WD 2005/ 083228 PCT/ GB2005/ 000725 1 Connection System
for Subsea Flow Interface Equipnent This invention
WO 00agR28 n general to subsea well producti onPCEOB2008/000725
particular to a connection system for connecting flow
i nterface equi pment, such as a., punp to a subsea
Christmas tree assenbly. A subgea production facility
typically conprises a subsea Christnmas tree with
associ ated equi pnent. The subsea Christnas tree
typically conprises a choke |located in a choke body
in a production wing branch. There nmay al so be a
further choke |l ocated in an annulus w ng branch.
Typically, well fluids |eave the tree via the
producti on choke and the production wing branch into
an outlet flowine of the well. However, in such
typical trees, the fluids |eave the well unboosted
and unprocessed. According to a first aspect of the
present invention there is provided an apparatus for
connecting to a WD 2005/ 083228 PCT/ GB2005/ 000725 2
subsea wel | bore, the well bore having a manifold and a
choke body, the apparatus conprising: a frane adapted
to land on the manifold; a conduit system having a
first end for connection to the interior of the choke
body and a second end for connection to a processing
appatanusctiner iys tehme foonGuitts sy ftlemm conpst Sese a

condg&&ipggggs supported by the frane;

This invention relates in general to subsea well
production, and in particular to a connection system
for connecting flow interface equipment, such as a

pump to a subsea Christmas tree assembly.

A subsea production facility typically comprises a
subsea Christmas tree with associated equipment.
The subsea Christmas tree typically comprises a
choke located in a choke body in a production wing
branch. There may also be a further choke located
in an annulus wing branch. Typically, well fluids
leave the tree via the production choke and the
production wing branch into an outlet flowline of
the well. However, in such typical trees, the

fluids leave the well unboosted and unprocessed.

According to a first aspect of the present invention

there is provided an apparatus for connecting to a



wherein the frane conprises at |east one frame nenber

that is adapted to land on the manifold in a first
w@ee@gesxnts t he connection and wherein the condedT/GBeE@RNS00725

is adapted to be brought into fluid comunication

with the interior of the choke,body in a second stage

of the connection. The two-stage connection provides

t he advantage that damage to the mating surfaces
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also protects the c om darrage
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fl owdmeters: mo@{é be-fmunted on the frane and
can be | anded on the tree with the frane.
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a second stage of the connection.

The two-stage connection provides the advantage that
damage to the mating surfaces between the conduit
means and the flow line of the tree assembly can be
avoided whilst the frame is being landed, since at
least a part of the frame is landed before the
connection between the conduit means and the
interior of the choke body is made up. Hence, the
two-stage connection acts to buffer and protect the
mating surfaces. The two-stage connection also
protects the choke itself from damage whilst the
frame is being landed; in particular, the mating

surface of the choke is protected.

In some embodiments, processing apparatus e.g.
multi-phase flow meters and pumps can be mounted on
the frame and can be landed on the tree with the

frame. Alternatively, the processing apparatus may



processed (e.g. pressure boosted/ injected wth
chem cals) at the well head before being delivered to
wao besoseet flow i ne of the well. The inventi oPCTa$2005/000725
alternatively be used to inject fluids into the well
using the outlet flowine as ap inlet. Oten the
processi ng apparatus, e.g. subsea punp, flow neter,
etc. is quite heavy and bul ky. In enbodi nents where
heavh¢ blP Ryt appaearts fsovatheedreby theg.f pane flether
risk_of the matin surfaces between the
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conduit e Lot o.  £1 1 nication with the
i nt eirj%%or o?&t‘s?}ée %: 36%(% %%?/g ypically, the actuating
means conprises at |east one hydraulic cylinder.
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first enmbodi nent, a nounting apparatus is

Often the processing apparatus, e.g. subbsea pump,
flow meter, etc. is guite heavy and bulky. 1In
embodiments where heavy/bulky apparatus is carried
by the frame, the risk of damage to the mating
surfaces between the conduit means and the flow line

of the tree assembly is particularly great.

Optionally, the apparatus further comprises an
actuating means mounted on the frame, the actuating
means being adapted to bring the conduit means into
fluid communication with the interior of the choke
body. Typically, the actuating means comprises at
least one hydraulic cylinder. Alternatively, the
actuating means may comprise a cable or a screw jack
which connects the conduit means to the frame, to
control the movement of the conduit means relative

to the frame.



provided for landing a flow interface device,

particularly a subsea punp or conpressor (referred to
w@oeioseges/ely at times as "pressure intensifi ePCh/GBRIV5A00725

subsea production assenbly. Optionally, the at | east

one frame nenber of the first connection stage

conprises a |lower frane nenbeﬁ, and t he appar at us

further conprises an upper frane nenber, the upper
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In this enbodi nent, the conduit nmeans conprises a

mani fol d, which is nounted to the upper frane nenber
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Optionally, the at least one frame member of the
first connection stage comprises a lower frame
member, and the apparatus further comprises an upper
frame member, the upper frame member and the lower
frame member having co-operating engagement means
for landing the upper frame member on the lower

frame member.

In the first embodiment, a secondary conduit in the
form of a mandrel with a flow passage is mounted to
the lower frame member. The operator lowers the
lower frame member into the sea and onto the
production assembly. The production assembly has an
upward facing receptacle that is sealingly engaged

by the mandrel.

In this embodiment, the conduit means comprises a
manifold, which is mounted to the upper frame

mempber. The manifold is connected to a flow



mani fol d, the mandrel, and into the flow |line.
Preferably, the subsea production assenbly conprises
w@2@bosresas tree with a frame having gui de poBCEGB2008600725

operator installs extensions. to the guide posts, if
necessary, and attaches guidelines that extend to a
surface platform The | ower and upper franme nenbers

have sockets with passages for the guidelines. The
engadérhsitt ase ﬁﬁ§l§§c§@p§\ﬂﬂtﬁtHﬁ?S%ﬁmakﬂqnﬁnsnfler,

br ovii82 105058 3] ABIRALAS I 19 RRST. - AN 4 OURL AT
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| ock the upper franme nenber to the |ower franme

nbere 5/ 2 / 00725 6
2Et|g%af¥€?ggge g%%a%%?gggfg?gﬁggégo FPSELb LY, FPBPF RS

nmeans ﬁh@wsdmdsohreaewithna frheebublenighguimeapssts .
mn nmum di st ance bet ween the frane and
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adj ustahéeessary, and attaches guidelines that extend to
a surface platform. The lower and upper frame
members have sockets with passages for the
guidelines. The engagement of the sockets with +the
guide posts provides gross alignment as the uppe r
and lower frame members are lowered onto the tree

frame.

Also, preferably the Christmas tree frame has upward
facing guide members that mate with downward facing
guide members on the lower frame member for
providing finer alignment. Further, the lower Frame
member preferably has upward facing guide members
that mate with downward facing guide members on the
upper frame member for providing finer alignment .
One or more locking members on the lower frame
member lock the lower frame member to the tree

frame. Additionally, one or more locking members on
the upper frame member lock the upper frame member

to the lower frame member.



mechani snms, which may be incorporated with the
| ocki ng nmenbers, or which may be separate fromthe
wo cRiosR2srenber s. The adj ustabl e stops defi ne PETGBROUS/000725
di stances between the [ower frane nmenber and the
upper plate of the tree frame_and between the | ower
frame nenber and the upper frgne menber. The
buffering means typically conprise threaded bolts,
whi ch engage in correspondi ng apertures in the frane,
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providedcnbetmeen the | ower and upper franme nenbers to
define a mninum distance between the |ower and upper
frame nenbers. The further buffering neans al so
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Menbes Sici dhe fd &L 1 ng means (e.g. the adjustable
stops) provides structural |oad paths fromthe upper

frame nenber through the |ower franme nenber and tree

fra to . th nd th || head,on which the tree
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between the lower frame member and the upper plate
of the tree frame and between the lower frame membe r

and the upper frame member.

The buffering means typically comprise threaded
bolts, which engage in corresponding apertures in
the frame, and which can be rotated to increase the
length they project from the frame. The ends of the
threaded bolts typically contact the upper frame
member of the tree, defining a minimum distance

between the frame and the tree.

Optionally, a further buffering means is provided
between the lower and upper frame members to define
a minimum distance between the lower and upper frame
members. The further buffering means also typically
comprises threaded bolts which extend between the
lower and upper frame members. The extent of

projection of the threaded bolts can be adjusted to



passi ng through the nmandrel to the upward facing

receptacle (i.e. the choke body). In a second
wenodsizent, the frame is lowered as a unit, BCE/GB2005/000725

typi cally has an upper portion (an upper frame

menber) that is vertically noxzble relative to the

| ower portion (a |lower frame nber). A processing

apparatus (in the formof a pressure intensifier) and

a copERYdereanse@al raddeebyraréonmodinteée vppele anppéower

portion. - An. aciuating nmeans conprising one or nore
j ack Hechani SR 15 provi ded between the |ower and

upper portions of the frame. Wen the | ower portion
of the frame |ands on the tree frame, the |ower end
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single point. Typically, the flexible portion of the
condui t_ neans nected to the processing
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apparatus is
frame member) that is vertically movable relative to
the lower portion (a lower frame member). A
processing apparatus (in the form of a pressure
intensifier) and a conduit means (a mandrel) are
mounted to the upper portion. An actuating means
comprising one or more jack mechanisms is provided
between the lower and upper portions of the frame.
When the lower portion of the frame lands on the
tree frame, the lower end of the mandrel will be
spaced above the flow line receptacle. The jack
mechanisms then lower the upper portion of the
frame, causing the mandrel to stab sealingly into
the receptacle (the choke body). Thus, in this

embodiment, the conduit means comprises a single

mandrel having a single flowpath therethrough.

In a third embodiment, the conduit means has a
flexible portion. Preferably, the flexible portion

is moveable relative to the frame. Typically, the



supported on the frame. Optionally, the conduit neans
conprises two conduits, one of which is adapted to

w@ a006982p81i ds goi ng towards the processi ng appar/aBa®s/000725
the other adapted to carry fluids returning fromthe
processi ng apparatus. Typically, each of the two
conduits of the conduit neans”is fixed relative to
the frane_at a respective point- Typically, the
f1 ekilBRébpBr PPERLEN eichhef comeltivo Tneadai tis dfi xtdue
condyui t . reans i opnected,tqo the processing ,
appggg%ﬁgggngoighéugﬁ%ﬁ?eataﬁ thd%procBesPRg Typically,

appahat fizegohhecHbodi bnhere+aepicoeessi Adnappar akus s
provi ded on the frame). Typically, the flexible
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provide resilience in the connection direction. In
such enbodiments, the flexible portion of the conduit
nmeatRtinthlvhethoreendpih merhs epmarises awooi |
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movedingstdwends ythe pheceosneagt app aif@€dj OPhe other
Typi%allg t he erxhpLe, ortion of the conduit neans
SuppoTRsca tdnmettbr %ﬁ%?eHeFBI%%FéhHﬁ%H“thﬁechoke
bodyr¢&tdfesig dipeetd pudr Vigodchuiihere Londukte o o0
conduits of the conduit means is fixed relative to
the frame at a respective point. Typically, the
flexible portion of each of the two conduits of the
conduit means is connected to the processing
apparatus and is supported at the processing
apparatus connection (where a processing apparatus

is provided on the frame) .

Typically, the flexible portion of the conduit means
is resilient. Typically, the direction of movement
of the flexible portion of the —onduit means in the
second stage of the connection defines an axis of
connection and the flexible portion of the conduit
means 1s curved in a plane perpendicular to the axis
of connection to provide resilience in the
connection direction. 1In such embodiments, the
flexible portion of the conduit means is in the form

of a coil, or part of a coil. This allows the lower



extendi ng fromthe choke body), the flexible portion
of the conduit neans allow ng relative novenent of
wao b@sogneect or and the frame to buffer the coPCIEGBR@A/000725

Typically, an actuating neans is provided which is
adapted to nove the flexible g$rtion relative to the
frame to bring an end of the ffexible portion into

fluid conmuni cation with the interior of the choke
bodyendhef ddieiatdmduivbansanypilthEl gooomprtiisesead) to be

Swi vel e mounting, hydraulic cylinder. nsi deri ng

ow ST ELnEOt eHCSL o1 % bt roerPERTon, Aateshaant
system nmay optionally provide a single flowpath

bet ween the choke body and the processing apparatus.
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the interior of the choke body to define a first
r egi e tHTOWRIH Athebbrigreof L 1aree WB> 2006£ 6083228

PCT/QQ?Q Q00725 10 cylindrical nenber and a second
separa éggﬁgg}Tegion in the annul us between the

cylindrical nenber and the housing. Typically, the

firgﬁ and second flcw regions are L adapted to connect
to a Y¥< Yrvé St Gfeans is provided which is

adapted to move the flexible portion relative to the
frame to bring an end of the flexible portion into
fluid communication with the interior of the choke
body. The actuating means typically comprises a

swivel eye mounting hydraulic cylinder.

Considering now all embodiments of the invention,
the conduit system may optionally provide a single
flowpath between the choke body and the processing

apparatus.

Alternatively, the conduit system provides a two-
flowpath system: a first flowpath from the choke
body to the processing apparatus and a second
flowpath from the processing apparatus to the choke
body. In such embodiments, the conduit system can
comprise a housing and an inner hollow cylindrical
member, the inner cylindrical member being adapted
to seal within the interior of the choke body to

define a first flow region through the bore of the



outl et of the processing apparatus Such enbodi nents
can be used to recover fluids from the well via a

wo poososeowWpat h, process these using the procESEGB05/000725
apparatus (e.g. pressure boosting) and then to return
the fluids to the choke body via a second flowpath
for recovery through the production wing branch. The
di vision of the inside of the choke body into first
andcgléeéﬁQCﬁﬂomemé@roﬁ@d-@yaﬁﬂpndn&m;ayamndfnmm region

d d
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f 1 owpat in t

andthbehbnpeng. hol | ow cyllndrlcal menber typlcally
are provided as the part of the conduit systemthat
directly connects to the choke body, i.e. in the
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t he second enbo |nen con neansregnansnafﬁe
th|ad@péﬁ@odonennnethetosecm@@@ewtd@@duihleﬁpbhanah|y,

t he cessing, apparatus.,is provided on the frane. In
thi%géggg O%hghﬁfgfggggﬁéhgpggpé#@§usls typically

connected to the conduit neans before the franme is
| anded on the tree. WO 2005/ 083228 PCT/ GB2005/ 000725
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a second flowpath for recovery thr ough the
production wing branch. The divis ion of the inside
of the choke body into first and s econd flow reglions
by the inner cylindrical member al lows separation of
the first and second flowpaths wit hin the choke
body.

