10 August 2006 -1 HYDRAULI C CONTROL ASSEMBLY FOR ACTUATI NG A H¥CRUQYStRRPE v
CONTROLLABLE DOMNHOLE DEVI CE AND METHOD FOR USE OF SAME TECHNI CAL FI ELD OF
THE | NVENTI ON [ 0001] The present invention relates, in general, to
controlling the actuation of a dowshele device and, in particular, to a
hydraulic control assenbly for actuating a draulically controll abl e
downhol eHYBRALLIGIGIINIREH ASTRMBLY FOR AGT UVATI&‘GMdHMDIRAﬂUﬂAhIdY
BACKGROUBIO NTJFR DHIE ABWENDTD BN IH 00> D EY € EoAINDI METHOD ROR USBH OF SAMEe present
invention, its background will be described with reference to subsurface
safety val ves as an exanple. [0003] Subsurface safety val ves are commonly
used to shut in oil anefl \@AI B .LrD Fh?H%V EHJ‘”@Nfal | ure or hazardous
condition at the well M‘gﬁ—y—v@%ﬁre typically fitted into
t he productlon t ubi ng, and operate to block the flow of formatjon fluid
upwar dP§0 ﬂh@%tﬂfﬁéﬁ@th'”vﬁﬁéo i ?ﬁalﬂs%&?@’ytwwyowﬂaﬁﬁéeécwamrbr%t@c
shutof f of production flow in response to a variety of out of range safety
condi tdowrshdlaadeviee) abd, gepsaditutar, tmdi bydredliattontrel assdrinlg. foFactuatiagpd e, t he
safety conditions include a fire on the platform a high or low flow line
t enperngldid Ricllly ddheeidbe Fnsthd)E vitle %%h@éeé"’rﬁéﬁéﬂ@ahoh%% ébl"cg
producti on, the subsurface safety valve isS typically held open by the

appl i Cf%H]on of hydraulic fluid pressure conducted to the subsurface safety
val ve irough an auxiliary control conduit which extends along the tubing
string wwthin the annu ] e well casing. For
exanpl e, flapper type : sV IWUN j ze a closure pl at e

whi ch is actuated by | ongi tudl naI noverrent of a hydraulically actuated,

t ubul 40082]Wahoutl janitig tlm.scope of Hsperesentiavention, its background will be

described with reference to subsurface safety valves as an example.

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

which is 10 August 2006 -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 hydrauligfluid is then delivered through the
control conduit to a variable volune pressure chanber of the subsurface

safety t r | e, the
o odusHBRYEd 9 e ane RIS b bUraBlig Hehre S BLOR0n " Phicel £BEMR ¢
hydraulic confrol pressure i iey such that he |ston nd operat or
t ube a@tethreewf@@eearqsewﬁ%s \haawﬁafwgﬁgoabg. hydeaulisy fld Bepuar @as ihg'soThe
flapper plate is then rotated to the valve closed position by, for exanple,

a t or satdhespriiacg. drhe kighi massweliwdrayliedasd is tHeasddlwered thuadgh toeveoetrol t hat
as oil and gas wells are being drilled in deeper water, the hydrostatic

Pr €SS Ugshduiit tb"é?véﬂéb'I@Wcﬂu miYsteasthrieCcHanthet dfﬂhb%b@gﬁb&@saf&X%Wé toARRr oaches
the cl osing pressure of typical subsurface safety val ves ccordingly,
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such a subsurtace sa val've 'ins in a ep wa may be
operated to the cIo? g 03|t|on \ Eatg bee f ound, however, that. use of

t hese Ns@s 8RN O fais §elqw, @ riesst lqvel ey Ul;'fr £Q4tiplePrassHle &11T]1ISVEBer at e
the subsurface safety valve fromthe closed position to the open position
as welsuchsthehtheppistnuped apeeipr Biber retrelractaskiosthpsialveaclosedinssitionaby e i n t he
open position. This in turn requires that the entire hydraulic system used

to conetuwrh dprege deepflapderrplateuissthen actatsditettie walweeslosed tpdstti@pbyaferd at a
hi gher pressure. [0006] Therefore, a need has arisen for an apparatus and

et hodhyf-php|aCh YarisidspiP s Eidrafch sehfjer. val ves installed in deep water wells
wherei n the hydrostatic = pressure of the colum of hydraulic fluid in the

contr Gho68f 1PNk B85 BAha2RBIVBAS! th3F as oil and gas wells are being drilled in

deeper water, the hydrostatic pressure of the column of hydraulic fluid in the control
conduit approaches the closing pressure of typical subsurface safety valves.
Accordingly, stronger springs are required to generate the necessary closing
pressure such that a subsurface safety valve installed in a deep water well may be
operated to the closed position. It has been found, however, that use of these
stronger springs increases the opening pressure required to operate the subsurface
safety valve from the closed position to the open position as well as the 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
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10 August 2006 3 <closing pressure of the subsurface safety valves. A need

has al so arisen for such an apparatus and nethod that does not require the
use of stronger springs in the subsurface safety valve to generate high
closing pressures. Further, a need has arisen for such an apparatus and
met hod that does not require the useyof hydraulic systens having higher
operating pressures to generate the higher opening and hol di ng pressures
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hydraulic control, assenbly and nethod for actuating a hydraulical I‘y
cont ro@p%ﬁ@%&mhmeéh%\}h%b dogat Noti equire; e disei Af Strepapr wRregs vidl the Usi ng

the hydraulic control assenbly of the present invention, the hydrostatic
pr esswubswiifacbesafetyumalvef tohgenenaté high wasing préssuwest rfﬁjrtheromluéeddms not
approach, for exanple, the closing pressure of the subsurface safety valve.

