APPARATUS AND METHOD FOR PROCESSING FLUIDS FROM A WELL CROSS REFERENCE TO
RELATED APPLICATION [0001]This application claims priority to Great Britain Provisional Patent
Application WO 8BEE98526.9, entitled "Apparatus and Method", filed on DEYEMBRATRISIBHIG, which is
herein incorporated by reference. FIELD OF THE INVENTION [0002]The present invention relates to

apparatus and methods fos paesETNISVAN T METHOE HoRNMRE tEs8yRaion can be used for
recovery and injection of well fluids. SopE ASFHTANA 'RigteLespecially but not exclusively to

recovery and injection, into either the same, or a different well. BACKGROUND [0003]This section is
intended to introduce the reader to various aspects of art that may be related to various aspects of the
present invention, which are described and/or claimed below. This discussion is believed to be helpful

in providing 6°§’§ i FP@H@EO‘\" | r&ﬁg' j '}fﬁoﬂoetter understanding of the various
aspects of the;ﬁprese?tg Ilgr}%/%ntlon. ccg:jcﬁngﬁy, [ s@%‘?g Eg&llm erstood that these statements are to be
read in this ligigle #1d NPHRS GITHSTIBHS PLEO"Rdrity to Great Britain Provisional Patent

Application No. GB0625526.9, entitled “Apparatus and Method”, filed on
December 18, 2006, which is herein incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to apparatus and methods for
processing well fluids. Embodiments of the invention can be used for
recovery and injection of well fluids. Some embodiments relate especially but
not exclusively to recovery and injection, into either the same, or a different

well.
BACKGROUND

[0003] This section is intended to introduce the reader to various aspects
of art that may be related to various aspects of the present invention, which
are described and/or claimed below. This discussion is believed to be helpful
in providing the reader with background information to facilitate a better
understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read in this light, and

not as admissions of prior art.

[0004] As will be appreciated, oil and natural gas have a profound effect on
modern economies and societies. In order to meet the demand for such
natural resources, numerous companies invest significant amounts of time
and money in searching for and extracting oil, natural gas, and other
subterranean resources from the earth. Particularly, once a desired resource
is discovered below the surface of the earth, drilling and production systems
are employed to access and extract the resource. These systems can be
located onshore or offshore depending on the location of a desired resource.
Further, such systems generally include a wellhead assembly through which



[0004]As will be appreciated, oil and natural gas have a profound effect on modern economies and
societies. In order to meet the demand for such natural resources, numerous companies invest
significant af¥@3A8/®iofirde and money in searching for and extracting oil, nBEFAIGO/&i488dther
subterranean resources from the earth. Particularly, once a desired resource is discovered below the

surface of thggaidlodringsaBdilOdectionasdoms AE g RYRBIIB AGReRS ANA iBI(RM the resource.
These systems can be located onshore or offshore depending on the location of a desired resource.

Further, suchiSiR 168 yepbRAVRRNEDE ARJIMERNFUSmBIE tnASLB TN AR d RS RS- is

extracted. T%ﬁ%M‘éeBBﬂ%I31$r$é3§,‘@iﬁs‘ﬁr@%{‘@@%é@%ﬁ%@qwiﬂé,Wé@%&ft@rﬂﬁﬂfﬂ@‘%@wm conduits,
such as a christmas tree (tree), various control lines, casings, valves, and the like, that control drilling

and/or extraSiHiRSHRRRATEUPBD5]Subsea manifolds such as trees (sometimes called christmas

trees) are well known in the art of ojl and gas wells, and generally comprise an assembly of pipes,
vatveb and (IR0 ns iR Pe AN G SHE? E5rER RGP GRS EAIER GaBIER ST B broduction

tubing to cordrel iglifirMoairoinafsegas: fefnbiharve aSuheds, raes ypieatihawharieashiwo bores
one of which com niczte,s with the production tubin r%e productiﬁn b(gegF and the other of which
communicatBSSFRANLANRESs YHUEHANR LHBRS INet08F BicaMGESERAS BHELFOMRIEA rees may

have a side gfitiell(agospduietinallaiing Riaimehptodbetviedusiigtbaertrosetkbyowspduciinn wing valve
for removal of pzfduction quiﬂsgﬂ the fE)roducti.on ore. The gnnulus bore also "%/(a}'cag){ ngs an
annulus Wing"i’)? F&WM&]V&‘%J S R ?\?ﬁu@%ﬁ%" X/Q@\ée. #h ?0% M%Oﬁ?éo‘lf& idh WOtEand the top
of the annulys benekitatesualith capped By aibie eutagnthen gymicatio aestsw)(f shel vad@iadrores in the
tree, and provides hydraulic channels for gperation of the various valves in the tree by means of
intervention 8&&%&#&8 BPPENRLES 0 GHREHEKS | ?aﬂgﬁ‘b‘ﬁﬁd?%ﬁi/\/ells and trees are often
active for a | ime, gnd wells, from a decade aga may still be in use today. However, technology has
Progressed SRR dea i odRRAIReCT e NEIe A SSSS JHONbLGNG of Ak PLGh Gesrable
Such processinguaiomvaivg bduhicy \ctee hhieghsodaphioatibgre atkrsandsaaddrodudtiemydrararbons,
etc. [0008]Conven¥ional treatme]nt mgthqu iqvolve conv?%in the fluids over

va produc f t pgr

lve Tor removal o uction fluidsfrom oduction boré. The annulus
bore also typically has an annulus wing branch with a respective annulus wing
valve. The top of the production bore and the top of the annulus bore are
usually capped by a tree cap which typically seals off the various bores in the
tree, and provides hydraulic channels for operation of the various valves in the
tree by means of intervention equipment, or remotely from an offshore

installation.

[0007] Wells and trees are often active for a long time, and wells from a
decade ago may still be in use today. However, technology has progressed a
great deal during this time, for example, subsea processing of fluids is now
desirable. Such processing can involve adding chemicals, separating water
and sand from the hydrocarbons, etc.

[0008] Conventional treatment methods involve conveying the fluids over
long distances for remote treatment, and some methods and apparatus
include localized treatment of well fluids, by using pumps to boost the flow
rates of the well fluids, chemical dosing apparatus, flow meters and other

types of treatment apparatus.

[0009] One problem with locating the treatment apparatus locally on the
tree is that the treatment apparatus can be bulky and can obstruct the bore of



long distances for remote treatment, and some methods and apparatus include localized treatment of
well fluids, by using pumps to boost the flow rates of the well fluids, chemical dosing apparatus, flow
meters and WP et treatment apparatus. [0009]One problem with loddiFY RO TEHGHENt
apparatus locally on the tree is that the treatment apparatus can be bulky and can obstruct the bore of

the well. Thetﬁ%f%lI'”tW&@Qﬁom@%ﬂﬁdﬁ%ﬁwgtW%ﬁﬁ'h% wellbaeetpaiheensdrimoval of the
treatment apparatus before access to the well can be gained. SUMMARY OF THE INVENTION

[0010]Accorbftfy B iRt BoNa! of the ;SF@%HH?HV%%%W%H@r@qgob‘?cﬁﬁ@%%FPéﬁﬁa‘f‘éﬁhﬁ& the

processing qjélggﬁé@m an oil or gas well, the apparatus comprising a processing device, and a
wellbore extension conduit. [0011]Typically the apparatus is modular and the wellbore extension
conduit extends through the module The wellbore extension conduit typically comprises sealed tubing
that optional Lﬁﬁﬁfﬁ E,\tﬁr h a central axis of the apparatus, and the processing
device is arranged around the central axis, spaced from the wellbore extension conduit. [0012]The

apparatus CagdiRPUilt Nt Baaing To Wil & YShea bt oresent invention there is provided

an apparatus for the processing of fluids from an oil or gas well, the apparatus

comprising a processing device, and a wellbore extension conduit.

[0011] Typically the apparatus is modular and the wellbore extension
conduit extends through the module. The wellbore extension conduit typically
comprises sealed tubing that optionally extends at least partially through a
central axis of the apparatus, and the processing device is arranged around
the central axis, spaced from the wellbore extension conduit.

[0012] The apparatus can be built in modules, with a first part of the
module, for example, a lower surface, being adapted to attach to an interface
of a manifold such as a tree, and a second part, for example an upper surface,
being adapted to attach to a further module. The second part ( e.g. the upper
surface) can typically be arranged in the same manner as the manifold
interface, so that further modules can be attached to the first module, which
typically has the same connections and footprint of the manifold interface.
Thus, modules adapted to connect to the manifold interface in the same
manner as the first module can connect instead to the first or to subsequent
modules in the same manner, allowing stacking of separate modules on the
manifold, each one connecting to the module below as if it were connecting to
the manifold interface.