If used, the housing and the inner- hollow
cylindrical member typically are provided as the
part of the conduit system that di_rectly connects to
the choke body, i.e. in the first embodiment, this
is the secondary conduit; in the second embodiment,
the conduit means, and in the third embodiment, the

secondary conduit.

Optionally, the processing apparatus is provided on
the frame. 1In this case, the processing apparatus
is typically connected to the conduit means before

the frame is landed on the tree.



apparatus is typically connected to the conduit neans
as a final step. In all enbodinents, the frane
wo 25083208/ | ncl udes gui de neans that co-oper aP€r/aBRIV5/000725
gui de neans provided on the manifold, to align the
frame with the manifold. The _frame may al so or
instead conprise a guide pipéjthat surrounds at | east
a part of the conduit system to protect it from
i npatttenanngeclal | thabpdpaensd ngsepphe adpace s neicdd ded
t he oke afrer _th hoke bonnet has been .
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control the fluid flow Optionally, a replacenent
choker38e prioviiedidnifadd fpankhet Rarilsiraselwesa choke

bei ng. cornest abl ot ' em. _Enbodi nment
of the invention %aﬁe%%hﬁgégﬁggkég%¥ﬁg g@@%&é& Sggo the
pr oduetdiwht f $ysdemandin nflets i oasef thkubdscelsaagdi ng
to a second aspect of t present invention there is
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apparedis 49 2 subseas | bore, the WO 2005/ 083228
PCT/ GB2005/ 000725 12 wel | bore having a manifold and a
choke body, the nethod conprising: |landing a franme on

the Shoke bot Sni the BracsafBs dbbarile reRutes”

f r amslppordnngtlzaicomshngerareansioh yhedeonddht

Systgggvided on the manifold, to align the frame with
the manifold. The frame may also or instead
comprise a guide pipe that surrounds at least a part
of the conduit system, to protect it from impact

damage.

All embodiments use the space inside the choke body
after the choke bonnet has been removed and the
choke withdrawn. However, it may still be desirable
to be able to use a choke to control the fluid flow.
Optionally, a replacement choke is provided on the
frame, the replacement choke being connectable to

the conduit system.

Embodiments of the invention can be used for both
recovery of production fluids and injection of

fluids.

According to a second aspect of the present
invention there is provided a method of connecting a

processing apparatus to a subsea wellbore, the



wherein the frane conprises at |east one frame nenber

that is landed on the manifold in a first connection
wGar@gess2asd wherein the conduit neans is br oupdit/GBRG06/000725

fluid conmunication with the interior of the choke

body in a second connecti on ngge. The net hod

typically includes the initial~“steps of renoving the

choke bonnet and connecting the secondary conduit to

i nt eWpdLbeFret havihgke badyfolThenchekekmétodys the

r emo d dary conduit may be installed by
chokégggﬁﬁegggﬁgﬁggﬁ " equi pnment (e.g. the third

enbodi menLindiAyt er pasnyeby, thhe rseaardar Yaneordkine Y- g
be supported on the |ower frame nenber and nmay be

i nst &l PRI WhenSYHeST oWRFVEPRNEFRbEksS Sodanded Ghe
the ﬁPBbéQégnée%gp?%Q@uélréﬁee%g%%%”%%%bbgﬁgﬁgr%;%%n%%it

a third aspec e present inventi
pr ovinglads ant apparatusuiorsgshaeeting to a subsea

wel | bore, the wel | bore having a mani fold_and a choke

body, the"Appatat the ¢ ¢ sTAYPTaSFrame H&EGPRgoRe frame

conduétmbsystiem ideldfado® obetng adaptedqt 9yl Qn‘iliﬁ}%t
the tree, the conduit s¥sten1|nclud|ng afirst en

whi cHOTRC Gerapt et a%e e¢hereiphshehokedpotymsaoh is
t haty, theqgondui s £5, M0 2005/ CT /. GB2005/ 000725
13 in ?ﬁ%id g%%nﬁ%?%% i on m??ﬁggﬁgogn égﬁogggfngSrlor
chokef boly , clamkk ebsdgaind #nsle condecbahkettonastage.
processi ng apparatus; wherein the frame conprises
buffering neans adapted to buffer the connection

bet vieted hdiendd MSfpically includes the initial steps of
removing the choke bonnet and connecting the

secondary condult to interior of the choke body.

The choke bonnet is removed and the secondary
conduit may be installed by choke bonnet changing
equipment (e.g. the third embodiment).
Alternatively, the secondary conduit may be
supported on the lower frame member and may be
installed when the lower frame member is landed on

the manifold (e.g. the first embodiment).

According to a third aspect of the present invention
there is provided an apparatus for connecting to a
subsea wellbore, the wellbore having a manifold and
a choke body, the apparatus comprising:

a frame having a conduit system, the frame
being adapted to land on the tree, the conduit
system including a first end which is adapted to

connect to the choke body such that the conduit is



end of the conduit system and the choke body In the

first enbodi nent, the buffering neans nay be provided
whyooshgs22klj ust abl e stop nmeans, which provide PCT/GB2005/000725

structural |oad paths fromthe upper frane nenber

t hrough the | ower frane nenbgggand tree frame to the

tree and the wel | head on whi the tree i s nounted

whi ch avoi d structural |oads passing through the

mandfef luddt femphnkeabody. wiht hdesendrd lenbodi eht,

t he el | S_i typi cally provid by the
arrgﬁggée%%ggfn?ﬁg %p%%?oxgngnﬁo&gpnﬁfgﬁzﬂﬁ%%ﬁbﬁé, t he
upperoteaskengeabesirabesng noveable to | ower the

mandrel (the conduit neans) into connection with the
choke bolyeT@ina tRenfraneegorprices SRLfeatingr mehens

fra e I it d [ t, the
Ut Tt e meana" bay ba"e pP ot T Seh By PRS FrexrBre 11 oot
por endnobf thdeconhdin t syseans andhitble ahb®as badyenent
of the conduit end that connects to the secondary
conduit. Therefo.r=e, the connection end of the

congii theeanss v dihb @i meheavihy bh@@ggﬁnbnhgahgeznay be

secondar%econduit as it is able to efl éct as

necRsRBFYed URY nighe hedinekabl ki 8y opf meRes, cohdoht provide

ne i y ey-...rred for

2005 %%Esizézigé&%rch‘r%z‘%%@%oﬁ%@l@% g%%”‘”g?éﬁ%rm $5I

(e. hrbyglantlaet Uate ngf raee haansay. aAdcerdengrhfied to the

fourth aspect. of t resent _invention there is

pr on%eeoaIgcﬁ gbepa‘?%fﬁég?groéc‘dﬂhgﬁt FRg te=g dapsewnted

vel hposre, atdred wed +horer Vi 88ds passing through the
mandrel to the choke body.

In the second embodiment, the buffering means is
typically provided by the arrangement of the upper
and lower frame members, the upper frame member
being moveable to lower the mandrel (the conduit
means) into connection with the choke body in a
controlled manner, only after the frame has been

landed.

In the third embodiment, the buffering means may be
provided by the flexible portion of the conduit
means, which allows movement of the conduit end that
connects to the secondary conduit. Therefore, the
connection end of the conduit means will not heavily
impact into the secondary conduit as it is able to
deflect as necessary, using the flexibility of the

conduit means, and can optionally be manoceuwred for



a mani fold and a choke body, the apparatus
conprising: a frane adapted to | and on the nanifold;
w@2@mengizes system having a first end for connECL/GBROOS000725
the choke body and a second end for connection to a
processi ng apparatus; wherein at |east a part of the
conduit system is supported b}4the frame; wherein the
conduit system conprises at |east one flexible
conduiteThaiAi 9vg-<ah @ntktdiat (¢ sy novegabheactehathye to
t he Q&ggﬁ%gf% ke up a comuni cation between the
processi ng appar atus and the choke body. In such
enbodi nents, the end of the flexible conduit can
deflect if it inmpacts with the choke body (or any
secoltFF Eaddia dexaendimg oot the chokere bedy) .

Thus :i h..e ' ts, e flexible conduit
ensurlélgfetq’lﬁg{%nt @ oegg%c e géiebcy&/ The*FRAMEUS st bt

t r ansheneed ing tte ac hake dhody 1 Bsbed) M SyOf 1888 having

invention.w l.I. now be described, by way of exanple
only? Eﬁ&%ﬁogﬁ F@géﬁeﬁ ko Dol » 11919 R atrami ngs,

i n wWabebrikiigyre 1 is an el evational view of a subsea
tree assenbly, partially in section, and show ng an
WD 2005/ 083£28MPCTAEB2005L000725 b tapparaatiso f@F

connectin i face to_a subsea well bore;
Figure 2 ?segﬁhggragggge$ie Yﬁ&%ﬁ?zﬁ%%?qr?ﬁﬁx§9%n,

of acchokethodytof thkechbee assgming ahddWelhg for

portion of a nagdrel of the apparatus of Figure 1;
connection to a processing apparatus;

wherein at least a part of the conduit system
is supported by the frame;

wherein the conduit system comprises at least
one flexible conduit having an end that is moveable
relative to the frame to make up a communication

between the processing apparatus and the choke body.

In such embodiments, the end of the flexible conduit
can deflect if it impacts with the choke body (or
any secondary conduit extending from the choke
body). Thus in such embodiments, the flexible
conduit ensures that the load carried by the frame

is not transferred to the choke body.

Embodiments of the invention will now be described,

by way of example only, and with reference to the

following drawings, in which:-

Figure 1 is an elevational view of a subsea tree

assembly, partially in section, and showing an



Figure 3 is a top view of the tree frame of Figure 1,
Wi th the connecting apparatus for the flow interface
waleasogs2eenoved; Figure 4 is a top view of a | POEGB2005/000725

frame nenber of the connecting apparatus of Figure 1;
Figure 5 is a sectional view of_ the | ower franme
menber of Figure 4, taken alo the line 5-5 of
Figure 4; Figure 6 is a top view of an upper frane
menbéprafatipefesnaesneagiappar dftluy dhtRgire ko a
Fi gu LS rtially sectioned view of the upper
franésﬁée ewg%ESEF%Ure 6, taken along the line 7-7 of
Figure 6; Figure 8 is a schematic view of an alternate
enbodi ment of a connecting system shown prior to
| andf hgUBR £ hesS subsealareeda¥iehl parrigldey 9n seation,
schegmt L c.yi h t] S of Figure 8§,
w thO8 Fowar frars) nErpeh ok BRstieTab0s) Gisazs over
PCT/ 3820061 000 72 5maidrednogct hag agppstremisandediomrihe ;
subsea tree assenbly and the upper franme nmenber in an
upper position; Figure 10 is a schematic view of the
subseaghree3 assembby andythe €ABNECELNG SYR! 8P @f gyre
Figure 8 wth the upper frame nmenber in a | ower
posi ti ot tiFi gha1corneckine spparakth ifrtether fdetai | s
of ain{gifgcgq&g@ig@née&gv%ge invention; Fig 12 is an
enl arged view in cross-séction of a portion A of the
Fig 11 enmbodinment; Fig 13 is a plan view of the Fig 11
enboginent; . ,

igure’'4d is a top view of a lower frame member of

the connecting apparatus of Figure 1;

Figure 5 is a sectional view of the lower frame
member of Figure 4, taken along the line 5-5 of

Figure 4;

Figure 6 is a top view of an upper frame member of

the connecting apparatus of Figure 1;

Figure 7 is a partially sectioned view of the upper
frame member of Figure 6, taken along the line 7-7

of Figure 6;

Figure 8 is a schematic view of an alternate
embodiment of a connecting system, shown prior to

landing on the subsea tree assembly;

Figure 9 is a schematic view of the mounting system

of Figure 8, with a lower frame member of the



Fig 14 shows a series of views with cross-sectiona

details showing the Fig 11 apparatus being installed
we@eooa/osmes f ol d; Fig 15 shows an enl arged vi ew BET/EBV05/000725

14D, Fig 16 shows a side view of an enbodi nent sinmlar

to that of Fig 11, the franme Iso supporting a

repl acenent choke; and Fig 17 flows an al ternative

enbodi ment simlar to that of Fig 16, wherein an

act ué?lopﬁ@cﬁéélﬁs siystepr deinded! tan com rolbddwe Jcm‘)aleemﬁembly

o AP PR B R R e R o

Christmas tree 13. Christmas tree 13 is a tubul ar
menber with_a tree WD 2005/ 083228 PCT/ GB2005/ 000725
17 cbhAEEROFV15S0R PEECMEREE MW It Wenmathisea dxmee

}/vel | Q%%@nﬂ@&}%ﬁg ¢£pat cgnﬂ%)c#n%ﬁasfﬁdch% ofh%aigveei, §rcarith

| oor. Tree may be conhvent aving
borethﬁthpaena§temevmbmbet7lan®.aam&ﬂapd&ﬂﬂmbﬁul A
production passage in tree 13 |leads laterally to a
production wi ng valve 21. Tree 13 may be either a

typerhavingia htubing basgefikanded e Wdthi 'téylétofngl
be a type in which the tubing hanger lands in the

melIEééﬁdhéﬂgPﬁQmB@Fo@ithbetﬁ@@entAOproductlon choke
body or receptacle 23 nounts to production w ng valve
21. Choke body 23 conprises a housing for a choke
inseFig(hBtishamnénlhage65v1addUSiaﬂb%sP@e@ﬂiﬂﬂEdi

back_pressur desir flow rate. Choke body 23
connggf g B?oﬁﬁ%t?bﬂ %EISWbPFﬁ@eﬁﬁ ‘that | eads to
sea roor proceSS|ng

Fig 13 is a plan view of the Fig 11 embodiment;

Fig 14 shows a series of views with cross-sectional

details showing the Fig 11 apparatus being installed

on a manifold;
Fig 15 shows an enlarged view of Fig 14D;

Fig 16 shows a side view of an embodiment similar to
that of Fig 11, the frame also supporting a

replacement choke; and

Fig 17 shows an alternative embodiment similar to
that of Fig 16, wherein an actuating means is

provided to control the movement of a conduit means.

