSTEeEr 854 ﬂﬁé&lﬁytﬁﬁblw%%Fa 2 & tiere they

eal [ t he cadaal n 9§ﬁ§ﬁ%ﬁn¥%.7sf
aiver%gég ghggggﬁbﬁy 108%dﬁg%a?{§hlet 1044. %ﬁe%%gﬂgary
Shen BrepphclPly phecesoke 93 0a aprcodéss i lagpanat.us,
s 9 described above, and then they are returned to
the 10 bore 1049 of the diverter assenbly 1004, from
bhererigl2vheyiopasant Aleeghatheesee®REBMERASFAGRe Fig 26
061, bagck 12 into the primary passage 1060 and out
%f théSBuohet ang3lifsopazss egerignpd eshdus 1a keoambed s
yersi Ravohqt hepkige28 1§ %BR@V%R%%dih% gl ke, p22
arts are %e5|gnated by the 17 sane Fef dr ence 'AuNDe
i t h asprphenepdethbsca8sentbdi senbndahy $eeactaopl’

assa 1' _dqges n 9 rejoin the primry passage
§060 SErheitsn TRE=50 Yot tndary PpRLLE4E T0B T Fodds”
l@irecihytéadt b€ edtbehindlthBlldrodhibics c2MRQALMBRENCH
rks in, the same way as the 22 Fig 6 enbodinent. 23
152 T2 EhbodbAsnbs B%eFﬁggeQBeénasggm@éW|&Oﬁé gﬁdggaédd
5 forpu | eptjgn [ S
cor b ot g DRaCGrur fer Sadeanary 2004, MiE6a Bravsnes
127 fuklweds pf pemofkowihgcedetdliyhalbnee thiengteddcefon

14 wing branch 9207, 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 extension 1021 at a seal 1045. A valve 1022
27 is located in the branch extension 1021 below the
28 diverter assembly 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



28 wthin an extension branch of the tree. 29 30 Fig
30 illustrates an alternative nethod of using 31 the
WO bad/odlicwert er assenblies in the recovery of BRr/GBu0d®02329
frommultiple wells. The flow diverter WO 2005/ 047646
PCT/ GB2004/ 002329 72 1 assenbl%fs can be any of the
ones shown in the 2 previously Tllustrated
enbodi ments, and are not 3 shown in detail in this
Ei gur &0ef g liei 3 Oexamice ref Qs filwy /i veaterpassage 1060
assenpli g .ar e Areduct | f jverter
assenb iezleof()%]l'—llte:ff;LL fg‘.d%6%q7 %i‘%agt\%ed?‘vdgir%/er assenbl y
204 is connected to a 8 branch of a first production
Il A The diverter, 9 assenmhly 704 conprises a
ondu?FOEiHSFlﬂ‘f‘o ) léjeqr‘alp@pes %“y\/ﬁ‘% ﬁ%l%ézwee_]dﬁoa and
ghokezbedy1k@ rkeVide thd ivsive Ll fd QMJ @giONdNsidfy s
the bore of the conduit and a 12 second flow region in
Phe ahRtiPushseewded eheuled qorrAsde didl e Bdre difverter
he c Vet | 4 hasi th the diverter
Zssenggégygggigopﬁet%Saébﬁgﬂgga ﬁgﬁgrveﬁﬁgp’a se %P
804 otypiiga23y bewerssedl®y ta irdarigd iisegddrastus, as
gifferent w?y, so some outlets 17 of Fig 23
or r eSF8AILE A 68 0TS S0 dle YW idde Fetremesl taghe
180 Thgobar goab bhe te@ndyivie has: aydlat, ?Lﬂe%@n%ﬁ?n were
outlet 746 (inlet 712 corresponds to outlet 612 0 22
1Fi g 28hardress| shrpaghc diveesysormdslany indsstaB46.01, 2%,ck

it TRe2der /BT RR FRESUCATR 7O Y Cinai o5a ot

1produted2fl uids fromseveral other production wells
1%6 (not shown). 27

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 Figs 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



28 The annul ar passage between the conduit and the 29

choke body is in conmunication with the production 30
wormg/obiwadhich of the tree of the first well A BETGB1004/002329

with the outlet 744 (which corresponds to the outl et

32 644 in Fig 23). WO 2005/ 047646 PCT/ GB2004/002329

73 1 2 Likew se, a second diverter assenbly 714 is 3

connected to a branch of a second production well B.

U Theaseewpllidsveptebeassenblfy theq ongst eoyamdnaghehe

fir | verter. 0 1.S+.l.0C d

R S

3 he comewnhtinfdébeisecandhdsveripetreassenblpikasxamBe,

inlet 756 (corresponding to the inlet 646 in Fig 23)

9 andta®m BLEY eB1725 BEOPPESPBRARRg2ES thE BFerectgrp flow

30 of g 9r£3) - 2 dBengut Let o£22:;S pgonnected to an 11
out put header 703. The out put header 703 is a 12

conduit for conveying the produced fluids to the 13

cverkl T bt Rer SOEPPECnar JERBUR. O5 16 THE R °

passageaweh Weenat Hersengubtiuand ohheel1l7al.nsitde ofividieer
choke body connects the production 18 wing branch to
an owdfeeyba (QAi ERMBEEFESpENESNEH I T1d NORe SHQMEt Sea4ded

1@f Fiﬂigﬁin ng,gérghngHFEﬁB§e7ﬁgdy7%% ?@%v&%@ A &First
all connected via 22 tubing to the“inlet of a punp
1750. Puop 7&8@ibhenns28epassedoakl odf thieesentduditdsinidnto
he inlet 756.0f the. 24 .second _diverte ssenbly 714.
Lopti oFERTYS FRPYnEPOLo8 ATuEds APOMLGEnER Shere Tt
1s3hown}ondeial s8dpuRpedordb oy tpenehéR@ addiyRasged iisnt o

the inlet 756. 27 .
14 emphasised that the diverter assembly 704 is the

15 same as 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.

19

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).



28 In use, the second diverter assenbly 714 functions
29 in the sane way as the diverter assenbly 604 of the
W@ 00F0gr623 enbodi ment. Fluids fromthe productP@NGBoI08/002329
31 of the second well B are diverted by the conduit of
32 the second diverter assenbly7714 into the annul ar
WO 2005/ 047646 PCT/GBZOO4/0023293 74 1 passage between
the conduit and the inside of the 2 choke body, from
fhere they exit through outlet 754, 3 pass through
phe ppip.£30.an en.r. rned t bare of
t he condﬁ%tg?hr%ugﬁ%F g ﬁh e%%$§6%8ﬁ$§5%¥:ﬁ;%gﬁ%d
31 ui dsopasststir abght birhnaigh ft ke searcerdfprdue: icendwiltl B.
nd ipto the outlet header 703, froam 7 where they are
econggd?egoné ?ﬁgeF%F§t%ﬂW%ﬁ% r7§§%éﬁbﬁﬁeﬂ§@mé as the
$unct Fonst 181 det-terenklkkmPacaysa t heprieduced ddidgs 5
fromthe 11 first well 7027are not returned to the
$irstrupddrvépneriagsorbingh70a dhee sEmey Wagave Thge bore of
utle 4 .of _th nnul us.., Lnstead, both of the
?IOM/%%%iéﬁg&ﬁig P%sﬁ&% %ﬁ OBt SHAETSFT RS SEBhdyi 22 an
thave fhiet 7h6wi(ngrrispbadihe sanehd recidtossd nsi dag 23)
%he con Uitnéthi 16 _first flow region), fluids flow
pwar 33 #BnPYheSt7 PRl ¢COREEFRPTPOT Sttaitditt MrrsigPL2
16 he condgi Qg)theThéSOQ%H%%t7ééﬁisow6%ﬂ$§5%%.%Q@an
conduit (the second flow 19 region), fluids flow
Llhpwardstproniendepr dddct i Fhe20ubprug bfeadee f7i0Bst swel |

02 t . U t i Both stre of, upwar dl
1%7 | owi ‘g‘éﬁ?ﬁ?ﬁ?dgg% o%éﬁﬁ’%y&mntgh %%53 PrAGRES Famitie 8utt%$¥
1¥54 ofuthecspcood dikuepler, 24damsgnibllyoc/ b4, fdomrsher e

%hey enter the punp 750, 25 pass through the second
14i verteyes’ eﬂBﬁ?riWﬁéthén°§6538WPét header 703, as
1xlescri bed above. 27

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 of 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



28 I't should be noted that the tree 601 is a 29

conventional tree but the invention can al so be used
w@0asts4d10ri zontal trees. 31 WD 2005/ 047646 PCT/GB2004/002329

PCT/ GB2004/ 002329 75 1 One or both of the flow

di verter assenblies of the 2 @ig 23 enbodi ment coul d

be | ocated within the 3 producti‘on bore and/or the

annul us bore, instead of 4 within the production and

lannulrasshokebbbdees. the GoTHeipr aoes ity lagpaeads the

700 coul e qne or _nore of a wd riet f
2equiﬁ%@%??b?%gyéxgﬁﬁpengﬁs §%SVO€§§§i%gr§% ér%yﬁge$0854’
3coul dbgospEhseugnytht bhepd76ypesdot reqithemertturned to

descri bed above with reference to 10 Fi

: g.17. 11 12
‘The abowelaBacPfbblet FeWIpatnsheoynd béccomprét dPy- 13he
rever edi e r r 4
e | L R RS b o
6of a theecteduit7andsénbby thélouniieth hiesidatrt dOBed firoma
7choke bod% %ﬁ 1112, which is located in the production
wi ng BrRhchtPes 35%4°5F°4Ehfi st mas tree 1116. The
gproduction wing 20 branch 1114 has an outlet 1118,
which is |ocated 21 adjacent to the choke body 1112.
9The diherférsp2da¥serblryassenbily dCdadkhedti®®he choke
body 1: 9 IS l; IS
1OIocaf%%%$39¥ﬂgg§degéggga%%%o géchFﬁef§%?¥§t¥%§hkFg§
lland afsesbnde2b VARver¥2nos ketatreed rrct hdeprfodsdct i on

12212g {ggg Bgigs%%éééygggézgnzget%g%k%e%%%yt%%l%ukie% 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 streams of upwardly flowing fluids combine with
23 fluids from the outlet 754 of the second diverter

24 assembly 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



29 fromwhich the original choke has been renoved. The
30 choke body 1112 has a bore which is in fluid 31

W@ ooosfica@t i on with the producti on wi ng branchpdl/G82004/002329
32 The upper end of the bore of the choke body 1112 WO
2005/ 047646 PCT/ GB2004/ 002329 /6 1 terminates in an
aperture in the upper surface of 2 the choke body
1112. The | ower end of the bore of 3 the choke bod
Eommuin @ aPEsPRERN Ofh&hgortd o difve 4 ot GeRFaion. the

ranc 1 t ter

gssen%%% %é ot g?ﬁ@e@& in E%%%%’ﬁé%?ﬁth%#gﬂéﬁ)gi
Bhas amrodUetnon ammalapdysagehblzzndMMs Hbﬂanmmhsﬂyéd of

f the, |aI assa 22 is open; :
ern1%é PéggPF%FQH ?ﬁ@'@ﬁﬁ@ﬁaéhﬁhﬂk%lﬁ?@H?s
=xi al passage 1122 is closed, and a |ateral passage
11 1126 extends fromthe upper end of the axia
Dassaffec BPoIeing ampauelters J024 domlichdssicde wal mogfe of

he 1 h 15 The |ver
gsse |§¥§%1g5%%§£X g? a%f%é%%ﬁ|ch °t6 “EXtendy f %
8 he qppecesbbsgdappdretueheO@xm@blﬁ7c@ﬁ@ﬁﬂ@% BIR20f the
?omm t hrough_t he axi al ssa% 1122 18 where it
or i HAPSS P S9BEHGCTE36° SPReEMoRoPTEs VLS e TeaRgEe to
1d han ¢ housi ng 1120, so the Iower end of 20 the
stem 1128 extends beyond the | ower end -of the 21
13housing 1120. The plug 1130 is shaped to engage a 22
eat 0 1 S it -bl ocks. t 2
1Zgart 0 %5099 SS??g%eén%ébgr a%E 1ff21%' g-ﬁgmpgetfiy
13 he om«irerseldlar Thaipkugetihénef otaecpr @rertessf | ui ds
%5 fromthe roductlon wi ng branch 1114 or fromthe 26
hoke™ PGy T492 From exiting via the outlet 1118. 27
15The plug is optionally provided with a seal, to 28

ensure that no | eaking of fluids can take place
6 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
19 1114 of a christmas tree 1116. The production wing

20 branch 1114 has an outlet 1118, which is located

21 adjacent to the choke body 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



