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[0004] The precharge gas can be said o 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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section is at its greatest volune/l owest pressure.
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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) paneils 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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[0019] FIG. 8 is an intensifier configuration;

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

[0021] FIG. 10 s 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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recovery; [0023] FIG 12 is a screen assenbly; [0024]
FIG 13 is a regulator assenbly; [0025] FIG 14 is an

e 0 view of a regulator; [0026] FIG 15 |
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[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 embediment in a subsea blowout preventér stack;
[0050] FIG. 39 is an embodiment of intensifier with no recharge pump in a subsea
hlowout preventer stack;
[0051] FIG. 40 is an embodiment of an intensifier with a recharge pump in a
subsea biowout 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
mudmat.
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rostattc operating
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 1800 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 fo recharge the intensifier.
During intensifier 1000 operation {(generating fluid power), the regenerator 8000 is
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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 7840.

[0059] The regenerator 8000 utilizes the seawater consumed by the intensifier
1000 when developing delivery fluid power, to cogenerate electrical power which is



regul ator 5000 via instrunment tubing run 3220. The
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[0062]pr €Rsal F&ferdite pllcﬂgadoahﬂﬂat'éﬁmoosmssﬂm iseagjuplable through the
one- at nosphere reference reservoir 3100 to .allow the

use of tag G OICE DU 3300 PRl allgwshastaglic fontrel dhid £ be pumped
from tlﬁ*&%ﬁrﬁée redb gﬁ) ?ﬁ@g%thel%}?ren&a%wta%ﬁg@eégtéﬁ 4560 and vice

e regu I's a oW a
versa Vig dooeeetidns 3183 asdiB233] i00ader Mm*gedlhermesmmomrlthm the gas

| at 320 dj ust abl th
chargeQ ergPnEs SleLAdr ARG A0 05 Th6 Telieate B i Gdprated by
an exteRiHl" @hddrivdtet EontRe SyIRRdthrblgm ﬁﬁﬁaulﬁf %%Cﬁlfot signals Ref

reservolr 3100 to the reference pillot accunul ator 32
Pump Sivdke AciB10\and Rel Pampotivielss Bodik! 13 irgsdirertic@xdressure increase

trougf g, 97F dtioh STt BOHY Bsdyb e el iteBiifleorease

3312. 3300 is operated by an external underwater contr ol
ystem t hr ough h%o raulic valve pilot si gnal s Ref Punp
[006315t r ok rafeyence apitptreecrgtas: S0 Bnd3tafergnge reservoir 3100

roorp o Breelng HERRRE o ESE S, otBr oA SR to montor
referericacpreasaredeviadhe iloB Bitessure transducer cable 3210 and the reservoir
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
geomelry constraints, desired minimum hydrostatic operating depth, and volumetric
delivery constraints, this embaodiment uses an intensification factor of 2.2. However,
other intensification factors may be appropriate dépending on the operating

parameters and environment. The intensifier 1000 may be isolated from the regulator
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[0063] The reference pilot accunul ator 3200 and
reference reservoir 3100 incorporate pressure

tr 2 ers to allow an external control sys&,
worggﬁgpfs #'% reference pressures via the pilot p gg]gi#%wmzmos

transducer cable 3210 and the reservoir pressure
5000 wtilizingd thee regridioe (gilailon vabe4pilctHing n920 frdm emn e8@onalscontrol

t ed i nt [ fyi : ) ,
systen? S tendlals BDE e becBpERH LhB b PBra VI sutmt and
headePM@DOULRIZING tidiklePkifief iE@lafion A@lVeY Pllot EoRErGl ROES SH! External

exceedi ng anbi ent hydrostatic pressure. Based

on
control sytem: dére igieswiier yl 096nwey dienisslaterd dome therresharge pump 6000

ot P R B R H ATE y or
systent.atteointesifier2. 00badetivery pregbiiey andiveied meaklmeméntds available

may be appropriate depending on the operating o
to an &ng%fﬁﬁ}f epRtralngYEam Vish hshdntenpidier dpgRaMenie pommadniaalipns and
' ed fromthe regulator -7 WO 2009/132300
power%%l,?llea 2@09/ 041706 5000 utilizing the regul ator
[0065] solle recharge panm 6@A0 1si usedli@2dyacuate seaveateefoal the intensifier

t | 1 . The. i P fi 10Q0 . i |
1000, P ifef e Rl IRetingerasra GR st hecp ke Mg fwanor 3660, when
the intéhéihéiz:'mfgmi@ et BES K R mifiRluRh IrQryahiie ré;rﬁ'r]HeefPQe water depth.

i
control froman external control "system
The rgchaeass ptimgr 6600 0iliegs Istedttea! qroveerf stored fre the pPhwegeack 7000.

The reSiRRdlnp &0d phpPifoh IS dorERRES i I <t Birdd £ Bim fiettment
power B domt0Aichliefs 918 a%al teein/eRERRE UhdeAnder OMAR system,
asurenent is available to an external control

e
[0066]s y stlenpower PrREKi7008HS iusedrioj sherer elseliicatpawanfreat eidigy or both

surfaclé‘g?el%@@?'t%gpg@%ﬁ 5L 3 froh?ﬁ‘ge?}%grgg%r%tﬁg §|8¢§.enﬁ’éjgpxgr%988ck 7000

acuat e seawa ensi

is contidIE@ viantherptavert mackeiistrunidmé pomtee renidt cemnilitatione mabhe 7910
sxgebse fluid head?r 1900, when the intensifier 1000
to an extematngraale gt BYSIEM- hydr ost ati ¢ rechar ge wat er

[ooa?jgg%Hce (e ﬁaééﬁéiﬁ@* ﬁﬁ)doi‘éfﬂép@&cgg oﬁ%ﬁg@b@&ﬁhﬁé%& fréggi'ator 5000 is

] wer stored in the power pac e recharge
isolatedufrp6dio® iofemsifier oh00G anoperbtien of the Heteneifiearigelation pilot

nyaraufif Gan g A 0T, AE AR R LBRETGponER, sqigtbeferecharge
pump BB’ isP8SKraléd i IhSREhERYE i ThaRirbRRLoRPPNEicAicHY and
either or both surface electrical supply 0015 and

power fqoptiol firderfage A& do e@ooateTReawaise frgrache7iotamsifies 1000 and

sk G L 1) B OB AR T Rl v
1900 Wreighr pebssuretiom thé Gairfacen e widher deabtas Bdiowe mibiflm Rydrostatic

. depleted of delivery fluid, the regulator 5000 is
delivery apesation andaPeyR MiniuRy ivdstalitechpErepreratipanthsruse of the

rechard ol €860¢ i€ ndtSRIAAN ¥ ':0bufficient pressure differential exists
between the surface supplied delivery fluid output and fill header 1800 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 cutput and fill header 1800 pressure, through
evacuation of seawater from the intensifier 1000 by the recharge pump 6000.



hydraul i ¢ signal 1950 from an external underwater
control system The recharge punp 6000 is operated

vi a the recharge punp instrunent comrunicati
WOREB2 Nt rol interface 6910, to evacuate se%@(@%m‘m“

fromthe intensifier 1000 and allow ng the
[0068] nt Elisi4 describesdhe dpgratiniy alihgdniensifigr fI0GNdN the farrrhef a state

. SUb ui, d. head Q der ,.pr re f.pom .
transitl A Bgm, WL R RosiE SRS P Ry (PBCbR, 9102, 1dte
transit@=0BY Bydroodistifdrge 18 1800 haddateoverpiasuttciedharied104, and header

recharge operation, the use of the recharge punp 6000
underprgssige rasharge80asidie fult el dadicaiessy state gvherer Bigt intansifier
j 6t A I ivery £l
1000 SRR ocieHF il 36 UiokBEfesethe ool Br S ¥adptis000 and
capabler e dischatging ldetiveryhibiidebul angerf haidelivatypfldidadembind Ifrom the

header 1900 to t he ter out of .the . -
underyigs corftpbrvstBal dile. #Eoh AT HEmayaIcss? State WariRagantensifer
1000 8y of o ORGSR B0, bkt omger
able iedischarge detitery ghuchtte rthé rundertiater moetrel systerridd@ trgnsit 9103

i3 SES058: TR, Hoe! 10" Uk EBTBacotmry i under
regulafiPesEh0 QBNAbI thahs NiRidrivataT cdRRdl éysftérh.e (ﬁ@rmé%fsutae recharge

state transition diagram wth the follow ng states:
9104 ip @ statewheoa the intgneifienBRY0 100 longRrainder zagulat@ B0 control

anc Y8 SRIVAT, RO e R8RSR ahShRpger 1000
UnderpresbufEl pdcharde ctOss i« astigte wihreethshimtémdins100@ris no longer

1000 is full of delivery fluid and under pressure ]
under gagylatar JH0G; sentyely @r‘ﬁt\%ﬁ{h@'@W%ﬂﬁhV@ﬁM drogh the delivery fluid

oupu AP0 B0 ko Sbte 4k BRI BRI eyt
seawatarpirgmO 11 intadsifiat 4908. Jransitiowe betwben istatessadel described as
caused B3k Bloh. St o8 B ROS TR o SR s ot
and thBekhRtor igblgﬁén MaIVeNAIHNG2018 Bk 2B bP bngUEd TrahthiBn 9114

at
transit 9103 indicates a state where the Intensifier
accursigoen ithe intersitien GQP ieiuil\andythel negulaterdeslatips galhet pitot 1920 is

v o005 9085 4, KRR GO I hoCH BB onston o117

occurs Whemshd rejuldoP Rolationovd es g6t 1OTETs rict Gotiet O cP@88ed and the
control _and withdrawi ng delivery fluid fromdelivery

recharge (pYMBUEPRN i&Mmptf fUNninge abr@nsitign0911 &uweskrsy sy ghe regulator

o SHRRSAI 20 . BB HRBER 4 AL B 88 00ek i
1930 igiddtidean awgatpdd wed hé [recitarfgeopumpesatd lsvaoy rdrnimgl Transition

out put .and, fill g(%ad,er 1900 with _assistance fromthe
9119 qoguivapienpiifgeguetorevalalianvalve BlWEI4 s pehnpéiive or engaged.
Transifiéh 9% 61 b&turd Gkn Tﬁ@%pﬁfawsisggtiﬁﬁe{?alw?fé ifot ﬂ-fzt‘%) is active or
descri bed as causes fof the transition. "Transition
engaged HhdotheursshargeEnpuimg 6000k iss rinndmg. ID@Asitien k20 atdurs avttbn no

chang%Eﬁerﬁyg%rgsh@éro%pgﬁgh%%%nQs\ll%lg¥§ctg(|:l.l cflranlssla‘clzoon I931 Zthoch?rtsl '\r/v en a
decrease in intensifier 1000 volume is detected. Transition 2123 occurs when the
intensifier 1000 volume is empty. Transition 8124 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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occurs when the intensifier 1000 is full and the

regul ator isolation valve pilot 1920 is not active or

e and the recharge punp 6000 is not runpj
Wqﬁgﬂgﬁ?qoon 9117 occurs when the regul ator |E’31ﬂ%28%/041706

valve pilot 1920 is not active or engaged and th

regulatasdsplatien palve PHobH92G I&mtlvemrrﬂng@geqfrsemishheur@ﬁham@aaump 6000
is runrﬂﬁﬁu ?an%%rﬁ M"ﬁ Bg&gggﬁgér{ ﬁié ﬂ{tﬁéélﬂé‘r \@{)(}f Srﬁmvréﬁg b%}l?l?gnd the

