TI TLE: SUBSEA BOOSTI NG CAP SYSTEM RELATED APPLI CATI ONS [ 0001] This
application clains priority to U.S. Provisional Patent Application

61/ 122, 00XQ 2hidoss84Decenber 12, 2008, and entitl ed SUBSEACBOSSNINMNG AP
SYSTEM the disclosure of which is hereby incorporated by reference inits
entirety. BACKGROUND Field of the D sclosure [0002] The present disclosure
rel ates generally to a subsea system and in particular, to a subsea

boosting cap, system Scriptio f the Related Art [0003] In fluid
production ﬁ&&@a%@%@%&ébgim?@ @6%T%dopt an artificial [ift nethod
as a neans ﬁ]@Lﬁ‘T@lﬁXPPE‘i?I&mS" able levels of crude oil production and/or

i nprove the reservoir oil recovery. A common nethod of artificial lift is

un oh 1000, & RS eBbEfof PrinSbraho oL Es. po8pei iR bt Rop PATR2. 0BT o

often e CCPs made to be installed inside subsea well heads or simlar
const r ugg fedAecemherch?. LAdbsad e@%@%@%%%ﬂ@l%&ﬁSYﬁTEMaHﬁ@ﬁc OSPF§ s can

result in conpletion hardware that is excessively tall / large with nore
conpl ex efiwkikh igpharanysincarpoiatmd, bywhfecdnce aultslentadyce t he systemreliability
and consequentially add sonme environnental risks. [0004] From a performance
Vi ew poi nt BAOKGROUNIEXIty in construction can also result in a |ong and
wi ndi ng pl unbi ng arrangenent, which can cause significant pressure | osses

Wi th Field of the Disclosure

[0002] The present disclosure relates generally to a subsea system, and in particular, to a

subsea boosting cap system.
Description of the Related Art

[0003] In fluid production subsea systems, it is common to adopt an artificial lift method as a
means to achieve economic viable levels of crude oil production and/or improve the reservoir
oil recovery. A common method of artificial lift is the use of pumps, such as, for example,
Coaxial Centrifugal Pumps (CCPs), which enable increased production rate results.
However, current solutions often employ CCPs made to be installed inside subsea wellheads
or similar constructions, which imposes a dimensional constraint in diameter. This can result
in completion hardware that is excessively tall / large with more complex stack up
construction, which could reduce the system reliability and consequentially add some
environmental risks.

[0004] From a performance view point, this complexity in construction can also result in a
long and winding plumbing arrangement, which can cause significant pressure losses with
potential detrimental consequences for the production flowrate, resulting in negative

financial implications for the oilfield lifetime sustainability. Likewise, taking into



potential detrinmental consequences for the production flowate, resulting
in negative financial inplications for the oilfield lifetine

sust ai nabwbi2ow/o6ks4tewi se, taking i ntoconsideration the peguise@d/oswace on

of fshore vessels, a heavy, long and/or |arge punp arrangenent adds nore
difficulties and risks for the installation and intervention activities as
wel | as for onboard repairs. This can result in larger deployment vessels
and thus nore expen5|ve of f shore § ratlo s. It can als result in

" ncr cas eEPTPIGSTATOR HOHEARHRA TBFmR TIRES YooF mirs2%% ORSEIKATIeC PEBRage pat hs.
These concerns can be especially problematic in deep water fields where the
extreme amgemanteadde more diienticscad rebafirithaimstallsgmadndanicoenhemidivitespai r - of
subsea equi pnent, thus resulting in | onger shutdown periods and hi gher

costs. ShbVARIGr[oaB&bY rddagrs prids et reclilsial laer éepl@ynkint &6dseld ahd tlaMeigom ng, or
at | east reducing the effects of, one or nore of the issues set forth

above.  Fal,6xadBfghord r&icﬁéeﬁka@é@f%&ﬁlﬂ i Pinc AR A 10 e RS irBhmBR Ric @6 the

fol |l owi ng advantages educed installation costs; reduced operatlng or

equi pnent__cost i nc ctian rates redu ressure | osses
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envi ronnent al, ri sks. LOOOG An enbodi nent of the present disclosure is

di r ect ed™esT pldsPrhstrdhe cxtrameunsicsuiiet soirosshieiin crmelisyss installatipmridiers a
subsea wel | bore at a first position on an ocean floor. A subsea boosting
cap systepuir of pdstd ¢mpderntithas weelting iplesitn shntdomntpegodcawirhighaoosts.hat i s
different fromthe first position. The subsea boosting cap system conprises
an anchor assenbly capabl e of atta&yMmMMARY the sea floor, the anchor
assenbly conprising a punp cavity capable of receiving a renovable punp

asse ”gbdos Th eTf?@@%%%ﬂ@ %s‘é@ﬁm@ Y ddHb LYE o gﬁ) b it:l%%sﬁre\ﬁ%i‘ﬁﬁ HRYSF& &t t ached

to th hor e valve systemco

one or more of the issues set forth above. For example, the present disclosure can provide
one or more of the following advantages: reduced installation costs; reduced operating or
equipment costs; increased production rates by reducing the pressure losses across the flow
path; reduced equipment size and/or weight; and reduced environmental risks.

[0006] An embodiment of the present disclosure is directed to an offshore fluid production
system. The system comprises a subsea wellbore at a first position on an ocean floor. A
subsea boosting cap system is positioned in a second position on the ocean floor that is
different from the first position. The subsea boosting cap system comprises an anchor
assembly capable of attaching to the sea floor, the anchor assembly comprising a pump
cavity capable of receiving a removable pump assembly. The boosting cap system further
comprises a valve system attached to the anchor assembly. The valve system comprises an
inlet flow path and an outlet flow path, the inlet flow path being in fluid communication with
the subsea wellbore. The boosting cap system further comprises a boosting cap covering the

pump cavity. The boosting cap comprises a first flow path configured to provide fluid



inlet flow path and an outlet flow path, the inlet flow path being in fluid
comuni cation with the subsea wel |l bore. The boosting cap system further
conpri seswea 2bmosss4ng cap covering the punp cavity. The PODAIS20VY/06HP1
conprises a first flow path configured to provide fluidcomunication
between an inlet flow path and the renovabl e punp assenbly when the
renovabl e punp assenbly is positioned in the punp cavity. A second flow
pat h provides fluid comunication between the r vabl e ssenbly and
the out | SAMPPRGHHR EFHIAE! PR %FF&“%@E@PP&‘P&P %Sé&glgg HeBAERS 1 n ¢ he
punp cavity. The boosting cap system al so conprises a crossover flow path
provi di nggnfavabld poowpragsd isoresiseneg enthe pemprehety. A sasopdilowaath praeidout | et

fl ow path. The crossover flow path bypasses the punp cavity. The val ve
syst em i fuidapabhmieiiond bewakh g ehiovablE bowp tassehiddy ind the olll @Mlopapdih amednt he
crossover flow path. A downflow production |ine can be in fluid

conmuni Cak r&Ro Wbid puldie aQihbBlis bb@MoRALR R punicRAYSThdMbos AR S8R 7]

Anot her enbodi ment” of  the present disclosure’is directed to a subsea

oor . e a punp cavity
capabl e of receiving a renpvabl e punp assenbly. A valve system.is attached
to the abrthard Hsowhs) Now prb. Thg vessoyst oW eethdiypawses B ppmpsevity- dWepyats and
an outlet flow path, the inlet flow path being capable of fluidly
comuni csitstenyiswapdblaotdibstag Weld fhov & tha flssdw pagh eag theavessevar il wopatip A
cavity. The boosting cap conprises a first flow path configured to provide
fluid c Odﬁﬂdﬂfﬂldiaaﬁfddﬁcthﬁi Meejantbeén Flioddedonfrh@vcpidh Rvigntle bbﬂetrfﬁm)ﬁﬁb bétheunp
assenbly when the renovabl e punp assenbly is positioned in the punp cavity.
A secondb&kgﬁgpﬁ;ﬁmghpvides fluid conmuni cati on between the renovabl e punp
assenbly and th utl et when the renovabl e punp assenbly is positioned in
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the p‘fﬂ@on Another embodiment of the present disclosure is directed to a subsea boosting cap
system. The system comprises an anchor assembly capable of attaching to the sea floor. The
anchor assembly comprises a pump cavity capable of receiving a removable pump assembly.
A valve system is attached to the anchor assembly. The valve system comprises an inlet flow
path and an outlet flow path, the inlet flow path being capable of fluidly communicating with
a subsea wellbore. A boosting cap covers the pump cavity. The boosting cap comprises a first
flow path configured to provide fluid communication between the inlet flow path and the
removable pump assembly when the removable pump assembly is positioned in the pump
cavity. A second flow path provides fluid communication between the removable pump
assembly and the outlet when the removable pump assembly is positioned in the pump
cavity. A crossover flow path provides fluid communication between the inlet flow path and
the outlet flow path, the crossover flow path bypassing the pump cavity. The valve system is

capable of directing fluid flow to the first flow path and to the crossover flow path.



