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HYDRAULI mm |“ MLABLE DOWNHOLE DEVI CE AND METHOD FOR USHE
- TECHNI CAl ) OF THE | NVENTI ON [ 0001] The present invention rel athigsse*in

_general, to CONEr ol I ng the actuation of a downhol e device and, in
particular, to a hydraulic control assenbly for actuating a hydraulically
cont r ol | #RBRAMHECONIEROEASSEMNBEYHQOR K@TUMIN&&H\S RAUIHCALDNUl i ¢
fluid. BADNRAOLLABLE-BDOWNHOLBENDEVIDR AND tMBETHOD FOR WSE OF SAME of the
present invention, its background will be described with reference to
subsurface safety valves as an exanple. [0003J Subsurface safety valves are
comonly used to shut i:ﬁeHlNlé[@q ,glﬁ D"@lF"ﬁHErlNgg@!ﬂWt of a failure or

hazar dous condition at al ves are typically

fitted,] e oduction. ' n et k t f l,ow. of

f or mat i[%(ﬂiﬁlm%d pﬁ%ﬁ?ﬁﬁdf‘yg’ﬁh‘%ﬂ%@?%%gﬂ Bgﬁ%'%Lut@s 395@@”%‘@&“93 'Y O|$r%vi des
automat i c hrtoff,of roduction flow in response to a variety of out of
range. SarePgie SRuice I Prarrtedlerolo adnelall CoREpLassamblY Tohackaling®. For
exanpl e, the safety conditions include a fire on the platform a high or

| ow f | bydrguliealyeapeiraliahie dewnhole davieedsing sikseaintenpaification alaehydraslic

[ 0004J During production, the subsurface safety valve is typically held
open bYluidhe application of hydraulic fluid pressure conducted to the
subsurface safety valve through an auxiliary control conduit which extends

al ong the tubing string BAUKGROWNBORTHE VEREMONNE tubing and the well
casi ng. For exanple, flapper type subsurface safety valves utilize a

cl osur goﬁu@ggitwmtcmnit@ggm@%sgebm ih%nghéeslég} nmemﬁe%nba%qsraumgfm‘%é call'y

act uat ular or type pi ston. apper valve ¢ ure ate is
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[0003] Subsurface safety valves are commonly used to shut in oil and gas wells in

the event of a failure or hazardous condition at the well surface. Such safety valves
are typically fitted into the production tubing and operate to block the flow of
formation fluid upwardly therethrough. The subsurface safety valve provides
automatic shutoff of production flow in response to a variety of out of range safety
conditions that can be sensed or indicated at the surface. For example, the safety
conditions include a fire on the platform, a high or low flow line temperature or
pressure condition or operator override.

[0004] During production, the subsurface safety valve is typically held open by the
application of hydraulic fluid pressure conducted to the subsurface safety valve
through an auxiliary control conduit which extends along the tubing string within the
annulus between the tubing and the well casing. For example, flapper type
subsurface safety valves utilize a closure plate which is actuated by longitudinal
movement of a hydraulically actuated, tubular or rod type piston. The flapper valve

closure plate is maintained in the valve open position by an operator tube which is



-2 extended by the application of hydraulic pressure onto the piston.
Typically, a punp at the surface pressurizes hydraulic fluid froma
"hydraulic fluid reservoir that is also at the surface. The high pressure
hydraulic fluid is then delivered through the control conduit to a variable
vol une pressure chanber of the subsurface safety valve to act against the
crown of the piston. Wen, for exanplZe; the production fluid pressure rises
above or falls below a preset |level, the hydraulic control pressure is

rel i eveskisnddd bpahe Hpplicatidroof aydraoleprsssurd ohtd thiet piskin. atysidaltyo a fempal ve
cl osed position by a return spring. The flapper plate is then rotated to
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menber. | however, that as oll and gas wells are

being drijled in d . at r i r re of the. col of
hydr aulqtéh? gﬂrfac?'n%?%?'g%rg%ﬁuré E&H@Lﬁmg@ﬁ&a@ﬁgs&@ﬁ{gre& t&?%@’ B}eeg(grﬁpcg of
typi cal subsurface saf et){ val ves. Ac%%r i ngly, stronger springs, are
r equi r €@Ndyitde feyaliable Holupe dyessye ANGaRy ¢ithe sbsudaes sately Valveussaftt ace
safety valve installed in a deep water well nmay be operated to the closed
posi t i @gaingt thascrowenof timaisterondVben, fongxampleothe peasihiction dht@ Pregsurags
i ncreases the opening pressure required to operate the subsurface safety
val ve frises attwvecbpéalts pekw aopreset tevel, dherhyuvailic ocontas! pelsburs ist rediepedssur e
required to hold the subsurface safety valve in the open position. This in
turn regehrtRat ﬂw'éaéisid?ﬁaﬁdlbPéﬁétBNﬁIb@Léer&)ééie@infobtﬁ@d/aﬂ\ié 610864 Poslitidassy geep
a

wat er subsurface safety valves nust be operated at a hi gher pressure.

[ 0006] f a bS I t ;

ot uat AR BITe: atiESmAlRy FSEIS bR ToRbdRD N yalvcPOsER Rer by for
the hydrostatic, pressure of the. co f hydraulic fluid in the control
condui texégﬁe’n%f&ﬁlﬁ%\'%?{ ?%tgﬂglo%ﬁgﬁ@& ng pressure of the subsurface
safety val ves. A need has, al|so arisen for such an apparatus and t hod t hat
Goes. ndb00Rhas Bean daanas haweBHy R e oib8nirotn SBnats Pare SBed I val ve
to generate hia%&’cl osing pressures. Further, a need has arisen for such an
appar atieepghw e hydsestatie pressure efthe eolurw akbydpuliy frisuin thessonteis
havi ng hi gher operating pressures to generate the hi gher openi ng and

hol di ngopdei sapproachesi thexl tlosingepuessere hef typjbalr sspsuriged osafety ofalhstst onger
springs. SUMVARY OF THE | NVENTI ON [ 0007] The present invention disclosed
her ei n ARERdiINGI§s strdvgbragbrings oater ebquirstenbl YeabrhteetHE thdoessant widding a
hydraulically control |l abl e downhol e device that is installed in a deep

wat er WebdsurbHues thae slwibsiiddce setely\Rllvaafseaitld/inod ddep WaRPSMdIl hziyemd | on,

t he hydrostatic pressure of the columm of hydraulic fluid in the control

condui ;oggpﬁéd%t t@gmxogmbasﬁgr@gfse,beghef |n8,5i}{sg)g¥lee?,S%teu§g ofh &5 o4 i n

subsurface safety val ve. Accor subsurface safety ves insta
deep water wel| sin d i r.Ql I f prese
ovent hnast eindETieets NGRS Aatulre spaTFEdth brliait dbe RubSFRher o
hi gher hydraul i c_openjn ressur.es. 08] The hydraulic control assenbly of
he ot SSUEHY VAN Ao MG HASRICBOBTR) b AP idoen BpYtas Hecuel oGP sHre
surface installation that is used to supply | ow pressure, _
required to hold the subsurface safety valve in the open position. This in turn
requires that the entire hydraulic system used to control these deep water
subsurface safety valves must be operated at a higher pressure.
[0006] Therefore, a need has arisen for an apparatus and method for actuating

subsurface safety valves installed in deep water wells wherein the hydrostatic

pressure of the column of hydraulic fluid in the control conduit does not approach the



hydraulic fluid. An unbilical assenbly is coupled to the hydraulic fluid
source. The unbilical assenbly provides a supply fluid passageway for the