I Ve or engage Sol

regula’mrl:mlatlm%lvesmmmlg\?e iernot r@tige dr amdaybe. TetBiioned PBccurs
%OO é not running. Transition 9119 occurs when the
when thegeraargie RuBP 8008 WINRG-pi | ot 1920 is not active or

[OOEQFnQ?@{% sha_\ﬁl nasbél‘r %ﬂgﬁo%éﬁx %?Théo'?ﬁor’é?&'ﬂ? eé%ablllty of

ion va ve p| active or ' engage
wnhdra\hfmgréeih@ngduphﬁ"pnﬁémen ther delhieng fluid antoutiand 8l 26e 1900, or

rom oAl el ey e e Sk 3 BB ToalTeeh rom
underwﬁbegﬁjra%@[arﬁ%gtg%w is detected. Transition 9123
occurs en th i ntensifier 1000 volume is enpty.

[0070]Tr a3 16 Bloswates wssiem apeiiguration t;gbleaxaﬁd ¢xaisivélymbove the

ini BB e P ¥ R 0 e VB8 el L5 2000

are uslea m%tomﬁem e e gesl o ?éraﬂ gte@@ufbléﬂtmaur@erykhm‘u input
9 VID 2009/ 132300 PCTT US2000) 041706 regul at or

and fi lI B%@%&r B0, dixdsagiq agcurgpletardselation vabe Rilaihd8d0ava provided
from {H&e éﬁ&ﬁ%g%ﬁ}q%mte{?oggm{éler&%%n@ aTBﬁpsfblt |ﬂ$iv%} isolation

occur s e I'nt ensi Iune i's fu

capabitities. Theg abanmu!at?oinatrumnv gbwemymitatiors9and lpmxrwtcable 1910 to
acti e or engage Transi tion 9113 occurs en the
the exig ﬁ%%@@@m?ssvfﬁﬁm r%o""[sog(e“g]mml@”'@a%b\&f ipdividual

pressufé’ 'r@é%al fre o{ﬁ h%nayah&mo‘da?t ﬂFﬂCOI'éQQ atnl%g #.ntb‘?nent ithin ~ the

capabi w t hdrawm ng delivery romelt
accurmtaiomelﬂﬁibry fluid output and fill line 1900, or from

1007437 6,5 ouaikatSh e St B alOTANGY vio: B B 4580 ahpve the
minlmlﬁrﬂoﬁycﬁﬁ@fﬁm: ref:@é’r@@] dépitfe of&h'e' Syt Mmatdfera tﬁé%&ﬁhulators 2000

configuration to be used excl u5|vefy above the
are usm:irip Arehgakivsy dluid abje sperajingeprassore ohthe getivary fluid input

ot G  (RT B ARG, A0St B8 B fers e pover

below cthbl wénigiuit Hydrostatid opainating deplie aH9dralifie Oacddyslilatdri igolation

cumul ator isolation valve pilots 1940 are provi ded

valve mloé Fignats d24Q e previded atethecerersl uadetwatet oairplosystem to
allow fo?rm&iﬁ} sl HdlimiupabAs élo‘?éhorpeﬁﬁgﬁ [[fléé (ﬁ%d%nﬁc regulatar, isolation
nd power “cabl e

ator 1 nstrunen I ons

valve ;de;lCl 920 s@rlzﬂs axd provddedi frder thet exteceh undensatst eontebl system to
n| c tion of lqi“gpli Vi essu

attow 1o indiVHIAl RERRTR GanbilliRs: Ot Hoa e BRERTS JPORT HVdREIG rocharge
pump ReFHN @él% %anl%@%-ao signals are provided from the external undetwater
control system tfo 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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[0071] FIG 7 illustrates a systemconfiguration to be
may used above the m nimum hydrostatic recharge depth

system where the accumul ators 2000
wot%mé/ ?@ydel ivery fluid at the operating pre?ﬁf@ﬁg&mmﬁ
the delivery fluid input and fill header 1900 and
measyrament iahf dndivitoab fliddeyglerneasungattavithic dne \ﬂ@f:ymulaﬁo@ 2000,

and infighfa) pRESGR bl L e BB RRA Al ARG Sl i

[0072]194PIGIr&illnsipatedes fstom thrfigendtRinm@ bel nesr u@é@@xmﬁtfélgl below
systemto allow for individual accunul ator _isol atjon

the mtrawmhstdr@%tatlw%mtma @%@ﬂ]l andr abevs athﬁomlnwmehydrostatlc
rechargb' Qpth9eOtR ggagfn,sys emﬂyé fad %r@,@ "1660 %?d {o generate

derwat er con ow for |n|V|
delivenye bk gmmpd-bjdramlmes'egﬂ[atmetsomtmmswélw Pilad0@20 signals are

proviagl ol inc kSl 1identeIEh ot Svetin fap anier Rupdiual rechange
capabififigd ro?'théYﬁfeﬁélﬂe?s Aldodw Hyrfr ulf@ké’dk%‘#%é ﬁuﬁg}s"%cﬂ&tlon valve pilot

capabilities of the |ntenS| lers dr aul
1930 signalssarei povided| fearn dhe vaxtemmapundervdsocenntyrisysiamdo allow for

o] GEPR R e RFE D En A oAb Bt

valve ﬁi&ﬂﬂ@ﬁﬂ' éi?ﬁﬁs ard %ro%@é@ A Ry eﬂ@ﬁ%n@bﬂhaﬂeﬁ%bh#ﬂpwstem to
communi cati ons and power cable 1910 to the external

aflow fag dndividuel c@mﬂwersmiemral capabilities. comuintengifiesn ingtrument
commiBsHk 833 R ORI Rrpeyeter papip syt

allowsl| foy eJormmasicator df indiidual thresaire unehetirenser? 04HY Individual fluid
i ndi vi dual W&r essur.e and vol une neasurenent within the

level megsiementWEhingos intepsifists H@9. 8 i1l ustrates a system
[0073]C°nFl(9L’E§ fhd %tésoar)%s@% W ﬁ%}ﬁﬁjﬁi gﬁgﬁs%gbgw%Eﬁ@ minimum

I mum hy rost at oper
hydrosiatm raparalydr apdt,i where cthar gﬂ:emkﬂfnem a000 haresywsednio generate

delivery iq Ghier AN By GERa ey ohaR HCD0 S5 pansr BRgk P gre used to

individkally edidrgt th82ARteTisHRad s10B0e Hﬁr@&llcﬂﬁé@tﬂét@m[é&ﬁtlon valve pilot
ext'ernal underwater control systemto allow for

1920 sigoaleiaragroviderdrere the apdeinel uheervwater pentrelt ayséerni terallow for

indiviagl ot HepaButEs o B8, MRS R dodet i Beb fros, pume

isolaticroRéive! piky I08M dignlk lapw drevided rfebriitHY aixtérﬂﬁh aﬁQQrwater control
capabilities of the intensifiers 1000.

system rtﬂ edliavy ifer indiydbel speharge \@Qﬁbﬁ@@s 1@”5thes .Irgﬁawﬂe@ d000. The
hydrau[?%%fgﬁ%@eﬂ%ﬁ&?v& %S&Bf"w ens r}%éé Gre @?% ILJ(!) rq%Yﬁttl‘FéTbxternal

or 1 ndi Vi
undeneaipabohtrbl ®steniite allowefios Ilridmduatrlate’nsifmntlsolatlon capablht[es The

intonsifiidnalsyigen Sc?arﬁ&%n&%éﬁf%%ﬁe&é%?oéa St ol 1By grtemal
oy S RS ) e
measureéBend and vokinmetremsaresy soewithiorihe infeasifiers 1@0he used

[0074]be| Igl\%tﬂ)e m@é{}é{é%r% system configuration to be used below the minimum
hydrostatic operating depth, where the intensifiers 1000 are used i{oc generate
delivery fiuid 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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hydrostati c operating depth, where the intensifiers
1000 are used to generate delivery fluid power and
t he recharge punp 6000 and power pack 7000 ar
WO XM A%al 'y recharge the intensifiers 1000. Eilefsggﬂ 021706

regul ator isolation valve pilot 1920 signals are
Hydrayicoxgasdaior iselationevalxe oilakll 920 ¢ionala are peidas frepsthenexternal

I di a
undont 6B M 6y, A FCILARLIZARlS ' SR Bllbcor e
intensiflarsy ¢ 000 dlydiQdie ssobbeless pantp ﬁ&d&ﬂl(ﬂf@af\eomdthﬁ%o signals are
external underwater control systemto allow fo

provrdﬁ%%mm NEEXIPER) MNGBMGIBR AP P, %@tetm te gllow feeindMidugl gecharge
capablﬁg%% of '8 n*?é/ﬁgnﬁéﬂs' ‘Thb”hgdﬂ?'uﬂé ‘%ﬁtﬁh&ﬁbﬁtxécﬂﬁ iR bl 1050
gna S are provide romthe ex erna
sugnalajraterpa:twjectcﬁm othes gxteemalt andéivaterf cn:ﬁntmdlsyswnalto allow for
ities,, The , intensif

individiRL FiAeT e ceamviEiRS e pisinel Aol RoToCemiipcations

and pBWeR' Bable 49@'@rte@ttﬁé é%h'ieﬁ' uBYShetel doPt®! fstem allows for
conmmuni cati on of i ndi vi dual pressure nmeasur énent and

commuigCaiien akingdividusl pressiuréinreashigeinaneand Volkime r@asurement within

e 0, T B R T LS00 SHE AP e cono
is usedeapt ulinonma;ehﬂdtétﬁzttdnttﬁ@s*egersé@tdﬂ@@o&r?h@%%éwpack instrument
generate delivery fluid power and the recharge punp
commgioatiansd ap@vmwga@&ble ot (gr‘se ugeed dOt'BOfllitfPfdﬁW digatpy the power
pec 70861 68 il B Il 8ot 5 B R oo

used ts midrdioe ael eohntriob te eebalge punmp@o00denand 0015, -11 WO
200 {13 BmO PCT/ U82009/ 041706 }—gdr aulic regul at or
n