[0013] The wellbore extension conduit is typically straight and is aligned
with the wellbore, although some embodiments of the invention incorporate
versions in which the wellbore extension conduit is deviated from the axis of
the wellbore itself. Embodiments with straight extension conduits in axial
alignment with the wellbore have the advantage that the wellbore can be
accessed in a straight line, and plugs or other items in the wellbore, perhaps

below the tree, can be pulled through the modules via the extension conduits



module, for example, a lower surface, being adapted to attach to an interface of a manifold such as a
tree, and a second part, for example an upper surface, being adapted to attach to a further module.
The secondpaRW&6HE upper surface) can typically be arranged in the sBREFHRHAEOBH#84he
manifold interface, so that further modules can be attached to the first module, which typically has the

same connegipsend RSURIENISH g pBeRiohéaiARed N Mot AdamedngonRect ( the

manifold interface in the same manner as the first module can connect instead to the first or to

subsequent WRIRAER friRRSIeMeoRAvhi daMAIRR, IERIBIG BXisdhRaNARRIBIIFHR BRanifold,
each one cofyselisriRAte erlSLpRIpML s i gerreReRneCiRadeIAqTatifp iveriave (0013]The
s or

wellbore extension conduit is typically straight and is aligned with the we e, although some

embodiment¥SRRES FRERB AHARIRBISHON HRIEN S i RHRCk B MEAWYRE extension conduit is deviated
from the axis, of the wellbore itself. Embodiments with straight extension conduigs jn axigl alignment
with the Wellsmdyﬁavejéﬁg ébQ%‘?ﬁaﬂ'érn}ﬁw%‘? tﬂg 3&8”56?5‘6'& Wil Jg@é%%?gﬁ ¥est£%ﬁ ﬂﬂgé,o%nd plugs or
other items ipdiemsiihaug, geihapphelawHsetiee kaatvnpuledHbmsige dioenashiestsis the
extension conduits without rewomr\}t??gr a 'ustin% the mo%vles. Embodimer}ts in which the wellbore
extension cdHuit QSR M SR BN EYB SR Ye HoGid BRGH SHETBSMARBISHP Riaptable to
large pieceswil|yecadsiste ¢ avipmentivitheheeityose sarfae thermreduetiosdaiat dhé mppauction
flowline. [0014]The upper surface of the modyle will typicall r|;1ave fluid and/o;gov%g‘erv%gnduit
connectors EGRARTRERERSAE (R RUBLLAVE LBNRESHEsrHBECIsaS PR Slrtace, bu
typically, thesupizesesoifiieernodokctissweill Dahadiptedvibenatdaviippoe sanwacsuriace amipectors, so
that the upper surface c&%n ctors can mate with the lower surface connectors on the lower surface of

the module ZOEHerEt3r ,We?grﬁg%ﬁﬁgr YRRV RS A8 QBW?mQrIOWeY'Qﬁrface can

typically havesaggmale connector, or vice versa. [0015]Typically the module can have support
structures such as posts that are adapted to transfer loads across the module to the hard points on the
manifold. In [@0tbH e mbygplcabnthameodeightat tre pragessimginotuies sachbeshorets bigahe wellbore

mandrel. [0016]In som b gim nts,.the pracessing devi an cgnnect directly info the wellbore
mandrel. Fof Eéaarﬁf’?%t,g gﬁrﬂ%ﬁ sngo%rni%%f?\% 8.%@%%@ ﬂc?eth%?nag%%r{é 0%1% %o%rtgé §§f ssto}) Eelﬂﬂ)?ocessed to
the processintpdéeide. [Thecpraicessibgdiavirds; dheptedghtly ctre ech te sshmgmobhaflésecaanifold,

typically to [ r CS atree T rocessing device can typically have an inlet that draws
production ﬁﬁ%@%ﬁ%" ﬁgr\ltveerﬁ?r)m%sreert c?cgafé%j'in a choke conduit of the branch of the manifold, and

can retur (s (o 1S ersrinasih i 2oy U5 AIRIA 86T AAUITLE: gy insert can

have a flow divertér to divi
into the wellbore mandrel. For example, conduits connecting directly to the

mandrel can route fluids to be processed to the processing device. The
processing device can optionally connect to a branch of the manifold, typically
to a wing branch on a tree. The processing device can typically have an inlet
that draws production fluids from a diverter insert located in a choke conduit of
the branch of the manifold, and can return the fluids to the diverter insert via
an outlet, after processing.

[0017] The diverter insert can have a flow diverter to divide the choke
conduit into two separate fluid flowpaths within the choke conduit, for example
the choke body, and the flow diverter can be arranged to control the flow of
fluids through the choke body so that the fluids from the well to be processed
are diverted through one flowpath and are recovered through another, for
transfer to a flowline, or optionally back into the well. Optionally the flow

diverter has a separator to divide the branch bore into two separate regions.



conduit into two separate fluid flowpaths within the choke conduit, for example the choke body, and the
flow diverter can be arranged to control the flow of fluids through the choke body so that the fluids from
the well to bW ®288&83e¥are diverted through one flowpath and are recove ReHRBUHEH S her, for
transfer to a flowline, or optionally back into the well. Optionally the flow diverter has a separator to

divide the brpRp{BipOreTHE BHOGTERAsAIRIPHORIMMA 2008285 TBICE (Y SROGF(RHABRAID018] The oi

or gas well is typically a subsea well but the invention is equally applicable to topside wells. The

manifold ma§BERYRARRURAR FrichiRRaIde efanclian BrakRicnayPe 9akIfing praafebn fluids

from, or conyeying inigith fldidsskucrdlumier phsiffergntingllprodesmativalyidse reanifald may be
dedicated to a single well; for example, the manifold may comprise a christmas tree. [0019]By "branch”

we mean an§BFAERDIURSHRMibIESotRe AHAHMPSFoRT AiERrBBF RS treRlteimativiRly bifch is
typically a lapgiifianaingf pederpeated Gandeiaghso dedticn oe i  tsawingnraachapnnected to

a production bore or an annulus bore respectively. [0020]Optionally, the flow diverter is attached to a
choke body.SABREH B SIMARERRhe housing which remains after the manifold's standard choke

has b . The chok b hoke of a tree, hoke of ther ki f ifold.
100211The 1EIPARE e Foou R B A TRATbAREPERE 1AL RGITBP ATFr S5 IRIoR in series

with a chokepfoaiuenampieraroaia erebodineewingbraribe wapiielsligomiaiises ariaehtoe fiew diverter
could be located between t:}%e ChOquand the production Qﬂing valve or beh\;veen the caoke and the

branch outlet $ur SHRER BROSYGHRENR G HA é'?hg'ﬁ&/\})(ﬁm? CRYRRSSE: [59pgwork

coupled to theadabifoll brsterdnfanitiinsheoreamipldotielfy Such embodiments allow the flow diverter
to be used in addition to a choke, instead of replacing the choke. [0022]Embodiments where the flow

diverter is adap2a) to dOptienttly athe flow diverter is attached to a choke body. “Choke
body” can mean the housing which remains after the manifold’s standard
choke has been removed. The choke may be a choke of a tree, or a choke of
any other kind of manifold.

[0021] The flow diverter could be located in a branch of the manifold (or a
branch extension) in series with a choke. For example, in an embodiment
where the manifold comprises a tree, the flow diverter could be located
between the choke and the production wing valve or between the choke and
the branch outlet. Further alternative embodiments could have the flow
diverter located in pipework coupled to the manifold, instead of within the
manifold itself. Such embodiments allow the flow diverter to be used in
addition to a choke, instead of replacing the choke.

[0022] Embodiments where the flow diverter is adapted to connect to a
branch of a tree means that the tree cap does not have to be removed to fit
the flow diverter. Embodiments of the invention can be easily retro-fitted to
existing trees. Preferably, the flow diverter is locatable within a bore in the
branch of the manifold. Optionally, an internal passage of the flow diverter is
in communication with the interior of the choke body, or other part of the
manifold branch.

[0023] The invention provides the advantage that fluids can be diverted
from their usual path between the well bore and the outlet of the wing branch.
The fluids may be produced fluids being recovered and traveling from the well



branch of a tree means that the tree cap does not have to be removed to fit the flow diverter.
Embodiments of the invention can be easily retro-fitted to existing trees. Preferably, the flow diverter is
locatable withfh24088¥83h7the branch of the manifold. Optionally, an internalBaE¥2g& GPEHESHlow
diverter is in communication with the interior of the choke body, or other part of the manifold branch.