Accor i iidnyfor SR aﬁgaﬁaaugtahdvmbm tmb@bb%t'réqgﬁéIPnéNéEérode|r§uthS' ng
the hydraulic control assenbly of the present invention do not require

stron e e raul i ni n

or essﬁsgefﬁFo%%%f*q i s e ??%ﬁgasgeﬁﬁhé%" tﬁ% chigh¥E eniria, HE
|ncluq5§ draulic fJU|g)source lﬁE??' on surface installatjon that is
used t WQ%?SF%SFJPQ% OM§'¢PHR g %$pr/h(fr9_ 25 PLslrongarsprings; s
coupled to the hydraulic fluid source. The wunbilical assenbly provides a
supply fluid passageway fSMMARGEMIHESINENRKAINaulic fluid. A subsea

intensifier that is operably associated with a subsea well head is coupled

to thqooW%Th@abrmmmntﬁhedmmmi i dreimsi dorepriseaced Viegdriabiic  tomtrgir essur e
hydraulic tluid fromthe unbilical assenbly and pressurizes the | ow

pr es Zﬁsﬁgwg %‘r'x'd' hetddd fridetfatihg ™ BHdRIAESN BoMrdlizame bewhhbieddevite #dte Tor

is installed in a deep water well. Using the hydraulic control assembly of the present
invention, the hydrostatic pressure of the column of hydraulic fluid in the control
conduit does not approach, for example, the closing pressure of the subsurface
safety valve. Accordingly, subsurface safety valves installed in deep water wells
using the hydraulic control assembly of the present invention do not require stronger
springs for closure and do not require higher hydraulic opening pressures.

[0008] The hydraulic control assembly of the present invention includes a hydraulic
fluid source located on a surface installation that is used to supply low pressure
hydraulic fluid. An umbilical assembly is coupled to the hydraulic fluid source. The
umbilical assembly provides a supply fluid passageway for the low pressure
hydraulic fluid. A subsea intensifier that is operably associated with a subsea
wellhead is coupled to the umbilical assembly. The subsea intensifier receives the

low pressure hydraulic fluid from the umbilical assembly and pressurizes the low

pressure hydraulic fluid into a high pressure hydraulic fluid suitable for actuating the
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may have one of several power sources. A surface hydraulic power source may
be coupled to the subsea intensifier via the unbilical assenbly or a
surface electric power source may be coupled to the subsea intensifier via
the unbilical assenbly. [0009]1n angofher enbodi ment of the present

i nvention, the hydraulic control assenbly of the present invention includes

a subsea hydraulic fluid source. sybsea intensifier is opergble to
conver VRN pnkallile RIS Ther SBar Pl meliak AR ARET! ui d
source into a high pressure hydraulic fluid suitable for actuating the
hydr aupoweat sgursest r Al $urfdce Hydrshdic oavesri SMIrcarmaibel cewpleddoctsl subsep be
coupl ed between the surface installation and the subsea intensifier to

provi dpterdifisi ViaCte DAWRiical Gadseentsiylirea sumbessélbteic. pdWeersdatde/ ehay ba subsea
battery may provide electrical power, in which case the subsea intensifier

Y bec6gnbs gb hadsiides MERIRSE MeIRblYal AQRKANTNe method of the present

i nvent| I'ncludes storing a hydrau 'uid 1n a’ reservoir |located on a

surfacg i al latjion, s lving Low pressure, hydrauli,c fluid from the
reser v&drogj{”a ad}?th%iqrpﬁg&”&geﬁtl SY\%et gresedt, b@é(énf'?l?'e ﬁé?f }"Wr s cﬁori‘tég]
operably associated with a subsea wel | head and converting the | ow pressure
hydr aud$sermblyi of thentrseserfhinyeadienriacihgas sIsupsepunydraylie é&l@ sereRt UAt e t he
hydraulically control |l able downhole device. Alternatively, the nmethod

i ncl udesbhseaomtergsifidreishgpermble do fdomverti thedowspieseare diydrauticr fluigrfesauhezi ng
the hydraulic fluid with a subsea intensifier and actuating the

D i O o i) o S o BT PSR UL B0

advant 2065408 tHd fydr3ufit@NSdordRBble downhole device. An umbilical assembly may
be coupled between the surface installation and the subsea intensifier to provide
electrical power to the subsea intensifier. Alternatively, a subsea battery may
provide electrical power, in which case the subsea intensifier may be controlled via
wireless telemetry.
[0010] The method of the present invéntion includes storing a hydraulic fluid in a
reservoir located on a surface installation, supplying low pressure hydraulic fluid from
the reservoir via an umbilical assembly to a subsea 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 fiuid 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



5 present invention, reference is now nmade to the detail ed desév%?ﬁQQﬁgngs
the invention along with the acconpanying figures in which correspondi ng
nunerals in the different figures refer to corresponding parts and in
which: [0012]Figure | is a schematic illustration of an offshore production
platform operating a hydraulic con;gqj assenbly of the present invention;
[0013]Figure 2 is a side elevation view of an unbilical assenbly of a

hydraulic control assenbly of the present invention; (0014]Figure 3 is a
fiuid ere@ntinandignarefers &sa{ﬂquﬁ@n%qfetcema?tﬁﬁm dgscrptigiuphthe @vertddn r ol
assenbly of the present invention wherein the hydraulic fluid source is
posi ti alved) atitha tber bacampasyiagl figures; i 0@Hi6h Fcouespohdisg andimearals cinr ¢he t
diagramillustrating another enbodi nent of a hydraulic control assenbly of

the pragRpént agir@f@rWebﬁégpéﬁtﬁn@gdﬁataﬂdqnwuém_e is positioned at a
surface installation; [0016]Fi gure is afluid circuit diagramillustrating

210 RGNS O Snchfebie Ut o8l caospuibe Sfodlac S8t |, ¢
hy i auPPEIeS66tE DY IE BT OLAS SR L dah bressaLVPOIORher el 1t he hydr aul i
source is positioned subsea; and 10018]Figure 7 is a fluid circuit diagram
i1l ust 13 Gigrel 2 ia 4 wide@levativadvieshof gin ambilesl agsecdpmfr al hyikaelitbl y of
the present invention wherein the hydraulic fluid source 1is positioned
subseacodPolAgenibl200the piesBRTtVERTOMESCRI PTI ON OF THE | NVENTI ON

[0014]Figure 3 is a fluid circuit diagram illustrating one embodiment of a hydraulic

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

positioned at a surface installation;

[0015]Figure 4 is a fluid circuit diagram illustrating another embodiment of a

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

positioned at a surface installation;

[0016]Figure 5 is a fluid circuit diagram illustrating a further embodiment of a

hydraulic control assembly of the 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 illustrating still a further embodiment of a