cavity. A crossover flow path provides fluid comunication between the
inlet flow path and the outlet flow path, the crossover flow path bypassing
t he punp wewentoyoessime val ve systemis capabl e of directi mgTiuseeod/o6ieow to the
first flow path and to the crossover flow path.[0008] Yet another

enbodi nent of the present disclosure is directed to a nethod for renoving a
punp assenbly positioned in a punp cavity of a subsea boosting cap system

havi n rossover flow path th bypasses. t he cavit met hod
conprﬁg@(if | o‘%ﬁh@wahebP@ag@meaht)?t%apésw%wﬁu@ ib et acéﬁthfbﬂ path to a
punp assenbly. The flow of fluid through the punp assenbly is stopped. The
boost i ngresmyingospunp Asamblyerositioacd imppursp eamtyyofanbise boestngadp sTHempunp
assenbly can be renoved fromthe punp cavity. The boosting cap can be

r epl acedhongs a tlossavuinflow duihttiiat blpesstd thic puapreabey. fihewedhdhedmgizet Aewing a
crossover flow path while the punp assenbly is renoved fromthe punp

cavity. BRhERRERGRIFILSN: GdosfifiEc AW @Sﬁ tb Q%%Hp aFLe%bl} THd sk 69%1&1% an

of fshore fluid production system "accord |ng o an enbo |nent of the present
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enbodi nent of the present dlsclosure [ 001 1gpFIGS 3A and 3B illustrate a
directi o??éllbe\FSWée‘f dihe arpeassemply Fal Be removed APAhe BuaA cawbodiNFRAPSIHE t he
present disclosure. [0012] FIG 4 illustrates an offshore fluid production
syst em ceappran i meplaced wiysiethe pomptcanigy . dag hyd canhe avest tiraughthe anssemtrodi nent
of the present disclosure. [0013] FIG 5 illustrates an offshore fluid
product i few st eRild the phinphsidaelp hspavabRshithgpaap caist em i s configured to

have a flow |line connectlon via a doubl e | ocki ng connection
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 illustrates an offshore fluid production system, according to an embodiment of
the present disclosure.

[0010] FIG. 2 illustrates the offshore fluid production system of FIG. 1 where the pump
assembly has been removed, according to an embodiment of the present disclosure.

[0011] FIGS. 3A and 3B illustrate a directional valve for directing fluid, according to an
embodiment of the present disclosure.

[0012] FIG. 4 illustrates an offshore fluid production system comprising a subseca boosting
cap system, according to an embodiment of the present disclosure.

[0013] FIG. 5 illustrates an offshore fluid production system in which the subsea boosting
cap system is configured to have a flow line connection via a double locking connection
system, according to an embodiment of the present disclosure.

[0014] FIG. 6 illustrates an embodiment of an offshore fluid production system in which the

subsea boosting cap system is configured to have a flow line connection via a post

connection system, according to an embodiment of the present disclosure.



system according to an enbodi nent of the present disclosure. [0014] FIG 6
illustrates an enbodi nent of an offshore fluid production systemin which

t he subseaolomatssssg cap systemis configured to have a fPcowskémmemonnect i on
via a post connection system according to an enbodi nent of the present

di sclosure.[0015] FIG 7 illustrates a flowhart of a nethod for renoving a
punp assenbly, according to an enbodi mnent of the present disclosure. [0016]

Whi | e e dis u is su tible to, v ous nodi fi cati ons_ and
al ter rﬁé‘? ﬁﬁ?? 1&%@&% ﬁ*&&tdafﬁé%?tQOCﬂéx;éerﬁ%\@ﬂg 2 RBWNRA aﬁ%ﬁ% ag¢ordingnml e

in the dramnngs and will be described in detail herein. However, it should
be under wtasgunbodanerntiof thii pgedcosdisdosuge.not i ntended to be limited to the
particular forns disclosed. Rather, the intention is to cover al

modi f i[0@ltd] onsWhelg whe/dikdoduse '&rsdsc&btiblre natanv@as rhalificatignwhidalteridiige Spintd, t  and
scope of the invention as defined by the appended cl ains. DETAI LED

DESCRI PTinéif{c%%b%hnEér% haWvelJebt! Hdval BpwaR oPELSIHE B tflé HEahiREORHGE Qe System

100, according to an enbodi nent of t'he present disclosure. Ofshore fluid

producti Qn s inc des mellb S|t|oned n the
bcean 11 SrGlR Bt ekt oSS SRR R R En P R U ey
position on the ocean floor 104 such as adjacent to,. or sone distance away

from thidteadsd bslam|temioghq particeantsms 9@6@@% dathep, thy ension awtocanetl
attached to a downfl ow production |ine 108, through which oil can flow to
any sui t mbldicdewisy epiiddents anrdedieriadivas falmg witlgh tlacsspant apidIscppeaffthe mveantianhe
surface. [0018] The subsea boosting cap system 106 can include an anchor
assenblyaﬁ&ﬁm@@p@hkﬁmﬁémﬁﬂqmﬁm@g the systemto the sea floor. Anchor

assenbly 110 can be the structural foundation of
DETAILED DESCRIPTION

[0017] FIG. 1 illustrates an offshore fluid production system 100, according to an
embodiment of the present disclosure. Offshore fluid production system 100 includes a
subsea wellbore 102 positioned on the ocean floor 104. A subsea boosting cap system 106 is
in a different position on the ocean floor 104, such as adjacent to, or some distance away
from, the subsea wellbore 102. Subsea boosting cap system 106 can be attached to a
downflow production line 108, through which oil can flow to any suitable desired
downstream location, such as an oil platform at the surface.

[0018] The subsea boosting cap system 106 can include an anchor assembly 110 capable of
securing the system to the sea floor. Anchor assembly 110 can be the structural foundation of
the system, providing the mechanical support and stability on the mudline sea floor. Anchor
assembly 110 can also provide the system vital interlinks and structural basis to receive the

inlet and outlet flowline connections, power connections and hydraulic connections for

system monitoring and operability.



the system providing the nechanical support and stability on the nudline
sea floor. Anchor assenbly 110 can al so provide the systemvital interlinks
and strucwonralo/dsssils to receive the inlet and outl et fl @efriuseooometsecti ons,
power connections and hydraulic connections for system nonitoring and
operability.[0019] The anchor assenbly 110 can be any suitable type of
anchor assenbly known in the art. In an enbodi nent of FIG 1, anchor

ot or Aol < ERansBoesyinBy odBRES by 1 uidble e aqBer OHTEHG Go G e

removabl e punp assenbly 116. Anchor assenbly 110 can al so include a | ower
frame 118t lpeozobodmeanoeéod: arahpr agsombly fl0zar incl@legampper irapétl that a
manner so as to provide the ability to forma hydro cushion effect when the
frame stadnt@nipeiseopadtional mtériees sactbeth plopedvifyrlddehdt 18capablefofehfiingrd ovi de
differential pressure when the suction process is started, causing the

hydr 0st afdnfvBERPubid RURDHIFIN ABoSEEHAbNT180/cah Q1sb eIk BRLr HAtk118

desired depth is achieved. In an enbodi mént, the shape of [ower frane 118

can b r exanpl n_upsi dedown ppe hape. form ng an_encl osed space
120, K0 ent Mo @R R AP JTERAF b SURRE i SPTLRT o BRI
space 120, which is designed tg allow |ower frane 118 to be enbedded in the

. gne
sea fl oofPili{ydo o2 hygR chohier cffoct sihen thsnfrane Harts i rpkpddntpahe segrpegelower
connected to a stab or other conduit (not shown) that can provide a fluid
pat hway frame pi ®vardiuntyer previdesliffadntsal ptasane wben e senitdrogredess pastate20 t hr ough
| ower franme 118. [0021] Wil e the above descri bed enbodi nent enpl oys

suction tdusipbahd BRirastsiesidag o pihidivit e bitecteRantd|tiOsea bad yinol Hédsirsd 'titc:}ﬁbl e
techni que for anchoring a structure to the sea floor can be enployed in

place of iscérchi:efi‘e(ﬁmhﬁ Eﬂﬂo&i&&%@%&%ﬂﬁw&ﬁ l?/glte)lsfrﬁﬂ'l G pg @arplge, i Gxa gle%Pﬂsfide-

ordi nary ski In the art u r eadi e able to design an npl ement

al ternat 4own gl?p%gg r‘shaq)% fgﬁﬁl‘ﬂg taH LFQosed space 120. An opening 122 is formed by lower

frame 118 at an end of enclosed space 120, which is designed to allow lower frame 118 to be
embedded in the sea floor via a suction force. A suction anchoring tube 124 can be connected
to a stab or other conduit (not shown) that can provide a fluid pathway for providing the
desired suction to the enclosed space 120 through lower frame 118.

[0021] While the above described embodiment employs suction to provide a desired anchor
to the sea floor, any other suitable technique for anchoring a structure to the sea floor can be
employed in place of or in addition to the anchoring structure of FIG. 1. One of ordinary skill
in the art would readily be able to design and implement alternative anchoring structures.

[0022] Subsea boosting cap system 106 can include a valve system 126 attached to the
anchor assembly 110 and to a boosting cap 162. Valve system 126 comprises an inlet 128
and an outlet 130. Inlet 128 can be in fluid communication with the subsea wellbore 102 via
a production jumper 132. Outlet 130 can be in fluid communication with the downflow

production line 108 via a production jumper 134.