Referring to Figure 1, production assembly 11 in
this example includes a subsea Christmas tree 13.

Christmas tree 13 is a tubular member with a tree



equi pnent or directly to a production facility at sea
| evel . After being installed with a pressure

WO niosnsi2eg er, as will be subsequently expl ai neRICT/&@B2005/000725
choke insert may not be required. One use for the
connecting apparatus of this inyention isto retrofit
existing trees that have prevf%usly operated wi t hout
a pressure intensifier. Tree 13 may al so have an
annuF@8n@gEeE 27 Phattscéewerni caceshaitt cennadingto a

annu a : wn) in,the 1, An annul us
chokgggéaggﬁnggPégﬁé (gﬁﬁuﬁb§W®3I3§%§%§QH0Qx) % 0t$3 ng
a fl@hopate ertbel3 mayober cottreft itdhe it Ui ng @nnul us.
Annul us, choke 29 is nornally |ocated on a side of

prodM@FFbﬁaésggﬁﬁlVltﬁlaoﬁﬁééﬁFevﬁﬂdﬁudfﬁGﬁ“thbkéﬁﬁbdy

23. hanykusgchoke W042005,083228 _PCT/, 05/ 725 .18
29 has a body mﬁtﬁ a c%ogggiﬁse%ﬁggr%$F§$x¥%QR9'leads
prodéetevalihoke bodyodB8cthohr @éngapadtea dleasatlas 13

nmounts to the er end o tree 13. Atree frane 33

ext end¥ g?o%hEHgfe% §§p?oLaVﬁB@n?igﬁb&éﬁi@@§ger landed
assogighed, equi prentyapd Brevbhdi Ag wBReHEGHO tree
13 if snagged by fishing netZ? Tregﬁﬁgﬁhgjgéﬁqylnd

st r UBRBPET | Y2 ednnket Blaet yel heepddoustingr belbd, tduclree.
that wei ght inposed on tree frame 33 transfers to

tree 13 and fromthere to the wellhead housing (not
showh) popdwhi tont cleekd 3bbdy opuntedpticee DRam 33 shas

an upper. franme nenber or%'on late 35 that in
thisgf%%?%E%%pi%l?%c%?%ge %ovegéﬁgﬁ PafVe 2B caA@rises a
bel omotis By caPr 3. chRSr inpbat e (35tSURLAUPAS Hikeq 513,
as shown in Figure 3,
adjustable "to create a back pressure and a desired
flow rate. Choke body 23 connects to a production
flow line 25 that leads to sea floor processing
equipment or directly to a production facility at
sea level. After being installed with a pressure
intensifier, as will be subsequently explained, a
choke insert may not be required. One use for the
connecting apparatus of this invention is to

retrofit existing trees that have previously

operated without a pressure intensifier.

Tree 13 may also have an annulus valve 27 that
communicates with a tubing annulus passage (not
shown) in the well. An annulus choke 29 connects to
annulus valve 27 for controlling a flow rate either
into or out of the tubing annulus. Annulus choke 29
is normally located on a side of production assembly

11 opposite production choke body 23. Annulus choke



and is generally rectangular in configuration. Tree
frame upper plate 35 has a cutout 36 that provides
W@ eg05/08Rk8 access to choke body 23 and a cut out PGBGBR(GVEN00725

provi des vertical access to annul us choke 29. As

shown in Figure 3, preferably }{ee frame upper plate

35 has a plurality of guide ers 37. Quide nenbers

37 may vary in type, and prior to retrofitting with a
pres§éréa§nﬁeﬁ§ﬁﬁ‘@#thmér@h9§@jlﬁ&ﬁﬁtuﬁhm&ﬂamn@@t for

retrhgéaggog Zgﬁ %cbn% t5§ choke insert (not shown)

i n choke Yafinul us choke 29. Al t hough
some subsea trees do not have any type of guide
menbers, many particularly trees installed during

t he ﬁaEFeTOCi@ 3Qfe5?%eaﬁﬁbm ?Oéilérﬁplt@ e higpedend of
nenb@fe§71300”Rrk§@§ ?Ea%%“@@de&%% gédgirtrgﬁxifukor

open top. Cuide nbers are mounted 3 n
th|smvﬂhﬁmﬁsl@832288PﬁﬁééBQ@ﬁéﬁO@Qﬁﬂ@meh&.%ﬁﬁﬂ#ﬁbﬁmdﬂhg

a | ocki nmber 39 | ocated_between them, Locking
nenb%?ogg Eggn EPa?Eﬁe ﬁgtlFaFBﬁggedo§M3@%%WﬁﬂGlﬂ?ts
nmenbereé nseskhed3fr om abpueruFaUn y SERAK

gui de ?nsnbers 37 are shown 1|ln Fygure ??j%tt\;%notﬁﬁéozntgl Sthdy

| ocafedtBRSopposFiel sties @@lgbﬁt@wpogedammtﬂneanﬂname
Sets3?”t9£ﬁ§§é]£§ si des. of 3 CHhAUE 38 t'ﬁ' “fe%ﬁ B0

shows a control pod recep

conveatliveadl. hGosinol moﬁ sbcepbaobewéacha$re@uu@els
menber s 37dandT Ck% g?neggers 39 for landing an

el ect?PeafdandTh§ar &EFTe contRsl 2PodPPRSt L&Ré\nyember

| oveseet foonmbseplieyeds ¢t uial thy s0f nQ¥ide PASt S ocated
above swab valve 19 and below tree cap 31. Upper
plate 35 surrounds tree 13, as shown in Figure 3,
and 1s generally rectangular in configuration. Tree
frame upper plate 35 has a cutout 36 that provides
vertical access to choke body 23 and a cutout 38

that provides vertical access to annulus choke 29.

As shown in Figure 3, preferably tree frame upper
plate 35 has a plurality of guide members 37. Guide
members 37 may vary in type, and prior to
retrofitting with a pressure intensifier, were used
to land equipment for retrieving and replacing the
choke insert (not shown) in choke body 23 and in
annulus choke 29. Although some subsea trees do not
have any type of guide members, many do,
particularly trees installed during the past 10-15
years. In this example, each guide member 37
comprises an upward facing cylinder with an open

top. Guide members 37 are mounted in pairs in this



41 are |l ocated adj acent sides of tree frane 33.

Typically, each guide post 41 is |located at a corner
wo@boosng2d rame 33, which is generally rectanguP@r/GBr005/000725

configuration. Only one guide post 41 is shown in

Figure 1, but the other three e the sanme in

appearance. The existing guidéﬁ%osts 41 likely may

not be |ong enough for the retrofit of a pressure

i nt eREATPEF Whthcaolaahdagwnembieni 39 rveenttiesh bdtfweeso,

qui ds ety 1P ARERARAE. o) BN e T

41. Guideapdstkextensinpas 4as@&akkudﬁxﬁpwakﬂmﬁaS%bur
tree cap 31. A guideline 43 with a socket on its

IomeFeEﬁHagﬁla% oQ@rgHﬁéec@ﬁW@9ﬁ§t39e&ﬁﬂw%ﬁﬂﬂkﬁhpost
41 °F1§Hk993g°§§tﬁx5§gségg $6caltle OSJQ%PE?Q%V%

Gui delines 43 extend upward to a pla
vessebtattseaa hedetheSbthbrreéegrnmgct@oEug@r%lhesaof
rom;iQte face device |ower franme nmenber 45 | ands on
and % 8ﬂépg§ted by WO 2005/ 083228 PCT/ GB2005/ 000725
20 tree frame upper plate 35. In this enbodinent,
| ower franme nmenber 45 is a flat generally rectangul ar
nembEFJUES 3hdhRO | ﬁhgwguaecqntﬁgg iod me@@pm@clbe4@ that

flaty #aﬁg cghﬂgﬂgigéaf7 | s geeUred o one, s

| ower ¥rame er 45,  Man (r)eﬁ %5/ %ﬁgsrgc G F I%QV\@FS

portgond@nmhmhef$aa@eaﬂﬁ 1hak1n@bmb&bam@ s@altprt Qadding

mat |n% f;ange on, choke g % ﬁ Al ternatively

mand?8l S47° bt " ba™ PolY £ ohed o ﬁoﬁﬁroép58§|t@0§dééowﬂ

| onerofie a8 fEHhEsc451 apd] mat g %@hgalﬁh§ Bedyu98e posts

annul us choke 29, rather than chok

1 are located adjacent sides of tree frame 33.

Typically, each guide post 41 is located at a corner
of tree frame 33, which is generally rectangular in
configuration. Only one guide post 41 is shown in
Figure 1, but the other three are the same in
appearance. The existing guide posts 41 likely may
not be long enough for the retrofit of a pressure
intensifier in accordance with this invention. TIf
so, a guide post extension 42 is installed over each
guide post 41, and becomes a part of each guide post
41. Guide post extensions 42 protrude upward past
tree cap 31. A guideline 43 with a socket on its
lower end slides over and connects to each guide
post 41 or guide post extension 42, if such are
used. Guidelines 43 extend upward to a platform or

workover vessel at sea level.

Still referring to Figure 1, a flow interface device

lower frame member 45 lands on and is supported by



23. A clamp 51 locks flange 49 to the flange of choke
body 23. Clanp 51 is preferably the sanme apparatus
W@ bat/oga2es/i ousl y cl anped the choke insert (notPGHGBRY05/000725
into choke body 23 when production assenbly 11 was
bei ng operated w thout a pr esaéjge intensifier. Canp
51 is preferably actuated wt n ROV (renote
operated vehicle) to rel ease and actuate clanp 51.
Ref ertfigfy H6E glre 2 pledgrrdrddl - 47Ihashas | ewesdhoset , 52

t hat qal j it h y, vertical bore 53 A

retr ilg)\‘?]lae%rséfr\gnteg rr%%%l%s 21%2 i%s#%ﬁ e%e%?f%ﬁ']ya | ower
por t irewc tafh geleke megiddrGala herws. i A tadeFdl 4, Passage

57 | eads from choke body vertical bore 53 above plug

55 t 85CodGtt P6n anifdgtvalvder1 Erimpurdrel)47 Rlaigs&Bured
pr event | wisich f 0w 0 rel 47 fr

ent e?ignén%l %v%/gllei r?g\MZl%g’ e%o%ah%ﬁ%ea%'s %%d%ef%7
val véaisn af ltowulliame 125e rd pwirsticeamiafh chokeahasdyr 3 nd f

so, %ug 55 1S noI;l r equi reg., WO 2005/ 083228

PCT/ 8760578007551 S0 £OREt BRFRY tid- Furd s=hqlsndrody 23.
framairerber i4%1hasmandplur abi s afq gu s:gg&tb%{

on its |ower si dgat hat mate vvitﬁﬂéiuig%éeq%% ers e3%76%? an
t r eeCPPafetBpFEFSPPAL d0WSE Az asisomempeRi U el n@tey with

one of  tRey$et |,de ers 67 s shown, and.th
are shgvvn i% a§f ggﬁg%tg [ ((::Wégr8 mz%lzurrtaﬁzlrer%%g]ana SR %Ody
menbéB .69 protrudes downward from |l ower frane nenber

45 for | ocking engagenent with one of the | ocking

menbers 39 (Figure 3) of tree frane upper plate 35.
LockA clamp 51 locks flange 49 to the flange of choke

body 23. Clamp 51 is preferably the same apparatus
that previously clamped the choke insert (not shown)
into choke body 23 when production assembly 11 was
being operated without a pressure intensifier.

Clamp 51 is preferably actuated with an ROV (remote

operated vehicle) to release and actuate clamp 51.

Referring to Figure 2, mandrel 47 has a lower bore
52 that aligns with choke body vertical bore 53. A
retrievable plug 55 is shown installed within a
lower portion of choke vertical bore 53. A lateral
passage 57 leads from choke body vertical bore 53
above plug 55 to production wing valve 21 (Figqure
1) . Plug 55 prevents fluid flowing down through
mandrel 47 from entering flow line 25. Some
installations have a valve in flow line 25
downstream of choke body 23. If so, plug 55 is not

required.



menber 69 is also shown schematically. Qher types of

| ocks are feasible. Lower franme nenber 45 al so has
w@eiodesest sockets 71, each preferably bei ngPer/b8kiosmoo72s

tube with a downward facing funnel on its |ower end.

Qui de post sockets 71 slide qver guide lines 43

(Figure 1) and guide posts 4¥%r extensions 42. Quide

posts 41 or their extensions 42 provide a gross

al i gReéarrong mandiehra7Swi fhwehoke sredyn2® i ffurtes a

1). 1 des.67 nd 37 (Fiqure 1) provi.de f.iner ,

2l RuBRE ot naRanarde e fPER ke ddy JPMEs guide that
1). Reterwing ghibk fembbgHr875.0f awele fadie MRIME HRite
al so greferably_has.a plurality of upward facing

gui dé°nefbehew7sn Fadukes3exafpley, oge ¢ a7 £

are [ nb iqure,3 :
beingaﬁgagﬁgm%§g$n§§c% i%gggg’mﬁ%%ig%gﬁff%%§fﬂ%§%%ﬂln a
t ypeschémgtidefoenber Bumajiebrouts, | iaz@d s neeldemddar 69

this instance, preferably there are four sets of
gui der ﬁﬁg?§ §§WHWPFH E§8ﬂ i@We€o§6@W§ AR i der

nmenmbes sk 78gWehHadehORK Pt AERBEr o£7 thecatled: iRef Weihe rs
as shown in Figure 4. Quide nenbers 75 are | ocated WO

20057 983P28uUPETA GB2005F 0607 28me22PPr 1V @rlftiteal35.  Lock
al i gompL webh ui deo nenber s 3 (ELguLe 1 3), PUL. could

be positioned e ere. Lower frame  ne
has afcuboks ZBeofec@nebsede for providing vertica
access to annulus choke 29 (Figure 3). An adjustnent

mechani sm or nechani sns (not shown) nmay extend
bet weghe k 0vRENE T ABRLEBTRS! 2 $302RA st K8&de post sockets

71, each preferably being a hollow tube with a
downward facing funnel on its lower end. Guide post
sockets 71 slide over guide lines 43 (Figure 1) and
guide posts 41 or extensions 42. Guide posts 41 or
their extensions 42 provide a gross alignment of
mandrel 47 with choke body 23 (Figure 1). Guides 67
and 37 (Figure 1) provide finer alignment of mandrel

47 with choke body 23 (Figure 1).