" |l ow pressure hydraulic fluid. A subsea intensifier that is operably
associated with a subsea well head is coupled to the unbilical assenbly. The
subsea intensifier receives the |ow pressure hydraulic fluid fromthe
umbi | i cal assenbly and pressurizes tBe- | ow pressure hydraulic fluid into a
hi gh pressure hydraulic fluid suitable for actuating the 4

hydr aulciosiid pressure of trabbebsiafdopesafdtyevaivdis eA rigtdeines Siserarisey forsecmar of
several power sources. A surface hydraulic power source nmay be coupled to
the Sufé@gsrétu& frh&fhodl thdthgoemhiot i ledbirasthimby & sforfgr! 36 @ FFtthe C

power source may be coupled to the subsea intensifier via the unbilical

assenbl | i e i i

nydr auPtRstdies ety Ry §b sereRater i, BbsielRRieaReY nottfiel 8 eis Bas
hydraulic fluid source. A subsea intensjfjer is erable to copyert the | ow
b esoUPESAY dPLENFE BN ARRATER AL R S0Rd dheh et aet B (TesBes Bb WS hi gh
pressure hydraulic fluid suitable for actuating the hydraulically

cont r olsystiems davinIhighrry Pperating Drasisuresalto getaraley theyhigkercoppniag Bed ween
the surface installation and the subsea intensifier to provide electrical
power holdihg psessires requires fo evercédinedhadtighves spring ferdeseaf shaniger gprings.

provi de el ectrical power, in which case the subsea intensifier may be

controlled via wirel ess tesgvmARY OBONHE TRYENRTIDN of the present
i nvention includes storing a hydraulic flurd in a reservoir |ocated on a

sur f acenddratala aty : i N04i e i kC A | RUcfaf

Feser v 00T THe, PreaBnt SHePhiGTaispsBaCTRIER SR tene el ot

oper abl i ] I t] sure
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hydraulically controllabl e downhple device. Alternpativel t nmet hod

el waissingiaea & fecn A el it e hiaufie sahPRLesspbly B Fad BiRkest ng
the hydraulic fluid wth a subsea intensifier and actuati%?_the

hydr auinveatieg, demthvsrestatie RIes#iHSl of s icokmpraferydrestisiipid @N tog caatrol
DRAW NGS (0011] For a nore conpl ete understandi ng of the features and
advant ageduibfdadse not -appreacks cior éxampie; dne dedieg gressure abthermtibsudacde
detail ed description of the invention along with the acconpanying figures
i N whi gafetyvabsnonkiaogdinglye rsubsuiface reafelyf Yalvesitindtatied ¢ degfpewater wells
correspondi ng parts and in which: [0012] Figure 1 is a schematic

i |1 ust pahigaReHydraulRd E6MedIcadticAthig OF e pleticn® inemiBhald et reqliersidniger
control assenbly of the present invention; [0013] Figure 2 is a side

el evat ggﬁe??]géﬁdwaéslﬂve aLHEI[Daa hefrecﬁﬁr%emghar de%y%ﬁbéh‘ihb?&??ﬁgé@.‘ assenbly of

the pre I nvention; [0014] Figure 3 1s a Id ci I agram

i 'n'viifﬁ @nd%lﬁé’%ﬁ%@?ﬁﬁg%&ﬁﬂéh?#%%?%?@fh?@%gﬁé‘fﬁ%&?@ﬁiﬁ%ﬁ?‘%? . hfippige "
i nst ti ;. [0015 i 4 i I, i it di i trati
anot helCERBRMCRoREsk ohng aruttace: Mstalatn trel dhunsfobl Eolyr bR ssiunt i on

wherein the hydraulic source is positioned at a surface installation,;

[ 0016] hylguie Taiid.s An embilicat pesemblydisepunied (o tha hydiandc duid,sewse. The
enbodi nent of a hydraulic control assenbly of the present invention wherein
t he hydndnilidat assaroblyi propddes | ansdbpvbieid; ppesagdway dfor ethe ilewapfdssuce
circuit diagramillustrating yet anot her enbodi nent of a hydraulic control
assenbhydeiulit huill eeubsedeintérmifigvheiati 8 bperdbyydrasebeiaterd withe ai Subsea

posi tioned subsea; and [0018] Figure 7 is a fluid circuit diagram

H1 1 ust {alihegd 3§ icbhprédwmbegmmwa%@mbgi FheYliALh iftepaiiicr Fbcaigss iy v of

the present 1nvention wherein the hydrauliic fluid source is positioned
SUbseaIow pressure hydraulic fluid from the umbilical assembly and pressurizes the low

pressure hydraulic fluid into a high pressure hydraulic fluid suitable for actuating the



-6 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0019] Whi |l e maki ng and usi ng of
various enbodi nents of the present invention are discussed in detail bel ow,
it should be appreciated that the present invention provides many

applicabl e inventive concepts which can be enbodied in a wide variety of
specific contexts. The specific enbodi ments di scussed herein are nerely
illustrative of specific ways to makéd-and use the invention, and do not
delimt the scope of the present invention. [0020] Referring initially to
fi gur e Hydraulleatly adntollablet devices sEndIsybisea ustendifier mgayamavef shooé severhlct i on
operation is schematically illustrated and generally designated 10. A

sen - S%ﬁ&lr@egr oflugirfR8 HAhhRE Fsgcv%ris%u%es Méwaé%aﬁr@ % lthle alPY¥Ea 2

subner and gas formation 14 cated below'a sea floor 16. An

unmbi | i cal : Vi 18 ; t it ; rm.l2 to

subsea erEHELda Snd L EBLERN 3spo Bl BRl Blrtdfe SleiBRAUE pEOTp e ang
able to ad t% t he ocean c .rrent?l as W?II as %%Ydrift of the surface

i nst al IS9P tothe subsgadaiensiiier ¥|a the,umhilical a3semalY-y associ ated with subsea
wel | head 22 and is in fluid comuni cation with unbilical assenbly 18.

[ 0021] A00R9]1InopBOtEr e fMIREMENbRfAdNe hRBSenD inMedtinfh the i tifradls teprdtdl at a
including formation 14. A casing 28 is cenented within well bore 26 by
cenent a38emblyrafdihet poesenibinvgniB iinclpdes ta snbsean hydraulizafiuidy seerceTulA ng
string 32 includes a subsurface safety valve 34. In addition, tubing string

32 has sabsaadntmiifier! is Ssperable3fo BoaVért anedowr ressiiechydrane ifloig Fdnsued t hat
production fluids may be produced through perforations 38 and into tubing

StEING sipsed Rgirautt ARBkSbErAOintd2al ARhabReddife PhOSHENE HLid NEGHAL fopt ween

tugi ng string and casing 28. A hydraulic clontr I ne 44 extends from
. Y _ . 1

e o S el B0 B0l B, PR HEEOHD P

wol | - S BRI Rrden Bis, PuYRee VRSALatry Bt 108 e, INGTITRIn i PTouiHS s and

ot her t)(pes, of well configurations. In addition, even though figure 1

depi ct glectigaldpewesdontg supsed niBiEnsififs. ndMieinaVebnea skipIasy biafenhdnay t

that the hydraulic control assenbly of the present invention is equally

wel | - siproede fedectrisal pewenjiaovhion caselitbe subseainteesidier imay hewanyolledwia 2
therein is depicted an unbilical assenbly 50 used in the hydraulic control
assenblwiredésd tedepetgent i nvention. The unbilical assenbly 50 includes an
outer tube 52. Quter tube 52 may, for exanple, have an axial conponent wth

a_Younghe1 0 HeetRbd &lfaiel pidsenplifention! inciudet Ngofing e h?ﬁ rekBie. N9 iha
10, 500, 000 "psi, may be non-i1sotropic and may have a nodulus of elasticity

I's not ré%%rgéizp‘&%e}tgd Al a §E§ﬁ§%é;ﬂ{stéli%ztiioh Ed:;!ékﬁ?ipg ISthﬁésédﬂQﬁy@%ﬁi@efflLﬁ@from

construc ers suc nonnet al I'i ers, neta rs, or a

m xt ur?hé)freQQR/gﬁ't 91%' !arq lﬂﬂgilieglt Qgéé.rﬁblfyi f%eﬁssubsea intensifier which is operably

associated with a subsea wellhead and converting the low pressure hydraulic fluid
into high pressure hydraulic fluid suitable to actuate the hydraulically controliable
downhole device. Alternatively, the method includes storing the hydraulic fluid in a
subsea reservoir, pressurizing the hydraulic fluid with a subsea intensifier and
actuating the hydraulically controllable downhole device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]For a more complete understanding of the features and advantages of the