[ 0022] Subsea boosting cap system 106 can include a val ve system 126
attached to the anchor assenbly 110 and to a boosting cap 162. Val ve system
126 conprweesiczwsssml et 128 and an outlet 130. Inlet 128pcarusb@ion7edl ui d
communi cation with the subsea wel |l bore 102 via a production junper 132.
Qutlet 130 can be in fluid comunication with the downfl ow production |ine
108 via a production junper 134.[0023] Production junpers 132 and 134 can

be att dto the inlet 128 an tlet 130 by apy.suitable con ors 133,
whi ch [@gﬁbe, S@SWC%PdH@PE{S%gaiaHg 13 aam‘?enﬂ@ct’ﬁ%fp t@%wi%é??aag B9 O A
exanpl e of a suitable guide and hinge over connecting device is disclosed

i n WOR008106B080 cannectas i 33, ehidh QONNEDT cRemvVEANS i dbgndDGEDALr caamectieg  al .
and published on May 29, 2008, the disclosure of which is hereby

I ncor por aédvecksbin erdreple o€ e suitbid guidnind lehye o¥drBeiinesting ablie: BdiveRBEDIS 133

i ncl ude clanp type devices that can be | ocked by ROV with a torque tool,

hydraul i gahdonsarboed &4, deivicd 8ScoRREENHR ANEXN&CS hyaiGdr oM ket and/ 81

el ectrically actuated devices. [0024] Valve system 126 can conpri se one or

nore val ves. for contrglling. .the flow f.luid through the subsea bhoosting
cap syt bitnispR oY o8 20BP 0B bt bohely By a3V iR RaRO
enbodi nent, isolatiaon_ valves 136 _and djrectional valves 138 can be

enpl oyedSntirely| Qthcs pritpklacoanacters d 44 isdudesiamp &rsdevicerimgnde latksf dyng 1 ui d
flow through a given flow path. The function of the isolation valves 136
can geneR@M yithe teriqas giofihbedraasicalhyeactustad davicehanedhenicalty adtentesydavades of f shor e
fluid production system 100, because they are often |l ocated in the

i nt er mediayyr QasiidalloncebteiRievisudhsea field ay out. [0025] Directional gate
val ves 138 are capable of switching flow fromone flow path to another, as

ihgg cugsedi N dehRislstbR! 198 cal b&iRhrisddnd 39 v VAILUSHE 8 irofifl he oot uiyal ve

through the subsea boosting cap system 106. Any suitable type of valves can be employed. In
an embodiment, isolation valves 136 and directional valves 138 can be employed. Isolation
valves 136 can be capable of stopping or starting fluid flow through a given flow path. The
function of the isolation valves 136 can generally be classified as the tertiary barrier of the
overall offshore fluid production system 100, because they are often located in the
intermediary position of the subsea field lay out.

[0025] Directional gate valves 138 are capable of switching flow from one flow path to
another, as discussed in detail below. FIGS. 3A and 3B illustrate a directional valve 138,
according to an embodiment of the present disclosure. Directional valve 138 comprises a
gate 140 set in a valve body 142 comprising upper valve seats 144 and lower valve seats 146.
The gate 140 is the on/off element of the system and can seal against the seats 144 and 146.
Gate 140 can be any suitable gate, such as a slab gate, a cylindrically shaped gate or any
other suitable gate that can function to direct the flow of water through the desired flow path.

In an embodiment, the gate 140 can be a slab with flat sides and having a rectangular or



according to an enbodi nent of the present disclosure. Directional valve 138
conprises a gate 140 set in a valve body 142 conprising upper valve seats
144 and |Iwoeniovmbsse seats 146. The gate 140 is the on/ ofPCTalsesmnt7esf t he
system and can seal against the seats 144 and 146. Gate 140 can be any
suitable gate, such as a slab gate, a cylindrically shaped gate or any

ot her suitable gate that can function to direct the flow of water through
the desired flow path. In an enbodinent, the gate 140 can he.a_slab with
flat si d¥BEfiOHz Fﬁ*@l-é‘?%ﬁéﬁﬁﬁﬂ %erp%&twﬁéﬂ%thgrgageslﬂz‘ée@ﬁ%%uﬁ fove 147 can
be positioned in the gate 140 to allow fluid flow therethrough. The gate
140 can theettepsgh. DhelgatgridOfcan trhvirse ek and fiertbiergalbthagbensse & gsdeippsitan bor e
147 to provide the ability to select a desired flow direction. [0026] In an
enbodi mebdre 1theo p@hide thoahilid4ad sclact daksirbeflomidivestionuct ural nenber of the
system For exanple, valve body 142 can integrate all conponents to provide

structps®y] Capag difbodih@W, MAVAIVEBHERT 3 Yan BWe RlaGS SHICRIrSIOREAbEH dT%he
capability. In an enbodi nent, valve body 142 has a dual bore passage

configuratjon ich praovides it ability to,divert the flow according to
Che. posi s P bEE ViRl T2 B0 It kB oM Bherb gt S55EUA Rave
three or nore passages. Exanples of such, enbodi nents are disclosed in

Co- pendi F2eihs flopapadhy intogsiy i g rgsauikgontajnmg Arpbitie dn My SmpRERepe YJVe | t he
di scl osure of which is hereby incorporated by reference in its entirety.
[0027] Thadyulsidenas waluglebose passagedepnéigdratipie whinhenrowidés/be gbiditystoldéerptigsiomal | y
engage the gate 140 and the val ve body 142 so as to provide sealing

capabi | i §¢oftind@tthe poddtsn off gagal 4. 1fBthar @ubstibeitd, Fall\abdaatiag cibhavantrek57. In
this design concept, the valve seats 144 and 146 can provide isolation

e Y R 5 (O P v o
Application No. [Atty Docket No. AKER.022U] , the disclosure of which is hereby
incorporated by reference in its entirety.

[0027] The upper valve seats 144 and the lower valve seats 146 physically engage the gate
140 and the valve body 142 so as to provide sealing capability on both sides of gate 140
around both flow paths 155 and 157. In this design concept, the valve seats 144 and 146 can
provide isolation between the dual flow paths 155 and 157.

[0028] A bonnet assembly 154 can enclose a stem 150 and stem seal packing 152. The stem
150 can be the physical link between an actuator 151 and the gate 140. Actuator 151 can be
any suitable actuation system. Such actuations systems are well known in the art. The stem
150 can act as a dynamic barrier of the system, connecting the gate 140 to the actuator 151 to
provide the valve functional motion. While the bonnet assembly 154 is illustrated with a

single stem 150, any suitable number and type of actuators can be employed, such as one or

more hydraulic, manual, electrical and ROV operated actuators. Bonnet 154 can provide



150 can be the physical |ink between an actuator 151 and the gate 140.
Actuat or 151 can be any suitable actuation system Such actuations systens
are wel | woawr/dess4ihe art. The stem 150 can act as a dymramius2dansiedr of the
system connecting the gate 140 to the actuator 15 1 to provide the val ve
functional notion. Wile the bonnet assenbly 154 is illustrated with a
single stem 150, any suitable nunber and type of act uators can be enpl oyed,
such as one or nore h¥drau ctrical ?‘? erat ed

c, .manual ,
act uat or rucBBalfstengey i 3d 1P%&%°HP§F hestgra aStS CHiAanm c
sealing around the stem 150 as well as structural strength to nount an
act uat i osireogtttermafnt almycttléytpm syptemxglany typgn enbodi ment, directional val ve
138 can conprise a single gate 140 activated by a si ngI e actuator. In other
enbodi[o@a%]s, mMuntdmpbrligaitedirandhdrvaigl 138 Rhe caaptistDditglc gitcld0 aomvapyeld;, The
gate 140 can either be nade as one integral piece or as an assenbly of

mul ti pl e, Qiﬁgﬁe%ctuﬁﬁ)r%%tﬁ&@mbédﬁl?&alté R RS LSS AN06r rﬁﬂl@iﬁ’[@ac%&d@@@% gate 140

and val ve seats 144 and 146, as mell as between the valve seats and val ve
body 142 l.u su:ta e Re of nechan ore exanpl e,

t he seali n% X%‘Lﬁ%l |%{r3%1%§ Canglth d%msﬂton? llﬁ?:%r%é)tlgieor e’ asgglinb{:or any ot her
suitabl e type of seal pade of an SU|tabIe mat eri al 2#0030] Di rectlona

val ve 13@1%&1? PHE HodesEeGihgpading Fﬂ’sé?m (mqt ;shaypdresuenszaty M) ariivessatsand t wo
outlets, flow paths 155 and 157, as illustrated in the enbodi nrent of FIGS.
3A and 3BH4 #EdoMfopat Well a6Betanch the Falvancdts andivalveodyuldiZc edneingludhanshsiitablow
path 153 through a connecting flow configuration 161. The connecting fl ow

confi gur ﬁy?i: ofschfidg hiechsinh | FRedamplchthd s@aing nydth¥Esrh 38n admpridcac@atiabi
separate fromgate 140. O her potential gate configurations can al so be

‘éorrm oy €dmcBXAFRIsES, &fan$ WhitcRRhigab 9@1%/5 BP&fal Sl‘al&é‘&f ufthle Hatglapsed in

-pendi ng U.S. Pat ent Appl I cati _ ket No: AKER. 022U] , the

di scl ?8(%0? of D\ll}@étforrllal Valve {&b an include a smgle 1nlet illustrated as flow path 153, and two
outlets, flow paths 155 and 157, as illustrated in the embodiment of FIGS. 3A and 3B. Flow
paths 155 and 157 can fluidly communicate with the flow path 153 through a connecting
flow configuration 161. The connecting flow configuration 161 is positioned within gate
valve 138 at a location separate from gate 140. Other potential gate configurations can also
be employed. Examples of suitable gate configurations are disclosed in Co-pending U.S.
Patent Application No. [Atty docket No: AKER.022U] , the disclosure of which is hereby
incorporated by reference in its entirety.