Referring still to Figure 5, lower frame member 45
also preferably has a plurality of upward facing
guide mempers 75. In this example, guide members 75
are the same type as guide members 37 (Figure 3),
being upward facing cylinders with open tops. Other
types of guide members may be utilized as well. In
this instance, preferably there are four sets of
guide members 75, with each set comprising two guide
members 75 with a locking member 77 located between

as shown in Figure 4. Guide members 75 are located



frame upper plate 37 to assure that the weight on

| ower frame nenber 45 transfers to tree frane upper
w@k@tsesRZ8 and not through mandrel 47 to choke POOGB2®3/000725

VWil e the | ower end of mandrel 47 does abut the upper

end of choke body 23, preferab%¥, very little if any

downward | oad due to any wei ght<on |ower frame nenber

45 passes down mandrel 47 to choke body 23. Applying

a heéWywaﬁﬁiqai(ﬂiﬂG§MQng/Mmtmowmddecmember®x3@3$Fy@ure

bendizng t he ca nection roductjon w ng
valverazlr}zi&g:etmlll’f)f(ﬁjf(ﬂ'os‘(nC e%ﬁ%wgﬁf%stﬁ%ﬂwer frame
nMechari®RE: MBy QP H:Se aadjd:lﬁ:tuatbl B9 &h0PSe 084 ddegl pwer
side of |ower franme nenber 45 that contact the upper

si de PEPVEFER Y VaRE lgider Ccasisd &R 72nRubrd\Gltleka 29
deS|rgq mai eym di st ance between | ower frame nenber
45 and dpper plate 37. The m ni num di stance woul d
assure that the weight on Iomer frane menber 45
trangfers.to tre upp pl ate and fromthere

t hr oGigh 2FPEE FE &l@%@rlgne%:tw Wl theshpyn)
housmag @&t\@ﬁ@clla)ettnq%%nlliolw%r SUPRRY R ey dsgdalﬁ%?t{%%é

mechani sms coul d be separate from | ocking Vi ces
or i A&8RBorRPed pPwitlke BHermo \mszm/tawzzc&e weight on

PCT/ 51 2 R f ft
Iomegggggnggggébﬁsméé ﬁaﬁ glgn&¥ ocﬁ%y{o eﬁ%%@%uﬂ?per

uppeplptaté735ndanotumpebubmamanﬁﬁﬁmﬁ43hxi&Hd%%ﬂﬁﬁhy

| andsd, agehecked L0 Louer, LLATe MRTbOr 5 PRSL, ere

rect apgakaengl @tfechal}ue pbliycow,d e ConfiigHr &N 1516

ot her shapes. Upper frane
if any downward load due to any weilght on lower
frame member 45 passes down mandrel 47 to choke body
23. Applying a heavy load to choke body 23 could
create excessive bending moments on the connection
of production wing valve 21 to the body of tree 13.
The adjustment mechanisms may comprise adjustable
stops on the lower side of lower frame member 45
that contact the upper side of tree frame upper
plate 37 to provide a desired minimum distance
between lower frame member 45 and upper plate 37.
The minimum distance would assure that the welght on
lower frame member 45 transfers to tree upper plate
35, and from there through tree frame 33 to tree 13
and the wellhead housing on which tree 13 is
supported. The adjustment mechanisms could be
separate from locking devices 69 or incorporated

with them.



menber 81 has a mandrel connector 83 nounted on an
upper side. Mandrel connector 83 slides over nmandre

wa 20084083228 | andi ng. A | ocki ng nenber 85, whi chP€DGBR005/000725
either-be a set of dogs or a split ring, engages a
grooved profile on the exterior, of mandrel 47.
Locki ng nmenber 85 | ocks connectot 83 to mandrel 47. A
hydraul i c actuator 87 strokes |ocki ng menber 85
bet weBR¢hE1ngckedE badreell eagdd epodioriegngrame member 45

Pr ef , n connector .83 al so _has n
actug¥%$&%9a$%rPé%%%sggbgggﬁ ﬁaﬁmﬁnupﬁgre@gﬁg%b%%' an
fai |l wepef hysnauhémbact gat 06 8bwehctmnitbholbd 91 4%l 13cked

part of or nounted to an upper inner portion of
mandr'é? tOrFect ornBINeWanrf 8Pd 9VPRes Arpassageled 81 is

that seal ingly.regi ster | ngr age 52. As
shown by t%e d%tte I%n §¥%%Q%D o?egééﬂ ﬁgFerR Pﬁe’ put
el ect¥rti cadyld soeroummt £tlgonedpper ot hatreshepber. 8LppAr frame

filtq&ﬂﬁg igggqgated mﬁtgin an intake line 98 of a
subsea pu LAt Y ET Ve BhApCE98 3akaupked on an

i nt akgpdr tdi e exami@rds LHnSOARHRI 68t Lo Wit b sea
water. Punp 99 has an outlet line 101 that leads to
passAFEYF b4 hafiflet dlanding. shodnlpakEngumenberupper
frang, e ! I, o QUi post ,sockets_ 103 for .

sli ding dowﬁ)gﬁgg%ﬁﬁﬁgg b%3§(€§5u§§ ﬁ?g%naroﬁtép%ﬁg ring,
uppererpmde ores ofoquedleo WX PDO56088R28exterior of mandrel

PCT/ 005/ 000725 2 0S 41 or qui de post

exteﬁzisB'iz‘ongfO Fjﬁbﬂg?ﬁqgﬁnig %%ﬂ%%rggﬁnﬁ% CHoAwaPdmandrel
ext endi .ng QguideraEnherscd@®b ot hat BRESKNEt DoupyALd

ext endi ng gui de nenbers 75 o? | ower frane %en%g? %%?ber
as Sﬁémpquqqqmﬁhg-ﬁocked and released positions.

Preferably, mandrel connector 83 also has a manual
actuator 89 for access by an ROV in the event of
failure of hydraulic actuator 87. A manifold 91 is
a part of or mounted to an upper inner portion of
mandrel connector 83. Manifold 91 has a passage 93

that sealingly registers with mandrel passage 52.

As shown by the dotted lines, a motor 95, preferably
electrical, is mounted on upper frame member 81. A
filter 97 is located within an intake line 98 of a
subsea pump 99. Motor 95 drives pump 99, and the
intake in this example is in communication with sea
water. Pump 99 has an outlet line 101 that leads to
passage 93 of manifold 91.

As shown in Figure 6, upper frame member 81 has four
guide post sockets 103 for sliding down guidelines

43 (Figure 1) and onto the upper portions of guide



Locki ng menbers 107 mate wth | ocki ng nenbers 77
(Figure 4) of lower frame nmenber 45. Upper frane
woreeobes323 has a central hole 109 for access tRCT/GB2005/000725

cap 31 (Figure 1). Adjustable nechanisns or stops (not
shown) may al so extend betweep |ower frane nmenber 45

and upper frane nenber 81 to gr40vi de a m ni num

di stance between them when |anded. The m ni num

di st &6 si ¢ lslreciwidla ot exepenshengeilght Ghppunirafe

and r..95%.fn ransm tting through mandrel

conngll(% %FrS 4 g%%n&&wer}wari% %h e%abﬂ% %ngezlé?mﬁﬁfﬁellw
the toad pattle fdrtd heowarel ghttdsdi R@MUPRET nEhBEBs 75 of
menber 81 through |ower franme nmenber 45 and tree

f r ame CUFPer LHgt @3Ha10 43y &S 13ha theFhphlfead
houskRg kKOR MHG o ts | SHRROT. T ad path fo

t he wei ght C'Joneadg)peltrS ]Tsor7arre rrer‘r'%%?h8 gcg%%ggn%?mlﬁggg {7 b
chokdFbgdye23)oof tlhmeuglfguidengusés 49, Theper frame
adj ust apl e ops could bes rate from | ocki ng

devi @S?gf&%gr FP’ial'?ccii‘r pErdEEd % % thenfor iepess to tree
oper akbon10f( rtiliugexanpl e, production assenbly 11 may
have been operating for sone tinme either as a

producing well, or an injection well wth fluid
del i ygred+f .at. a _se vel latform Al so,
pr odugpi on ggge e%g%f%‘ci:ngulogc gseéo ®n r\1NC9C| nst Al atTon, also

Loveextradebrtmben 4bweupgeand mamdarn®ragd @nset herame

associ at ed ui_pnent woul d WO 2005/ 083228
PCT/ ‘&%@é‘é%/ Bo0Fs PLos Lol gi Faity Hbtd e aneathritwen them

pr odusthonaaasandl ynblminktull Qfustd:pn assesd yeddy +o

wer e formsrl¥ a produci ng
prevent tThe weight of pump 99 and motor 95 from
transmitting through mandrel connector 83 to mandrel
47 and choke body 23. Rather, the load path for the
weight is from upper frame member 81 through lower
frame member 45 and tree frame upper plate 35 to
tree 13 and the wellhead housing on which it is
supported. The load path for the weight on upper
frame member 81 does not pass to choke body 23 or
through guide posts 41. The adjustable stops could
be separate from locking devices 107 or incorporated

with them.

In the operation of this example, production
assembly 11 may have been operating for some time.
either as a producing well, or an injection well
with fluid delivered from a pump at a sea level
platform. Also, production assembly 11 could be a
new installation. Lower frame member 45, upper

frame member 81 and the associated equipment would



well, a choke insert (not shown) would have been
installed within choke body 23. To install pressure
WO paosngized er 99, the operator would attach guPCEGBR®E/000725
extensions 42, if necessary, and extend guidelines 43
to the surface vessel or platggrn1 The operat or
renoves the choke insert in a“ctonventional manner by
a choke retrieval tool (not shown) that interfaces
wi t h o€ ingd set tofbgui aea t e nder sre@duatiiaveasseubouyt 11.

36 (Fi A roduct.ion sembly .11 | acks a valve,
on fﬁgaﬂﬁaﬁchﬁﬁ t%ﬁf%ﬂﬁ%%uﬁ? W%ﬁ%rgoﬁmEFgé a producing

I nst akllati an dhetde Omsdpt deldtneshdwn andolingt b8 Been
pl ug 55. The operator then |owers |ower frame nenber
45 af8fgelg@lasliithdd il RAEY 48i de posts 41. Wile
| andi ng, gui de nenbers 67 and | ock nenbers 69 (Figure
5) slidingly engage upward facing guide nenbers 37
and [ockinsg ardniperess 3@« Firglares ilfieifheg, engagepens t6f

gui de nbers 37 and 67 provides fipe alignment for
naan8g3$7a§§aF§ @ﬁﬁé§é§ﬁﬁﬁbﬁﬁﬂﬁﬁﬁ§lo@%.4%heh? REGAPSALY,
51 i snacksated L@icennekls the dovele Sndrofe r@@%?i a4
to choke body 23. The operator then | owers upper frane

menb8h-agform-nclfhei mpeyip 9 eneieh Has deeke insert in
ppet! Feleheilna UGS, G0 RSO LLE IRDSE Pty (o

Upper frame “menber down gui
over sjoivdé tpest Sk rdraddieivitextiensions 4:s Abf euide

mani fold 91 n es mandrel 47, connector 83 is
act uBtB4°Es |3§c% CHH05 /898 %‘%TWHOO%)/ 000725 26

mani Hebdu8tibe RN A%l Blegtd iLala povesn fOloy 1ine
25, the operator lowers a plug installation tool on

guidelines 43 and installs a plug 55.

The operator then lowers lower frame member 45 along
guidelines 43 and over guide posts 41. While
landing, guide members 67 and lock members 69
(Figure 5) slidingly engage upward facing guide
members 37 and locking members 39 (Figure 1). The
engagement of guide members 37 and 67 provides fine
alignment for mandrel 47 as it engages choke body
23. Then, clamp 51 is actuated to connect the lower

end of mandrel 47 to choke body 23.

The operator then lowers upper frame member 81,
including pump 99, which has been installed at the
surface on upper frame member B81l. Upper frame
member 81 slides down guidelines 43 and over guide
posts 41 or their extensions 42. After manifold 91

engages mandrel 47, connector 83 is actuated to lock



punp notor 95 may be provided by an electrical wet-
mat e connector (not shown) that engages a portion of

wao b@sogaes ol pod (not shown), or in some ot herPEEGB2G05/000725
If the control pod did not have such a wet nmate
connector, it could be retrievgg to the surface and
provided with one. Once install %, with valves 17 and
21 open, sea_ water is punped by punp 99 through
out | etePiheldol! tanaapfswlpddsagdsl @3 risa ] Mauwe R)r
into j i valve 21.. The.sea water fl ows
down ?%@gaﬁ%fggaﬁﬁnﬁ% ogfhgrngﬁ§¥f5ﬁ’F%} SN - Fdodiet -

pur posgse ¢énneepair (otr epbacgMeMa tOferRRRSUTL nortion of
intensifier QQ%LS required, it can be retrieved al ong
with UppeT Rtk Prgmbeptgsh@irtour diist wasien Hhewer

framepqvender 4 t i t .i.s. shown in
Fi gures 8-10. ﬁ%ﬁ%ﬁ%néﬁ%EE? a?oggggghg%ga%gzﬁs%Wﬁhtﬁewet

fir stiaenpeehmentoar el hunbet édbtheesatevethe onBwat iSRG face
systemh rggl&ggww%%ane menber or frame portion 111
u%%er 1

and an rane @P€or frame portion 113. Jack
nmechani sms, such as hydraulic cylinders 115, extend
bet ween | ower and upper frane nmenbers 111, 113.