29 30 Before fitting the diverter assenbly 1110 to the
31 tree 1116, a choke is typically present inside the
w@2008kgleds body 1112 and the outlet 1118 is typPCHGBOWN2329
2005/ 047646 PCT/ GB2004/002329 77 1 connected to an
outlet conduit, which conveys the 2 produced fl uids
away e.g. to the surface. Produced 3 fluids flow
hrough the bore of the christmas tree 4 1116,
ihrougﬁrWéP9§§svinaﬁ@-ﬁﬁeﬁqﬁ%%gﬁlﬁﬁﬁfQﬁﬁﬁﬁhﬁﬁﬁﬁﬂﬂe of
wi ng phaneRoktlhoqgnd 19yt ofpQuti Gle 1118 éﬁ;@ﬁ%tﬂg%e of
choke. 7 8 The diverter assenbly 1110 can be
Petrothet eloke hod9 wehmumy aeltesi ng. tdneher 1bklam6eh c%ﬂ;]_ﬁﬁw
al ve d V2 10 of the.christmas, tree : IS
L eveRt SR o i ReabPaE g Th e ookl S st -
$he diverter 12 assenbly 1110 is being fitted. The

hoke (if 13 present) is renoved fromthe choke body
§112 Byeadivarieanassgmpeiovadil Ophwce ducy limelin dan. thweising

re. T 1 Lve r_as |y A cl a %b
Pnto The ton th bt Al IR s i e, Py s gy The
8119 bkowehaenthef 1ﬁesa8dallg&s@m@&ndszan%g perhoriee. it
f the choke body 18 1112 and the plug 11 engages _a
Zeat TRCTHBTEROKE" 18 B8Oy EE2 1O SORSS FAEhet the
1out | edx1d18pakystbeni20 QEPQMQ%%KKn%hdSﬁpWﬂkeE%lt%%%sage
attached to the outlet 21 1124 of the di verter
1hssenbl 90 131benasi 5rpur Eher uPPeFi pamork cae ﬁfwaﬂepassage
sed iyvert. t [ 0.an 23 .desir ion.
1z‘lior 533%%|E§ %%egﬁFg%gsgﬁég %g'%fet%é%%dheggtggciéea
13r oceswl hgdappat abassiog a12H.conponent of the
roduced fluids may be diverted 26 into another well
14Eore to be used as injection 27 fluids. 28

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 seat 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 outlet 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 is typically



29 The valves V1 and V2 are now re-opened which all ows

30 the produced fluids to pass into the production
WwWowRMWg/04816 branch 1114 and into the choke body BAW&B2004/002329

fromwhere 32 they are diverted fromtheir forner

route to the WO 2005/ 047646 PCl{4£B2004/002329 78 1

outlet 1118 by the plug 1130, and are instead 2

di verted throuygh the diverter assenbly 1110, out of 3

Y he o%?’il%?cjﬁé4l38n8ni %‘iﬁﬁe STk YA fed ey 4 the

A he Opl_{:b&tlcé@czﬂ‘lulas6 aﬁlag/h%u%h. tt%e @go%%ﬂﬁ%ebeerb oduced

described with reference” 7 to recovering produce&

X | ui d5l#den Bleel Ehrohghsaime b®rappdr dthes chatilstmas tree

equal e I nj,ect ui_ds into a well, sinply
4by re%%%gingﬁfggggl8ﬁ}gﬁst&g af@'%?digggcwg%ééﬁﬁd
5f | ui dsreoutdient eintherdinver ten 4,1bnassembloyr B0 At 1113
the aperture 1124, pass through the 12 diverter
6asseﬁ£}% 419 0cheke- production wing branch 13 14 and
7into the well. Although this exanple has 14 descri bed
a production wing branch 1114 which is 15 connected
8t o t Hth@rotuerten besembfiyalw@ll cahheel Gedirodritteed to a
assenbl 110 _coul d equal | e, attached to_, 17 an
9annuﬁ%§xkﬁ° ecg%ﬁﬁngo HSCPgngB%aﬁ%aﬁ Gl yéhesg Virgnd v2
10br ancdit atite athansthys beee 0fi1khe wakls, paRdeusad oty
19 divert fluids flowng into or out fromthe annulus
1120 borlelidh Es@kpie srta Bheeprernaysaasity taet ddived teo
21 an, S e: hody. has dy n ribed 22
12mﬁthn?eferéﬁ%ef?ng%g g§?982§§538§rg gggsﬁgaéga %
13al t ez s aret enbodiemovedf faodi vbet ehok@5basigenbly by a
1110'_.attached to the christmas tree 1116 26 and
14Iikeﬁﬁﬁqééﬁﬁl?a%%vﬁgsPﬁﬂg?gHrBykPPWE nlinbBfsas?- The
l5h&WIulvtﬁﬂéfﬁhsgbﬁbEﬁrl§103§stEﬁ@nlélgm%§dtBﬁt%aﬁﬁe top
628 christmas tree 1116 as shown in Fig 31, so these

1 of the choke body 1112 by the clamp 1119 so that the
17 stem 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



29 reference nunmbers are not primed. 30 31 The

housing 1120' in the diverter assenbly 1110' is 32
wegloshdwical W th an axial passage 1122'. HoweRE€T/GBD4/002329

2005/ 047646 PCT/ GB2004/002329 79 1 in this

enbodi ment, there is no |ateral,passage, and 2 the

upper end of the axial passage 1122' termnates 3 in

n aperture " in_the upper end of the housing 4
120" ‘?uEgthiﬁg hBYubp&r PeNd & 30ne amsLUSTR BTG s

5 opedy he haknpa ' SRGL f
b the o e RSP 112 o of
¥ andtppert éatis]1THeaapernmoe th3@ipeam e aorreeiedo
B to extern # ig Egrk (not shown) 9 10 Fig 33 shows
a fur erogﬁ %?nailve enbodi ment of a 11 diverter
fassenbly 111011, and like parts are 12 designated by
i ke nunbers having a double prime. 13 This Figure is
gcut dHtlageehr the saPve bes brenrésscrilbest wilid reference
hri § St a , he 15 .preyious
w0 arbod ronts TAghr atorRe SARTEENEeol o AR  of Pinieme
Senbodiremtaisgs t beusdmegaalilobe aéeaheollnﬁﬁewi@u&iUwo
enbodi nent s, so.these reference 18 nunbers are
“not prt red %%f QOS*ﬁEEHoﬁgiﬁ@vffﬁémgthﬁhélPWgO§3tﬁe
1oenbodimeidsi s 2d5sebstaptiabky cbhedsanReas thie Jhousing
1120" of the 22 Fig 32 enbodi nent. The housing 1120
11 s 2@3ATny i thi0anl Bas arcakiar pagdagpabs22hrdgh the
xt engdi r en, jts. | .and_uppe 25
L ande btk of Wht oh of e Ehln. ChrePxparEh BN 13BB bsghen
13can Bel comhettted the ewébinal Aptpewghkthnet eshopny ha

[ " ided with an_extension
1428-HH%§E¥£|£ §J§¥%dbgtféngggg 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,



29 portion in the formof a conduit 1132", which 30
extends from near the upper end of the housing 31 1120

WO 2905damme t hr ough t he axi al passage 1122" to aPCB&B2004/002329
poi nt beyond the end of the housing 1120". The WD

2005/ 047646 PCT/ GB2004/ 002329 ,ﬁ% conduit 1132" is
therefore internal to the housi 2 1120" If and

defi nes an annul us 1134" between the 3 conduit 1132"

land tife todsi agbed2aents Shire liaweo dideafalt massage, and

T MRS RPN Rl

31136,inseath hapekrtueaniseal 8nwitthd mgddrs dreCess,tiNthousing
the l.ength of condU|t 1132" 9 is determ ned .
‘%\ccorlgl 1y.520that BEesHemST £ ¢3Fhe Aowoiwill20’ is
132 i de e A 0 1%§gy 2

51 oﬁgﬁél veﬂl{é? E%éaéggﬁgl ?a 11331 rlﬁ‘tz?wtv\% I st r]1a(]:it]EL of
@nd Separete lhrpeghohse Aousmng|ﬂi@&ﬁ1h&twhﬁnnmm$ Bywer
%he bore of 15 tﬁe Egu it 1132" a e har of the

br odGefi oPPEE GIHG - ©1 £PF it éat E%%e @IﬁﬂﬂPeCted

81112 toeatk ©@rnd¥ ﬁ)ﬁ!péh@ﬂkm(h@tt Eht8n)The second region
is defined by 18 the annul us betmeen t he conduit
9132" and the 19 housi ng 1120" /the choke body 1112.

10Thus pihhes 205 £gnduit f&l%%" ﬁ%%r‘:ﬂ%%fbv%g%en &’dl%%“tﬁ%% a

these two 21 regions, “the sea sures t
1&her@1mexmﬁrZQSEémbaycéﬁﬂ@ﬁlcaanmwﬂmxemgaruduaﬂetmn

egi ons,. SO ha he e _Cco Ietely S rate. .The

140 SRR E5H Rt LIS BrRRER TG SO Hen s 1

1Fi gs TB@S 2bi ghde?1s Wuthofrire aditkfrererce diRat he tl'ﬁleg rest
33 annulus 26 is closed at its upper end. 27 28

Hse, ofh& hebelr hERP3SoF rRPgd s32hengag® ey that of the

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

previous two embodiments. Again, the christmas tree

of this embodiment is the same as those of the
previous two embodiments, and so these reference

numbers are not primed.

The housing 1120’’ of the Fig 33 embodiment is
substantially the same as the housing 1120’ of the
Fig 32 embodiment. The housing 1120’" is
cylindrical and has an axial passage 112277
extending therethrough between its lower and upper
ends, both of which are open. The aperture 11307’

can be connected to external pipework (not shown).

The housing 1120’’ is provided with an extension
portion in the form of a conduit 1132’’, which
extends from near the upper end of the housing
112077, down through the axial passage 1122’’ to a
point beyond the end of the housing 1120’’. The



29 function in substantially the sanme way. The val ves
30 VI and V2 are closed to allow the choke to be 31
WO 20060¢4d rom t he choke body 1112 and t he di veP€EGB3®4/002329

assenbly 1110', 1110" to be clanped on to the choke WO

2005/ 047646 PCT/ GB2004/ 002329 1 body 1112, as

descri bed above with reference to Fig 2 31. Further

pi pewor k Ieadin% to desired equipment 3 is then

Bt t achRAES Tt fd 33per £6r Ehersdorel Higgrernme toy tis drawsing

assem] yodd105, 41 n_th r j t

N e L %@Fﬁlﬁhﬁﬁgﬁt‘g bR e

Bperteprdull18134d’ 1280 thel3@using 8 Uad't'he Fig 32
nbodi nent, there is the option to 9 divert fluids
into or fromthe well, if the valves 10 V1, V2 are

sopen, Tiaadl dherophboB £t enexebwde itthese2 21 fd WhdsHE to
closing at |east one of these valves. 12 13 Theé

%enbodi hent’sbéfeFprgsegesandn3hearhskaussdin d1124 and is
eco L ds. § or.Lhject, fluids,intao.a well. .15

Tany o Fhe e mnadt et o2 Mon 2Lt Ahed o W fE Seal

8or oduct loihn chioke bedgsmpyaakit ehratlierelth e ajdnachied 11327 7

917 to an agnulus hoke bgdé gf an annul us wi ng branch

18 | eati Ay T AR AnAGFAEBBAéYof a welI. 19 20 In the

10Fi g 33 enbodinent, no fluids can pass 21 directly

between the production bore and the 22 aperture 1118
1lyi a tHe SWPY: btAnERI1334, theecroduide 12324¢aldivis®s the

ThiSé%gggﬂ - pt.i I u i,on_24.as a_pipe
12connector f@?ggég?%agi%E8E%tbég&n2§?§dapg tfg Fﬁg% er
13wel | asrrmiekanpl 0’ t hénEbgt83 dabadinrentneoulepardfe
l4sinpky be used to conQect t wo gipes t oget her. 27

Al termad 18t y, 7IGTESEfFoAing LAr 66GANERe Paxitae boge of

15passage: ld3Zduimy1 D2 di r geliednbNbartO0b MY eCPMBquction
16 wing bore 1114 beneath the choke body 1112 leading

17 to the outlet 1118. The second region is defined by
18 the annulus between the conduit 1132’’ and the

19 housing 11207’ /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, so
23 that they are completely separate. The Fig 33

24 embodiment is similar to the embodiments 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 V1 and V2 are closed to allow the choke to be

31 removed from the choke body 1112 and the diverter

32 assembly 1110”7, 1110’’ to be clamped on to the choke



29 from the well bore via a bypass |ine. An exanple

30 of such an enbodinent is shown in Fig 34. 31 WO
WQRDSHIHIG6A6 PCT/ GB2004/ 002329 82 1 Fig 34 sheewGBRh@®4/002329

Fig 33 apparatus attached to the 2 choke body 1112 of

the tree 1116. The tree 1116 hgs 3 a cap 1140, which

has an axial passage 1142 4 extendi ng therethrough.

