Subsea Pressure Delivery System Background [0001]
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[0003Er edlsangwigiomssganeray womehin thrbé etyles eahat ldadgerparieaving a
balloohotybgeblm@crigrl o separa(ge the gas from the fluid, the piston type having a
piston sliding up and down a seal bore to separate the fluid from the gas, and the
float type with a float providing a partial separation of the fluid from the gas and for
closing a valve when the float approaches the bottom to prevent the escape of the
charging gas. A fourth type of accumulator is pressure compensated for depth and
adds the nitrogen precharge pressure plus the ambient seawater pressure to the
working fluid.

[0004] The precharge gas can be said to act as a spring that is compressed when
the gas section is at its lowest volume/greatest pressure and released when the gas
section is at its greatest volume/lowest pressure. Accumulators are typically
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[ 0004] The precharge gas can be said to act as a
spring that is conpressed when the gas section is at
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[0009] Accumulators may be included, for example, as part of a subsea BOP
stack assembly assembled onto a subsea wellhead. The BOP assembly may include
a frame, BOPs, and accumulators to provide back up hydraulic fluid pressure for
actuating the BOPs. The space available for other BOP package components such
as remote operated vehicle (ROV) panels and mounted controls equipment becomes
harder to establish due to an increasing number and size of the accumulators

required to be considered for operation in deeper water depths. The accumulators
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a franme, BOPs, and accunul ators to provi de back up
hydraulic fluid pressure for actuating the BOPs. The

wapaea3avai | abl e for ot her BOP package conmponeP@BUS20091041706
as renote operated vehicle (ROV) panels and nounted
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oosts.idige, i, PEI0r ol B RRRRef AL o6 Prfrbaatl ot

to reduce drBlidfpeserstiohef thacDpadngnt of all

drilling equi pnment nus e optimzed. Brie

[0011Des ¢or pt more détalibe desemptitgsof thelerbbodiftents, mefetence will now be
det ai hgd description _of the enbodi nents, reference
made,fp {the AWM AeRAMPINING IFYINGHi ng acconpanyi ng

I aw T ' tem arrangenent
[0012?@‘8"&09??{5%%@% élr%g(lgnswbgt '?X@?’“z l'isting exanpl es of
[0013] ypiFt@l 2 $5/3 tahie diptimagrekargpbsptfigpicaladstgm Bp€rathg depths;

I a of a.systemarchitecture: [0015] FIG 4 is an
wn”fnt g@% i'se?%l‘ﬁ%@'a' ﬁ?ﬁ?@ta&f’@_"?(ﬁ%\ i tion diagram
[0015] O0K6E. &idan mtbBsiflerSyAcRRyatéhistae R itn dladlamhd

recovery; [0017] FIG 6 is an accumrul ator sysStem
[0016} onﬁl@ug i 8 syistefroamgijtestu withifbiicirdopveiyd syst em

t0017E G B 28 Accp BB FeRm ohlodRtbht nai 1 or with a
[0018] ec FGIR ispa RipbBO R StBHT 8dhfRfliration;

[0019] FIG. 8 is an intensifier configuration;

[0020] FIG. 9is an intensifier with a recharge pump configuration;

[0021] FIG 10 is an intensifier with regenerative electrical power;

[0022] FIG. 11 is an intensifier with regenerative electrical power and fluid
recovery;

[0023] FIG. 12 is a screen assembly;

[0024] FIG. 13 is a regulator assembly;

[0025] FIG. 14 is an exploded view of a regulator;

[0026] FIG. 15 is a cutaway view of a regulator;
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[0021] FIG 10 is an intensifier with regenerative

el ectrical power; [0022] FIG 11 is an intensifier
wowRaok/1sBgener ati ve el ectrical power and fl ui d PEDUS®OY041706

[0023] FIG 12 is a screen assenbly; [0024] FIG 13 is

[0027 ' #9G! 86 ¥ a ASrRAHIYVasdiAP] FIG 14 is an expl oded
view of a regqgul ator; [f0026 FIG 15 is a cutaway view

[0028}f &lGeflise sehemaliopf Bireferamcd pumpt ef er ence assenbl y;
00 j hemptic of a reference punp;

10029] 00286, 6 & o binbbeflc BEATMRYpEebulilodiignce Pump

[0030)DdHIG; 19 @D3QEhéMGtic bPairefereschpilBtidceudiulator 8ih€ FedsSoir;
il ot _accumnul ator and reservoir; i0031] FIG 20 is an

[0031£|><pIF6@eao‘iﬁ anveyplogrd vipvep aniidensifiens2] FIG 2 1 is a

' | 0 i fi.eF .[0033] FIG 22
lo032f { OHGEEFls 28 on bk BY SRIEERerL )l 0034 Fia
[0033P3 iRGA22 ions somgatison of irtengifyirancylimders; bar r el

I NS t package; [0035] FIG, 24 is a schematic of
100344, PO i § oS SacuR iaiphoR dusy diayrel [TUmBlent rackage:

. c . . oy . ~ very:
0055) 5 165 SEnghattol henshiner b o dfatpier
[0036] 0034, 25 & a 2Zhématic chgedhtehsifier with fleidarecanggment ;

00 G 28 is ,a,schenptic of an accunul ator;
10037] 0033 £ & ars xR VREF gn et tledenl y: | 0041)
[oossg GFIB027 s ARagxdledeshivé aWaRbemenechar ge punp; [0042]

IG_3 1 is a schematic of a recharge punp; [0043]
[0039F| GFIG228 is a sphwwptipat an assemblaior,[ 0044] FIG 33 is a

fooaof &' BHEY 2 et T einiod B AR TO0ud] Fic 35 is @

[0041] egEN@I 30 By armerpIBEEY vidWeRZ el egﬁmﬁm an expl oded
view of a regenerator assenbly; [0048] FIG 37 is an

[0042 1 5P nethis @ Fclgmatie ahiiraeRarop PUBubsea bl owout
[0043Fre‘¢?@_t iSh gpmbggﬁggsgﬁ@f% is a hybrid enbodi nent

n a subsea preven st ack;
[0044] FIG. 33 is a cutaway view of a power pack assembly;

[0045] FIG. 34 is a schematic of a power pack;

[0046] FIG. 35 is a regenerator assembly;

[0047] FIG. 36 is an exploded view of a regenerator assembly;

[0048] FIG. 37 is an embodiment of an accumulator in a subsea blowout
preventer stack;

[0049] FIG. 38 is a hybrid embodiment in a subsea blowout preventer stack;
[0050] FIG. 39 is an embodiment of intensifier with no recharge pump in a subsea
blowout preventer stack;

[0051] FIG. 40 is an embodiment of an intensifier with a recharge pump in a
subsea blowout preventer stack;

[0052] FIG. 41 is an embodiment of an intensifier with regeneration in a subsea
blowout preventer stack; and

[0053] FIG. 42 is an embodiment of an intensifier with regeneration on a subsea
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[0050] FIG 39 is an enbodinent of intensifier with no
recharge punp in a subsea bl owout preventer stack;

WO o®9132300 G 40 i s an enbodi ment of an i ntensi PCBEUS2A02/641706
a recharge punp in a subsea bl owout preventer stack;

[0052] FifatA ﬁgﬁg@gpﬁ mﬂbdﬁh%ﬁ‘ﬁéf' er
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[005431nd ma Ofpie3ldrénkiags4 dntl S dascrigtidad ki N folBivsa NiHeN RIS Gr®" marked
regeneration on a subsea nudnmat. Det ai | ed
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present disclosure is to be considered an
liustraded npng f desaribed oeraime lipis roi be ekl racegnizedethatothe different

' t d t ' t to,t
toachfiBF B RrmbB VGRS ol tuab belath el BB.erf e sihytely or in
any sURgSIeNntcrRBinkhed tbhsroduté Qfe@%dt@%ghs nAAy Qfset BB any form of the

embodi nent s di scussed bel ow may be enpl Oéed separ at el

termsorcanneghy “‘e00adbhi e coVRlgi na ttath 't O parid tBerd dein edescribing an
mtera&t?tff%éﬁveﬁné(lel'fﬁ%tso s ﬁ'(ﬂ Egﬁtnﬂoq mit ife W(%lﬁgtlorfgc?ﬁﬁ&t interaction
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betweéasd:he belelgmeats |emdermay |ajﬁo bmt;waen w&hﬁdﬁﬁhﬁer&a@tmﬂtbetween the

elemei fesiiash. IECHAILS Sl SRigioRes B1inenadeatie Peckel as other
featuréQta‘ﬁHat%drﬁ&eﬁ@ﬁd’?&@sérﬁ%d@h%@ 33@9%&6@‘3@”” ﬂ_@‘??adll%/ apparent

various characterrstics nentioned above
to thosehsekillédan dhesarampoa’haeaﬁn@rthetﬁodjewcd@sdetaﬂed desamptien of the

di | ! t.toth
embodidttacATehBY FRIeinG Bk SREamPAGVIATAIISm ng_ det ai | ed
[OOSSFGS FIGPY liRkstRfted RE &ﬂ’@@&i‘rﬁ@rﬁtcﬁ arﬁﬁé@bétu@ft@hﬁérﬂ@é @nderwater

he acconpanyi ng draw ngs. | ust rates

hydraultc anth s qiecal weafrfrca‘prfb(m@sgsroeo 9fthage aletdeatieosrce 0015; to
s ) el L koo B AR ol anc

remoteledsdtrart@ohioald AGAPRWNUIRARIGS enBhé 2hYies avturtuRitdro2000 is used
to stor(iaofrll}ié oelne?lgnydin water depths above the minimum hydrostatic operating depth.
In water depths below the minimum hydrostatic operating depth, the intensifier 1000
is used to generate fluid energy. In water depths above the minimum hydrostatic
operating depth, the fluid source 1900 is used to recharge the accumulator 2000. In
water depths below the minimum hydrostatic operating depths and above the
hydrostatic recharge depth, fluid source 1900 is used to recharge the intensifier
1000. In water depths below the hydrostatic recharge depth; fluid source 1900, the
recharge pump 6000, and power pack 7000 are used to recharge the intensifier.

During intensifier 1000 operation (generating fluid power), the regenerator 8000 is
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renote electronic control. As shown in FIGS. 1 and 2 ,

the accunul ator 2000 is used to store fluid energy in
wawrtoenszsept hs above the m ni mum hydrostatic opRCEUBING9/041706

depth. In water depths bel ow the m ni mum hydrostatic
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generate fluid ener n water depths above t
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the re@alaitdn%@(ﬂ@l tabekieve tedivedringd pressure dlom dite dephsifief 1000 when
00 is used to recharge the intensifier 1000.

operaeq Deloer mm@uﬁehqust@qwramld.eem Soipgeendit is used
to filt%géﬁka%gﬁ‘ﬂ%? ist 988q t%wﬁ'lr el%@ﬁ%{t&e Qre al'%op%u‘(’ﬁrrecharge

0 are used arge e i Rtensit i er
pumpie®0énsi fi er 1000 operation (generatl ng fl UI d power),

10056} 1 i3S ReAnd 8 IL{RBR e BTy s B 1 pobsr i the use of

an ext%%%%ﬁ@@ﬁ/ﬂiﬁ@re@%rﬁ Empack 7000 is otherw se
C ar?ed fromelectri'cal source 0015 from a surface

[0057 uppil . 3Tﬁhowefkh|eeacrengemnt af cintenisiiiesr 1320 0atsurnslatbr 2000,

I t 50 d
screefy 30061 Hctyatoh SphE ttsRhRta T BRob orSmen Tensval e e feffrence
pifot atdcramnlatbmambyqléméme BUAREBBLO NeediRipGd puRhe tmoe%%awater at

4000 is used to filter seawater that 1s used by th

ambieng Quiesswe. s0dosuhseeefididt headerot@00.ahide rebras g’BJlﬂd)dmﬁder 1900

operaée%ogt bgoﬁgx rﬁgﬁdeﬁ\/ﬁ%dﬂﬁd h glé%félé o? li]% g%@r&wﬁ@or 2000. As

pressm#el |n\the wubbsed Auidetanderyl 99Psdreps td 66 thiel iGtensifnage0 delivery
arrangenent _of intensifi er 1000, accumul ator 2000,
pressgr@, géfh'" or 5989@'@&3 sRRvCRter toyeRier e intgogiier 1000, sufficient

to gergeg'%%’r 8A4 mbinesh Vtﬂé rm[%%g@lgr r'l%b@r(?é]%rsg ph%gs(%@%%éna‘élﬂfe?y fluid is

reference echarge
consusmj/\hcl)mrthatmtanbnnenﬁ 0P by Dpeegticanal the hmeanihter éqb@mtmt

[0058] oy PG o, Pt fi COStRione DREVGRIE dhal gpgpment. The
reser\%ﬂoﬂ 0hSs Eblﬁ?ﬁ’éd{é@ thhé h@f&éﬁ%ﬁuH&%BﬁO?Wﬂst&%t tubing run

drops to below the intensifier Ivery pressure,
3133. t He mdgtilaatamubo0 3200 oescawmstad to tthe emfarencdgpump 3300 via

sl BR300, B4 RANGR91ch BTGP RGP IR At soo0
via indtrient $ut§iﬁ?5ruﬁ3932@ OThé hellot R0 flAteF m@olsb}éonnected to the
operation of the underwater e%lgl ment. [0058] FIG

regulamrs%O(?Q viss tinshiveent dvlkine gene?? ‘rbEQQNé@tﬁr HRE0 is connected to

e nFPTEion B GREHPA A S BIHE b g un

5010. Tmne povwvet pacic 7000 ds eondadedite theneense@ pOMpME00 via pressure
balancgee o ﬁﬂlconguctor 3<’§)’I(t238trlcal cable 6970. The recharge pump 86000 is
connected to the intensifier 1000 via medium diameter tubing run 1960. The
regenerator 8000 is connected to the power pack 7000 via high current medium
voltage pressure balanced electrical power cable 7940,