Hydr NG5S A5 ndes 1Msthoveluppel 7f rade2lnepber, 23

rel atyame 4 o d ey ]gﬁgge 1 fro an.upper
positfbn, shown Fﬁ&%ﬁgﬁres %%d%é?opg aouE&ﬁgrElne 101,
posi trsh flshowadsediguwr®, 192 (Pienrérameinmenbepdddlson

pref ey, a I de nbers on its_| ower ~side for
engagzirlﬁ1 56%%%% abiﬁggﬁu?%%swﬁﬁefrEéOVFaﬁﬁwnuEb@rwell

pl at endb,indld houghe dhey: 5@ AOE sheuwn H_‘oggepurposes. If
drawi ngs., WD 2005/.083228 PCT/ GB2005/ 000725
repalr or replacement of pressure intensifier 99 is
required, it can be retrieved along with upper frame

member 81 without disturbing lower frame member 45,

An alternate embodiment is shown in Figures 8-10.
Components that are the same as in the first
embodiment are numbered the same. The mounting
system has a lower frame member or frame portion 111
and an upper frame member or frame portion 113.

Jack mechanisms, such as hydraulic cylinders 115,
extend between lower and upper frame members 111,
113. Hydraulic cylinders 115 move upper frame
member 113 relative to lower frame member 111 Erom
an upper position, shown in Figures 8 and 9, to a
lower position, shown in Figure 10. Lower frame
member 111 preferably has guide members on its lower
side for engaging upward facing guides on tree frame

upper plate 35, although they are not shown in the

drawings.



27 Mandrel 117 is rigidly nounted to upper frane
menber 113 in this enbodi nent and has a manifold
w@eosiga2on its upper end that connects to ouPdEGBRI0NEO00725

101, which in turn |eads from pressure intensifier or
punp 99. Mandrel 117 is positiS?ed over or within a

hole 118 in | ower frame nenber<111. Wien upper frane
menber 113 noves to the | ower position, shown in

Figure 10, mandrel 117 extends down into engagenent

wth the receptacl e of .choke bod 3, In the eration

of tM@“?é‘cegngqé’am}osdi%ﬁ@ﬁbr‘%%%%/%g FAt BBBFFig agg pgmber
mounted te wppel diEEdendlBas andadPPEidapdrtion on
| ower frame nenbers 113, 111 are lowered as a unit.

Hydr &iiFi 8PP fdet $hets ainecsapper eutibper Linané01,
menbeh (LhS 1k A8, YRRRL. ROS (o0, o L del L Des, 43, and,

gui de posts 41 gul € ‘ass y-onto
uppepupbaé .35Maasireshawy iis kbgst €i8ne@uUbder neabRishin a

(not _sho provi de fine alignnent of |ower frane
menb&P Tﬁ)lgs 1n :iqwﬁﬁd§r€ﬁ“9( e e ambl ippefpr avePss.

The kowrk nentheaf 1maNdIRlesllt W : e
choke bodym 23? Then hydf%ulf%m%§+i%§%§€a§§%la$$%h/Shown

uppeinf FagBremdfhemantFetlo 1ok e dowmdar dowh oivh o
Mand n s.choke ba 2 apd cl 51 i
actu%ﬁéaé%éengl%ﬁ%%hgﬁﬁ?éfxfﬁgy B ehd ec%%§€p5%%yL%%ks

(not shown) | ock | ower and upper frane nmenbers 111,

113 _to,the tree frane of tree 13. Figs 11 to 13 show

2t NEPAtBRDBHERSTE ol g DS rﬁﬁe?&ril%n?ﬂ%m%lmn%homeasure

mani f gkdnkh £t foor MsOhcRintiPsed Ghpd StARsnd "RER00- 113,

The tree 200 has a
and upper and lower frame members 113, 111 are
lowered as a unit. Hydraulic cylinders 115 will
support upper frame member 113 in the upper
position. Guidelines 43 and guide posts 41 guide
the assembly onto tree frame upper plate 35, as
shown in Figure 9. Guide members (not shown)
provide fine alignment of lower frame member 111 as
it lands on tree frame upper plate 35. The lower
end of mandrel 117 will be spaced above choke body
23. Then hydraulic cylinders 115 allow upper frame
member 113 to move downward slowly. Mandrel 117
engages choke body 23, and clamp 51 is actuated to
clamp mandrel 117 to choke body 23. Locks (not
shown) lock lower and upper frame members 111, 113

to the tree frame of tree 13.

Figs 11 to 13 show a third embodiment of the
invention. Fig 11 shows a manifold in the form of a

subsea Christmas tree 200. The tree 200 has a



WD 2005/ 083228 PCT/ GB2005/ 000725 28 producti on w ng

branch 202, a choke body 204, from which the choke
whamshogees renoved, and a flowpath | eadi ng to BCT/GB2005/000725

production wing outlet 206. The tree has an upper

pl ate 207 on which are nounted gémur "John Brown" feet

208 (two shown) and four guide egs 210. The gui de

l egs 210 extend vertically upwards fromthe tree

upperPpPatet 207, wThe breschalde ,suppoidiss dadntI®l, from

dul o F 13 al h f 220 (e.g.
2 sk B ok he Q3 ahelRd=t PeBnode s i 220 i

base léhdtngobprispsotiieeecal arigat & Emers @22 W Ghoq
are cross-linked bé Eer endi cul ar bars 224 such that
a

the PSehasPRefrPUaFrkd0dt puchiviah Fure leyurdrass sfour

I'i nki ngo@k ched,enbeL e out ernost  of,

the bars 222, the arcEegageﬁgggé%%5%H§UFV¥ﬁd¥8B:éW&de

over t¢@s bake. of Thdeghidaelads. 2l0cat@dat vertically

apprQ§kg%&§lyfthe four corners of the frane 220 are
S

gui de" Fmnet st 930 Bt abhed tBPERePBasE 28K -t hdhier dmee

220 on s neuEZSct Ihe guhdeot unpels 23Q 5 are adapted to
receive the guide legs 210 to provide a first

(relatively course) alignnment nmeans. The franme 220 is

al so provided, W ths f " rewn” legs ,232, which
ext end é\%rt i gaa yﬁdo%\é/\o/ar%kg rgm%trﬁuéne ggge (& St hé skia)
f r amel @20 egb arhdthe heyeenpage t haelehameBroonnbeet 208«

of t t.ree 200. A processing apparatus in the form of
a pu%g]%fglm§rlrﬁﬁﬁ1.tte}ar%% ?h%ngggﬁemgﬁé_erqsh@25uw§igg4are
has amrossutlieikanthy b&tpeh@ivhich pespecbive, bhexible,

base has a grid-like structure. Further cross-—
linking arched members 226 connect the outermost of
the bars 222, the arched members 226 curving up and

over the base of the frame 220.

Located at approximately the four corners of the
frame 220 are guide funnels 230 attached to the base
of the frame 220 on arms 228. The guide funnels 230
are adapted to receive the guide legs 210 to provide
a first (relatively course) alignment means. The
frame 220 is also provided with four “John Brown”
legs 232, which extend vertically downwards from the
base of the frame 220 so that they engage the John
Brown feet 208 of the tree 200.

A processing apparatus in the form of a pump 234 is
mounted on the frame 200. The pump 234 has an
outlet and inlet, to which respective flexible

condults 236, 238 are attached. The flexible



conduits 236, 238 are attached. The flexible WO

2005/ 083228 PCT/ GB2005/ 000725 29 conduits 236, 238
w@oosesizes a pl ane parallel to the base of therPdT/aBe00s/ 000725

220, forming a partial loop that curves around the

punp 234 (best shown in Fig 13), After nearly a

conplete loop, the flexible co its 236, 238 are

bent vertically downwards, where they connect to an

i nl eCo&HYLHRS o%%et%ﬁ aupivpi Ag |a1t1:elrafrm:@82.¢l:ﬂl](etlo e the

desc e be | o The i ng

|nte% g%g 4OH$% ﬁerefo?g §q&pd %Qﬁa%ﬁﬂﬁ)that
234 onthes faaen@20ndyptie bhexi @e%tc%r}‘ﬁ)\%r{ $irP36g 13)
238, nd is not_ rigidly fixed relatlve to the frane

220. PBEEHUSEDILY e coMkebel Loprof thite fdenduiltes CZBﬁiults
238, o8leg Pl NG ILAL AP 2401630 JONG holh Lo Lhe o

pl ane of the base r ane
hor i Zomr‘ee!ctplml@mflnll-'@tg ddd and ol liche odi nae@gtllpq&f

I rtically in Fi
o CRNE GrAsE L, (58 He® COnatFibosoan Famcaretail
typlbéhk%rSteﬁhéﬂﬂkﬁinéﬁﬁhtéB@aEEe&M@'l't¥h% due Lo

the curved shape of conduits 23 8, thei
resp%%?@ﬁ?@ﬂqKﬁﬁmeih@nEﬂm@ %@épenstba ﬁmametﬁ@@pbwpthe

234, o qﬁﬂﬁ_ | d ggua be na?e fro
|nhefg%ﬁﬁﬁﬁé |'exi bl'e é?la of in %Bopg r&gﬁghy fixed
resi Fédmttiveedns . tha sf‘exaumiazglocondubtaugéootfs tﬁ%nn_?_ﬁt ed
tot ok %g%a as best shown in Fig 15. The
secoﬁggﬁﬁ' gﬁﬁﬁh £ COtii5eE a3RoudiRg Bbe pAping
Whi cin @. r faRer JTeRe R4k 11So8HPPAr ted. pIQﬁe'B@eEhe base
nenber 254 .
of the frame 220 (i.e. in the horizontal plane of
Fig 11) and in the direction perpendicular to this
plane (vertically in Fig 11). 1In this embodiment,
the conduits 236, 238 are typically steel pipes, and
the flexibility is due to the curved shape of the
conduits 236, 238, and their respective single
points of suspension from the pump 234, but the
conduits could equally be made from an inherently
flexible material or incorporate other resilient

means.

A secondary conduit 250 is connected to the choke
body 204, as best shown in Fig 15. The secondary
conduit 250 comprises a housing 252 in which an
inner member 254 is supported. The inner member 254
has a cylindrical bore 256 extending therethrough,
which defines a first flow region that communicates
with the production wing outlet 206. The annulus

258 between the inner cylindrical member 254 and the



has a cylindrical bore 256 extending therethrough,

whi ch defines a first flow region that communi cates
wowaok/0s32e8 producti on wi ng outl et 206. The annuP@EGB2®8/000725

bet ween the inner cylindrical nmenber 254 and the WO

2005/ 083228 PCT/ GB2005/ 000725 _30 housi ng 252 defi nes

a second flow region that co icates with the

producti on wi ng branch 202. The upper portion of the

secomtParSinh tdeobines asebidntndtloshowyiion thet

Cr 0ss- f Vi ew ,of , .Fi 1 nd_connects the
inne?:omsg%elr %43 tvgﬂt e“h%%%méllc%%?fl e %S A5 Gppdd2 -
portion has a series of bores therethrough inits
outer circunference, which provides a continuation of

the ARTUINRSSISROTTHEN | tihehrefBePn2sa vc omprivdds A5 is
portisens g f(@lrote%?ﬁ)ex&f Sirwp(tjg acg}:grsg‘—slé?ltggél%ﬁ: vslcerwe\gefd Fig

t oget her before econdary condu
connéét eanico comemertick e thodynn2B4mefiberi DBEr tBERBRr h2%4% ing

'S Ig@%er han the, housi ng 252, and extends into the
chok & Bédy 504 'd % Yo Gt hdspRodBELESn Ofi kgres

br anehe202nrBhighend, aft 4 haud dwner ; peghe | S yn
orovided wth & seal 350, Which -Geal Bbrede Sunieh

bodyP20% 1§ SpreFoR idiuaddiorf | ofv thet aeenlthe2f8r st Tand

Secok o] i 0RS. co conduit 250 s
o e e e R e o QP o582 foecrrg of
12) whatfastuypi cahliyh the sameevbanpogstwbll Before the

nor mal | Lanp the cho in the choke body 204. The
claggeié58?§Y068P§HH§ ggmbﬁsIﬁﬁﬂn?$%%dsﬁémhh?nCFP5615Ody
is azdetailed view of the

The inner member 254 is longer than the housing 252,
and extends into the choke body 204 to a point below
the production wing branch 202. The end of the
inner member 254 is provided with a seal 259, which
seals in the choke body 204 to prevent direct flow
between the first and second flow regions. The
secondary conduit 250 is clamped to the choke body
204 by a clamp 262 (see Fig 12) that is typically
the same clamp as would normally clamp the choke in

the choke body 204. The clamp 262 is operable by an
ROV.

