AN UNDERWATER APPARATUS FOR OPERATI NG UNDERWATER
EQUI PMENT The present invention relates to an
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equi pnent, such as a bl owout preventer . The equi pnent
preferably incorporates an accunul ator. Deepwater

accunul ators provide pressuri 2ed working fluid for the
control and operation of equipnent, for exanple for

bl owout preventer operators ; gate valves for the

cont r ol AR UNDERWATER | APBARKEES { FOR HAPERAT BNG YNDERWATER

ot her subsea | ocati ons ; hwtﬁlﬁME‘fﬁl |y actuated

connectors ; and simlar devirces—he fluid to be

pressur Thed psesgpitcalinreation bededegs odict agy ainderwater

wa u | d I icit rosj

o sppatasis M ekt iingl iR el Gl TLOR 2o a
f | bildwoGdr trateveprtienr. dfhe aequirpmehbr prarfe rpbdyhangsikrporates
wi th pressurized gas to a pressure at or slightly
bePOWAST"ah F@loﬁat ed m ni mum pressure required to

oper at e Degpwattelt . actuwndl stdrHe prddddiet optéesurized working
accymyl ator, increasi he essure, of the i

o S4BT B gabeLriqorhie} | B “IREERFLPR 9  SgHLBGent, for
I Nekahp@ eda FHIMBbEdwdut SpBévéftle At opePLESEHN €gattel @@Ives for
as high as the grecharggéﬁre_ssure and is avail able for

doith§ RN cChofkOWSedh Pt oP* aPRSadcunthtr BpEtace or to
i neltnde: a buBddar typscatisng; bl addpdrd @l SePRIRt € tftuated
gas fromthe fluid; a piston fdépe havi ng a_piston .

s| COPRGCHTARd @din #idddirtho Vil¢SSepar atlhe he‘-]f%ﬂ dto Dbe
fremehtrdasd and &giQaly e diihpasbhogkolheti @G water
a partial separation of the fluid fromthe gas and for

cl 55iseg a pEPdechhewiithe faddedapdrdudindstyt heapdt t iprrosion

tog%%é%@iohf},e £SF ARG MpIMAS bukN RIE RNt 2to hydraulic
exfr{?llig, a prior art system has

Certain prior art accumulators are precharged with
pressurized gas to a pressure at or slightly below an
anticipated minimum pressure required to operate
equipment. Fluid can be added to the accumulator,
increasing the pressure of the pressurized gas and the
fluid. The fluid introduced into the accumulator is
stored at a pressure at least as high as the precharge
pressure and is available for doing hydraulic work.

Such prior art accumulators include: a bladder type
with a bladder to separate the gas from the fluid; a
piston type having a piston sliding up and down a seal
bore to separate the fluid from the gas; and a 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 gas.

In one particular example, a prior art system has

accumulators that provide typical 3000 psi (207 bars)



accunmul ators that provide typical 3000 psi (207
bars)working fluid to surface equi pnent has a 5000 psi

w@ 3eb3/0bass) wor ki ng pressure and contain fl ui dr@hiGBR007/050667
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rai ses the precharge pressure from 3000 psi (207 bars)

to 5000 psi (345 bars) The efficiency of accunul ators

i s decreased in deepwater; for exanple, 1000 feet

(305m of seawater the anbient pressure is

approxi mately 465 psi (32 bars) and, for an
acwomiliagorfkwicr 60 ¢arf£a@e0C=psir(eny bassja 5000 psi (345

di £f n ifs q . .

pr%c a?g qjkl% 0%38{%% utr(ez%?'%garsdcea% lll'{éBd Bﬂsl}lc(}iizralses the

balpg)ec;hame:%@&qmlre( 2BeothaBOPOApsis| (Zﬁﬂ Ilyans)ar to0B3®00 psi

2 r t he [ nt r ss re |s

al n(o(‘li'g %%(n}j&)m%% f%?gk%res cy oa{rbat T |5Jriec a%gelsl sdecreased in

reqlelelpevdttecr beEo&OC&kq:mle&OﬂO@ﬂarﬁéepl Y3020P0 offsisefakimder the
s 5000 (345 bars he pr arge
oaibert. RGeS R EoRIms HeLE A6 Pator S 2aATs) and,

fI (float |aﬁrmﬁﬂ1k Iotost afoagpro&maes Aheq;?roespulie I(zao7 bars)

exce t he worKi S t.ne accynul at or.
R e e PERASHES (BB L it S i hatharged

th&oardnoamtpszenneoat WafrsHanplesr 2gse psa amtbaés), or 3465
degrees F (275K) For an accunul at or $recharged

5006 1psi23BARHR s) A s ightlye LYY AP ufE of13g0m water

degie@@h ,F thE3094Di enBbGPite hbrdSiid 23 1R Eoeohaisgﬁ (138
is lost sinply because the tenperature was reduced

35b@e§leeSF ThesRrecharge, isi Fegudest gk obef B00gs pei (207

fr erage At H6Go apdi t he 3s3GIAt ed ¥ aghdlo e;seans(lsqrs bars) ,
of the pressurizing gas causes a natural coo
thé -§as sthe hareahaaséumﬂvealcﬁ the qwoziking mwm of the

%%%hﬁl% %%lbar ngugéa @§%SSQ@E§ tQ:auses the

psSI out eat com ng into
ac @mlsamr@r ¥ad easlgsteric)the expykiogcazres wmsurendﬁ@png the

6 3brumley o Fh Rk i olls® LAt ol S T O e ar e
||| ust r &ni vehef despwaler use of accumulators the ambient
temperature can decrease to about 35 degrees F. (275K)
For an accumulator precharged to 5000 psi (345 bars) at a
surface temperature of 80 degrees F. (300K) , about 416
psi (29 bars) precharge is 1lost simply because the
temperature was reduced to 35 degrees F (275K) . The
rapid discharge of fluids from accumulators and the
associated rapid expansion of the pressurizing gas causes
a natural cooling of the gas so that an accumulator is
quickly reduced in pressure from, for example, 5000 psi
(345 bars) to 3000 psi (207 bars) without heat coming
into the accumulator (adiabatic), experiences a pressure
drop to 2012 psi (139 bars).
U.S. Patents 7,108,006; 6,202,753; 4,777,800;
4,649,704; and 3,677,001 are illustrative of wvarious

prior art systems and are mentioned here not by way of



prior art systens and are nentioned here not by way
of limtation nor as exhaustive of the available prior

w@edog/054182 al | sai d patents are incorporated fuP¢HGB2007/050667
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herein for all purposes . There has |ong been a need,
recogni zed by the present inventor, for an effective

accunul ator systens and pressgre conpensati on systens

for underwater and subsea use. There has | ong been a

need, recognized by the present inventor, for such
syétimﬁcé:axmp@h riqmra@as%xlmesmmfothavamaéﬂlable prior art;

pr ur h e .
AT U a, SRR el (TR RatAe s SRerein for
|naéﬂtp@mposh§re is prOV|ded a undermater appar at us

for opergblo yader yghg! ggghpng nedd® UNMEIYRIALI by the

appar at us conprising a
t hpresentf cinvehect | vdfloy: cant aﬁﬁe@lpm/veacéhmuﬂatar systems

pi stan assenbly nmpvabl osed thin the bo

O Bhd Rt RO PRe BBk B, Sxskede i HOF o asmyter  and
preﬁb@@atusdmweThb&emhﬁswuaﬁgembEnta)ﬁ@ue t recpanezed by
flyid out of the fl d nber, .a further chanber for