[0023]The inygrsion BrevisiRrthes adlrssaga b Snds,candeidiveriagrem thigistsmaluagsh between

the well bore and the outlet of the wing branch. The fluids may be produced fluids being recovered and

traveling frofiake/iNIITb e {8 YRESSLAEEBINIBE Mife MaliRNE thESItE SRS ESis CHuids
traveling in tBguRYRESR, dHIRSHONHRIOWRR- Wl \Re s Qﬁ&h@é‘ﬁrﬁcﬁdé@défd RANGRIRGNIaaere are
(6]

well-known and safe techniques of removing and replacing the choke as it wears out. The same tried

and tested t6ERKIGIS B POLR Pt WRAVeTHE chBReSRINS tHICEHRE BRRIGAMBIIED the flow

diverter ontocthie sbQleeBagrembrsitiBecskeTreakine wabkigsdytanbaseranpTthis foables new
pipework to be connected to the choke body and hence enables safe re-routing of the produced fluids,

without havitlRS tGhREHAKE e ENiRsiRR AL IXHHaR Wt tiecBRitilfRKing reSInfidein g ih st the
existing pipesc&ag. theng deidneasiedwQlgélsneepbedinerteditevHilishekamuaigatien between

the well bore and the flow diverter. Other embodiments allow the wellbore to be separated from a

region of the O FEREICT healRo ke N h B bihe RAANGRsh EHEkE DBHEDUH aRAMRGITS choke
body. Preferghlieridiitstieadtonigetiamialvekter wistonissslingtaaclacimisaitachment & choke

body or other part of the manifold branch. Optionally, the flow diverter has a housing that is cylindrical

and typically YA RIEPH AS O AURISERA9R)) through the housing between opposite ends of the
housing. Alt?b:@glﬁely’ ne end o%h internal passage, is in a side of.the @%ﬁin . [0025]Typically, the
flow divertery ess B%ti%rr? &EW? %Splaclfmﬁ’e @s@%%nﬂgaﬂﬂ% frthe 1S UiVerter.
Typically, edsbref dmeseiredilons bagesespSities istabanihmsitet aiaWattiidvedbdrewtthiseigh both of
the axial nSSHLAIGH (GRS Hc MBS e B IUNE Bt Beicbeyond the
end of the hpusthg:tPrefehiakly Hbeycondint atividies tbirakée baad yoasaaderaisty adiftstegimh afomprising
the bore of the conduit.

C and a second region compyrising the apnulus between the housing and the
conaut. OpHBRE N AVELIEIL 1 SIS o Bar T eI G i AR BTl the choke
body) to preweméflpaicofmhemeatiidobtamen ti@ptionallys el flbey ive véthieasandhaitising

that is cylindrical and typically the internal passage extends axially through the
housing between opposite ends of the housing. Alternatively, one end of the

internal passage is in a side of the housing.

[0025] Typically, the flow diverter includes separation means to provide
two separate regions within the flow diverter. Typically, each of these regions
has a respective inlet and outlet so that fluid can flow through both of these

regions independently. Optionally, the housing includes an axial insert portion.

[0026] Typically, the axial insert portion is in the form of a conduit.
Typically, the end of the conduit extends beyond the end of the housing.
Preferably, the conduit divides the internal passage into a first region
comprising the bore of the conduit and a second region comprising the
annulus between the housing and the conduit. Optionally, the conduit is
adapted to seal within the inside of the branch (e.g. inside the choke body) to

prevent fluid communication between the annulus and the bore of the conduit.

[0027] Alternatively, the axial insert portion is in the form of a stem.
Optionally, the axial insert portion is provided with a plug adapted to block an



[0027]Alternatively, the axial insert portion is in the form of a stem. Optionally, the axial insert portion is
provided with a plug adapted to block an outlet of the christmas tree, or other kind of manifold.
Preferably, W€ pM3/1208¢fapted to fit within and seal inside a passage leadiRfFEEIWIIESH*a branch
of the manifold. Optionally, the diverter assembly provides means for diverting fluids from a first portion

of a first flonvpaibitePrRe HKL{IAYD¥Ee 2BH HIRaNRIFRI SfviPrmelae fWé‘@fﬁU&ﬁtﬁé%U@ flowpath to a
pa

second portion of a first f|0W§§th- Preferably, at least a part of the first flow comprises a branch of

the manifold2§RRIGR I HEWERIBRNGPESHh EEIdE & MaE AR RAYIBAIP MR ®EaBrRSR the
annulus of agrondeitnigARBIAhe dyrERRINSCthES eional aasEnBHapreusslimraadheprocessing

device can take fluids from a bore of the well and return them to the same or a different bore, or to a

he wel
branch, withBGFHRSMINECS FIAMARE PREVANG B A 8h 80 BRatH IR Faas cear S IwRAE! - tRBGIuids could

be taken threnghng phriBiGEIEIROPE PR UTOIP R SecoRdtTIBWBdle e HGER REOSERRIAARPAratus, and
back into a second hub on the same or a different tree, through a plain single bore conduit.

[0029]Accordlsy fleWRaEond AefRalb 1Rt R8st iRdENREANRClES IRWRERY SOMRRRSR Raving

apparatus agsarfiRIPtHE fiahASRECt PhENAKIVEAHOBe dotiC pbritIs PEPanssMadryiggdtchosen
from at least one of: a pump; a process fluid turbine; injection apparatus for injecting gas or steam;

chemical inj&&6A %%W&’fé?ﬁsfhﬁ ORERR FBS @RS L2 5dUHe regulation apparatus; a fluid riser:

measureme ratys; temperature measurement apparatus; flow rate measurement apparatus;
constitution ﬂ{?@&ggﬂemﬁ? a@&% lﬁs!r&ﬁ%i&eﬁ’a}' sf ght%bad%tﬁgf%%@@gﬁé aﬁ% apparatus;

water separaifobehagaties]so ligm Sejpar dtinasaippar aiisy rendf hyidroasctisenaratibe @paratus.
[0030]Optionally, the flow diyerter provides a barrier to separate a branch outlet from. a branch inlet.
The bartier 15 S8t UHTER PR T b IA0E o DR LA R SHAI VL barrie
comprises atpuhgvhidhgs thyaicaltyel otaigshiihside-tie extmkie bpdidofi vidierquatdobietarenifold
branch) to block the brapch outlet. Optionally, | lug is attached to the hoysing by a stem which
extoncs axill HRLG P AT PR b SIS B SobE M Lo Rsa logassa
[0031]Alternafpeisaties Eadebacknprisea esecoddittaiherdiviestesame or a different tree,

through a plain single bore conduit.

[0029] According to a second aspect of the present invention there is
provided a manifold having apparatus according to the first aspect of the
invention. Typically, the processing device is chosen from at least one of: a
pump; a process fluid turbine; injection apparatus for injecting gas or steam;
chemical injection apparatus; a chemical reaction vessel; pressure regulation
apparatus; a fluid riser; measurement apparatus; temperature 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.

[0030] Ogptionally, the flow diverter provides a barrier to separate a branch
outlet from a branch inlet. The barrier may separate a branch outlet from a
production bore of a tree. Optionally, the barrier comprises a plug, which is
typically located inside the choke body (or other part of the manifold branch)
to block the branch outlet. Optionally, the plug is attached to the housing by a

stem which extends axially through the internal passage of the housing.



assembly which is engaged within the choke body or other part of the branch. Optionally, the manifold
is provided with a conduit connecting the first and second regions. Optionally, a first set of fluids are
recovered fAY® HERE7e5ETl via a first diverter assembly and combined with RREYRANE B8BEommunal
conduit, and the combined fluids are then diverted into an export line via a second diverter assembly

connected tqwsqgondmeHnéﬁ%%]A%dmﬁ@ﬁ fesmbraspechofdbgduiesent iendioaridere is
provided a method of processing wellbore fluids, the method comprising the steps of: connecting a

processing GHiSEEeY fﬂhécrl?néﬁ]ﬁ&@?%?’éiiwW\é%@@@é‘ﬁﬁ{?gﬁﬁrﬁmgrh%rbﬁr Beprbevice and a
wellbore extessipRARICHE AREHTHIRN eI sheRMDAVRIEH ensTRIIEQAShHISIRQRRSIGFs (Oig Wellbore of

the manifold; diverting the fluids from a first part of the wellbore of the manifold to the processing

device; proc8SSRIFHRRIIRNTs i PRECPANe SIS IHRRAQY: TAHdS &G HRrPURSH JrEsadiRliaelb a second

part of the wabareich thr sranifaktdRRRlAvNaicaiMbthednitP dirdprigasveriaadbnaadrm a well,
and includes the final step of diverting fluids to an outlet of the first flowpath for recovery therefrom.