[0059] The regenerator 8000 utilizes the seawater consumed by the intensifier

1000 when developing delivery fluid power, to cogenerate electrical power which is



i nstrument tubing run 3233. The reservoir 3 100 is
connected to the regulator 5000 via instrunment tubing

WO 200933300 The pil ot accunul ator 3200 i s conneRCEUS1009/041706
t he regul ator 5000 via instrunent tubing run 3220. The

stored” B hétRver QUK ?o@@wrsegwhfértés@ra'u@,r e hd 'regeri'é?%rtsooo is

i nstrunment tubing run 1905 and | arge di aneter™ tubing
connectad teahe sciean HoNEkNppabkll flande.i s connected to the

roosof o i fearabet 3008 el Feli LG BRWONOR e aurpnging ambient

enviroRHENt 66 PEw thrainert kYeherdtbes0md aRgisubeeqd&fl 1ol the regulator
medi um di ameter tubing run 1960. The regenerator 8000

5000.i s connected to the power pack 7000 via high current

e N e A

1000 deanriicthirc dntensidr bi0ahaldlivtanJréssure 1QAlizigea pilot pressure
devel opi ng deliv ry fluid power, to cogenerate
fefere@reé?iZBJmm 56%@ ﬂ%prl@s@wlw p&RRdLAEK IO05 from the

t .
rensR0 0GRl SEUR Gt M SRR . To
regulaidre5Q00 e.rses4w09kampbr 2] eeevmm'sphhm réfeoamcefl remeridie 3100 to
allow i isReiSiob 080 8 Tahera st SRaRaRs 1 inteaisr ey Biid pressure
1905. T88Quth@FGdisdrbeardRane %@Iat@@@@OD%H{ 8¢ BSloWEmblePhPdrostatic

seawater 0001 to the intensifier 1000 to nmintaln
pressurat ensi fi er 1000 delivery pressure utilizing a pilot

l0062E SRR ErdBhEE G5 rRBTRBS AR ST 0 Bl tapen the
use oflPROrefislehe purhp BBI0PIBRSUAIBWSARNRYIE @ehabi ﬂuraffbl R bumped
ressure. The regul ator 5000 uses, for exanple

from fg‘ﬁ deterenes FreasveiaBapParie dhe setareiss piotiaeuniator é’wODh@nd vice
versa g%%%ﬁvﬁe;flzfr?ﬁg g%ﬁ%nﬂ%ngrbérgj_e?%gﬂgﬁg% mé grte‘ﬁgﬁré within the gas

'urd pressure ressure fro

chargdd esfergdeapilot ad00MuladoaB200. Ted micmmeeqimbhB300d9¢ apieated by
0062 reference pi| ot accumul at or 3200

an oxfFBas LPgeniata haIraD YRt crn@vgrhsy@@@h%fvare pilot ‘signals Ref
Pump?&ffoﬁg%‘ﬁﬁ ®4A8 F\?e?gﬂ*mﬁ‘@tr% ’MS, th gﬁr@HﬁéﬁoF?t@ngrlleolgcrease

e punpe romthe re erence reservoir
throughohydraulie fvalvenpiotpsigoals guiot mdcatmiatd P @oesswle \increasekisarease
via connections 3 133 and 3233; in order to change the

3312'pressure within the gas charged reference pil ot

[0063%0 CyRy! ?éf@rer%%o%rlotT *h%c[rﬁﬁﬁét@ﬂci?zw rﬂha@?r@féréﬁcépr%éh%% 3100

an external underwater control syst emth roug
mcorpﬁraie ailessurgatraps@igass toi gitew sarR@rxt@uab cgntrok sy$teBB1@ monitor

refererﬁ‘ﬁeg PE%%S@?MraSHeOE?ot%r%g&&re trér?sdu%e Eieoﬁzﬁﬁ aht% %urreEervow

pressure transducer cable 3110.

[0064] The intensifier 1000 is operated as a pressure intensifying pump, where
regulated seawater pressure (below ambient hydrostatic pressure) is multiplied to a
delivery fluid pressure exceeding ambient hydrostatic pressure. Based on installed
geomefry constraints, desired minimum hydrostatic operating depth, and volumetric
delivery constraints, this embodiment uses an intensification factor of 2.2. However,
other intensification factors may be appropriate depending on the operating

parameters and environment. The intensifier 1000 may be isolated from the regulator
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t hrough hydraulic valve pilot signals pilot

accunul ator pressure increase/decrease 3312. [0063]
wab@onsfser ence pil ot accunul ator 3200 and ref ePERTE2009/041706

reservoir 3 100 incorporate pressure transducers to

5000 @'tlhﬂﬁsi\%alﬂe% ﬁfa eis‘gﬁﬁbhovah?é( gﬁ:sm.ﬁ& 8 éﬁf&%&&g\% control

ressures vra ressure transducer cab
system dhd mt&nsrfme‘rﬁﬂcﬁ)l mqyrlmsswlatedrfmmohheedelw&b} ﬁullaotput and fill

o OPSA SR i RO 5E B8, 250y PUE AL e

contrd] @?k@% anmg ﬁnénaﬂéﬁr PSO@Ihy BE mme@) frb tﬁ@l ﬁabﬁér*g%dplﬁrﬂp 6000
delivery fluid pressure ‘exceedi ng anbi ent

utlllzmg)/tﬁuedgpaawg@ purep denietiorBuslve pdat i B8 apnisd faeomst external control

oyt e, TSR0 NER B R BB S RS BEAO st

to anessteiareftnties &5/stim i 4 ehel int@radlifierinkaah@int dordm@nications and
However, other intensification factors nmay be

poweracﬁﬁj}l@ﬁ& Bt e depending on the operating paraneters and

[ooasfnvh*hg%ﬁﬂ%rg 5;3.35{3 B8P S5 LLEH t%89$%%%¥ ?Svdafé%'fférﬁ‘ﬂhé [Bhsifier

I Z1l ng { or 1so
1000 walcw@emiol Mfllllthedmtbaélﬂef 1000 drone e sobsea ol lndackyrstIH, when

the InfqTsite GLARLLS e PRIOW AR dBMIONTPHARP TECRAgS Water depth.
The rééﬂe?r é'pfdrﬁ{) eom' &fili-28 MéEﬁFEaPPBWEr SRS 9k tfaggﬁv?é} pack 7000.
he 1 may be

exte control system ntensiftier
The re¢clarge e:dmflp @ﬂﬂﬂrm)afatlmalq,]eomtmﬂ@dwadhetreblnangegowmp instrument

recA; . 1.sol Q%?ﬂ IotI ntro r ortn

power oS rigble 081 L % elerflhiopvafet sogisol Sytem.

[oosspel rm@rpbv@ére@@kr P0G YU IR SITRASIHCBTRIMpower 36wh letBbEor both
to an external control systemvia the intensifier

surfadergleetiicehsupitylind eadi foors thadegenvaratar 808. The mwer pack 7000

s conk SN U BEFRR B4R PR PR Ao 3R s BpiedE oot 7ot

to an ektemalmdawf{ater cARe8l Sysmmt he subsea fluid header
when the intensifier 1000 is used bel ow t he

[0067}n nﬂﬁ% thedeieasiier aoﬂaﬁae@@taﬁa@fe@ew@m fluidTHe regsirieg2000 is
|solatéHJ%n§0@1%ka}%lh%ﬁ§rs 18bBC L1 %ghreﬂﬁwebgsthgr ﬁ'ﬂjer’léqflérh%olatlon pilot

ower The rec erat fon1s

hydrau]mwtsrgnial d@50i ﬂoﬂhanradbme@mrmi&nwaien%mﬂm?@ysmmd ﬂ'hen@charge
c ni cati ons cab 0 to an external  underwate
pump G & “Firetlern YBobBoTMETBRETP JRERUTGE0 RspUgisaligns and
powersb@rﬁtﬁ‘oleihféﬁddecéﬂﬂ@o%’eévzﬁéﬁfé eéetaﬂ%’t% ©OfroRPiHE ﬁﬂéﬁé}ﬁgr 1800 and
el ectrical supply 001 5 and fromthe regenerat or .
allowlﬂméh@)dWenSIbab OG0 b0 withdeamtcadiverydflwid afrctrhethgcsm@se@aih:llid header

1900 Ljﬁéér: ﬁgﬂﬂ%@hﬁ&v\er and ri%m %@f glnﬁ)%thcsa éI8W7r%:|Ln0|mtu?n ?\ydrostatic
delivery operation and above minimum hydrostatic recharge operation, the use of the
recharge pump 6000 is not required, as a sufficient pressure differential exists
between the surface supplied delivery fluid output and fill header 1900 and ambient
hydrostatic pressure to allow the delivery fluid output and fill header 1900 to push the
seawater out of the Intensifier. Below the minimum hydrostatic recharge depth, it is
necessary to augment the delivery fluid output and fill header 1900 pressure, through

evacuation of seawater from the intensifier 1000 by the recharge pump 6000.



[0067] Once the intensifier 1000 is depleted of
delivery fluid, the regulator 5000 is isolated from

Wwa b@ofisasensi fi er 1000 via operation of the intRCEUS1069/041706
i solation pilot hydraulic signal 1950 from an external

[0068]md$11@ah‘%fes§ﬁiﬂéé He §|¥é‘aﬁ8h of B rREASHIEe OO $84BrhSf a state

operated via the recharge punp I nstrunent
transiteymdirgrem, i Wit thaofotb@\mg slotes: adle fulePf@teidt® eroptyt 8102, idle

vans 4TSS LAl 1 A5 S0P AR08, en pescer

under Iressdré rehdrhe %M@@efﬂuwﬂmeﬁl@ﬁfaté@@%tu@@ﬁhepé B56 iHtensifier
mthe surface. In water depths bel ow m ni mum

1000 nﬁ/mlbgf delierydluid @ang updarapiesaunaonidvef Wenfaguator 5000 and
capaﬂ@%‘fcﬁﬁééﬁdr@ n%e%%%%fﬂﬁﬂerb%tt'%ert edglﬁ/ee 9ffm¢%g%%d from the

rechar ge not requlre
underwaeasmlmcdIsfy_fsﬁfmntdlalenﬂ:)tysg'l@meUm@éB bfﬁamlwhéﬁ@the intensifier

|| f1uid fill header 1900
1000 ARG AYS LOSPEDIASSHIBaRIFE of SresracsintonB0RE B s fonger
able tB'dib&?é}p%pd{:{nv@%ﬂuu Ier!h%ggﬁcﬁeﬁk%ge Jrén&qntﬂﬂw Sﬁg’ﬁros \gfaltngft 9103

indicatesc laisipde depetg the inensdmes$@0Y is odiaciyamgity t:ilehvery fluid under
ut ,and fill ressure,

li fl 190
reguiates SHR edtticto Bl Bho@Biaat SonfphyeeRY | QBiERsTss recharge
9104 E0AQtdty Whérer Behatedifid 10608 ol Bﬂgéﬁ uhdér refuiifse 50@@%0ntro|

the operation of the intensifier 1000 in the form of
and \@rtluir@vwnsamllvemﬂdldagmm delivery tfhid f @utpotriamg §|ﬂah@ader 1900.

Undoigf S sefiorbR, 495 4§ €508 Hoshes M pEpREETRE s o tonger

underrr@gbmt@eSGOO%ntr@n%H@Eﬁﬂﬁﬂr@#ﬂﬁlgfd%ﬂ@é%ﬂﬂ@idrﬁ@rhal‘h@edehvery fluid
Idle full 9101 i ndi cates a state where the

outpuf m(gﬁﬁ,uhﬁa@!er 19 with asgistanse femi the rgcharge duame 60A@ evacuating
seawegéfssﬂ%ln‘ﬁ ethgolﬂgérglﬁeﬁlhﬁitf ﬁ%%Liﬁbg eg%gnaé‘t 1PBAR ReBfibed as
very ui d, “bu

schar er 'no ver
causek|far ﬂwelltreramtiorh rmainshentﬁ‘ﬂdérwmm whent thelinteysifiem? ODd||§ not full

empty. 9 102 indicates. a state where the intensifier
and t%%.'%f%!?&!%}m@fv Aye PUOFRE st 3itive S NgESREr bransition 9114

occuré W?\e‘hetﬂ@' |ﬁtte?|%|f@9qg00*?é‘§‘um8néj Y R ARE idoPatliS G188 ?)g?t 1920 is

delivery fluid to the underwater control system
not adtiversi engapes amdiitha rechaags tpanep WHE0 ds noé rumnlagsTrfanettlon 9117

ot b AR el BB ESH S o
rechafgée pRARS $606 Tseﬁbﬁrl'@%ﬁ%%o"}'rér%ltﬂ)rﬁmtl@ SRS Wihén the regulator

intensifier 1000 is no Tonger under regul ator 50
isolatign raive pHeld132¢ harwﬁg:)rd@mq;a@waﬂd uhe purom |a@latloer»galve pilot

1930 s o TP e et B3kac By POREIEIBT ilfpgo mapsiior

9119 m‘cdr@ﬂﬂﬁfn thedesgulgtg b sl @tlon500e gaBt N9bo |§|ﬂ16t active or engaged.
w thdrawi ng delivery fluid fromthe delivery fluid