The axi al age 1142 is 5 aligned with and connects
1dire§¥1 Egﬁfie PFodBEETroReds2bore ot thhe afiesentrido Aig

of 1 rstzjcondy c h i-al 42
Lo arocestr Ho g L R o SR e i Rt bene
Jappar#t G a8t paghed tonphesepamypuat tHS0Yypas30f /. The
proc j ng appar at 1 Cri ,Ln thi
4spec§$$%%§%%#;a%@%ﬁé%ﬁdgégﬁguihgﬁgl 1558 %Bﬁﬁe@@suﬁﬁ@ to
5pr ocelsielq apbat@s usn1d48nhte Hheect2oapentetenltl3gh in
t he housing 1120". Valve V2 is 13 shut and val ve V1
5 s opShVeRP Yl RPeEkBYes LLuBdsnflr 334 welll30f e
sfluids travel up 16 through the production bore of
the tree; they cannot 17 pass into through the w ng
8br andh th®l Hieraid ecmibod8mehe, VR2heakve swhhehobsion to
cl osed, and they.are jnstea 19 diverted into the cap
o 190 7RE Y 11 Apakate h%ugﬁomzéhﬁh@e&émdaift theggalves
10t hrowgh wire FOCHSSH NG RRPERAL Y5t 18h %$4§xéﬂgdéh€%eéée
then conveyed to the axial passage 22 1122' by the
1lconddilttid 650y Thee$ing dat t tasst doanof28hehe srilaks.
1opassage 1122' to the aperture 1118 and are 24
recovered therefromvia a standard outlet |ine 25
13conng&btedmimdimentaperf uFegs 26 274 T83i Bhackef LBkdSto
into_a well he direction of flow 28 is reversed, so
144 hat rFﬁSVﬁfuift ‘“t‘gs b‘%%j%%tjelaﬂ%?% fo9igassBHOi At Belhe
15aper htyeo ¥l k& Anthiod & rhdVels COMYEY €8t tached 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 33 embodiment, no fluids can pass

21 directly between the production bore and the

22 aperture 1118 via the wing branch 1114, due to the

23 seal 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 simply 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



30 through the axial passage 1122', the conduit 1150,
31 the' pro cessing apparatus 1148, the conduit 1146,

W b@sMO62005/ 047646 PCT/ GB2004/ 002329 83 1 capClGB004/002329
and fromthe cap directly into the 2 production bore
of the tree and the well bore. g;3 4 This enmbodi nent
therefore enables fluids to travel 5 betmeen the wel |

bore _and _the aperture 1118 of the 6 w branch 1114,
Tahi | $t%yFasth A t hBSwh hg BPaAERATRLEE] ARG thhitdie

22 Mo giniRat B@a@( be1 espgei ahky tirRe8148l4l S 'T'(};'ilev\"{'r%% YR8 6 has

wi ng branch valve V2 has stuck in "9 the ose
Josi & ¢apr [Inl4ddi vhiahi bas wo ahugll©aemb@@|ﬁme t he

flrst ndui t does_n | ead to_an perture in_the

%iree %%% %ﬁgﬁgqu gﬁr?ﬁg firgg flézn@€F§aﬁf4él42 is
scoul dluqslte&zadw@mn@ﬁ@ b@nﬁéc@@nuhl}&%ctl% l%a%% ARt ion
annul us bore; a crossover port coul 4 then connect

& he RAAEI O Hore §6c€hel pPodudt iéﬁstsc@@ﬁ@ltu fl146
7desi pednAlys openi ng; LNty the Er§§4 Gtgag'% %%e%%%%

be used. The processing app ar 7 cou
8any @ppﬁhetnypebl@%SCrThedprncébsinglap@peewhscaﬂm@nmay

Qor could alternativ be, omtte 19 completely. 20
%1 THEYET éﬁbo&?ﬁéﬁ?g %%9et¥383a8 aﬁFSﬁ@sﬁﬂnﬁkSPP&Fﬁﬁué

1022 sabectabdd LONNELE Pheeweikat9ohhe wekbcoWdt Rewlhuit
23 having to disconnect any of the existing pipework,

1124 ahdSH cROUICEESi he fPEQRESFLBR oPPRIraids (184K hg 2be
12froanE§tW%é iigéhxh ogﬁénhoug9n§81126 usesvgﬁv%h%Z is

invention are very wide rangin e farther
13pi pewbrk atthhEUVédVlhEsdopenter 29 assenbly could
14Iead to an outlet header, an inlet 30 header, a
further well, or sone processing apparatus

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 wvalve 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 11227 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 into 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



31 (not shown). Many of these processes may never have

32 been envi saged when the christmas tree was WO
WQRDSHIHIG6A6 PCT/ GB2004/ 002329 84 1 ori gi nal | BCT/GB2004/002329

.Installed, and the invention provides the 2

advant age of being able to adapfsthese existing 3

trees in a 3 -ow cost way whil e Tteducing the rksk of

4 | eaks. 5 Fig. .35 shows an enbodi ment, of the

]1nveﬁﬁgn%1%geﬁ%acfﬁPWthGaﬁﬁéddﬂé@Qﬁ%ﬁﬂﬁWW@1@5% into

A he Bopraducsth ThukdsorAcnel 1head 6ap 40e o ki ached

to the top of a horizontal tree 400. The wellhead

Xap 10 40e has plugs 408, 409; an inner axial passage

402; nd an.inner | ateral passage 404, .connecting

% he f?£%n%%r<g%yg ngagégﬁgfgéf ﬁpﬁﬁggﬁ %$qﬁd%uﬁ9 tEeel

tend bk3wefern ok | weLbDi Berensant +4:0 abs ratirached ¢ o 4 he e

i nner . 14 axial passage 402. Annul ar sealing plug 412

6 s 15 BTk ol sédt vhélahnbyos Sbérgediet e ndop emh

of  167qoij4 FNng +pser - i poer ;. axial passage .

02, 1T G b g Reert B UGy DU Rp 11 o

8di anmeeer s18 rextlends menmﬂndsbtannhana&harvgeabbn@tﬁck in

lu 12 into .19 the, production bore 1 of horizonta

9€hr?§ Fas e 3&?%568“21 EQZmPﬂlg%S?tFﬁPéttEOGﬁ%§
l0conneebed in@ree gashé NFeeét 0Bonddiki ABedlbotEGASAS to an

punped fromgas injection |line 414 24 into christmas
L1t ree2B8p LAGE dhd-1e BFeereed- by Fprugxapslens tdewsirst

I Nt o.gAk; tubi i 410, e X 26 W t
12the Srogbgﬁggﬁn%?J?ggiénl%%geaglFggﬁﬁgkg§§ 57 Fé &23§
13t he deasicty aofd tdre producedodlal ds, cgbe¥sbger2Botrhemould
14"Iif%". The m xt.ure of oillmelé flujds and gas 29

t hen £ FAv &R prideftciFant bor °i° FR the BRARGMGSISD
15bet weenepr aducid HNrddr € An@ndp&Rihgt YALBIhRSehke

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 These embodiments 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 invention are very wide ranging.

28 The further pipework attached to the diverter

29 assembly 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 nhever have

32 been envisaged when the christmas tree was



31 410. This mxture is prevented fromtravelling into

WO 2005/ 047646 PCT/ GB2004/ 002329 85 1 cap 40e by plug
wao®s/oamees ead it is diverted into 2 branch 10rE¢DGB2004/002329

recovery therefrom 3 4 This enbodi ment therefore

di vides the production 5 boreg,nto two separate

regions, so that the 6 production bore can ?F yzed

both far .injecting gases 7 and recovering fluids.

Trhi s 56 FI0gHt rHLF T bLRAovANIB RS ﬁ@df@rﬁ?lqmjpéfgmdes the

41 ui deiveind 3R 3ubasnbore: of 1hhe g 9 el]os migh, .

cannot mé%i@?f t he anﬁgluslboFe %ggghes f@eblg%ke&Pgin

% he daweentinonall eret hods, walii whiflel yedmcihl the risk of

@annulyus hore, a bl ocked annulus bore would mean 12

the entire tree would have to be renoved and 13

5 eplaced, whereas the present enbodi ment provides a

54 qui.ck and inexpensive alternative. 15 16 In this

enbodifent? EREVHR v} t ¥Rbadsrabtyoifs thise inwensiion

t ubi [ Rt 4 h nnyl i I 8

Ttz 55°038 kUGN 2 T B3R, 1RY e 5% ne

8Fi g. P3®duzedappariaiss; 2 heehppasdt uapandet he Egm%bh@@ to

are 22 sane, ,and. |l i ke parts are designate y

i kettﬁgn%gpsf) o B E gt Eﬁ%@\s‘l_ﬁﬂe gase Hpddbrad cap
10appanatusaef pFugrs 3608 254 gopbinednwbihakhe f baWsage 402;

diverter assenbly of Fig 3 26 and |like parts in these
i wo 8PgwrRgdNBRE desigmat deRsDF9RetB4wi thnhekeing the

nunb I thits {] I 4__2 nd i.nl.et 46
12are gﬁggrcgﬁ%ggt1?%%g§%né§§é§%% 29 g%@%ggéﬂﬁoz éPg end
13r espeét bveoi hnendiaterialspasség@sis 30t3thAdbeestBE inner

[ tween the
14pun‘pa§49g£ E%Qgg\g eI S4Océ).nne2-(\:r£negl£re sealing plug 412 is

15 provided to seal the annulus between the top end of
16 coil tubing insert 410 and inner axial rassage 402.
17 Coil tubing insert 410 of 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 oil well fluids and gas
29 then travels up production bore 1, in the annulus
30 between production bore 1 and coil tubing insert

31 410. This mixture is prevented from travelling into



WD 2005/ 047646 PCT/ GB2004/002329 86 1 outlet 44 and
the inlet 46. The top end of conduit 2 42 is
wa@eabiosmghey connected at annul ar seal 416 to 3 PCTEB2004/002329
axi al passage 402 above inlet 46 and bel ow 4 outl et
44. Annul ar sealing plug 412 ofggcoil tubing 5 insert
410 lies between outlet 44 and gas inlet 406. 6 7 In

use, as uﬁ?t e Fig. 32 eandinent,ig:s is 8 injected
T hr o 4t %0 PAL §0BRr Lapiveact e i8apti v Hmsl dmto
2 s dieried By pbuord08yang andulal-agealing 10 plug

412 into coil tubing inser e gas 11 travels

3own the coil tubing insert 410, which 12 extends

into dept hs. of the well.. The,gas 13 conbines with

% he M® ULt ne BorEBRFoR ReCS14 AR BB on

5gi vi m@richd fdalitheo "sephraandragkiong, t Remenls easi er to

unp. The booster punp between the outlet 16 44 and

he PRICEUCAE. QR RRLE hean ghssaaedpbeitic @ rl inflegitdaumases
7t he appul s et wee s wal | .production .18 hore

and coil tubing in e%?ﬁﬁﬁg. V@éﬁgtgg g%u% SRS & c#nown
8condmietth2ls tdeyirajecti fenidd byaseal andd liudt ®or0 dfhehe
9annulwu lbetwe.e conduit 42 gnd cgil tubi ng 21 insert

410. "The £ 'UFdE ar P Ren"F Sef-f el By 2BRNGREr Pogs becomes
10seal bngcpluy 41l t{HOUGHN GEht 8bnd4, mERREHEN (M8 Z3 re1y on

boost er punp, and are returned through inlet 46. At
1124 t s pointlus Ree¥¢ui dsbpaskeilnepnthesabpreusould mean
12Created 2% ihetween th 0 i reltree cap inner

axi al 26epa§éage and %%%g%i?ggé,angghgebgyﬁﬁeaﬁgunded
13by 2%pdealesl,4iramehd3thdsprbschtubtibodanaat passides a

seals .28 416, 43, they, are djverted out of the
14chrigyﬁﬁg f?%%el%ifg?ﬁ%bﬁﬁ %gﬁ9€ni§l§ﬁd branch 10 for
15recovery. 30 31 This enbodinent is therefore simlar

to the Fig 35 32 enbodi nent, additionally allow ng
16f or fRetBiigercgisfiiment, the diverter assembly is the

17 coil tubing insert 410 and the annular sealing plug
18 412.