[0075]; 5o %ﬁr%tssa FYRtemy opNgALPR tabe wsesl, PRI ey minimum
hydrosieﬂ g ﬂgeWﬁ@F§ Irt Oﬁéﬁéiflﬁsﬁﬁmté}ealuggav {c° rg.)e}ner.evte
in rec arge capa l[Ttres o ntensifie

delivergz(fmm:i p_BM@r aumtberrec!hmggq)l.pnmﬁuo@cﬂmi power phote 7p00 @ire used to

... .,1930 si nals ovJi ded m the external .

incivic o, (RABFO ofte o AR (19081 | 3B6+ GMersfibts qiggo wiize a

rep]acérﬂ@haég@p[aféamhhtéd {8e 0 Idifof %qﬁsﬁjrémﬁf %ola?@ﬁ Jyalve to allow
draulic intensifier isolation valve

hy
selectl@n hsledvenyellyid doi thetiarger fram eitaer dhe augm ﬁuwah%ader 1900, or

rom ORGP B L QU v L el D Rabdd 0t Tho

regene!r@mmmabl Rl taadgipent boreb|Rick DO edhBfye iRy Sad surface
derwat er control éét emallows for comuni cation

electrlqah@uppbr@frqm&%m@ H3.uryedigmic 5@@Ji@tﬂru$fﬁa’%h@h§@||?-’6rm|ﬁt 1920
mgnalé""atrg' rovr{é kféﬁ’?@bé%&cﬂ%ﬁn%l@ﬁdé@@@ekﬁhff&l g§{eﬁ'ﬁ]q‘8n%ilow for

ions a I's useé
mleldlmvlmet:bar@mhpalnﬂttlesl oftthe IntepsifieratHydr80iOrechaeyep purip isolation

valve f1Gt {958 el Ars BFouR FORt I SHABAGREPTHE RomBRCEYSte to
allow fgpgdi%%ggﬁlgé}bg?e g‘étﬁgihtrémg‘r‘c;ﬂ%e? an %r%” I-ﬁlﬂﬁjal.ﬂf&"ﬁfensmer
selectior vhivegeilql I9S06EIg0als are provided from the external underwater control
system to allow for individual intensifier isclation and recharge capabilities. The
intensifler 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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[0075] FIG 11 illustrates a systemconfiguration to
be used bel ow the m ni num hydrostatic operating

ere the intensifiers 1000 are used
Woﬁﬁ%{]ﬁ?“ delivery fluid power and the rechaﬁ%g/%ﬂ%m‘m“
6000 and power pack 7000 are used to individually
[0076]r edhi&. gk2 illistratesethei arrengemeﬂt)of T scrﬁmnéo@ﬁ) aognred of as

| | |
assefly b1, E5aa, AARISS LGP it GetTog 208 oand e bBihg 4a0o.
The cdafrs@ﬁbuyﬁgmd%@ﬂ Wdllirﬂ%s(-l@ 42@1@6}@@&@1 by Ran§y 4988, and

| uid hea or from an externa luid recCovery

the madagahasising 4200 a@d itae bpusingr43Ntuanedatned byolangeTh02. The inlet

o tho SERREFIP OIS 258198 PASEE 165 cRBBE4AOf acroen

4000 ﬂemﬁm:htéwl:@ tHey didot flgng@gmw OThs %@b%&i hnuyagvmcm | @ledium
als are provided fr

housinG (ARG nechusan 980 Bave Svaiing oo 41948 sllaiide housings
f d

o o FRRSRERAIELAGI 55 ¥ SRPOIORPSLIAGS TGy oo

maintepaogé tidsl 41 t)ﬁmim@, axl 430@to allwe soedsy tmmiaaehbla/ﬁltanned fa in

tho resihclfe sy GBS ChifapohwiRng AIDACRIBNS & abaleRPaRio coarso

filter 4Yf V(%é?g?rllébt tdlgééblﬁh'%@@cé a%cﬁm RaRVHIUSSH fg'éaﬁ?h%lvbgr minute, with a

externa underwat er contr ol Sy stemto
volume of 60,00k Igallnne rbiduigbput, gmmhptm 2aig mfepaducgbte matter, and a
apabi.liti ifi.er

Taylor GRRAYZE b 280 THE il Ralain 4280t & replageable medium

fitter 4@1@ edeEigited & BEEShnRIBLE D fdw o4& 6@60@ @;ﬁﬁb‘rﬁ‘é pak MIALRS with a
ndi vi dual pressure neasurenent and vol ume

volumar@&sﬁs} PR mallans Khipugheut, ransh diotd &r bs10ipparticulateymatter, and a

Tt FRRY 433035 S P RARLRE1E, 48D Ehfcrblp e o ot

designedipriceethneddaAs a hes Bl gzllone RER Milatas with a4\1t§IQme of 60,000
i um housj ng 4200, and fine housi ng 4300,

d
gallong, i & Rsuet REripwiste Avaloreandra ﬁ@uarﬁgea%@ea% 9; dihgetpreen

1000 PUcERBRT 4 PR ot T8 4108, 0B oo

gallong ﬂmeousghm&nhdla@tatal af @i ibatoésebwatérq)armmdatefdmﬁ@amwm.with a

ot oS SR RS o N e rons

are exé}ﬁgﬁés%ddf%gotfﬁ?@lltét BShfitRIstidHS %9%9’% APyl ng feet

to allow the housings to be permanently nounted
[0077]t o Ehes tggidator 6§08t acnen-eslieving, tseamam@*ssemme flow and negatlve

pressuf HOUGRERCE ip WiSBei haioryibisign 7 1 WFiebiicet 19 SuBBH Foduiated
scawaltppresife albe beRAV Bedldetiticiedd@e t@Qﬁlﬂbﬁﬁe dntensifier fo deliver
repl aceable coarse filter 4110, desi

hydrauie cepmit] atiaida af | dvenesific @ﬁemegabwmghwestmmuﬂ@ssure The

regulalg\'l %2 ofmggggfﬁgé@?%‘@ag{ er, Ir%ﬂie%é”f?@%@f CWE%%HE?IZ@ essure

referercl, 2l feBue baekliintenbifies i 1TIDMARGK prsvsard1So anabidinCeadhstream
seawat%?dlpyergsure 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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filter 4210, designed to accormpdate a flow rate of
600 gallons per mnute, wwth a volune of 60, 000
al | ons throughput and hold 3 I bs of particul ate
0%’!9 M3nd a Tayl or nesh size of 28. The fIquér/U52009/041706
hou3|ng 4300 contains a replaceable fine filter 4310,
regulather S0fidedtilizes doe (bnydtaidtc eressurewdedive GO EROT thesinfemsifier 1000 fo
. mnute. with a volume of 60,000 Ion hald.5 I'b .
providgrmBhstonital i kB, Seh@ein Paseatedouin ESuctiheySF delivery
fluid pﬂgguﬁacqg@@ 4000 is designed for a flowrate of 600
allons per mnute, a total volune of 60,000 gallons

[0078]t hr Bl Hisuillustnates the fistaborstections s ths r%dmr &000. Unregulated

ambief st NEaFRR PR e cefbalof 2ob Tora thERattsh ApBE ot te

inlet splﬁrffar@@rammﬁﬁd nﬂé%@@éﬂw 53 @ 8bdviabr ot I‘Eijuléttaﬂtpﬁéssure at or
configurations rrrgalﬁoe used as well. [0077]

The
below aghieat BresSOBOC o AXifEthetagwptos 5R0R =6 the suilpt eplit flange
5025 éu‘x&‘ﬁuﬂ@fs@ﬁﬂ%ﬁ@ $016P AR el %%H' feSSurel ﬁ%yéﬁpaféﬁeg?e flihe pilot

unc ens; i supp regul
accuanaBEﬁO it dglsing epcat 5220. bEé@U/bEM(CbTBSﬂaEI feomprias Sotemsifier 1000

deliven%ﬁﬁg t 53'5%&?&;4 Lbi}lltéé)g%ﬁe%é@%vlge drgtﬁls’ilc Cgl?(tzdlgtllon at one
atmosgﬁ&%%gsu ;éeegppﬁ@dlhﬁ{(&fyd?q'ipgﬁ 54bpl i zes hydrostatic

ressure, or war erential pressure
[0079F ef el ridd]lustrates esdedpiaded viewrsithe eegulata® 5000i domprised of an

end o 83EERS 13T SEo eSSl b7 Boo 2 BhShePbad i B Bternaly
chamb&padlifbt 8RG piktoh eI 19ehhd gbkt blsurdl 54 QBWEFPBIS%h Pyd B191 through
subsea control system The regulator 5000 is designed

subdividing diullheadt anagrist eap sealatds oot gylisdenicap SMEn a frew body

5150; § EPhAPELB o5 it Mo FLESTr RSP GV el RS Bl 9B nange

port scﬁﬁmwmle’:ﬂbw Isdesé gl rsubt 5106 ethdf 4 vatist regli_t@ngit {14 ort
-13 WD 2009/ 132300 PCT/ US2009/ 041706 reggl at or 5000h§e P

5025. iibe integnl arenepaiatl of angirsk Bisian a&l4 gengecied o pistemeod 5111;
' f;
rontpSFETDA AR i 4 89 IRARORB LA 105 St
inlet pgnt §§§ﬂl rasliRess f@aidjurht Gf sédwiatdristwese shd brd fplls{edmi 5112 and
end oy AP B B s RPESSII b Ehnas aCher locip es oBpusaulic fluid
betwedr Qﬁét%dﬁﬁdlﬁg%lﬂ%@bﬁth@ cyliRY&F HBA P'51 (fd %ﬂgethéogﬁd piston

inl et seal sub 5016. Seawater at
5112. Bﬂdszreseu retpaot 5282 haw agnbse ta a pobsse pé hydmmnc iflansbetween the

subani ByhRafER dhe el o Gt e I b bistar 5708 pesback
port 5905 ABBldRdsE 19M VBN bPhydtsid Tl betwe? theétroht l@iéﬂ@n 5108
port 5220. Feedback pressure fromthe intensifier

and thaefrqmeﬁyyncﬂwmp pdie poePeippssentblk’ 1080dpasses tbmh the front

cylmdé? grvm r 3300 circulation at one atnosphere pressure
pplied at tubing port 5320.