Transiggp pit 6aﬁGC*ﬂ"S| whgaafer repydrsoniisHatiays ivatven pitot { %21@ tipeactive or
engagreﬁcﬁ?d éﬁ%@%% 868815 MnSiH V‘@Fa‘?{sn[ornogjl é@%ccurs when no

|ntens ransitions be ween state
changéestnmihaehflas 1000 volume is detected. Transition 9121 occurs when a

decrease in intensifier 1000 volume is detected. Transition 9123 occurs when the
intensifier 1000 volume is empty. Transition 9124 occurs when the regulator isolation
valve pilot 1920 is active or engaged. Transition 9122 occurs when the regulator

isolation valve pilot 1920 is not active or engaged. Transition 9112 occurs when the
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causes for the transition. Transition 911 5 occurs
when the intensifier 1000 is not full and the
WO e@ahidaser i sol ati on valve pilot 1920 is not aRCT/U82009/041706
engaged. Transition 9114 occurs when the intensifier
regulat&@9idolatioh Walveaitht 120§ Gt 8F ehgRIt hRdd thitetBaRid Blimp 6000
1920 is not active or engaged and The recharge punp
is runpn@o Tiransitken SdihiosgursTwhasithe dntepsifier dEO0r wolwmenist ol and the

e EGEHOL 0, B CINT a0 ARl e 15 o

when Thersshiargd phpSeorcigranhgn the regul ator isolation
val ve pilot 1920 is active or engaged and the pu

[0069] soFHp; arshesisy@ vigriplien pd e isysigs thad i6¢or@ﬁgﬁgédhg%apability of
wivr i SRR TRof 3o 3o Sy IG D30 B0, o
from arsextetnal dluid/ mcovegngagEdiatar stosigiel tank %ihd 0D20chat feediearom an

the reqgul ator isalation valve pilot 1920 is active or
Unde%ﬁg%{gfz agﬁda'ﬂ'ﬁénqte%ﬁ%e punp 6000 is running.

it . s .
100707 SBTC o AUtk 8Gelein eflgMaBAANNE, | ed BUEDENE] Boove the
minimdat hydrostatic operatisg fdegpth D0 AI0e \sybieme whertethec secimulators 2000

Trapnsition, 9123 pccur,s, when the intensifi 1000 s
are ugf By stars ey, ASRAINE Sreratisa raesiTe dien Gefdery fluid input
and fill dgdbiat 9000 SY@alNe akalv@lbl BblatBA0/dIve bt VD49 are provided

engaged. TransSition 9122 occurs when the regul at or

from the| exteaial vandervsitéotcontRo systerot taacaliove for indiyddieal . isolation

capabfifGS Thb e bygor TRt BrhaRh Rt A, AWTLe g0 o

the epienmalcQn@eiveatetvainigl sl &licvs Fod kopgRuhatibenoft idividual
intensifier 1000 volune is full and the regul ator

pressiirgo| eAswemRENle §d otndiddunli Jluitht level | meeasuremgapewithin  the

| b 9113 occurs when the recharge punp 6000 is
acc””?‘ﬂ%‘%?%gpg?'ooeg] FIG 5 shows a variation of the system

[00711 haFiGndoillstratess a Begsteap adurfigtivatioh w tl:h?lrraagé ngsed above the
.. delivery fluid fromeithey the deliver ui d out put
minimyey hyfiictationiechatts. dBPUY P e syeiei  Wagrer i acqiiedalars 2000

e t |4 f - i i
oo LS A8 8 0cH05 85 A 80 Br 5 8 J0BR i
and fill header 4963 anddptnsifieconDQaratused tbgdnerateedktlivery fluid power
excl usi vel bove, t.he m ni.mum hydrostati c operatjng . :
pelow ity i RS aNE “oRrepuny etiRe aivan r 8BS0 lite sotaton
valve PicGi§iRals 110ue Alel drv@itgd fitdih thatbxidifalQRRItivaiRE RNBDF ¥ fem to
of the delivery fluid input and fill header 1900.
allow fgyrdinglivisienl saenuminlatos riselgbvatdapabiities.eHytlrasdis regatater isolation

vaiv BSR4 D oy B B R R W Bt

allow furdudividabbredhasge ¢apatbilitaoLithicCiatdrdifera NdOROWSHrAa@! recharge
19 10 to the external underwater control system allows
pump sigplatieyyalyecailato O3 sighalsyatyarovided from the external underwater

control system to allow for individual recharge capabilities of the intensifiers 1000.
Hydraulic intensifier isolation valve pilot 1950 signals are provided from the external
underwater control system to allow for individual intensifier isolation capabilities. The
intensifier accumulator instrument communications and power cable 1910 to the

external underwater control system allows for communication of individual pressure
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pressure neasurenent and individual fluid |evel
nmeasurenent within the accunul ators 2000. [0071] FIG
W@ 20001182300 at es a system configuration to be nmapCUESW09/041706
above the m ni mum hydrostatic recharge depth of the
meaSt%é‘i’rféfr"fﬂar\t‘:hiﬁiiﬁiindlﬂafl3 fREE | AeisBrerROM @ﬁﬁn%ﬁ@dadcgnﬂlé’tb?s 2000,
delivery fluid at the operating pressure of
and indifiduad myessune @ndn@umameasuremﬁatawhmltge@ntanaiflers 1000.

o072} 96,8 eASPS SRS BT B ol b e oo

the nilighiuan! hgdreeritisubpeeitings abpth @mdv albw@e PiHeOtMiBirAMAl hiydrostatic
1940 are Prow ded fromthe external underwater control

recha%ﬂ@ﬁth Gl éh@ Swstesn. whare it dntensdigru1206rafesgsed itorgenerate

delnveé?q '%&’rghﬁ'é"r‘ @ufa?&“d?%é’#oﬁ I\ﬁée pﬂ% V'F’ééff signals are

S are-provi rom ern

provrdedcf?wahelextmigehIruﬂd%wat?mﬂﬂomymmft?rallbmdﬁo\élé)ﬂgimdual recharge
char capabiJities of the jntensifiers 1
Capabﬂ@ g8 i Hewralic 6aCa0¢ BNP Jeolatian valve pilot

1930 §||gﬁﬁl%| %reael%vﬂfe@"frgﬁld\hfer e uﬁ)ﬂbﬁ:{ré‘t@r cHHﬁiﬁr ¥‘?§t§ﬁ1 to allow for

stemto al or 1 ndividual rec
individeep sdxinarge eapalbiliidseof theeinirsifiers 1!)000Hyﬁ+;aﬂmaumhecnsmer isolation

t | I 1950
vaive bl Tthd 8hals 4t el dtart o eRlpuianda A coplibLaystem to

allow tfor alnopadAT irftBAsiHedus atit e@épbébllﬁfes' SPhat jdhsifier instrument
capabilities. The intensifier accunul ator instrunent

commbmﬂﬁn& andopewan gablewé? 1@ 4o Itee derpat gndepvaigr eontiol system

atows PACCHRRG GRS, RUBAHTTEAUR, en RTS8 Rl i

level m@agjremwmneme intdnRifiers heo@ccunul ators 2000, and
i ndi_vi dual pressure and vol une nmeasurement within the

[0073] ¢ EI@ Pilbusdratep @ sysempromfiguraion o et vegd belows ke apinimum
hydro%ﬁﬁclt, n(%ﬁngrﬁglgé’ %at (R D&y HERY e%tg §|'f| \ﬁ% 4 E eﬁh?o generate

1c opera |ng ove

delivery fiuichpovisrdarasthat ftechaeshpuge @Dﬂﬁ hn@fpotnjee pEYR 700 are used to
. ..wWhere the intensifiers 1000 e used to genera
indivically yee rﬁﬁuﬁtf@ fierpy H0K stdraebth|r%@lagtqr§%q>|§tl%ﬁ/alve pilot

1920 ¥Bh¥R @He' Bﬂovi’a%%iofréﬂngﬂ?@l éxt@{r%l RinB¥hASEr fcf) %"S?stem to allow for

external underwater control systemto aI
individuadlirecliarge capshditige ta:fatimmtemslﬁsrsoﬂ O(ﬂ(heHydltaelhsmecha@e pump

solatigRygive i T SORR B denri iR Fife bkr e Gnfletes pontro

systerf oot éwd)wswtlﬁmmaalrb@r%rb@rcapr%nwe@uaf trﬁ@%‘t@hgﬁiers 1000. The
capabilities of the intensifiers Hydraul i c

hydragli; istensifiasriselgtiomvplye mﬂtv’@SQu sngmalﬁ%e re0ydad $raan éhe external

under@%féiﬁ%gﬂoi %fﬁblfqg]% orﬁhcihglﬁgg e{)@%nglfée%ﬁgcﬁli%\@%n cggét%lntes The

intenstii@paipistrutrient . cJﬂnﬁwunﬁeﬁi@ﬁlsf el ipbgir UpEBIE 1910 to the external
conmuni catl ons and power cable 1910 to the external

undenyatesr wePEP! cHHtedI %@%erfpm s Undgaticamalnirdivideal gfressure
meastr8faft Salvolirfe P AUTERRH GITRRALth8MtehBiftbid fogy, T uid

[0074] FIG. 10 illustrates a system configuration to be used below the minimum
hydrostatic operating depth, where the intensifiers 1000 are used to generate
delivery fluid power and the recharge pump 6000 and power pack 7000 are used to
individually recharge the intensifiers 1000. The regenerator 8000 is used to augment

power pack 7000 recharge time and surface electrical supply current demand 0015.
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| evel nmeasurenment within the intensifiers 1000 [0073]

FIG 9 illustrates a systemconfiguration to be used
Wh2000ms23e m ni mum hydrostati c operating dept hPCTAI82089/041706

the intensifiers 1000 are used to generate delivery

Hydrallli¢/irégimatse is@aton h@l@gﬁi&ﬁmowg@a@%@@ [ﬂﬁﬁd@@"ﬁﬁzfm RRS fexternal
7000 are used to individually recharge 't

underyatesn eppirel $ysteoo. toHptewulferc indigduak dsechafgeacamblwtsﬂa/e)f the

ot R WA P BBV Bo BB P2 ot e

provideddhandie exferball Ulrtdeﬁr\ﬁram‘r doherol SyRawi tbi Blosy tb@@ﬂ:hvndual recharge
au]J ic recharge punp isolation valve pilot 193

capabgwlsﬁatp the dntspalietiedl Be diydtaibiceitansifiar @ﬁ@@pm/ava!ve pilot 1950
|
sonal$ 8 ot 1 [ AhE BSRRRLoEA okl o atow for

individual m’(enﬁflerr lsbtecbtbatoaplabmabs €Tlpe irdendiféoinstrgmaing camhunications

d th nder wat er contr ol
and ftyoe]) (caler JT0Lds T S R b g o <y gl opySém Blows for

commeARBRbh idf 'wﬁ:ﬁ\ﬂd@leprb@étﬂﬁsfhéé hrehfit BHERRIyme measurement within
comuni cations and power cable 1910 to the external

the Intemséfienat Bie cegrnasatos ysstarmant cwmsmiupicationsandcpewencatiie 8910

is us%ai qu\ﬁcgrﬁﬁé eﬁ']gf éﬁ@ﬁrrel ﬁ%asur errFé‘{E)b%rég? gjpéngq\ggﬁ %ack msr{rument

commuhloasibh@tel Eo@ﬁﬁtc@mecwﬂﬂ) gy nakdor hnker %@dc@rﬂkﬂ%e power
t he m ni mum hydrostatic operating de{)th where the

pack 10} Adiefreshardequama instivseentieonyapsicatiensiend werwer cable6910 is
used tBQ'WSﬁlt cfé%tfiﬁ‘fﬁé%&i ayé' Cﬁ% %be(ﬁfd power pack 7000

o 1 ndlvidu he intensifiers

[0075]10091(3Th’e|msg~etw atxystHOWInfigurisiod tb%@ugﬁﬁrﬂelcm\&ﬁé m|n|mum
a 7000 recharge tine and surface electrical sup
nydrofiai cReTaUNG AR, Whais diBINEnsBet G0GD P st Jenerate
dehve?aﬂl.‘f i8 rFQM Jﬂngﬁm%t r?rcﬂgﬁqesp ‘f)stfrtgdt@é érqr?goalel??akpefooo are used to
mdlwduaﬂywrelmdrge edhar gﬁenabaﬁm I1@0(Es Tote tintensifieeasi1DO6r tilize a

I tion val
roplach iRt SUGRANS M SaMGelt H Rl D Riskult o it e do allow
selectoPNGT @élrv%)ﬁﬁﬂ@i@!‘ fof r@(l:Hé? febir Biher tﬂHaéuhbrsg E{(Qﬁeader 1900, or
capabiliti'es of the Intensifiers.
from amtexternal Buidi ssoseioreseavaie vig Ithoe remrgufmlreadee 1901. The

rogen@Ry B30 1 D48 RAL B R R Er S0 S0 Bk S SR surteco
electricaipalpply tueent d&@ahatoensi Hy@FadI'@%bUlﬁ%ﬁlsolatlon valve pllot 1920
communi cati ons and power cable 1910 to the exte

signalg refer weRdded dinmothes watasnakbungaevater Qﬁfﬁﬁmrﬁ}@iﬁmot@ @ﬂlow for

|nd|V|d'u%ij hé’dh%?@é c?%?% ﬁt;glsf o I SSIHEI%{I)?%&% aiﬂgq ﬁhﬁ‘f 'F&Hﬁ&% mﬁ]p |solat|on

valve pldUtmgiBOCagnaIB%rarm‘omdwI‘frmlﬂh@eﬁ&l@allLmddafﬁ\ﬁdteir@oﬁﬂﬁl s@tem to
fa trol the regenerator 8000. The power

allow Oﬁé@(f Vit eshRtams dhan e Qirﬂiepb'@)tﬁéﬁ'f'@'éﬁoﬂ%Oeidtlxﬂraﬁll%g@%nSIﬂEf

selectioft VAN b6t Fo%b SRALILA PovRRY from the external underwater control

system to allow for individual intensifier isolation and recharge capabilities. The

intensifier instrument communications and power cable 1910 to the external

underwater control system allows for communication of individual pressure

measurement and volume measurement within the intensifiers 1000,
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pack 7000. The recharge punp instrunment conmunications
and power cable 6910 is used to nonitor and control

w0 b@onsgashar ge punp 6000. [0075] FIG 11 ill ustPEE/ES$2089/041706
system configuration to be used bel ow t he m ni mrum

[00761100 L85l Pa%é‘tthé‘%n%?@b@qrwlﬁftﬁe {tﬁeéﬁ‘tM' Eérﬁgﬁ%%deof as

are us to generat Lver ower an
assemtey lvd raparga impusing 04 Y rmpediem paukln@mmrmdmael Homsing 4300.