Quter tube 52 may be constructed froma helically wound or braided fibers
reinforced with a thernoplastic or a thernosetting polyner or epoxy. Quter
tube 52 is preferably made of a nmaterial having a density with a specific
.gravity approximately in the range of about 0.50 grans per cubic centineter
to about 3.25 grans per cubic centineter. The conposition of outer tube 52
all ows unbilical assenbly 50 to flex3nd bend with the horizontal and
vertical novenent of the ocean water and the drift of platform 12. It

shoul d greseppineentidiedefdrahct e newamadeltarthe detaikid dssapiptiontuflthe ahvergisanbl y
50 such as Young's rnodul us, conposition and specific gravity will be

det er md)6dq b\)&itg %oﬁfpafn@mgorf@uiré@lmdmg;ht %rt‘é@Bbdeﬁg %%ﬁwégb%orin Lpe the

hori zont al ertical “currents of the ocean watérs and t he desired

fluid ity Q il.ical | . Jobi | i cal nbly 50
pr g:‘ er ﬁﬁ%ﬁgg%%?ér{tg;cg}rre%}?ﬁgﬁw qy%aégsr ?r'é‘ggﬁghﬁ#{ui :j : Fﬁer azfsieandya | oad

[ I 58. W I 4| f |y br.ai ded [ bl
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tube 52 to protect the underlying inpernmeable fluid liner 56 and | oad

car ryi raperaijireg adgdranic ¢ardrfal essempiaef theyweset inverdiemst ruct ed from
KevliarTM Al t hough only one wear |ayer 54 is shown, there may be additional
wear | §0013]FgureeQuis edsidpO8i24htibmpaeweatbbe drbilidal eeeembly b§ aahydrautic t ube
preferably made of a pol yner, such as polyvinyl chloride or polyethylene.

| nper megbk@l hhseMblyi dtahe Presant imbartidhe made of a nylon, other speci al

pol ymer or elastoner. In selecting an appropriate material for inperneable
fluid Ig : [ | i SN Ve ¢r kN

ani on JOBTPVagrrE 308 SRR LRI gl Skl UG RHBb A r e RERuic

i nper nea fluid liner 56 i i J_k i i, rjer .since
1 bor o COBYIoh el g 41 Sy PebhO8 /T he BB Ll BT ok 5

| ayer 54 gre ot inp rviou§ %@ fluid mgration after repeated contortions.
[ 0025] Posiipnesratya sigiach IDSali8tPAc| udes a sufficient number of fiber |ayers
to sustain the |oad of unbilical assenbly 50 in a fluid. Preferably, |oad
carryi 1@013lfdgumss 4 ds aa piluid afireujt stiagras rillydiading apatheri ambpogimest k| a
setting or a hybrid of glass and carbon fibers. The conposition of | oad
carryi mydraulier cargrali ddseddpe od top grieserd ipeenticcuwheraihdhadtydrawic sauroé is he
wel | such as the depth of the well. It should be appreciated that the exact
conposipoisitionet! atrdslifacd ingteiatibhy 50 i ncl udi ng the number and types of

| ayers, such as outer |ayer 52, wear |ayer 54 and inperneable fluid |iner

56, maygo1efFiyarey 5 Wi lfukhlcireareibyarhOilnevey a fstiehanRlilhehl®f a
properties required to enable the recovery of hydrocarbons from subsea
wel I's. p\BrAffct Gttt asseiBl) ¥ he present invention wherein the hydraulic source is
positioned subsea;
[0017]Figure 6 is a fluid circuit diagram illustrating yet another embodiment of a
hydraulic control assembly of the present invention wherein the hydraulic source is
positioned subsea; and
[0018]Figure 7 is a fluid circuit diagram iliustrating still a further embodiment of a

hydraulic control assembly of the present invention wherein the hydraulic fluid source

is positioned subsea.



assenbly 50 nust have sufficient strength, flexibility and | ongevity when
suspended in an oceanic environnent. [0026] A plurality of passageways 60
“are housed within load carrying | ayer 58. Passageways 60 may be fl uid
passageways 62, such as hydraulic fluid passageways 64, 66 or production
fluid passageways 68, 70. Fluid passageways 62 conprise a protective sheath
defining a fluid cavity that is conpdgfble wth a variety of fluids,

i ncluding hydraulic fluids, salt water and hydrocarbons. Such fluid
passageways 62 are WEETAh&MDESEREPTEAON OFnT HEdNMEMT QM MEe passageways,
such as passageway 76 may house el ectrical power conduits or electrical

si gnal PEALYINHe MbRIYr ArdlUsPAVET varR@UsrhBodifthrits ©F thé pRéscrit IMaintieANSH t S
preferably include one or nore copper wires) multi-conductor copper wres,

br ai dedqy;wi. i \% j Is heat h.
addi 11 oariTeeL GEAK SeIohh PR HiorBOHee thal 1 HERkERt et
conduits, sensor condui.t addi tional fluid passage s, or .other types of
oyot ens P ea IRy PPOlPss oReEoaneants RGN Ge e g miRsisd i s Wids
particular inportance in the _present_invention, unbilical assenbly 50 is
desi gnev@redy ehspgcifis\gontexdsurihenseedic epbodimantsrdipenssaddegreircare Bwhely from
the control unit 20 to subsea intensifier 24. Specifically, as explained in
det ai | ilhastoativeuabspedtic waysettbnaksoandwsiecthes swentior,aang doonopdelimiirtbe
hydraulic fluid froma hydraulic fluid source on platform 112 to subsea

i nt ensiddople Gfaheipeesent inventiydraul ic fluid is pressurized to a suitably
hi gh pressure in order to operate a downhol e hydraulically - 10

contr ol HES iSiYS f péqr’faaq;, defietdbny re
odr au) DORPFRERIHAG iFMall 86 fRjus . | RIdRRIEI0RY MREMbITHE use URirkP aH

DI eSS Urdiidibro WibaBLiS GBS, RONEHerBHEAAS iKirRBR" Hd Banarahy Bakbidied ™

or other pressurrzing s

10. A semi-submergible production platform 12 is positioned generally above a
submerged oil and gas formation 14 located below a sea floor 16. An umbilical
assembly 18 extends from control unit 20 on platform 12 to a subsea wellhead 22 at
sea floor 16. Umbilical assembly 18 is flexible and able to adopt to the ocean
currents as well as any drift of the surface installation 12. A subsea intensifier 24 is
operably associated with subsea wellhead 22 and is in fluid communication with
umbilical assembly 18.

[0021] A welibore 26 extends from wellhead 22 through various earth strata including
formation 14. A casing 28 is cemented within wellbore 26 by cement 30. A
production tubing 32 is positioned within casing 28. Tubing string 32 includes a
subsurface safety valve 34. In addition, tubing string 32 has a sand control screen
36 positioned proximate formation 14 such that production fluids may be produced
through perforations 38 and into tubing string 32. A pair of packers 40, 42 isolate the

production interval between tubing string 32 and casing 28. A hydraulic control line



pressurizes the portion of the | ow pressure hydraulic fluid that serves as
the supply fluid. The supply portion and power portion of the | ow pressure
hydraulic fluid may travel together in the sane passageway, for exanple