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

is positioned subsea.
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[ 0019] Whi | e maki ng and using of various enbodi nents of the present 1nvention
are discussed in detail below, it should be appreciated that the present
invention provides nany applicable inventive concepts which can be enbodi ed
in awde variety of specific contexts. The specific enbodi nents di scussed
herein are nerely illustrative of specific ways to nake and use the
i nvention, and do not delimt the scope of the present invention. [0020]

Referring initially pETAIEDOESCRIPYINGFEF THEONVENTASRENDl Y in use during
an offshore production operatton s schematicallTy 1TTustrated and generally

desi gn X ] - I . I |3t i .S: 11 oped
goner aty 0 B Cie G ABY JERE b V&l B e s T 6 e CnPRT o AR e
floor 16. An unbil, cal ssenbl extends fromcontyrol unit 20 on platform
12 to Hs64ssea Redp a@egwaﬂb Séféégf Pﬁo?pa@plattﬁﬁbi‘ﬁ@&éﬁeaewwnmnw
flexible and able to adopt to the ocean <currents as well as any drift of

t he supfaides msary |agpiplioable2invantve veaceplisewhidhi ean 2lde iesmbaoghedain @ witkoci at ed
wi th subsea well head 22 and is in fluid communication with unbili cal

assenblyrid§. of §eklc Comekisborre 2peeifit entisodiments\gistheast Rardifizpe Gherepy | ous

earth strata including formation 14. A casing 28 is cenented within

wel | bo : : i . - 1S Skt A PR ol

casi gl D8 cf SPERIfc Hay? tofthAk Ehidlig it Mherfioh st v sl e

addi tion, tupjng striQ% 32.has a sand control screen 36 positioned

pr oxi n8tePE 8 h’&t‘?rﬁﬁeﬁ‘ NYEAHOR-hat production fluids may be produced through
perforations 38 and into tubing string 32, A pair of packers 40, 42 isol ate
the plARRURederringtiBitady tachigent .t adiyAWic: coryral assembiy dn ridpe2during [andr aul i ¢
control line I I 10 August 2006 7 44 extends from subsea intensifier 24 to
subsur bffskoreapetdyctiah apeddtioreve schematitally illustrated and generally designated

10. A semi-submergible production platform 12 is positioned generally above a
submérged 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 wellbore 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
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figure | depicts a vertical well, it should be noted by one sklllec?uln t he

art that the hydraulic control assenbly of the present invention is equally
well-suited for use in deviated wells, inclined wells, horizontal wells and
ot her types of well configurations. |In addition, even though figure |
depicts a production well, it should,be noted by one skilled in the art
that the hydraulic control assenbly of the present invention is equally

wel | -suited for _use ip injectign |l's. [0022] Referrin ow_to figure 2
her o) fit1ers £08 SHRSSARENSHPT 220t D96 Ch e vl @y Y S0 thEont r o
assenbly of the present invention. The unbilical assenbly 50 includes an
outer figlve Sepiitsea vedisal 3elimityshdud bexaotedeby oaeeskiteda tie agahpbitent with
a Young's nodulus of elasticity preferably in the range of 500,000 to

10, 500n§HURS icontray aBSemdly bf tie pmsénenwemmnhg\@@ugwbu-s@ité& fl @ ircity is
not the sane in all axes nor is it linear. Quter tube 52 may be constructed

of fib ; [ j [Tol g Y ] r e of
monmet o 7St S 5 pERTHE Welp ffortdohEiifwelEio bitfer 08 O wBll Brflbtidiofeor o
hel i ca] | und or praided fibers reinforced. with.a thernoplastic or a

t her et e e Bioteh Hapus, T denth & pipdidion wel FeaiaBRdabi e,

mat eri al havi n% a densi F% with a specific gravity approximately in the
range ®fillethdutthe. 80 Wedrtbepbydraulis coptipt iasseably of abeupreseps igyentionpér cubi c
centinmeter. The conposition of outer tube 52 allows unbilical assenbly 50 to

flex equbllyenéll-suitéd fdreudein infeatiah waelld. verti cal novenent of the ocean water
and the drift of platform12. It should be appreciated that the exact

char acfppp§ReferiAg nowtd fi§@e 2 assremkXepioted @l @nbiriedNgsseniBIj Wokssed in
conposition and specific gravity will be determ ned by a nuihber of factors

0% LB B R ot R HPEAREL Phe Aok hocEifly s
DL e a0gS e Bl B 9231 O L5 ASRETOI EaRbR! ChAN Vah 56 Yoo
component with a Young’s modulus of elasticity preferably in the range of 500,000 to
10,500,000 psi, may be non-isotropic and may have a modulus of elasticity is not the
same in all axes nor is it linear. Outer tube 52 may be constructed of fibers such as
nonmetallic fibers, metallic fibers, or a mixture of nonmetallic and metallic fibers.
Outer tube 52 may be constructed from a helically wound or braided fibers reinforced
with a thermoplastic or a thermosetting polymer or epoxy. Outer tube 52 is
preferably made of a material having a density with a specific gravity approximately
in the range of about 0.50 grams per cubic centimeter to about 3.25 grams per cubic
centimeter. The composition of outer tube 52 allows umbilical assembly 50 to flex
and bend with the horizontal 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