[0080] FIG. 15 illustrates a cutaway of the regulator 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 fo open
and allow seawater to move into the flow body 5150 and vice versa. A constant
hydrostatic force Fenq is applied to the end piston 5112 via the seawater inlet port
5001 biasing the poppet assembly 5105 fo open. A constant gage pressure force Fae
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[0079] FIG 14 illustrates an expl oded view of the
regul at or 5000, conprised of an end cylinder cap 5113

with seawater inlet port 5001; a cylinder bo%ﬁ%ﬁ?
WO %P0 vy chanbered for end piston 5112 an §09/041706

pi ston 5108 with piston rod 5111 through subdi viding
derived ditokin dzel pil eine couinud ajor SR80 [Fesdyreds fapplied dy |t!ne1&ent pmﬂnn 5108

viasing Hs bpBast SSsaBl o REE oiehi B araple, SR pifisfite force Fi

derived fidR9 the PRSAsifdIbIivary Sreskaie 1908VMstAPIiedad!ths Yond %n 5108
and an outlet regulator split fl amge port 5025. The

biasing theepoppelassenidyinelose. Arvadablephyirestatic ehselie ptessyre force

Frow et G5 RN IE AR B BBt JABLERAIET BRI toss cue

to flowd thhmgmﬂetﬂoﬁﬁ)@ddwa%(alscmﬁuemoahe @bpp@t iscpeFNat 66,
between the end piston 5112 and. end cylinder cap

[0081]51 18he ferse babinceuationde (fae *dued 4188 o Fanty Slem® OoMhere the

I fl o f
rosulteff 4524, of oy U B TN 5 A SRR pr¥ind 4y HBEBIS rpssure
(gage prr@mmstatlﬂoatdeﬁmmmsﬁﬂwlésauw e poppetassenibhd 65405 ite open

fluld bet'\é\ﬁg);n:the sub i viding bul kh ad o

h
and begin flawig i Wa@ﬁ?@ PHL0%S Big PYIRS &%S@I’@b' g":%%o%%r@w flow
througﬁol'h% ﬁ&QS%&ﬁﬁ 596625 db&re@s¥ GhUii Qf)?é}iéﬁi EIflj{ﬂcl'r@sté‘ﬂu’;l'p‘i'essure is

t ween t front piston 5108 and the front cylinder
obser\edpcaumg p&)pe@wct@@s wnbhop salwng Gl ftmﬁWeblatShiooogentthe poppet

assemply 8105 Withoh s B3R oD ting Tow, bogy it IS §55orfhegugnoe of

dellvergoﬁhlé Hbtarid BAtthel ialeABIfBEABC0AES fFédtbaeRIpRL 19@5%&0&1/19 Fint to
105 are interconnected. Mving of this assenbly

reduce, @adhadntensifiseaslehes uprivith ff@drctememﬁ, &3t M@W angbias the
poppegggge dsPdé &%&%Mkﬂgon@tdgg%g %ﬁgfc{‘@ﬁ g%‘f’\ﬂéw%dy 5150,

VI Ce versa
consedieadlyi sec&mMg ehet hydhhdyﬁmucplretimttcﬁﬂh? M@, tﬂhneher biasing the

POPPoE FEROTBNoJ5E 51088, B SR 0 hge. PoEsasb gb dBaruple 3. dapstant
clos:n%ﬁe%@g% #%,203%9% é%?é@ﬁ%ﬁeﬁ@%ﬁﬁﬁgﬂl% 8980 pressure

accunul at or
below fthe rdesinedt gage poSssuoe axfi thg intengiftgypdelivasys dluil @nﬁl@tﬂpub 1900
head open. A variable absolute pressure force Fint derived
8ad€k om the intensifier deli very pressure 1905 is applied

{onsz]t 0 Fz'@ 167 M0&trMeSHAB ax58fblPioR §hd defehthd2Opiieh MSAERPE300 and
to close. A variable hydrostatic absolute pressure

refereniasr eeserwir 0deand, piot acenmulatae3RhR @ refﬁmrm assambly 3000.

mhe pRRSEEFIANY S04 VRNl BSAS SPP, A8l ramsicer

3121, eﬁaq:mbt ¥c&ihblatdrO9@sburtheansmter 3zbange mGUﬁEedolﬁtd 8 manifold
+ Facc)*Bias - Fint - Fftow = 0. Were th

block wéaunt%mal poitive {of cornrrt toppikal aw@é@t@wefe:eneelwbregy%z?ﬂ
reservi SEFUN&Id thf;]g' V‘%H?p?ﬁ%?ér%hg%e&go Cr séléégfr‘r’rg{b"i‘ﬁ@l%gsé and

ecrease 1 n cause asse
refererice pwep accumulator tubing 3233. The reference pump double acting pump

module 3520; check valves 3530, 3531, 3532, 3533; and subplate mounied 3-way
valve 3510 are mounted info a manifold block with internal porting between the
mounted components and connections fo reference pump reservoir tubing 3133,
reference pump accumulator tubing 3233, reference pump stroke pilot tubing 3310,
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and begin flowing until F;nt increases to close the
poppet assenbly 5105. During flow through the flow

bod 5150, a decrease in the apparent hydrostati
08%51}?‘5’ is observed causing a reduction in 1%1;[%%009/041706

causing a further bias to open the poppet assenbly
referega® pump streke pllot tuking t3&1duginct pitotf dconnbdelpr dn@ease/dacrease

select G OREINFRE 39800 on T cetback |1 ne 1905 causing Fint to

[00331 edBI®, 1 RAHushgies Mhe BShématic ofthRFeredcyipumd h@dlule where pilot
emand, Fint will increase and bias the

sngna|%§§é9rtﬁrgﬂ Sitscausepsiswblg aﬁmmtbawaaumpn?@fqogwm augrorth as

o oGP OS50 TRl 4D 9 Wl g o

excluspmopmnnesmgblbxath pilcisasre. ndtmmrg&edtat tbeammmlme) The check

valves-gaise Bodelor eageaves) hraudi he ey avet 2ueBiRanking;in moving
fluid béa&?ébrp@%gtargjeség’e. OWmf;l i gﬁ %S@Qﬁe%?oééﬂ;eagé rlN‘ﬁ]e pilot

intensifier I'Tver output
signal 3608 2ictirg @n the 3- Wtausrahmiﬁlﬁ he assenbly of the

oosat,S S SRP A Sy 32900, BTGB GRBL M e a0

move ﬁ%oébnteﬂ' BRtdH In0badtCaireation ﬂﬁ|d%%rtsf S5ET 8hE %5233@ Eﬂ’éﬁiléced in
100, reservoir pressure fransmtte 3121, and

and Oldc@futhﬂ eenipr pharwers Theadiferential a@eaiaeaweeminmmiom r&Sd1 rod

end afy BB 06 roBUBE I #h e RiEA T, oF Brissdfe bepiGHN Gt rtea o

3310 and anlrabilent tat¥520, aﬂtﬂﬂlngftﬁéq:ilﬁﬁﬁ% RiefBrate SEprBslre in excess
tybing 3133, and ref erence gﬁ accumul at or tubi ng
a

of the Pplgting W%@J@ﬁ@é"%ﬁ@'%@& RUNAR) t%anarowatﬂhé 25 cubie
mchesgiép stﬁfﬁ&%ﬁhr’éﬁ?ﬁ%g&cm&t @%@su%ﬁs%)’ b(%"rhgjgust?d in small

vaIva s are noun
incremim!BfoI d block with |nternal porting between the

100857, o< Ei5 o1 MPRERRS the BEheriHuR ot dhe dSRIRRCS EERRIPE AP and pilo

3 t
e 3239 s RSO AR B gdgdp ol Rroronce

(relativet fodke rpfarence tasiengis310) abadiups pnetssaamma afmwsphere)) for the

el B05 7S50 B egBLch 12448 o 08, AT bior e

volumeU MheMpesstravRisdRick®  allbivd Addritofad0 of tHe Srbbeb RS Gedervoir
doubl e acting axial pu 3520 to back and forth as

pressurgg f@’éé’p’@fﬁs e Pirpesessi ymapdmeen fadd gadlimnsagerss accumulator

wolum S5 URF BRI Sb0T b 8L b BHL BT R0 1 o
closedThygstefieakd dt&lwast chsthardd mydrétﬂlcbﬂwﬂoir@m thy %@th%’r pilot
3-way valve 3510 resulting in noving fluid between

accumyliedar. ang 3233. The direction of novement is gover ned
[0(}86]by Ab &Ry Ith;:zurm:bed 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 accumuiator 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 1800 to be

increased or decreased in a controlled manner without violent swings. The
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signal 3312 acting on the 3-way val ve 3510. [0084]
FIG 18 shows the action of punp 3520. As hydraulic

ilots 3310 and 3311 nove the center piston in each
08? OPUER3Wn, fluid at ports 3522 and 3523 is dif$giaeRYy041706

in and out of the center chanbers. The differenti al
prechargeaprbssumee"xﬁ tivdr gap ivéteorthagailot aowmeiadbra%ﬁﬂ(bisme:aﬁ hatfdcapacity,

csagF P 1 SR GRS BAIS S ENGT o I orcs

volumé Qﬁ tREPilot AcOGMAIAGIE3Z0P BRS UFdss Po!@?ﬁé%ﬁtheofefét@ce reservoir
loting pressure. The swept ~vol ume of e_punp i s

3100 la@pfuosztlcvmofeﬂhﬁ gress yokinte of iheHdiot p@@umuhme?; Q-1 owi ng

o0 Pl A U0 BRSLqP RPN 6y DEpRSIENHY Bt v

1000 1chohlib?r|§eelf S B 66ter &3y 2010 3dI@6tonnek mbliating ﬂﬂgsm”ol'! af an inner
3200. The pil ot accunmul ator 3200 provides a

barrel 020 are inner drasrRl dnsifurapat paekags fl R40; énclnBAE @arrel instrument
jur‘npe %Sé"% ,ré@egg;ag%ggwqjﬁe@ [BREHC1656 gk‘i’iﬂ? RBSH eé)éazéteh inner

tegu reservoir gro
dlamefelrﬁﬁall dﬂ3®fat|:imoammﬂlatrmtem$ﬁal NGRy ae . uppee qmterslsan@ flange
transducers all ow % 1bgr ng of the respecti
f