Alternatively ¥ S4itidRSIN MRS i YIS REeitis A SR 4R I AR R RAMd R Y Befassed in

either directigadtwegibdherdisedripRmhbctBiRIER BERRRIFSION OF THE DRAWINGS
[0034]Various features, aspects, and advantages of the present invention will become better

understood [g@3Rihe falbwitingetailed tiraeriptiopdstrefdinihpieissancevertieraceesnpanrying figures
in which like chargcters represent like parts. throughout the figures, wherein: [0035]FIG. 1 is a plan
view of a tyRERH L Gh AP HTOH R BIPREES [ ARG WIS dB% I BPR PR e e o037 G 3

is a plan viestop&16E: ldpeedtmg fasplividpsrapsspgaratus to a manifold, wherein the
processing apparatus has a processing device and a wellbore extension
conduit, and wherein the wellbore extension conduit is connected to the
wellbore of the manifold; diverting the fluids from a first part of the wellbore of
the manifold to the processing device; processing the fluids in the processing
device; and returning the processed fluids to a second part of the wellbore of
the manifold.

[0033] Typically, the method is for recovering fluids from a well, and
includes the final step of diverting fluids to an outlet of the first flowpath for
recovery therefrom. Alternatively or additionally, the method is for injecting
fluids into a well. The fluids may be passed in either direction through the
diverter assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Various features, aspects, and advantages of the present invention
will become better understood when the following detailed description is read
with reference to the accompanying figures in which like characters represent
like parts throughout the figures, wherein:

[0035] FIG. 1is a plan view of a typical horizontal production tree;
[0036] FIG. 2is a side view of the FIG. 1 treeg;

[0037] FIG. 3 is a plan view of FIG. 1 tree with a first fluid processing

module in place;



module in place; WO 2008/076567PCT/US2007/084884 [0038]FIG. 4 is a side view of the FIG. 3
arrangement; [0039]FIG. 5 is a side view of the FIG. 3 arrangement with a further fluid processing
module in pME2IFIYOIETG. 6 is a plan view of a typical vertical production BeEUSRIAT[BIEB47 is a side
view of the FIG. 6 tree; [0042]FIG. 8 is a side view of FIG. 6 tree with first and second fluid processing

modules in gigesg]004BIBIG B is SGENRNRHE Hiag @ Shemingdheewpaths of the FIG. 5
[0039] FIG. 5 is a side view of the FIG. 3 arrangement with a further fluid

processing module in place;
[0040] FIG. 6is a plan view of a typical vertical production tree;
[0041] FIG. 7 is a side view of the FIG. 6 treeg;

[0042] FIG. 8 is a side view of FIG. 6 tree with first and second fluid

processing modules in place;

[0043] FIG. 9 is a schematic diagram showing the flowpaths of the FIG. 5

arrangement;

[0044] FIG. 10 is a schematic diagram showing the flowpaths of the FIG. 8

arrangement;
[0045] FIG. 11 shows a plan view of a further design of wellhead;

[0046] FIG. 12 shows a side view of the FIG. 11 wellhead, with a

processing module; and

[0047] FIG. 13 shows a front facing view of the FIG. 11 wellhead.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0048] One or more specific embodiments of the present invention will be
described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort to provide a concise description of
these exemplary embodiments, all features of an actual implementation may
not be described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or
design project, numerous implementation-specific decisions must be made to
achieve the developers’ specific goals, such as compliance with system-
related and business-related constraints, which may vary from one
implementation to another. Moreover, it should be appreciated that such a
development effort might be complex and time consuming, but would
nevertheless be a routine undertaking of design, fabrication, and manufacture
for those of ordinary skill having the benefit of this disclosure.



arrangement; [0044]FIG. 10 is a schematic diagram showing the flowpaths of the FIG. 8 arrangement;
[0045]FIG. 11 shows a plan view of a further design of wellhead; [0046]FIG. 12 shows a side view of
the FIG. 11 WEIREHE7eh a processing module; and [0047]FIG. 13 shows BGAIHE3A¢TA§43 W of the
FIG. 11 wellhead. DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS [0048]One or more

specific embejaggnts Pféf&ﬁrﬁf@ﬁﬁﬂhifbl‘%ﬁ@!%%i@%%w&m B%@‘Ncﬂ&ﬁ%ﬁdﬂﬁﬁﬂﬂw @,ﬁnbod_im_ents
are only exem&lary of the present invention. Additionally, in an effort tQ E)rowde a concise description

of these exeRNBRTRRILBUFAREMES!IPASLEFTLUFEH AN IMARReYEHO R PIAFHEIRR BR%& ribed in the
specification; feshaHlsl PeANPeiRRSHNAbIAGhH e KeRRIeaHAT GiiNG bRsHRLIBIDRIRANtation, as

in any engineering or design project, numerous implementation-specific decisions must be made to

achieve the HORIBIFEURLRTIESHRNS 06 (BR REQBIRINARSINRNIR R EFRS MRt N2h § TR Mess-related

constraints, WhighmAYsVBsYSroseBereRloMeatien thcaanfsNbeteet thshadidpamppreciated
that such a development effort might be complex and time consuming, but would nevertheless be a

routine undeftERTEHE JHPBBricAiSE GAb WRIRBHCREAT S B LM AP A h &Ry the benefit
of this disclogtigidedO2RA/BEF 26 Ay ErEiie 288MeB488Anels by which a remote platform

or intervention vessel can communicate with and operate valves in the
christmas tree. The cap is removable from the christmas tree in order to
expose the production bore in the event that intervention is required and tools
need to be inserted into the wellbore. In the modern horizontal trees shown in
FIGS.1-5, a large diameter production bore 1 is provided to feed production

fluids directly to a production wing branch 10 from which they are recovered.

[0050] The flow of fluids through the production and annulus bores is
governed by various valves shown in the schematic arrangements of FIG. 9
and 10. The production bore 1 has a branch 10 which is closed by a
production wing valve PWV. A production swab valve PSV closes the
production bore 1 above the branch 10, and a production master valve PMV

closes the production bore 1 below the branch 10.

[0051] The annulus bore 2 is closed by an annulus master valve AMV
below an annulus outlet controlled by an annulus wing valve AWV. An

annulus swab valve ASV closes the upper end of the annulus bore 2.

[0052] All valves in the tree are typically hydraulically controlled by means
of hydraulic control channels passing through the cap and the body of the
apparatus or via hoses as required, in response to signals generated from the

surface or from an intervention vessel.

[0053] When production fluids are to be recovered from the production
bore 1, PMV is opened, PSV is closed, and PWV is opened to open the
branch 10 which leads to a production flowline or pipeline 20. PSV and ASV
are generally only opened if intervention is required.
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[0049]Referring now to the drawings, a typical production manifold on an offshore oil or gas wellhead
comprises a christmas tree with a production bore 1 leading from production tubing (not shown) and

carrying proY@:HS/ A from a perforated region of the production casing F&¢ B YE2&/8%+8bt shown).
An annulus bore 2 (see FIG. 9) leads to the annulus between the casing and the production tubing. A

tree cap typiggosgealsTofs thamer esHatANROFmd, At okevisRs amamA ek RicRyrpriwamsel channels

by which a remote platform or intervention vessel can communicate with and operate valves in the

christmas tré&&10KRe! 825 HiSERRRADIR FUM ehienirkRisTividsithsryahithexgodeeibody@Rtion bore in

the event thaf iptRrYEGH bRt NASORES need to be inserted into the wellbore. In the modern
horizontal trees shown in FIGS.1-5, a large diameter production bore 1 is provided to feed production

fluids directlygossproduatiomuitelarapahtid famduehioh Biey araypieevgrednipaseEr Aefitow of fluids
through the produ gé%n and annulus bores is governed by various valv soa%g_wni .the schematic
arrangemenRBPFIER GG S5OPRE B GRh AECE (RG B1FRSHCRS MR TS EIBd8d B a

production wangtvialv ey ¥ pbrpisskistionsveabtralvenB S¥dasesithe peislictiuppored apove the
branch 10, and agrodictio aﬁter valve PMYV closes t roduction bore 1 below the h)ranch 10.