[0031] FIG. 3A illustrates directional valve 138 in a first position for allowing fluid to flow

through a flow path 155 and simultancously blocking fluid flow through a flow path 157.
FIG. 3B illustrates directional valve 138 in a second position, which allows fluid to flow
through flow path 157, while simultancously blocking fluid flow through the flow path 155.

During operation, the stem 150, which can be connected to an actuator 151, can force gate

140 from the first position, shown in FIG. 3A, to the second position shown in FIG. 3B,



incorporated by reference inits entirety. [003 1] FIG 3Aillustrates
directional valve 138 in a first position for allowing fluid to fl ow

t hrough awbl2ow/qesdsm 155 and si nul t aneousl y bl ocki ng f | uipdTfuseswstbreough a
flow path 157. FIG 3B illustrates directional valve 138 in a second
position, which allows fluid to flow through flow path 157, while

si mul taneously bl ocking fluid flow through the flow path 155. During

operation, the stem 150, which can pe gonnected t actuator 151, can
force gatlér NG GHE R ?qgﬂ@v%ﬁg@tff%ﬁlr% W Rt anhstopging AEGleting

position shown in FIG 3B, thereby sinultaneously beginning fluid flow

t hr ough threwhpghe AowPathalid. st opping fluid flow through the flow path 155.
[0032] Referring again to FIG 1, the boosting cap 162 can be positioned to
cover [0082] punRefeditig apainlid.F18s 1 aaboestiag cap 0o2cantitositvied 3o dol4r thapuapnt ai n
a renovabl e punp assenbly 116. I n an enbodi nent, boosting cap 162 is

at t achede 84! Xs kenlidiRd".800Y 3ph® RV 1 AFSENIin 4 fenYhAbRPunFHistaRbI

manner , sucz as, for exanple, via a hydraulic, nechanical, ‘el ectrical, or
ROV oper connect.or . will b i scussed,.in eater detail below, the
boost | g’ Koy SESMERUR0uRe bk S IHORIR e LS Be Pl he or al 1o
the valve system 126 can_be configured to be renovabl e from anchaor assenbly
110. [ 00%s§Ibiye I80dsamntyitebls Magaer. suchqss fog sxampleoviap hydraplicingeclamidet i on
with the valve system 126. In an enbodi nent, at |east a portion of the

val ve sysdténrdl2er RO VRiperatdd ¢amnettomdherdlltbs disvesdod os gicaigr detpil belRwstheas t o be
renovabl e fromthe anchor assenbly 110 when the boosting cap 162 is

renoved. bdtin€ ¥ renv@labR: Iﬁl)’xiji SRRAEE 1¢8An¢ Opivralle semboesll bNthesakef | owbore
connector 186 that is connected to the boosting cap 162. Val ve system 126

can al so } I t he anchor
assenbl ys};%%g? ! 2I'éhgdmf)ooe I(C)bg 'El F%]%%g ?plz? 1}6%\%]8?% ek aMBp%Eﬁlet Ao

[0033] The boosting cap 162 is configured to allow fluid connection with the valve system
126. In an embodiment, at least a portion of the valve system 126 of FIG. 1 is attached to the
boosting cap 162 so as to be removable from the anchor assembly 110 when the boosting cap
162 is removed. For example, valve system 126 can comprise a boosting cap flowbore
connector 186 that is connected to the boosting cap 162. Valve system 126 can also comprise
a portion 137 that can be connected to the anchor assembly 110. The boosting cap flowbore
connector 186 and valve system portion 137 can be coupled together and configured so as to
be separable one from the other. Thus, boosting cap flowbore connector 186 can be attached
to boosting cap 162 in a manner that allows it to be removed from the anchor assembly 110
with the boosting cap 162, while valve system portion 137 remains coupled to the anchor
assembly 110. When boosting cap 162 is positioned on anchor assembly 110, boosting cap
flowbore connector 186 and valve system portion 137 can be held together by any suitable

means, such as clamping device 139.
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connector 186 and val ve system portion 137 can be coupl ed together and
configured so as to be separable one fromthe other. Thus, boosting cap

f | owbor e wonnwales41186 can be attached to boosting cap PEZ2/Usmoosmaner that
allows it to be renoved fromthe anchor assenbly 110 with the boosting cap
162, while valve systemportion 137 remains coupled to the anchor assenbly
110. When boosting cap 162 is positioned on anchor assenbly 110, boosting

cap fl re connector 186 and val ve system paortion 137 can be held
t oget rﬁ@ﬁmgy a 90%13&0515@ ﬁ%ﬁ%ﬂ;@sE't?cffwafio‘ﬁP%%ﬁgwglébi%bawf%@o@w Boost i ng
cap 162 conprises the first flow path 158, which can be configured to

provi de Pioyidg fhadreeminuaickiom beswegnethe iitet flaw pathfl88wng Hictremggatdeipumpe
renovabl e punp assenbly 116 when renovabl e punp assenbly 116 is positioned
in punp &dsnbly 1b4vheBaesbiable papp 262mblir I es pogitipiddig pumpsaciondi 4.1 ow pat h
160, which is configured to provide fluid communi cati on between the

removabl g, P 85 $67Rlher dfniids QUtdogH flo tlﬁ)%(?‘, wifich i@*&%ﬁﬁéﬁ@@i’&%!o@id@u np

assenbly 116 s positioned in punp cavity 114. [0035] In an enbodi nent,

boosti ngycap. 162 further, canpri ses crossaover .f | ath. 1 configured to
rovi de PR mbE SRR GBS ByE BORR PSR I AR s Rk AU Yt 1| ow
path 189. This configuration allows fluid flow fromthe subsea wellbore to
bypass t WBSThiFmevebliptipprssenyited 1 ¢ ssroseigned oy capifed lfenovabl e punp
assenbly 116 is renoved fromthe punp cavity 114 for mai ntenance and/ or

r epai 100350036In dorenabrodanensy brusting cantf@diurthert coniprisesse erassodtei flowp@h 1456and
described in greater detail below, crossover flow path 156 is positioned

out si de @infighfedae @sdvidflgidRohmbdinic@toh Bewead € ihit flbe pdasisscthnd@iticolowf t he
crossover flow path 156. This alternative configuration allows flow through

g;gs SOVepath 199 PRERoAPAIMRETIRARS D BoGHont fire duBsdaSPANBH hH9PLLNR: PaRStI Ng

cavity 114 when desired, such as when removable pump assembly 116 is removed from the
pump cavity 114 for maintenance and/or repair.

[0036] In an alternative embodiment, illustrated in FIG. 4 and described in greater detail
below, crossover flow path 156 is positioned outside of the boosting cap 162, as indicated by
the dashed portion of the crossover flow path 156. This alternative configuration allows flow
through crossover flow path 156 when boosting cap 162 is removed from the boosting cap
System.

[0037] Referring again to FIG. 1, the removable pump assembly 116 of subsea boosting cap
system 106 comprises one or more pumps 164 supported by a spool adapter 166. Pumps 164
can be any suitable pump that can be employed for pumping fluids from a wellbore. One
example of a suitable pump is a coaxial centrifugal pump (CCP). One or more pumps can be
employed. Where pump assembly 116 includes multiple pumps, the pumps can be arranged
in series or parallel. Although pumps 164 are shown in a side-by-side arrangement in FIG. 1,

they can also be positioned on top of each other in a straight aligned arrangement, similarly
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system [0037] Referring again to FIG 1, the renovable punp assenbly 116
of subsea boosting cap system 106 conpri ses one or nore punps 164 supported
by a spoovoadmpisess1166. Punps 164 can be any suitabl e peop/ush@b/o6mal be

enpl oyed for punping fluids froma well bore. One exanple of a suitable punp
is a coaxial centrifugal punp (CCP). One or nore punps can be enpl oyed.
Where punp assenbly 116 includes nmultiple punps, the punps can be arranged

in series Qr par el . Al though punps 164 are sho in.a side-by-side

ar r angen®hitoMR Hrr%gl AE,OrtaWéW%@ w’aﬁ@%ﬂ@eg%@}tt JeprREnS AN tl@tﬁ%&l%& clot her in
a straight aligned arrangenent, simlarlyas shown in FIG 4; or any other
sui t abl epemp wgendavailabbspwaci. ng on install ati on vessel, punp type and
avai |l abl e space. [0038] The punps 164 can be encl osed inside a suitable
encl 0§0038] suThe pampd 4 @xarehelpsal inade 8 keitabldneldsary, siohras 1ob ecanplpraovi de
physi cal protection for the punps 164 by providing structural integrity and

physi cal c£:30abik! E¥nikier VA3 QtAeddd PRfsilal gﬂ‘aoit&ﬂoﬁ?& tﬁ@ﬁﬁrﬁﬁé aby hioLdm

Cani ster 165 can al so act as a pressure rrier to the enV|ronnent.E%0039]
The renoyabl e punp .ass ly. 116 _cap incl.ude an uj.tabl e neans _faor
ot ovt ai ng poeP B BRI s Ea R B S TR B PR B g
penetrator 174, In an enbodinent, as illustrated in FIG 1, spool adapter
166 conpkrEsisr Hppfrnbioashes pRiseTFabPPFicntpdhe GRIIRMSAbyi des power to the

punps and fl ow passage between the upstream and downstream si des of the
punpi 1903 oc etké regoveble ey asseattly nyod neramslutle ang slitble ragrhs dorverovidinigui d | ow
via directional valves (e.g., valve 138) and isolation valves (e.g., valves

136) dur peigerfae tieqsien Bl 1 6apiudh QR ADEExa@ipld, Aehigietalvablpenditabq 1ggskndl y. This can
keep the offshore fluid production system 100 in continuous or near

conti NUOYRLAREEAL oMUt TR, spool adapter 166 comprises high voltage penetrator

174, which provides power to the pumps and flow passage between the upstream and
downstream sides of the pumping processing, thereby enabling means to isolate and divert
fluid flow via directional valves (e.g., valve 138) and isolation valves (e.g., valves 136)
during periods of maintenance on the removable pump assembly. This can keep the offshore
fluid production system 100 in continuous or near continuous operation during pump
malfunction or maintenance operations. The high voltage penetrator is capable of being
electrically coupled to any suitable power source connection. In embodiments, the high
voltage penetrator 174 can provide means for physical connection of the power supply
directly to the pump assembly 116, thereby avoiding multiple power connections to minimize
possibility of failure.