1011, @ Egulaior isgjatier 3aiagHES: IS01gionpydlus. ‘FC}§3 a regulator
pressdf@xﬂr regz1|d_5493é lwer B[}Eé?sb@?&uﬂ%lﬂgjﬁ G!b 1VQl HBRveHpressure

at or 5000 oper ati on he re erence
transdasere rw{ie;« 8 0osirunsentation (mdopmyert eonnranion ¥@85 nadelivery pressure
i scharge h draul [ COE?UI d fr the reser.volr or

transdggg st 6@@6]1 &me 1H§§5urpﬁgt B.H@ér 1050,

and awwééia?ge Qé’&ﬁgfjﬁﬁiﬁd’ h%'?efl'ﬁé SRSEr baresSIeTV s atdthed to the
the precharge gas 'in the E ot accunul ator 3200 is
18

lower ovigT bagel ﬂange Byt NeanE 8618 dogking duieach déd28aslhe opger barrel
nangebi 42 4 BHFR e ABEES o B i 256 BN 13280 er bl 1010

The lewerruitat Gary dangd A020r erRDNsGratiec raeaisﬁmatéheuhw dfulkhead
i ncrenental increase and decrease of pilo

connegE AR o PrOYSIS GPEBSIcs BEPuARN thp <Y i Rarrel dgtrumentation
packagé et AR t]l:r’fs\hﬁérﬁg?ﬂg% bB%‘hou 0. e e.l‘eﬂﬁ;t?& Bﬁteﬁj%%rr:%??l%ﬂge 1011

n a contr nner w SW ngs
mcorpeﬂﬂemmelﬁﬁﬁjme@(ﬂ' TotsP Ot il Weddes plr%ﬁhmrgesolatlon of the

seaw. ggg Lﬂ?’tf 8 ! he rssslflém i&%(ﬁ, I?rogﬁ :;llgé) trg&@lgﬁg%(gﬁpo rarl;ﬁ gtplg rie?:harge
pump B@OGGA@CubIB[aQé %&té@lﬁ#@éé‘[ﬁ@ttrdr%dﬁcé# NG54 ‘Péﬂnﬂfunftélfto the upper

gross volune of the pilot accumul ator 3200. The gross
outer batreinbange 10#1 rt@fpem\ed]e @ressire voeasurgreot iof the finkaial aeawater

SS..val the | at o
pressiffg b e, 100, fhe, BB o By PRI R, 167 tigproorates 2
subpldt@tratantedetorkhi) Osalve & 05Nt foR Sédlatig tﬁ@%nv@rycmrmrs@cm@n of the
of an outer barrel 1010, el astoner nounting ngs
intensifign 4004 fram e delivery fiuid output and fill header. An alternatlve subplate
mounted control valve 1059 may be substituted fo allow the intensifier 1000 to be
filed 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 bairel flange 1021. The subplate mounted pressure transducers
incorporate dry mate connectors, allowing the use of pressure balanced oil filled
(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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barrel 1020, an inner barrel instrunment package 1040,
an inner barrel instrunent junper 1058, two inner

W‘P%@{%‘?kﬁﬁ& oximty sensors 1022, a piston 1030,@@%&%&&17{)6

I amet er seal 1031, a piston outer dia
seal 1032, an upper outer barrel flange 1011, a
compyige, PE PSS HELNRKS B Withl dry mas3;onmeptions fasplhat samwater pressure

; ) | S NS [ 54 l,ower

nsruB B8 PEOF S8 850 PEESTANEn, ARSENTS) ph0Bye hdREnt pror

cable ti0&0s thec interidifet, budkhert PBOF £ableorD6D) Gndae 'e)x¢&NAE Ch&érwater
essure transducer i nstrunment

3[055 a,rgel i,?zer r ] L ,

contrgl sysier ymsesitsr PEOR astle 15105 hednieRstier RulleAdi FROF cable is
comy 0ot oA GBIPEAS N AR Sop L spllfctors or 2
volt Dfarpayverf hadgeerial coramsinifatians dednintheb egterhall 083erwEier control
oystef 6 b, o LG S, HCah oI oxterna
underh@t coHire] Sateml iftbASIHEr IPBOF NGO i6Sid UnpHBEe of a

. subsea bul khead connector 1055 to provide connection
multicgadygien (¢arper amsk fiteteptic) calse rauppotiong separptec kandudcios for 24

LatLeasifLer | s box 1070, The upper outer
volt DIc Bl 2ifert bic siHe] 11885 a1 oL ehBTaBalem I the exteral
underwatertcontrodgystedn, val ves 1053 for isolation of the

ter section of the intensifier 1000 fromthe

[0088] ¢ o Nt a7oT0I0 O e PiRion JORAr aJloWs o 6eaUAISA anmbflsabetween

o o, NI SIS U3 FRLIREA 101 v e
diametarasfitherier barréhabovet genayhestapaditon tHe ssalymeay Reddre(inches

iptensifier, 100Q, The | ower quter barrel flange 1021
above; the,pea) location, with, s RISEOT e bIOBBAL PESItigR) vin setraction port

1060 BAA J | g ¢ i f g '

0 el 4, 0805 K] S SE0E el e f aow e

annulgrivolume axppsedic atawateats be evabpatetior akeamdce dheanttragtion port
e intensifier

0 b bstituted t | | t
1060 33 4 R ARl RS A RS, SR e Mt B b G Ebbt o
is realed hérobs tRadRIterd PREMA 0BO ANARWASh &dtlatt 1 Bumped from the
recovery reservoir 1901. A subpl ate nounted plressure

recharge JpRd i dpwi extiagtionniiemt iedes. t the terbiulems rlayv tosevides et a self-
. e 1 d .
cleanifd, 985167 e, KOSy BHP BL o BE G o TR RO ARE B "bein

recharged dsusubssalenceperationf il | ed (PBOF) cabl es 1056 and
, 1058, 30 be _interconnected to the intensifier junction
[0089], o xFisiery § 038P0 HeN dotpeaswed wihinniheneneaénosploere qorjoined

chami i EE RNk P 1050 To AU AERY arsc
volumelrof thathydrauiteanialns. Piston tIS0spasitorers phessmed relative to the
inor Gt ST Mo TS S 28 aac O bR 0 Sason kgl 2Bk oty
st HepsH805 R8RS I T s
piston 1888 radtian clossRe @aprePBUR babihdarysin contrast to prior art intensifier
instrumentation. Fluid level in the inner barrel 1020 {as a consequence of unintended
leakage across dynamic Piston seals) is measured relative to the inner barrel
instrumentation package 1040. |

[0090] FIG. 21 Hlustrates 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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conprised of a nmulticonductor (copper) cable
supporting separate conductors for 24 volt DC power

and serial communications fromthe external [
WO 134100 systemto the inner barrel comuni ci’?q’é@ﬁ’gﬁmmﬁ

port nodule 1120. The external under wat er contr ol
1000 @ﬁnermnutaénslﬁtqrbrpre@mecmmrlslfmlamnab reonipr Médeh girowides for

ross RSBSOS AR PR 55 TR B, g and e

fluid dézw@e,r volpmezggﬂ)cgnal l'ines, and serial communi catl ons to
ternal underwater control system [0088]
[0091]geanh§i r42 d\ustrﬁtespa Sogrparen p@ﬁ@umntgn%%aﬂ@pﬂsmer 9814

and :nﬁé&ﬁﬂ#ﬁc | ons @Eréqgl%s %ﬁ@g%o lﬁt‘%ﬁ%f@ﬁ'd&ﬁbﬁé’@s &N and

piston anamgtamenwst)ﬂ evma:h B&qm@sram aindaevdlbeatB8fHels¢tween the piston

th alsrra each (inches ove, t
and rof gl MlehuTist DR SEd i m%'em@rﬁwﬂss?tl?’ﬁ&gﬁ@%ﬁ';agwfo this
volum@%b@%"%u@@rthe id@agifian th }928 AL g/%bk W@@acﬁr ?ntensmer 9814

| ocated slightly above the to al
used mrnth@rgemlratm ofpbydautio pasentrequire the aeacqfat@eﬂemal one-

clean The Q ort 1060. and annul us
atmosFigiR T mbats 95 348 Stadle Bt bent USRS 70d to ensure
[0092]t ur Prd Qﬂ!enéif@W“IOO‘E) bE I ZEALBEIRER Gt Quﬁcﬁf-leﬁ‘asﬁl%n design
1030 wal I s when seawater is punped fromthe rechar

utilizing giwnagmic |se@lsean the tinoer an@wuﬂ%ﬁ diametei of the pisten 110|38v$k:rt to

prowd@ rtl‘f’é’ trﬂgﬁsﬁ; %[t o acfggfof i 68 | eré}g(@g} V\ﬁ;gbly% &e@&%@%e ihtensifier

I"ntensi

1000 remhartqmle biytonz absemdtarepemé ipteton RVEHal RiaseRrbetlden the
ition is neasured within the one-at
outer l%mﬁl

SO i DTSt TOME e er G iler RBEST A8A0GP sicfife the
hydra%@/%?]au %‘Idrﬁ@ 9'88 Whih lgi?‘g)‘r'hhfﬂ ts‘ﬁ?ééglr‘ﬁzga t he

annul us. | ston tion neasur ed
[0083]r el Bl msteltnml vbleme ohibe ibaer bﬂarrelrrﬁlﬁ&mn:htk&t pietorpiEkapmvide a

conjoirslyolufle bEST IR nB8250s A ad o8 s ity PistrDapmoves up

and doWi?the HideP BAFEN 1610, THRAEORbMEJ WISheNs & |ﬁé§dttmﬁlﬂple of the
crosses a pressure boundary, in contrast To prior art

hydraulintdaliyery eolumen &sr oppoaest tooa  fragtiondfl thearolumet $ren imprior art

intersifsi 14,70 d BaRuTRRTREIRLGS & all Bl BB e GEP BG4 Due

o thet benfiguratiobasfr His rodsibss RN, e Rafkageofl 0894 [O08Ried to
FIG 21 illustrates the cross section view of the

mcormrﬁit%rmwtmr sanrng JpFmentatine i megaurropistom B30y pleyation to
| _ofacdel i f LU 8404980 e

derve! SRR 38 Garlh o P8, oK Rt 6 s, B sonsors

operatﬂ:@Qﬂ pressureavithin aithei 880N 9808 ssuambiont épdidstatic preselires.