[0051]The afHuBSBrE s ‘Erg&éé(daa?}é%% 55 R &RAy R IMEG G GR et
controlled by>ne sl usditigeysbe ANV afn 28 idus shupledabie tAS Vi gig sesnihgt ppferhend of the

annulus bore 2. [0052]All yalves jn the tree are typically hydraulically cqntrolled by means of hydraulic
control chanW&‘é%H?é{ﬁ@ {fﬁoﬂadrh}'e%gpciﬁg‘?tﬁgﬁ%d 81’%@gpﬁaﬁﬁ%%&/ﬁﬂ%@eg%ﬁ&uired, in
response to sigoategenectiateli stapatbecsarfaeel eidsom igrthetessmie plaes 3 b[0OH 3BV production
fluids are to pe recovered from the E‘?r?éjé@ion bore 1, PMV is o§)§§i% PSV is closed, and PWV is

opened to o &Y Efk?ecﬂf‘gﬂgﬁ %mc _ i@fﬁ?@&ééﬁotﬁﬂ&n ﬂﬂngﬁﬁe 20. PSV and ASV are
generally on%(?ggfu edﬁiﬁgt%rr\(ﬁng%?elszrggugﬁeéi ‘the second plate 25b each have central

apertures that are axially aligned with one another and with the production
bore 1 for allowing passage of the central mandrel 5 of the wellbore, which
protrudes between the plates 25 and extends through the upper surface of the
second plate to permit access to the wellbore from above the wellhead for
intervention purposes. The upper end of the central mandrel is optionally
capped with the tree cap or a debris cover (removed in drawings) to seal off

the wellbore in normal operation.

[0057] Referring now to FIGS. 3 and 4, the conventional choke 16 has
been removed from the choke body 15a, and has been replaced by a fluid
diverter that takes fluids from the wing branch 10 and diverts them through an
annulus of the choke body to a conduit 18a that feeds them to a first
processing module 35b. The second plate 25b can optionally act as a
platform for mounting the first processing module 35b. A second set of posts
14b are mounted on the second plate 25b directly above the first set of posts
14a, and the second posts 14b support a third plate 25¢ above the second
plate 25b in the same manner as the first posts 14a support the second plate
25b above the first plate 25a. Optionally, the first processing module 35b
disposed on the second plate 25b has a base that rests on feet set directly in
line with the posts 14 in order to transfer loads efficiently to the hard points of
the tree. Optionally, loads can be routed through the mandrel of the wellbore,
and the posts and feet can be omitted.
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WO 2008/076567PCT/US2007/084884 [0054]The wing branch 10 has a choke body 15a in which a
production choke 16 is disposed, to control the flow of fluids through the choke body and out through
production @RASHACIGO55]The manifold on the production bore 1 typicalRCIGHBHEEES #8ftst plate
25a and a second plate 25b spaced apart in vertical relationship to one another by support posts 14a,

so that the sppsBl PlaterblyigsynBeESsRy thRaars ddraliecty Fpoveskindirsidvris 25a. The

space between the first plate 25a and the second plate 25b is occupied by the fluid conduits of the

wing branchOC8adBY the JakeiRny flbidsrirothdre veag L5anshslRiy Maunidtiereie first plate

25a, and ab@ygdit, é‘f‘?%@@%@'@f@v@w&#@%|M§@ﬂ’ﬁ@fé’.UtFQ#té%ﬂ%Eqrféoﬂi@éés%¢ﬁ§SS to the
choke 16 in use, [0056]The first plate 25a and the second plate 25b each have central zt%%rtures that

are axially afGYEPWHAUS CRAMAER aR dRMIAR KR pREBERESNMIYie t TIPSI RN G PREIEG R the central
mandrel 5 ofjifae svpBLer ehdvPreRIREaEH diRfdeetrpemAe Blgtes daidingraiengretbrosessig upper

surface of the second plate tg permit access to the wellbore from above the wellhead for intervention

purposes. TRERHFENS QWA HTHSK RS RigRiPe 982 YHIRRIG QNS AR Rdiedha N WAS: debris

cover (removeg iffidRviass teraapkotohguivaltiwiatin thermat presatismdPRSdIReEBHNEhAOW to FIGS.
3 and 4, the conventional choke 16 has been removed from the choke body 15a, and has been

replaced by & RIidrERIIRIALAREESANEs 16 3R RASSatAREeHes AnseERRAShS BRdVigh an
annulus of thesshakkadpody telartensluileathai feeds them ienrchrsiaupeessirg preduksab. The

second plate 25b can o;?tionally act as a platform for mounting the first processing module 35b. A

second set dITRGYELIPAL SIS HIEITIEH tRRAUEOREPIARAIYE ArEIRISONE e 78t sdi Sk posts 14a,

and the secqigqreisdlpbosiupor aAdkisdmiatetRhsugboyR thersrgondlatmabh b the srige manner
as the first posts 14a,suE%org the second %Iate 25b above the first plate 25a. O[réotionallg/, the first
t

processing MB&IIE bt dPthe LeRoRiPilaavast Mg e doMet Rt LoyrPatl: <8t directly in
line with the pfsts tHeinpesdestedransies lorde efétiemly tehblechaistgoinssof theytreanOpgonally,
loads can be routed%tgrgggh tBe mandrel of thle wellbqre, aad the posts and feet caa be omitted. WO
2008/07656 TRCYR) Hae S8 H0BSERIRE IS R6C AN RStATE Int&ilyeCKBdBRiAg device for

well, or can be handled or further processed in any other way desirable.

[0059] The injection of gas could be advantageous, as it would give the

fluids “lift”. The addition of steam has the effect of adding energy to the fluids.

[0060] Injecting sea water into a well could be useful to boost the formation
pressure for recovery of hydrocarbons from the well, and to maintain the
pressure in the underground formation against collapse. Also, injecting waste
gases or drill cuttings etc into a well obviates the need to dispose of these at

the surface, which can prove expensive and environmentally damaging.

[0061] The processing device could also enable chemicals to be added to
the fluids, e.g. viscosity moderators, which thin out the fluids, making them
easier to pump, or pipe skin friction moderators, which minimize the friction
between the fluids and the pipes. Further examples of chemicals which could
be injected are surfactants, refrigerants, and well fracturing chemicals.
Processing device could also comprise injection water electrolysis equipment.
The chemicals/injected materials could be added via one or more additional

input conduits.
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processing the production fluids from the wing branch 10. Many different types of processing devices
could be used here. For example, the processing device could comprise a pump or process fluid
turbine, for B3 3f¥HOfeEPressure of the production fluids. Alternatively, or RfeliBPEN/0HES4rocessing
apparatus could inject gas, steam, sea water, or other material into the fluids. The fluids pass from the

conduit 18a jogedye firgtrar %Géégﬁd@_%’})@@%lﬂa%%dfﬁ&méfﬁ ﬂlﬁi@r%éﬁsmﬁlcfrh%lﬁéﬁ passed
through a second choke body 15b which is blanked off with a cap, and which returns the processed

production fIRIQ¥IEEtRN R4S RBRK D 5BYIesRRRMEL Re it WSHdRRBOANFhEBrSeEae& prbiSction fluids
pass througledimsa et PUBLEATIN iR flcsiverai Yo siiadotigRaqand leave it via the

production flowpath 20. After the processed fluids have left the choke body 15a, they can be recovered
through a nq@oaByipelimechashvisiyhe protasssing redejasted tBala webnapess bedradiashor further
processed in any other wa ?esirable. 0059 The\@ection o%%?s could b acﬁl}gtﬂajl?ge%us, as it would
give the fluiRMRMOAL &daifYn RRLAN S Lo NeHHEL: 5T ﬁBrésn % fRfrEE" %%O]Injecting

sea water inttha welaetdd ke mprinbin(Bpestib oo gphidpegessisecios wooret addiidretarbons
from the well, and to maintain the pressure in the underground formation against collapse. Also,

injecting wastE’§&S8S%or drill cuttings etc into a well obviates the need to dispose of these at the
surface, whi pr expensive and environmentally damaging. [0061]The processing device
couldaiso el U Lot R SRa e Sied 20 e RV 815 OrLELHy SRS o CR AR out thes
fluids, making¢asoreaset tagrargiuer pipg. skim frivtiasunogletbéorts whérhtoneinfivevtheafeiction
between the f(l)uigﬁtaﬁdntpg§)ie%?. Fgrtheercexarrﬁgl?s ofé:hetumricalgl\J/Ygi he%o%ld be iné'ecr:t%d are
surfactants, ?efrr]lgepar?ts, a Hweﬁ?ra}'(iturtlrig chemicals: E}ocgsglng device @5urd T3 n%Brise
injection watemeperatlysiseagimyse tak&hefohramilcal dioijecte o iteriale|cdoldchecakddedthé one or

more additional input condyits. WO 2008/076567PCT. 007/084 4&(})062 The processing device
could aiso oA e IR o e Rt B el R bove anc
the surface. ddudccioalddie inggticseihiérfetostantysis, ¢haipraech 10 becomes blocked.