[0040] While the high voltage penetrator 174 is illustrated at a horizontal position by the side
of the spool adapter 166, it can be installed at any suitable position and be configured in any

suitable spatial arrangement with respect to the subsea boosting cap system 106. For
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mal functi on or mai ntenance operations. The high voltage penetrator is
capabl e of being electrically coupled to any suitable power source
connect i o0 2brv/0e8taodi nents, the high voltage penetrat or PETAISc@9/0pT60V I de
means for physical connection of the power supply directly to the punp
assenbly 116, thereby avoiding multiple power connections to mnimze
possibility of failure. [0040] Wiile the high voltage penetrator 174 is

illustrated at .a hqrizontal K position by e side of the.spool adapter 166,
it can b%?‘ai“}i’i?’é‘i B PeROSLAYCH FLBmST %P%F rPoaﬁnglfé‘Pégﬁf“F 83?%%?nit %any

suitabl e spatial arrangenent with respect to the subsea boosting cap system
106. For esttegdlagrangamensmiatze RO¥|fhiimgledd. dHO ¥lyinpleadssirdeeltknpie ibwsti ng cap
162 in a horizontal or vertical arrangenment via an ROV flying | ead. ROV

f1yi ngod4sads Bra swehddikaaypurhmadsb@bbr 11.6 daB Gddljer linclade evehtiog omrity, 1 8uop
assenbly 116 can further include a settling cavity 168 to acconmopdate

deposi ti &U&oﬁﬁndagf%t(ﬁm)ﬁ%ﬁ S§f contmhindss, 488 jlssdél%ﬁg/af?&/ofj@é}ﬁ&r paPt_@rotfﬁleﬂﬂcro@lLr&%d

produced fluid. Fluid flow path 158 is in f d communication with settling

u
cavity 188 wvia.a~third fluid f£l.ow path.170. Fluid.is up fr t he
et t1 1 ng 0 FRILIOY b5 e PRl x50 oSBT B s F8ALE
160 in the boosting cap 162, and then through outlet flow path 189 to the
out | et 180V Prul/0. Eq Isiygnsd wpiipm B8 setblinecqayis thrpueh & Syrhdtanersih e ¢ hird
fluid flow path 170 and the fourth flow path 172. [0042] The vari ous
por t i onsthodughisecqndrifpvapatk bl yn thedoostimgep fladianddien thypigheutleyflampatb 8P abl e
manner that can provide the desired seal integrity and physical capability

t o wit hstoahéoutiatiad | Biusodeting copsr s canalost @rdsop betiveexawphied f1gidamgss 175
can be used to fasten both the spool adapter 166 and the settling cavity

168 to they ganLst 8k 8 18 phid ustrated in the enbodi ment of FIG 1. Any
ot her sultable fastening neans can al so be used. In an alternative

[0042] The various portions of the pump assembly 116 can be fastened together by any
suitable manner that can provide the desired seal integrity and physical capability to
withstand installation and operational loads. For example, clamps 175 can be used to fasten
both the spool adapter 166 and the settling cavity 168 to the canister 165, as illustrated in the
embodiment of FIG. 1. Any other suitable fastening means can also be used. In an alternative
embodiment, two or more of the various portions of pump assembly 116 can be
manufactured as a single integral part.

[0043] The pump assembly 116 can employ seals to provide desired protection from leakage
into and out of the various connections between the different parts of pump assembly 116.
For example, seals 178 can be employed for sealing the canister 165. Seals 180 can provide
sealing around flow bores, such as the flow bore connections between the canister 165 and
the settling cavity 168. Seals 178 and 180 can be any suitable type of seals, such as, for

example, metal-to-metal seals.
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enbodi nent, two or nore of the various portions of punp assenbly 116 can be
manuf actured as a single integral part. [0043] The punp assenbly 116 can
enpl oy seab=otomegs4ovi de desired protection from | eakageprcmus2amademat of the
vari ous connections between the different parts of punp assenbly 116. For
exanpl e, seals 178 can be enployed for sealing the canister 165. Seals 180
can provide sealing around fl ow bores, such as the fl ow bore connections

bet we e canister 165 and the settll caV|ty als. 178 and 180 can
be ani&%‘fﬁ?t abl ¢1qd)p@atpienapeq o rerlgegmens of rpuaspa%%ﬁmgﬁy 438 G 0t al

seal s. [ 0044] Periodic maintenance or replacenment of the np assenbly 116
can i nvofenevingnthe pngp rksnhlinpl @Eeertht subsasbdasting @Emesys‘@bsg% bloosparapneap
system 106. If a spare punp assenbly is available, the boosting cap 162 and
punp asssRbhylyld bvaiablebghebebstingap 162 ahdpurapbfsaodly Wiesad behetripusdptoabsenbl y
116 can be replaced by the spare punp assenbly. Then the boosting cap 162

and spar r ap
systen11%%EMF8g%§?ﬁ%ﬁ%¥q§%??ﬁﬁgJES?§§B§#%§%%%8¥%%npggﬁgﬁgygﬁgﬁg&ggg§SUre

cap 176 subs stin Sa 06 mh

has been'r ehoTiE AR R AE T B R BBl R Ta T B i PR ROB R e
|IIustrated |n FI G 2 t he pressure cap 176 can be used to seal the punp
cavity 194tH19he absence of the renpvabl e punp assenbly 116. In an

enbodi ment, the pressure cap 176 can be attached to the boosting cap 162 by
a conrﬁ@@‘tﬁ]ng handsillagtratesmmenshoidiradit empboymesa pregsumeeaps] %an thesubsgl oyed, such
as, for exanple, a hydraulic, nechanical, electrical or ROV operated
connect Oboostifig a&p SkRadi 0ewhere thepuHGSLGombly tlBhabbestrengvedacdPinglbs @SSUr €

cap 176 and spool adapter 166 (FIG 1) can include the

embodiment of the present disclosure. As illustrated in FIG. 2, the pressure cap 176 can be
used to seal the pump cavity 114 in the absence of the removable pump assembly 116. In an
embodiment, the pressure cap 176 can be attached to the boosting cap 162 by a connecting
means 177. Any suitable connecting means can be employed, such as, for example, a
hydraulic, mechanical, electrical or ROV operated connector. In an embodiment, the design
of the boosting cap 162, pressure cap 176 and spool adapter 166 (FIG. 1) can include the
same hub interface, thereby allowing the same running tool to be used to install all three.

[0046] Thus, in situations where the subsea boosting cap system 106 is in bypass mode for a
relatively long period of time, such as where a spare pump assembly is not available, the
boosting cap 162 can be attached to the pressure cap 176 to provide a double barrier while
the fluid production system 100 is under production mode (e.g., while hydrocarbon fluids are
flowing through crossover flow path 156). Alternatively, it may be desirable to employ the
boosting cap system 106 in bypass mode for periods of time without the pressure cap 176.

[0047] FIG. 4 illustrates another embodiment of an offshore fluid production system 100

comprising a subsea boosting cap system 106, as mentioned above. The subsea boosting cap
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same hub interface, thereby allow ng the sane running tool to be used to
install all three. [0046] Thus, in situations where the subsea boosting cap
syst em 1080i210/0a88aypass node for a relatively |ong peri edTafs2a0meie3such as
where a spare punp assenbly is not avail able, the boosting cap 162 can be
attached to the pressure cap 176 to provide a double barrier while the
fluid production system 100 is under production node (e.g., while

e et o 4 ek L PSS Bs n bE B P el e 106 1

bypass nDde for perlods of time without the pressure cap 176. [0047] FIG 4
i |1 ust r atystenaast ¢ressowerdbuy nathtof dfc Ffy. 4fchibladimecnt pilowd rgsriochl of therbogsteteerap 100
conprising a subsea boosting cap system 106, as nentioned above. The subsea
boost i ngwith@s waippinggirodilcton dudng fhertBnd paivdtthe tsabsBeanpogsisiraigoedp syst em of
FIG 1 in that the valve systemand crossover flow path of the FIG 4

enbodigefy al [one bRbbURERL o IC. REBARSE! My HAR 146 LNAKticHARRISRG o‘f fieduct i on

durlng the tinme period that the boosting cap I's renmoved. [0048] In the
enbodi mepnt FoP&?SS g?h fl ow

d h
boost | ngieafine B 1 2 Fo LRSI Bs o Bhek Btk of PRt hGRER BH S EEnE o

that is attached tq. the outS|de of boost.i ng P 162 in a_manner that wll
al | ow cr ®<BeQEpide 05 RPPSENG CaB 603 B HBARTSH th%walrha I srrseavsd floygwih B30 iteh t he
boosting cap 162. Val ve system 126 can be configured to direct fluid flow
t hr ough ®intihend térmectcd sagsther wthtthe béBiing oat h@t. Malvepyptagsie® daahdeboosti ng cap
162, or through the first flow path 158. [0049] In an enbodi nent of FIG 4,

the val vesfipysddasdieé fad 16e thafh i@ dhs@otddatr pasiol 3, is@ thay &lbypsssds3Be r emai n
with the anchor assenbly 110 to direct the flow when the boosting cap 162

gts h(ra(rangx?%gg%gﬁgngg@{hd%h\{%g@ Hg{;, % i4wose illustrated in FIG 3, or any
npl oy d In place of or in addition to
I sol at[b&{b] val 1ian elsbodlrnent of FIG. 4, the valves system 126 can be configured so that
isolation valves 136 remain with the anchor assembly 110 to direct the flow when the
boosting cap 162 is removed. Directional valves, such as those illustrated in FIG. 3, or any
other suitable valves, can be employed in place of or in addition to isolation valves 136 to
direct the flow.