liner 56 and a | oad carrying | ayer 58. Wear |ayer 54 is prefer a‘&l@“%izagﬁ
around inperneable fluid liner 56. War |ayer 54 is a sacrificial |ayer
t hat engages outer tube 52 to protect the underlying inpernmeable fluid
liner 56 and | oad carrying layer 58. One preferred wear |ayer 54 is
constructed from Kevlarrm Although gnly one wear |layer 54 is shown, there
may be additional wear |ayers as required, [0024) Inperneable fluid Iiner 56
is an inner tube preferably made of a polynmer, such as polyvinyl chloride
or pol yeshyerégal cuniprisnefdbeeogaan watars @ndsibedasirgdsituig canagdy obtumbiligal on,
ot her special polymer or elastomer. In selecting an appropriate materi al
for inzesersdy 60fluid Iiner 56, consideration is given to the underwater
environnment 1 n which unbilical assenbly 50 will be depl oyed. The prinmary
pur pos i | i i S MOV Is i Al d
Par 1 o0 CEIPRAEE 88 bl og oriREstIE Pelsia P 8V 54 2o RGeS 2
Kevl ar-rmwear layer 54 ar.e not ipperyiou to fluid mgratia fter
Fepeat JASER: 874 P CoRuBp BT Ehr 1YeRh vy & imploiETatibbraledaround e
nunber of fiber layers to sustain the |oad of unbilical assenbly 50 in a
f1ui d. ippefreeableyfluiddingr &&-r YWerr laaged4ss a sagrifigipluleyer thatogngagsisrowtayer s
wound into a thermal setting or a hybrid of glass and carbon fibers. The
conposititheB2atb prodectctheryndeylyinmyenpdrgnasible fldipléra SHandt ibed partyingulager
characteristics of the well such as the depth of the well. It should be
appr ecisgt ednhgflefeirb8 RRChyS0 B8P AS idohstiu&ted Ut | K&ahr s sAARbYG P Bniyneha!di ng
the nunber and types of |ayers, such as outer |ayer 52, wear |ayér 54 and
i mper I i d..ld.ner ] - r il'ical assenbly
50 h033@%¥?3%%§%Pﬁé¥gﬁﬂlﬁﬁ?ﬁgﬁ%V%%E@#?@%hﬁﬁg%?#%ﬁg?ég'éﬁ%y € the recovery of
hydr oc from supsea |1s,..In particular, unbilical _assenbly 50 nust
e o l9e A Tmpe EeRbRo TR eS8 i An Rt Blesetaliy marnot s BpBtRsOTh an
oceani ¢ environnent. )

as polyvinyl chloride or polyethylene. Impermeable fluid liner 56 can also be made

of a nylon, other special polymer or elastomer. In selecting an appropriate material
for impermeable fluid liner 56, consideration is given to the underwater environment
in which umbilical assembly 50 will be deployed. The primary purpose of
impermeable fluid liner 56 is to provide an impervious fluid barrier since fibers, such
as the metallic fibers of outer tube 52 or a Keviar™ wear layer 54 are not impervious
to fluid migration after repeated contortions.

[0025]Load carrying layer 58 includes a sufficient number of fiber layers to sustain
the load of umbilical assembly 50 in a fluid. Preferably, load carrying layer 58 is a
plurality of resin Iaye(s wound into a thermal setting or a hybrid of glass and carbon
fibers. The composition of load carrying layer 58 will depend upon the particular
characteristics of the well such as the depth of the well. it should be appreciated that
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



[ 0026] A plurality of passageways 60 are housed within |oad car r?iﬂbgqséﬁgf’s
58. Passageways 60 may be fluid 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 conpatible
with a variety of fluids, includingghydraulic fluids, salt water and

hydr ocar bons Such fluid passageways 62 are well known in the art. In

addi tion, me passage , Such as pass house el ectr cal
power Y8 EbYcab a8 |5osﬁswsweborﬁwafgr@ve @Zébﬁr TORETHSSWERALEIA t s and

el ectrical signal conduits preferably include one or nore copper wres,
mul ti - enablecthe recpmey ofi hedrocbrimingetiom sabseawealisaxilal paivelar, vovdiget or s
bounded in a protective sheath. Additionally, any nunber of electrical

conduckeESmbRASE M NHEVeSSiifBieADBTEh §iH, fléﬁiﬂmw aR@MHH vat y \RREN ts’u@P@{lldefd ui d
passageways, “or other types of systems may be positioned within

carryi O particular inportance in the present invention,
unbi | i ng?rl‘ gggé%%%\/gbﬂ%ﬂdem gned to carry |low pressure hydraulic fluid
and/ or _el e r fromthe cgnptrol, unit subsea. intensifjer 24.
Spect 1 IE0ABIG. PhiawypPEnAsaatevaR A cbel hnSSdmbiin o0 0B JA¥D Hly be
used to carry Iow ressure hydraulic fdefroma hydraulic fluid source on

pl at f oPAssagewaysubs@a may ehsi ffluid passagavays tHid Budhauvas chydisiutici duid
pressurized to a suitably high pressure in order to operate a downhol e

hydr aubb@@égjew%}@ BB br piffuction T padgajemalys S8 F01 OIHuRinij eWdys B2f ace
safety val ve The | ow pressure hydraulic fluid may be use not only as

the sup rlE%lél ?rét?é‘t‘ivé §h@étﬁ5§éﬂrﬁr¥§ﬁ filid cadity thatas cb%atmw.thswaﬂet or

operatl ng a IC punp or other pressurizing systemthat pressurizes

T N e e e
flurd pa%/sageways 62 are well known in the art. In addition, some passageways, such as
passageway 76 may house electrical power conduits or electrical signal conduits.
Electrical power conduits and electrical signal conduits preferably include one or
more copper wires, multi-conductor copper wires, braided wires, or coaxial woven
conductors bounded in a protective sheath. Additionally, any number of electrical
conductors, data transmission conduits, sensor conduits, additional fluid
passageways, or other types of systems may be positioned within load carrying layer
58.

[0027]Of particular importance in the present invention, umbilical assembly 50 is
designed to carry low pressure hydraulic fluid and/or electrical power from the control
unit 20 to subsea intensifier 24. Specifically, as explained in detail below, umbilical
assembly 50 may be used to carry low pressure hydraulic fluid from a hydraulic fluid

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



travel together in the same passageway, for exanple fluid passé‘é’e’t\\/\lé%/usézog?
may travel in separate passageways, for exanple fluid passageways 66 and
68. Alternatively, the power source for pressurizing the | ow pressure
hydraulic fluid may be electricity carried in an electrical power conduit
housed in a passageway 70. [0028] Referring nowto figure 3, therein is
depi cted one enbodi nent of a hydraulic control assenbly that is generally
desi gnat ed 80. draulic control assenPI y 80 incgudes a hydraulic fluid
sour ceC@Rtrelipite deVisesyG AR URPUHAGR BRISLE VAING 13- | ADPJAW REERUrealYRUNG or m 12
of figure 1. Hydraulic fluid source 82 houses a hydraulic fluid. A punp 84
i n fl uflodidcroamure caedamtverili asytheaswprly filuid that dsirpres8#rizdda Hut wisb | aneheB6
punps the hydraulic fluid in a supply fluid passageway 88 at a relatively
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passageway of the wunbilical assenbly. Supply fluid passageway 88 conveys
the lo r i S i it ifier t
subseal eangrs s ¥EBH BhinsHREter It BvbB e T e SeFPS b sFeipy”
hydraulic supply fluid fromsupply fluid ssageway 88 to. punp 94 where the
ow prBdur B slpaiy Perion I, PPIET goriorcehiher pBGPTeiseLre hyraulE duid, may
hydraul i ¢ supply fluid. H gh pressure hydraulic supply fluid is conveyed via

hi gh pireesldogethendn 36e satne passagewandopgxample fiuimulpassbpgway tbdaoe may
hydraulically controll able downhol e device such as subsurface safety val ve