Also shown in Fig 15 is a detailed view of the
piping interface 240; the Fig 15 view shows the
piping interface 240 before connection with the
secondary conduit 250. The piping interface
comprises a housing 242 in which is supported an

inner member 244, The inner member has a



pi ping interface 240; the Fig 15 view shows the

pi ping interface 240 before connection with the
w@emonsiey conduit 250. The piping interface PONGBRESH00725

a housing 242 in which is supported an inner nenber

244. The inner nenber has a W0,2005/ 083228

PCT/ GB2005/ 000725 31 cyllndr|8 bore 246, an upper

end of _which is in comunication with the flexible

cond&¥{124Bicad ba)ﬁmn&ﬂs&z@i@pg@ri Aed bét weenht e in

houa%&g%%gcg@qont ha Mitle @%o SOBQHagp?%% An

connecte

The pnpuhgs QnBeﬂ%a@@ﬁ&ﬂédﬂﬁbﬁ@@eﬁe@BQdEBMSQQBdQME and
250 have, co- gﬁratln enga%lng surfaces; in
par t Fasil B Bhe NPRREE éfGQSQPE@rtﬁ@ds@éowhaﬁy is

cond S+sh d t |nn
244-%$ﬁ?%g@%PpF§g%R%an% éggﬁgigﬂﬁ#ggto% er sgﬁ?a%%glng

of th@tﬁbﬁscag§402¢2d.252 arezcatdgt pdcdndiieeeP¥e Rave co-
se surfaces together. The
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whi ch connects the flexible conduit 238 to the

producti on wing outlet 206, and the
The piping interface 240 is shown connected to the

secondary conduit 250 in the views of Figs 11 and
12. As shown in Fig 12, the inner member 254 of the
secondary conduit 250 is stabbed inside the inner
member 244 of the piping interface 240, and the
clamp 260 clamps the housings 242, 252 together.
The cylindrical bores 256, 246 are therefore
connected together, as are the annuli 248, 258.
Therefore, the cylindrical bores 256 and 246 form a
first flowpath which connects the fiexible conduit
238 to the production wing outlet 206, and the
annuli 248 and 258 form a second flowpath which
connects the production wing branch 202 to the

flexible conduit 236.

A method of connecting the pump 234 to the choke

body 204 will now be described with reference to Fig
14.



annuli 248 and 258 form a second fl owpath which
connects the production wi ng branch 202 to the

w0 b@sgiokd2es condui t 236. A nethod of connecti ng PEEGBVE/000725
234 to the choke body 204 will now be described with
reference to Fig 14. WO 2005/82%228 PCT/ GB2005/ 000725
32 Fig 14A shows the tree 200 ore connection of the
punp 234,'with a choke Cinstalled in the choke body
204. Frfe lfPodhietiortve rigreal ¥80i Hedloosed:cantk dthieos hokerhe

C i d, ip Fig.14B, to all t
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done2ddi.ng conventional choke change out tooling (not
shown) . Fig 14C shows the secondary conduit 250 bei ng
| onered onto the choke body 204. This can al so be
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interface 240. Fig 15 sﬁ%mﬁja %agnifiedhgg%%ig%ao H%Et

14D ForiyreatePt &bariy. The |anding stage of Fig 14D
conprises a two-stage process. In the first stage,
the frame 220 carrying the punp 234 is |anded on the
treeFR200l4Thehguisdéhe secondary conduit 250 being

lowered onto the choke body 204. This can also be
done using the same choke change out tooling. The
secondary conduit 250 is clamped onto the choke body

204 by an ROV operating clamp 262.

Fig 14D shows the secondary conduit 250 having
landed on and engaged with the choke body 204, and
the piping interface 240 being subsequently lowered
to connect to the piping interface 240. Fig 15
shows a magnified version of Fig 14D for greater

clarity.

The landing stage of Fig 14D comprises a two-stage
process. In the first stage, the frame, 220 carrying
the pump 234 is landed on the tree 200. The guide
funnels 230 of the frame receive the guide legs 210
of the tree 200 to provide a first, relatively
coarse alignment. The John Brown legs 232 of the
frame engage the John Brown feet 208 of the tree 200

to provide a more precise alignment.



funnels 230 of the franme receive the guide | egs 210

of the tree 200 to provide a first, relatively coarse
w@bdiogisees . The John Brown | egs 232 of the freem®GB2005/000725

engage the John Brown feet 208 of the tree 200 to

provi de a nore precise alignnegg. WD 2005/ 083228
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interface 240 is brought into engagenent with the
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secomgacly €enddi h1480dakbBger @3id i@Nwe: 030k herpe two-stage
connection facilitates a controlled, buffered

connection.

The piﬁing interface 240 being suspended on the
curved flexible conduits 236, 238 allows the piping
interface 240 to move in all three spatial
dimensions; hence the flexible conduits 236, 238
provide a resilient suspension for the piping
interface on the pump 234. If the piping interface
240 is not initially accurately aligned with the
secondary conduit 250, the resilience of the
flexible conduits 236, 238 allows the piping
interface 240 to deflect laterally, instead of
damaging the mating surfaces of the piping interface
240 and the secondary conduit 250. Hence, the
flexible conduits 236, 238 provide a buffering means

to protect the mating surfaces.



flexible conduits 236, 238 allows the piping
interface 240 to deflect laterally, instead of
wa 2008081228 t he mati ng surfaces of the piping i NPET/GBR@®5/000725
240 and the secondary conduit 250. Hence, the
flexible conduits 236, 238 prqy'de a buffering neans
to protect the mating surfaces. WO 2005/ 083228
PCT/ GB2005/ 000725 34 A slightly nodified version of
t he #hf+tobbodiehiied sverewrt mFithd6thThe pibbdgment
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320 1Haridoes 24ibtarchrihe aspompdamsteatijuither $0 anee
320 is vided with two flow hubs 322 (only one
showir}>* lg d are t\éﬁo%nhcer&%dats \é\{e,sggﬁé:@tdr ¥ unperite 11
| eaddnitghdGnerdt processi ng apparatus renote fromthe
tree. This connection is typically done as a fina
step, after the frame has | anded on the tree and the
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pr oc¥issi ¥y erdyppbinenys cooupdibe sa apdimpmansiz) lethonddes
LTS0S PSR SRS, L8 STRIPLE 5, sucty on i T
framxovidicvinephaces ithe shpke sbhat has, heen senpyed
fro@hat are connected to respective jumpers leading to
a processing apparatus remote from the tree. This
connection is typically done as a final step, after
the frame has landed on the tree and the connection
between the piping interface 240 and the secondary
conduit 250 has been made up. The processing
apparatus could be a pump installed on a further
subsea structure, for example a suction pile. A
replacement choke 324 is also provided on the frame,
which replaces the choke that has been removed from
the choke body 204 to allow for insertion of the
inner member 254 of the secondary conduit 250 into

the choke body 204.

The replacement choke 324 is connected to one of the
hubs 322 and to one of the flexible conduits 236,
238. The other of the flexible conduits 236, 238 is
connected to the other hub 322.



the choke body 204 to allow for insertion of the
i nner nmenber 254 of the secondary conduit 250 into

wao b@soske body 204. The repl acenent choke 324P@HGB2005/000725
connected to one of the hubs 322 and to one of the
flexi ble conduits 236, 238. Tg% other of the flexible
conduits 236, 238 is connected~to the other hub 322.
WO 2005/ 083228 PCT/ GB2005/ 000725 35 The Fig 16 frane
i s prof déd witt Aranguiide Qrgalded wihht aeguemes pipe 324
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i mpact the tree frame, instead of the piping interface
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t hr okgyh whieh antipihdt 268 248¢ tHypugh flexibhe s e
piping interface 240. 1In an alternative embodiment,
the guide pipe 324 could be replaced by guide
members such as the guide funnels and John Brown
legs of the Fig 11 embodiment. In further
embodiments, both the guide pipe 324 and these

further guide members may be provided.

In use, the well fluids flow through the choke body
240, through the annuli 258, 248, through flexible
conduit 238 into one of the hubs 322, through a
first jumper conduit, through the processing
apparatus (e.g. a pump) through a second Jjumper
conduit, through the other of the hubs 322, through
the replacement choke 324, through the flexible
conduit 236 through the bores 246, 256 and to the
production wing outlet 206. Alternatively, the flow
direction could be reversed to inject fluids into
the well.



conduit 238 into one of the hubs 322, through a first
junper conduit, through the processing apparatus
w@ eoog/osr2punp) through a second junper condui PCT/GB2005/000725
t hrough the other of the hubs 322, through the
repl acenent choke 324, throug 6)Ihe flexible conduit
236 through the bores 246, 256 and to the production
W ng outlet 206. Alternatively, the flow direction
coul®tl BEF Hefersde i thjecniddildenntic shwmelh . FIND 17.
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whi ch connects the flexible conduit 238 ?op Fﬁg fréﬁ% ace
to &dftrol the movenent of the flexible conduit 238

and hence the position of the piping interface 240.

The actuating neans has the formof a hydraulic
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endrefnishe why dhadbn@ ceitls REQS £0exible conduit 238 to
the frame to control the movement of the flexible
conduit 238 and hence the position of the piping
interface 240. The actuating means has the form of
a hydraulic cylinder, more specifically, a swivel
eye mounting hydraulic cylinder 326. The hydraulic
cylinder 326 comprises two spherical joints, which
allow the lower end of the hydraulic cylinder to
swing in a plane parallel to the plane of the frame
320 (the X-Y plane of Fig 17). The spherical Jjoints
typically comprise spherical eye bushes. The swivel
Joints typically allow rotation of the hydraulic
cylinder around its longitudinal axis by a total of
approximately 180 degrees. The swivel joints also
typically allow a swing of plus or minus ten degrees
in both the X and Y directions. Hence, the
hydraulic cylinder 326 does not fix the position of
the flexible conduit 238 rigidly with respect to the

frame 320, and does not impede the flexible conduit



swing in a plane parallel to the plane of the frane
320 (the X-Y plane of Fig 17) . The spherical joints
WO 25083208/ conpri se spherical eye bushes. The B&/G8R005/000725
joints typically allow rotation of the hydraulic
cylinder around its | ongitudi a) axis by a total of
approxi mately 180 degrees- The 'swivel joints al so
typically allow a swng of plus or mnus ten degrees
in béth %ﬁ@mxaéia@wmwim%tpbmnq@mrﬁa@ P¢dr aal move

cylinde 2 S ' he position of the
fl ex? Iélgoggglg% 3%&%%%%(% Yy with respect to the

frame 320, and does not inpede the flexible conduit WO
2005 083ﬁ 8 PCT/ GB2005/ 000725 37 238 from al | owi ng
the PrPi ngti AEEYT ade® 2003 hbGe cylinglar thieein a

di mepst pASt &l PodifA Shows, t [AWHL ' 236
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tree 00..ln_this retracted position, the flexjible
condt? ¥ 238" hb s erhterapcf%b??ewgpﬁe.ﬁf%ﬁpé]ce% Hgsiid the
seconshadiyi € onsiRli Ko 2B o that 1hly GaRRAtr RRIAUE Ubove the
i npact with the secondary 250 during | anding. To nake

up tPRCLBRMEY t FUH et IhetPRFi B§ camrent a2 or
and { @@C@p@@r%é:@gg(? %ép e raylic..cylinder
i's ex%lkgaﬁded; the exten er{o?l os%tg?or?ui@siglghgﬁ}nqlﬁyq:i g
17B. In the extended position, the piping interface

240 now engages .t he secqgndary conduit 250. The
pr esfs]ou\rl\ll[éa}f% eth%fmq%cl%l?ﬁg&eef%é s &Y

rel ensesrtacal 1aw dde t1e age280at9 benackivatesd, The

C'aﬁ%éﬁgﬁiﬁsﬂﬁffﬁﬁg:is extended; the extended
position is shown in Fig 17B. In the extended
position, the piping interface 240 now engages the
secondary conduit 250. The pressure in the
hydraulic cylinder 326 is now released to allow the
clamp 260 to be actuated. The clamp 260 is actuated
by an ROV, and pulls the piping interface 240 into

even closer contact with the secondary conduit 250

to hold these components firmly together.

This invention has significant advantages. In the
first embodiment, the lower frame member and mandrel
are much lighter in weight and less bulky than the
upper frame member and pump assembly. Consequently,
it is easier to guide the mandrel into engagement
with the choke body than it would be if the entire
assembly were joined together and lowered as one
unit. Once the lower frame member is installed, the

upper frame member and pump assembly can be lowered



by an ROV, and pulls the piping interface 240 into
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has significant advantages. In the first enbodi nent,
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the invention. For exanple, although shown in

While the invention has been shown in only a few of
its forms, it should be apparent to these skilled in
the art that it is not so limited but is susceptible
to various changes without departing from the scope
of the invention. For example, although shown in
connection with a subsea tree assembly, the mounting
apparatus could be installed on other subsea
structures, such as a manifold or gathering
assembly. Also, the flow interface device mounted
to the upper frame member could be a compressor for
compressing gas, a flow meter for measuring the flow

rate of the subsea well, or some other device.

In the third embodiment, protection of the
connection between the piping interface 240 and the
secondary conduit 250 is achieved by the two-step
connection process. Additional buffering is
provided by the flexible conduits 236, 238, which

allow resilient support of the piping interface 240



connection with a subsea tree assenbly, the nounting
apparatus could be installed on other subsea

wa@2ososees, such as a manifold or gathering BSEEBRI0§000725
Al so, the flow interface device nounted to the upper
frame menber could be a conpr§ sor for conpressing
gas, a flow neter for neasuri the flow rate of the
subsea well, or sone other device. In the third
embodfhehtvepkot eeei phmpf thhe frevrneet low et welen pheing
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control .and %g&fering are achi eved using an actuation
means ¥ hore?Y preci sely control the |ocation of the
piping interface 240 and its connection with the
secondary conduit 250. Inprovenents and nodifications
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the etdypatdionbeforecidhe Lidstnidowbuby 89 fhat the
arrangements could be made. For example, in Fig 16,
the replacement choke could be located in the
flowpaths before the first flow hub, so that the
fluids pass through the choke before being diverted
to the remote processing apparatus. The replacement
choke could be located at any suitable point in the

flowpaths.

Furthermore, in all embodiments, the flowpaths may
be reversed, to allow both recovery and injection of
fluids. 1In the third embodiment, the flow
directions in the flexible conduits 236, 238 (and in

the rest of the apparatus) would be reversed.