[0065] Alternative embodiments of the invention can be used for both

recovery of production fluids and injection of fluids, and the type of processing

apparatus can be selected as appropriate.

[0066] A suitable fluid diverter for use in the choke body 15a in the FIG. 4
embodiment is described in application WO/2005/047646, the disclosure of

which is incorporated herein by reference.

[0067] The processing device(s) is built into the shaded areas of the
processing module 35b as shown in the plan view of FIG. 3, and a central
axial area is clear from processing devices, and houses a first mandrel
extension conduit 5b. At its lower end near to the second plate 25b, the first
mandrel extension conduit 5b has a socket to receive the male end of the
wellbore mandrel 5 that extends through the upper surface of the second
plate 25b as shown in FIG. 2. The socket has connection devices to seal the
extension conduit 5b to the mandrel 5, and the socket is stepped at the inner
surface of the mandrel extension conduit 5b, so that the inner bore of the
mandrel 5 is continuous with the inner bore of the mandrel extension conduit
5b and is sealed thereto. When the mandrel extension conduit 5b is

connected to the mandrel 5, it effectively extends the bore of the mandrel 5
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[0063]Alternatively, processing device 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 addWiBRA§IHEIses. [0064]The processing device could alternativBETGrBoNISHiy include
measurement apparatus, e.g. for measuring the temperature/ flow rate/ constitution/ consistency, etc.

The temper%bt‘/@a‘?%'%%%%WQP@W?%M%@R#%E%Y@@%@@ e Roiee Spneodearmf the well t

calculate the temperature change in produced fluids. Furthermore, the processing device could include
injection waid® dMcIRAYSIE LR GFioRAR. TOBOM KR RARRNERIFAIRRM AR THIERHBnZan be used for

both recovery of production fluids and injection of fluids, and the type of processing apparatus can be
selected as m@gﬂ)riatg%dé%ﬁ’ﬁrsﬁﬂéfﬁ Q‘Ilﬂ% HifeffirdoPiade i%%e“&ﬂﬁ B ¥ 58 iR FIG. 4
embodimentitAersrioe@isiappicatioi \BEO?00bEky 646 sthewdisilosige af whkchheiersgorated

herein by reference. [0067]The processing device(s) is built into the shaded areas of the processing
mocule 351 DS SHM AN S GG e B RERUA L Breba8 CIEEP TR Bessing

devices, andHIGUSES a fiisé MeadiRbe eRsiG0ERShEURD 5B darlopergtoggezar (ke seeend plate
25b, the firstfmandreldgﬁﬁnsion conduyit 5b aEa ?é)c eE to rgﬁeive thel male end of the E/ellbore
mandrel 5 tHSPIER %H&H‘%ﬁé‘d@%@? A YR LECRE BI&E'S8ANLRAER A IPRE. 2. The

socket has carnettionededsiestiesefbithexaxtipisianeanghat Shinestiiermasigrel beanddghgreocket is
stepped at the inner surface of the mandrel extension conduit 5p, so that the inper bore of the mandrel
5 i ontinudIOURRCH i R R of I s AUTE CHSh SRRESNEER SBoknay Soa ERPHESSho. winen
the mandrel gxtemsiongtortiuitallits signaccecdoithaimbasdipbar ifaftectiviely exeds thatdore of the
mandrel 5 u rds through the er surface of the third plate 25c to the same extent as the mandrel
5 extenls 1AL CSRIAD SE ELSAHTTCEIE G (e Pec) can HAvS contLous

conduits that provide an interface between the third plate 25¢ and the second

25b.

[0069] The third plate 25¢ has a cut out section to allow access to the
second choke body 15b, but this can be spaced apart from the first choke
body 15a, and does not need to be directly above. This illustrates that while it
is advantageous in certain circumstances for the conduit adapting to the basic
tree to be in the same place on the upper surface as its corresponding feature
is located on the lower plate, it is not absolutely necessary, and linking
conduits (such as conduits 18 and 19) can be routed around the processing
devices as desired.

[0070] The guide posts 14 can optionally be arranged as stab posts 14’
extending upward from the upper surface of the plates, and mating with
downwardly-facing sockets 14” on the base of the processing module above
them, as shown in FIG. 4. In either event, it is advantageous (but not
essential) that the support posts on a lower module are directly beneath those
on an upper module, to enhance the weight bearing characteristics of the
apparatus. A control panel 34b can be provided for the control of the
processing module 35b. In the example shown in FIG. 4, the processing

module comprises a pump.

[0071] Referring now to FIG. 5, a second processing module 35¢ has been
installed on the upper surface of the third plate 25c. The blank cap in the
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[0068]The upper surface of the third plate 25c though which the first mandrel extension conduit 5b
protrudes, as shown in FIG. 4, has, therefore, the same profile (as regards the wellbore mandrel) as
the basic tré¥GRY#MATe5¢1G. 1. The mandrel extension conduit 5b can be pRIgH&§200 % #dr features
of the upper surface of the third plate 35c are also arranged as they are on the basic tree, for example,

the haro_l pOi@@c@rﬁdV@Iiﬁik‘ébSQHVQ QEH%Q‘BQQH Wd%%é@ﬁﬁﬁé’mé etberrigepanstions that may
be required gg‘?r example hydraulic signal conduits at the upper face of the second plate 25b that are

needed to opaPafiVRSRTIMRMCSTYREINR d) CafirAb bR tFRRYIS! e8nd Ul Y BRI Bnithterface
between theghitddelatese and thesaarEd RRD. JPR6ITheihivbAakte 355 has mEukaEbSECtion to

allow access to the second choke body 15b, but this can be spaced apart from the first choke body

15a, and do®5A&SSENH sk Girdefy bR, FeHENIIRG M ARaIRIFQRiI¢ iR 18 dHUARIaBRBLSH certain

circumstancepdRetipepnibt adantnsteribrIs s Rdieckols BaAE PhRcepR) thatwaper surface
as its corresponding feature is located on the lower plate, it is not absolutely necessary, and linking

conduits (sufRAHARROYES MR Y5 ehanRsBlRNIPURNAESAES I cessing devices as desired.
[0070]The gui sts 14 can optionally be arranged as stab posts 14' extendin W rom the
pper sua 0T Ao AR A oSt 9 1 SORRSIHT) Aoy S P (REaEth the
processing menithenaizone tbeme dssthawnds tHE séctmeithiel ehvienpliaissadvisnigaieieusddtgt not

tial) that th t posts on a| dule are directly beneath th dule, t
enhance the WeigHEbUAA G ORGSR bl e AT AR A Ronli0P e S4B G Hovided for

the control ofribeusa®sssing chadaleidbbrgortte exdiffariensippoteisirigddvite fpsacgssifigsmodule
comprises a pump. [QQ71]Referring now to FIG. 5, a second pracessing module 35c has been installed
o the upp el Ee S incin i HURLES BoC PR A TR Coodhdh o RH odyP LA Ehs been
replaced witsectnul civers nighdsengatdndion dvadeit Boywatichpgizitisy fikgcbdkeilpothe 15a. The
diverter 17b is provided with fluid conduits 18b and 19b to send fluids to the secand processing
mocule 350 TR TEATHF (AN Breh e UR S A H RS PAth SR oPIERRE: back t
the first choksohndyt 1fm, thedfitstherdneedin enterestonecondiijeftizings threviogslexiessibmed.
[0072]Above the secand processing module 35¢ is a fourth plate 25d, which has the same footprint as
the second ﬁ%‘ﬂlﬂ %[}afgqsr,]r\]/ﬁﬁ%gu déhﬁogt@'l rein% fﬁﬁdt[hgnﬁb%@g?g leﬁ*ff% Veegal%)é %‘é%tions. The
second procesatirguonesiyléh Raggwitiehtwrapriocespimgteritslifebeat ¢ i@Se ssidchdevice famethe first
module 35b, for examg{le a c&lemigal dosineqlﬁevi e, hs alacgl byilt.ﬁ:%?tund a ?[econ . central mandrel
extension cotﬁ)gui%%,' hth IS gxi ﬂ?'glig\fﬁedel tt]ieerrnea are BORR B AN the FPSPEX R8N 5b. It has
sockets and caalemiondé etuipmertivithinet firstimg ol rehectensioprorelsingsiratsthe first extension
conduit 5b connects to the mandrel 5, so the mandrel effectively extends continuously through the two
processing BT 3bb aRtb8besing tnkstitasdeatqnperiie garabcbasinveelttesadrtbssebydfacilitating

intervention ySing GORYEAPRABOHIRMBRT oY QIR AL "AMRYS AP ASRGFERINNE o
embodiments have been allocated the same reference numbers, but the
second embodiment’s reference numbers have been increased by 100.