. fluid passageway 64 or nmay travel in separate passageways, for exanple
fluid passageways 66 and 68. Alternatively, the power source for
pressurizing the | ow pressure hydraul7i< fluid may be electricity carried in
an electrical power conduit housed in a passageway 70. [0028] Referring now

to figueedtentBaFthsubsedeipterisifbrone e shbsliady safety vaversyl iEyepoimbough
assenbly that is generally designated 80. Hydraulic control assenbly 80

i ncl ud yaLauld i r t | Shitd

st al 1573 Bedtly 8 Jartidl B8N SnBfid; B notey BRpds SR oL Ifidhes,
houses ,a hydraulic fluid. A 84 in fluid comunication with hydraulic
fruta: Soaridicgsofol qedemplydfdR otisemany it B Rubel Weliutel or Lgfy
fluid passageway 88 at a relatively | ow pressure. [0029] Supply fluid
passagdéiRxiates walls, inchped vglisi Borigantal wels age\eiventypesof el q:%féura%%ﬁm y.
Supply fluid passageway 88 conveys the | ow pressure hydraulic supply fluid
to a subsdditiont emen theughdlgumt 1sidpieta a progstion arell9d shbolw ipe aetadr By bhae 92
conveys the | ow pressure hydraulic supply fluid fromsupply fluid
passagewigdSh tie pitthadtivd drveradiie tomtrglr assemplyhgfitieellpresentpipivigntibniig i s
converted into high pressure hydraulic supply fluid. H gh pressure

hydr aUleigeafy Yol fBr LS9 yBYRsh Wefs.hi oh pressure 1ine 96 and contr ol
line 98 to hydraulically actuate a hydraulically controllable downhol e

devi ce : t h : - rf

saf et y DOFDRGBHRENBIACHETRL 3 tekdh 1€ 2R e ah WihiAlal et om Ny SY LSBT i
downhol e device, it should appreci ated. b ne illed.in the a at
he hydiefyitaie,fonsl SesBmTyBh e Bietedt rbenda offia bEBisR 2855Mbly She:
downhol e devi ces such as sliding sleeves, globe valves, downhol e chokes or
the |i eludepzn golign toke 324 iQelgr btybﬁyé?amqw: fRbtoraMPIe. MRYge@ns dXiate
104, which is a hydraulic punp in this enbodi ment, provides hydraulic notor
102 wi camppeatwith p¥aungis modulkiszofmiagicity Inneterakly i feavean 5Qth0eBitd s a
passageway of an unbilical assenbly. A fluid power |ine 108 couples the
fluid passyeddpsiidtay betriom-isptiopicl aredd matydrave02 naddulug ehelaglicty 9ot time an
alternative enbodi ment, the hydraulic supply fluid and hydraulic power
fluid gashei sipakeadr &N linasar.i SditémubbSXMmag Hd tbastRRISABETIBErs Silth as
exanpl e, supply fluid passageway 88 nay provide both | ow pressure hydraulic

suppl y nbhHidtalli® fiiery, Afetamne Abets abl iL£ miteiRs df! pbriméRiikY Sh@Uhb&IIRErs102.

[ 0031] Even though figure 3 has been described utilizing hydraulic notor
102 toiLl j WA i £ it I ood
by ¢ noSeiciRLee i) e BURRritel o aiieal T vgpd dr orBiaH AbarE elRREEA 01
al ternati vel¥ be utilized. Fg{ exanml e, ahpressure i ntenéi {i er utilJzing
one or Witbr & FheIMBRIRSHS A Bi e&ﬂkosgglé‘ﬁatpf’ "¢ Of ERNse VU 8PS msalinces
could be utilized. [0032J Hydraulic control assenbly 80 of the present

i nvent PErfeEllv A ghapratelia baving adensity I"‘Gﬁﬁa speslicgradhu erRrpIatabw
pressure hydraulic fluid at a subsea |location elimnating the need for a
hi gh pireteurangeyefrahout®.50 gsams paisubicoeentinectenta ab@uitwgrwaﬁm@rmubw ly
control | abl e downhol e device. Instead, the present invention utilizes an
unbi | i cahtimeternbT ye taonmpasiiiate of loatdr tubd Gih alowswaybifical dssem by 50 esHex e
hydraulic fluid. More specifically, the positioning of the subsea

i nt ensihhf&fer’t with@hs Wesieantal and vertical movement of the ocean water and the drift
of platform 12. It should be appreciated that the exact characteristics of umbilical
assembly 50 such as Young’'s modulus, composition and specific gravity will be

determined by a number of factors including the depth of sea floor 16, the horizontal



- 12 well head and use of the unbilical assenbly to traverse the di stance
between.the surface installation and the subsea wel | head, which may be

" several thousand feet, greatly reduces the hydrostatic head in the colum
of hydraulic fluid in the control line that runs only fromthe subsea
wel | head to the hydraulically controll abl e downhol e device. [0033]
Referring now to figure 4, therein is8depicted anot her enbodi nent of a
hydraulic control assenbly of the present invention that is generally

desi gnajed véARbal ufleAt bf tHOBEESH WARSRMMY tHe Bebined VIHRS capdvigr GUlmBiliEhLi d
source 122 that is positioned at a surface installation, such as platform
12 of f%¥¥§@m§5oﬁydraulic fluid source 122 houses a hydraulic fluid. A punp
124 in Ui ontruni cation with hydraulic fluid source 122 via fluid line
126 power e hydraulic fluid at | ressure jnto.a supply flui .
passagm?'sigg!b'a/%?@]segl%@ ?rleh‘?ragga&%@e\()(ﬁ?r @Qré%n\?gy'g‘ﬁ/q{@elab% fridssur e
hydraulic fluid to a subsea intensifier 130. At subsea intensifier 130, |ow
pr essurlineriafe andoa depd €aEvinge1ayen 58 e¥¥éeardangiup4us irretaipplyyoraidgddatoussh
supply fluid passageway 128 to punp 134 where the | ow pressure hydraulic
suppl y ifMpgroheable doice ined56 nt \& dair dayerr &% $s1aesduyificl |l ayersthapengbges dutefhe
hi gh pressure hydraulic supply fluid is conveyed via high pressure |line 136

and coriypel52 taerdtast the hrdemyihg dmpeymaableafiuid dinky d6asnd kld yare@ng naydrabl e
downhol e devi ce such as subsurface safety valve 140. [0035] Punp 134 is

driven 4y @ﬁ&g‘?éf%ﬁ]edmbgfﬂla;ﬁi-545|s‘366r'i§tﬁﬁ":'ted39‘6@r'i K%‘i’/'é’rﬁ‘e. Mﬁ\ouﬁﬁiﬂl& '@5&“

el ectrical generator in't nmbodi ment, provides electrical wth
| ootri . I . L . . . d i

el ot b BPUE o BnSACkierdHhayR SethiofdPne b eiird o a1 @

B cot 11004 iBtstmesble SUBHINGSES FrLBeL UBe ASIRBINaHo ShRRANTPR SURB art

such as a three-phase electrical induction notor that is energized by
t hr ee- pifaBely¥inet ehioride eonalyetviana. nkmeeimegkle fluihliegr flcan alse beowads
figure 5, therein is depicted another enbodi ment of a hydraulic control
assenblof afylone ophersepacialmalymies or etrgtoiner.g dmseledting des agprapddiel S@terial
Hydraulic control assenbly 150 includes a hydraulic fluid source 152 that
i s posifor mpermadatsieSluid ¢éinet 66atonsideratioh isgiven wutheeandeiMabeaehvi@naderdti gur e
1. Hydraulic fluid source 152 houses a hydraulic fluid. [0037] A supply
fluid pasaagsvaymbiidal apseysoly heo! Wil Iieeseadpieydty dr aHd Qrimeny! Yufpdded dfo a
subsea intensifier 156. At su%sea intensifie§y156, Iomﬁ%ressu?e‘%ine 158
conveySy F I i } ok g y
o B o Ly B e TP et e
into hi r P r i } i i X L
ud 12 SSHTRBHE IBYS  hier BURPEY of blkiar Suehrdayeh SF S Fol el
hydraulical |y .actuate a hydraulically controllable downhol e device such as
subsurﬁ8§@“£éﬁ%?@°Oé§V%r?é%?“’ m%ﬁwapﬁe previ ous enbodi ments, although
subsur f ace safety valve 166 is being used as an exanple of a hydraulically
cont r ol [PABPH-cash\AAGYIBIJaYPE €8 inelugrd @ guibeienp prevestd dibgy layrrsdRisustaini n
the art that any hydraulically controllabl e downhol e device could
al t er nahe Jeaq of eirahiticalt assembliPa ea Hiwin.areteraldyit load carsngligyesfsa isea
present invention. [0038] Punp 160 is driven by electrical notor 168.
El ect r ighalalityovkeresio layees Wdlindinite i therraal satthed or @ahylgithef gies and ddrben
enbodi nent, provides electrical notor 168 with electrical power via
el ect rifpks Corullicondpcbitioliof load da |3yt Henwdl BapER@aMRN Bl bAEicul
unbiligal %ssenbfyvﬁi 66wer l'ine 1§X§§gjﬁFes t he elgctrical con%uifuf$2 to
the el erraciahisfy of tkWeRbutbg e bbbl dFfle WP IPLNELIHCAASecRIRPHaTe!
hown rn firgure and generally

of the invention 1S s
the exact composition of umbilical assembly 50 including the number and types of

layers, such as outer layer 52, wear layer 54 and impermeable fluid liner 56, may