[0050] A boosting cap flowbore connector 186 can be attached to boosting cap 162 in an
embodiment of FIG. 4. The boosting cap flowbore connector 186 is capable of engaging and
locking onto posts 167, thereby allowing the boosting cap 162 to attach to the valve system
126 and anchor assembly 110. Boosting cap flowbore connector 186 can be designed to
unlock and disengage from posts 167 using, for example, a ROV or other suitable means,
thereby allowing remote removal of the boosting cap 162 from the anchor assembly 110.

[0051] FIG. 5 illustrates an embodiment of the offshore fluid production system 100 in

which the subsea boosting cap system 106 is configured to have a flow line connection via a

double locking connection system 182. Double locking connection system 182 can be
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direct the flow. [0050] A boosting cap fl owbore connector 186 can be
attached to boosting cap 162 in an enbodi nent of FIG 4. The boosting cap

f | owbor e wonnwatcss41186 i s capabl e of engagi ng and | ocki RgTAIS2@9POBBE 167
thereby allowi ng the boosting cap 162 to attach to the valve system 126 and
anchor assenbly 110. Boosting cap flowbore connector 186 can be designed to
unl ock and di sengage from posts 167 using, for exanple, a ROV or other

sui tabl e ans, thereby al]ow ng renpte renpval of the _bogsting, cap .162
from t hed %ﬁé@nsé%céﬁ@ Pg}tolt{i?ﬂmﬁigbﬁfmﬁ’wélﬁsm f Buide Pa%tel§9aﬂhee b ARIEE of
the offshore fluid production system 100 in which the subsea boosting cap
syst em 1@8ngetianowypicgurt@d-an elshd¢eonndcrasito bopdingsand 62 iviare hdosting ekpubl e

| ocki ng connection system 182. Doubl e | ocki ng connection system 182 can

bedepl oyfiewbnd cbatdked 1861 whiches @pebloof Askrglanyo Adk® M7asianigtly de dpwesibed 84.
The doubl e | ocki ng connection system 182 can al so be connected to boosting

cap 162 YiRedn BRABIYRENGRBS FI@VH LSS GO0 BELELimPIBFed WREANNE Aok dRRD! € Of

| ocking onto posts 167, simlarly as descri bed above in the enbodi nent of
FG 4. cS en%l gtiol80A1c1; anuiglglee[ elg see(aii stcgn & grln f hg fslug}wasb?orreexgon eercnt | IS Any
suitable‘%yﬁe of ‘s&arstean”be enpﬁoye ; saéwk%s or exaﬁgpe: Tet al - t onet al
seals. Isolation valves 136 _can be used to close the fl ow paths 188 while

t he boosEFRGS@Ep sPEsiongalyss 136 cam becused i elperatpe flgWarabise!d® vy lsi the boosting
contam nation of the environment by production fluid spills. Production

j unper s 4321 QArisindt34 ptasn iberdet wxirbicet against gintkraindtiaraefl the coormmesntbly t o t he
subsea wel | bore 102, subsea boosting cap system 106 and downfl ow production

l'i ne 108predactmyldspidh| o QD firdfers $3T B3 45un \belflekblbisrigidahd saove) for
better landing flexibility. 2] FIG 6 illustrates another enbodi nent of the

of f shor ecdinbidd B @EYEEsLWAYSE AT 108sdaboosting cap system 106 and downflow

production line 108 via any suitable connector, such as swivel joints (not shown) for better
landing flexibility.

[0052] FIG. 6 illustrates another embodiment of the offshore fluid production system 100 in
which the subsea boosting cap system 106 is configured to have a flow line connection via a
post connection system 190. Post connection system 190 can be deployed onto the anchor
assembly 110 via a post 192 received by a receptacle 194. The post connection system 190
can also be connected to boosting cap 162 via a boosting cap flowbore connector 186. Seals
180 can be employed to seal the flow bore connections. Any suitable type of seals can be
employed, such as, for example, metal-to-metal seals. Isolation valves 136 can be used to
close the flow path 188 while the boosting cap 162 is not in place in order to protect against
contamination of the environment by production fluid spills, as well as to control the flow of
production fluid through the system. Production jumpers 132 and 134 can be flexible or rigid

and can be connected to the subsea wellbore 102, subsea boosting cap system 106 and
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whi ch the subsea boosting cap system 106 is configured to have a flow |line
connection via a post connection system 190. Post connection system 190 can
be depl oywad 20mtwst4me anchor assenbly 110 via a post 192preaskcaedetsyl a
receptacle 194. The post connection system 190 can al so be connected to
boosting cap 162 via a boosting cap fl owbore connector 186. Seals 180 can
be enployed to seal the fl ow bore connections. Any suitable type of seals
can be enpl oyed, such as, f%r .exanpl.e metal-to-nﬁtal seal s. Isolation

val ves 1 Brodgeienr iy 198qdaphRiiteplsgopagerPra st A SVE oL RENHSRIKIORE cap
162 is not in place in order to protect against contam nation of the

envi r onngrtvebipr petead landingnfl¢xibiiity. spil I's, as well as to control the flow of
production fluid through the system Production junpers 132 and 134 can be
f1 exi ho@3gr rAgslbvanih thasmbediaranetiIed 71 the phsestulisd@uredanadioebeliizcted Wb s ea
boosting cap system 106 anddownfl ow production |line 108 via any suitable
connecto k [ Eﬁﬂ%. iﬁpﬂﬁﬁb I i-Rg

f1 exi bi |i£?1§%?g8§1§]nﬁ’ MRS b Bl R RRES iR %%‘%tryog,%%ﬁgthﬁ?ig%eeﬁt

di scl osup &, 620 Al 30 R Hilested (0 BTERAT, f O LTPHLNG. B, AU Assenf! ¥
position oS nggppﬁ'ﬁ'p c,savit%ypﬁ a%y STUY N8 SBBSER DSOS g cap StEhE of
the present disclosure _having a crossover f]ow path that bypasses the pu
cavity. MHBP Ftodhe Bsthodcrudnelydedlovine a ppdygtien fleid thqoaglaaﬁﬂ?%s@g 52 flow
boosting cap flow path to a punp assenbly, as shown at 202. Stopping the
f1 ow of pathiaa pinp agtemblye ap simpvagLORHS tppping theeilow ohfuiditbravgh dtei pugnrc ap
positioned over the punp assenbly, as shown at 204, 206. The punp assenbly
can al sOasig@mbltyrmme&n&fiﬁmﬁeﬂﬁ)opﬁﬁgxa?qwisfwneca@ves pungs as3O8blyehd dhetvn at

sinmul taneously with or separately fromthe boosting cap. The boosting cap

can thenherde @h@@&%%&g@%@a@a@b&&m&& i RO Bﬁﬁp %%vi%%gs siRdpalookn an

enbodi nent, product can be flowed throu crossover flow path

either simultaneously with or separately from the boosting cap. The boosting cap can then be
replaced over the pump cavity, as shown at 210.

[0054] In an embodiment, production fluid can be flowed through the crossover flow path
after the boosting cap is replaced, but while the pump assembly is removed from the pump
cavity, as shown at 212. In another embodiment where a system such as that shown in the
embodiment of FIG. 4 is employed, production fluid can be flowed through the crossover
flow path even when the boosting cap is removed, thereby allowing continuous or
substantially continuous flow of production fluid during servicing of the pump assembly.

[0055] In an embodiment, the method can include positioning a pressure cap 176 over the
pump cavity, in addition to replacing the boosting cap, after the pump assembly is removed.
As discussed above, the pressure cap can provide a second barrier to help prevent fluid spills
while the pump assembly is removed.