cothe: Rthgets SRvertnty: dod, suico SR Sttt nonsHAaPe the
t 0 afflPVRtW Il N abRdNabler | pr@dsurtitdid t RasPi YoON enhance the
assenb%& conprises a cavity for__cqgntaining gas under

pr OPEFAE1PGr Ofs SUOSEAY WPk ki de fd it do SYSHEMS st on

assenbl ¥n HEbI LAY H¥thn thbw;d:é?éHHEJniﬁ@éh@ﬂoMﬂ t Rhere is
t he gas chanber . The underwater equi pnent may

acPreyiegdny® JiRISXTREET sRERaRatERt FO&t ,o,p@r,aé:ﬁ@gofurgierwater

b'%ﬂ?&bmﬁh%Ve@Mﬂ'uﬁﬁé¥ﬁ5€$EYap§§§a£@¥/86ﬁ§§95§nga§ Wddy, a
t he Turther chanber assists in noving power from

t hélpade chamber cfiddict . thimebgdy i£oTt welgwgclm%aontammg

SRR, PILASESSUS 00 bRy sl ASioBtEa wichin

Adrhet Rpdius| §, gaise dhabemswathdpertihey bedunifogntcontaining

mab%% under pressure to move the piston assembly to move
the power £fluid out of the fluid chamber, a further
chamber for containing gas at low pressure for the piston
assembly to move within characterised in that the piston
assembly comprises a cavity for containing gas under
pressure for assisting in movement of the piston
assembly, and the cavity in fluid communication with the
gas chamber.

The underwater equipment may be activated by
operation, such as activating rams of a Dblowout
preventer. Preferably, the low pressure gas in the
further chamber assists in moving power fluid from the
power fluid chamber. The gas in the gas chamber and the
low pressure gas in the further chamber are separated by
a piston head acting as an accumulator.

Advantageously, the body has an opening to ambient water

pressure and the piston assembly comprises a piston head



pressure and the piston assenbly conprises a piston
headhaving a face in fluid communication with the

Wo@p@Rifgs2 The wat er pressure assi sts i n novenePtT/GB200M®50667
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pi ston assenbly to nove power fluid fromthe fluid

chanber out of the body. Preferably, the opening

conprises a plurality of snallg openings.

Advant ageously, the opening or plurality of openings

lead into a water chanber within the body and outside

t hbayisgora afseablin fﬁlui@c@iowwgli\ﬂ@ttéronf reobtlputhe deopening.

thQ'hQOdN tgfeztf‘%gseslﬁ:fe L‘Eﬁs\i@ttgr Rr n?ogtﬁé t{]gglfn the piston

novi ng the pi assenbly to nove power

t hessembd yf Itg dnmmewerAcf\l@nﬂagiammsl Yhet ﬁéubddy:hamber out

CONRRr i a nde I th INg

end? Tty Byl ErARARIY) Chhe ' PEpERERL I collpkiBes

t r pdogalarty sxﬁrasmlbeopegnngk oAdUaheagebdediysectihieorppening

Prefer b&é stan .head |s bIe throu ﬁ thi

op&fi Kg" &\%%Htg e SRS, éleﬁ‘ a?ser?o’iey at“re%’err within

cortm-:l st&sd;a ahdmaitisiciee dthe tpli%tprrstmétmyt ferstrageiving
separ at i | uid chamber fromt

ChIREET Pt PUFEREE 5T oSt aBREGSHDS F Sty water for

Seﬁ%[safsltﬁ@gt hfngaﬁav&h.@n‘oemef A tdne éyééthychbﬁrave power

Pr ef er abl t he, stem conprlj ses a channel _or ho

ad¥aiisy yEhe o Po¥Erov IREd he @%\Egﬁgel\s‘r'a@&é%mlalyr the

t NBoags &ﬂqsmeeres Aglvapl agaeys havihle £LAVédd, | hat opening in
| east partly | ocated 1 n the piston head. Preferably,
t h&bgnd @t er TRPpaFRLégdetr t MY cri s sirceder, oval,

ONe rii Bl areMRVRARKE | pedtadolaihih bRReTaLibkdl Qection.
reduci ng the gas -contarnrng capacity of the cavity.

Advanta é@lf@lr?blﬁ!he the tRéstena iis segyagle through the
vel ch er b
bpendh n%‘dvta %a?&oh'%ﬁ&, Y 555.%”&0@1 %%%‘Srl[bdltf %Further

fur her nmay “or may n have a
t h@pmprrl.sesr @ ertslyl yattachddirtdethe hpibbéoncbaedi theg stem, a

ga%lgkd separating the fluid chamber from the gas chamber
and a further piston attached to the stem separating the
gas chamber from the further chamber. Preferably, the
stem comprises a channel or hole advantageously, for
allowing the passage of gas into the gas chamber.
Advantageously, the cavity is at least partly located in
the piston head.

Preferably, the underwater apparatus further
comprises at least one insert removably located within
the cavity for reducing the gas-containing capacity of
the cavity.

Advantageously, the further chamber is sealed.
Alternatively, the further chamber could be open to a
further chamber which may or may not have a £fluid
therein.

Preferably, the further chamber contains a gas at

low pressure. Advantageously, the further chamber



| ow pressure. Advantageously, the further
chanbercontai ns a vacuum Preferably, the body

wa@eopnsEes a port through which power fluid canCT/GBRT050667
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operate the underwater equi pnment. Advant ageously, the
underwat er equi pnent to be operated is a bl owout
preventer operator. Preferabl g, -the underwater
apparatus further conprises a hydraulic power system
| ocated above the water, the hydraulic power system

f ocopiteringi agvelkgupewer fluid to the fluid chanber.

Thiss. Al er ghl Vi . u h.]pt:!].ﬂ: SHE .
th?%ﬁéf%‘%ﬁre‘gﬁ %%\K%P%rf%ui%%%gﬂgﬁ%o% 0 oper at é&ﬂ]tghmh power
undduidt ecasquEpornt to Adepetateoushs, urdenwalkemategquipment.
ap f rc rj Vi I f
coRRAtRgstedy UL LAGRAARLLE YRS, (05 b, gpevated
t héssurd acdliopehuaul | prevestesystgraratbrf.or Breferahyly, the
power, f| Uit% exhaust ed ferthe under wat er qu{)(%nentl.to

a CRESENAERe SRR I TP THE cRoMRAT PFhe Sc AN TRM L Ge POVET
angysftem vébtaltede abowel | thet owatét pi dti€ecawednaulic power

system The present .invention al so provides, a nmethqd i
e BB R aRagE i e P S fE R f1uia
copambe®] tTist aps pkefbobblg ROWEFidddi @hrdudh the same
accunul at or aqp}gar atfus, the accunul at or apparat us
coRPEitsi MF BBy ayh1gh i PoveronEEd GREhiTT hetPodPerate the