pu provides for pressure nmultiplication
[0094]be:'@v3£7\e\r$]§t H@'%"é’é%taerc@‘@pﬁﬁ‘it@? Jievsrott Hie mnﬁ; haysal Hisrument
packaéé“?mo. The package 1040 is comprised of a cage 1042 containing a piston

position senscr 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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fluid delivery volunme 9800. [0091] FIG 22 illustrates
a conparison of pressure intensifiers, intensifier

9814 d intensifier 1000 enbodied in this .
Wqﬁ?‘%ﬁ’%?@i er 9814 uses a rod and piston arraﬁ%&?@sﬁ{"}%@m%
9802 whi ch requires an annul ar vol ume 9801 between the
1058. Jihe: iptercanestion sakle 1065 muted miong ihe dnside avali ehthe inner

. ) . D . _ .
vare 1075 SEEN" ) LEPISES: KRB ForAPbAETR  mursin
detectiohaare! measersndénter 9814 wused for the generation of

hyd lic. r require the use of external ope- ,
tooasT, nEf A Gliain e sohsmatcvighou the TRRGSDervhadkheption of
recharpgg.% aF*&ténﬂhFﬁﬁHfréé‘éve}g“ ©of this enbodiment uses a

-l ess piston design I zing dynamic seals on the
[0096]i nnElG. 22 llbstretesdihensthematic view i Seomtarederskith the option of

rovide the intensification,are the delivery fluid
recharff i) Soieiterab 13 ey SRR TiodP- ' 1000 rel at | ve 1o
[0097]t heFRE. spenildsiBiebeand agloddd &idlvSePthé kaddunf@alor 2000. The
travel s between the outer barrel 1010 and i nner

accumplalee 20003 sampsised efhthe sesre satercbareBd e gafusas in the

. & d | i I in ' Liver

tens BE G014 S AR A R e 50 B ) L 5 nance
2200, thowameutspabaredl 4k 21001 ke dplivdronpréestrepravisdecar 1054, a
coﬂyf oi ned volune 9801 that increases and decreases as

deliveryrepsuedrmnassecrinadsmant jumaer dRAS: Adais evebsgnsar 2110, an
Poto SR . LR .

sccurhfify cHEyon 1951 870 i DB Ryl Sehcaplo T e vare

flange$ 2200i v 100 hes atihchee] wethe fop qard boitamt of thetautst bareels1010.

The logg P parepianse g1 neSionedtes sybr ata G GHEd fogtrol valve
2050 6P| tHE8 Uellery Mfd YOLITR oPihe%8ck b atél !dobéggarﬁ the delivery

I NCOr por_at € posi 1 on sensi ng I nstrunentati on
fluid ovtputana fip header. Ao3bpite yeoudad poessire iraasdotentdisd is mounted

o tho TSRS B Hautd, 1BRE8 1kl 3 SR P RSsbla transaucers
incorpOBR® drp ' makb ceMtedy®, AHbMNE 1S RERUHE BresdLP WHlarded oil filled

3illustrates a cross section view of the inner

2
(PBOR gablas 1084 pudeb0 todnknderconaectedie the ekagauledanjunstion box

2070 SRR of 5795 PSR BT A 50070
is compoised adfopresddre housihg witmeiry rhater edbnrikBOnpifst dne detivery fluid

position proximty sensor 1022, connector cable 1121
supply; Ryegire instremens FROF 1eakle K061 the pepedinaten ligwigxemel sensor
oo i L . ;
PBOF XRRP 20802211l A8 A RAE: bR LAULIAUEBRRTBILE 1010,
The extemat undemvater ¢ORMI sybten intensifier PBOFeatkiad®100d Zoimprised of
a muEARSE caaRRb B0g DR RRe SHPRORIET SeRarals Colftuctors for 24
volt Dccfﬁdwmte@tdf@iﬁ §igRAIClines! BniCséRA%¢dmmiitations to the extemnal
PCT/ US2009/ 041706

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 to open without the weight of the float 2121.
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1058. The interconnection cable 1055 is routed al ong
the inside wall of the inner barrel 1020 to all ow

Wofs%%ﬁfﬁ’g{zf“fqllo visibility of the bottomfor pur %8%8'%2&{9’041706

cursion detection and neasurenment.
24 illustrates the schematic view of the
When |ﬂ'r\‘? @ﬁ‘élﬂfiﬁ‘é@i rigesn B fleate2 1t igns and allews eyeoppeivaive to open.

Use of HE'H gla 2_”2‘%, da!lb%oﬂ‘t%r sé %?Ifhls[eg.g%ﬂb eyqusggztgit { the. need for

IIust ate he schema IC vie nS|
mecharh@alomnteromrméctlonectbrﬁmx@enf thremcaged Xloait nadlve 12420 and the upper
rec very t via 1910. [0097] FIG 26 illustrates and

outer l@!fﬁ’(f@’é‘é @% of the accumul ator 2000. The

| f |
[oosgﬁgigl@. 950 &9k %hé??aﬁﬁ?%@eﬁﬁeﬂ ojhgngsmﬁndo Wil ! 2110,

as used I n the I er astorre
pressure utiansduoer n't}ﬁtﬂmedarpoppp’e vabvet 21 286aand| a¢duamiglator isolation
2100, a.deli

valve 308 hociifial . Binclihl oy ' IR g, Bugpunecton of the
accuniuzaaaschwer inshSiianiBtn Jté"fﬁéfeﬂt@ﬁ{al dhddriied écmfcﬁilasnystem via

sensor 2110, an accunul ator |Junctl on box 2070 ,
1910, gllgwingfopsensistency efipechaniga dut@hq@dpetwenfuwng‘éeccumulator

2000 S0 ORRFg 0 kOB, SRR O BB, fgonon

acousﬁd%hgmg tegiviqiefo Mmasishpd e distatieetd RN freal Mﬁface in the
ZgSOhﬁsr isolating the deljvery fluid section of
accu oAt dechaios and reehargta ol dig acevauipte 2909, ﬁ?fbl delivery

: i) e e
it i DGR Toonf B RE B PEA" A0S AT e oo
surfac@ Bllows Emcacuinaicateasareniad qﬁd@mnesdfﬁaesﬂﬂmﬂrwe useabie fluid
[ orate d mat e connectors, allow ng the use of

VO'“mI?)?rg&EEB?@WQ ed oil filled (PBOF) cables 1056 and
[01 (1‘0]105F5|gt @00fudtFHES FRD Pé’(ﬂ{a?'gr? Egﬂl ;;ESO@G %%@t Ay h%“t%ghhfﬁj% pump

2070 near the botto e accunu
6000 lawmnﬁwf Jru glsckrin modor 209 drive sinifdBfia, sepositive displacement

pump B3 oGt Ay et 4 PESPUr R PRepS (R pesembly
6010 \Rfﬁl@keat WaterGAKMEBDOE Hhdwiath Luﬁuéulmﬁ@ﬁ%f&ctmi%ﬁ%m@t&cﬁmector

and the external underwater control system P
6971, @aﬁlaedmemte umﬁl@rv@@sémﬁnumtmﬁmmreanctcﬂmnl@a}mmonnector

oot s SBEALGEI AP BoBS A48 e BIBE RSk o ocuimont e

is at os lgwer thangarsb(eait sbawatardiretours, teexRdustviblet sdwaonat ambient
fiber optic signal lines, and serial communications to
seawalg{Preg$denal  underwater control system The upper

[0101]°Ut BfG,b o8 1dﬂiks(§|falt R tﬁ@@dbec% mattﬁ(? r@gﬂé@reggﬂpg%goo The

val ve accunu
recharge tpurnmp 6600 eormlrlsas aseav@ieecdmush poitd0§ 1t seshwater suction port

depl oynent dept uir [0098] FIG 7|II rate
6013, SRBWaLS BumPo B NG FI0%, S ohyetel B0 RltoR0gRer and
housm'gseb@é Clovee rﬁS{drVﬁd%lﬁé W 91&&“5096‘0' ﬁb@l" Bitfiof %éfsfﬁé 6007,
prechar ge %OS qui d l[evels oppet va
electrommsh%msg) R, Ianémtlon haparcenblabider 60H@. T\be@bamter suction
port prto es ﬂ&ﬁ @r%ﬂhunlcat:on fo the seawater pump 6003 suction as well as
pressure communication to the seawater pump 6003 case drain port and lower
mofor 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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-20 WD 2009/ 132300 PCT/ US2009/ 041706 Wen the liquid
| evel rises, the float 2121 rises and all ows the

oppet valve to open. Use of the cage 2122,
W&%‘?Eﬁ]&%@"of this assenbly 2120 wit hout the neé’?'ljflgﬁ%wm”%
mechani cal interconnections between the caged fl oat )
motor@ar:l\wraml@rougb a rdalitpeeal. dheseamgterapumnp , gogpier housing

o005 LHRE Sl ol 1958 87497 B A0SRy i oo

commonigatkdibpReth dhal ocriplig Gousing mrrul ator isolation
val v Accunul at or junction box 2070 all ows