[0056] For the offshore contingency where the pressure cap 176 is used, the pressure cap 176

can be installed on the ocean surface, such as onboard an intervention vessel. Alternatively,
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after the boosting cap is replaced, but while the punp assenbly is renoved
fromthe punp cavity, as shown at 212. In another enbodi nent where a system
such as twetoshessrii n t he enbodi nent of FIG 4 is enpl opeu;Uuspooomsmmsti on
fluid can be flowed through the crossover flow path even when the boosting
cap is renoved, thereby allow ng continuous or substantially continuous

fl ow of production fluid during servicing of the punp assenbly. [0055] In
an enbodi nent met hod ¢ i.ncl ude positioning a re su e ca 76 over

t he purrpprééﬁ}lﬁ SFP 1|e7ﬁ 3B 4F irsilct dn p spssR PRGAEMHE g@o%‘éﬁpi??go Se&flflg?l 408 punp
assenbly is renoved. As discussed above, the pressure cap can provi de a
second bemplogmgtthe prsbgurgpeapvigiftcan mnl@tiestqu fallowaig Meint shepsp limst, dwspatshie dap
renoved. [0056] For the offshore contingency where the pressure cap 176 is
used, the&7pedssrunr veapruhiiingtesl ahe deplsyal dredsuiRed bevsaagadp sutchaidesrvaitioh as
onboard an intervention vessel. Alternatively, pressure cap 176 can be

| nstal | eglelilade BRRSRAHPEhRIOR be AP Ghe SySHESERId MEkalhAl bon

enpl oyi ng the pressure ‘cap 176 can |nclude the follow ng main steps: First,
t he pressure cap 176 can nRi_n 0 subsea
boost 1 ng TiegeS R bR SR ALf orr Balpt KATSAT SR Pk 0 O BB e *Loec
for holding the cap. 176 while the runnln tool renoves the punp assenbly
116. Thel @ﬁm rﬁﬁlot’%? PUHA 2p35BRLY b&we@ﬁal% it i 4 Hadgfb Ecepigele ApsaeY and
removabl e punp assenbly 116 to deploy it in a mudmatt receptacle (al so not
shown), stoeme, wiae thermimgg tand kcleaskeths doosting dopd 62 ifieen thappdd 2déptem i spoo
adapter 166 of the renovable punp assenbly 116. At this point in tinme, new
seal s cathehemVadtepury a38mBOM 18N At tybdinEineRI) a6k isedls paT Bdsiscedasy dnsROM! |
known in the art. After that, the running tool can nove and | ock the

boost i ”gor?ﬁ{?wﬂﬁ@c&ﬁ%&léd ?ﬁ)rﬂ{e Say§ %eﬁ%ﬂoﬁﬁ%th@l?t E%%?%Haf‘gh&l%ﬂn{ngl%cﬁ%%ﬂr € cap
assenmbly Is then positi ack into e punp cavit connecti on

systemi s move and lock the boosting cap 162 onto the pressure cap 176. The boosting cap / pressure

cap assembly is then positioned back into the pump cavity 114. The connection system is
then locked to the inlet and outlet connectors. The running tool can then be locked onto the
spool adapter 166 of the pump assembly 116 that was removed from the pump cavity, and
the pump assembly 116 can be transported to the surface.

[0057] The systems of the present disclosure can be installed using any suitable method. The
following method provides one illustrated example for anchoring the Suction Anchoring
Structure. First, the Suction Anchoring Structure can be prepared with a vent hatch opened,
as is well known in the art. Slings can be attached from the Suction Anchoring to the vessel
crane master, with a heave compensator at a non-active mode. The suction anchoring system
can be lowered through the splash zone with the vent hatch open. Run down toward the
seabed can occur at any suitable speed, such as at speeds of about 0.5 m/s. The suction
anchoring system can be stopped around 3 meters above the seabed and the heave

compensator can be placed at active mode. Run in speed can then be reduced as desired (e.g.,
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then |l ocked to the inlet and outlet connectors. The running tool can then
be | ocked onto the spool adapter 166 of the punp assenbly 116 that was
renoved fwormtomssgaunp cavity, and the punp assenbly 116Pcarush@osmasport ed
to the surface. 7] The systens of the present disclosure can be installed
usi ng any suitable method. The follow ng nethod provides one illustrated
exanpl e for anchoring the Suction Anchoring Structure. First, the Suction

Anchoring Structur an be prepared wt vent hat.ch_opened, .as is well
cnown 1 ntasiw & possEI henat o I%tptﬂa%wgecg Né%et%gt%fqraﬁf%éhgwﬁr& to the
vessel crane master, with a heave conpensator at a non-active node. The
suct i on Afchorénng thy stabrd.daweives ¢anvisr cod tingadoumgih skapleisqpddushd mothe sligsh t he
vent hatch open. Run down toward the seabed can occur at any suitable
speed, sTUhkdh 4sROV @petds tiaf veabbhatth Badhddksup alhirtisstb dito @rcduotidmghchysagm can
be stopped around 3 neters above the seabed and the heave conpensator can
be pl acegpatsRGbh ¥ MRAHSe sEHAd I ForRARIAEAR dbRMNBend QAYSethiashdgsilr ed
(e.g.,as slow as possible) when entering into the seabed, while watching
for corr gﬂeglggﬂﬂgq%k:éﬁter entering the seabed, |owering can be continued
until sl SEK .S producedin the slings. Then an ROV can cl ose the vent hatch
and hook up a _suction stab into the suction anchoring tube. Suction can
Chen B ar ¢ BT BRETHANG Prariat dBASTTRNEYS BRBCEUADEEN HKBYY A5 W inal
desired depth is achieved. [0058] Wile the systens of the present

di scl osuvatite veniganetal, bye beedinghosnll asthhavtiwaeyldreadily ugddrstehthiagibeat i on

one of ordinary skill in the art would readily understand that the systens
can al sosyseentaahiagueohfig@dy iinyesthdidiketidm BuchSdsab hate 4 Rofidvel ar igiulatont al
or angul ar configuration. [0059] Although various enbodi nents have been
shown ang, @#g3kkiRed, the disclosure is not

[0059] Although various embodiments have been shown and described, the disclosure is not
so limited and will be understood to include all such modifications and variations as would

be apparent to one skilled in the art.
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so limted and will be understood to include all such nodifications and
variations as woul d be apparent to one skilled in the art. WHAT IS CLAI MED
IS 1. Awofheimesss1f| ui d producti on system conprising: paTdisb@emacissl | bor e
at a first position on an ocean floor; a subsea boosting cap system
positioned in a second position on the ocean floor that is different from
the first position, the subsea boosting cap system conprising: an anchor

asse a 0 ttaching to the sea floor, the anchor assenbly
conp?R&ﬁﬁéagugtgﬂwggaﬁfy capabl e of receiving a renpvabl e punp assenbly; a
val ve system attached to the anchor assenbly, the val ve system conpri sing
an inlet flow path and an outlet flow path, the inlet flow path being in
fluid conmunication with the subsea well bore; a boosting cap covering the
punp cavity; theé\bofbdornguid ppodistpn iy cAMPISEL: f | ow path configured to
provide fluid conmunicati on between an inlet flow path and the renovabl e
punp assentlspbsdaerelibhe aterfoviglolseiopwnpnasseniddor; i s positioned in the punp
cavity, and a second flow path providing fluid conmuni cati on between the

renovabl e Q%Wse@%@ﬁﬁ?/qa@@Qstéﬁl%oﬁlﬁbh&i infal QUOHRIFIRI AN thOIBcdaf TR ANaLisPUND
assenbly is positioned in the punp cavity; and a crossover flow path

i di: | i kAl ' f -pagh dth tlet
Pl ow patieh A SR ORTREI @y B IR RIREZh o Fim R IRENEEY: £V e val ve

i?,/ztsggnvgrel P ?Osvaggt%hamg%as%h{b?f E:a{pglglefolf léjl![tgchfirllgo‘yov tﬁg setar}foofr,l t[lg Emghlog \a{\ésgr%%g and the

comprising a pump cavity capable of receiving a removable pump assembly;

a valve system attached to the anchor assembly, the valve system comprising an
inlet flow path and an outlet flow path, the inlet flow path being in fluid communication
with the subsea wellbore;

a boosting cap covering the pump cavity, the boosting cap comprising a first flow
path configured to provide fluid communication between an inlet flow path and the
removable pump assembly when the removable pump assembly is positioned in the pump
cavity, and a second flow path providing fluid communication between the removable
pump assembly and the outlet flow path when the removable pump assembly is
positioned in the pump cavity; and

a crossover flow path providing fluid communciation between the inlet flow path
and the outlet flow path, the crossover flow path bypassing the pump cavity, the valve
system being capable of directing fluid flow to the first flow path and the crossover flow
path; and

a downflow production line in fluid communication with the outlet.
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a downfl ow production line in fluid conmmunication with the outlet.2. The
systemof claiml1, further conprising the renovabl e punp assenbly engagi ng
t he punp wewntoyoesssme boosting cap bei ng positioned over pChasc@aovmbl e punp
assenbly. 3. The systemof claim2, wherein the punp assenbly conprises a
spool adapter and one or nore punps supported by the spool adapter. 4. The
systemof claim3, wherein the punp assenbly further conprises a | ower
cavity for collecting contam pants, the |lower. cavity being in fluid

Communi cat Pon w k% DRETDR! BRTHDke! sqor@ﬂsmeﬂgfyg?re?ﬁa&?e AUEPnACMRRer ei n
athird flow path provides fluid comunication fromthe first flow path of
t he beogtging thapumy chety, other bansting ycaanbeing fragitioned |war ghe repowalildexinid ui d
comuni cation fromthe | ower cavity to the second flow path of the boosting
cap. Gssehdbdy.system of claim 1, further conprising a pressure cap sealing
the punp cavity, the boosting cap being positioned over the punp cavity and
attached to the pressure cap, wherein the punp cavity does not contain the
renovabl e punp assenbly. 7. The system of claim1l, wherein the crossover
flow path al | owsrhklsyitemGP TR @hicRm Betpapstdiebly Bb@brifdsawpbalt dapRdatde
outlet flow path when the boosting cap is renoved fromthe punp cavity. 8.
The s I i i.d conmuni cati on between the inlet
fIOM/ﬁé%ﬁpgﬁgaﬁ%gﬁg%%g%a méf%%gégﬁfé%%§gvided by a conduit attached to the
inlet flow path with a guide and hinge over connecting device. 9. The
system of claim@8, wherein the downfl ow production line is attached to the

outlet fl oy pat t:Thve\'l‘ étyrs]te% gt Iclcajuem %?%vhhelrqu % %Sﬁlpca%ger}neb%Iﬁghedrecvoln(l:p%ses a lower
cavity for collecting contaminants, the lower cavity being in fluid communication with the one

Or more pumps.