S ehueleirw@ltis rC O Pl iPmEh thOWeAd TNt Sgedudl §1 ON theseflderwater
novabl y di sposed within the body, a gas chamber wit hin
t h@PP3aR IS coMrabsitng FOFPFE®S pr d&difiee t #FRRA@ YR for

pi %bg%gﬁg_a_em@ ¥1lo@ 5BV @oes FARd fldditthed Wpgfrdthis from the

flui nber, a further chanber for containing gas at

| owusfessurkydrrulie pryesn swskam| gndo fRwediveRtang power
ChE AR A b P S U AN 52, hosen
i nlipeemBrefefraby ,pi then chosemb| lineindanhd ngdwidey amy of a
PSS 90, 1 10140 SARENEy .l
The present invention also provides a method for
operating underwater equipment, the method comprising
the steps of storing power fluid in an accumulator
apparatus, the accumulator apparatus comprising a body, a
fluid chamber within the body for selectively containing
power fluid, a piston assembly movably disposed within
the body, a gas chamber within the body for containing
gas under pressure to move the piston assembly to move
the power £fluid out of the £fluid chamber, a further
chamber for containing gas at low pressure for the piston
assembly to move within characterised in that the piston
assembly comprises a cavity for containing gas under
pressure for assisting in movement of the piston
assembly, and the cavity in fluid communication with the
gas chamber the method further comprising the steps of

moving the piston assembly to move the power fluid out of



novi ng the piston assenbly to nove the power fluid out
ofthe fluid chanber and to the underwater equi pnent,

w@easopdasat i ng the apparatus with the power flRECTIGB2007/050667
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Preferably, the underwater equipnent is a bl owout
preventer operator, the method further conprising the
step of operating the bl owout gpreventer operator wth
the power fluid. Advantageously, the accunul ator
apparatus is | ocated underwater, a hydraulic power

sy $hem fltid eghamber @nsyete hdheurynderwiteneceguipment, and
pr Qyi.di 0 ' h Wi of the

Podh oL einty TR 4Pt Wik Ene otk FIbEH,

provi di Rgefewabliyl, ui the o underfdatied cagubprent tie a blowout
ACCUIVERLQL SYSLEMLOET of APl BGEHIUEA Olmprising the
apparatus inc es val ve apparatus for coniro |%g

f | swepf offowwpe raltiind ttdhet Ird cayopetr ainesrefrtem tdperatrdacei th the

hydr aul i Qwer stem and for di.rectin ovwer_ fluid .
X ke Gt AR R Rt o Y R (apparatus 1o
netlbed tedr turele it Si a0 hjldeasllép @Powsant spstémg lvichited at
t he valve ap%g‘ratus EI ow of p%/er fluid to the

e

un&&r vARRYE e S0P EME T2GRIV 8t SO UEPYETE HRF X | Fhg Ppower
cafluid ude athe of fPui@®NicHaAmRrOr oF | ithe tBodyf | Utle method
recovery system, the nethod further conprjsing the .

st ERTEPeE (AURTF IS hthfe SEEPy e T Bt g oherer) flyid to

ex khgstagifd BRdnke APPAr BhES abeuadl] a®bra s@tenl .| PeeFerably,
a fluid recovery system The present invention al so

pr $PrdedcaumElRERr adPRasatdiscoiprlvdag yalvareamParaps for

OULoREVANLE B FASKALH P ATFIWIE A ARRAAUMS Wom the
operati ng underwater equi pment, the underwater

apparings dwgrawlig Rowedy, systen aneéhdiver dkertang power
t hg1hgdy o4& tg Y, gl =T IR oyper ,f L aqjg h
pi st g‘ngasefser?o yeﬁicovar\k/)ﬁ tl sp%é%% él\7\/?%% Sﬁgt ec&'g%e,n alne' the
gasmethedbefunkhen ncomprisdpgf otheostarniafy gastuadding with

Pr @32UG210R E?\hé(;%r;a{l&sgiﬁto‘%ﬁ B IR 410 Uik IV rvater

flurd out of
equipment. Advantageously, the chosen line can include

any of a vent line or a line to a fluid recovery system,
the method further comprising the step of directing with
the valve apparatus power fluid exhausted from the
apparatus to any of a vent line or a fluid recovery
system.

The present invention also provides a subsea
apparatus comprising a frame a blow out preventer
operator and an underwater apparatus for operating
underwater equipment, the underwater apparatus comprising
a body, a fluid chamber within the body for selectively
containing power fluid, a piston assembly movably
disposed within the body, a gas chamber within the body
for containing gas under pressure to move the piston
assembly to move the power £fluid out of the £fluid

chamber, a further chamber for containing gas at 1low



chanber, a further chanber for containing gas at
| owpressure for the piston assenbly to nove within

waebasastier i sed in that the piston assenbly conpei/€8200a/050667
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cavity for containing gas under pressure for assisting

i n novenent of the piston assenbly, and the cavity in

fluid communi cation with the gas chanber. The present
invention, in certain aspects, discloses an apparatus

for operating underwater equi pnent one or nore

coprgissare orfopot thes" pkstIn hagesgmplynar§e move within
ga LN h er. t al nd g .

o SRR r e el AR RO DSty comerises a
caviawy tiyof ogo icoaitaiimg ngu g sgamdent ipresssured fror cleaitsdring in

in_flu 0 hcatjo | t [ . . .
nBevEEEo s R T deb OBy, RN, RHECELSY in fluia
t hecamuancadfionheithl the ghst khasmbeendary chanber. In

one asp??lt, t he secandary .chanmher ista .cavi tﬁ’ itn Paft o1

of a pi stOnFPASEERG FIVARE FPes et THVENT AFPIH-S, crscroses

ceahai dppsPetlis, fors dpaestingr aadereatefpenpaipmsnt one or
system for subsea aggar,%s whi.ch has orﬂlﬂe or

. nor e,
hy 8PS | PRI S YHHFRAUPRYSr |3 grimary gas-
Sy gbfiffaihAnge ichaimbeds Foet Tontadhifgosed adirigiessure and,
enpl oys .one_qr nore hydraulic fluid reservoirs and/ or

ac@ﬁ'ﬁ&lt&%‘f‘&%i ch@r el ¥2EAM3 ol d’hﬁ‘ﬁ@feﬁi oREl ofRYhty for
of ciydaanling f kUl agasd,PreREUr SeSbAGAEYY @i&M&F (AN £fluid
the pressure of water exterior to the reservoir for

seCOPPURdIcRtdesr atiithy i RBLBREY pratbaRndsSy $hajs the total

f o rexRke %qjs 1501um@l 1i@d £ Mbd s di| (2% £ V€SteRPUof the
subsea wel | head connectors. The reservoir and/or

acvedumegt oPf( sthearseeqndary a chagbeant | ap apdentagpeet, the
exaERbadady 10HamBQP 92kl 0gs gg e) ; Rf Fraubsc ist
flui V\/(?i CK can entail the fl owvg?§t hJ|'s S %st antfala piston
amagsembilyf.l uid froma reservoir to the accunul at or

(s) - IQh%e§E%EQn§Y§ES%§ﬂi%nac%%%g%%&%iﬁté%ﬂéyis, discloses

present 1 nvention, a "seawat €r
a pressure compensation system for subsea apparatus which

has one or more hydraulic power units used in an
hydraulic fluid system. In certain aspects, such subsea
apparatus employs one or more hydraulic fluid reservoirs
and/or accumulators which releasably hold operational
amounts of hydraulic fluid at a pressure slightly greater
than the pressure of water exterior to the reservoir for
selectively operating subsea equipment and systems, for
example BOP's, coiled tubing units, wvalves, and subsea
wellhead connectors. The reservoir and/or accumulator (s)
can require a substantial amount (for example 50, 100,
500 gallons or more) of hydraulic fluid which can entail
the flow of this substantial amount of £fluid from a
reservoir to the accumulator(s). In certain systems in
accordance with the present invention, a "seawater boost"

is provided which includes exposing a piston end to the



is provided which includes exposing a piston end to
t hepressure of the seawater. This piston effectively

whowmshssishe force provided by anot her piston wTOB2®7/050667
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acted upon by conpressed gas to nove a power fluid out

of the system By using the seawater boost effect, the

requi red nunber of containersgor bottles for

conpressed gas is reduced. The seawater boost can

boost the pressure on contained hydraulic fluid in
ad@irteiS§m1rteO Otfhéhﬁr eeawadeat. gfhien pistdn wffeqtirely boosts

r eqlyy rpaggwge@f eﬁrgggemﬁegﬁggr auF'ﬂ%Peqst Ucted upon

achleve a certaln pressure on t | uid.
cebNal qomppesssd qanse resemeyer as pcmetr alﬂlyaldwapgﬁd of the