The cpfyserquig 4186 SH e IEnal 68 Pizbb AR j08ag fyatahge 4100, and

the m@@xum I%’ué{ﬁg? \4200'dﬁd'flr\%thcﬂj3|r‘id@3@0‘éf@}ﬂlhéd b?ﬂbﬁéé QA02. The inlet
valve to | ow sel ection of delivery f

to thermsa:@n ge001is indiedteridry thednkalbleegef404i3d ﬂhleadﬂlet Tam0 thescreen

4000 L BRYERGE 71 B8]l ko205 TFESELHE oot eb op mecium
housint 2200 Carkl Bh@ AbuSiayeI3 005 e A8 0nt r@@i’@"tglﬁohltﬁ%llaﬁﬂlhe housings
surface el ectri cal supply current demand 001

to bwmn%tIVegmde tos op asiRpPriaY v etrgetuss. i@i@om@m% have
mamt&ﬁa‘?} &'ﬁ:ﬁ 8% LAg 4365?}@@3};@%%%%&% Fe |88<%Ht{|8‘fut%r media in

bf 1 ndi Vi A7 ge Capabi
the reebed:th.@ _hnuangszlae _S’coai'iseili‘\aubing 40 anptaim epraptadezblegoarse

i val ve pilot 1930 signals are provided fromthe

filter AéipeF’ﬁg'gnﬁﬂd@raﬁé’f’ﬂ}‘%@iﬁ"{?r%ﬂo‘é’y@%ﬁf ﬁQOaﬂlﬂl@\WﬁfRﬁ’f minute, with a
LNGH Wi I a b t f f

volumpieh B0 QEIRRABR.GANR BhNTE Pl BF HEPCRSE fafigy and o

Taylorsmgalalsszeamfezw 6Rhedmdfum moubinged@Hr oantainsde replaezable medium

ter 5, bGP BB e b b, LTS e, it

volumkNstt 600t @Iwmré@dhﬁlﬂsaﬁﬂ%cﬂ@@ﬂb§@b'rﬁﬁ3§ﬂ&et @attBe and a
ext er nal undervvat er control systemallo

Taylorgoeshiaizeaafi28n Toe finechausing3Q0 eestains armaqa@iﬂmfmaritter 4310,

desionfl FerPAEEEE Dotha bl odfophef b Al Rl g o.ooo

galloneORPId 56Hs Off RFtidnsePlattedf adar e/ hoHEshgside H®. The screen
medi um housi na 4200, and fine housing 4300. The coars
P

4000 ﬁdﬂféﬁ' dicye il (B0 B saliongy Pap punuiee ajtetahyalusye of 60 000
gallon%%ﬁf@%ﬁaéﬁggxgl@g%tgh& {'@ﬂﬂo %b%%t@ppi%gglaﬁgoﬁtjaﬁﬁnants with a

afe J ol ned

total préssuse demnof 000 pss Iti sfl’rdﬂukabe @pb]vedidited ithatethebé fingecaiiR@Birations
The outlet fr OH] @e scr en 4000 is indicated hy the
are exgifnies apg hgfotnen terﬁ%‘ igeRtions RANPHYsad 88 Wetkdi um
ou @\?]Ub ol 4&%},, FRYN ;
[007714110 'h@gregﬁ% t Lo%?.oﬁggﬁ%@ﬁ%e perér}%ﬁgﬁtl flb\ﬁ%r]‘eogﬁégatwe
pressure regsilgipot isngsest inuconjuactian evitholhei hmﬂdifaereto supply regulated

ccand PSR S P 0 oriled B Zalh BRI dotver
hydralhli?}i%bﬁﬁﬁal filie &oar %Peaﬁésbl%sérel%o@@nh?dﬂﬁtaﬂic pressure. The
epl aceabl e coarse tilter 0, designed to

regulaéwc&@ﬂﬁdartlbz'%s fiyovpstatie wessoe, gaedofywsed difetardial pressure
refere%é,haﬁd feed back intensifier 1000 fluid pressure to maintain downstream
seawater pressure at or below hydrostatic pressure during low or high flow
conditions during delivery fluid consumption by the subsea control system. The
regulator 5000 is designed to relieve to ambient (hydrostatic pressure) when the
downstream pressure exceeds hydrostatic pressure. The regulator 5000 utilizes the

pilot accumulator 3220 pressure reference for its feed forward reference. The
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vol une of 60, 000 gallons throughput, and hold 2 | bs of
particulate matter, and a Tayl or nesh size of 250. The
wore@oasashousi ng 4200 contai ns a repl aceabl e neERPETIHS2009/041706
filter 4210, designed to accommpbdate a flow rate of
I
reguiaggr%ggﬂ; u?ﬂzfeosglglﬁplﬁyﬁéglﬁ) dpr‘@sggread%!w ”?Qgg ro??fg%ﬁﬁensmer 1000 to
provideamamoforital sumagl eromest gdineassbced With fechetihos sifrdglivery
fluid 4300 ng’bﬁl ns a replaceable fine filter 431 0,
ul ptﬁ%%ﬁ"ﬁﬁ b accommodate a flow of 600 gallons per
[0078] NHIE, muua;trate@iné%l@fcoﬁﬁe&%sg@th@rrégula%rostﬁ)d bﬁqre@mated
particulate matter, and a Tayl or nesh size of :
ambieg msessure (B anateie shigne dhe cﬁegtdatqrow%frermfheee@egal 4Qﬂ@s at the

inlet s{ﬁﬁ{ %%%%?20 %gﬁ h?elt tsé?l #u@?@i@%%%&%}e?%é 5%@@'8 ed pressure at or

belowp@ﬁbieﬂwp@éssml@ @bﬁmtlbﬁl@teﬁms Whé Regulbir BO00T SStBEr Uttt @plit flange
psi. It should be appreciated that these filter

5025 @Bﬁf(?lglﬁt A6 §EP HX G ange sefesenra RERSSHIh appligdfrom the pilot
accunt3Hdr BP0t %tgﬂglg r!@aﬁor?%ﬂﬁeﬁ agpuel bres[sgpg f H% intensifier 1000

regul ator 3 NG~ el I"évi ng 1A
delivefy tﬂwdapdrtnegm:)illee girtabisgr gort 6@05aﬂﬂser\ldlr BSO(DJ&&du[aﬂon at one
tensifi o supply regul at ed

t th t \ r t
atmo@%‘&t@gggﬁgsg%egﬁﬁ@egtatGHTb'BQIPQW %'?tﬂ ostatic pressure to
[0079?6‘“?‘?@ g 1I'u§¥r§fé%' A BkplbBedSldvy BF tHéVr‘%g}tht%@(%‘t(fo%pnsed of an

at a specific pressure above rostati ¢
end cpirr'@&*ma@ 5Tﬂ|$ewﬂh@elawa¢ﬂsr iBR0 ot 5001 escylndieo bbdy i5d 09 internally
i fferenti

chamBeB3righ&od it B B o Fusieh Tioe B8 $Pirad 5111 througn

subdiAdiRGSBUIRh& A ; TEH @ﬁ@'c@pdéém%ﬂﬂ@a@fﬁﬁﬁ‘@ﬁrﬁer%a%sﬁ@'ﬁ a"l?!ow body
or bel ow hydrostatic pressure during |ow or high fl

5150; edfiw biodmaauan ijeidéaw bedy sealsub otk @apinied me@tylatdn@pnt flange

port SHI52G5 OG0B EEASE oS ESHI LA B0 Ao Do po

5025. ddwnintaraalapaggsmest exaeeds pteh @Sﬂ@boﬁn@ét@ﬁstdf toﬁh@d 5111;
rregul at or 5000 utilizes the pilot accunul ator

front pistas 108 Gasmnestaskie risionirpd ¥1dd @ndgarped amr@blyrfc% Seawater
inlet pghej@gluﬁgé gg 348 #\%Ihh}%eoc‘f ﬁlé?g%%g}eeﬁ tRE %?1%! |§ton 5112 and

I ver of t ensi to provi
end cyfmder cap &li 3s Resefvar port 532d hgai accassmaaioﬂdnwd hydraulic fluid

betwepficiie: ibdyiding: Brlsheel ot e afliosion hatioAL0Rrchine end piston
5112. Waﬂbﬁgs%nréﬁé?@ 52%20%%%%%? tém&%eﬂfﬁ@ﬁﬂ’%%%ﬁgﬁt{‘@%ﬁﬁeen the

enters regul at or 5000 fromthe scre
subdwicrhlhltbtdmaad of thegeyliboc0bayd 5109 endsbalfrat pision 6108. Feedback

port 5P B o 0 R P SRS el 886BS eHniston 106
and theufrbet cipldel chpamBe poppet asskmbly B105 R ?éé%mlo&gh the front

Gage reference pressure is applied fromthe pil
cylindeeamul at or 3200 at tubing port 5220. Feedback

[0080P" SFRE! 5 NIL8HERS EXERRY dr'thE rd%r 5000. End piston 5112, piston
rod 5111, front piston 5108, and the poppet assembly 5105 are interconnected.

Moving of this assembly towards the seawater inlet port causes the poppet to open
and allow seawater to move into the flow body 5150 and vice versa. A constant
hydrostatic force Feng is applied to the end piston 5112 via the seawater inlet port

5001 biasing the poppet assembly 5105 to open. A constant gage pressure force Fage
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delivery fluid port is applied at tubing port 5905.
Reservoir 3300 circulation at one atnosphere pressure

Wo g00appdsded at tubing port 5320. [0079] FI G 1BCT/US2009/041706
illustrates an expl oded view of the regulator 5000,

derlve%fof‘?‘&h' tﬁ@%ﬂ%ﬁ a%@urﬁﬂ%t@ﬂﬁ%lﬂﬁfe%ﬁ% Rldrhidd ﬁ@%‘cjﬁuston 5108

i nl et port ; cyl i nder body 5 109 i nternal
blaslnlﬂaﬁmmtfaﬁsemw |5r| 8bdn CED.‘EIQ Aandridble rabspiute qressuredorce Fiy

derivell it 3hS 48RS 8%x gepy Preie EPRAL PPLl Bilps Gi§n 5108
blastQH& éﬁfg@t adsdrhBly toAityse @ovaritible h?/@ﬁosiét%mm}teﬁﬂébsure force

; an inlet regulator split flange port 5020;
Fiiow d&HV%(dltfflO@t the sepwaley hy@wst@woprgsaw Wil @lyaarmmpt@rsure loss due

o fovt i Bhe i Ko S1361% PBpl s dlsk 264 HBlY 1081

[0081] od ThitXbrce batante pqsatq‘un BYFG.cORRELBRE -t B\, Bl,QE 0. (Where the
11 and %oppet assenbly 5 105. Seawater in|et port

fesult@@offr%g ewics fatdear%nﬁ@%ﬂeamressw& ‘We%bﬁqll#@ pressure
(gage Sigﬁ}/d%?%%%%l&@cr%ﬁge ?r?ﬁm ¥l ci%% tﬁ&?%ﬁ%éﬁa lﬁp‘lﬁﬁ grs to open

as access Faor
and beginvileering uetlbﬁhdmmedse@td)ulbbh dlal pobpeﬂmseyrhblyl &4 05bDBdying flow

through, 336 a9 BoOE<e Hto & APaTeRee 1 I crpRaTen FYdroaiage: RigaRUe is

d 0
ours 35 USRI i AR08 kO or

assendﬁlté:"él@& &JrﬁIQVoAarfkwoﬁhrI@}dghahhlel tow |hady béSddera thesequence of

deivo s B8, SO AR € B i Fuv

reduc€yhs ﬂ%elhta%ﬁuer[c@ﬂﬁ@s Lﬁi @lth How Hémaha aFgswit lrﬁ‘d#ééé{@ﬁnéfblas the
the regul ator 5000. End piston 5112, piston rod

51
Poppet ragsemhis 6dRS 50 18sse; dﬁﬁthehéeq;mtﬂomwfw@ flow la@@ 5150,
consegggﬁlrﬂ\f grrﬁalﬁ&[ﬂgdth%%kl ?he BARREETLSY FL OV ARl Nfasing the

poppet t o"¥pen and

poppmlamnﬂ:ﬂwvtatﬁosé olmovdaen ni bidshéhd IregulbtontytoSmbttamnd constant
Vi ce vers onstant hydrostatic force Fend is

closing REpsfe  bect rﬁeg%?réaﬁﬁ%@mr{edqq'ﬂgdh% PilfacR AR 3300pressure
belowPHiet dé&%’d Q'agé 'p[ﬂﬁsélh}% BPPr%e'int'é_ éﬁgfohéh\ﬁaﬁ id %{lﬁfé@ﬂtplﬁ\ 1900

constant gag essure force ccderive
headepi | ot accunmul at or 3200 pressure is applied to t he

08, bi th t nbl 510
0082}, SRIGRI¢ I Uik ARl o BRNBIaaRes DR Mgk, 8300 and
refereﬁéé’%&éﬁoirrﬁﬁmﬁbﬁd %ﬂoﬂ%'chl@quat@r‘ 92@@”[@ reRlents a@@@r’n‘b 3000.