[0102] El%ogﬁefléwt@#%fa taeBemgdisigwa pbthe gegharge pump 6000. The

conto MRS | RGOS pOPb ASIAE AR Shor ot

and fremﬁkrmyl mBQBM@ r{btataathwmmrﬁ 1ewitl feedbarll fedmmres@080signals
UId | evel sens

t fj 00. Th 2110
6933 i haB0ier 0. She et demabizibis & Tionlpis estall IO leads
6031 ﬁanrfﬁé%ﬁarwﬁdﬂggt@@@e T'he 6d?ﬁrdnbﬁah@brf6m RHE fu@@ %ﬁb&bility of

accunul at or . di schar ge and rech ar gl ng
contmﬂmtﬁnﬂ@t and mmg dm@icmﬂd betlhe nhotor G108y, |de@/rd|abpn faintain a

cons hé8 el VR HE F5oe B sl BBRE AfokIBC voteos

6970 déevdladesps Utid Ct:@rﬂ?olbﬂfdﬁ@éﬂ VB3 eafill @edilicd dmotsH Weet N while
the accumul ator. [0100] Fi %0029 illustrates the

maintaigipg dewsiep s aows thegummp 00T e maiatei geerstiep wikadiminishing
o0 wiBgE30i4 6y Bafif ShToPhal ¥ b biFat Bl 881, e

motor &1D0erid pampabedl aee mmmcmllyampmmhromg}amﬁbhmer housing

6010 with sea water_inlet 6960, dry-mat e underwat er
6005 thpkeravides a potastiano ﬁ@i@c‘%@%“fﬂt‘é@ﬂmsﬁ’ﬁd“@ tae purap 8003 case and

ot TSI el AU T o PR n c00 s

as in s’é‘@fva:tl.enptﬁﬂ(bié prampeasd.r dhreedielpeidat Iubhigating sfleid & pressure
ressure

h h
comperBaf) BRI Bt L rC St propmat at 60T AT % cenaged to

the mtbh!smétr rré&f%ﬁrgérbcmf@cﬁgﬁm 057e*eMr8ugﬁ ke rc%?r'i}:?ét%u@H MMadder 6010.
he Trecharge punp 6000 conprises a seawater

The cemﬁfa!w{drw@rtfigéi@ols lersdertinr heusing HH(Somihicteda Dperated at one

simosGED BN 520 500 B 81 PR v e

interveitt bokbead Gebyesip BEOY APHBOCT WsioughGRE Gse oflcRghnistBi dlectrical
housi ng 6009, and suction balance bl adder 6010. The

bulkhead Gattnactarsc Fhe songefer/divariGasd s theemalbirhondedto dhe heusing
6009 WAF 1S ‘?ﬁé‘ﬂ{lﬁ #%P %r%ﬂgf%r% 0[{119 %%n’(‘%&é\g@ r. ﬁ}h Silfoller/driver

conmuni cat i on e seawat eér punp case raln
6930 imrmnaedteldomrthemmrnaloumdegwﬁeﬂ%oﬂm Sfgtetr via rotdry-mate
bulkhe%gmc%hﬂgc or nfof‘ hgg‘f' (SJ ! Iatndhglyysén% th%)IEhead connector for 6970 for
connection o 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 siorage. The capacitive slorage is
maintained at a leve! 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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imrersed in dielectric lubricant and operates at
suction pressure as communi cated to the housings by

r 2. A coupling and housi ng 6005 nechanj
WO " “21" W 2006/ 132300 RCT/ Us2000/ oA LIG 041706

mot or and punp through a rotating seal. The seawater
voltagpuhhecposer eagls| iermhoiteiedgand oamiratiad neyt e estesnal gunderwater

oo 455 S84 5P S5 BEr R SR 4By pseopogoon o

outgoifl GDG lvdllalges td afhes réckrehenpling 808w, ddnd hHeolatieh adBencoming
punp 6000. The controller/driver 6930 utilizes DC
regengigieragewen 7bhe payerepaske 7808 Haserporaiesray dikla gehich rjlows for

visual]ﬁc@g@gggﬁé(q i’l‘ihtﬁtﬁé%afp%ck%?étha[@eong{uggé?@rﬁQy%tHihn and safe for

romresol'ver sign rom the mnot or
removall @d. théhappert fangenihe a¢leckicab compdnentd of theupdwé&TPack are
l,eads 6931 f t t i ndi 6100. . Th
housel 3 Pre3.s NaHF 76, vidoa PSS THGS gl i lesfiical componens t
be renq&@dgébi&%%@@%sg%&orque devel oped by the notor
6100 ,

In order to mai'ntain a constant speed and
[0104} or Gl(& 34 illustraies BOwaway yevaof thenpowéer padkuEH0. Ahet awer pack

DC voltage . 6970 | evel drg the contraller iver
7000 igGial <R ot Riarsi Bou S8 Boghan B Mhes OB 4R instrument
packad@Hnger 7209, & bewer thsva e300 0anRigM &ir8ly of ultracapacitor
operation with dimnishing DC'voltage while punpi n?
modulssad408r Bt VRREredlEBge0 isinterBRtisest eek Ui esighb1glaghe? 113, an

. . 01 d . ' I oupl

nstrufifh o Bhe@l ol PRy AP rEoEERREB! Y Ur o Sittace power

connepiodt Bt12,08 DO PpEeaWirer todracon7 110! ardder MOPp&HREB output
ase_and _notor. Insulating dialectric fluid is used

conneior FElAroTle Pk PENERE By €609, asgermily) is geMptiseeof an
incomPlg;%lagp%dﬁfeawse?goﬁgrecgﬁtfél@?trﬁé 16 $2B0C Bhd A% éqtgbﬂg relay
I pres ati ve on

sure ‘congenSatéd re 0 the punp suc
modulpr €330r €hat p@edi3 cohirerterirelayo 7860t asbenablytineorporates structures

S e ST ——
mechdriical§C asfbn NMohowal NEHRIABsINLRMACaP2ERG dhBEuRl PR in the

at mosphere pressure. The connections 6931, 6932, 6933
ultracapasiton rameayt ekhe oweghcarherter/inelay vEihdneerprradasl a DC voltage

connegfon fifdhueh o bndlades I ik BPesriiost Wetarta Pifikiper4co i
the ultﬁ&%abﬁortMWH’Heyp&%kd@h\Feﬂve@ﬁg%rﬁ@‘at@@@&alé@io'nnb@tions to

maxi m ze heat transfer to the anbi ent seawater. The

the uppeit flangee 086 gennectesB( 114, cOlidec? Bt @ndhd 1d4t ekheal power
conveHBHRIA BEEortON LBy POIRES B SE D iRueaty BRutn i dhe a5Roly thatis
visiblef throlifdv thef sight glasseTt1i30Thiecultracapaniior modies FA00 are vertically
interc%&’g%iédpg'@%qgégh; %Hateﬁ)%&gc?a[ﬁfgg%iusg%%%bghig\gkfggtén%?s 7401 and
electrigél‘iegm@ctél%r 762, SHRP|feMALAREEnAL AT 7382 VAldw BF &lseries
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 unif. 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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anps to devel op DC voltage for capacitive storage. The
capacitive storage is maintained at a level to allow

[ of the recharge punp for a limted i
W(??ﬁ%/‘ﬂi?ﬁg power pack 7000 also utilizes regen%felte{tlg%m%”%
Vol t?(ge fromthe regenerator 8000 to charge )
[0105L aphtp+ B4 dllusicaiey@ sehematic viaw fttbet priMers baela d&00. Incoming

ctac 38 gy 38 R AORRF A0, VTR0 D gy o
the regenerateT8i0 amathempbwer pacia TAO0 sas berisdlateal thevudiorelay 7312.
The LEEOTEH4 Boides BULGURRIDE S6red yBade PHRsard oh dheysltpspacitor
array gﬁgﬁm?‘ﬂei SONEL Bgﬁtr&feri MealleN 9336 %ﬁ%ﬁé@tiﬁéthﬁg%\ﬂgn power

power pack 7000 1 ncorporates an whi ¢
and céromunitations wor®1d,nand éncapatile tof @pepting ini the shsaregeot DC or

of the assenbly is_null d fe fqor . renmpval .of the .
AC polysrd? Thp B! pak- Thedneduls 780 sritlials 16 INcOmINgG qidroutgoing
relayspack are housed in pressure housing with a upper

flange to allow the electrical conponents to be
[0106} enﬁg@@%rdm@bﬁr{ﬂa@t@ aee@irbmyitigie rosngprents with parallel input

power AR, B bl SR B o 5 ORB SR P BB o e
recharg@qaimpaBogpper flange 7006, an instrunment package
7200, a power converter/relay7300, and an array

h
[0107k¢ n%ﬁ-r%ﬁb@&'ﬁfﬁﬁ anasgembly vieyo of e reggraratarahge regenerator
8000 GRS GRING & §é§®%te9'tﬂ?o% i fpefdt_i S4B 864 to the
power and conmuni cati ons co%nec?or 7T , a Surrace
screerpaneordec darferasiticailyl Ariva DEywheel altevpatorc8dm® ddrogeneration of

.7113, and a ower , out put connect or 14, The power
electne%,%yqrép Msg}%i;gq@@@% wer ga{fbmgqgr figw zate t%rough the

i ' 0 t I d ;
reoond S5O € By By BB, RO L) K S feharaing
signifieant wemeasrione lcagmal poesssse aodly acrassrtherrageseratonudiad. &dectrical

7301 that anically fasten 7 to i nst runent .
power 8 haE RIS FagueyaoRithanfute) gn dBefFoeheraiar 8000 is
connetieBad thE extdrhalagrikawbicdcomalsmstdhOfa kBnh&&or 8013.

racapacitor array. The (Joower converter/relay 7300

|t
[0108] ncBip 0Pt dlsiratss i teagiodesoniaet pbrinepaganeasior 8000, The

coend 0T PSS RRFSADRL LSRR AP St pors

8014; eoniepélir/tra smyission diaeing es0eakl fywesslaticheter heusingesoo?,
upper fl ange 7006 connectors 7111, 7112, 7113, and .
and a pegr G@H&erg@mnfr%lsﬁh@w@g/&@%ﬂ hesisuaiey heHeibgRR0R eentains

. i i r . : ! i
an tm[%lléfgpg i J%hcc:?@gﬁgﬁ%%[lmmhg% ?%@léé{.&cg%{es tfie pressure seals
acrossulthe gueparet bulkinedd| of tfid Obnaller vieaismiskiop housing 8006. The

o hERRRRRRSS T YOG b o S 1 it mottply
impellegrﬂef?[?%%df% BYBRUANPG! clIGRANSHI 2 TRWIHERYaREMBM T & g8nerate three
phase AC voltage. The power converter/controller housing 8009 contains a rectifying
buck boost DC power supply fo 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. 6) in water depths less than 6000 feet as used in a subsea
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connection of nodules to forma single capacitive
devi ce. The ultracapacitor nodule 7400 is forned of a