2 QREROURG SIS0l o Gl JNARAIS. WA e Ui rea

t 0 be e Feser'vorr
presmbee' wfrpensﬂ:lae.ahm t bt baxttdw hfor |c;>m]messed gas is
damaged ﬁr ? royed Accordln
i nc

h
| TERECER | ncf DHod SRR e Mt JH0NBSIEE vHIghPEPESITe on

bebbatadnbd mwﬂﬁamnﬂctﬂlumﬁm&nea@dEBSunetacthﬁmpﬁeySure of

BT BRI o RS A b T AP Atk 5 Gy ssuri =ed

f eglagr eseaid reaneftd s adhilevie raeadjéxytaappar;ﬁmsdlﬁe on the
those skilled_.in the art upon consideration of the

f oPYGFeHd 1GettdiEd description of preferred

enbodi mant S ceRdalief ehldpedtls) t RheACGUEANEINY FAWiHiStially
Such systens for use wi th subsea bl owout greventer

6p€batrsne§ atyrR BEERSYFSt Srid otiloh Righes f thenydhp pressure

pr @\ Giﬁeskv&rﬂefx‘ GANHeY driRtl teYddTR: JetWRINd | tHd Felervoir
a better understanding of the present invention,

r eflér eREESEHrE neompensdbied bSo wdhali @tangeptbt oithels not
acqanRYRY BF dedWRgag. N which : Figure 1is a

schemat’ic view of a“prior art pressure conpensated
reser voAccoEddmgdy2 ithea preisemdt iiovendicsf inahxdesnfigatures

and advantages which are believed to enable it to advance
pressure accumulator system technology. Characteristics
and advantages of the present invention described above
and additional features and benefits will be readily
apparent to those skilled in the art upon consideration
of the following detailed description of preferred
embodiments and referring to the accompanying drawings.

Such systems for use with subsea blowout preventer
operators; and

Such systems which can effectively provide

significantly large volumes of power fluid.



accordance with the present invention with accunul ator
containers in accordance with the present invention.

woe@anss182 i s a perspective view of a subsea bl PEDGB2007/050667
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preventer systemin accordance with the present

invention with a subsea pressure accunul ator systemin
accordance with the present -i gvention. Figure 4 is a
schematic view of a systemin accordance with the

present invention. Figure 5A is a perspective view of

a presslirg acbdbstiveat sndersdanckiaen &L Wileh nuesgntesiamention,
in [ Fi [ S- t [

pr\ggg%fggggcunu gt grgwo?)%i ‘8%‘?%'5 %ﬂ%réfg%’?%n%i@' to the
cueswenppayipgc drewingesw éfhr whdchressure accunul at or

of Fi 0URg e Bl QU & QhRnB IOSH AP U LW Ui pressure
system i n“accordance wt "Fhe présent 1 nventi on.

Fi gompenkaiteda rpeespedtri;ve cross-section view of a

system En accordance w_th theﬁr{)rtesent dnvention as_i .
Fi gure SATYESgufe 78 i & a ST WiS%w 0% nd sy &t e¥item in
Shaweoirdahicgurwei A\ hew ppegestenverstiai hedilthn accumulator
accordance with the present i.n en%‘i on_. Fiqure 7Ci.s a

f r GROCPEBRTST 1PhBCEPELERCE: YRt GuRS7 BTERGRH M "y SQt&p™ -

in a nerhiedirel IpPsaki perebeldtaveystiim &f gHr @ubdelas Hlowout
front view of the system of Figure 7B showing a step )

i nNPXSYEOTET S¥SSERY 3 AFOFIane S yeitdmths firssent jipvpntion
fr Qatehvi£Vs@bséhe prslsere0§add ki td3s eyt Bema ist &xddrdance
a nmethod_of operation of the system Figure 7F is a

f r ¥ithy itB® BresgetsyeveRtdP R gure 7B showing a step

in a neghgdral aQpenati gn AfcHMR ISt e BH € BAdystm  in
perspective cross-section view of a systemin
ac éecezfgacs Wi thh&hgr presentniavendaonki gure 8B is a

perspeclH g el 083 - $8CTLON YL E¥eOEitEe view of a pressure
accumulator in accordance with the present invention.

Figure 5B is a cross-section view of the pressure
accumulator of Figure 5A.

Figure 5C is a cutaway perspective view of the
pressure accumulator of Figure b5A.

Figure 6 is a cross-section view of a system in
accordance with the present invention.

Figure 7A is a perspective cross-section view of a
system in accordance with the present invention as in
Figure 5A.

Figure 7B is a front view of the system as shown in
Figure 7A showing a step in a method in accordance with
the present invention.

Figure 7C is a front view of the system of Figure 7B
showing a step in method of operation of the system.

Figure 7D is front view of the system of Figure 7B
showing a step in method of operation of the system.

Figure 7E is front view of the system of Figure 7B



system of Figure 8A. Figure 9A is a perspective
cross-section view of a systemin accordance with the

w@e@s®ntisi nventi on. Figure 9B is a perspecti vePCT/GB2007/050667
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-section view of the systemof Figure 9A. Figure 10A

IS a perspective cross-section view of a systemin
accordance with the present -i ngention. Figure 10Bis a

per spective cross -section view of the system of

Figure 10A. Figure 1 illustrates a pressure

cospomiade@d s&epr doi B gethiodclods epeiratiog. ofatthet system.
3,677,0 i.C e ' ' j s

i's arra%gg@g ?g?\l%%m%oakﬁng 1f%mi°?hp%{)ént i%%rg%v%lghre B
nesbewing eperirepndnclhoge thiode bifnepedattd onotfr dhet lsystem.
flow of fluid therethro l.ve h j i S

nmount edF(J)'ﬁld\lfgl vde})‘ hlg%s%ngb% %f#%,&\%'a’leveé%%egm %%éte%?%ngéew of a
t hsgsglent ha azicoerdahes Witd theaptesentedinyendtian.

pi ston 14 arra:)é%ed in an actuator cylinder 15. Piston . ..
14 has fi-¥&d pSer-afd FEMTETST-Sr SKESS TTE VAV & iste™ =€
hosyistgm ®fpFaguded8ni.t h packi ng seals 17 which
surround,.and seal off fluid flqw around val ve stem 13.