to the front piston 5 108 biasing the poppet assenb
The pile} agossrulatar vaoParsferameereservoirs Hifs cﬁemreowpee@we transmltter

3121, E%QCFE !?r'%];éc%ﬂ'pﬂﬁ%tgﬁgﬁq%ﬁgg éréglg% V@sﬁ g ost[etg{,\)n(%o a manifold

block mhﬂvuﬂ@rriah@ofﬂlr@Nt@@@hnéctlﬁD Pil@t aﬁ@jmﬁl@tdloréféi%n@@ﬁﬁﬁtng 3220,
assenbl 105. [0081] The force bal ance equation is

resewpﬂeﬁucu%h@ec UG s3 120 FRferencei GWmp oesepveiTe tubiag 3133, and
reference pump accumulator tubing 3233. The reference pump double acting pump

module 3520; check valves 3530, 3531, 3532, 3533; and subplate mounted 3-way
valve 3510 are mounted into a manifold block with internal porting between the
mounted components and connections fo reference pump reservoir fubing 3133,

reference pump accumulator tubing 3233, reference pump stroke pilot tubing 3310,
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resultant force of Fepci + Facc represents the

delivery pressure in absolute pressure (gage +
wWhoweoseaii c), a decrease in Fjpt will cause tPEr/psppE041706

assembly 5 105 to open and begin flow ng until Fint

refere'nBé rpﬁﬁﬁﬁ%tr‘o‘ke%tﬁﬁetubm% @@ﬂpeénoaﬁﬁ&”?éd/urﬁulégﬁ m&érdsﬁﬁiecrease

I ow t hrough the flow body 5150, a decrease in
Se|ec@pp&¢tdnbln@y3ﬁ1@st atic pressure i s observed causi ng a

onas] SRS 92BN U OBl Rt i i

sngnalbomn 052A&B3il$ caugeesmmeeetuﬁé aRdl ipupdpy 3600 itsl baek®Ind forth as
on the intensifier 1000 on feedback |ine 1905 causing

the reppegtivieopilol gignals 3310 rad; 313 dnavief pressurigashard ypnigc in a mutually

1 F . :
oxeul YIRS Bty bl ol FEEBREAE, B 2 MARSARRE g chec
valves kau$e dvich twlpeShbled donrsghuibit S ywayedslee rgb hresulting in moving

: dr od m c reduct i f Ff[OW further biasing the
fluid Ws%rﬂy?a@s'feﬁm ;32@ 3_%83 reqt'ﬁ”o‘?fd@PV?'E'eﬁié%QPH%m%d by the pilot

S[gna"‘% gétm' \}’él@e §?ﬁt ant dosi ng pressure, Facc

ecre sed ucl ng pi |l ot accurul ator 3200
[0084])r e$dGr 8 bbbwwth@acm of edrr@a’#'ﬁ(bnﬂeslwmaulaf pitdie 3310 and 3311

move b §8Toe pigtoR  pretLirpatar fEibabBataps2 and s displaced i

and oU?BHI%‘@@n@#thaﬁﬂfB#é erﬁé%@@HnéleﬁrebWeéﬁ%ﬁé\métbn?am1 rod
0 and pilot accunul ator 3200 in reference assenb

l'y
end aedawstomr@qoresorltsamammtemﬂcamn@f pre$serrertwéweesélnato@xerted at

3310 Hd A fSR B G R IR B s5aeer e BRI i groess
of thedpiltiingf predsireo Thevéwdpti Vilemaadf ’m@ﬁburﬁg is @ppeaaertell 025 cubic
pi |l ot accumnul ator reference tubing 3220, reservoir

'nChe\"clRquSf&@lFQJnaUQ)fb'ﬂEgDMZQCCH"@ﬂ@F%’nééesﬁum) tpebergdusted in small
mcren@% ng 3133, and reference punp accunul ator tubing

The reference punp doubl e acting punp nodul e
[0085]352@’16,0m&mmmte&méﬁ%mﬁﬁﬁﬁ the3Edrendb3Idsemoit 3100 and pilot

accurTHIRr G20 1B it BHCHLLAAE 238 FrPYiges et Giih Prassurs reference
(relatl\'?@ WHHRArFOBRER ?@éév@@?']@ ol eés%ré gc ® wﬂﬁ@epﬂ%}@)) for the

reservoir tubin renc punp
regulatmrbﬁﬁ@OBIB@ relsef\emregmsspumlpnm isoleefypiction mfummgcﬁﬁﬁulator net

0, reference pu r ok Iot tu 1?1}1 and IP
volumgy, o PEs R FRaShicRi Sloveimbtiuttlydf e, réitmstig Teservoir
press&%& tor[@8§Hstic! ﬁixrpbgeﬂ huﬁta&ﬁ‘ﬁ@rﬁ &he. §@Eﬁ6‘ﬂ iﬁoé;o‘; gb@@mulator

reference punp where pilot signals 33I0 _
volumgagan salisty Eﬁgﬂb@ibr éSOQ@t Dn@ramnalTheurﬁieme assavallk 3000 is a

cosod SR8t oS RTGHLF STl D168 bt o pio

accumimamer (e.g. both pilots are not energized at the sane

ime). The che
[0086] As fluid is pumped into the pilot accumulator 3200 from the reference

reservoir 3100, the precharge gas in the pilot accumulator 3200 is compressed and
its hydraulic pressure increases. As fluid is pumped from the pilot accumulator 3200
to the reference reservoir 3100, the gas expands and the accumulator hydraulic
pressure decreases. The use of incremental increase and decrease of pilot
accumulator 3200 pressure allows intensifier 1000 pressure delivery 1900 to be

increased or decreased in a controlled manner without violent swings. The
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val ves cause fluid to be noved through the 3-way val ve
3510 resulting in noving fluid between 3133 and 3233.

wab@dsasecti on of novenment is governed by the PECT/082009/041706
signal 3312 acting on the 3-way valve 3510. [0084]

prechglilq@ }%r%%sﬁlkéo(‘!ﬁhb 1é|‘?'fheof3ll WA AR or A508 Y has hé%f]capacity,

s 3310 and nmove the center piston in ea
establiihesdt's omediain.ul loe aangﬁ)nf pre3sge adgisBedt issa ﬂJrE:pbacﬂédhe gross
anbers. The differ

[ d
volumg o g B e LT R0 518 WO valinaea I FSH iy reservoir

3100 rs&esfurfoﬁoh@fmgmsgwmmé@w@ piRdt RCEARNHET Bz{btween t hat
exerted at 3310 and an resultant at 3523, allow ng the

[0087pumb|Go2gdiusirates an sielosiedeview tbe dateasifiend0po| Bhea irgensifier

1000 B GGifbligeq §F'5n BOE gt e o0 eldidinBY Mibglling sings, 1013, an inner

barrelpi 020, &6 dtwiad B&i0e| MSEOEIENE gaekhge adja0s teediriner w8tdl instrument
increments. [0085] FIG 19 illustrates the schematic

jumpeg1G5Re twe faneroarTdl eexipi Sensp® 1834, iisien A08Qnal Riston inner
diameteC%al 1%12%16[9&0?10 P 'h?éter?’% tﬂés@l,”éa?w eﬁer‘«’(ﬁﬂ@r barrel flange

pressure r rence |ve
1011, raesregulatar Boﬂe@ﬁnamlmda ut(b3pree paiume igdlatoratvalvephesd) a regulator

for the re ul 000. The rese 0|r Qss vo
pressy [ABSIUEof 04hen dobaauloPartel onyeetd2ty a: dsfhiry,pressure
transddc@m@‘ﬁqebﬁnéﬂrurﬁ%\é’nfﬁlﬁhteﬂ{éﬂ peweF cbhBettBERBSE! M%ellvery Dressure

reservoir pressures f l agnosti c pur poses. maxi
transasfcep .imstgaheninginyrars 056G caumed@ator websure matrus’wnlt gdimper 1050,

and o §9Hb JpERarie P PERIRFTaed” ToE TaReE RareE PSR IRTIE to the
1owerfdu4e|d areMildhger B9 ah¥ahs ' a Rbéhg aseHon| A2y - THOQRRr barrel
As fluid is punped into the pilot accumul ator 3200

flangesr HiRt Aed r1@ﬂér9é”ﬁ09éta06§@r{0<§|ﬂ$ tap 20d,batiean pf dihavige bgars! 1010,

I c
ho. ik A5wBL SndC B 400, FOhese PTG ML gyneac
conndctt& poESttoapmuidd atorinedfdl) Botwbbe thef B’fr@l’lclﬁai’rasmsml‘rrentatlon
3100, theggas expands and the accunul at or hydr aul

packageeand, the fBereficlinciinr hexe1$f0.i Hhe dpBaf quiel el diange 1011
mcorp%?é&egegl;lﬁﬁéfé %lf%tleet i?cﬁ&&'gﬁ’c}rﬁw?rvéiggo‘fqﬁgﬁsggf SR NSof the

ntensitier pres ure Ivery
seawatar seaied ob thal éutensifed 1000 rarorihe akhakitoreb0@0 anwdt theutecharge

pump OB, AR ol rssaue Eekeoh PP isditsd 1o Bie upper
outer %éFr@Phbﬁéi@sl 0% 'ts ;ffSGUérbregﬁ‘?rerrﬂﬁ%u@fmé?ﬂ‘?ﬁ%Hé‘?nternal seawater

adj ustment is a function gross vol une of
preSSlpﬂeI it thecintensifiarotOBROhe Miveergruies bavkuftengsd 108 incorporates a

subplrﬁ\/tgl r%h@ﬂgq% {:ﬁ@t?(ém(?%{/e %g@ﬂg{ﬁr%@p [g@% ocpellver HSidgéé)cSi%n of the
intensifier 1000 from the delivery fluid output and fill header. An alternative subplate
mounted control valve 1059 may be substituted to allow the intensifier 1000 to be
filled from either fluid delivery output and fill header 1900 or from an external fluid
recovery reservoir 1901. A subplate mounted pressure transducer 1054 is mounted
to the lower outer barrel flange 1021. The subplate mounted pressure transducers
incorporate dry mate connectors, allowing the use of pressure balanced oil filied
(PBOF) cables 1056 and 1050 to be interconnected to the intensifier junction box

1070 near the bottom of the intensifier 1000. The instrument junction box 1070 is
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[0087] FIG 20 illustrates an expl oded view of the
intensifier 1000. The intensifier 1000 is conprised of

W@eooous2s00 barrel 1010, el astoner nounting ri ngBCI/OIBN9I/041706
an i nner barrel 1020 an i nner barrel instrunent

compﬁé’é"d‘éﬂﬁre%@éh% hé\J”Slh &k do’h%fz%@égforg ﬂ'\gféga(\)n?]aqérspressure

two I nner barrel OXIH] Yy Sensors
InstrumBDPBi)lﬁlcabtm1Dﬁ&erthe|daa‘riyeefr flgidaguppdB pressargiinttamment PBOF

cable qggf_ﬁr thde! %@ﬁq@%h% éﬁ(ﬁlﬂ C%@E Ut e{:l tgaggﬁ%nal nggrwater

contrdl%g!;t@hh MeNglidePBOF3caliie e 0l arh@nnﬂ@h@m&w balk‘héaH@B@Prcable is
a lower outer barrel flange 1021 , a delivery

compiisesk 6fa entltieersdtiinier (copsar) cablmsupparting separatasangaciers for 24

volt Eﬁ?%ﬁﬁé{e %‘{‘& 0%%})&\4 acc%ﬁrglé%?crg’ﬁpgé 3?‘2’# oﬁ" I%g@iﬁéﬁcﬁﬁdemater control

systemnﬁds r thee nibnéru nere] 1om0mumishtanBupprtr Wtﬂﬂ@eﬂm)l Mhe external
nper 1057. The inner barrel 1020 is attached to the

underw@mr contrel Hsterg intensifer nyBREareakde A910cis meroprisash of a
e e oSS SR8 AN S, B g for 2
volt D@ piiherl bbﬂ'ropluﬂ eignadiines, dhadrgeial @3hmucioaimrsate sha external
? ea bul khead connector 1055 to provide
underw@i/ﬁ,\' rgﬁsﬁz?%en the inner barrel instrumentation
[0088}’aC Hageyeet O f 'tl'i‘é ‘?}Pﬁbrﬁ '1@301 éﬂfb%é R} PRab P -an u‘ﬁJs between

pper outer barrel ange 1011 i ncorporates subpla
the ou’t@mmm P 3dbrvetl abowertbe seal k@e:etmmxsef ther pistooi wfiﬁararmifthe inner
awat.er, sec

diamel el B G0 B8 G o o e ARBPREP Il BtBoaIA Rk e elinches

abovefwtséél RICABGH A HRN ISR in l&SH:glhésﬂaa%@ﬁ) t&h tekBraction port
pper outer barrel flange 1011 to provi de pressure

1060 ﬁﬁds\ua%lmﬁt Pt 10RE aner ncatad slghibt sboys dsse teviels thallow the

o P90 R SR Lot 039 48R o

1060 aisdbahulog |¢mtmalmse factionabaci ara gfed fLensure turbulent flow
intensifier 1000 fromthe deljvery fluid output and

is reakizqq agwsgdhe oyfenpistomdOBPewalppihenesemumerds pyrtes) from the
rechae%logsn%%m?é rgg(oﬁyﬁsw kygggm ddugamlttmm )}ﬂb@iﬁééffo? a self-

to be fi rom el Ivery out
cleaniagdadtidn tdhdlaeleseal@6r artefioo mf atheemtemsnftﬁr 10@0 dvhen it is being
reseryoir 1901 . A subplate nounted pressure

recaver
Techa'igregﬁgﬂﬁﬁtéﬁ‘eqf@@ Operai¥8inted to the | ower outer barrel
[0089{I a%oﬂoﬁi@(} Egﬁoﬁqg%@é%r’éﬂum’tﬁﬂ ﬂfee%ﬁérﬁmosi)here ﬁgnjomed

ransducers Incorporate ry nat e connectors
chambereolighe dingsr earselr €02 andc pistan 11080I loe de(iRBOENadrEby evydraulic

0 050 to be ing ted.to .the intens
volump RO RS 5ot PG BT RV UPR ihdRertRdi elaufe to the
inner lﬂé}%] indtRembARtibH PRIBkade! 101D OPisR1 dﬁ?oéﬁ@@@fhéﬁm #Hd empty
pressure housing with dry mate connections for

positicfeigvrieasuisreas idsiclivs premiely sepeprscAB22 NoBsensor fos measuring
plstond’ﬁﬁd’ SE)%’U&H l&(gjss%%pe‘f’ lees%ru?é %%Uﬁdé&c‘ frf 4Bk st tg%:nor art intensifier

instrumentation. Fluid level in the inner barrel 1020 (as a conseguence of unintended
leakage across dynamic Piston seals) is measured relative to the inner barrel
instrumentation package 1040.