100. Arabsiugh déhahatlgiasdagewaysbsor feeensial Bl \priskagdRbys s6bebng 68ed as
an exanple of a hydraulically actuatable downhole device, it should be
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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 90, low preésure 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. Aithough



assenbly. A fluid power line 108 couples the fluid passageway 18£MQUSt 006
hydraulic notor 102 at intensifier 90. In an alternative enbodi nent, the
hydraulic supply fluid and hydraulic power fluid may be conbi ned and
carried in the same fluid passageway. For exanple, supply fluid passageway
88 may provide both low pressure hydraulic supply fluid to punp 94 and
hydraul ic power fluid to hydraulic notor 102. [0031] Even though figure 3

has bee cribed utilizing-.hydraulic tor 102 to d dr aul. unp 94
i e SniirEge gare: vaBunonl” bRl dissa 2hy At rexamele (ea THoacah T hat
ot her types of pressure intensifiers could alternatively be utili zed For

exanpl actuatahe holg weyiesi, fit ghouldihe appipciaied by Wékﬂlédl ipribeadnt nlgati st ons

operating in response to area inbal ances could be utilized. [0032] Hydraulic

cont r ofheasydratliyalBOactatdite poestie ideviest dould altemaivelygbe wtiessdownhbledr aul i c
fluid to be generated fromlow pressure hydraulic fluid at a subsea | ocation
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surface t ntr e device. [nstead, the
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positioning of the subsea intensifier at the subsea 10 Au%ust 2006 -
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between the surface installation and the subsea well head, which may be
sever apowéofhsidnda freater fluid pastggewdydes, whehhigdy pasmgewdn,eaﬁah rurhbiéicalol umm
of hydraulic fluid in the control Iline that runs only fromthe subsea
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now to figuré 4, therein is depicted anot her enbodi nent of
motor 102 at intensifier 90. In an alternative embodiment, the hydraullc supply fluid
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 fiuid 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 should be understood by those skilled in the art
that other types of pressure intensifiers could alternatively be utilized. For example,
a pressure intensifier utilizihng 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



hydraulic control assenbly of the present invention that is geg\gf‘\ﬁglu?tzoos

desi gnated 120. Hydraulic control assenbly 120 includes a hydraulic fluid
source 122 that is positioned at a surface installation, such as platform
12 of figure 1. Hydraulic fluid source 122 houses a hydraulic fluid. A punp
124 in fluid communication with hydrnaulic fluid source 122 via fluid line
126 powers the hydraulic fluid at |low pressure into a supply fluid

passage 128. 10034 ply.flujd pas 128 conveys th oW pressure
v auvelieaddng o4 oroBouhoiical sBanBR BB aRe Rt Btnae Reeat M50, T ow
pressure |ine 132 conveys the |ow pressure hydraulic supply fluid from
suppl ys¢@nfacel insasiatipanand the supspame!head, whishe mayebe spvpraldbavsang fieetul i c
supply fluid is converted into high pressure hydraulic supply fluid. The

hi gh pyessiyrredoyds abeiydsostatiy Headi it ihe calomey ofl hydraulic gluid i ¢iss woetrbl ne 136

and control line 138 to hydraulically actuate a hydraulically controllable
downhot: J u rf liye 351 P |
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el ectri,cal h 'e\r,lééat or in this enbodiment, provides electrical notor 142 wth
el ect r 14D 38 VIGR-a el ectrical conduit 146, which is disposed in a

passageway of the unbilical assenbly. A power |ine 148 couples the
el ect riIB3] Befriting MW {o figwse & deereicds dapicied1apother embadimentr ofl 30,
Electrical notor 142 is any notor hereto 10 August 2006 - 13 known or

unknownmydrautibeoatrol assarhblysofahe pressitingantisinetbat iscgénenatly designated 620t hat i s
energi zed by three-phase electrical power fromthe surface. [0036] Referring

now t oH{;dgHie BontrdleraRisBrribly HEID dhelddesos heydrathe diuignsowtea 12Dy tHaulg C
control "assenbly of the present invention that is generally designated 150.
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source 122 houses a hydraulic fluid. A pump 124 in fluid communication with
hydraulic fluid source 122 via fluid line 126 powers the hydraulic fluid at low pressure
into a supply fluid passageway 128.

[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
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Hydraulic fluid source 152 houses a hydraulic fluid. [0037] A supply fluid
passageway 154 conveys the | ow pressure hydraulic supply fluid to a subsea
intensifier 156. At subsea intensifier 156, |ow pressure line 158 conveys
| ow pressure hydraulic supply fluid fromsupply fluid passageway 154 to
punp 160 where the | ow pressure hydraidic supply fluid is converted into
high pressure hydraulic supply fluid. The high pressure hydraulic fluid is

convey doWinfor dMiEHb W AP EHY &rt] sm a2 tARSL- Eﬁé‘éé @ieclmda#.ril&fcubﬁ Ry dvatiisal Iy
actuate a hydraulically controllable downhol e device such as subsurface
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control |l abl e downhol e device, it should be a preC|ated by one skilled in
the ar tIOQ?r@]tR%fﬁV'ﬂWd\OdnltPcBwf)? Soriheain Jls| eeaémcﬂr@ hasvegosineat of a
alternatively be actuated using the hydraulic control assenbly of the

pr esentydiawierddntrol gs6638]y Suthe @8ensindentiem that islgeoerallyadesigiated 168,
El ectrical power source 170, which is an electrical generator in this