A reducéd9"ifertial * Ui 8@%%&%"&1 P T Ry view of a
cylsiysdem in hecoidaneaVikiithorkhehpiesentl iakdntisaat i ng

shoul der_,23. A mat.i ng shoul der 22 fornmed on piston 14

i s adapfedurs é’ﬁg&&e%sm}lsd’?ﬁ:t%?e Rrosgrisecddqn yievw of the

Whisga tehl bEbii gty ba.an "O' -ring is arranged in a
recess in shoulder 23 and seals off the space between
shoul defdgpFead@P i sRnPprePeptive| sraes-pertine vigw of a

of siysteROWR adlb2iancaS wik@WRhk preddhe inveRtiBni.NY
25 i's arranged in chanber 21 and functions to nove

pi ston Figugej t{X0RxARgusa Persrecti¥ren quessfeetien view of

f ulch, bt i t the end of its power
thé IRERemPbF ‘Bﬁg%%e S04 powet

st roke gﬁg\rl&wenth valve I's fully closed the piston

is at tHagune 1 illustrates a pressure compensated
reservoir as disclosed in U.S. Patent 3,677,001 which
shows a submerged pipeline 10 on which is arranged a

valve housing 11 which contains a valve member to open

and close pipeline 10 to control the flow of £fluid
therethrough. A valve stem housing is mounted on valve
housing 11. A valve stem 13 extends through the wvalve

stem housing and connects to a piston 14 arranged in an
actuator cylinder 15. Piston 14 has fixed power and
exhaust strokes. The valve stem housing is provided with
packing seals 17 which surround and seal off fluid flow
around valve stem 13. A reduced internal diameter
portion 20 of actuator cylinder 15 forms a cavity or
chamber 21 and a seating shoulder 23. A mating shoulder
22 formed on piston 14 is adapted to engage shoulder 23.
A static seal 24 which suitably may be an "O"-ring is
arranged in a recess in shoulder 23 and seals off the

space between shoulders 22 and 23 when piston 14 is at



of its exhaust stroke. \Wen the valve (or other
equi pnent) to be operated is |located at a renote

w@bdosloaiie2 | ocati on, a hydraulic power fluid reBer/GBRI07/050667
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30 is provided with a floating piston 31, conpensated

by sea water pressure. A diaphragm could be

substituted for piston 31 . -Ajgonduit 34 supplies a

punp 32 with hydraulic control fluid fromreservoir 30

. Punp 32 is operated by electrical power supplied

f r &pet rendvaefr its SRF?W%JCeSFHpbsgh 55 cohewrtdp F3guye 1. A

2 t t
St PREARG, 36 i3 Bl ui CHBnBP 212 i AU AR ko move
copdsiton4d4 e ingr pabaustt tsheokecumiVhetrortas visslvep is fully
[ f [ e f
P OEE, OR8PS GRS (i epore and

41wbenne:d'tes valvkii is40uldyr edemsed rtlix).pistomh enigi dt the end
g):ga val v 5 control | ed by

| ectri,cal
frc? vvaté: surfagg"etrhr&:&‘gen ‘Pag r?duc(toorr other
46e|qﬁlpme|mot a&d [blet @p@(mdmd i4l 1o%miehierats<zl atemdte offshore
opra d valve 47 with ope g power from .
3P0 o MEAA A BOTS RO LUAE " SoREFRRGSy 30 s
bebwaeadeacum&mt ar fAalithd heis bRt i3an oéoxﬁpmdsaﬁéd%y sea
and 41. An additional_conduit 50 connects chanpe

t oVPEEEr RFFSSRTC Fi guf e V- ADNTRI™ SPULEmBSD FHbStltUted for

acealdance1W ah doRivaite SANtsuppIgld AN plﬁlp/vlyzc Reik¥ydraulic
fluid froma hydraulic power unit is wdedtoa

subeB&TBLo it i RBh R SFER it 070 ( " BEPTRPERATEROperated by

Hy dnaileirg cRQVelpdldd d 4 Wd EEOM atheseiiler's surface
("TANK") by a punp ("PUWMP') through a check val ve

(" GHEQNQVAIQ/E'JC}n@eC%PEa?\ﬁ of me@amt dPnédss gannected
th (") Y i s f .
&0 %&%@ ggdt%p@ng@gﬂg%s%.% e5816% Aﬁ# éﬁyﬁyllnder

t hen beneath a wat er eve L throu
vallve bYCHESRNYALSE")a t canduide urll. atorTb9stE1mfP<nse of the

acCoLANG S ! N34 hg prege rd@’fé‘“ ONs Wbty ORG ChoWBEE £1uid

dept o conpensated contain
available for 1mmed1ate delivery to cylinder 15. A
bypass conduit 41 connects conduit 40 to reservoir 30. A
solenoid operated valve 45 controlled by electrical power
supplied from the water's surface through a conductor 46
is connected into conduit 41. Another solenoid operated
valve 47 supplied with operating power from the water's
surface through a conduit 48 is arranged between
accumulator 35 and the junction of conduits 40 and 41.
An additional conduit 50 connects chamber 21 to reservoir
30.

Figure 2 shows a system 60 in accordance with the
present invention in which power fluid from a hydraulic
power unit is provided to a subsea blowout preventer
operator ("BOP OPERATOR"). Hydraulic power £fluid is
pumped from a reservoir ("TANK") by a pump ("PUMP")
through a check valve ("CHECK VALVE") to a bank of



or bottles in accordance with the present invention
(" DEPTH COVMPENSATED ACCUMULATOR SYSTEM') . A control
wo 200805180l RECTI ONAL CONTROL VALVE') sel ecti veP@T/GB2007/050667
provi des the power fluid fromthe depth conpensated
accumul ator containers to operate a subsea device or
apparatus, for exanple the BOR20perator shown. Fluid
exhausted fromthe BOP operator either flows into the
water ("VENT") or to a fluid recovery system ("FLU D

REGCVERVISYSTEMSorihasmeatd chatt Fbeur syrfecene CIHGAEBGILATOR

fl %&%T&ﬁszrvo' fhis T8k e fARt URR %Y Eé’x’?e&'@l?tg water

conpensat d accunul at or syst em nay "be any cont al ner

botleveli nLactduorelgice ani thetke yakeent(' Qﬁﬁ'ém i &ALVE") to an

' n%'clé%nﬂg. t lﬂ‘t gy#éﬁn t%g t%cc‘%q:)éiagfc e hov§ ﬁhowgel n present

Fi gures 1gure 3 slicws a subsea b

5 pr &mhetu.oay stJeIh 86ne noaC ammndepmht hotnpenplae.edntcontalners

i nvent%

ac&6r d

ccunul atgh stems 82 in
I on

Hebt b e BrEEdRRern ahEh ontie FRRRER 0 ingrpntion

anc("BEPrrtHJ USOMBENSATEPSt ROCUMOLATORCCSYSTEEME) Wi t h A hecontrol

0\ adiver ob oy’ (i Bvfadl VREBETECRaIER cilrel proviaes

fr eea powdACELRYEr afitdre RBWEIdepSH eBomPehsatiar efbdunulator

t he S){:stem 100 for use through a directional control

10 yarPEtHY s Sa WoPRPERER of BEPSSAi P EXFRILST e@PPREAYS, for

t hexBWB1epenal @oreidpadia tidroWhdwd .8 FaHid/ edhdusted from the

fluid recovery systemFR for return to the surface.

ThBO®y opexater migdneds fdowsy Antea thes water AV 'He or to a
usedyiil t Becsgheye §99‘ﬁ@m' n(&ﬂutﬁ REEGVERE EYSPFEMT)  from

addition to a system 10 system 100 has an outer
hoUélllﬁ@ 102 rRtuEng e dqhea § Vlvdghtraservystiigt o' TANK")
15 Eb'Y: Q5 Waigh gﬁﬁ td%%ﬂ d bhfpoaMddten id lat
114 gng-l' 231' secon 116 pl)fston en(f[ 120 wit umu aror

i ntsms|t@m TRy the 12y | conbaimer op bhttierdn @mﬂ:omaarme with

th%h O%rys%n*t 1npr|e§1tt9.%nenq.njc%91dl§19, but not limited to, any

of those shown in Figures 5A to 9B.