5. The system of claim 4, wherein a third flow path provides fluid communication
from the first flow path of the boosting cap to the lower cavity and a fourth flow path provides

fluid communication from the lower cavity to the second flow path of the boosting cap.

6. The system of claim 1, further comprising a pressure cap sealing the pump cavity,
the boosting cap being positioned over the pump cavity and attached to the pressure cap, wherein

the pump cavity does not contain the removable pump assembly.

7. The system of claim 1, wherein the crossover flow path allows fluid
communication between the inlet flow path and the outlet flow path when the boosting cap is

removed from the pump cavity.
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10. A subsea boosting cap system conprising: an anchor assenbly capabl e of
attaching to the sea floor, the anchor assenbly conprising a punp cavity
capabl e olWonenaicss4ng a renovabl e punp assenbly; a val veprsyaiseomasteached to
t he anchor assenbly, the valve systemconprising an inlet flow path and an
outlet flow path, the inlet flow path being capable of fluidly

comuni cating with a subsea wel | bore; a boosting cap covering the punp

cavity, the boosting cap npr i si a first flow path configured {o provide
fTui d commini cat BV HERVRIHAThS: TRFER hp IhEPATY a0 D aisE 4 @E%Jﬁﬁv
assenbly when the renovabl e punp assenbly is positioned in the punp cavity,
and a psthcanddhé subsepachbqre dvirdvidgd by aiCGH@QMﬁ@nﬁ@hmitbminlb@tﬂwepﬁth mathraegradabl e
punp assenbly and the outl et when the renovabl e punp assenbly is positioned
i n t heanphingeoavi dopncaing daviceossover flow path providing fluid communciation
between the inlet flow path and the outlet flow path, the crossover flow
pat h bypassing the punp cavity, the valve system being capable of directing
fluid flowto the first flow path and to the crossover flow path.11. The

system of ol ai MTHR, syWher & dlaihh8, *hash ¥ lowhnklow Ratiictdh!1Mesis faktbdtdd to the
conmuni cation between the inlet flow path and the outlet flow path when the

booSt ifilo ARy At GIPY Eal LATRHEoRHMNARRRERLYce 12. The system of cl ai m 10,

further conprising t renovabfe punp asse y engagi ng the punp cavity,
t he boosting cap being positioned over the renovabl e punp assenbly. 13. The
system of claim 12, wherein the punp assenbly conprises a spool adapter and

one or mor §,puMS (FURPOISsAT: B &IRnSROGbHGAGP e -

an anchor assembly capable of attaching to the sea floor, the anchor assembly comprising
a pump cavity capable of receiving a removable pump assembly;

a valve system attached to the anchor assembly, the valve system comprising an inlet
flow path and an outlet flow path, the inlet flow path being capable of fluidly communicating
with a subsea wellbore;

a boosting cap covering the pump cavity, the boosting cap comprising a first flow path
configured to provide fluid communication between the inlet flow path and the removable pump
assembly when the removable pump assembly is positioned in the pump cavity, and a second
flow path providing fluid communication between the removable pump assembly and the outlet
when the removable pump assembly is positioned in the pump cavity; and

a crossover flow path providing fluid communciation between the inlet flow path and the
outlet flow path, the crossover flow path bypassing the pump cavity, the valve system being

capable of directing fluid flow to the first flow path and to the crossover flow path.
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14. The system of claim 13, wherein the punp assenbly further conprises a

| ower cavity for collecting contam nants, the |lower cavity being in fluid
comuni cavpanivicssait he one or nore punps. 15. The syst ercofuseéoiontclit,
wherein a third flow path provides fluid communication fromthe first flow
path of the boosting cap to the lower cavity and a fourth flow path
provides fluid comrunication fronlthe | oner cavity to the second flom/path
of the boostlng ap. 16. T claim 10, furth c

pressure cdp-se enéysmﬁ% Talit W%ef% ‘@80%@?%@”@5 %.WSP “fS.

over the punp caV|ty and attached to the pressure cap, wherein the punp
cavi t yodwamiqaopn beregnrihe detr Bow\pathl andpiheoudls’s ol mtln_whefmlee byastiegneap i<l ai m
10, wherein the valve system conprises a directional gate val ve capabl e of
di r ectremgvdd fudrd tifd unp asséhblyf i rst fl ow path and to the crossover flow path,
the directional gate valve conprising a slab gate capable of stopping fluid
fl ow t hrough one of the crossover flow path and the first flow path while
si mul t aneously opening one of the first flow path and crossover flow path.

18. The syspem afheClyitdm 1. cluheri®, mufth® boastding thaRemsvaid druhfd atemdly
boosting cap flowbore connector, t he boosting cap fl owbore connect or

or oV, ShB4HL Yhe BT S TR gt R LRI 590 0 EHB AL Yo

connect or ?onprlses a portion of the valve system 20. A nethod for
renDV|ﬁ§nQ Yunp assenbly positioned in a punp cavity of a subsea boosting
cap system having a crossover flow path that bypasses the punp cavity, the
met hod conpri sing:

13.  The system of claim 12, wherein the pump assembly comprises a spool adapter

and one or more pumps supported by the spool adapter.

14.  The system of claim 13, wherein the pump assembly further comprises a lower
cavity for collecting contaminants, the lower cavity being in fluid communication with the one

Or more pumps.

15.  The system of claim 14, wherein a third flow path provides fluid communication
from the first flow path of the boosting cap to the lower cavity and a fourth flow path provides

fluid communication from the lower cavity to the second flow path of the boosting cap.

16.  The system of claim 10, further comprising a pressure cap sealing the pump
cavity, the boosting cap being positioned over the pump cavity and attached to the pressure cap,

wherein the pump cavity does not contain the removable pump assembly.
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flow ng a production fluid through a boosting cap flow path to a punp
assenbly; stopping the flow of fluid through the punp assenbly; renoving

t he boostwogonapssaasi ti oned over the punp assenbly; renpernug2elm6wEIND
assenbly fromthe punp cavity; replacing the boosting cap over the punp
cavity; and flowing the fluid through the crossover flow path while the
punp assenbly is renoved fromthe punp cavity.21. The nmethod of claim 20,
further conpri si dlrec%é g qS om1of fl |d t hr ough the crossov%r fl ow
path while ‘the ssé’?tﬁﬁl 13 ing 1D eherstn thepva “I%%’SY?& RYBPIGTes & dirseione! galf t her
conprising positioning a pressure cap over the punp cavity, in addltlon to
r epl aciehig qaheblpobstircettnaclpid fifw ¢o thehdrspliop patls end it thescrossowereiow 28th, Tiee

met hod of claim 20, further conprising engagi ng a second punp assenbly in

t he puifectidal tyte akatvercontpeisfogrstlalpynie capsdabl yopping €hid ddw tBébughvac Etihod of
claim 23, further conprising diverting the flow of fluid through the second

PUMD  REREHR: ﬂo@\f b&h H09RIFRY AREpARGANE ﬁ&ﬁﬁa&%ﬁﬁﬂ}mp}émng e fdruhd fikdd e

punp assenbly fl omnng down into a settling cavity f renovi ng cont am nants
and the&lflqﬁgngvb éﬁthrough t he second punp assenbly and into the
boostlng cg‘ Vi Fethod of claim20, wherein the removi ng the punp
assenbl y and the renoving the boosting cap occur sinultaneously.

18.  The system of claim 10, wherein the boosting cap is attached to a boosting cap
flowbore connector, the boosting cap flowbore connector providing fluid communication

between the boosting cap and the valve system.

19.  The system of claim 18, wherein the boosting cap flowbore connector comprises a

portion of the valve system.

20. A method for removing a pump assembly positioned in a pump cavity of a subsea
boosting cap system having a crossover flow path that bypasses the pump cavity, the method
comprising:

flowing a production fluid through a boosting cap flow path to a pump assembly;

stopping the flow of fluid through the pump assembly;

removing the boosting cap positioned over the pump assembly;

removing the pump assembly from the pump cavity;

replacing the boosting cap over the pump cavity; and

flowing the fluid through the crossover flow path while the pump assembly is removed

from the pump cavity.
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21.  The method of claim 20, further comprising directing the flow of fluid through

the crossover flow path while the boosting cap is removed.

22.  The method of claim 20, further comprising positioning a pressure cap over the

pump cavity, in addition to replacing the boosting cap, after the pump assembly is removed.

23.  The method of claim 20, further comprising engaging a second pump assembly in

the pump cavity after the first pump assembly is removed.

24.  The method of claim 23, further comprising diverting the flow of fluid through
the second pump assembly after engaging the second pump assembly, the fluid in the pump
assembly flowing down into a settling cavity for removing contaminants and then flowing back

up through the second pump assembly and into the boosting cap.

25. The method of claim 20, wherein the removing the pump assembly and the

removing the boosting cap occur simultancously.
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