embodi pR@raulR RUnHe? SIRFBILCA0 MRiles1 @8 nytkdulie! aakdr '%%PC@W tMata is
el ectrical conduit 172, which is housed within a passageway of the

the el SeriBREf "% ARl ehiSF?PE?Epé‘E%UPS% Flead o o e rent o
desi onkbReP e Hdsaurve. ' 22 notsrs aduEhen Bob. 'Hid'rah 'c control assenbly 200
i ncludes a hydraulic fluid source 202 that |s positioned at a subsea
| ocat i §RQ3QdcsupBly Bridspassagendyl hehdopyeys the dowepressurelhadrauict supply sour ce
202 houses a hydraulic fluid. 10040] A supply fluid passageway 204 conveys
t he | ofiujer &5 ausubdeadirdensiiers 4pPl YAt subsea intensifier 156, low pressure line 158
conveys low pressure hydraulic supply fluid from supply fluid passageway 154 to
pump 160 where the low pressure hydraulic supply fluid is converted into 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 valvé 166 is being used as an
example of a hydraulically controllable downhole device, it should 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



fluid to a subsea intensifier 206. At subsea intensifier 206, I1c?vvAu uessts2896e

line 208 conveys the |ow pressure hydraulic supply fluid fromsupply fluid
passageway 204 to punp 210 where the | ow pressure hydraulic supply fluid is
converted into high pressure hydraulic supply fluid. The high pressure.
hydraulic supply fluid is conveyed _yja high pressure Iine 212 and control
line 214 to hydraulically actuate a hydraulically controllable downhol e

devi b : ) is dri
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this enbodi nent, provides electrical notor 218 with electrical power via
el ect r inAydesadiydragisfluigisauree 87 thalisPosiianed atzsulsealogatianssdeas for

exanpl e, coupled to subsea well head 22 of figure 1. [0042] A power |line 224
coupl est tshbsed evglihezal 22 wfdigure2P2 Hyarahle 8lidcsourcal20fohous@d & hydraulic
intensifier 206. A signal source 226 positioned at the surface, at for
exanpl ig surface installation 12 of figure 1, signals electrical power
source 220 ON and OFF via signal conduit 228, which may be housed in a

assa f ugbi,l e 4 r | t_of . the
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hydraul i c, contrqgl assenbly 2 draul i c. cont.r ol senbl 250 i ncl udes a
hydr auflbid 19 @i v ensy &23@ it B@%ﬁeﬁ Bﬁ%'aﬁ' & %8§’u|8¥‘é8¥¢s(§é‘é?i"Bﬁ,éOL%uch as
subsea well head 22 of figure 1. Hydraulic fluid source 252 houses a | | 10
August cooesys thellpwhgrgsaure bydrauiie supplyfijrfrooppupply fluiddpassagayanaz0L 8y

conveys the | ow pressure hydraulic supply fluid to a subsea intensifier
256. Apufiph9ad ivhkeashei ow r6ssurevhydragkelrstipblyn@ukb® coanerys ihtte highw

pressure hydraulic supply fluid fromsupply fluid passageway 254 to
pressure hydraulic supply fluid. The high pressure hydraulic supply fluid is conveyed
via high pressure line 212 and control line 214 to hydraulically actuate a hydraulically
controllable downhole device such as subsurface safety valve 216.
[0041]Pump 210 is driven by electrical motor 218. Electrical power source 220,
which is a battery in this embodiment, provides electrical motor 218 with electrical
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



punp 260 where the | ow pressure hydraulic supply fluid is conve1r0tAe%lgllmrhzc()m6
hi gh 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 downhol e device such as
subsurface safety valve 266. [0045] _pxyop 260 is driven by electrical notor
268. Electrical power source 270, which is a battery in this enbodi nent,
providq§£§uq%§ﬁ.intensifier 256 with electrical power via electrical

condui t"Y2RY! I%gtrical power source 270 is |ocated subsea, for exanple,
coupled to subsea wel| head 22 of figure 1. A power |line 274 coupl es the

el ect ri[B8#4bdrumply Hul passagevede£Ofi elIvexstihe loug PaesSURe dnsiraulia susply A
signal source 276 positioned at the surface, at for exanple, surface

i nst al Ififid ¢m &l 8ubfed iifansifieér 2561 gAblssbeda ittensifier 2&6elows quessurd7itheOR5and OFF
via a wireless telenetry. Transceiver units 278, 280 are positioned at the
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generate and receive wreleSs signals.” Wrel ess elenetry I's we nown in

the art_an I iz f 0, i I I o ti.c,. nodens
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the art that the hydraulic_control  assenbly of the present jnvention

advant EESVIESRHIECHRPY AL, aT e igh R BYerauts Supely dkic s sy veNes ea
actuator solutions. By enploying a subsea intensifier at a subsea well head
and comieehighgpresbone jne262amdngatelling 264 4o dydrawicghy antuatdalhydsdulicadgenbl y,
a hydraulically controll abl e downhol e device may be actuated efficiently 10

August caafiollableldovaittbleidihicgr tashl as seshueciadeaséty Va0R4266.Mor eover, the
hydraulic control assenbly of the present invention provides an apparatus
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hydr Oshﬁﬁéﬁis 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 motor 268 at intensifier 256. A signal source
276 positioned at the surface, at for example, 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, resbectively, 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



pressure of the colum of hydraulic fluid in a control conduit 1r°u%'ﬁ9‘ﬁsgtzppgm
a surface installation to the hydraulically controll abl e downhol e devi ce
that is installed in deep water. [0048]Wiile this invention has been

described with a reference to illustrative enbodinents, this description is
not intended to be construed in a limting sense. Various nodifications and
conbi nations of the illustrative enbd¥inments as wel | as other embodinents
of the invention, will be apparent to persons skilled in the art upon

r ef er erayal with igheattjeraduicpdianst. |1t is, therefore, intended that the appended
clainms enconpass any such nodifications or enbodi nents. 10 August 2006 17

What | Joohr) iBfbdver, the hydrBNIH eshitd] aseBkibl obeeielsEnt pveAtidt drdVidedan
hydraulically controllabl e downhol e device conprising: a hydraulic fluid
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hydr aul urd; an unbilical assenbly cou e rc rlura source

t hat provides a, suppl fluid passageway, for the | ow pressure hydraul.ic
i o oo a st Biataretnst e BIREMIRG fha drobihe B2 BY B uBoae head
and the unbilical assenbly, the subsea intensifier operable to convert the
| ow pr geessurersfdhawidlemnlafiydraglis fleidhn ghcpntedl sionduityranaing tom aisdrfapet
actuates the hydraulically controllable dowhole device. 2. The hydraulic

cont r olinstakatidy 10 #e hpdriaticallynconteoliable dbenkole dd\gce tHitde indtahed in eeep
further conprises a hydraulic notor powered by a hydraulic power fluid. 3.
The hy(;;ﬁ'{g}.i c control assenbly as recited in claim2 wherein the hydraulic
power urd is conveyed in a power fluid passageway of the unbilical

asserTbl[éf048]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.