Figure 3 shows a subsea blowout preventer system 80

20 in accordance with the present invention with multiple

accumulator systems 82 in accordance with the present

invention.

Figures 5A, 5B and 5C illustrate a system 100 in

accordance with the present invention. Figure 4 shows

25 schematically the system 100 as used to operate a BOP

operator. Fluid from a surface hydraulic power system HP

is stored in the system 100 for use through a directional

control valve DV to a BOP operator BRO. Fluid exhausted

from the BOP operator either flows to a vent V or to a

30 fluid recovery system FR for return to the surface. The

systems of Figures 6, 7A, 8A, 9A and 10A may be used in

the scheme shown in Figure 4 instead of or in addition to

a system 100.



secured to the second end 116 of the rod 112. The
piston rod 112 noves in a hole 142 in a gland 140 that

walewsadsdasa first chanber 160 (for exanpl e a cherbeB2G00/050667
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hydraulic fluid) froma second chanber 170 (for

exanpl e a chanber for gas udder pressure, for exanple
nitrogen) . A third chanber -18@ {for exanple, a vacuum
chanber) is formed between the piston end 130 and an

end cap 190. Optionally, these chanbers are

i nt er chdhgesvwtem dR8nbas B0 dwdiary housdadumhhatigdyin which

an cq%gnﬁg 8 i n§ ng flul oy J26
segﬁre In %% %8%%?%8 124 §§%¥§ﬁbf+y%%kP#2tgP?or HOhas a
capiisfon22odA M2l wd th2@ fémsitt enghdl Iidhdad @ esmarel end 116.
fo le nitr n, . P L ot t u

1 SRS A" BRE0uiR, 10 MR AE' SaPlEy, 189448 securea
t htoughet Ifé rsénginid Afl4t lof pihet orodr A 2112 A quits tidhr @gh 130 is
a channel, 119, .and inta th on amper to

o SORHEeH EeorPRlaaegnd pOR.d150RE, ERARE 1480 end

130. A mrheexsishtizh i Bogdr atRkdecbuas tive Al Siode ek 18 20 gland
that th s can flow.into the secqond c er 130 .
nodi0or Eaf Eiides " e "E2up SRR i) < (FBEL papmete
I Nthahdees. fdhehgdyhtYid2 Flivid)hefpomt @n $ddbrddOchamber 170
effectively increases, the total anount of pressurized

gad IRt hEFRER&Si &t oRhaEREHL| §O1 1098 $AASD| BREGFuUre, for

t hexaapily didProgdd) ONR &HIGH NBRAmbéRC 180d C8Pr 18&ample, a
and the end surface of the piston end 120 are exposed
t o VEREURy shamberdt igatfRrmedreekunpr ethecRijhrer enghd$0 and

thansysdiin 108 i s19pder wat@gei JhieL I CerRbsbhi ehddbelrs are
pressure is additive with tthe force of the pressurized

gadniterchangedo widhariambery k6@ Peingeaj yasuugy chamber and

Cahbbeel 1 880Wek thki Wi dh AbreSXFRliG hydraulic fluid,
i's punpe§29r0n1théa#|#s? %haﬁber 1%0 t hrough a port
162, foRneemnthleaptd26psegused BOP ayperpeningnlg4BeRals off

qatt&agna:il.rlt}’erf&te’CLWtyt i1r2§e., II.OUEIQE e IgéMits gas under
pressure, for example nitrogen, to be pumped into and
through the cavity 122, through a channel 118 extending
through the length of the piston rod 112, out through a
channel 119, and into the second chamber 170 to provide
pressurized gas force against the piston end 130. A
recess 132 is provided in the piston end 130 so that the
gas can flow into the second chamber 130. Appropriate
seals S1-S6 seal the indicated structural interfaces.

The cavity 122 in the piston end 120 effectively
increases the total amount of pressurized gas within the
piston assembly 110 by the volume of the cavity 122,

In one embodiment, the end cap 126 and the end
surface of the piston end 120 are exposed to the pressure
of water, for example, sea water, when the system 100 is
underwater. The force of this water pressure is additive

with the force of the pressurized gas in the second



shown) inserts 146 (solid or hollow, one solid shown,
one hol | ow shown) may be placed within the interior

wa@20080561822 to reduce the effective gas -cont aPei/G82007/050667
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vol une of the cavity 122; for exanple to optim ze the

m ni mum pressure (in terns of adiabatic di scharge)

Figure 6 illustrates a system300 in accordance with

the present invention which has a novable piston with

an inner nenber with a gas -containing cavity within

t hehpmbegn 17Phiandc dw tthei dniterfiogi ¢ayawyudil@ati on with

a gas - I d hagher t Cleh t ot:al

Vol e aPveas A HE Ak 1€ niHFa I ECkINTd,"4? pumped
gafeom athengfthatbeshabemr) 16, thneught he epbrttile2, for
t ot.al LLu of i,.Lahl .S l.ncreased d,
cotre%gé%gﬁdr%& )??%;é%é:ea\galipg,z?)ge\%gllt%%eggf gpg\%gr' fluid

is incréOptddnaldlyi, st one302twoyabtbrea, a Hody 3@ hasre (two

an inner. chanber ) i.nner er 310 is secured
o shAwR) G0 R T A% (Pai' S Fel 1Sy e, Y sHown, one
me kibdl ol Gshewn )mmbay| deanpliaasd awiahliow fies t idt2rdolrh cavity

an_inner cavjty 314 th is.in fluid comyunicatiqn

i LAY e IRAHSR S ST EeutivanAaP - SeBUBBLRG, HeIPRReE the
chaaRery3A@R2BnNEdheetampley 8d4optimEaat dhe FAniniGliepressure
pressure. A cavity 322 can be_evacuated so that a
vac(&ﬁlntF_Gf“saﬁef‘?lla&%ﬂ'cpfié_§§9P§gF§ ‘present or,

al ter natrigee 6 H1a¥3teatedl A RYeer 1300d)in AddiRiHYe with
320_can contain power fluid, for exanple hydraulic ]

f1 e EHesent e‘rfﬁ%ﬁf}‘%ﬂé?fy,mﬂdéalhéﬁeaevaﬁah BdPd§teRafvith an
a R0 REmBe¥erWitPW DI eSURntR iR NEhvityNewithin the
pressure of water outside the body 304 canact ©on an ]
ouPdstep:f ac&®his4 eAvite pestigh Sdpidn,ammuniation with a
su (o3 810k [ [ g%n‘h;g‘r AH¥, A Seal

Sl a@_ %CS)%O%Jlgéglbht% gﬂllﬂ%icate aftﬁt]%ref ac:ese.qjqcrﬁllsvzgtec Volume
i | lofst gasedien thgueased, pasercoémprvednytexihavingpugh gas-

a Qggtaiﬁ(}.n(;] ichfarrtﬂéq: paofc;né])GZanEi 9¥hEs ?A):hteo e¥fective total

volume of available gas is increased and,

correspondingly, the available volume of power fluid is
increased.