[0074] In the embodiment shown in FIGS. 6-8, the vertical tree has a
central mandrel 100 with a production bore 101 and an annulus bore 102 (see
FIG. 6). The production bore 101 feeds a production choke 116p in a
production choke body 115p through a production wing branch 110, and the
annulus bore 102 feeds an annulus choke 116a in an annulus choke body
115a through an annulus wing branch 111. The tree has a cap 106 to seal off
the mandrel and the production and annulus bores, located on top of a
second plate 125b disposed directly above a lower first plate 125a as
previously described. The second plate 125b is supported by tubular posts
114a, and guide posts 114’ extend from the upper surface of the second plate
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[0073]Processing units can be arranged in parallel or in series. FIGS. 6-8 show a further embodiment
of a vertical tree. Like parts between the two embodiments have been allocated the same reference
numbers, bY hIEEEHA embodiment's reference numbers have been incr@&JeESBY0TO8#SRI074]In the
embodiment shown in FIGS. 6-8, the vertical tree has a central mandrel 100 with a production bore

101 and an apmyus RO LRAHeRe A& HovideirerlacieRtrarend feeds s Prageherieioke 116p in

a production choke body 115p through a production wing branch 110, and the annulus bore 102 feeds
an annulus GBREATH M an annulus choke body 115a through an annulus wing branch 111. The tree
has a cap 108 to seal off the mandrel ﬁ_nd the production and annulus bores, located on top of a

second platd 4B dispdSed FRAWS 2BBSERIASRST ARMASES 28329 I5RRAEHN dBSIARY. The

second plater2 sedssappartetdnbtabuireviosisl téacAbduiting frss pastsudiidtiogulée upper
surface of th$ c%nd plate 125b. RQV contrzls re r?qrovided on ? control §anel 134 as with the first
G5

embodiment! AHE. OGS4 Fr SPFELQ GeuiBa s E! SR ARG ' Pe second
plate 125b awifaveysiydastnpeibvidusiitseiacesging mociedidplates fraenthal axistrapace for the

first mandrel extension conduit 105b, with the processing devices therein .a pump) displaced from
the contral AR PSR HASEHISHO A AR TR ot T 3515 b BRI P of the
first, in the sggpeoientisasileseriadovittareferencadedhiedd with esfbrstioterd. theersecand
processing module 135c¢ alsg has a central axial.s‘gsacef rthigséecond mandrel extensiona@onduit

105c, with tHEHPEENEENY db0REEHARA REGIHERLRAH!Bricass Rl a8 £88L Beft@isplaced
from the cengfsa@xifoastimsesenisiy daaoiibed eXizh serordmuoitesoty witdutecl Proasiegmprise a

chemical injection device. The second mandrel extension conduif 105¢ connects to the first 105b as
R e R e N e e b
production ctiekedrmelyl dkfspaymdlialidiyartactibép.ashaedonsty slesedsatytmodgletuBitg 118p and
119p to the first processing module. 135b,.and baék to the (];tr]]oke bodr¥ 115 aorﬁfnward transmission
through the ﬁg\rlx]/liﬁ%nl@r(l)‘?‘?)ﬁtiff gm)(fﬁl PEEAHAGY %8N be 8a§§88 Hr&%ﬁ%é e‘?)ﬂ%%ﬂﬂgnt modules
arranged in senesiwitld Sleedinsh eutslute thadisggaddsboastiquelitisiyedesdribed ey, dsepfesiously
described. [OO??%‘@e fluids flowing up the annulus are routed from the annulus choke body 115a by a
fluid divertereﬂ? @SP viously described through tubing 118a and 119a to the second processing

can be pasolID AT bugn Lok OR e MRS Ao o B R R e, and
stacked on topaF theasfoahdivefietHdr/masubesyias phediessiped sbrinagh tubing 118p and

119p to the first processing module 135b, and back to the choke body 115p

for onward transmission through the flowline 120. Optionally the treated fluids

can be passed through other treatment modules arranged in series with the

first module, and stacked on top of the second module, as previously

described.

[0077] The fluids flowing up the annulus are routed from the annulus choke
body 115a by a fluid diverter 117a as previously described through tubing
118a and 119a to the second processing module 135c¢, and back to the choke
body 115a for onward transmission. Optionally the treated fluids can be
passed through other treatment modules arranged in series with the second
module, and stacked on top of the second or further modules, as previously

described.

[0078] FIGS.11-13 show an alternative embodiment, in which the wellhead
has stacked processing modules as previously described, but in which the
specialized dual bore diverter 17 insert in the choke body 15 has been
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[0078]FIGS.11-13 show an alternative embodiment, in which the wellhead has stacked processing
modules as previously described, but in which the specialized dual bore diverter 17 insert in the choke
body 15 hadWseeW$€peaeed by a single bore jumper system. In the modifiedPEFBSAATEGHEHown in
these figures, the same numbering has been used, but with 200 added to the reference numbers. The

production flrigeFise vy thaHgl hererRaMsEPeyReEe20Mh aidRaarity iahdarmeGsRBReh 211 but

instead of passing from there to the choke body 215, they are diverted intg a single bore jumper

bypass 218 Hhi§58sT9uRethdRe BaMe SHERERR N8 D8EN ARG AHY Pitce88-addrdfiGids flow
from the progessenadriectionsiam Single Brsaefidm ﬂin@lals%éoagqm haeYoPdauitsere they pass

through the conventional choke 216 and leave through the choke body outlet 220. This embodiment

illustrates th@FphLAtANSRAESHIEN B B MNtRISIthE T derdl Eb%%@ﬁtﬂf: PRE&NBVIeNerters in the
choke bodiegh 08 73] Ereb eeiorantsoel el mvensiprapsodidertatenvrptiansiegrs birdregmpseother

manifolds with treatment modules in the same way as one would access trees or other manifolds that

have no suchRY¥P&sEnnBnsLiIReSS HEPIH ABPG R IES FPRECRH M Hito dute: of AR JefiRénts of the
invention areascaiRged taHRYRIidS Ramerfontpiiet ppdbestagiediae ahmagioll sadizabistervention

equipment can land on t\?éﬁ of the modules, and connect directly to the bore of the manifold without

spending anfPlife riSovil§ oftelitariiREnERYadLe; ety dGnghine dRPeghsthe

[0080]ModifigatioaatritthinBRERE MER GBI DRiNBRsDgFAtad \WHBRYt SRPABINGtrePatheTsgope of the
invention. For examﬁg the assembly could be attached to an annulus bore, inFtead of to a production

bore. [0081]RMPEPIMEBEBEIAL RS MR BRRIFeAlRAWA 5t ERYER e I9 JBaRHSIFR MG B Hhch could

instead be capaeetetén it Hons HswHigdrancih PicasistRerdyaiagh of the tree, or to another manifold.
Certain embodiments could be connected to other parts of the wing branch, and are not necessarily

attached to §00%He baBydoeliresansptd, tthesevemitdiprenide midrbertioataddosetiesradil a choke, at
a different paint iﬂ1the Win% %anchﬂlo,[OSZJWhilte thedinlventior%hma be susceptible to variqas
modification®aQ'e" manrfolds with treatment” modules In” the ‘sameway as one wou

access trees or other manifolds that have no such treatment modules. The

upper surfaces of the topmost module of embodiments of the invention are

arranged to have the same footprint as the basic tree or manifold, so that

intervention equipment can land on top of the modules, and connect directly

to the bore of the manifold without spending any time removing or re-

arranging the modules, thereby saving time and costs.

[0080] Modifications and improvements may be incorporated without
departing from the scope of the invention. For example the assembly could
be attached to an annulus bore, instead of to a production bore.

[0081] Any of the embodiments which are shown connected to a
production wing branch could instead be connected to an annulus wing
branch, or another branch of the tree, or to another manifold. Certain
embodiments could be connected to other parts of the wing branch, and are
not necessarily attached to a choke body. For example, these embodiments
could be located in series with a choke, at a different point in the wing branch.