- 14 designated as hydraulic control assenbly 200. Hydraulic control
assenbly 200 includes a hydraulic fluid source 202 that is positioned at a
subsea | ocation, such as at subsea well head 22 of figure 1. Hydraulic fluid
source 202 houses a hydraulic fluid. [0040] A supply fluid passageway 204
conveys the | ow pressure hydraulic supply fluid to a subsea intensifier

206. At subsea intensifier 206, |ow-Pressure |line 208 conveys the | ow
pressure hydraulic supply fluid fromsupply fluid passageway 204 to punp
210 whepgyt hanimwa@rmmmyhs@rrmmver,swmétyhéwiaml i pedperties deliréd bgh
pressure hydraulic supply fluid. The high pressure hydraulic supply fluid

IS conveq}\é%lqjef ¥hé rBc8leRf 8}?3@??}{&%9&%#&&%&%}%&@“3.‘ | fpe %ftfe]cu?jée)r\,/.umbilical

hydraul1cally actuate’a Ically control e downho i ce such as

subsurf ace fety val ve 216.. [ 004 P 210.is driven . | ectrical tor
16, - ErBsemoDa OBl HEuS Rbtcie Stianblt el S L PSP wheRciHinsarHetly
provides electrical notor 218 with electrical power via electrical conduit
222. ElRENIEANIGHINEFONYBBRte 220 is | ocated subsea, for exanple, coupled to
subsea wel | head 22 of figure 1. [0042] A power |ine 224 couples the

el ect r i[0826) o rpluialityy 2d passagewslyscbPi ar¢l housed witlBnaloadnceannmgingi kyepds. A
signal source 226 positioned at the surface, at for exanple, surface

i nst al |IRdssagewdysf G0 guay lbe sfligidal mssbgetais al62posech sasr dgd?aMicONIw\ad OFF
via signal conduit 228) which nay be housed in a passageway of the

unbi 1 Cp%'sségé\ﬁaﬁ B4, 6564 3rddistidniid %QQQ&H@%S 88, the FRIi§ pRREahEWEY 62N |

illustrated in gure 7 and general |y designated hydraulic¢ control” assembly

that 1 Sopisera REBERve SRR EERD 4 Aol ERnal i Benkeubie W Yy =2

fi .. Hyd i g f1uyi . 252 -.15 h i caflLuigd.
o ot b, 2B 908 a8 o olPoHEERL Colt g
supply fluid to a_subsea jntensifier 256. At subsea intensifier 256, |ow

6 "

pr essuP@ssagRVREBOE HoyRll KRN dnths 8dsdp @éﬁg}@f\aapr@ RARKFOPWAYEI 19! B%n
supply fluid passageway 254 to punp 260 where the | ow pressure hydraulic
suppl y PREsagEWay dénayt bausetaledirighl pewes gpaduilal paleairiealppionall conduitsThe

hi gh. pressure hydraulic supply fluid is conveyed via high pressure |ine
262 andtleciricalopoweneo2@dits cand eétenitical asippalaconduits preéfigcatiylinadadlé yone or
control | abl e downhol e devi ce such as subsurface safety val ve 266. [0045]
Punp 26fbrescepperaniry, lutit-cohdadtormebpper GiresFbeditied afites wrecoHealr wever 0,
which is a battery in this enbodi nent, provides subsea intensifier 256 with

el ect r eabuRBIE boVihae8! IACA T profdctive nsHidth 2A4ditBhamy, " AMAhuRRYE ofs BldcERa 70 s
| ocat ed subsea, for exanple, coupled to subsea wellhead 22 of figure 1. A

pover ohAe A8 COuRLES L BABYRAS T IcoRliuRON NS 2ol e Sl Eidfeln it O

;
268 at I ntens si ghal source 276 positione surface, at
for example, surface.nstallation 12 of figure.l i gnal | ectrical power
sour co PasERaa AN Bt tyBes i siFietts Paverdbh§tioned hlbl Baf Giniad el 20
are positioned at the signal source 276 and el ectrical power source 270,
respecﬁﬁvely, to generate and receive wireless signals. Wreless telenetry
is well known in the art and could utilize, for exanple, acoustic signal
and acRAT]IOfnprIdaYlar ompautanceoimtisi peaseskdnverdiomejumbilieroassenlely 50 is
appreci ated by those skilled in the art that the hydraulic control assenbly
of t hedpsigsedttoicamgrioiwopresduEnityadraolisflyidearel/coetfestrichkpoveer from thierdandrol ons
of the existing subsea actuator solutions. By enploying a subsea

i Nt ensiyhiten | s@saPfrenynét Q¢.a$p%vﬁidﬁﬂg,\/§yie&F[améd3m a&RA BEISWhMAbIdal C
fluid through an unbilical assenbly, a hydraulically controllable downhol e

devi ce ;0BYMBR 56 ) BE Rd ! &Y bw prestBr@RFasulié fBICRLYa FAHURE APt -

source on platform 12 to subsea intensifier 24 wherein the hydraulic fluid is

pressurized to a suitably high pressure in order to operate a downhole hydraulically



[ 0047] Moreover, the hydraulic control assenbly of the present invention
provi des an apparatus and nethod for actuating subsurface safety val ves
“installed in wells |ocated in deep water thereby overcom ng the probl ens
caused by the hydrostatic pressure of the colum of hydraulic fluid in a
control conduit running froma surface installation to the hydraulically
control | abl e downhol e device that islbnastalled in deep water. [0048] Wile

this invention _has been_de_scri_bed vvit_hareferenceto iIIustraftive o
enbodi RAHSIablRi GeiEs SULRdsOsUbsurRReE dA166NERGE B2, DEne RV biediré hyarddligi ti ng
sense. Various nodifications and conbi nations of the illustrativeée

enbodi ek I i af ' LOR, W b ar ent
o per JoRs M pEEIPec b oG] oS TS SURER. full ks pRRREEs; sl glso” B HhE
therefore, intended that the appended cl ai ns_engonpass any. such

modi 11 PnSOWECe A5 APRENS, SVREI2ple RUINfer” PLIET PEpSRIANRESYstemathat
hydraulic control assenbly for actuating a hydraulically controll able
downholpsesfaiizes thenprrtian li:the leydrraasure hydipdlic Buidcibat seaesohaserply ace
installation that 5 supplies a | ow pressure hydraulic fluid; an unbilical
assenblfipict oplecslipply tploetidry dndpaveerf partidn sifihe dow resgurevinyttraulic Huidphgyf | ui d
passageway for the | ow pressure hydraulic fluid; and a subsea intensifier

oper abkysvas faitaéeth tie baineepagsaigeivedl faserimple) fldibe passsgavayn 6ans hiagr

operable to convert the |l ow pressure hydraulic fluid into a high pressure

hyd_rault,iaclg,gf |2iHi %eﬁeﬁértgaﬁgggég‘méﬁ? #dereﬁaHﬂ@'ﬂMdC?aéééljé s€ 6@%;®éi .

devi ce. ul1c control assenbly accordling to cllaim1

t he S”P\ﬁt%?nétﬂ?e?\ﬂ]ﬁ}mfa: pﬁf_wé#‘ééd}% 16PBRISsAZING HEIER PrbEs PR RIarBAERSE Yy 2

hydr aul I'C” power
be electricity carried in an electrical power conduit housed in a passageway 70.