4. The hydraulic control assenbly as recited in claim2 wherein the
hydraulic power fluid is derived fromthe |low pressure hydraulic fluid. 5.
The hydraulic control assenbly as recited in claim2 wherein the subsea
ntensifier further conprises a hydraulic punp driven by the hydraulic
motor, the hydraulic punp generates the high pressure hydoaugis 20661 d from
t he Iom/pressure hydraulicfluid. 6. The hydraulic control assenbly as
recited in claiml wherein the subsea intensifier is operable to receive an
el ectrical signal conveyed on an electrical signal conduit of the unmbilica
assenbl y. what i@aifégiul i ¢ control assenmbly as recited in claiml wherein
the subsea intensifier is operable to receive a telemetric signal fromthe

surface i nstal | ation., 8. The hydraulic control assenbly as recited in claim
7 wher ei nlt he A &ydaglic santrg] @ﬁs%mblw%ra&&@ﬂ%&@éydrguhch)écwmﬂablﬁdewebﬂ?r ol
assenbl y dviceeomipesingn cl aim| wherein the subsea nensifier further

conprises an g z{dh‘éfm)dqurd%qw@di&dorWsuﬁac@in%llétldhaehatF%Qﬁ}ﬂfes%ll&ﬂm 10 August
2006 18 10. T h%Glcz‘Pl c control assenbly as recited I'n claim9 wherein
s

t he subse%e$uﬁ urther conprises a Hdraullc punp driven by the
el ectric not oran ymfilien) assgmblyccouplerie e hudraplislyid sowpe happroxides & SYrphi aul i
fluid frofluitipasshgewayrfesthe iev pressuaehydralicdiuili; andt . The hydraul i c control

?Sseﬂbl y as reﬂutbs‘éi 1ht@n§hé}‘ %bWﬁ&:‘leﬁeé Wih 8 WseAwell a8 Afd fHlemﬁlﬁcaq)per abl e
0 receive_a C nal, gonveyed on an e 0
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recited i#highgrassue MF@!W‘%‘%@%M&W%@‘? hﬁtﬁri‘# lcﬁléy Hiiptipklg dpynbolgat t ery power
supply opdavidel y associated with the electrical notor. 13. A hydraulic
control assenbly for actuating a hydraulically controllable downhole device
corpristng: The hydraulic control assembly as recited in claim 1 wherein the subsea ntensifier

further comprises a hydraulic motor powered by a hydraulic power fluid.

3. The hydraulic control assembly as recited in claim 2 wherein the hydraulic power
fluid is conveyed in a power fluid passageway of the umbilical assembly.

4. The hydraulic control assembly as recited in claim 2 wherein the hydraulic power
fluid is derived from the low pressure hydraulic fluid.

5. The hydraulic control assembly as recited in claim 2 wherein the subsea ntensifier
further comprises a hydraulic pump driven by the hydraulic motor, the hydraulic pump
generates the high pressure hydraulic fluid from the low pressure hydraulicfluid.

6. The hydraulic control assembly as recited in claim 1 wherein the subsea
intensifier is operable to receive an electrical signal conveyed on an electrical signal
conduit of the umbilical assembly.

7. The hydraulic control assembly as recited in claim 1 wherein the subsea
intensifier is operable to receive a telemetric signal from the surface installation.

8. The hydraulic control assembly as recited in claim 7 wherein the telemetric signal
is acoustic.

9. The hydraulic control assembly as recited in claim 1 wherein the subsea ntensifier
further comprises an electric motor powered by an electrical power signal.



a hydraulic fluid source |ocated on a surface installation that supplies a

| ow pressure hydraulic supply fluid and a hydraulic power fluid; an
unbi | i cal assenbly coupled to the hydraulic fluid source that provides a
supply fluid passageway for the | ow pressure hydraulic fluid and a power
fluid passageway; and a subsea intensifier operably assod0augdst@D0h a
subsea wel | head and the unbilical asd98nbly, the subsea intensifier having a
hydraulic notor that is powered by the hydraulic power fluid and a hydraulic
punp that is driven by the hydraulic notor, the hydraulic punp converts the
| ow pressty.e hyHe hydrawlicsaopprblyasbénibld as retivedain Rlafrh Ipwiesesintiee subyedr aul i ¢ supply
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| ow pressure hydraulic fluid; and a subsea intensifier operably associ at ed
wWth a sut)lsea MH)hmdicaﬂldrdllassfehibl)Chs regEtintlaiat H ouhetdint thetstilsseydraul ic fluid
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device. 15. The hydraulic control assenbly as recited in claim14 wherein
t he subseg. i rfflﬁﬂ@idfduﬁb corfirad @ssefblyeastrecited drecluien amwheteticthe icl@iricyh@osis conveyed

on an ele Jvl}ér&f‘lk §b&f3:?y pow@dbhIY o Péralﬁg %&%hieh%ﬁih RS SREPLY héat. coupl es the

subsea in ensi |er surface nst atiron. 16. The hydraulic control
assenbly as reC|ted |n cIa|n114 wherein the subsea intensifier is operable
to recei vB.a téAhzdiuelic¢antrel grembly ferractuating # hrdranlisatinroniraligble depnpelgust 2006
19 17. Théevivnedomptisiagcontrol assenbly as recited in claim 16 wherein the

telenetric si allR FRFPYITdeTocated 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 supply
fluid passageway for the low pressure hydraulic fluid and a power fluid passageway; and

a subsea intensifier operably associated with a subsea wellhead and 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 hydraulically controliable downhole device.