[0082] While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example
in the drawings and have been described in detail herein. However, it should
be understood that the invention is not intended to be limited to the particular
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alternative forms, specific embodiments have been shown by way of example in the drawings and
have been described in detail herein. However, it should be understood that the invention is not
intended to BRI @¥The particular WO 2008/076567PCT/US2007/0848R4EBIMAYdi¥csded. Rather,
the invention is to cover all modifications, equivalents, and alternatives falling within the spirit and

scope of thefipvestieRsap sedned P&itﬁlﬁ,foﬂﬁ’é"iﬂﬁv%‘?ﬁi%dqg_Ciéirf@o\_/@LAdMsmédi‘ﬁééthﬁ?s?} tree
assembly mountable to a subsea tree and a subsea production flowline, the subsea tree including a

production liIRBURGHENRIRNC altariRitiae BiReniHymipRaRiEt nFnecenr IR Meatidduction
flowline conpgctiripRerahlthEorsRRINAEtARNRMIdYIE spRIMUNication with said subsea tree and with
said production flow line, respectfully, said module defining a fluid flow passageway therein, whereby
said subsea tree is in fluid communication with said production flowline through said module only after
said module is connected to said subsea tree and said production flowline. 2. The subsea tree
assembly of claim 1, wherein the module provides access to the subsea tree.
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3. The subsea tree assembly of claim 1, wherein the module includes a chemical injection device. 4. The
subsea tree assembly of claim 1 further including a choke for controlling fluids flowing through said fluid
flow passageway. 5. The subsea tree assembly of claim 1 wherein said module includes a flow
measuring device. 6. The subsea tree assembly of claim 1 wherein said module includes a processing
apparatug|_A|fe subsea tree assembly of claim 6 wherein the processing device comprises a pump, a
process fluid turbine, an injection apparatus for injecting gas or steam, a materials injection apparatus, a
chemical injection apparatus, a chemical reaction vessel, a pressure regulation apparatus, a fluid riser, a

measurement appayiss rad PR folRase R RSbapPaetHAd A HopsdaissueassemBRinapaRratus, a
constitution measurement apparatus, a consistency measurement apparatus, a gas separation

apparatu5adrer RelunmA RIBBLFLATS! e 6P ENgration apparatus, a hydrocarbon separation
apparatus, or a gofiveinatesnihesref.a prodneidunieite Revvisdhareny fhosLeasslugaiiotonatyeen a
subsea installation comprising a subsea tree and a production flowline, said module comprising a first
connecto?%ﬁ@lﬁwf%&?ﬁ&%@&i&%BQ&QH@Y&W@F'%W&%&Sﬁ&%ﬁﬁ@&&%‘?’%ﬁﬁ@cﬂ@%@%d
Eroductiombf}gwhg,e ;@@i&ﬁm%l@apghﬂagn&t?dkﬁ?rifqmimgi@ mw/ﬂpaéssag@?@?epw@gi]ﬂhiﬁhe@wggtg
etween said subsea tree and said production flowline. 9. The module of claim 8 further comprisin
access 10 RER oS dodMoeorRR UGG GFLIaArI% BRGNP OHOE YLD S8 B Bection

apparatusftet Saiihaongedusecohmdaisa owhiersinschokearebalio|s duida dofangindthin said fluid flow
passageway.

2. The subsea tree assembly of claim 1, wherein the module provides access to the subsea
tree.

3. The subsea tree assembly of claim 1, wherein the module includes a chemical injection
device.

4, The subsea tree assembly of claim 1 further including a choke for controlling fluids

flowing through said fluid flow passageway.

5. The subsea tree assembly of claim 1 wherein said module includes a flow measuring

device.

6. The subsea tree assembly of claim 1 wherein said module includes a processing

apparatus.

7. The subsea tree assembly of claim 6 wherein the processing device comprises a pump, a
process fluid turbine, an injection apparatus for injecting gas or steam, a materials injection
apparatus, a chemical injection apparatus, a chemical reaction vessel, a pressure regulation
apparatus, a fluid riser, a measurement apparatus, a temperature measurement apparatus, a flow

rate measurement apparatus, a constitution measurement apparatus, a consistency measurement
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12. The module of claim 8 wherein said module includes a flow measuring device. 13. The module of
claim 8 wherein said module includes a processing apparatus. 14. The module of claim 13 wherein the
processing device includes at least one of the group consisting of a pump, a process fluid turbine, an
injection apparatus for injecting gas or steam, a chemical injection apparatus, a material injection

apparatugpsafA185NICaAd SasAIAR MEaEFAr BRI ESRUEE IRBUHIatION ANARiaIS soflHikesaatRmeparHeRIent
apparatus, a temperature measurement apparatus, a flow rate measurement apparatus, a constitution

measure BT AFY AR SEPY WL AORA &l on LA SREAPMMUGNIRRIEE, a gas separation apparatus, a water

separation apparatus, a solids separation apparatus, a hydrocarbon separation apparatus, or a
combination thereof. 15. A module for fluidly connecting a production line in a subsea tree and a

productich flowlfeMSLHenBuREPKISR P&y M 1844 tGRSTUBHMSEHNS ORBURSCan Rtk el BRoduction
line in saigpiphishRy heaIrel BeOHMErfF SRBTIRAINGIA RAishRI asbitiiordAPASAg SR shashnestvi TR

installed, defining a fluid, flow passasgeway which connects between said production line and said

productidi?BREHAE, '9ra'q Enied 19TNAHOMIRRY RotO RS IAE FRINGSHESG A P ABICHRE module

of claim ¥piuifecsgamivinieg woeessstal e foiaseg FewidiTow passagews alisieiroobnsvhaieidbe
processing. device includes at least one of tlr?)]e roup consisting of a pump, a process fluid turbine, an
injection %%géiéﬁ?& fBerEiﬁ[ﬁcf’mﬂ Bedistiged Wﬁr@hemical injection apparatus, a materials injection
apparatus, a chemical reaction vessel, a pressure regulation apparatus, a fluid riser, a measurement

apparatus, a temperature measurement apparatus, a flow rate measurement apparatus, a constitution
measureshent ap IR YA R R SOUIRHR R 255540 8 SUPSEERRrarion apparatus, a water
separation apparatus, a solids separation apparatus, a hydrocarbon separation apparatus, or a
combinatjon thereof. 18. The module of claim 15 wherein the subsea tree.and flowline have hubs for
connecting o SIBAEHIRTEABIE EIM R T URE GF AHHCES SATETEIRe b EIGHET SRS ics flowing
within said fluid flow passageway and the module includes a flow measuring device.

11. The module of claim 8 wherein a choke controls fluids flowing within said fluid flow

passageway.

12.  The module of claim 8 wherein said module includes a flow measuring device.
13.  The module of claim 8 wherein said module includes a processing apparatus.

14, The module of claim 13 wherein the processing device includes at least one of the group
consisting of a pump, a process fluid turbine, an injection apparatus for injecting gas or steam, a
chemical injection apparatus, a material injection apparatus, a chemical reaction vessel, a
pressure regulation apparatus, a fluid riser, a measurement apparatus, a temperature measurement
apparatus, a flow rate measurement apparatus, a constitution measurement apparatus, a
consistency measurement apparatus, a gas separation apparatus, a water separation apparatus, a

solids separation apparatus, a hydrocarbon separation apparatus, or a combination thereof.

15. A module for fluidly connecting a production line in a subsea tree and a production

flowline, said module comprising at least two connectors one for connecting to said production
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line in said subsea tree and another for connecting to said production flowline, said module,
when installed, defining a fluid flow passageway which connects between said production line
and said production flowline, and a choke to control fluid flow through said fluid flow

passageway.

16.  The module of claim 15 further comprising access to the subsea tree.

17.  The module of claim 15 wherein the processing device includes at least one of the group
consisting of a pump, a process fluid turbine, an injection apparatus for injecting gas or steam, a
chemical injection apparatus, a materials injection apparatus, a chemical reaction vessel, a
pressure regulation apparatus, a fluid riser, a measurement apparatus, a temperature measurement
apparatus, a flow rate measurement apparatus, a constitution measurement apparatus, a
consistency measurement apparatus, a gas separation apparatus, a water separation apparatus, a
solids separation apparatus, a hydrocarbon separation apparatus, or a combination thereof.

18.  The module of claim 15 wherein the subsea tree and flowline have hubs for connecting to

said two connectors.

19.  The module of claim 15 wherein a choke controls fluids flowing within said fluid flow

passageway and the module includes a flow measuring device.
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