[0028] Referring now to figure 3, therein is depicted one embodiment of a hydraulic
control assembly that is generally designated 80. Hydraulic control assembly 80
includes a hydraulic fluid source 82 that Is positioned at a surface installation, such
as platform 12 of figure 1. Hydraulic fluid source 82 houses a hydraulic fluid. A
pump 84 in fluid communication with hydraulic fluid source 82 via fluid line 86 pumps
the hydraulic fluid in a supply fluid passageway 88 at a relatively low pressure.

[0029] Supply fluid passageway 88 may, for example, be a passageway of the
umbilical assembly. Supply fluid passageway 88 conveys the low pressure hydraulic
supply fluid to a subsea intensifier 90. At subsea intensifier S0, low pressure line 92
conveys the low pressure hydraulic supply fluid from supply fluid passageway 88 to
pump 94 where the low pressure hydraulic supply fluid is converted into high
pressure hydraulic supply fluid. High pressure hydraulic supply fluid is conveyed via
high pressure line 96 and control line 98 to hydraulically actuate a hydraulically

controllable downhole device such as subsurface safety valve 100. Although



3. A hydraulic control assenbly according to claim2, wherein the hydraulic
power 15 fluid is conveyed in a power fluid passageway of the unbilical
assenbly. 4. A hydraulic control assenbly according to claim2, wherein the
hydraulic power fluid is derived fromthe |ow pressure hydraulic fluid. 20
5. A hydraulic control assenbly according to claim2, wherein the subsea
intensifier further conprises a hydrdlH c punp drlven by the hydraulic
notor, the hydraulic punp generates the high pressure hydraulic fluid from
t he |OV$Lm“S‘EI$fEUEESh]SGﬂy awdlve TO0Wiid. béingAubgdr asil ar exarhplel ofiss enyrdrgubiealiyr di ng
to any preceding claim wherein the 25 subsea intensifier is operable to

recei vea&@at@b%:bbwbles bguiRk, RANeRNe beospiRcRhAs LY SRl sRIBAN (RN ifatof

the unbi i cal asse hydraul ic control asSenbly according to any

one of u | ceive
a tel enté%rl C éaﬂ Crt%m ED Eéeag\h/B acﬁ:eeagﬁ8 aq% ﬁglt%%n%%%é@ 6)‘%%&&3 (g%\f’&a&g
contr ol assenbl acc to cl m 7 wher ein tgec t emetq_| (i signal is
acoust i4evVices ! aasﬁ@; qvescg Po\falﬁé’ﬁmr@o 8§ By precedi ng
claim wherein the subsea intensifier further conprises an electric notor
power ed0BFOHUBPE4 it chivepoeydrapisl motori H02.A W?hﬁw@ecl)% r whichsiseabl y
according to claim9, wherein the subsea intensifier further conprises a
hydr aulhydrmuimpdmp/érm this etboeirent, i promidiesr hydraslihydotanl 102 mitinp hyerzediat es
the high pressure hydraulic fluid fromthe | ow pressure hydraulic fl uid.

11. A poweruldie vioponelr flass paddagerray0 06 hghich ieleapasshgensss 6f an untbikiedsea

intensifier 10 is operable to receive an electrlcal power 'signal conveyed

on an elgehibigaln ﬂﬂgﬁoﬁg%io?%hb%sl{%'fiu‘n& fa;g%gffﬁé}ci'% Bthé“hpé{ri‘é;ﬁ!ﬂl ic

control assenbly ac aim9) wherel tric noto

power edh b6, 3 (B a0 SHP B VatRRARRY SmBSRALAL B1b AMUKERUBhRGAJiACa

and hydraulic power fluid may be combined and carried in the same fluid
passageway. For example, supply fluid passageway 88 may provide both low
pressure hydraulic supply fluid to pump 94 and hydraulic power fluid to hydraulic
motor 102.

[0031]Even though figure 3 has been described utilizing hydraulic motor 102 to drive
hydraulic pump 94 in intensifier 90, it sr;ould be understood by those skilled in the art
that other types of pressure intensifiers could alternatively be utilized. For example,
a pressure intensifier utilizing one or more reciprocating pistons operating in
response to area imbalances could be utilized.

[0032] Hydraulic control assembly 80 of the present invention allows high pressure
hydraulic fluid to be generated from low pressure hydraulic fluid at a subsea location
eliminating the need for a high pressure hydraulic line to run from the surface to the
hydraulically controllable downhole device. Instead, the present invention utilizes an
umbilical assembly to provide the fluid passageway for the low pressure hydraulic

fluid. More specifically, the positioning of the subsea intensifier at the subsea



15 13. A hydraulic control assenbly for actuating a hydraulically
control |l abl e downhol e device conprising: a hydraulic fluid source | ocated
on a surface installation that supplies a | ow pressure hydraulic supply
fluid and a hydraulic power fluid; an unbilical assenbly coupled to the
hydraulic fluid source that provides a fluid passageway for the 20 | ow
pressure hydraulic fluid and the hydidul i c power fluid; and a subsea
intensifier operably associated with the unbilical assenbly) the subsea

i nt ensiviéltreddaghdquse bf thiewinhisilicalt assenfitsly to Stran@nse dble istahee yatwaehithepower
fluid and a hydraulic punp that is driven by the hydraulic notor, the

hydr aU'élﬁfdégniﬂsﬁafHaﬁéﬁ tahdt e S@sd ReHES WHICAUNEG sd1BBleral ihdukdnatieed Ni gh
pressure hydraulic supply fluid to actuate the 25 hydraulically

control 0 i : ; | fo
actuati 448%? ﬁg@% #rf:leaﬂ%'lo%gﬁcrlﬁ??éﬂﬁgﬂé gc\l/d\)n%rﬁp g&:}g Q{/qqélé@% ﬁr@p@ﬂﬁ? g @orgrosl ubsea
hydrauljc fluid source that supplies a |ow gpressuyre hydraulijc fluid, and a
subsea NGt MRS 4R YPLr oMy t'&%s%%@ed"%&?ﬁga&é3B§e5ya@uﬁﬁ%’!¥d C@@*@ﬂﬂblﬁn
fluid communication with the hydraulic fluid source, the subsea intensifier
oper abldowrihaleAexice. t he | ow pressure hydraulic fluid fromthe hydraulic
fluid source into a high pressure hydraulic fluid that actuates the

hydr aul[D838] Refeoring aidvaltioe figoreno| thedeini ise depicled IEnotiteh wantzndiment wft aol
assenbly according to claim 14, wherein the subsea intensitier is operable

to recajydeadic eoritedirdssembily ohée pravesy atleptionanhat iearerally séggnbtegormdli t of
an unbi l'i cal assenbly that couples the subsea intensifier to a surface 5

i nst al 'rﬂloksaﬁc 1&nth hyéée%ﬁ?ls/c 120N dES T HJdY¥a @i Al "Sburfe C122 Mhitis

wherein the subsea Iintensifrer is operable to receive a telenetric signa

I
froma p%lé%)?u%% ét“& .ts%lrIIa%Bi iﬂ%ﬁa&%@gﬂ;?sudé g% %rlaﬂfﬂrincﬁ%*tff re ?Ssﬁgﬂh%u ir%;fﬁ.ﬁ{l gi ng

to clai wher ein the iC I'S acoust| 8.
control_ asse accordi to.claimil4 wherejn the subsea intensifier
£ urt hersoUBr 1222 6BERSE 1 A au o U 2 RINGD ol i emibicalo, vEhn by
the 15 electriccal notor to generate the high pressure hydraulic fluid. 19.
A hydr &ydrauliediid spuessted vip thed ding 11 pewersdhe hyslraylie fyid at lompressung an
unbi l'i cal assenbly coupling the subsea intensifier to a surface
i nst al lintoi2oaypplpdluidhpassagewayst2®bl y havi ng a power signal conduit that
provi des an el ectrical power signal to the 20 electric notor.
[0034] Supply fluid passageway 128 conveys the low pressure hydraulic fluid to a
subsea intensifier 130. At subsea intensifier 130, low pressure line 132 conveys the
low pressure hydraulic supply fluid from supply fluid passageway 128 to pump 134
where the low pressure hydraulic supply fluid is converted into high pressure
hydraulic supply fluid. The high pressure hydraulic supply fluid is conveyed via high
pressure line 136 and control line 138 to hydraulically actuate a hydraulically
controllable downhole device such as subsurface safety valve 140.
[0035]Pump 134 is driven by electrical motor 142. Electrical power source 144,
which is an electrical generator in this embodiment, provides electrical motor 142
with electrical power via electrical conduit 146, which is disposed in a passageway of

the umbilical assembly. A power line 148 couples the electrical conduit 146 to the

electrical motor 142 at intensifier 130. Electrical motor 142 is any motor hereto