[0090] FIG. 21 illustrates the cross section view of the intensifier 1000 showing
the piston 1030 in a fully retracted state, full of delivery fluid in 9800. The intensifier
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cabl e 1050, the intensifier bul khead PBOF cabl e 1060,

and the external underwater control systemintensifier
weBOp/18a e 1910. The intensifier bul khead PBOFCT/EHEI089/041706

is conprised of a nulticonductor (copper) cable

1000 S§p@tﬁ’réhrﬂﬂa§%§ibﬁt Sre%@.ﬂﬂ#%l@h&ﬂfepra% Bakdp, RhikAWBFovides for

serial communications fromthe external under wat er
pressu@nmuﬁlphggmrehe’tweetrh@eu saayvatbasueply sienohiheapurops! O5drand the

. . e external underwater control system
fluid C@?@& Qﬁlﬁgglgég: cable 1910 is conprised of a
[0091[rul FIGoRduRlstratés @PBeMmpansor idpgresdure)inkaRIfRrs, intensifier 9814
porti nggse parat e conductors for 24 volt DC power,

and Irﬂtraﬁélflebﬁp emngadied inntis apnarates WitensiteruPB thtuseasa ted and

pisto g%g%@% J @%@E{c@%ﬁﬂrﬁggﬁ glﬂ:ng\%\sﬁﬁ)me b%?@et $§n the piston

Oor a seawat

and I'(thBeldilLWhlbhtMEtﬁrbé hent@dtteramblehtégrbéb@aﬁbd\m{gémﬂémi@kbbé into this
1 t
volumaa, 1|tOC t@,él.?é]qig%;b g}sn’p I ?t}agpnyd&w{y:@"? n@mqn&ilggg Intensifier 9814

used H’Sns'théoﬁew éﬁabﬁ Hmyam%a@'a?n{ég %ﬂeawwéﬂ%fsgﬂ%m one-

l'ocati o he pi'ston i st position
atmow;k\ereachambepwmqmmoam thasieotitequored. 1060 are | ocated

tovoz] o, Hhe Relsr § 06T BieTatstiBont Htt v doesH pistey desian
ut|I12|n'51§yr€aﬁhrca§ééI§rbrpﬂfé inHeP GrRinguteR d Hetdr BF%he L{Slkt@ﬁ' 1030 skirt to

Cross-sectional area are sized to ensure turbul ent
providel tbe intensiighlicre aregcebihe delizenuflvd qmpgtywdawoommn@ intensifier

1000 B AR R R A B S B i o

outer bagel 161@antngn@cthares 1030t e @_e@«/\mtaeihnemb@;rrelo'row td 8€fine the
intensifier 1000 when it is bei nmecharged for

hydragliparilanyolypier S0, whigh giejivenyditithisioeesyirgd: i on i s
0093 et g o D PP TARAP ot DB AT o <
conjoinedwiotumg 980drtaat increadesnend tietfeasby disahbi gistenm03gsmoves up

and Ao B8 oLHehAALADAD] B SR Yole ia sighiisaBomulips of the
hydra@lﬂ,s'ﬂél'nfé? Folde, b8 loppaBey ?(5'7%} ﬁsgl‘i%ﬂ\%f e Véluﬂft%?@éﬁ% W¥ior art

I nduct | ve proxi m ty ensor sensor
intensifiens 081 Agamd does nmbwupredhe iuse of eossdsrnal pcagvulator 9814. Due

tothe’ 2epfdfubiioht o AEr-FsBeerShn FheVdiiTe: ot 18 gstized to
1ncorp6?eﬂeap@§if§r€%ﬂ@i%@ ﬁ%truméﬁﬂﬁmﬁ% leSROE RASOASFOTY 'éfl’é‘(}a‘flon to

Piston seals) is neasured relative to the inner barrel
derivej yetunoelEint measHresaentagé 2800 . witltmgoreduiing 2he use of sensors

operaﬁr&gts éﬁe%vtsmﬁﬁeg\yvﬁﬁincer iftar 9BYY ,t éigﬁb \Qr ah bolcfe ntt hhyed rb&%F ic pressu{'es

[0094] FIG. 23 illustrates a cross section view of the inner barrel instrument
package 1040. The package 1040 is comprised of a cage 1042 containing a piston
position sensor 1010, fluid level sensor 1110, cable and connector 1121 to the inner
barrel 1020 piston down position proximity sensor 1022, connector cable 1121 to the
inner barrel 1020 piston up position proximity sensor 1022, intensifier remote
input/output computer node 1120. The cage 1042 is secured to the top of the inner
barrel 1020. The inner barrel package 1042 is connected to the lower intensifier

barrel flange bulkhead connector 1055, via the inner barrel instrumentation cable
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the piston 1030 in a fully retracted state, full of
delivery fluid in 9800. The intensifierl1000 is an
wW@ewal13a30pi st on pressure intensifier axial punpCT/Wki0091041706
provides for pressure multiplication between the
1058. SHeEvaitercopnBBlion Ther 9b55 he r@@t@a é@ﬁé tﬁ@oinéula@ Whiicf the inner
delivery vol unme 9800. [0091] lustrates a
barrelc\giZ0tpi dlow wnser 4444, N@lh”ﬁt/@fﬁﬁ'lﬁf b@frt@,m fphp@rrp@ﬁﬁs of flgighincursion
j 000 enbodi ed in this apparatus.
detecﬁ&?ah&'ﬁl 1) fr%@%ﬂtl

ens uses a rod and pi ston arrangenent

[0095]9804?I®h24: hlus&awsrths sghemalio vidw vbthenetdtsifier vathoeethd Bgtion of
on and rod whi ch nmust be vented to anbi ent

e
rechalg fg%’@r@ e’é)t?mﬁﬁlf‘kderqcéﬁ%(gt@“knto this vol ume 9801 will
au t be i lace
(0096 7 TR3: 25 MIRERS U1 qobeinafe (i of Mo YoskEifio} Wi B ption of
rechamwﬁammramaxtemal fleidieeceérydanie vizal 9tiheat nospher e

0007 P ERE! Bec b LR e bl e dhen SacubAAta: 2068 The
accunﬂhlﬁfo@nzmh@rbdﬂﬁbﬂlée@ B9 tAYN&hE S8Rl DIt T d %eus@g% the

outer dianmeter of the piston 1030 skirt to provid
intensifier HKI0; itwat ¢leatoamerametinting ridglsi 13 dn wppes opfarybareldlange
nt i ston

9 th fi {1 t th
2200, 8 JgwRt i bHEITanuE 2 Y o FPk: Brasputelieeisd R 054, o
deliveiyhpredsties trinsd eder iRdtRurasat juRiasr 1050, @l litis v deA¥& 2110, an
the inner barrel 1030 to define the hydraulic annul ar

accunydatormdundion bex vAVEh and pveagedr pepreti wlys @420r Theduter barrel

ranoek 8 200 oL TS Lo i 8 Bl 1010

The ldvhat oiitee emet Jlaagd oDy mqmra&sté%mpﬁdténnd@ﬁ@d EoH®| valve
1010. This conjoin

2050 ‘\%&i{?ﬁgﬁﬂ@fg é&@ﬁ?; %'g'rgrf?e%h{]ﬁ Itq M%aeffumﬁ@tw ir@r@ the delivery
fluid oﬁ(j%dt‘é%ﬁ)ﬁll“r%ddfé? A %bﬁ@%%sg Sﬂggé%tt@%ﬁfc& §654 is mounted
vol une does

seen I n prior art
to therlower eqtenr barlrdzieﬂa:m ﬁﬁO@nTleaedsabmete acounted atressu®8 transducers

oo i RS A S i e oS e 51 o

PBOIs)ec‘E‘éPdlég 1086%‘@"%3@% B8 itterdRReeicR @ ﬁb%c&ﬁﬁﬁater bUFICtIOﬂ box

el evation to derive volumetric neasurenment of
2070 neanibet botbauiafithg achiemutaion208@ntloe acomumtmmjgmatlon box 2070

. thi th 11 , 9800 nbi gnt : :

s corfly RSk pE A S EURE wihod mafaton e tT. B e ategivery fui

supplsﬁb%@@%smﬁn@mtePBQfF taelel 20T, théfécﬁiumtﬂ:?ﬂfofrqlﬂi@l&f level sensor
ackag 1040. The package 1040 is conprised a ca

PBOF) gatie cifiiZaiandnieac e gtad ninseswveles eosée gvst;emtﬁ’BGlT magle 1910.
The ek@hEI %%ﬁﬂ%teiééagol %%% %ﬁsggg%@%séﬂgﬁgﬁf i);‘.t&“?ﬂprlsed of

I nner arre I t1on
a mulikmnﬁiuctolQéé’pperﬁnEEﬁnerbpﬁ@hiﬁléé@[ipdirdng ephrdtieicobaudtels for 24

volt Dh?fz)gwgr ﬁL iber ¢&£8§n2'| ?lﬂeg " and rgetn)él ?:Srqwsn?lﬂm%gt?ozns to the external
underwater control system. The upper outer barrel flange 2200 incorporates a gas
charge valve 2210 to allow the accumulator to be precharged with nitrogen at a
pressure appropriate to the deployment depth required.

[0098] FIG. 27 illustrates the caged float valve 2120 used in the accumulator to
isolate the delivery fluid output and prevent loss of precharge gas at low liquid levels.

The poppet valve 2123 is spring loaded fo open without the weight of the float 2121.
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I nput/ out put conputer node 1120. The cage 1042 is

secured to the top of the inner barrel 1020. The i nner
whaopab23package 1042 is connected to the | owerPCT/US2009/041706

intensifier barrel flange bul khead connector 1055, via

Whentthe ligiRElevePfissd, tha SbaUPEM AkbOBNE %ﬂlbﬁ/@‘,Qﬁg ) Ebét Valve to open.
i nt erconnection cable 1055 is routed al ong e insid

Use afdhe asfoer R&22, nalaws thre epe 1ad Abist assamioly %’kﬂﬁ}sm’thmﬂlﬂle need for

oo APk, S50 1 SUHECHOR 4 g e

outer balrebfla@jee320he schematic vi ew of the intensifier

it the option of recharge froman external fluid
10099) L0 A36: P4 Thihiatendhy Arandedent atotidnlgeid Havel sensor 2110,

pressér%h%ﬂtsaﬁ?é/r' ¢¥62f b nrﬂ{p‘?%? LA Aibh dfe aggﬁﬂrﬁ%t&f isolation

recharge from an exter urd reécovery
valve 12060. [ AcA¥huletdd. jaectidn ulsox agesd alatlowsphruida:dmnleeuomf of the

acourp s S0P afStRiadlaon Jfr R BB Goagwiader, Sanrohsystem via
1910, NoWRs ffdreéori]s@sqgncﬁ E‘}'Pnfélcﬂ%%ﬂné@%’ég Pﬁﬂvéérp%e P L3cumulator

an upper outer barrel ange 22 ower out er
2000 tzundr mteﬂ‘ﬁlﬁﬁlgé 02000 hea liduid Vamey gansssudd Ot uthEmJaeitlme -of-flight

acousigé’%hglggqganr\{@{l% g@@ﬁé@%ﬁég&r gqsiigrlilg%%o Ig'gecsh lljllqgce in the
accunuaelri Oh BRh3RYE0 and aRehargip of tﬁ@%ﬂﬁ(ﬁé%? 22)1)@0 thé_ rldr’ellvery
outer barrel fl an]gres 2200 "and 2100 are attached to the

fluid may develabfeam of rptie abdike fraga srdaca.0Rengmpeupwarksr to the free

sura B eS8 1 REGEPSRAPTRRES SRR REUBAR uespe o

volumglinitide secimaltef the accunul ator 2000 fromthe
del i ve@/ fluid output and fill header. A subplate

[0100}p, fiee £ Hugtsates the drslricerPuros £008 arsembly khe tarbarge pump
6000 Ips?(‘gﬁﬁ RsELhf BA dél@étrnfs AE a%gqu ve gﬁt 5@@(?’ é?ggsﬂgrbtlﬁﬂacement

Bre”f ransducers Theor ora ANEEt OF'S
pump 8008vihag exhausts do aimigieets swwaiba,l apo&tuoe lcofripgengdtion assembly

6010 Wb e HRPi aRhd GBS SRGrHalet NG kMo Fonnector
6971 td?\%i @W%‘ét@ttﬁfde?\%%r lﬂ_él%rﬁéﬁtuﬁ&}vért QﬁdJcBHﬁﬁgr%al*rPgﬁ% connector

i's” conprised of pressure housing wt
6911. J@ﬁﬁ@@hﬁtgﬁsptﬂmp G009 allvws segwalenital bsuquphpeqbrfr@srs eqaipment that

is at qrgé\tgwﬁq{ig & Cae%!\j{\fﬂtépg%ureaﬁa epﬁi]@ { or lwa(\]ter at ambient

seawaigﬂgfgg@mg control system PBOF cable 1910. The
rnal _underwater control systemintensifier PBOF