A replacement choke 324 could also be used in the
other embodiments, as described for the Fig 16
embodiment. The replacement choke 234 need not be

provided on the frame.



flui ds pass through the choke before being diverted

to the renote processing apparatus. The repl acenent
wehbokesretll d be | ocated at any suitabl e point PEI/GB2005/000725

flowpat hs. Furthernore, in all enbodinments, the

fl owpat hs may be reversed, t% al l ow both recovery and

injection of fluids. In the t@ird enbodi nent, the

flow directions in the flexible conduits 236, 238
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enbodi ment. The repl acenent choke 234 need not be

provided on the frame. WO 2005/083228 ,
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pul lvig-tands seteasddiad he densi o iRethecsabhe ddhduit

fLHtggg- The flexible conduit 238 could then simply be
raised and lowered as desired by pulling and
releasing the tension in the cable. In a further
embodiment, the hydraulic cylinder could be replaced
by a screw jack, also known as a power Jjack, a first
screw member of the screw jack being attached to the
frame, and a second screw member being coupled to
the flexible conduit 238. Operating the screw Jjack
also raises and lowers the end of the conduit means,

as desired.

Although the above disclosures principally refer to
the production wing branch and the production choke,
the invention could equally be applied to a choke

body of the annulus wing branch.

In the Fig 11 embodiment, either of the conduits
236, 238 could be attached to the inlet and the
outlet of the pump 234 and either may be attached to



enbodi nent, the hydraulic cylinder could be repl aced

by a screw jack, also known as a power jack, a first
wa@eoosmsazestber of the screw jack bei ng attachedP@DGBR@®5/000725

frame, and a second screw nenber being coupled to the

flexible conduit 238. Operating the screw jack also

rai ses and | owers the end of t conduit neans, as

desired. Al though the above disclosures principally
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prodyghi on choke, the invention could equally be

applied’to a choke body of the annulus w ng branch.

In the Fig 11 enbodi nent, either of the conduits 236,

238 could be attached to the inlet and the outlet of
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separation apparatus.

The processing apparatus could comprise a pump or
process fluid turbine, for boosting the pressure of
the fluid. Alternatively, or additionally, the
processing apparatus could inject gas, steam, sea
water, drill cuttings or waste material into the
fluids. The injection of gas could be advantageous,
as it would give the fluids “1lift”, making them
easier to pump. The addition of steam has the

effect of adding energy to the fluids.

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



process fluid turbine, for boosting the pressure of

the fluid. Alternatively, or additionally, the
wEe@sesresg apparatus coul d inject gas, steamPGEGB2005/000725

water, drill cuttings or waste material into the

fluids. The injection of gas qﬁgld be advant ageous,

as it would give the fluids " t", making them

easier to punp. The addition of steam has the effect

of abdFRgSEnefgYheset RE fhei §3ir fagjeactihigls emmatarve

| ocBoBELLeouL BeMSEliE L ossl dite ot on

pressu recovery o roc the well,
and to nmaintain the pressure in the underground
for t|on agai nst coll apse. Also, injecti wast e

gaseS BrPEPFEFSIRGt EPRESAEHE PRV Ca adeld ilgt edentiacals
needtgobgmggggélggsggg E§§£g§20%5/0091%%os§% di spose

of these at the surface prove ensi ve
and @@d¢r@hﬂéﬁtaWhyCUahhgnngutThhepf&ueﬁ3|ngm&ﬂm@rahuﬁn

I bl h I b dtoth
i ui 288 O BafRei Ty BTbReritar croahnen MHEd abo ehe

fIUIﬁ51CMHMiﬂgmiQ@nth@a§tﬁét1@np5€9we@5 RhRe rSkisRs ang
friction noderators, which mnimse the friction

bet m&%% PHRSF | ui HarEher ererbilpesofFahenécadramplies of
chemcal & M@'f@je@@@éd?9§réﬁifggﬁgn@%é §urfa0tant%é and

refrigerants, and wel acturin mi cat sI°FRE
pr ocesksl n@racpbarawschemutdlal soThenprbsesklhgChbPAratus
vat ef gctio ysSi s The processin

apparé%%s cod?dc%T%ﬁl%%ng??g%téoﬁlN HerrﬁééF%rWﬁyéﬁs
coul epprmvétle. an al ternative route

The processing apparatus 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 flowline 206

becomes blocked.

Alternatively, processing apparatus could compri se
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.

The processing apparatus could alternatively or
additionally include measurement apparatus, e.g. for
measuring the temperature/ flow rate/ constitution/
consistency, etc. The temperature could then be
compared to temperature readings taken from the

bottom of the well to calculate the temperature



bet ween the well bore and the surface. This could be
very useful if, for exanple, the flowine 206 becones

whb@skext2s Al t ernatively, processing apparat us pOUG#2005/000725

conprise separation equipnment e.g. for separating
gas, water, sand/debris and/ I hydr ocar bons. The
separated conponent (s) coul d“be siphoned off via one
or nore additional process conduits. The processing
appatadEe coul Brafieeehatl wedy - or Fuaddierivonal | yhiencl ude

nmea . app . r. asuring the
tomoratarer e et oS Bret 1 PR LB AstSReRoyater
et c.eldhet tehpet ait eiei groed i, t hen be conpared to
tenperature readings taken fromthe bottom of the
well to calculate the tenperature WO 2005/ 083228

PCT/ GB2005/ 000725 43 change in produced fl uids.
Furthernore, the processing apparatus could include
injection water electrolysis equipnment. WO

2005/ 083228 PCT/ GB2005/ 000725 44 dCdains 1. Apparatus
for connecting to a subsea well bore, the wellbore
having a nani fold and a choke body, the apparatus
conprising: a franme adapted to | and on the manifold;

a conduit systemhaving a first end for connection to
t he choke body and a second end for connection to a
processi ng apparatus; wherein the conduit system
conprises a conduit



nmeans supported by the frame; wherein the frane
conprises at |east one frane nenber that is adapted

wao ooosmst2on the manifold in a first stage of PEEGB2005/000725
connection and wherein the conduit neans is adapted
to be brought into fluid conmunication wth the choke
body in a second stage of thé4connection. 2.
Apparatus as clained in claiml, further conprising
an @ciuaki ng nmeans nmounted on the frame, the
actuating neans being adapted to bring the conduit
means into f 1 uid communication with the choke body.
3. par claimed in claim?2, wherejn the
actﬁgtin%éﬁéﬁﬁgu%oﬁ%¥i%%gnﬁﬁcﬁ%ﬁgtt8n€ ﬁVh?ﬁélW@llborer
cyl imdewel BooAPpPaialng &S nHred ABULI Anany ea%qz_@dbeay,l the

claim wherein the conduit nmeans conprises a flexib
condfeP 3 2 WS 20UBP 0B3PTB: PCT/ GB2005/ 000725 45 5.

Appar at us as. ¢l al d | aim.4 erein the. flexible
conduit is a?r%ﬁ%e t5§b$¥?égl?%exgc%ﬁ%e%?Pﬁﬁog?’the
condui t aeamsdand $hetahokehiotly. a 6irAppanat Bsras

cl ai ned in.clagn1ébor claim5 wherein the flexible
conttite Rt AN~ e ¢ KOS BI%eEre| at F9eord epe for

fr afeneaek 2on opposideead ihad ahSaFRveabl e relative
to the frame. 7. Apparatus as clainmed in any of clains

4 to 6 WRHepdmlemn@dnidl #ysenwhenerhseéhea conduit
actyatling, means. i s,adapted 19 opve the novable end of
the ’

wherein the frame comprises at least one frame
member that is adapted to land on the manifold in a
first stage of the connection and wherein the
conduit means is adapted to be brought into fluid
communication with the choke body in a second stage

of the connection.

2. Apparatus as claimed in claim 1, further
comprising an actuating means mounted on the frame,
the actuating means Yeing adapted to bring the
conduit means into fluid communication with the

choke body.

3. Apparatus as cl aimed in claim 2, wherein the
actuating means comp rises at least one hydraulic

cylinder.

4. Apparatus as cl aimed in any preceding claim,
wherein the conduit means comprises a flexible

conduit.



flexible conduit relative to the frame to bring it

into fluid communication with the choke body. 8.
wo\ppans2es as clained in claim7, wherein the PCT/GB2005/000725

actuation neans conprises at | east one sw vel device

that allows novenent of the end of the flexible

conduit in nmore than one dinmerfsion. 9. Apparatus as

claimed in any of clains 4 to 8 wherein the flexible

condsiit imppeshtiients d0aiMBpanat U9 as al akmed iR the
claim9, wherein the flexible conduit i$ curved to

provi HexiRLE| Fendelt i3 apppaABECuscaduditairmEde n cl ai m
10, g@gﬁ e . -d C of . the fl exible
condui t ?%9%%H oge%%§d£é$§62£ogggﬁge%%gngg |8H égf REY -
an aX|s of connection and wherein the curvature is in

a pl g gendlcular to, the axis_of connection to
pr ov FRERC 2P nCt REMeEnABc Cilehdir BEL FéRLIMAD

2005&@@5@2@ %K€7£¥%&@%dQ098§§u1ﬂ6hé% ahPRAka H§t3§

clainmed in any of clains 1, whereint Condui t
nean%l%@ﬁp¥¢%@§lvﬂnt¢l@&$bfeam605ddlas o@ﬁosAppaeaduShat

g%ﬂ??eé clal ?t%? 2@ |v %%ﬂa of the two

con urts 1s t her eof
relative to the frane and mhereln each of the two
conduits has a respective opposite end that is

moveabl e FRPAFT VRS 135 t AP iRateinianyApfaratimsad to 6
Cl alech | diogeitie Pt 52l NG 1 81 Mynopliehelhet Der GpdHLL

system fui -~-ther conprises a secondary con
i s coemested 2dantedim endoe tbe mheabhekenBiody and

Mherfﬂék gfécéggghlt re gtiée to the frame to bring it

into fluid communication with the choke body.

8. Apparatus as claimed in claim 7, wherein the
actuation means comprises at least one swivel device
that allows movement of the end of the flexible

conduilt in more than one dimension.

9. Apparatus as claimed in any of claims 4 to 8,

wherein the flexible conduit is resilient.

10. Apparatus as claimed in claim 9, wherein the

flexible conduit is curved to provide resilience.

11. Apparatus as claimed in claim 10, wherein the
direction of movement of the flexible conduit in the
second stage of the connection defines an axis of
connection and wherein the curvature is in a plane
perpendicular to the axis of connection to provide

resilience in the connection direction.



adapted to connect to the secondary conduit in the

second stage of the connection to connect the conduit
wore@smses t he choke body via the secondary coPdlGB2005/000725

15. Apparatus as clained in claim2 or claimS3,

wherein the frame conprises a | ower frane nenber and

an upper frame nmenber, the coh@uit means being

nount ed on the upper frame nenber, and wherein the

actuating neans is nounted between the | ower and

upper. frame nenbers and is adapted to nove the upper

fr art® -me bR LRENSt BFe e ltee Lrowenyf péne Leemzerd tio 11,

{he eeica Doty W 005 683528 T CRB00S GOGT 25 Lo
16. cAppadatsus as clainmed in claim15, wherein the

actuating neans is adapted to buffer the connection
bet ween the conduit neans and the choke body. 17.

Appanat Ugpas rekak A a¢habmid, ipothe,at .l east
one franep%enber gﬁgtﬁgagkggtlébﬁ%%%%ﬁogzétgg%reln sach
conpfi §88 Avpowmendiismeimefbercd and aheesppcthee end
app f L_conprises_an upper . frame nenber,

o Chanartt FtatrERoer ARa ERETFouRFs FaREerEnBach of
havihg teeopenatiing angagereeped®ansefOppbanden@nihen ¢
upper frane Eenber on the | ower frane nmenber. 18.
AppaPali¥cabie| 5PAREIVA EPaFRP1IEC #0@t her conpri sing
buffering means provided on the franme, the buffering
means defining a mninumdi stance between the frane
andlfhe fPeeratos Appataimsdasnchaiyeorénediagme18im,

Mhe%ﬁégeﬁn the conduit system further comprises a
secondary conduit that is conmected to the interior
of the choke body and wherein the conduit means is
adapted to connect to the secondary conduit in the
second stage of the connectiora to connect the

conduit means to the choke body via the secondary

conduit.

15. Apparatus as claimed in <laim 2 or claim 3,
wherein the frame comprises a lower frame member and
an upper frame member, the comduit means being
mounted on the upper frame mernber, and wherein the
actuating means is mounted between the lower and
upper frame members and is adapted to move the upper
frame member relative to the Jdower frame member to
bring the conduit means into Fluid communication

with the choke body.



further buffering nmeans is provided between the | ower

and upper franme nenbers to define a m ninum distance
wheirdegn228 he | ower and upper frane nenbers. 2BCT/GB2005/000725

Apparatus as clained in claim18 or 19, wherein the

bufferi ng means conpri ses adjustable stops. 21.

Apparatus as clained in clai m£0, wherein the

bufferi ng means conprises threaded bolts. 22.

Appaiat ushppachaisedsi Blampeal 6l /ME 7130 Blerein the
wherein the conduit system conprises a secondary

cond@8FtUehaldi Be@BAnkEt edapserthé o skE esodyheambnnection
wher gj duj ns_.Ls.a t to.,cqnnect. to WO
Poos ch3505 EO; cebaBEroRsals " RE T NS

conduit in the second stage of the connection to

conn zt the conduit_nmeans,to the choke body via the
secondar y" ROt ¢S %%.Cﬂﬁbﬁ?ﬁt&§ &4 2dMailned' e ednajtine at

22, vbgsei ont herasecradsry cendyit fii§s%U%%§%Féi%R the ge
| ower frapme nenber. 24. Apparatus as clalined in any
pr eceRGL 8¢ ai In Lowker &1 ame hvenbrdui Bnsly sthemepnovihdes

a si t ween_t he choke body .and the
proce ?ﬁ%éﬁggggéa %ﬁ.c%@Prﬁﬁsgr3?u§p5§zgﬁéﬁﬂﬁdmﬁﬁb§ﬁy

of ctiaé¢ nepdet of 28ne mbser Nah hetBenduivk rSY¥SHEM member
provides a first flowpath fromthe choke bod{ to the
pr oce¥ETRY GPpA U BRI SBRBAA FEBWEatR T Lendthe the

Pr oc@ssé N0 ApRArAdMSe £ Oon thgs Chgle Dedy,, 26, Appar at us
as claimed in claim25, wherein the condui't System

conprises a housing and an i nner

18. Apparatus as claimed in claim 17, further
comprising buffering means provided on the frame,
the buffering means defining a minimum distance

between the frame and the tree.