20. A hydraulic control assenbly according to claim 18, wherein the
electric notor is powered by a battery power supply operably associ ated
with the electrical notor. 25 21. A hydraulic control assenbly for
actuating a hydraulically controllable downhol e device conprising: a
hydraulic fluid source operably associated wth a subsea well head t hat
supplies a | ow pressure hydraulic sugpl-y fluid; and a subsea intensifier
operably associated with the hydraulic fluid source, the subsea intensifier
havi ng kndwnl bauhknowarip théairt, isschrasve thrbg-pasel edettriceal indtiotioro petethet fso
receive electrical power conveyed 30 on an electrical power conduit of an
unbi |'i Cahe r@ﬁz‘é@rw %ré@f}iha‘é@lwé&ﬁcél%vﬁém&ﬂ th8lsfffacéi er to a surface

installation, the hydraulic punp converts the | ow pressure hydraul | c suppl y
fluid f a I SPuU M r upply
AR ‘Jwﬁ{% H#Vdr et yhﬁ‘%ﬁ I BBl BAGRRL" SnBhh g7 5P X
met hod of actuatin aul i cal | ntroll abl e, downho evl ce i sing
the ‘st dBrBHC CoRYTlA #ﬁﬁe)mah? D3Rt antaR tbem%?reerﬁﬁngea@nawﬁg face
installation; punping the hydraulic fluid at a first pressure fromthe
reser vo’“‘W"@H"@u@‘PﬂtéO's@EW'y‘ Y utd B”lﬁblggﬁg%mbxi’r@P“%rﬂHJfﬂrbSWf@QI 183sthabl g to a
subsea intensifier; intensifying the pressure of the hydraulic fluid from
the fi rmailﬁnmmeat subsazdooatiqn, essch 8s atdsultamtwellpeade 2Ry df digureal.l y
control |l abl e downhol e device with the hydraulic fluid at the second

pr essuriaydrallie Buid'sdtrch ad2aeaedi apydaulit fuim. 22, further conprising
electrically signaling the subsea intensifier. 24 A net hod according to

cl ai m Zlf%mbstPAtélﬁfé)I;WMH { Ipbis88gd WP AL b6V m&w'mgsém—% affic supply

i nt ensi |er hod”according to "claim 22 urther” conpris
2o R 3 7 £BRG Tehehel 438 A BESH hnoirBP. 1, TEIGs R0 8" ©
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source SUDB | “Ilé‘a(sjI v?ﬁ/ere Phew?cr)wcgr%%gh;e %fydtrahu |cugt?;|)pl>ly f?undalzsggr?\}eyrted |5nto high
pressure hydraulic supply fluid. The high pressure hydraulic fluid is conveyed via
high pressure line 162 and control line 164 to hydraulically actuate a hydraulically
controllable downhole device such as subsurface safety valve 166. As with the
previous embodiments, although subsurface safety valve 166 is being used as an
example of a hydraulically controllable downhole device, it shouid be appreciated by
one skilled in the art that any hydraulically controllable downhole device could
alternatively be actuated using the hydraulic control assembly of the present
invention. [0038] Pump 160 is driven by electrical motor 168. Electrical power
source 170, which is an electrical generator in this embodiment, provides electrical
motor 168 with electrical power via electrical conduit 172, which is housed within a
passageway of the umbilical assembly. A power line 174 couples the electrical

conduit 172 to the electrical motor 168 at intensifier 156.

[0039] Yet another embodiment of the invention is shown in figure 6 and generally



28. ‘A nethod according to claim22, further conprising electrically
powering the subsea intensifier with a battery source operably associ ated
with the subsea intensifier. 29. A nethod of actuating a hydraulically
.control | abl e downhol e device conmprising 30 the steps of: storing a
hydraulic fluid in a subsea hydraulic fluid reservoir at a first pressure;
intensifying the pressure of the hydf4olic fluid with a subsea intensifier
that is operably associated with a subsea wel |l head; and actuating the

hydr aul desigriated oad rrgidralice cdatnhaksenidlyi @80i n Hyelspualits eohtrot esbmbbiya@DDc
fluid. 21 30. A nethod according to claim29, further conprising

el ect rijgalibys si WyRbul® fllides sures ©®2i thieRspddifsndd 6OH Babae s IgkRIonc NebE Of
an unbilical assenbly coupling a surface installation to the subsea

i nt ensi fii had: ok di Clegli f LSl
ol oottt Siiopd WPiheRd 22 O 1OEEDTC P eIE R sBlhog) 202 MBS PRSI, o
claim %ﬁ’i further conprising acoustically signaling the 10 subsea

i nt ensi '%r, 33. A nethod according to claim?29, further conprising
electrically powering the subsea intensifier with an el ectrical power

sour ce [B0401A sypply HUisorassagpvmy 2041 ciivaysoine o Paassai®| Rydsaulis Bwip!y
surface installation to the subsea intensifier. 15 34, A nethod accordi ng
to cl aifmity o subsea intenpificsi20g. eAt subsealintgnpibiae 206g laweressigedine 208
intensifier with a battery source operably associated with the subsea

i nt ensidongeys the low pressure hydraulic supply fluid from supply fluid passageway 204 to
Y. AYU. A {r. AS{. AFh. AYU. A3h. ASU& . A@. A@& . A@QJ . AFU . Al AY. AFh. AFAI . A3U. A. AU

y.- Ah A8 WAldPe e low pressure hydraulic supply fluid is converted into i%h
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power via electrical conduit 222. Electrical power source 220 is located subsea, for
example, coupled to subsea wellhead 22 of figure 1.
[0042] A power line 224 couples the electrical conduit 222 to the electrical motor 218
at intensifier 206. A signal source 226 positioned at the surface, at for example,
surface installation 12 of figure 1, signals electrical power source 220 ON and OFF
via signal conduit 228, which may be housed in a passageway of the umbilical
assembly.
[0043] A further embodiment of the present invention is illustrated in figure 7 and
generally designated hydraulic control assembly 250. Hydraulic control assembly

250 includes a hydraulic fluid source 252 that is positioned at a subsea location,

such as subsea wellhead 22 of figure 1. Hydraulic fluid source 252 houses a
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pressure hydraulic supply fluid. The high.pressure hydraulic supply fluid is conveyed
via high pressure line 262 and control line 264 to hydraulically actuate a hydraulically
controllable downhole device such as subsurface safety valve 266.

[0045]Pump 260 is driven by electrical motor 268. Electrical power source 270,
which is a battery in this embodiment, provides subsea intensifier 256 with electrical
power via electrical conduit 272. Electrical power source 270 is located subsea, for
example, coupled to subsea wellhead 22 of figure 1. A power line 274 couples the
electrical conduit 272 to the electrical mator 268 at intensifier 256. A signal source
276 positioned at the surface, at for exémple, surface installation 12 of figure 1,
signals electrical power source 270 ON and OFF via a wireless telemetry.
Transceiver units 278, 280 are positioned at the signal source 276 and electrical
power source 270, respectively, to generate and receive wireless signals. Wireless
telemetry is well known in the art and could utilize, for example, acoustic signal and
acoustic modems for such communications.