[0101]:abFéGl§@ iYustsates ngn iexptpdsd aiemyof i tbenhebatge (pwpp@ooo The

t I tors
ocha@REb SRR G EER < R LERAGR B16, SRREELbton por
6013 smavmter:cplmmmlatrﬂt homsing 06008 Mﬁgrmbu@rﬁtﬁ]mﬁéh%tﬁ coupler and

trol system The upper outer barrel flange 2200
housmghggpgo 1S mptgf Bousing and motor 6006, upper motor housing 6007,
electronics housing 6009, and suction balance bladder 6010. The seawater suction
port provides fluid communication to the seawater pump 6003 suction as well as
pressure communication fo the seawater pump 6003 case drain port and lower
motor housing 6006. The electric motor contained in the split housing 6006 is
immersed in dielectric lubricant and operates at suction pressure as communicated

to the housings by port 6012. A coupling and housing 6005 mechanically connect the
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charge valve 221 0 to allow the accunul ator to be
precharged with nitrogen at a pressure appropriate to

W@ b@dashoyment depth required. [0098] FI G 27PCT/US2009/041706
illustrates the caged float valve 2120 used in the

motor@WﬂUh@ttﬁfod@ ia?r@iaiﬁhg dehae TRl Sé’ﬁ/(/é{tef' FHM{\I) 600D Wouphd housing

prevent | oss of precharge gas at uid | evel s
6005de 00 /3101 h@usm 5008 ﬁﬁdsgﬂpﬁgop@mﬂ%detb 8p6ASQ prassre as

{ n the liquid |evel
comn‘H?igceet‘s‘E@&I ?&%ﬁf‘é@?%‘i@%ﬁﬁ'@%ﬁ@% | ows the poppet
[0102yal \F&Gt @ 1oplestraldseaofcdmtattagiewe b2 2theatdchigtgd fﬂﬁmﬁtﬁ@()mfo The
assenbly 2120 without the need for mechani cal

Contrcr"ﬁf/érlu% A8 Mwée%&%@&agﬁ WAy gpnete \iaphase stagor voltage
and fr%pﬁ {:S?OH RR2D B4bE e AR Fr%r’][?rf %Wﬁv&%ﬁf?%ﬂ?%@@&& r%lssg}r\]/ggslgnals

ates the arrangene
6933 #dfn the prodersEit@. tTrwlsmb@teieniFﬁé&éturea.gmbrﬂmp@MhmaghﬂTD leads
6931 E{lzo and  accumul at | ation

A s Mikidso SRR BV B3R bvandbeicamabilty of
contrd?lfr{% ?ﬁg&?&%ﬁﬁ‘%%ﬁ dé@&@@@%&fﬂh@%&%ﬂ@m 9151t Bﬁzﬁr to. malntaln a

ter con syst emvia 1
constanirspeedsargt tongye withitbe hahivoldge at eomiree vbkieseds thue; E)be.roltage

000 [ 0. ,The | d
6970 Y8 RS, FS1 poBlaeTBRE G050 ubitenifS nindlib maed while
malntélﬂﬁ@ tgg?l}@clﬂf% BMSvé theB@RBradoEe rﬂéﬁﬁékﬁ‘%%tﬁal‘éllohhﬁlth diminishing

ree surface in the accunul at or di schar ge
DC v@tﬂger whilariymging fsaawetac suelinra 66 3 200ambieamé pdessuwerG001. The

woto G445 548558 4 O e ANl A0 a8 (A L o

6005 naa@m\ﬁmta pedtediion ames@amteesrﬂmsudrpmdﬁme/@m & ase and
volune in the accunul ator. [0100]

motor; |nsutingrbaleekE Tl i pged BLits BobY haBmpJ06 Rd 6007, as well
as in m}? b Vgp%%?Ggg%BJcﬁséonﬁ{é Stﬁgleg{ric nUt%C%%hél ﬁuﬁotl%og@ssure

uni a positivée displaceren
compehsted xakatise 2o tthe grime suckea padesure at rﬂoaﬁswhﬁzh is connected to
on assenbl wat er inl et

ensat 6 ith
the InfETRMAT JeChatie cousbnol Gt Hhiodoh ptgﬁevoreeﬁmf@ékoarb@gé&r 6010.
The corf@flefdiVior FBL® i¥Ndeitvat ﬁ')r hb[l§|h§|1 risatg}?era%ed gt ohe
conmuni cati ons connect or he recharge punp
atmosphetapressavat ldre @wmtlpuaﬁém f 6952 eﬁﬁmpaiemortrieated Hrawgh the

b s S s SR TR o3 et

bulkhédl cbhiGdtoRL, er:'neaébrﬂmbﬂaﬂdervsm o tHeMallgPoneas tBURB housing
6000. The rechar punp 6000 conprises a seawater

6009 wal dgsnapisrize o3 tra@éqm’@\e amblardreeawates e, controller/driver
6930 éﬁgﬁf@ﬁrg%;t@q‘% M QUL RAR et BB QYeRO% a dry-mate

upl er and
bulkhead connector for 6910, and dry-mate bulkhead connector for 6970 for

connection to the power pack 7000.

[0103] FIG. 32 illustrates an assembly view of the power pack 7000. The power
pack 7000 utilizes incoming surface supply voltage at 160-250 volts AC at a 1.6
amps to develop DC voltage for capacitive storage. The capacitive storage is
maintained at a level to allow operation of the recharge pump for a limited period of
time. The power pack 7000 also utilizes regenerated DC voltage from the

regenerator 8000 to charge capacitive storage at a faster rate than surface supplied
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housi ng 6005, |ower notor housing and notor 6006,

upper notor housing 6007, electronics housing 6009,
wW@rw9Iasasvd on bal ance bl adder 6010. The seawat ePCHUB100D041706

port provides fluid comunication to the seawater punp

voltag%oeﬁ]es zBBWe‘P ;ppa?bg O%e Morft® regf SR UEShtRAEEU B#f i e%é rPQI tiR8erwater

seawat 3 case drain port and
contrdkaysteng tﬁ@(llew fohéscdibat of mcmﬂmg sudabalsmledly voltdge, isolation of

outgofffy Bi3e it 45 St PeliioRe oo B oRfinisclalEl b incoming
regeanhﬂoh@éWé?gSFhByp(EWért p8e 2200B %gidrﬁfbsaﬁﬁ IHE’BS\!NHQ:h(SQﬁ)(ﬁNs for

nmechani cal | y connect thenotor an hrough

unp t
VISU8|rQﬁrElem@QOBé at theneapanitivet storagenef @m@:assembm S ntuibasd repfe for

remothd Gt Rt 4BRPE MR8 T FERT A SR TR B PPHgT pack are
housdmnsbrﬁgs@@%usir%l@% aﬁj@ermahgeltb WHbwahe elactiEd i dchents to

vi ew of the recharge punp 6 The control ler/driver
be remygged asia sorerletsaseatRlfe 6970 to generate 3-phase

01047596 SAGEEY SLBRRITIEY I E35ek ol YOGS Fllauer pack
7000 fsr evmphsedrof apréssioe holibigntis, aneuypesrdlange WCBDG an instrument

toredthrouhRTDIeadsGBlfromthe not o )
packcwﬁm 20000R PRHET CORPBRTEIATA0Pe PNEcbaRAY of iracapacitor

pabidgi t f r Nge S rgu v e
PR 11 G AR 1R OB
|nstrumeetajloannqbotv\mrqaedmohnmdmcﬂtbn&olcbagectar Abti, nal surface power

| As DC l. 6970 |
connefGirt 712 HG VEPWES I FPRERIBEd ot TG ddCuRp T output
conneBRdry7 a1 Ni Maiet poREEL cofltbfeftdSYS7 J00E aBYEMLRORS c‘b?npnsed of an

rralntalnoeratlon wi th di m ni shing DC vol'tage while
incomngnyst rrmgmt?@ﬂ(),s@@taweh ceotIoliErtmogweﬂe’i&O phestuertgoing relay

o3, 06, R A R AR BRAAA B

7301 ghatr meehbhieally fadtes cRIAL &5 thetingtAirasnt paskddRehangd 7200 and
6003 case and notor. | nsul ati nﬂ dialectric fluidis

mechgaigally nfasten nist obhenousReTEEE06 aaf@p@s;_tbqr BodWs | 740 i the
uItrac%%ﬁ: t%\m@r egpoﬁhé;rpﬁﬂ%‘é:raé&veqb‘?ggfag §éﬁ'iﬁ?6ﬁb8ﬁét8§té "§c voltage

ressure conpensate

connegtion i(power axsd greurat) 7802 3o whe abpeﬁn@smmm(ta:‘;ﬁctmr tnlmdule 7400 in
ntensifier recharge connect n 1057 through the

the ulracaRacigr pgAY-n) RRIRGWeBeAN e %iaaérmqrepraéw gablegonsegiions to
the up ?e} O ced 70@@%%’3@&?%0911%' #wd, 379285‘%{@67335. ngré%spower

nnsphere pressur e connecti dns
convemee’ refonmesembivt incopyhatehe LihDdndieatangnbiopkdfdhe alsedamblwthat is

visiole (VRS SL Biee Pihel o HtiagApap i Mates 90 4 Vertically

intercé i@l medpaniedy taﬂdtéléctﬁ@éﬂlﬁﬂ fﬁﬁo@é}p%é&ﬁbhlcbpfd%ﬂéﬂs 7201 and
heat transfer to the anbi ent” seawater.
electrisahicepneeorsiridldd: The electrical connections 7402 allow for a series
connection of modules to form a single capacitive device. The ultracapacitor module
7400 is formed of a plurality of ultracapacitor elements electrically connected in
series to form a single capacitive unit. The individual uitracapacitors 7405 are
mechanically arranged to fit in a cylindrical form, and mechanically linked to

structural elements allowing for mechanical connection to fasteners 7401.
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6930 is connected to the external underwater control
systemvia a dry-mate bul khead connector for 691 O,
w@eadsapeimat e bul khead connector for 6970 for PCT/US2009/041706
connection to the power pack 7000. [0103] FIG 32
[0105]|_I | gg&r @H%uﬁl‘ht%sae@@hé!m‘éh@‘%éw SPePRYREL E@EK 776%0 lncomlng
power pack 7000 utilizes 1ncomng surface su
SurfaOeGQ«G powent0016@ap3e isolated ATough seldy 63éﬁrphncom|m@wél pquer from

the refffd Al d & ofBPRAReL PaaR 2087 Can DaTsGRREChIANGh etay 7312.

The LEMe73€3 a6 dged aRnndiebticn bf Bidred veRbHO Prederitiilhe TitBacapacitor
power pack 7000 also utilizes regenerat ed DC volt

array pf d00h & heegever gobtromomodslec A3 @e”e@alyaéunstwngnta%ag epower

and oy iRl & rB1br DL BB e PR SNl ettt o7 oo or

AC powstetbwakgsowarpack. THesheduleo7 380 ewtfels the Madining ad outgoing
i ncom ng surface supply voltage, isolation of outgoing
relayspc vol tage to the recharge punp 6000, and isol ation of

nc
[01061 ncgﬂg Rl ‘Ec%%rl\alﬁﬂwﬁﬂ m@g\éﬁfavn%%%n@%h parallel input
powercfomrhlomﬁ iaod nehrallleltdn@uia:;mmrtto@?@ttorea@md)bpemmg times of the

enbly é nul | and safe for renoval of the upper
reCha'erd?mlﬁB 6PQ8- el ectrical conponents of the power pack

[0107 eﬁ@U@@duué@ra@éseﬁﬁtﬁs%ew§ iy \MfttH g@:@&bté | #Re&ebBnerator
| ow the el ectrical conmponents to em)ve as a

8000 cltlhqﬂsetlw ﬂgwenblsyawptlammro@relmeellen Inl@t and anitlets 8014 to the

¢ .

soreer o Sfter grih Pty BEVE e J8Rhechaliemer, BBAS o Sfigtion of

electrithiap@fer PQBse ﬁﬂrebﬁékj pOREKBASK PO EThe' AR raf through the
power converter/relay7300, and an array of

regen@'ﬁl@raﬁa%@ ta@PT%@@FQé! 80P MTHoE aippedpd fafah geinutes, generatmg

s TN A, 5Tl A o TROEMPRLQE it

powerpwafadmanamme tRAdkiyh aomecﬂmnesmnpahdcmenmge@era‘ta;ilisooo is
a DC power output connector 7114. powe

Conneetﬁ%@rth@re/wnayumwaa@ OJ/SY%GEbWﬁﬂO%QCt@f 8%3
[0103]7”Cgm; g”?i'h%\fra‘?@éj“ér? )gﬂ&d &{Oeﬁgc@g”%ér%raﬁi?débﬁo The

an outgoing
regenermoed QG israsinayrisERI06F ashnpxddley hlousmlgrﬁ!}(m with Htlettmtwoafttet ports

7301 that hani cal f.asten 74 instr
8014; St kbt FEerpo00 BRSNS AR calvyReallliamar tsisng 8007,
and atﬂiﬂ\ﬁirrﬁb?ﬁ/eHbF/Eé‘lW%?'Ho%‘slrﬁD%{bS? ﬁ?é)f?nbé]lefr%ua 87005 contains
ul tracapaci tor array. power converter/rela

an impelles epdrraagretic wnhﬁgtta@dmttmtaénedzhﬁm@idm@esdhd pressure seals
acrosgigunde{—;sgsﬁgez { Fig%gipg) rg?PrﬁptPglt%yt {r %%iﬁtéfrhoﬁg%% %006. The
impelléPNigishasdioe | Byuding BUUH abativak] %té‘fﬂﬂﬁeﬁérhé?ﬂ%sto@i to multiply
impeller speed, an overrunning clutch, and a flywheel/alternator to generate three
phase AC voltage. The power converter/controller housing 8009 contains a rectifying
buck boost DC power supply to provide DC voltage output 6970 to the power pack
7000. The power converter/controller provides for remote monitoring and control via
8910 to an external underwater control system.