19. Apparatus as claimed in claim 18, wherein a
further buffering means is provided between the
lower and upper frame members to define a minimum

distance between the lower and upper frame members.

20. Apparatus as claimed in claim 18 or 19, wherein

the buffering means comprises adjustable stops.

21. Apparatus as claimed in claim 20, wherein the

buffering means comprises threaded bolts.

22. Apparatus as claimed in any of claims 17 to 21,
wherein the conduit system comprises a secondary
conduit that is connected to the choke body and

wherein the conduit means is adapted to connect to



hol | ow cyl i ndrical menber, the inner cylindrica

menber being adapted to seal within the choke body to
waledosngs228 fi rst fl ow regi on through the bore oPCT/GB2005/000725

cylindrical nenber and a second separate flow region

in the annul us between the cylindrical nmenber and the

housi ng. 27. Apparatus as claif8d in claim26, wherein

the first and second flow regions are adapted to

connetie seacohdaspesinide i nrett adds 8foQut Lel 4 of %h%%
processi ng apparatus. WO 2005[083228|PCT/GB§605? 00725
49 2§Pn)§§%§rl§€lu§0a§oa%q¥ecth% ey dpteceeimg tdatlme choke

uher golyl b2 PROCESYI NG ANRAIALYS, | S Provided on the

frame. 29. Apparatus as clrainmed in any of clainms 1 to
27, wherein the processing apparatus is provided on a
sepanat e ubsea,structure. 30, Apparatus as clained in

any precedPRETESEM?S WHErEIaT tHe Drasidesdi mgv kit

COMPEbEsAakyl eanitiniene Oludb AU dh RHACORF. L] Wl
turbine; injection apparatus; chem cal 1nhjection
appamﬁmﬁg?-a fluid riser; neasurenent apparatus;
tenperature measurenment apparatus; flowrate

measur enent apparatus; constitution measurenent

appa? &t ushppepasiist encylBeasd eNERh ARRARIMUS S in,
separation arat ys, water separation apparatus;
soliﬁgergéﬁagg iSﬂngﬁbgr§Vﬁ§?“hﬁﬁxﬁVGkﬁb@r@dmgle

sepaf a8t happaakHs t hdl chARRATRINS l.ai ned in an
pr ecedl ng Cl a| m C td a?l%. %h% prOCESSln%{
apparatus.

25. Apparatus as claimed in any of claims 1 to 23,
wherein the conduit system provides a first flowpath
from the choke body to the processing apparatus and
a second flowpath from the processing apparatus to
the choke body.

26. Apparatus as claimed in claim 25, wherein the
conduit system comprises a housing and an inner
hollow cylindrical member, the inner cylindrical
member being adapted to seal within the choke body
to define a first flow region through the bore of
the cylindrical member and a second separate flow
region in the annulus between the cylindrical member

and the housing.

27. Apparatus as claimed in claim 26, wherein the
first and second flow regions are adapted to connect
to a respective inlet and an outlet of the

processing apparatus.



wherein the frane includes guide neans that co-

operate with guide neans provided on the manifold, to
w@bdiogisbe frane with the mani fold. 32. Appar ap@BEGB2005/000725

clainmed in any preceding claim wherein a repl acenent

choke is provided on the franme, the replacenent choke

bei ng connectable to the confiflit system WO

2005/ 083228 PCT/ GB2005/ 000725 50 33. A nethod of

connecting a processing apparatus to a subsea

wel | bore, the wellbore having a manifold and a choke

body?® t h*RRATFRH T crFLi Heed | BRdRAY Areeadéngncihém,

mani i ng: j ystem bet n_th
Choke oty A the ceiaind AREbLb 8y L B B AR Gk Ene
suppiordnerg a conduit neans of the conduit system

wherein the frane conprises at |east one frane nenber
that is landed on the manifold in a first connection

stags . anghpheraid éé‘%ﬁ@i@xﬁéﬂtiﬂe§ﬂgog§ cPLopghy {pte,

fluid communication with the choke in a second
conreiom sthyeor @Zes A netdrgek vt e ai sredronidéadi om 33,

Mher§gﬂgﬁ§§§:§§45§%-?%%ﬂﬁa?re mounted on the frame, and

wherei'n udes The step of actuating the
actuating neans to bring the conduit nmeans into fluid
co nication wwth the choke body. 35. A nethod as

cl aifred I"PRATEATHSAS Her@ef thir aryners eedreamsclain,

CONRIreyasi A fH e Rl & SOy 0N 800 o0 - WL EN | S caat

noveabl e rel ative to the Trame, and Wﬂgéeln %he

met WoE 9| Rl esuEet ratdnngaste Aotidtimgoine; injection
apparatus; chemical injection 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.

31. Apparatus as claimed in any preceding claim,
wherein the frame includes guide means that co-
operate with guide means provided on the manifold

r

to align the frame with the manifold.

32. Apparatus as claimed in any preceding claim,
wherein a replacement choke is provided on the
frame, the replacement choke being connectable to

the conduit system.



means to nove the end of the flexible portion

relative to the frane to bring it into fluid
w@oressazesat i on with the choke body. 36. A net hpdI/&82005/000725

claimed in any of clains 33 to 35, wherein the

conduit systemfurther conprises a secondary condui't

that is connected to the choked0body and wherein the

nmet hod i ncl udes the step of WO 2005/ 083228

PCT/ @B2008/ 860738 o51ceansectinig & hsr &t fﬁﬁgg%ééh
the secondary conduit in the secoﬁgjstage é% the S

connk@t PoAP58%. WalkBPKBd &bec|slidbriean fodwing 38 memifold
cl ai 4 ej he a rises .a.lower frane
ad4a cWBgL bgd%,ftﬁé Hgt%%ng%ﬂ%§%§ﬂ&ﬁﬁt TBans

menber and an uppe rane me

bei ng suppodied anfraeeuppet hier ai@ IMRIIRE lan W RIdtt i ng
t he actua%kﬁg means i s nounted between the | ower and

uppe? FPA THEFET BRE"RRBr ENG RO keetIRsly iand @@ésh
h o i . .a o COt )
the st6peobiagt 4gbhpe:the @ﬁé“%%'%%.§%§$§?%QHSP%ﬁengg$lt

upper frame nenber relative to the
to UREAGStAE Eenderrdwebnsyshem:;fluid communication

with the . bo .. A nmethod as clainmed in claim
33, mhere?ﬁQ% %Qéeyelgg% © OndTPF A6 Snéibdfast CRE frame
fir sterdomnechion st hgede 0P tBESmank @Wel HHARE £irst
menber, and, wherein t17-ie apparatus further
conprPeRs P Rippeios r st MERDEPLID 5RE GRECeils mhens is
met heebhdet upese t i-E 1e,.U r frame
menber 6%§the lomﬂfU%%Zﬁgﬁﬁgh%g?Fﬂggg%ﬁihngg%ogﬁgge body
cl ai FeB i peedrd mEBedurehest agacl udi ng the step of
buffering the connection between the choke body and
t he conduit neans.

34. A method as claimed in claim 33, wherein

actuating means are mounted on the frame, and
wherein the method includes the step of actuating
the actuating means to bring the conduit means into

fluid communication with the choke body.

35. A method as claimed in claim 34, wherein the
conduit means comprises a flexible conduit, one end
of which is moveable relative to the frame, and
wherein the method includes actuating the actuating
means to move the end of the flexible portion
relative to the frame to bring it into fluid

communication with the choke body.

36. A method as claimed in any of claims 33 to 35,
wherein the conduit system further comprises a
secondary conduit that is connected to the choke

body and wherein the method includes the step of



40. A nethod as clainmed in claim39, wherein stop

nmeans are provided on the |ower frame nenber, and the
w@orsegeon i s buffered by adjusting the stop PEEEGB2005000725

define a m ni mum di stance between the manifold and

the | ower franme nmenber. WD 2005/083228

PCT/ GB2005/ 000725 52 41. A nethod as claimed in claim

39 or claim40, including the further step of

buf t:enhagtlihg thenoenti:on hetueend hed awrlorand Jpper

frane gen@ by grovidin stop neans between the
| owePahy ubBthef srerfefbens athdheomessgadn dmei ng

buffered by adjusting the stop nmeans to define a

m ni mum di stance between the upper and the | ower
frape. nBnberksod42s Alaenhddias cdladimmed ior anwief 34,
cl ai 38 t wherei n the conduit systen1co ri ses

ey 1‘3}141; riag 3 S
a sécondary-"Contdf't TREPTIE SSofnetVed e 2fife MeRbRer and

bodyn angbe wher ghd hbeLaB! hedel RehEes Q%n%t%glﬂ
connecting the conduit nmeans to the secondary ¢ondui t

in %%@Poé%%%n@nsﬁ%@eubﬁefhﬁrémﬁn@@mb@m, WﬁerAlnetﬂmd
as goAbdethl el M 42, uhecal fothe. Teihod L acl udes

the initral step renovi ng
conmert i N athe mmmbmmﬁuyan@ndhetehﬁ thet eetabdot {deudes
choke bod met hod as clained in claim43,

wher'&F n° e O%h%ﬁ%“%%ﬁ%%tt?g RERDGEUCRNICRRE SecEIRiary
Conﬂhétupﬁérlfﬁﬁﬁé|ﬁ@h$@rCPQK§t99@n%E Qhéngbggr Erame

equi pnment. 45. A nethod as clainmed in claim
WheleiheE Heo etshdary corduit msasapporbedlondt he

| OV i ®ation with the choke body .

38. A method as claimed in claim 33, wherein the at
least one frame member of the first connectior stage
comprises a lower frame member, and wherein thie
apparatus further comprises an upper frame mernber,
and wherein the method includes the step of l=anding

the upper frame member on the lower frame member.

39. A method as claimed in claim 38, further
including the step of buffering the connectior

between the choke body and the conduit means.

40. A method as claimed in claim 39, wherein stop
means are provided on the lower frame member, and
the connection is buffered by adjusting the stop
means to define a minimum distance between th e

manifold and the lower frame member.



menber. 46. A nethod as clainmed in any of clains 33 to
45, wherein the conduit system provides a first

wo basps2s from t he choke body to the processiPgr/GB2005/000725
apparatus and WO 2005/ 083228 PCT/ GB2005/ 000725 53 a
second flowpath fromthe processing apparatus to the
choke body and wherein the nethdd includes the step
of connecting the first and second flow regions to a

respeldt.i vé imelteibdand an sqwdcetiofctiftn PIagessi H9q 40
apparatys. 47. A nethod as clainmed in any of claims 33
to 46DRCNRENGi AhehdUptdess sitep appavatfisring privvi ded

on t £ rein t thod includes the

st ep%g)fnnegggﬁ)gctgi%ﬂg@% e%cg%n&%i‘%qt":!!Een1=3%el}hcgc,]I ‘h%)?lﬁ rame members
pr océysprigvappanastspbetane batdiawn tire frang: ahd heoper
mani fold. 48, A ne% od as clained . in any of clains f%
o 46 o5 BPEPR Ehe LpRoCao8RIg ABpdrairts T fsvend dex

On aadgepaiabetsubseapShedabune ankthe meihad
includes the step of connecting the conduit neans to

t he dprééessi hgtuppar shesvabeer drahdibeg liche f rfanenon

t he mgﬁg%&g[d. 49. A nethod as clainmed in any of

cl ai ms to 48, wherein the nethod includes the step
of connecting a replacenent choke with the conduit

syst so that fluids_ flow ng through the conduit
systgg}aléom?FBﬁp £fir 5h§hPEHe e pingt e il adRok 88 33 41,

AppagatueihotneonpRahE P99t arsbsea sueid hore, .t
wel | bore havi ng a_nanifofg ang ac oﬁe go%yf%fﬁgég%y
appafabtsitolprtsingeonnected to the choke body and

wherein the method includes the step of connecting
the conduit means to the secondary conduit in the

second stage of the connection.

43. A method as claimed in claim 42, wherein the
method includes the initial steps of removing the
choke bonnet and connecting the secondary conduit to

interior of the choke body.

44. A method as claimed in claim 43, wherein the
choke bonnet is removed and the secondary conduit is

installed by choke bonnet changing equipment.

45. A method as claimed in claim 43, wherein the

secondary conduit is supported on the lower frame

member.

46. A method as claimed in any of claims 33 to 45,
wherein the conduit system provides a first flowpath

from the choke body to the processing apparatus and



a frame having a conduit system the franme being
adapted to land on the tree, the conduit system

w0 pbaghizes) a first end which is adapted to coPEIEGB2G06/000725
t he choke body such that the conduit is WO 2005/ 083228
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apparatus before landing the frame on the manifold.

48. A method as claimed in any of claims 33 to 46,
wherein the processing apparatus is provided on a
separate subsea structure and the method includes
the step of connecting the conduit means to the

processing apparatus after landing the frame on the

manifold.

49. A method as claimed in any of claims 33 to‘48,
wherein the method includes the step of connecting a
replacement choke with the conduit system so that
fluids flowing through the conduit system also flow

through the replacement choke.

50. Apparatus for connecting to a subsea wellbore,
the wellbore having a manifold and a choke body, the
apparatus comprising:

a frame having a conduit system, the frame
being adapted to land on the tree, the conduit
system including a first end which is adapted to

connect to the choke body such that the conduit is
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in fluid communication with the interior of the
choke body, and a second end connectable to a
processing apparatus;

wherein the frame comprises buffering means
adapted to buffer the connection between the first

end of the conduit system and the choke body.

51. Apparatus for connecting to a subsea wellbore,
the wellbore having a manifold and a choke body, the
apparatus comprising:

a2 frame adapted to land on the manifold:

a conduit system having a first end for
connection to the choke body and a second end for
connection to a processing apparatus;

wherein at least a part of the conduit system
is supported by the frame;

wherein the conduit system comprises at least
one flexible conduit having an end that is moveable
relative to the frame to make up a communication

between the processing apparatus and the choke body.