A piston 302 movable in a body 304 has an inner
chamber 306. An inner member 310 is secured to the body
304 with a beam or rod 308. The inner member 310 is
immobile and has a hollow part 312 with an inner cavity
314 that is in fluid communication with the chamber 306
via a channel 318. Both the inner chamber 306 and the
cavity 314 can contain gas under pressure. A cavity 322
can be evacuated so that a wvacuum (or a very lower
pressure 1is present or, alternatively, it c¢an contain
power fluid). A chamber 320 can contain power fluid, for
example hydraulic fluid (or, alternatively, it can be
evacuated so that a vacuum or a very low pressure is

present). The pressure of water outside the body 304 can



control valve and on to an apparatus to be operated by
the fluid. In this enbodinent, there is a vacuum or

WO 2008/05@as2 pressure in the cavity 322 . Alternap@weBR007/050667
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the power fluid may be in the cavity 322 and exit for

use through a port 340 (shown in dotted lines) with a
vacuum or very |ow pressure-insthe i nner chanber 306.
Figures 7A - 7F illustrate steps in a method of

operation of a systemlike that of Figure 5A in
acestderean toutere susfase iFRAneforthe npisgane 308 and an
angulg’r Pﬁ@ééﬁubbg Qﬂiweﬁhél li'ngxel?:asmé(n%efnngedt%gbglropriate

Sy stem € pressure of the seawater Is app i ed
pi steeﬂ,St 690126 6104 peetlothes dadilca tedhadn temdlagess

I tens rrg\ers %t%‘% %.26}%@9&'15‘9 pﬁgégyreflqiioﬁﬁﬂay exit

in cha case rogen,
isthprphnghdatopoh‘e BiBst o(rhfkred 1se). pAstsh.(ﬁﬂn iFﬁ.c_ﬁiJgeJrEA) to a
7C,_ fl ui PE from a surf draulic r_un

{ ARt AR RAT B P A BEP=ras BRovic De hgPetited by

pi *hen fasdenbl Y nanthicommbermegti, haehgae iis taheracuum or very

hanb 122 d 17 Th d I i fl
o O e R T oty 388 el ¥tk ly, the power

overleﬂaﬁnialsyeblér &S Whe @‘avt:h-_q; s@warﬁr eamt tiar pfs@sume:ugh a
of the gas. shown in, Figure pi st on assenbly

ha®ofbvetfd o ?]H%W%xtlé‘ntd%tftefq SIH‘%%EI Wl&ﬁd & h‘éaﬁﬁ‘é‘ﬁb&r very

16Qols pirelslsuee RAndrad iankirlichasberf 30isd from port 162
ceases. A vacuum (or very low pressure, for exanple 1

bar (14FEIHEPF YRexist ¢Fi niiltstiplbesteBs. im Gnemethod of

pab%@%lt%nexamol & [(difsSGRvai Bke Pr 8ASHN €oleS FGYuRRTS5A  in
(5348 psi) the gas pressure is 88 bars (1272 psi) ;
anécpﬁédB@WGrﬁPGhdth§ Rregeptedayeatdprnzo4 bars (10211

oo o TS era! M bl e 4ia

exyes ee,ntbmedqd:the iswstkamt o, The BpPespurat of) theFispawater is

7Ea&>&>|lli§'dr A $Syt Q?.sti’:%gzi %199193 B@e aprlgn\./.ééénqnassembly (that
includes items 130, 142, 120 and 126) and the pressure of
gas in chambers 122 and 170 (in this case, nitrogen,
"N2") 1is applied to the piston end 130. As shown in
Figure 7C, fluid PE from a surface hydraulic power unit
flows from the port 162 into the chamber 160 moving the
piston assembly and compressing the gas in the chambers
122 and 170. This hydraulic power fluid enters the
chamber 160 at a pressure sufficient to overcome the
pressure of the seawater and the pressure of the gas.

As shown in Figure 7D, the piston assembly has moved
to the extent of its travel, and the chamber 160 is full
of hydraulic fluid and fluid from port 162 ceases. A
vacuum (or very low pressure, for example 1 bar (14.7
psi)) exists in the chamber 180. In one particular
example, the seawater pressure is 369 bars (5348 psi);

the gas pressure is 88 bars (1272 psi); and the power



of the power fluid fromthe chanber 160 to an externa
apparatus or control system Power fluid flows from

wo bmsokasber 160 through the port 162. The f orper/aB200ne50667
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seawat er and of the conpressed gas, and the vacuunis

force nove the power fluid. Figure 7F illustrates the

di scharge of the power fluid figomthe system The

systemis now ready to again receive power fluid from

the surface . Figures 8A and 8B show a system 200 in
ac&duddncies wath a neresaveat ofnvi i barsi kd02dd smstkns This

f t
ol dggh i \gﬂ%&éqfﬁﬁfexanpﬁéh\ﬂJélfHLlé]E%'B% ?ﬁged from

charber for seawat er
sy¢hem shetanmi nt&i rowenbAa t deviget etf200 exaygpher albyt not

Cth&ﬁEe%aEb,Z%ongl%g%?glpg shown in Figures 8A and

pr st on i'ti oned on a housing 208,
has a gadguirentier idlisftoratgas uhedézeqmesmg e:f 'fH.’ree provision

hou 208 ma |ece sec
sh8vvn 5t %o‘g?%gli%guﬁ‘l ece)" ?f"g’ 9106( teed{ ternal
arappdramdsmm&%bdntfbkngysEE@U|deoﬁés wmuma Easwanfrom the
|nt ch 218 for additional. gas under
" eBeiBer” PR U LR RO T1 G2t hr Oifgh FOgGR: OF the
233eb%(te& paner df uittheC hasipre2s8d WMy, | andef thed weuum's
part of an interior wall__of the housing 208 and part

offﬁﬁcéxPQWFthﬁaPPWGF £A¥ifi-st on 210. An interior

vacuum ghguker 2é0 oty eher eddddetye | @¥ the power
pressure) is located at one_end of the housing 208.

Thélpdde from tore 195 t9nbefhe18Y8FemhésgnPde T2pdly) £0 again

0p%@cEQth?o%Q§”Q§hlél4roﬁﬁ%hQn@%&fﬁb@sSUfe for
exanpl e nitrogen, is chargedinto the chanbers 214, 218

t hr ough Fagpaes 7. apdt 8B {9haw oat ﬁﬁetemé%?/sﬂemmrdance
1 ouen R %%@m? 1&5&1*{{&9Uﬂl‘kgpgﬂéng%%g%ﬁeggf ure 5A

pressure of the water acts on an en
21endTHEigpre uhller bpteswitle An tindeglimrheshamber 298 water,

aCE%ro%xgﬁpigds%%%a%%rﬁheA@5%5%% the system shown in Figure

5A, the system 200 is generally c¢ylindrical, but only
half is shown in Figures 8A and 8B.

A piston 210, movably positioned on a housing 208,
has a gas chamber 214 for gas under pressure. The
housing 208 may be two pieces secured together as shown
(or a single piece). The piston 210 is mounted around
and moves on a piston guide 216 which has an interior
chamber 218 for additional gas under pressure. Hydraulic
power fluid flows through a port 232 into a power fluid
chamber 230 which is defined by part of an interior wall
of the housing 208 and part of an exterior wall of the
piston 210. An interior vacuum chamber 240 (or chamber
of relatively low pressure) is located at one end of the
housing 208. The lower end of the chamber 218 of the
guide 216 is open to the chamber 214.