19

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



WD 2005/ 047646 PCT/ GB2004/002329 87 1 of fluids to a
processi ng apparatus before returning 2 themto the

wo e@s/0§one recovery fromthe outlet of the 3 brPerCB2d/002329
In this enbodi nent, the conduit 42 is a 4 first
diverter assenbly, and the coilgtubing insert 5 410
is a second diverter assenbly. e conduit 42, 6

mh h f r diverter assenbly in this 7
ebod i HoindALFELFG BE-1 o Reed o e & conduit

2pr oduct ii@n Ml%ng@& eé@ﬁﬁé&@eéng‘ﬂd'a%ﬂtl%r”@éfgsql169 to

any of the other forns of diverter assenbl
descried iax it @W@@aﬁoanabevg 1al@rtvér6t eundlbelow

4assenpl n ch dy) .in,co cti
COI|%Rw%TEQ ?%se% bg ¥ S?ﬁél89£83 gﬁz Cof tﬂ?lng
5Mbdi finsatritors (and & smsevessat §uﬁﬁ¥tbq 4 ag@r @@%atl%qetiioes :

wi t hout departing fromthe scope of the invention
6For exanpl e, as stated above, the diverter assenbly

A7 coul ddae ald aghadhd oag. agg Eﬂﬁigtﬂfﬁggt 0% st ead

18 of to a productlon ard be
8notednﬂﬁaﬁeﬁhéhtbowﬁdlN@l$9r$06f1Etgsch2152&as2ire%2cap

29 .an 32 cou al s ed 22 in_the Fi
né?ﬁo% t hE g $ék% nY éﬁgmﬂn?nanﬁﬁlﬁng§@%lng
10| s j p&hg0m62pﬂ$1$bb|cﬁ>£l(alﬂ%§ngZﬂnsga'?thlK@W' S@het Bes
nmet hods shown in Fig 30 were described 26 w't

L1y of eFER¥ELE0 oM Eifg 2 hbodbieat inpartt Aéfe wmch
12coul dybenaccampli shed ;f%h@na%o{h%h% fﬂbod;rﬂgm 5528
S hes e e

providing two separate fTowpat e inc
1329 eﬁbmbnnreﬁt yioh FEihgs w1l Bluilds 20 the2Boandm26ft @he
od of Fig 30, so

th_nodificati the th
31 t a%Y%PU|ds %V%HQtéb%wﬁ}u%Q%re bhiy PRYUTFEdREotBem
15f | oneteithetouplgp .headesr FOSstakthowd BOYwaSH theNoutiet
16 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

19 reach conduit 42, they are diverted by seals 43 into
20 the annulus between conduit 42 and coil tubing

21 insert 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. As 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



WO 2005/ 047646 PCT/ GB2004/ 002329 88 1 of fluids from
the inlet header 701, the enbodinents 2 only
w@e@giodiong a single flowpath (Figs 31 and 32) BCT/GBR@4/002329
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
y fl s .f on1me|| A, the Fig 33 enbodinent 7 could

jal S0 OEg S &3 T LOREFHBPaPPBAS 24Pl Yef@res Badluyrning
B. 9th%Q1?ﬁﬁtm%tQQQe@ffgigré@ov@@?C%rbﬁvghﬁe%utlet of the
recoverin 11 fluids froma firs injectin
At | dxenca 12 pdﬂtrbml@femhegeméhub Shenbenmu&ECmmdls a

[, I Likew se achi ev with_any of the
oo l%%%at ST %Sn%kﬁ$¥’ of SE ©30P4 16 upinggngsrt
!22 amd026ste skoo2fd Nvbraedi f56ahboRs t@h%hb%n%%EQQQZ
é the 16 renoval of the conduit 234), the single

| omﬁ’é’tlﬁ h1 FogmE0ai MARNALFi §5VeItandaFFgEL3Y doultdis
“e u 8 t ,.33 n
enbo%?%gﬁghﬁg%shgaﬁaégégg ﬁgyewgé b 90ﬁ§E%§m§natPirst
& ecopeprgumsiibnAbantk a .EiksemahﬂvenpmbbdmmeweblmBy use

VEII A a d a have a 21_t d a diverter
Saasse oy gccEFdlﬁgﬁ§)é%iﬁ%lof2§l??5£8§ gPapeddver ed

10f r omdeekl-iBedi ant ki s Y c 281 85se8byY; at Revhlkieds
pass into a conduit C and enter 24 a processing

Happafacaeepy ?HeapKHE%@%|b@ﬁﬁbphﬁa@gejuggtiﬁclwdé@ &he
12869666&@911%99@*ilhlé%xac!‘dzl?ofiﬁ“ﬁh% BELa o158 B

processi ng appar atus separat'es carbons from 27
13t he recovered fluids and sends these into the fluid
1428 r R for recovery. to the surface via this riser.

29 T e %S%r%? FRYST AU e e e e Kt Be coREaFPOpAEed

15whi chiteads ﬁép&h&qﬁkyeﬂﬁﬁﬁ'@§§e§@$% e0brtPRe3invention.
|nject|on wel |l B, and fromthere e fluids pass 32
16 nt o' PReSHBFPLBor 85 THiat echiripvent tlag | digerter assembly

17 could be attached to an annulus choke body, instead
18 of to a production choke body.

19

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 Likewise, 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 required to

32 flow to the outlet header 703, without any addition
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fluids whilst bypassing the export line 2 which is
woersalieye connected to outlets 1118. 3 4 Therhmnpemmwmnsm

with this nodification, single flowath 5 embodinents

could also be used for the proguyction 6 well. This

nmet hod can therefore be achieved with a 7 diverter

nbl y. cated in the productlon/annulus 8 bore or
I oa %J rF& G oBnEhGi tRLRbsPearernd 0 rerfbsdisbmcsiment s

2of  digrant %froaﬁ%ﬁﬂ%yad§§ﬁ§igeglbw LS (b % 5P ESh2)

specification. 11 ~12 Li kew se, e netho
3n mhk%ﬁi%éﬁéve&ya u8ednd Ahrecnabmvedguruﬁwﬂﬂu&dﬁﬂﬁbre

wel |, ld b 4 _achi eved he fl ow diverters of

Fros 5 etes 8 PrartiePretsPefiees b it header

!ﬁlVeﬁmarﬁmdsﬂm%ﬁﬁ&ﬁﬂeﬂGhéﬁdéBe7QBOdWQEh%%t the addition
ore/ annul us _bore) . A first 17 di verter assenbl y

coul @théWoddtdds nf¥ee produbti Bhe F8obaPe eamddament

Seco ivenrt.er y C to the
7annuF%gqgh%%gs Fﬁfggggé gyéglg 8ngghgﬁﬁegna5|@§ply to
8enbodiedenBs (not shomn) may have a 21 diverter

assembly In the annulus bore, simlar to 22 the

enbodi nents of Figs 2 to 6 in the production 23 bore.

1024 ZheThethog 23 netdogds, |ﬁhﬂ@hcmnﬁgﬁ9¥§rXe@%@erlng
injection 26 occur _in the same wel |, could al so be

Llachi éd8doii fHom A dryrot wabl o@h@rlﬁﬂeétﬂeg assérblsites:
12des%b9%‘iﬁohnof2%ﬂékee agﬂv\%&%;ixg@o Lngly FLWO could

di verter assenblies 0 not prov de
13sepaﬂakeWﬁbempatmﬁhﬂvwéﬂ ekaphey 0b fobResuab- &debb%%
39. Thj shoms t he sa

14Met had | sho
4reed éﬁ@eﬁgn é%ﬁ#%@?h 32 ol Fi g281°t 8|@§rﬁéﬁ 26 to
15asseabli ewithnmbliiss i@k {688 to this method (e.g. the

16 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
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the fluids recovered fromthe first 2 diverter
wa@s®senwieys 640 connected to the production 3 boPE&r/682004/002329

are returned to the first diverter assenbly 4 640.

Instead, fluids are recovered fgwomthe 5 production

bore, are diverted through the Pirst 6 diverter

Ly 640 condui t , 690, which 7 leads to a
B oo B s oI5 Whhlop: bYBESPAGS & hanpmarts Line
2700 eoulth he %}tn&fl1tyhec@1@§éc€§§%bb895'1%ts 14Rigs

application. In this enbodi nent processing
:%pparatus 700 including both a separatlng 11

a a id riser e surface.
4222a?2%%§f%%% sgggﬁages %y%o%%% 5% %OFroﬁﬁpﬁéer§§PWPf§h
Sof t kabpoddiuned oulds abssl Boeubydr e6ar boas p%%lu%%lon

ecovered to the surface via the fluid riser
i | ¥6ltthe TB4F BEthRrE f93p d%h%ﬁ%f@}éﬁubﬁedchaemel wiﬁh a
Ttreegy pdyi ) dhujds ni.ec
|ntodt¥§rg%nulﬁée@%rg via ihe ségd% %ep %lfg/anHUlus
8assehbirg ©80in §9W2@ngEHEﬁ@ﬁB ams$ withsmbate?fbyhbhe
gexa n Fl s 38 nd 39 met hods o
recggéﬁédgn F% gtg :523$ﬁﬁ£%}¥1@%8CFébﬁ€tﬁ6d§hls
10mhichpbnﬁEmdet&bﬁ.return of 23 some of the recovered
fluids to the diverter 24 assenbly used in the
11recovery, or return of the 25 fluids to a second
12p0rtL9ﬁeQEs@ ftﬁétm££ EQ?QQ? ﬁglgy Ai% Qaéc ahefRvery
di verter assenblies s own an scr
13usedaﬁ@rlboﬁhtnenovecyrnﬁufIuhaksammi&éﬂlgbeggﬂﬁgb@ff
flui reversin flow direction y o
4the %ﬁ%y%lnenV%éghg%% &Y% KW e Ao ct B dF 85 32t@ 6 (so
15pr odtnat oat Wi 8gsbr ane hogownd imshead perconpected,careg

16 in the production bore/annulus bore). A first

17 diverter assembly could be located in the production
18 bore and a second diverter assembly could be

19 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, could 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 39. This shows the same tree as Fig 23, used with

32 two Fig 31 diverter assemblies. In this modified
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W ng branch, or another branch of the 2 tree. The
wepdsmitsent s of Figs 31 to 34 could be 3 conneRd’EGBR@®4/002329
ot her parts of the wing branch, and are 4 not
necessarily attached to a choke,body. For 5 exanple,
t hese enbodi nents coul d be Ioca%ed in 6 series with a
choke, at a different E}gi nt in the 7 w ng branch, .
Such BRERIIWMImEt AE ERBodilveistss Isfcod g st DB tith@ofirst
104 1 04 / 0023 1 dainms. 2
5 WG S TR e s iR
3 gasoamet [ 60Zonpei sehgrachiowsi richehabdi g m\géﬁﬁﬂaaéséembly
assa wherein the _diverter assenbly is adapted to
‘g con%@:t t sat%‘?‘ﬂncﬁglifl_dtshélrﬁarﬂef%}v&reﬁ grom He
i verdesqassenpl yoas, Cb%b”%l‘iv‘e'}t@da'ﬂﬂrjou%lg Here Ny
the diverter assenbly is adapted to be 10 |ocate
& t hihieeiore dshseami Mg 6BPadoiro Bl corB.t A vertiirh
sse s, cl ai in.¢claiml or 13 i m wherein |,
7ta‘he %éua}s/?%gtcf 53 a%ngg?%as%Bgcs‘ﬁﬁS&atUﬂ 7;blooa'a cHok @By S+19
85 Hpphratul VEOOecoassepkl yngs o an®drds a¥scribed in
receding 17 clajm including a separator to provide
WO AP LT egRons Thi ChLF ERPGiiFeer Hisenbl y.
109 %gqo%eﬁiqig\’eéﬁv}_géréﬁﬁgnbbb @Lﬁc‘lcq_lu@i%d HRARY separating
recedin
lf) appé&atus and a fluid riser R to the surface. The

12 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 second 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



21 claim wherein the housing includes an axial insert
22 portion. 23 24 6. A diverter assenbly as cl ai ned
WO pooshogions 5, 25 wherein the axial insert portiPCI/G82004/002329
the formof a 26 conduit. 27 28 7. A diverter
assenbly as clained in claim6,5; 29 wherein the
conduit divides the internal passage 30 into a first

1regi %n conprising the bore of the 31 conduit and a
second F@gia&ﬁu&dﬁ%rW%PﬂngﬁécﬁanFU§no§@%thﬁ€@éwhI@ef the
shousitigcand thae &ANGYEhen VO 300%4 Q47646

Rt g el 0SS soa0gihent D SR P18 510 ro, 34, N4t dade

X| ai medniestedaite 60oher3pekhbnm?, thkewainy thencondeidd are

i s adapt t eal.-4 wi.thin the inside of the branch
%o p?’g\%e%t%cg;%?%c]?ﬂsyf%%acggﬁwﬁﬂi Eafrokpéoen the
Sannulesamane, t be s eembo@f méResCOBAUHL bel 1 B a%edin

di verter assenbly as clainmed in claim5, 9 wherein the
%axi aPerAser 1pBr 13 ofhPkei nathe fdfAeokng podngt ém the
7pr ovi | pl dapt 0 an_outl.et 11 qf
t he wgﬁi%f’g:rtghcilé %L{%Cl?osgAgg?%grtPér%g%sg Io)gllgfnts ot
8cl ai Médsi Abahy preceding 14 claim adapted to divert
ofluids froma first portion 15 of a first flowpath to
a second flowpath, and to 16 divert the fluids froma
10second flowpath to a second 17 portion of the first
flowath. 18 19 11. A diverter assenbly as clained in
any preceding 20 claim including a punp adapted to
fit within a bore



21 of the manifold. 22 23 12. A diverter assenbly as

clainmed in claim1l, 24 wherein the diverter assenbly
w0 g00aiggeeed to divert 25 fluids flow ng throupdil/&aB2004/002329

first region of the bore, 26 through t he punp, and

back to a second portion of he bore for recovery

therefromvia an outlet. 28 2 3. Adiverter

ﬁ;segﬁly as clainmed in claiml1ll or 30 claim12,

er el di verter assenbly includes a 31 conduit

sealed within the bore thereby creating an 32 annul us

bet ween the bore and the diverter conduit, WO

2005/104764% Wé@@ﬁoase@ﬁszg f% b andviifolatdapt eth til or

glvert the fluids fromthe bg , througgqthe,

di vertér éﬁﬁduﬁfom%hﬁsfﬁgsﬁb 8&&&H€I?av Vet t1frnal

51 Ui ghs s@dgeQf ﬁﬂ@tgiﬁeﬁhérdQQ@Q%bE1a%@%mb%¥'¥§)§égited to

annul us between the diverter conduit and t he bore

% 7cpanegtditgerd dprassbnblfyths skaifedd.n any

preceding 8 claim adapted to connect to a tree. 9

10 15. A manifold having a branch and a diverter 11

tassedbl y a@s ddlveemeelr i asaaybpyeagdicngileai Mn 12 aik3 116.

gA manifold as.claiped jn claim15, wherein the 14

i nt eP ﬁreﬁﬁsigg@e St VEReSHi 98FPRPIis denBIARRAtS o
1(130”ml|a>|c<éa:teld0ﬂll\%l‘iihterbf‘éeﬁ_hoé Qhinkhe Araach. 16 17

17. A manifold as claimed in claim11I5 or claim16, 18
1having a branch outlet wherein the internal passage

12%8 \?\I%Lhte g' ran %?E?Jn%l&sas Syt copmunigation

13 claim 2, whereln the housing is adapted to connect
14 to a choke body.