Lty of ultracapacitor elenments electri
wo?é’ﬁ%@@]t“}é’d in series to forma single capaci %?J\'}ng%ﬂqgfqﬂmﬁ
The individual ultracapacitors 7405 are nechanically
blowouf; peaygetertsaek.t The t@nggt ohditip eanfiggrationaigdthe ability to utilize a

sop B TAEA ol D50t 1 KA s ELGTRALS BB vt

and o9 132 dperREE US@ﬂDMOr-‘ébT@cfemélﬁlﬁﬁ]thefla{écuﬁﬂllators 2{)00 with
. J”uﬁnbh _?s a schetma c view.of the 3 PuaCk 70
intensifiges, @ beerseeriner el 33 SUPRATe hYsc# gt$ O a commaon
outer Sé]'FéIUﬂﬂOr\ﬁ r?‘%%%@i'd'r} mbﬂ ) B8cdsdpyuer from the

regener at or r power packs 7000 can be
[0110] soFK3.e38 tittusitajes rtbeaeypﬂe&mms cOhiigured foB LBsepmithi desuranlators

2000 4 iRhpfites 100 Gefer S0FI 2R ialer sswlhs BSnhap 9000 foot as

used iARASLISseE38BWRE 9\'@!\%% s q’ﬁ@éﬁ]‘bb@ﬁn@fﬁ"@&en@é%e accumulator
comruni cations on 7910, and Is capable of operating in

2000 emeonfigiuratien of FI& 37, thﬁ(@lg:h)ﬂva additiomef pamecresackQ00Tvegulator

5000, Tfklsfoc a0ty SHiC rBRbER e dfn”BECTRLATDR" 70pp, ity two

|ntens|ﬁefsat@mrents vvlth parallel input power from 0015, and
out power to 6970 to extend operating

[0111]t ngga 039 iHe ra’qe@cﬁhlgr@@qgaw gudigured igr7yserjith lg@nsmers 1000
(refer td FHS! éf‘trﬁ?vaf’%ocg%ﬁﬁ?%l s Y Wﬁ@ﬁ? 08 é? i ¢ %ubg&? blowout

regenera (el seawat e

preverttmtmlg T hisvpriblodmennt] Memtmhymmmmmmn hEFlG 37, through
creen, order to araS|t|c drlveaf

the repla¢eingit N8 ws rPaiRiasraemYRt Efmoe@ntwea?(teﬁ%;ﬁew 19p0.
[01121;151 f‘;{% hzttfﬁ@%{réié%&hb%ﬂé%@% Og&?ﬁ@dé@ﬁ)r Jg@\/\fltr]qp%égﬁff%é?n 1000

regenerator a prOX|nate
{refer foor Gy 9) dn wadendepthaigieates thaye a@@@atfaaetgas sserhirf a cabsea blowout

prever $¥di. TR AagRreneRERS ) COBRuBRPEShAnIE mEIG Boyped adds
the redH2irge PunfPe06T bha@'hoitt backrbioh® fuRBBPEXRNAtHhE MRrathg depth

connected to the external underwater control system
of the stagkconnect or 8013. [0108] FIG 36 illustrates an

1131 SPERSE, SRS ERRSRELE B B Rr B wen pasifgrs 1000
(refer B80ES. MO) h waleetdeptits gréialert thaARY0 88Hds ussd imaeubséa blowout
transm ssi on housi ng 8006; a flywheel/alternator

prever{oyfackg Resharge 5&6@9% aﬁ@wéecr@@ﬁ%rmethl%o@mb@mn@nt through the
addatiop%;gp?%g?&%‘%ato%om% sq#ﬂefé%;(ng 8005 contains an

and netic coupling to elimnate mechani cal
[0114]l oskl&s 4hdluptratesuthe apElratusasondigisirddh éorpuses sdthdntensifiers 1000

(rofer L1 4F e aBvicrsrist RoaeR] 18008S CBRH 4P RIPROM subsea
BOP §h&8R- HibddaAPPoaGtioA b8, BbbbR! 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 fo the configuration is via Remote Qperated 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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i mpel | er speed, an overrunning clutch, and a

flywheel /alternator to generate three phase AC

volta The power converter/controller housi 9
Eﬁﬂ@ a rectifying buck boost DC power sﬁ%ﬁﬂ§3&8m4rmﬁ

rOV|de DC vol tage out put 6970 to the power pack
[0115]700Whll$hesmﬁﬂm esmogimeniscohave| [beenpr showes gnst  described,

moaifG PR GATEPe A By 5.0k fotnbift ot S8 AtoGitthdfe sor

or teadhifg apEeas aiventionTheg urtddireentssss deddribedare exemplary only and
accunul ators 2000 (refer to FIG 6) in water depths

are nqt digajting,olMagy o@rigtiens god edificatians g eessibie apg are within the

-scopezﬁo%éﬁﬁféﬂﬁ%enezﬁ%%gtlfligggorﬂeb ?g@‘tfegﬁéﬁvigq‘h Mimited to the

embodiipiehts y!gsmbﬁdhlmit&s @nI)BﬁFntedam}(tﬁer faimndeth??fcllbw the scope of
acc te the fou umu at rs for al | ow wat ers,
which §h@|?wté%o§ W‘B?J@F‘%t‘%ﬁﬁeéé‘bﬁﬁ’ Blﬁ“teéﬁl ﬁl?eﬁ'@ﬁ'ﬂs -of the

accunul ators 2000 with intensifiers 1000. The ease of
repl acenent is supported by the use of a conmmopn outer
barrel 1010 with comon nounting accessories. [0110]
FIG 38 illustrates the apparatus configured for use
with accunmul 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 ator 2000 on
configuration of FIG 37, through the addition of the
screen 4000, regulator 5000, reference 3000, and
repl acenent of two accunul ators 2000 with two
intensifiers 1000. [0111] 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 remaining
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
dept hs 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 of the stack. [0113] FIG 41
illustrates the apparatus configured for use with
intensifiers 1000 (refer to FIG 10) in water depths
greater than 9000 feet as used in a subsea bl owout
prevent stack. Recharge tinmes are decreased in this
enbodi nent through the addition of the regenerator
8000 to the BOP stack.
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[0114] FIG 42 illustrates the apparatus configured
for use with intensifiers 1000 (refer to FIG 10) in

wat er depths greater than 6000 feet as used tag 5’0,5(} 06
WOZIBUBZMB0p stack, subsea production tree, sdfdep2009/04

di stribution unit, subsea production manifold, and

ot her subsea el ectro- hydghtimis consumers of hydraulic

and electric power. This configuration utilizes a
What imedateredrisundat i on 0100 with protective framework.

r 0 the configuration is via Renote
1As%§?g§r§tg@irﬁcﬁ@cﬁg& (ROV) utilizing the panel 0110, and
a frhg@r imgluding byl inensified heahrinsifer Grddidmgdstelgatal istipport to the
flying | ead stabplate 0112 to connect between the

g pBd ¢apaplg Al eoudingriapswiasdedelivenuiitent . - 25 wo
the é%ﬁﬁ%@%&l@ﬁ%%%gﬁ%ﬁy %ﬁa}]{b%ﬁg']ﬂ? \ég‘e'dd,kﬁivéﬂﬁ Giubd Thamber

ment s en shown an
sgpdidted dby angistoan the intethsifiey avaentsdei ¢dpeiblé of tleeeiainy ambient
wi t hout departing fromt spirit _qr teaching of this
PFSRAAE 10 RIOVIR A EBBT R B AT/ BoUsE 1as pistarh e
, : i Vo M .
i g A o s

the intemsiiev crhanober i aoaidiabylthe delvesye dhid grepsweesybsdantially
is not limted toath diments described, but is

CohP nF ?ﬁiilﬁgeﬂe@{?ryﬂg'dﬁpéfeﬁe?ﬂat foll ow, the scope of

whi ch shall include all equivalents of the subject

matter of the clainms. -26 WO 2009/132300 _
2. Thepeysterp ob slaimm 2owheradn ke iNleasifies ig rachargepble by rasetting the

ison HFRE B SR BF Wit ol SFLAD g powered by -
power paRoand &in externaf fliideecnedre gl e of provi di ng

pressurized delivery fluid; the intensifier including
an intensifier chanber and a delivery fluid chanber

3. Thegsg&?érﬁtcﬁ%léa@ 2 mgieﬁ»émhetﬂb%ér%ﬁ%fdaggP%ms.ﬁn ge%lr from a

recelvin lent pressure to pr e a pressure
regenaratarieverbd weing dididéschiargadyfromhtbe pittensifier.and a
regul ati on systemregul ati ng the anmount of anbi ent
pressure conmuni cated to the intensifier chanber to

4. The'SsmMof clalfl CORkhee muddmg? AnRO@SP! Golfidpp flat Heé%éefry system.

constant as the delivery Tluid is depleted. 2.
systemof claim1l wherein the intensifier is

5. T, SESBHPRE gl MR, G bRl iRt iidude £ 7k ator, =
referede pilot accumulator, and a reference reservoir, the regulation system being
controlled using a closed-locop 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 muitiplied
to the delivery fluid pressure by an intensification factor.
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power pack, and an external fluid recovery tank. 3.

The system of claim2 wherein the power pack is

capabl e of storing power froma regenerator powered
wqgﬁ%&z;qoui d discharged fromthe intensifier. l%Tmlg% 09/041706

systemof claim 1 further including an externa

delivery fluid recovery system 5. The system of

8. Theyleh g P o, MetelFinr B8 e, i & Bigsut ifedler (BOP), the
blowotitgire VM bERRSPEthbIe Udify fiftodkiRkhpAuigy st em bei ng

controll ed using a closed-1oop control system based in
part on the delivery fluid pressure of the

0. e BUFBEH bt vy o PR 3SR S b B tprno gpwater
used H?/:Tﬂeﬁmfeﬂéiﬁﬁﬁan@ith@te@mmm@h.tO change the delivery

uid pressure of the intensifier. 7. The system of
claim1 wherein the intensifier piston is operable an

ot ey ) . _
10.ToB SR U By, SN0 TPl SRR, SRR boing canabl
of usil}ttlgmethéetiémmry‘ fididi & ?pe@era lnge}amﬂmtc;fnsi BO®atstawk, a subsea
actor. -27 WD 2009/ 132300 PCT/ US2009/ 041706 8. .
pmduvgwtt&?ﬁ,@fswss@rﬁﬁitﬂgm e 4HLA ARG BSHGDS BANTTOL.
bl owout preventer (BOP), the blowout preventer being
operabl e using the delivery fluid. 9. The system of
11. Thel aystem of gldimmer , ithe Isysdieny keing reswotaly pavitrellable from the sea
filtering seawater wused by the intensifier and the
?egulation system 10. The systemof claim1l, wherein
the frame is a nudmat, the system bei ng 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 systemof claim1l, the systembeing renotely
controll able fromthe sea surface. -28

surfac
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