[0046]!t should be appreciated by those skilled in the art that the hydraulic control
assembly of the present invention advantageously overcomes the various limitations
of the existing subsea actuator solutions. By employing a subsea intensifier at a
subsea wellhead and conveying a low pressure hydraulic fluid through an umbilical

assembly, a hydraulically controllable downhole device may be actuated efficiently
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[0047] Moreover, the hydraulic control assembly of the present invention provides an
apparatus and method for actuating subsurface safety valves installed in wells
located in deep water thereby overcoming the problems caused by the hydrostatic
pressure of the column of hydraulic fluid in a control conduit running from a surface
installation to the hydraulically controllable downhole device that is installed in deep
water.
[0048]While this invention has been described with a reference to illustrative
embodiments, this description is not intended to be construed in a limiting sense.
Various modifications and combinations of the illustrative embodiments as well as
other embodiments of the invention, will be apparent to persons skilled in the art
upon reference to the description. It is, therefore, intended that the appended claims

encompass any such modifications or embodiments.

What is claimed is:
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device comprising. a hydraulic fluid source located on a surface installation that

5 supplies a low pressure hydraulic fluid; an umbilical assembly coupled to the hydraulic
fluid source that provides a supply fluid passageway for the low pressure hydraulic
fluid; and a subsea intensifier operably associated with the umbilical assembly, the
subsea intensifier operable to convert the low pressure hydraulic fluid into a high
pressure hydraulic fluid that actuates the hydraulically controliable downhole device.

10

2. A hydraulic control assembly according to claim 1, wherein the subsea intensifier
further comprises a hydraulic motor powered by a hydraulic power fluid.

3. A hydraulic control assembly according to claim 2, wherein the hydraulic power
15 fluid is conveyed in a power fluid passageway of the umbilical assembly.

4, A hydraulic control assembly according to claim 2, wherein the hydraulic power
fluid is derived from the low pressure hydraulic fluid.

20 5. A hydraulic control assembly according to claim 2, wherein the subsea intensifier
further comprises a hydraulic pump driven by the hydraulic motor, the hydraulic pump
generates the high pressure hydraulic fluid from the low pressure hydraulic fluid.

6. A hydraulic control assembly according to any preceding claim, wherein the
25 subsea intensifier is operable to receive an electrical signal conveyed on an electrical
signal conduit of the umbilical assembly.

7. A hydraulic control assembly according to any one of claims 1 to 5, wherein the

subsea intensifier is operable to receive a telemetric signal from the surface installation.
30

8. A hydraulic control assembly according to claim 7 wherein the telemetric signal

is acoustic.
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5 10. A hydraulic control assembly according to claim 9, wherein the subsea intensifier
further comprises a hydraulic pump driven by the electric motor, the hydraulic pump
generates the high pressure hydraulic fluid from the low pressure hydraulic fluid.

11. A hydraulic control assembly according to claim 9, wherein the subsea intensifier
10 is operable to receive an electrical power signal conveyed on an electrical power
conduit of the umbilical assembly.

12. A hydraulic control assembly according to claim 9, wherein the electric motor is
powered by a battery power supply operably associated with the electrical motor.
15
13. A hydraulic control assembly for actuating a hydraulically controllable downhole
device comprising: a hydraulic fluid source located on a surface installation that
supplies a low pressure hydraulic supply fluid and a hydraulic power fluid; an umbilical
assembly coupled to the hydraulic fluid source that provides a fluid passageway for the
20 low pressure hydraulic fluid and the hydraulic power fluid; and a subsea intensifier
operably associated with the umbilical assembly, the subsea intensifier having a
hydraulic motor that is powered by the hydraulic power fluid and a hydraulic pump that
is driven by the hydraulic motor, the hydraulic pump converts the low pressure
hydraulic supply fluid into a high pressure hydraulic supply fluid to actuate the
25 hydraulically controllable downhole device.

14. A hydraulic contral assembly for actuating a hydraulically controllable downhole
device comprising: a subsea hydraulic fluid source that supplies a low pressure
hydraulic fluid; and a subsea intensifier operably associated with a subsea wellhead
30 and in fluid communication with the hydraulic fluid source, the subsea intensifier
operable to convert the low pressure hydraulic fluid from the hydraulic fluid source into

a high pressure hydraulic fluid that actuates the hydraulically controllable downhole
device.
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16. A hydraulic control assembly according to claim 14, wherein the subsea

intensifier is operable to receive an electrical signal conveyed on an electrical signal

conduit of an umbilical assembly that couples the subsea intensifier to a surface
5 installation.

16. A hydraulic control assembly according to claim 14, wherein the subsea
intensifier is operable to receive a telemetric signal from a surface installation.

10 17. A hydraulic control assembly according to claim 16, wherein the telemetric signal
is acoustic,

18. A hydraulic control assembly according to claim 14, wherein the subsea
intensifier further comprises an electric motor and a hydraulic pump that is driven by the
15 electrical motor to generate the high pressure hydraulic fluid.

19. A hydraulic control assembly according to claim 18, further comprising an

umbilical assembly coupling the subsea intensifier to a surface installation, the umbilical

assembly having a power signal conduit that provides an electrical power signal to the
20 electric motor.

20. A hydraulic control assembly according to claim 18, wherein the electric motor is
powered by a battery power supply operably associated with the electrical motor.

25 21. A hydraulic control assembly for a¢tuating a hydraulically controllable downhole
device comprising: a hydraulic fluid source operably associated with a subsea wellhead
that supplies a low pressure hydraulic supply fluid, and a subsea intensifier operably
associated with the hydraulic fiuid source, the subsea intensifier having a hydraulic
pump that is driven by an electric motor operable 1o receive electrical power conveyed

30 on an electrical power conduit of an umbilical assembly that couples the subsea
intensifier to a surface installation, the hydraulic pump converts the low pressure
hydraulic supply fluid from the hydraulic fluid source into a high pressure hydraulic
supply fluid to actuate the hydraulically controllable downhole device.
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the steps of: storing a hydraulic fluid in a reservoir located on a surface installation,
pumping the hydraulic fluid at a first pressure from the reservoir through a supply fluid

5 passageway of an umbilical assembly to a subsea intensifier; intensifying the pressure
of the hydraulic fluid from the first pressure to a second pressure; and actuating the
hydraulically controllable downhole device with the hydraulic fluid at the second
pressure.

10 23. A method according to claim 22, further comprising electrically signaling the
subsea intensifier.

24. A method according to claim 22, further comprising telemetrically signaling the
subsea intensifier.

15
25. A method according to claim 22, further comprising acoustically signaling the
subsea intensifier.

26. A method according to claim 22, further comprising hydraulically powering the
20 subsea intensifier.

27. A method according to claim 22, further comprising eiectrically powering the
subsea intensifier with an electrical power source supplied by a power conduit of the
umbilical assembly.

25
28. A method according to claim 22, further comprising electrically powering the
subsea intensifier with a battery source operably associated with the subsea intensifier.

29. A method of actuating a hydraulically controliable downhole device comprising

30 the steps of. storing a hydraulic fluid in a subsea hydraulic fiuid reservoir at a first
pressure; intensifying the pressure of the hydraulic fluid with a subsea intensifier that is
operably associated with a subsea wellhead; and actuating the hydraulically
controllable downhole device in response to the hydraulic fluid.
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31. A method according to claim 29, further comprising telemetrically signaling the

>

subsea intensifier.

32. A method according to claim 29, further comprising acoustically signaling the
10 subsea intensifier.

33. A method according to claim 29, further comprising electrically powering the
subsea intensifier with an electrical power source supplied by a power conduit of an
umbilical assembly coupling a surface installation to the subsea intensifier.

15
34. A method according to claim 29, further comprising electrically powering the
subsea intensifier with a battery source operably associated with the subsea intensifier.