15

16 4. A diverter assembly as claimed in any preceding
17 claim, including a separator to provide two separate
18 regions within the diverter assembly.

19

20 5. A diverter assembly as claimed in any preceding
21 claim, wherein the housing includes an axial insert

22 portion.

23

24 6. A diverter assembly as claimed in claim 5,

25 wherein the axial insert portion is in the form of a
26 conduit.

27

28 7. A diverter assembly as claimed in claim 6,

29 wherein the conduit divides the internal passage

30 into a first region comprising the bore of the

31 conduit and a second region comprising the annulus

32 between the housing and the conduit.



21 22 18. A manifold as clainmed in any of clains 15
to 23 17, wherein the branch has an inlet and an
wooeiset762¢1 and wherein the diverter assenbly pPOwGHe®4/002329

barrier 25 to separate the branch inlet fromthe
branch outlet. 26 27 19. A nmapjfold as clainmed in any
of clains 15 to 28 18, wherein a part of the diverter
assenmbly is 29 sealed inside the branch to prevent
¥1uid 30 conmunication between two separate regions of
4 he g31 d'AV%ijx%r”@é§eQJQ|s¥mb§§ Vo %?%@%%76_5}16 claim .6 or
PCT/ GB2004/ 002329 95 1 20. mani f o as clarnmed in
Xl ai mlEdm wherdherehe tRet wondepar dtse adegitens tar eseal

onn b i pes.. . 4.2 mani fold as clainmed in

oy o et B de 857 hanhEarsl 1o Frsrtuas et
fapparfatiisl dommuZleatd 8BNbEOKEaS thlaiam®d 1y drai Pl pore
wherein the 8 processing apparatus is chosen from at

9 easPloddSocon®nyt punp: a process fluid turbine;

4 njection 10 apparatus; chem cal injection apparatus;

a fluid 11 riser; neasurenent apparatus; tenperature

812 m@asur énelitveappar adssenbl pwasate adeesurieneltainld,

apparatus;. _constitution, measurenent apparatus; 14

E%gﬁsﬁ & %Lﬁ%ﬁ%ﬁtl%ﬁ%ﬁFaPB§Flﬁﬁsl§e&§r§@@oﬁorf5Of a
]lﬁppa%&bﬁspﬁ&ﬁﬁﬂe@eﬁﬁf@téoﬁléﬁpéﬁa veg @l kd$ kb an outlet

separ ati on apparatus; and hydrocarbon separation 17
lapparit e renigpbd. A manifold as claimed in any of
1oclaims 15 to 20 22, having a first diverter assenbly

as clainmed in
13 10. A diverter assembly as claimed in any preceding

14 claim, adapted to divert fluids from a first portion
15 of a first flowpath to a second flowpath, and to
16 divert the fluids from a second flowpath to a second

17 portion of the first flowpath.

18

19 11. A diverter assembly as claimed in any preceding
20 claim, including a pump adapted to fit within a bore
21 of the manifold.

22

23 12. A diverter assembly as claimed in claim 11,

24 wherein the diverter assembly is adapted to divert
25 fluids flowing through a first region of the bore,

26 through the pump, and back to a second portion of

27 the bore for recovery therefrom via an outlet.

28

29 13. A diverter assembly as claimed in claim 11 or
30 claim 12, wherein the diverter assembly includes a
31 conduit sealed within the bore thereby creating an

32 annulus between the bore and the diverter conduit,



21 any of clainms 1 to 14 connected to a first branch

22 and a second diverter assenbly as clainmed in any of
wWQ@o0sheions 1 to 14 connected to a second brancPCT/@82002/502329

24. A manifold as clainmed in any of clains 15 to 26

23,

conprising a tree. 27 28 33. A manifold as

claimed in claim24 when 29 dependent on claim 23,
wher ei n the fir%t branch, 30 conprises a production

Mi ng FBiarich 25878

€fiet

SecdhBer81thraficHiesmprcgedhgnbore

annukgs-oM gt%%aaﬁQer%geymngQ§i9§7§ﬁ§ tg subsequently
PCT/ GB2004/ 002329 96 1 2 26. A mani fol I'n

3commiiiveatt shewifiliidswedtit bof eth8 theemaricf abddhawi, ngnd

of clalins

a

B oras o R SE BRSSOt doRiere R annettengn

5t he dheeitoge.assenbly to the well 6 bore whil st

6

bypassi ng at

| east a part of the branch. 7 8 27. A
mani fold as clained in claim26, also having 9 a cap,

7and w@efe%ﬂd&Q%rP¥96§§é%%%#%t%§°8f§£$édtES a%?upgeCffing

di verter assenbly to the we ore via an aper

8in thdadap. adapted £28. omeaif otd astekained in claim

26 or claim?27, 14
appar at us.

connected to a processing

15 16 29. A manifold assenbly conprising a

10fi rstsmaniaf akdi fd7dasactididred bradey ShqchahiBelbeato
and a second 18 manifold as clained in_any of
Llc| ai RESEBPLY 28, cLpgnerd iM rany arcecedbnd ranifol ds

1obeing connected by at 20 | east one fl owpat h.

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

16. A manifold

as claimed in claim 15, wherein the

internal passage of the diverter assembly is in

communication with the interior of the branch.

17. A manifold
having a branch
of the diverter

with the branch

18. A manifold
17, wherein the
and wherein the

to separate the

19. A manifold

as claimed in claim 15 or claim 16,
outlet, wherein the internal passage
assembly is in fluid communication

outlet.

as claimed in any of claims 15 to
branch has an inlet and an outlet
diverter assembly provides a barrier

branch inlet from the branch outlet.

as claimed in any of claims 15 to

18, wherein a part of the diverter assembly is

sealed inside the branch to prevent fluid

communication between two separate regions of the

diverter assembly.



21 22 30. A manifold assenbly as clainmed in claim 29,

23 wherein a processing apparatus is |ocated in the at
wQ@Zoobearste one flowpath. 25 26 31. A nmethod of PCT/GB2004/002329

diverting fluids, conprising: 27 connecting a

diverter assenbly to a branch qf; a 28 manifold,

wherein the diverter assenbly conprises a 29 housing

havi

1 ui

i nternal. passage; ,and diverting_ 30 the
40 ChPb Gt HE Pots | fiys 1 BECVSN608/igM 3646 wherein the

PCT/ GRON02329 871 dn32a A mBLARE RS §hAaTBdd N

claim 31, wherein the 2 diverter assenbll S atfachgd
%0 a choke body. 3 4 33. A nethod as claimed in claim

31 or,+cl aiym _32.,. or_recovering produced flyids from
vl 6A'ﬁg§ifé§rmﬁ%o% %%mgﬁagﬁpanyno Ny LRS! didng-©
531 t @033 conhiftied Nj@cs i pgobbukisgl Bbpadavels.. 9 10

35. A nmethod as clainmed 1n any of clains 31 to 34, 11

6

a

| so including injecting fluids provided by an 12

wherein

7ext epnal  fl wiaghild ey i q:iQfg%ﬁ{%HSgigi%g2%6'wﬁegggﬁg%he

as clained in any of clains

8di veprecesssegbhpmrmvigesi s wohsepar dtem 46 legis@nsne of:
gm t hi,n h%ﬁ_diverter asgggbl ,.and, the netho%, 17

i ncl Gd&s the sP&F G°Da T+% FREPHRS! i BAGRTAPM east
1018 omepaf-atthese clregians. %e@@iéﬁ-?ﬁ?%éﬁgg;aé fluid

clained in claim 36, wherein the 2

| ui ds are passed

Ht hr otighe6neM6RSHFeM s taRpRIratus; temperature

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

measurement apparatus; flow rate measurement
apparatus; constitution measurement apparatus;
consistency measurement apparatus; gas separation
apparatus; water separation apparatus; solids
separation apparatus; and hydrocarbon separation

apparatus.

23. A manifold as claimed in any of claims 15 to
22, having a first diverter assembly as claimed in
any of claims 1 to 14 connected to a first branch
and a second diverter assembly as claimed in any of

claims 1 to 14 connected to a second branch.

24. A manifold as claimed in any of claims 15 to

23, comprising a tree.

25. A manifold as claimed in claim 24 when
dependent on claim 23, wherein the first branch
comprises a production wing branch and the second

branch comprises an annulus wing branch.



22 second regions and subsequently at |east a portion
23 of these fluids are then passed through the other
wo@boosadiesdhe first and the second regions. 25 PGI/882004002329
method as clained in claim36, wherein a 27 first set
of fluids is passed through thefirst 28 region and a
second set of fluids is passed through 29 the second
egion. 30 31 39. A nethod as clained in any of
laims 36 to 38, 32 wherein the nethod includes the
Bt ep 2. proGessifa V02 0SHARKSAALECT GB200Y 002829,
98 1 the fluids in a processing apparatus 1ocate ’
et wedi® mEriwId rstvigw sebovadchegndns. divedtdk #sembly

th | aijred in claim39, wherein_the 5
lgfocg%%?%ﬁgggfgﬁé¥ﬁ§uﬁ§)cﬁﬁiﬁ%mﬁrgnggt1ﬁea§¥“%ﬁ%]%%gass
B a pumiuia poeeess iflguitth & uabiBetekNh8SER®N v/ to the well
pparat us; chemcal injection apparatus; a fluid 8
| selPONfe ¥bdriste MYPRASSrst 1Bt Leapbrat Bretoof the branch.
Jreasur enent apparatus; flow rate neasurenent 10
appar atus; constitution neasurenent apparatus; 11
&onsiZst-endy maedSorlemenst cAppanatiush gasiseparabiled hbding
pparatus; water .separation apparatus; solids 13
EﬁepaﬁaFggh gagawgﬁﬁgfna%b‘ﬁfﬁggﬁﬁﬁbSﬂHQEbEr§PP@ﬁCtP4the
10appacdtresteldasiembly Aomeim®dyas1 chalbged:hnany f +ure
clains 31 to 40, 17 including the steps of dlveﬁilng
11| uj 48 £PEnCAPFirst 18 portion of a first flowpath to
12a second flowpath and 19 diverting the fluids from

the second flowpath to a 20 second portion of the
13fjrs€8ftl odpaehifeld as claimed in claim 26 or claim 27,

14 connected to a processing apparatus.

15

16 29. A manifold assembly comprising a first manifold
17 as claimed in any of claims 15 to 28, and a second
18 manifold as claimed in any of claims 15 to 28, the
19 first and second manifolds being connected by at

20 least one flowpath.

21

22 30. A manifold assembly as claimed in claim 29,

23 wherein a processing apparatus is located in the at

24 least one flowpath.