14. A hydraulic control 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 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 controilabie downhoie device.

15.  The hydraulic control assembly as recited in 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
installation.

16.  The hydraulic control assembly as recited in claim 14 wherein the subsea
intensifier is operable to receive a telemetric signal from a surface installation.



18, The hydraulic control assenbly as recited in claim14 wherein the subsea
intensifier further conprises an electric notor and a hydraulic punp that is
driven by the electrical notor to generate the high pressure hydraulic
fluid. 19. The hydraulic control assenbly as recited in claim 18 further
conprising an unbilical assenbly coupling the subsea intéhdugus200® a
surface installation, the unbilical d8senbly having a power signal conduit
that provides an electrical power signal to the electric notor. 20. The
hydraulic control assenmbly as recited in claim18 wherein the electric notor
i S power ell7.by Ehelinttantiy coaved asssmppl as reqited abtlyina b6 ahereinatle valdnettibe el ectri cal
motor. 21,81 Rydb@ski ¢ control assenbly for actuating a hydraulically
controllab%e downhol e device conprising: a hydraulic fluid source operably
associated wth a subsea wel | head that supplies a |ow pressure hydraulic
supply f1l18-d; Biechydranlipsenirdl assemblyrasaeciigp ér elpiny 1 hwbereindhesubsga h t he

hydr aul i Cinfensiffier faethéraeniphigessanidaaric mbfoeasd 4 hwiradl@\puap thathy drieen Byahpunp t hat

| S driveng by nfohsi b bbrerdP IR higPGE&MhyuRulieatidve el ectrical pover
conveyed %n gn e ectrlécalr powerl condu%et yli)if ue{n unbi | i cal assenbly that

coupl es the subsea intensifier to a surface installation, the hydraulic punp
converts the Thehydraabie gomrahypspermbly as reqitsdin claimi §furtheneantaisiednaul i c 1 uid
sour ce i ntrabificdliaglempiyesmplisg the wabsaa intensigpl a/sulrfavé thstatlathat, tetuentilal
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hydr aul i cg I%( B’ abl e downhol e device conprising the steps of: storing
a hydr aul PE%F M¥Ti n a reservoir located on a surface installation; punping
the hydraulic fluid at a first pressure fromthe reservoir through a supply
flui d paszngeviehe 3draatic yodiid] agseinbhsseadiley i claiin $81vhemin the elkstricinggtoroper abl y
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21. A hydraulic control assembly for actuating 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 fluid source the subsea
intensifier having a hydraulic pump that is driven by an electric motor operable to receive
electrical power conveyed 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.

22. A method of actuating a hydraulically controllable downhole device comprising
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 passageway of an umbilical assembly to a subsea intensifier operably associated
with a subsea wellhead; ,

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.



pressure; and actuating the hydraulically controll able downhol e device with
the hydraulic fluid at the second pressure. 10 August 2006 20 23, The

nmet hod as recited in claim?22 further conprising electrically signaling the
subsea intensifier. 24. The method as recited in claim22 further conprising
telemetrically signaling the subsea intensifier. 25. ThelhBufist2@( recited
in claim22 further conprising acoust®2@ally signaling the subsea
intensifier. 26. The nmethod as recited in claim22 further conprising
hydraulically powering the subsea intensifier. 27. The nmethod as recited in
claim 22 Aurt The neoinqalrassedigd @l elaint 22 Airthyr gaveising@ldchrivallg sigagling thé ensi f i er

w th an el gehiiaifigower source supplied by a power conduit of the

unbi l i cal assenbly. 28. The method as recited in claim?22 further conprising
electrically powering the subsea intensifier with a battery source operably
associ at ed- wi tlihemeghaghassecated it elaisn 23 Birther compriginggelpwatrisall weignaing thy a

hydr aul i cabdey imtamifienl | abl e downhol e devi ce conprising the steps of: storing
a hydraulic fluid in a subsea hydraulic fluid reservoir at a first pressure;
i ntensi fyj.ng e pressure.of .the. h lic fluid with a subsea intensifier
(hat s 5o B8 yRUET G R 2 et Grtnekng st e Re 1, e
hydr aul i cibsey indensifies! | abl e downhol e device in response to the hydraulic
fluid. 30. The nethod as recited in claim?29 further conprising electrically
si gnal i NGt he The method as recited in claim 22 further comprising hydraulically powering the

subsea intensifier.

27.  The method as recited in claim 22 further comprising electrically powering the
subsea intensifier with an electrical power source supplied by a power conduit of the
umbilical assembly.

28.  The method as recited in 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 controllable downhole device comprising
the steps of:

storing a hydraulic fluid in a subsea hydraulic fluid 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.

30.  The method as recited in claim 29 further comprising electrically signaling the
subsea intensifier through a signal conduit of an umbilical assembly coupling a surface
installation to the subsea intensifier.

31.  The method as recited in claim 29 further comprising telemetrically signaling the
subsea intensifier.

32.  The method as recited in claim 29 further comprising acoustically signaling the
subsea intensifier.

33.  The method as recited in claim 29 further comprising electrically powering the
subsea intensifier with an electrical power source supplied by a power conduit of an



subsea intensifier through a signal conduit of an unbilical assenbly
coupling a surface installation to the subsea intensifier. 31. The nethod
as recited in claim?29 further conprising telenetrically signaling the
subsea intensifier. 32. The nmethod as recited in claim?29 further conprising
acoustically signaling the subsea intensifier. 33. The MBS0 eci t ed i n
claim?29 further conprising electri call y powering the subsea intensifier
with an el ectrical .power source supplijed a power conduit of an 10 August
2006 21 SONGCE| Sl CQARg = Bl o een 4 e R on 1o the subsea
intensifier. 34. The nethod as recited in claim?29 further conprising

el ectricall y phewmethod at Feeitedsinddm A9 fughgicbmprising tlectichily peweringahe ce oper abl y

associ at gehsWd infenbifier wHR 2 B2drPsEMSd bledbly associated with the subsea intensifier.