[0109] FIG. 37 illustrates the apparatus configured for use with only accumulators

2000 (refer to FIG. 8) in water depths less than 6000 feet as used in a subsea
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t he upper flange 7006 connectors 7111 , 7 112, 711 3,
and 7114. The power converter/relay assenbly
W0 p@ongss@t es a LED i ndicator on top of the asRenib009/041706
that is visible through the sight glass 711 3. The
blowolt (r&FEHISE blaek. MhdUb&Tefif Ad?ochﬁsr SON@L%E@A ||s¥ the apility to utilize a
i nterconnected nechanical ly electri cal t hr ough
BOP wa@héﬁamﬁeslggtt@r@cgmoqatartbeefolercamttrawatqm rﬁ@tsrmlbw waters,

and AR RESRUEARG | Fdlin 3Br%glé'c%g%pgroffftgé'si'aﬁcéﬁrfg&%toars 2000 with

intensifipe.CcliCO0Y & hdeyasie of FéislacdrherCRPAR I ed Ut 4O Gf izScommon
formed of a plurality of ultracapacitor elenents

outer baget 19 thith coprmer MAUNtRIANCEEEONES f or m a si ngl e
[011ogap%‘“rd3t |3\éeI||HE tes e la Egé?@{t on'ﬂb & 20 i@'éra%%gmulators

nechani y “arran WY C I

2000 dnd rmtmlsdlem?d baﬁl(cefbi' Yo IFi@®. kE)Jhrt Watdrrdegiths &’ésseﬂ@mmm feet as
' r mechani cal conpection to fasteners 7401

used ﬁ{%%@'b?é’@fb Wall RTEVef $taeles! TS SEMAEMPRt xleRdsthe gecumulator
2000 Bﬁ"&rnflggf%ﬁloﬁ%%ld @?Ofﬂrgg%ﬁ Tﬁé B8t d?‘)t%rscpégr?tl?@@,ml%%ulator

I sol at through rel ay I'ncom ng ower
5000, t referagen &0800r ai8) 0@ ptacemdrer op olwer armuhmlétﬁﬁso 2000 beith two
int i.fsol 3§ﬁﬁ through relay 7312. The LED 731 3 provi des an
INtENS{TEP on of stored voltage present in the

[0111]JI t 'WGaBQQIHds@ﬂat@é Y aphartf @ corfR reasF u§8%ﬂP|Ht§r'iSIflers 1000
nodul e 7330 receives I nstrunentati on power and

(refer doririimiBg dn iveaier dapthslless dhan |9é)08af|sab Iae ta;sfeobpsea aubsgaiblowout

preveh{ SRR BIE SRl ofnBR G bRt ARnPEBlioR of g 4l dhrouan

the rebréb@ﬁienfbetr@mw rmhmgmuhmlmwzom faH thICIht%nsmers 1000.
enents with parallel input power from 0015, and

[011 zbar §|lfgef10 dlishiates Hige pPparabesy oonfigused dar usp oyt Inﬁ@s'flers 1000
(referﬁr% F‘i’és S &) intW&tek %%E eﬁ'tﬁFHhQ%@oo[@&PZi uELPin 3% Subsga blowout

ates an a the regener at or

prevenntesjaderﬁtm errﬁmmnanﬁ lhtllrzes thdn eorﬁﬂlglwam?]n sla@wame FI(B m@@im adds
er | and out| et 8014 to the screen,
the rebhag RUMPADLD: RIS BRck, 000 14 unbE X ancEiNg ARgrating depth

of the 884k for generation of electrical povver in use of
rechargi ng the power pack 7000. The flow rate through
[0113] he Fd@géﬁ diustratess a0 aparapys oanfigatredi ol 08e gyith inbensdfiers 1000

eter BPENGY i 3 PS50 B £ SR R Mo

prevel 8¢ddkl qaécmg@rnm@sﬁaﬁie R¥Addsedl ttﬁirsoéﬁ'rbo@ﬂﬂ@ﬁt‘:tthlﬁﬂgh the

8012, and the regenerator 8000 is connected to
additiesx ebiheaeganeratasseo eoherPPsjatiem vi a connector 801

01147, ERA7B g3l LRI Ra M FRAEP B MR 100
(refer &n FIGPED) iarwhieu sicpthSgRatav thani aucer fe@ﬂ@sqwddeﬁ) APt subsea
BOP stack, subsea production tree, subsea distribution unit, subsea production
manifold, and other subsea electro-hydraulic consumers of hydraulic and electric
power. This configuration utilizes a mudmat foundation 0100 with protective
framework. External access to the configuration is via Remote Operated Vehicle
(ROV) utilizing the panel 0110, and hydraulic flying lead stabplate 0111 and electric
flying lead stabplate 0112 to connect between the apparatus and the external subsea

equipment.
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8014; an inpeller transm ssion housing 8006; a
flywheel /al ternator housing 8007, and a power
w@owasa3er / control | er housing 8009. The inpel | BET/US2009/041706
housi ng 8005 contains an inpeller and magnetic
[0115?0UIWhilt9 tsPedificm élﬁb@dlﬁ%‘rﬁém'mb | B8S®S shid@mPr Qﬁéurd‘escrlbed

seal s across the pressure bul khead of the inpel
modificatiprsricas ikenmadeshngnaetiled Théhe aﬁewitlwuttdemsﬁmgsﬁponthe spirit

[ 0 tal .ep- tran on_to
or tealf iy SRR *oRufooyRatER: WRRPMS Lt elaipy gy and
are nét imhiegl Mdryevasdtdnst ang ensdifidRiohBree powsse Apd are within the
vol t age. The power converter/controller housing 8009

-scopec@httfa@ nQV%r\tp@ctchyrmgglwu&n@ [560R¢ mr@&a@pns@ppot]htruied to the
t 20 ALt 0

ombof HHSREOL: B0 IR By 10RO MRS BRRE, F2°%ooo of

which rﬂtmilltlmlud@ alleguiabdnts bf tHeas 8546 matt@(rbfehé efaals,
underwat er control system [0109] FIG 37 illustrates
the apparatus configured for use with only
accunul ators 2000 (refer to FIG 6) in water depths
| ess than 6000 feet as used in a subseabl owout
preventer stack. The benefit of this configuration is
the ability to utilize a BOP stack franme design to
accommodat e the four accunul ators for shall ow waters,
and extend the operating depth by replacenent of the
accunul ators 2000 with intensifiers 1000. The ease of
repl acenent is supported by the use of a common outer
barrel 1010 with common nounting accessories. [0110]
FIG 38 illustrates the apparatus configured for use
wi th accunul ators 2000 and intensifiers 1000 (refer to
FIG 7) in water depths |ess than 9000 feet as used in
a subsea bl owout prevent stack. This enbodi nent
extends the accunul at or 2000 on configuration of Fi G
37, through the addition of the screen 4000, regulator
5000, reference 3000, and replacenent of two
accunul ators 2000 with two intensifiers 1000. [011 1]
FIG 39 illustrates the apparatus configured for use
with intensifiers 1000 (refer to FIG 8) in water
depths | ess than 9000 feet as used in a subsea bl owout
prevent stack. This enbodi nent extends the hybrid
configuration of FIG 37, through the replacenent of
the two renmai ni ng accunul ators 2000 for two
intensifiers 1000. [0112] FIG 40 illustrates the
apparatus configured for use with intensifiers 1000
(refer to FIG 9) in water depths greater than 9000
feet as used in a subsea bl owout prevent stack. This
enbodi nent utilizes the configuration shown in FIG
39, and adds the recharge punp 6000 and power pack
7000 to further extend the operating depth
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of the stack. [0113] FIG 4 1 illustrates the
apparatus configured for use with intensifiers 1000
W@ e@bas230® FI G 10) in water depths greater thecT/o8m09/041706
feet as used in a subsea bl owout prevent stack.
Recharge tinmes are decr eﬁﬁﬂnbn thi s enbodi nment
t hrough the addition of € regenerator 8000 to the
What BRaptégls: [01 14] FIG 42 illustrates the apparatus
configured for use with intensifiers 1000 (refer to
1. A sphgga syptemdnolgeiig: dept hs greater than 6000 feet as

a S N FHERRY T 1 e pRYRERS s g bort to the
framefaviddcapmibte of hevidint prssatiesd tekivirdriald;i c consuners
of hydraulic and electri¢c power. This configuration

theyintensitiar NGliERa: a8 Joransif |e<5nchﬁmbewa¢nﬁ Br gelary viuid chamber

ARy, 4 DS RSO RpSE PR Rl en
iressure tb)moeidbiecprfelsyunmgom Hdedd gltvabyp flaitieh@Lgh taecﬂak;st?n and
connect bet ween

a r??@géﬁgyé‘l?ﬁ’é P%ﬁ’l(!xaea lPﬁtHe gﬂ%’é@ﬁé’(ﬁﬁ?%rﬁowr@ﬂ@]ﬂted to

tHBI Inersdis EhEmBEPQY r‘ﬁ%ﬁﬁélnh@ﬁéedﬁﬁ\%?ysﬂﬂ&“pl%@gure sybstantially
descri bed, nodifications can made” by one ski |

ctcrr@ta‘rttas/ﬂwemahvewe‘bad ig d@le’team the spirit or teachl ng
of this invention. The enbodi nents as described are
exenplary only and are not |imting. Many variations

2. Thengystardi dfi €latm onsvhaireinPeRSinkdrisifdidisafehibkddibie Ib'S}eresettmg the
scope of the invention. Accordingly, the scope 0

pistonpuging cati lsast snacf hydiestatic peessuse eatreahamge: gump powered by a

powerq?q?ﬁ{bbga% QHérHa?ﬂBipl réﬁl)v%ﬂ/tt% by the clains that

e sCo i nclude all
equi val ents of the subj ect rmtter of the clains. CI ai s
A subsea system i ncl udi ng

What
3. The ﬁﬁ'ﬁ%m wc@a@n%gf\'la@rermtf@q@werepac& IseCanabihel stoeng power from a
regen@fa%l* [%\D eﬂtdégﬁgﬁeﬁﬂiﬂld|§&%{?§é§| fofh {Héelpgel.rr%'i'ﬂ:‘erand capabl e

of providing ssuri ze ivery f the
intensifier including an intensifier chanber and a

dellver f|UI chanber, separat ed pi st.on
4. The Sy o e 45 eclpdBB S euel iRy S wiebvery system.
pressure to provide a pressure on the delivery fluid

through the piston; and a regulation systemregulating
5. The wersmmmft cleimatbvkenein the sagelatonmaystant led[udesme'egulator a

th
reforeyG 20} ab@imERRTY fhe 1S EBHIS REt BRI oot Ehstem peing
contrdll@dd%lhg?tﬁélosed loop control system based in part on the delivery fluid

pressure of the intensifier.

6. The system of claim 5, further including a reference pump to adjust the pressure
of the reference pilot accumulator to change the delivery fluid pressure of the

intensifier.

7. The system of claim 1 wherein the intensifier piston is operable an a pressure
intensifying pump, wherein seawater regulated by the regulation system is multiplied

to the delivery fluid pressure by an intensification factor.
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2. The systemof claim1l wherein the intensifier is
rechargeabl e by resetting the piston using at | east
W@r@90s23ydr ost ati ¢ pressure, a recharge punp PCES2AI/041706
by a power pack, and an external fluid recovery tank.
3. The systemof claim2 wherein the power pack is
capabl e of storing power froma regenerator powered
8. ThmsymwwaIaimﬂ ,swhane{qethe‘ﬁrmnetéwpbrts ensowoat preventér¢ BOP), the

system of claim1l rther di ng an externa
bIOWOHKP'fG‘\YQP%rfqelPQjOP%r V?fng)’;@? éﬁf %WFQ system of claim

1 wherein the regul ation systen1|ncludes a regul ator,

a reference pilot accumul ator, and a reference
9. The eysteriaf, claine 1y dgtihen inchiding Leacieenncppadie obfiltedng seawater

used YF ool S AR BELBP YRR EC (i ensi 11 61 6 -

The systemof claimb5, further including a reference
punp to adjust the pressure of the reference pil ot
10. T*’l?c%ﬁ(ﬁﬁ@ma?t &laito! .oMagigh thedrameily ampudmat, dhﬁ:’)ﬁé%t@m eipg capable
e [ f a r t he

of USﬁ’lgt teHnd; ‘Q’é'fypﬂé'{ioﬁo' Z@?’%ﬁ,ﬁg@nﬁ%w B\fﬂf fh&k t Besubsea
produchlnrehree,fg/snlgsemd’qstnbutlenejm‘t aﬂawéwSeaqguﬂmtmm pgnifole.

regul ation systemis nultiplied to the delivery fluid

pressure by an intensification factor.8. The system of

t b

1. THS B B 0 RS HfeER PRy hilple frogy dhe sea
surfacesi ng the delivery fluid. 9. The systemof claiml1,

further including a screen capable of filtering

seawat er used by the intensifier and the regul ation

system 10. The systemof claiml, wherein the frane

is a nudmat, the system being capable of using the

delivery fluid to operate at |east one of a BOP stack,

a subsea production tree, a subsea distribution unit,

and a subsea production manifold. 11 . The system of

claim1, the system being renotely controllable from

the sea surface.
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