25

26 31. A method of diverting fluids, comprising:

27 connecting a diverter assembly to a branch of a

28 manifold, wherein the diverter assembly comprises a
29 housing having an internal passage; and divefting

30 the fluids through the housing.
31



22 42. A method as clained in any of clains 31 to 41,
23 including the step of recovering fluids froma
wo pooso4762¢1 wel | and re-injecting at | east a popPCT/OCB2@f/002329
the 25 recovered fluids into a second well. 26 27 43.
A method as clained in claima42, wherein a 28 first
di verter assenbly is connected to the first 29 well,

and a second diverter assenbly is connected to 30 the
Secontf welft AP amiet eF ke iHEIf i §33afe 331 réeoedmed-he

romg t, diyert
L oon OQ%G%GJ%CT bbb og 5685 tECE, O;igar}? We
Fe-injected into the second well 2 via the second
iver ssenbl 3 4. 44. A nethod as clained in a
£t 1T BHEM <5 C1atiath A Cheittay o elaim 3,
J ecoveyi %cfdvlé'ﬁ%gf fﬁ%éh&\@lj' flélaed e st eR1af,

injecting fluids into the well. 45. A nethod as
@laimed in claimd44, wherein 9 recovery and |nject|on

ccurs, si nul I A netho as c
PRCeiSh i TR 1 dindd K8 "R 2 et o et 33,
fassenfulry iirsjecorimectfdd tds aindd ﬁlweulbranch of the
yanlfold and a second diverter 14 assenbly is
connected to a second branch of the 15 mani fold, and

1d he regover ed il &S akea{86QVERCd Y B f the
di verter assenblies and ?he |njectPgn 17%§F9R %1 %% 34,

13 nj ecle® vinglued net Herd @ftm@ ﬁlvedsePIOYSd&slseryblalres
1?9 %%f%énd&'y¥dygjf¥h 1n€Edt%n Of claims 44 to

wherein at ['east sone tHS ecovered fluids
Lhre 22 re-injected into the well

14 36. A method as claimed in any of claims 31 to 35,
15 wherein the diverter assembly provides two separate
le regions within the diverter assembly, and the method
17 includes the step of passing fluids through at least
18 one of these regions.

19

20 37. A method as claimed in claim 36, wherein the

21 fluids are passed through one of the first and

22 second regions and subsequently at least a portion

23 of these fluids are then passed through the other of

24 the first and the second regions.

25

26 38. A method as claimed in claim 36, wherein a

27 first set of fluids is passed through the first

28 region and a second set of fluids is passed through
29 the second region.

30

31 39. A method as claimed in any of claims 36 to 38,

32 wherein the method includes the step of processing



23 24 48. A nmethod as clained in claim47, wherein
the 25 recovered fluids are processed before they are

WO 2005a876idj ected into the well. 27 28 49. A neCho#2@8/002329
claimed in any of clainms 31 to 48, 29 wherein a first
set of fluids are recovered fr§%1a 30 first well via
a first diverter assenbly and conbi ned with other
fluids in_a comunal conduit 32 and t he conbi ned
¥ 1 ui ddearfd i ) VeRERCEHE SN EN2PBRZEGSS04PE46 ed between

CT/ GB2004/ Q0. 14 ex ine via a second

Zglverterqégggﬁgﬁgiconné%%ed88£gt% the second well. 3
ﬁ-SO A nethod as claimed in any of clains 31 to 49,

|nclud| g of_ dj verting Iuld betmeen t he 6
dlveﬁt 2%§5%§FV{§§H GHaihet| 1hof a%ﬂl RASESEithghe
5 atﬂﬁ%ﬁﬁsé&dﬁ“&ﬁﬁgkéﬁuéhfsbéﬁaggn %ro% %% RIBL L o
as clained in claimb50, wherein the 10 fluids are
&i vert @dlnmraaaHnOé?eeScSapEqud tprbineA Avfkod ims

| ai i 1 13 _wherein t
Tani for e RneiF T Sl Rin pbgatlFErng
816 53;sérpum@aﬂﬂnamyhﬂ(nﬁpar&tﬁhlntamb@&at@&ea 17
gﬂanlfold 18 19 54. A as clained in claimb53,
adapF@&%ﬂ§QﬂﬁqﬁaaQﬂ?ﬁ%éﬁﬁs FhoHi FREFeREAGIEERENSNS by

10 evehpiaGaithe ;2 Ruwmidig dbk 6cELO0reméAt apparatus;

11 consistency measurement apparatus; gas separation
12 apparatus; water separation apparatus; solids
13 separation apparatus; and hydrocarbon separation

14 apparatus.

15

16 41. A method as claimed in any of claims 31 to 40,
17 including the steps of diverting fluids from a first
18 portion of a first flowpath to a second flowpath and
19 diverting the fluids from the second flowpath to a
20 second portion of the first flowpath. |

21

22 42. A method as claimed in any of claims 31 to 41,
23 including the step of recovering fluids from a first
24 well and re-injecting at least a portion of the

25 recovered fluids into a second well.

26

27 43. A method as claimed in claim 42, wherein a

28 first diverter assembly is connected to the first

29 well, and a second diverter assembly is connected to
30 the second well, and wherein the fluids are

31 recovered from the first well via the first diverter



23 55. A punp as clained in claim53 or claimb54, 24
powered by a notor selected fromthe group 25
w@onsiostoitdg of a hydraulic notor, a turbine nOPCE/GB2004/002329
26 noi neau notor and an electric notor. 27 28 56. A
di verter assenbly for a nanifogg having a 29 punp as
clained in any of clains 53 to”55. 30 31 57. A
diverter assenbly as clained in claimb56, 32
1i ncorpseatdlig adl%ia\?f@rtr@r‘itﬂdedﬁ%dt inkai g5ef bewong Wwoll
2005 7 P t hrough a bore of
2the ng%iggﬁh %%%ﬁ?gqgﬁ%%g%égf¥s%%mb%yof t he bore,
3t hrough the punp, and back to a second 3 portion of

the bor e. 4 5 58, A diverter assenbly as_clainmed in
‘ol ai 57, A @Gkt HeiB6re b 2RE RAnFiafasi $1 to 41,

5ch08%cf1nfamnag t?leors%%ctolforfe%@erﬁg?aﬁmuhaé s r%o%n%en

a W ng branch 8 bore verter asse

bas claidmsdia stapy off igljsiarEngl 1f56ide Sﬁtoadapt@@lﬂo

be at least partially fitted 12 inside a tree cap. 13

14 60. A diverter assenbly as clained in any of clains
815 5@5t.0 ZOmeMiereian heipkap i:5 &nheqr akl yweertahned

16 within the diverter assenbly. 17 18 61. A diverter
“as s efBIOP V&S Yo lPAIed IS Lo RCEDIES 191 ARG E_PROLIFE Ypunp
10l s sealed within the diverter 20 assenbly. 21 22 62.

A mani fold having a diverter assenbly as

11 46. A method as claimed din claim 44 or claim 45,
12 wherein a first diverter assembly is connected to a
13 first branch of the manifold and a second diverter
14 assembly is connected to a second branch of the

15 manifold, and the recovered fluids are recovered via
16 one of the diverter assemblies and the injection

17 fluids are injected via the other of the diverter
18 assemblies.

19

20 47. A method as claimed in any of claims 44 to 46,
21 wherein at least some of tthe recovered fluids are
22 re-injected into the well.

23

24 48. A method as claimed in claim 47, wherein the
25 recovered fluids are processed before they are re-
26 injected into the well.

27

28 49. A method as claimed in any of claims 31 to 48,
29 wherein a first set of fluids are recovered from a
30 first well via a first diverter assembly and

31 combined with other fluids in a communal conduit,

32 and the combined fluids are then diverted into an



23 clainmed in any of clains 56 to 61. 24 25 63. A

mani fold as clained in claim®62, wherein the 26
worensgleds has a bore and the diverter assenbl yPQIGB2004/002329

conprises a conduit sealed within the bore by a sea

28 thereby creating an annul us fetween the bore and

the 29 conduit. 30 31 64. A'manifold as clained in

claim63, caonprising a 32 tree and wherein the sea

s p&EPCEndd o VéRgagE RO D0LI VaYEas assembly connected

PCT/ @B2Q04/ QQ232% G2 1 the production bore of the

tree above the upper 2 master valve. 3 4 65. A

Smani fold as claimed in claim63 or claim64, 5

conpr.i-si ng a ee and erein the seal _is_positioned
‘6 to5é)ﬁgag‘enltelt1filo§r 6du€ ia&ﬁl%rjen oFPY heft FeeIPR Phete 49,
5t ubi ngchaggal. th8 8t66. oh NELNOE: Ofgr eCOVEL I B8tween the

production fluids from 10 or injecting fluids into,
6a welil VR&FEHgagseERlVoPad the twel hepdfel édhhastngyarssing

7 nt eggal I i nea re .of the manifold;

t he net 8 gggﬁp??§%23n1§fmﬁﬁ§%¢¥%ﬁ??Uids froma first
8portion of the bore of 14 the manifold through the
punp_and into econd_15 portion of the bore. 16 17
%7, Tre met Kol CRaPRodLF AT R 1 6612 iher®i irefEedp the

1omani fobddbasra HikstktEhowpat i anda sgeond flowpat h,
19 and the nethod includes the step of diverting

1lfluids 20 froma first portion of the first flowpath
1ot 0 the 21xs f . diverting the fluid
fron??he Azggggggnégr@%§g%fﬁpgébf”P6‘5P§% %H%Fpgitﬁ8n51'

130f tWberein the manifold is connected to a branch of a

14 tree.

15

16 53. A pump adapted to fit within a bore of a

17 manifold.

18

19 54. A pump as claimed in claim 53, adapted to drive
20 fluids in different directions by reversing the

21 pumping direction.

22

23 55. A pump as claimed in claim 53 or claim 54,

24 powered by a motor selected from the group

25 consisting of a hydraulic motor, a turbine motor, a
26 moineau motor and an electric motor.

27

28 56. A diverter assembly for a manifold having a

29 pump as claimed in any of claims 53 to 55.

30

31 57. A diverter assembly as claimed in claim 56,

32 incorporating a diverter to divert fluids flowing



23 first flowath. 24 25 68. A nethod of injecting
fluids into a well, the 26 nmethod conprising

walposnsiong fluids froma first 27 portion of arPET/GB2004/002329
flowath to a second flowpath and 28 diverting the
fluids fromthe second fl ovvpatlta into a 29 second
portion of the first flowpath. %O 31 69. The nethod
claimed in claim®68, wherein the 32 first flowath is
la pr sdustigin ebdrarefofa theaand@A005£04m646 first portion

CT/ 4/ 002329 ,.103 .1 .2 70. The neth | ai med in
é;l ai m %%OGr %ccirael’mtébr,o%g%te @i the grelgo%%C?{I %\ﬁpg‘t I?eicsond
AN apuddisorby®e e o tree. 5 6 71. The nethod
claimed in any of clainms 68 to 70, 7 wherein a
Hiverter assenbl y including a conduit is 8 located in

he fqq st A1 : bet t-he
rsC T opatand T e candal o e i indrern the
G | ui deheardtier it tdveralio®ritler maEssiehbly itlchbewn Mrom a

he annul us .and_ are subsequent | returne 12 .t hrough
The Hhmict 5 S5 S H T RO EF aP g™ Higtaphmhch
&l, wherein the 15 bore of the conduit provides one

of the first and 16 second portions of the first
$lowpath. 17 18 73. The nethod claimed in claim 71 or

lai g2, pl%;y | AONAU L d $a558ked ng i
1 .
df:i rs{ggzl owpgitl\#&rzta%f]acér{)% a:}gout Iéetaoﬁ the f ([%8 g)tfh.Clalms
1121 Z% b Skhe atetdicel daibedt Neaytopackanid y6&ittaed
73, ..
12 inside a tree cap.
13
14 60. A diverter assembly as claimed in any of claims

15 56 to 59, wherein the pump is integrally contained

16 within the diverter assembly.

17

18 61. A diverter assembly as claimed in claim 60,
19 wherein the pump is sealed within the diverter

20 assembly.

21

22 62. A manifold having a diverter assembly as

23 claimed in any of claims 56 to 61.

24

25 63. A manifold as claimed in claim 62, wherein the
26 manifold has a bore and the diverter assembly

27 comprises a conduit sealed within the bore by a seal
28 thereby creating an annulus between the bore and the
29 conduit.

30

31 64. A manifold as claimed in claim 63, comprising a

32 tree and wherein the seal is positioned to engage



23 wherein the diverter assenbly is connected to a 24
branch of a manifold. 25 26 75. The nethod clained in
w@b@su7e4q wherein at 27 | east one of the firBCT/aBe004/002329

second flowpaths 28 conprises a part of a branch of
the manifold. 29 30 76. The shod clainmed in claim
74 or claim75, 31 wherein the diverter assenbly is
connected to a_ .32 branch of a tree. WO 2005/ 047646

IocTy FHGYAISn boxre P the HFee neb@BE &hai we®ein

2cl ai MakeRRrQiN the 3 fluids are diverted via a cap
connected to a tree. 4 5 78. The nethod clained in

Xlaim77, wherein the 6 fluids are diverted via the

ca tween the first 7.and second flpwpaths. 8 9

3" The"net R Crared “afy of 1 % %E“eggtBr?g,lélTo%
Swher eiompidie iflguiads r@ke agicv eihicete 1M rHogNs 82 Pr 98€88LRY i oned
11 apparatus connected between the first and second 12
o | owp&t 86192983 the B odNCHECRo® @te (i kel Tneel ahnthe

wher ein ; rocessing apparatus is chosen from at
7Ieas?b%ﬁgggﬁ%%g%§'a punp; a process fluid turbine;

8i nj ection 17 apparatus; chem cal injection apparat us;

a fluid 8 ri.ser; asur enent apparatus; tenperature
9o mESsur et 0P8l at G5P FEORT S TSP RnBRELdB0E Tom,
loappabat Us;jee@Aslyl FULLER ABASYI TRALL BRPAF BL4Ss I%Qmiggld,

consi st ency measurenent apparatus; gas separation
IHapparafudenjaref bapangt poniapsaealuounp| ldsated in a

12 bore of the manifold; the method comprising

13 diverting fluids from a first portion of the bore of
14 the manifold through the pump and into a second

15 portion of the bore.

16

17 67. The method claimed in claim 66, wherein the

18 manifold has a first flowpath and a second flowpath,
19 and the method includes the step of diverting fluids
20 from a first portion of the first flowpath to the

21 second flowpath, and diverting the fluids from the

22 second flowpath back to a second portion of the

23 first flowpath.

24

25 68. A method of injecting fluids into a well, the
26 method comprising diverting fluids from a first

27 portion of a first flowpath to a second flowpath and
28 diverting the fluids from the second flowpath into a
29 second portion of the first flowpath.

30

31 69. The method claimed in claim 68, wherein the

32 first flowpath is a production bore of a tree.



23 separation apparatus; and hydrocarbon separation
24 apparatus. 25 26 81. The nethod clained in any of
web@sns’ed8 to 80, 27 wherein the fluids are dPUEGB2@4/002329
t hrough a crossover 28 conduit between the first
fl owpath and the second 29 fll%\gpath. 30 31 82. The
met hod clainmed in any of clainms 68 to 81, 32 wherein
the mani fold has an integral punp located in WO
005/ 047646 PCT/ GB2004/ 002329 105 1 a bore of the
ni fof d whenel ; I %f through.th
%Tﬁt egﬁjdl gg%p 3}%4&8%&%&4%5% 0 is[?e%%vgﬁfycgfalﬂ §9ds
3 r omwlang: i, ittjeetd amndff fdwpadsh i 14 ogn aa webllubaviore af a
Z][Tanifol d; 6 wherein at |east one of the steps of
eCO\Fe‘?e)?'and 7 injection includes diverting fluids
gFroma first 8 portion of a first flowath to a second
flowpath and 9 diverting the fluids fromthe second
G| owpHlt-h tldrea metthasboordiset tirorerof ethecliiss 68 to 70,

Iowgﬁt 11 12 84, A nethod.as .clained in_claim83, .
—{/\,her ern t}ef%] raecchvVeerrytea{:nd'El Slsne]“ggcjtﬁf ojﬁl(?]sur%r il ?aﬁggg‘g.ﬁlis
85 83.ooAuwt Hod s diaigedlicvgdtai MBTveackabm 84nulus
16 wherein at | east sone of the recovered fluids are

A7 r Q9 &S it Tthe Mnatgind o-lgp. canABt hod 2as!
1€l ai mziélrﬁ%eOfflfGJlﬁi%rﬁé’éﬂi%gS%he ﬁé@%?&%”g@%em}oly

| east sone of the ul ds are process
1pr ocdsgivng ndsp et wrstoserrfd @matsuleasquenelyofretu22ed

1A purg%l;ro%d%r ‘%%%Sscgnlcﬂ;ii% tur bi ne; injection

13

14 72. The method claimed in claim 71, wherein the
15 bore of the conduit provides one of the first and
16 second portions of the first flowpath.

17

18 73. The method claimed in claim 71 or claim 72,

19 wherein the conduit is sealed to the first flowpath

20 across an outlet of the flowpath.

21

22 74. The method claimed in any of claims 68 to 73,
23 wherein the diverter assembly is connected to a
24 branch of a manifold.

25

26 75. The method claimed in claim 74, wherein at
27 least one of the first and second flowpaths

28 comprises a part of a branch of the manifold.

29

30 76. The method claimed in claim 74 or claim 75,
31 wherein the diverter assembly is connected to a

32 branch of a tree.



23 apparatus; chemcal injection apparatus; a fluid
24 riser; measurenent apparatus; tenperature 25
wore@siewaent apparatus; flow rate nmeasurenent P@BGB2004/002329
apparatus; constitution nmeasurenent apparatus; 27
consi st ency mneasur enent appar bg gas separation 28
apparatus; water separation ag ratus; solids 29
separation apparatus; and hydrocarbon separation 30.
lapparatus. 31 WO 2005/ 047646 PCT/ GB2004/ 002329 106 1

‘A\‘i;ergﬂei d as tgjseg[ nglaa]ﬁ[bé:?a‘%hﬁ cl a:r egggtege% eh2

Fydr goariken aqwmnmtté& ke o ldigdsdreertba test @fkee.
4 the recovered fluids, and wherein a non-hydrocarbon

% conponent of the fluids is re-injected into the 6
[ 7 l. i y 3
e 87% o aris QR 3! T 2T Phef Rhignd
611 8F1vAdeethed cisrecttaddredia riied aiap 88=wheandependemtst
n aim 87 a hydrocarbon conponent of the
13 r@&?t Lﬁ%’ Lh%turned to the tree and is 14
g ecover ed from an outI et of the tree. 15 16 90. A

met hod of recovering fluids froma first well 17 and
% e-i nj%ct iTrlny arel tC e ofln rexe Afecoveied §8 to 78,

| ui | Q) I
10|f ncl g’(ﬁ}jesl% epsqﬂfd/%%/reer }/&Pﬁ; g:ehfgﬁgnﬂ CeSSlng
1120 pmm:iamat@fs adrirmestitdd dwpautdaart d:haa setoat ﬁhdvvpatbnd
21 ang diverting at | east some of these fluids from

14 he WPEHt f1 owpath to a second portion of the
1First 23 flowpath.

14 80. A method as claimed in claim 79 wherein the
15 processing apparatus is chosen from at least one of:
16 a pump; a process fluid turbine; dinjection

17 apparatus; chemical injection apparatus; a fluid
18 riser; measurement apparatus; temperature

19 measurement apparatus; flow rate measurement

20 apparatus; constitution measurement apparatus;

21 consistency measurement apparatus; gas separation
22 apparatus; water separation apparatus; solids

23 separation apparatus; and hydrocarbon separation

24 apparatus.

25

26 81. The method claimed in any of claims 68 to 80,
27 wherein the fluids are diverted through a crossover
28 conduit between the first flowpath and the second
29 flowpath.

30 .

31 82. The method claimed in any of claims 68 to 81,

32 wherein the manifold has an integxral pump located in



24 25 91. A nethod as claimed in claim?90, also
including 26 the step of processing the production
WO bawssTeidr a 27 processi ng appar at us connect edPGEGHRE@®A/002329

the first and 28 second wells. 29 30 92. A nethod as
claimed in claim?9l, wherein the 31 processing
apparatus is chosen fromat | éast one of: 32 a punp;

a process fluid turbine; |nject|on WO 2005/ 047646

IpcT/ GITA R23%e mees fplghpihrie relent bal Tilnjdst bess

Zapparﬁiﬁ&)gkﬂgﬁél'l%te%ﬂa’ls%'um asurenent appar at us;
t enper ature 3 neasur enent ratus; flow rate

3reasurenment 4 apparatus constltutlon nmeasur enent

,appargat us; st [ JTeasur t a aratus gas

sepaﬁgilo W§%h%%.§f Q£§ih%&$gn Sﬁﬁarﬁﬁﬁs

ssol i ds1j&caeRar aif &rlualmarlalttlbs AL Y I OGBRE0R manirfold;

separatlon 8 apparatus. 9 10 93. A nethod as cl ai ne
amyregreia] ﬁtmsle@@tt eng2 of thewsdraps cpﬁeretgvasyaaed

reco | fi rst di ert

7 &%_%%t Qﬁud Eé@%é%ﬁﬁ?ﬂﬁ?&ﬂé% L ¥

assenbl y an er el n ar e. re
8|ntopthélsgcmﬁﬂewwﬂﬂrswlil@wph&hsamonﬁ £&d@m@6flowpath and

assenb thod clainmed in claim9

Tuber SRS 2 F e titid S God Eh@ TEAhoF Leveptar to a
10retu%@b@@dapok&l@@rbEOﬁh@ffﬁ&%tr%quﬁ5§¥5f|lﬂ ds to the

first 19 diverter assenbly and thereafter recovering

1lthat 20 portion of the recovered fluids via the first

1221 dp%eftﬁfm%%%%@b % cl%%m%% %g AE lﬂmg?odwﬁéﬁéggd in

claim93 or

13 recovery and injection is simultaneous.

14

15 85. A method as claimed in claim 83 or claim 84,
16 wherein at least some of the recovered fluids are
17 re-injected into the well.

18

19 86. A method as claimed in any of claims 83 to 85,
20 wherein at least some of the fluids are processed by
21 a processing apparatus chosen from at least one of:
22 a pump; a process fluid turbine; injection

23 apparatus; chemical injection apparatus; a fluid

24 riser; measurement apparatus; temperature

25 measurement apparatus; flow rate measurement

26 apparatus; constitution measurement apparatus;

27 consistency measurement apparatus; gas separation
28 apparatus; water separation apparatus; solids

29 separation apparatus; and hydrocarbon separation

30 . apparatus.

31



24 wherein the nmethod includes the step of separating
25 hydrocarbons fromthe rest of the produced fl uids,
WQ@gooandretdhe step of transferring a non-hydr ocaP@bGB2004/002329
conmponent of the produced fluids to the second well
28 and returning the hydrocarg@gs to the first
diverter 29 assenbly for rec ry therefrom 30 31
96. A nethod of recovering fluids from or 32
¥ nj edlng X Imfitdwd to,claimdd in rotudihgldieast 88 b 86,
5/.0476 PCT/ GB20Q4/ 002329 108 1 diverting the
%/\D 3%% lv\n/eie]tgla V\I/{eciesosm AP H DBt div araett 4
hi | stydnieassidiy admdgasit @ Pofie oflwids ¥ die bh@nezast of
4 5 97. Anethod as clained in claim96, wherein the
46 fI Jafk% TR VALRS tidd i £1F B T2 ARy firogargon
I 5 I a g
a f| rst gnvegffg{pgglsee y;d'% rlhgs alges_glc ﬁmﬁl\quggl \r%ga
seconteIdi.verter 11 assenbly; and 12 a fl owpath
7connecti ng the first and second 13 diverter
assenblies. 14 15 99. A well assenbly as clained in
gl ai P8, Mheseidy k6 eachmef theudyret andnsecendio g7,
wells has a tree havi n% 17 a respective bore and a
 espetignAd ol manddP LB ampeiseata I%6@a- one of the
l(gl verter assenblies 19 bl ocks a passage in the tree
etween its respective 20 tree bore and its
1T espe.i ve& treddhagltdsetclaZine @2 rl 0flla i Vil Iwhassedbpygndent
| east one of th

12?: ?Istrrengrgd.nas‘%{:g,]d d éﬁw'etjhg{% rhyo?socaatrbom componnent o% the

13 recovered fluids is returned to the tree and is

14 recovered from an outlet of the tree.

15

16 90. A method of recovering fluids from a first well
17 and re-injecting at least some of these recovered

18 fluids into a second well, wherein the method

19 includes the steps of diverting fluids from a first

20 portion of a first flowpath to a second £ lowpath,

21 and diverting at least some of these fluids from the
22 second flowpath to a second portion of the first

23 flowpath.

24

25 91. A method as claimed in claim 90, also including
26 the step of processing the production fluids in a

27 processing apparatus connected between the first and
28 second wells.

29

30 92. A method as claimed in claim 91, wherein the

31 processing apparatus is chosen from at least one of:

32 a pump; a process fluid turbine; injection



24 assenblies is located within the production bore of

25 its respective tree. 26 27 101. A well assenbly as
w@b@snoe™4é n cl ai m 99, wherein 28 at | east onePOf/GBR®4/002329

first and second diverter 29 assenblies is connected

to a wng branch of its 30 rqf ective tree. 31 WO

2005/ 047646 PCT/ GB2004/ 002329 ﬁOQ 1 102. A well

assenbly as clained in claim99 to 101, 2 wherein an

lal t eapptiraeusut bhtmisapr avijdediocandpBavhénein & hieluid

di verter gssenbl¥ di verts qu'ds_igto a f%épath

’| eadFh§Sto TRESEFEBPR tPPBaGa%Pgt. ETPELFI3 T A et hod
30f diugkhi-BRchbubgdpatnemsd Fibat ruekl med sitrehsacond
wel | via at least one manifold, the 8 method including
4t he spepsabfis;9cbhetkitngianpassagsemanthénratigtolsy

between a 10 bore _of t ' d
Sof ¢ RENS LU RRRYT BEaC RRACTS APParErag al T ettt e S
ot he hpphdattispmibher k3phirest onebbpbeathes ;sesonidiwel |
via a path not 14 including the branch outlet of the
Tpl ocREB2paAS$8Fe 2PPES 21651 02N ADYETRGETRE L ISHRAFR FHOn
BClaiHF%g§atﬁE$° 17 including the step of processing
the p uction 18 fluids in a processing apparatus
9connected between 19 the first and second wells. 20
21 1Q5. The hod cl ail,nmed in.claim 103 _gr_.104,
1Owherg?n gzmgﬁéo aﬁegéﬁlgﬁg ﬁﬁnﬁpglégcggﬁ¥¢%%éﬂg ?e%z'
110f thee23ihi kst WRhlidandricheecreivbedd debudeshd heirst well

further step 24 of returning a_portiaon ?I t he
12r ecoVéped fRESdsdfigerter assémbly, and wherein the

13 fluids are re-injected into the second well via a
14 second diverter assembly.

15

16 94. The method claimed in claim 93, wherein the

17 method includes the further step of returning a

18 portion of the recovered fluids to the first

19 diverter assembly and thereafter recovering that

20 portion of the recovered fluids via the first

21 diverter assembly.

22

23 95. The method claimed in claim 93 or claim 94,

24 wherein the method includes the step of separating
25 hydrocarbons from the rest of the produced fluids,
26 and the step of transferring a non-hydrocarbon

27 component of the produced fluids to the second well
28 and returning the hydrocarbons to the first diverter
29 assembly for recovery therefrom.

30

31 96. A method of recovering fluids from, or

32 injecting fluids into, a well, including the step of



25 the tree of the first well and thereafter
recovering 26 that portion of the recovered fl uids
wo csisfeas out |l et 27 of the bl ocked passage. 2BCT/&82004/002329
106. A manifold having a first bore having an 30
outlet; a second bore having 28 outlet; a first 31
di verter assenbly connected t ?he first bore; a 32

second di verter assenbly connected to the second WO
12005/@4%@%}@82@@4/@2@2@86111@ Yedor ol 2

ro at.h onne tin e.fir n ond dlvert

asse RS %'tl ?l R Hiha %ﬁ%§%§1%%%§ i K% ﬁ?n of
3106, tdengianat. 5 | east one of the first and second

di verter 6 assenblies blocks a passage in the manifold
“between 7 a bore of the manifold and its respective
5out | @7 8 %e]t(l)l%d %smaﬁ{e‘?i % Cdl%'ﬁp C? n v‘&{e,afénrfl'oghe

or claim 10 107, conprising a tree, ‘wherein the
dirstflhords alke chrv@mtm V. gp reo ducts @rapb@rfe Ared wdiel .
,;econd bore 12 conprises an annulus bore. 13 14 109.

A manifold as clained in claim108, wherein at 15

d eastogone xofwdihe afsisketlb 13N G sagaand idi:verter 16

assenblies is located in the production bore of the

A7 tree. 33! fiygt) yellA hearinolad fHesd @ilﬁﬁﬁ%ﬁ Asfiarbly;

ol08, wher a f and. second

diverter Qﬁ%%eﬁ%&eég %gvgglngEf% fb éﬁﬁ?anc of the
1ltree. ZZdasembﬂyJMmmﬂhod of recovery of quids from

12\/\2?| 24 inj ecftl wpa%q fc"olilllndesc’:tllrrlltgo the \Q:Erst an ec[ eslencgrqg

13 diverter assemblies.

14

15 99. A well assembly as claimed in claim 98, wherein
16 each of the first and second wells has a tree having
17 a respective bore and a respective outlet, and

18 wherein at least one of the diverter assemblies

19 blocks a passage in the tree between its respective
20 tree bore and its respective tree outlet.

21

22 100. A well assembly as claimed in claim 99, wherein
23 at least one of the first and second diverter

24 assemblies is located within the production bore of
25 its respective tree.

26

27 101. A well assembly as claimed in claim 99, wherein
28 at least one of the first and second diverter

29 assemblies is connected to a wing branch of its

30 respective tree.

31



25 has a manifold including at | east one bore and at
26 | east one branch having an outlet, the nmethod 27

w0 pbudiong the steps of: 28 bl ocki ng a passagePCTIGBR@®4/002329
mani fol d between a 29 bore of the manifold and its
respective branch 30 outlet; 3 0 iverting fluids
recovered fromthe well out of 2 the manifold; and
WO 2005/ 047646 PCT/ GB2004/ 002329 111 1 injecting
£l ui 05072 ntd vablwessemblyhesechahmedhén cheifl $idso 101,

ein ' ed o the mapifol d_nor the fluids
Dot na E el ot PHL cEr R R QRGAePhEo P BRLN TSR b
Bhe Dbilocketh passagevebted dd2emAlpeihodras €laiited iifto a
laim 111, wherein 7 recovery and injection is
i mulR&reol?adBng otq 18he paheehodt a¥ecPab ARl i n cLai m
411 or 112, 10 wherein at |east sone of the recovered
fluids are 11 re-injected into the well. 12 13 114.
A nethodl. & neébhoedof ndetrarmidd1fieidd3frdd ahdaist atell

t f the fluids are processed by , 15
hraoud os ol dyet! 98- "4 D385E3RE REp e 1R aittose
8n clmthddliheldddng 18nénetagingrt he step of

returning at |east sone of the 19 recovered fluids to
fhe mani f RLFBINY 2 RRP§2TR ol Do t e bf ahé hostitiesn a

10f thehl Q‘Hf‘elghé)aﬁ%:gfolglangzal Ban b BLOPY: ?IfOL:JEi Fhe

recovering fluids, conprising 23 recovering
1 rommardifstdmedhd recovering 24 fluids froma second

1¥E|| and r&?#ggéfggagtlfggét some of the fluids from the
13 first well to the second well via a path not

14 including the branch outlet of the blocked passage.
15

16 104. A method as claimed in claim 103, also

17 including the step of processing the production

18 fluids in a processing apparatus connected between
19 the first and second wells.

20

21 105. The method claimed in claim 103 or 104, wherein
22 the at least one manifold comprises a tree of the

23 first well and the method includes the further step
24 of returning a portion of the recovered f£luids to

25 the tree of the first well and thereafter recovering
26 that portion of the recovered fluids from the outlet
27 of the blocked passage.

28

29 106. A manifold having a first bore having an

30 outlet; a second bore having an outlet; a first
31 diverter assembly connected to the first bore; a

32 second diverter assembly connected to the second



25 sonme of the recovered fluids to a tree of the

second 26 well for recovery therefrom 27 28 117. A
woretsodeas cl ainmed in claim 116, wherein the POI/6BC@AM02329

well is provided with a diverter assenbly 30 which

separates the fluids recovereci fromthe second 31

well fromthe fluids returned -]‘(Oo the tree of the 32

second well. WD 2005/047646 PCT/ GB2004/ 002329 112 1

P 11&ore it BlotmE e dcimaedttimy 1tBeof isdai mntll Becond

2’3 al so. i ncéudi n ﬁt}qlgbgLstep of conbining further fluids

4 wi tH {He-Fedbie ¥9%i ds fromthe first and second

H wells before returning these fluids to the tree of

6 the second well. 7 8 119. A nethod as clainmed in

any of0ti & maniekd ap 1l ingkridl ncthenf LSy thegehas at
di v I ) vi di S regi ons
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nd flyids fr 13 anot her source travel through the
%t her® Oﬁ%eoﬁgf}eed’ia&fég&%?ﬁ % TaSRefhdgSopPutlet.

gliverting fluids into or froma 17 well having a
mani fol d using a diverter assenbly 18 located in a
Dor e I8 ¢ He mamiFold, as el adfimad tigr clgimss@pbloy claim

i vidj t : into t regi_Qns
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j’fncl udi ng the steps of passing a second 23 set of
14 ui FEM GG %é’”ﬁ’(tﬂéis ©%%e regions, 24 wherein

13 he first and second set of fluids originate

14 109. A manifold as claimed in claim 108, wherein at
15 least one of the first and second diverter

16 assemblies is located in the production bore of the
17 tree.

18

19 110. A manifold as claimed in <claim 108, wherein at
20 least one of the first and second diverter

21 assemblies is connected to a branch of the tree.

22

23 111. A method of recovery of fluids from, and

24 injection of fluids into, a well, wherein the well
25 has a manifold including at least one bore and at
26 least one branch having an outlet, the method

27 including the steps of:

28 blocking a passage in the manifold between a
29 bore of the manifold and its respective branch

30 outlet;

31 diverting fluids recovered from the well out of

32 the manifold; and



25 fromdifferent sources. 26 27 121. A nethod as

clainmed in claim 120, wherein the 28 manifold
wewpnimes a tree. 29 30 122. A tree havi ng aPdi/G8ea0@/002329

assenbly sealed in a 31 bore of the tree, wherein the

di verter assenbly 32 conprises separator which

di vi des the bore of the WO 2005/1047646

PCT/ GB2004/ 002329 113 1 tree into two separate

tegi ons, abd)AEéRgekivhds intehtbegivalile tree bore

nd into t u of tl1 wel |
% tree as ¢ %?%g ﬁ%igﬁ Qﬁ%zgl |r1%q%a%ﬁve%Fe§ out

Beastobnendi memeaslassenbﬂye C@n@wge%@r@m@w dctodd tFavel
t | east one seal Atree as clained in

124,
| ai nF35 E?%Jh¥iﬁgh @t%ﬁ%r%fnt?ﬁéb%OQRﬁﬁnPQﬁﬁﬁge
gi verter assenbly conprises 11 a gas injection line.
12 13 125. Atree as clainmed in any of clains 122 to
424, 1h2. When@th0® aﬂrthelmddvgmtelaassémﬂbywheméﬁm
15 co % g.tge é t he furgher diverter 16
assenbl'y co r|S|ng 1ESEPA} at Dr S WRRH AU a 17
81 owpat h between a production bore and a production
18 wing outlet of the tree. 19 20 126. A tree as
tl ai i dreed 255 Gheleed botdlefim ALl iexr diddrter
1@sse r 0 t
a1 e e Rt w Soncont 1 Lal Ty aerhte-tss a5 e
lkonduie- i geioad denconceatwe ] . separate 24 regi ons
1 thin the production bore.

13 114. A method as claimed in claim 111 to 113,

14 wherein at least some of the £luids are processed by
15 a processing apparatus.

16

17 115. A method as claimed in claim 111 to 114,

18 including the step of returning at least some of the
19 recovered fluids to the manifold for recovery from

20 the branch outlet of the blocked passage.
21

22 116. A method of recovering fluids, comprising

23 recovering fluids from a first well, recovering

24 fluids from a second well and returning at least

25 some of the recovered fluids to a tree of the second
26 well for recovery therefrom.

27

28 117. A method as claimed in claim 116, wherein the
29 second well is provided with a diverter assembly

30 which separates the fluids recovered from the second

31 well from the fluids returned +to the tree of the

32 second well.



25 26 127. A method of diverting fluids, including the

27 steps of: 28 providing a fluid diverter assenbly
waeabodretdqr 29 the bore of a tree to formtwo BEPa&BAi02/002329

regions in 30 the bore and extending into the

production zone of 31 the mel#' WD 2005/ 047646

PCT/ GB2004/ 002329 114 1 injec
wel |

ing fluids into the
via one of the 2 regions; and 3 recovering

1 uids via the other of the regions. 45 128 A
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alternative route

A nmet hod as clal ne

@ny ofhelzggadiarllo 15 129, |ncI udi ng the step of

iverting the recovered 16 fluids t -0 a processing
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wherein the first tree has a diverter assembly
providing two separate regions in the tree, and
wherein the fluids recovered from the first tree
travel through one of the regions, and fluids from
another source travel through the other of the

regions.

120. A method of diverting fluids into or from a
well having a manifold using a diverter assembly
located in a bore of the manifold, the diverter
assembly dividing the flowpath into two separate
regions, wherein the method includes the steps of
passing a first set of fluids through one of the
regions and including the steps of passing a second
set of fluids through the other of the regions,
wherein the first and second set of fluids originate

from different sources.

121. A method as claimed in claim 120, wherein the

manifold comprises a tree.

122. A tree having a diverter assembly sealed in a
bore of the tree, wherein the diverter assembly

comprises a separator which divides the bore of the
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tree into two separate regions, and which extends
through the tree bore and into the production zone

of the well.

123. A tree as claimed in claim 122, wherein the at
least one diverter assembly comprises a conduit and

at least one seal.

124. A tree as claimed in claim 122 or claim 123,
wherein the at least one diverter assembly comprises

a gas injection line.

125. A tree as claimed in any of claims 122 to 124,
wherein a further diverter assembly is also
connected to a the tree, the further diverter
assembly comprising a separator which blocks a
flowpath between a production bore and a production

wing outlet of the tree.

126. A tree as claimed in claim 125, wherein both of
the diverter assemblies comprise conduits, and
wherein one conduit is located concentrically within
the other conduit to provide concentric, separate

regions within the production bore.

127. A method of diverting fluids, including the
steps of:

providing a fluid diverter assembly sealed in
the bore of a tree to form two separate regions in
the bore and extending into the production zone of

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

recovering fluids via the other of the regions.

128. A method as claimed in claim 127, wherein the

injection fluids are gases.

129. A method as claimed in claim 127 or claim 128,
including the step of blocking a flowpath between
the bore of the tree and an outlet of the tree and
diverting the recovered fluids out of the tree along

an alternative route.

130. A method as claimed in any of claims 127 to
129, including the step of diverting the recovered
fluids to a processing apparatus and returning at
least some of these recovered fluids to the tree and

recovering these fluids from the tree.