Gas under pressure, for example nitrogen, is charged



210. Seals SL seal various interfaces in the system
Hydraul ic power fluid at a pressure greater than the
wa@eouBiosask pressure of the gas in chanbers 214, PRUBBawd/050667

the water in chanber 260 and the force of the vacuum

in chanber 240 is introduced through the port 232 into

t he chanber 230 (for exanple fgr-storage until it is

used for a function, for exanple to operate a BOP
operator) . This noves the piston 210 (upwardly as

shéwtoi rthe gghambeas &H)4 .. 8h thiroughl v@ PRTtsiRR0. Water

th%rB&W%?Eéﬁe y ézl%@ ggifémt e haaBgk 280¢o U onct:hamber 260

opéni ng a control system

shdharpught leepdwgs 264 d lemvspoess{zrenofheheharmem acts on

I L

5 ac¢hedaﬁmmmnﬁd12he p2é8eﬁctsnmmnanndﬂd«ﬂlmeoﬁyxhem@iston

bu h h
D ARl edts Sr03ban Oardthn st bt et S e 378 e

pi ston mmullﬁcmpmblxeﬂmm at ke grassure gieatidh than the

oo eGP B G £ 220 ane ene

Fi grartes 9fnarshffberA R6St Gdnd 1G&heO¥ably 51 tthenedacium in

a hou5|ng 408, has, a gas chanber 414 fqr gas un
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for containing power fluid and gas. The housing 408 )
maf Benckdop efor s¥empde ttoyopfairte e RO IRRAFator) .  This
S'Hﬁb%dﬂﬁﬂéfpibgoﬁ'%hﬁﬁ éﬁdﬂPUEEe%Hﬂwﬂ”ﬁha@@gures 8a,
noves on a QBston gui de 416 and dui de rod 418. The
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408. FN raul i c power fl f'or exanple froma surface

theojvedve 2920 gt tan fé@mqmﬂtﬁq rreemalns in
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and force of water).

Figures 9A and 9B show a system 400 in accordance

20 with the present invention like the systems of Figure 5A,

Figure 7A, but with an interior chamber for water, for

example seawater and with a "tub" piston assembly movable

within the housing. As with the system shown in Figure

5A, the system 400 is generally c¢ylindrical, but only

25 half is shown in Figures 9A and 9B.

A piston 410, movably positioned in a housing 408,

has a gas chamber 414 for gas under pressure. The piston

410 is a "tub" piston with exterior walls and an

internal fluid c¢ontaining space for containing power

30 fluid and gas. The housing 408 may be two pieces secured

together, or as shown a single piece. The piston 410 is

mounted around and moves on a piston guide 416 and guide

rod 418. The guide rod 418 projects through an opening



of the piston 410 and part of an exterior wall of the
guide rod 418 and top of the piston guide 416. An

w0 ndoensas2 vacuum chanber 440 (or chanber of reb@t/GB00y/050667
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| ow pressure) is |ocated at one end of the housing
408. Gas under pressure, for exanple nitrogen, is
charged into the chanber 414 uigrough a port 450. Water
fromoutside the system 400 flows into a chanber 460
t hrough openi ngs 462. The pressure of the water acts

on4a émd thel Rifstdre 4lQtamd 4throqyl gasomn@dpte 409 of the
414 1
PrERAUi Ao Mg CHRAREL1TLS RGET ¥R OPfof 1ax0hpiBe from &

o] st on Sea rrous I nter ces I n
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unt.i | i s used. Uonflu flowfromthe rt 432,

U anEERGeT MaCHN Aol . sty B gelRiaely Low

t hereaeund)f asCeocheede a(tf opas endn @ £f @hee h@hswat;e 4aps..
The systerrB 200, 300 and 400 provide the water "bgost
f eat ur e C@Fs GRSEFd PRESFH T epi gﬁﬂre§xf6‘Pa]ﬁd ALYy oS Charged

Syshed SPfe | khaabtrrdancs \Mhtxlbu*glhe I oA hpgenti RAter from
whi ch has five interior chanbers 510, 520, 530, 540

ane%edeﬂrélesy%y%\zﬁrsoéops tdeower dnte o3| Fhambes) 46Qytthrough
onbyehahls 4eshownrihg Ekggéﬁrl%f T Gharder a540 b? an end

vacuum chanber (or chanb of very | ow pressure)

chddderoB26he o Mistien g‘h]so und&lkﬁ egagr aindegy W@ in the
ni LhageRr hhe %&2{?%’& a%goeﬁ@%f’f’oofo@h?o?l@&%r 410. Seals

flul The cha 550 contal ns water exanpl e sea
waSEr seddt yrréousr $ntke fekashan 3be sysdegh hol es 552

LPu?dtgﬁ¥g%%hﬁiéoio%%raf&5&%taﬂpﬁyﬂyéégyée &%@%%ér than the
pressure of the gas in chamber 414 and the water in
chamber 460 and the force of the wvacuum in chamber 440,
is introduced through the port 432 into the chamber 430.
This moves the piston 410 (upwardly as shown in Figures
9A, 9B). With no flow through the port 432, the power
fluid remains in the chamber 430 until it is used. Upon
fluid flow from the port 432, the power fluid flows out
from the chamber 430 (due to the wvacuum force, force of
gas, and force of water). The systems 200, 300 and 400
provide the water "boost" feature discussed above.

Figures 10 and 10B show a system 500 in accordance
with the present invention which has five interior
chambers 510, 520, 530, 540 and 550. The system 500 is
generally cylindrical, but only half is shown in Figure
10A. The chamber 510 is a vacuum chamber (or chamber of

very low pressure). The chamber 520 contains gas under



the chanber 530 through a port 532 and flows into the
chanber 540 through a port 542. Gas flows through a

w@eoos/05d22 and t hrough a channel 524 in a rod 5P6I/GB2M0M®50667
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chanber 520. Seals 503 - 509 seal the interfaces where

they are located. The rod 526 is connected to or

formed integrally with an end1928. Part of the rod 526

and the end 528 are within a hollow nenber 511 in

whi ch are the chanbers 520 and 540 (which, |ike other
chaxessyren oider esapplenernistiegen n, \Ehey ¢hanberse530 and
de di t iyl of aﬁdb%?

holglqgwcrrer‘r:’%grn %%f%fii ftr%tl)lvgldl eT\?\}te?%irhn a |:§35t§9 hcgl?gbﬁﬁls water,
50Zocanexampdeosgahwasienrg 513. Connected to the first

housi ng t C hggghp 5 c ' of .

t he novg%%érhéﬁﬁgégﬁgqgﬁs I'n e %g%og§2§%§§i§§&%f3§52 e
Theope pllakeb Soewdntas filatsdr Hoummhng®dd&.i nPdavwesr fluid enters
exterior, of. the r_ 511 around.th hanber 520 and

t h{&e; HeP a%ePgEE%%%O ]hvva?s Pr?d:itntg?%e r}% t%],'s%ws into the
poshhamber B4Or thlroughs aupertifd2chadsar Abwshahrmdough a port
ne ive internal pressure.. Eqr, t.his rea t he I
hB2en0d ShTonan B GHANGHS T8 0 Poiad IS, e chamber
t hgaot.he sellls t30T knese9 okehbether shthefaceg. whe@e they are

first housing 502 includes the chanbers 530, 540, and
5583°CAtE5: of which a positive internal pressure is

mai nt ai prpd. Asdi BRet hes ChIRIcted) £6SWH SEbPmA@d integrally
relatively |arger volunme of_ avail abl e power fl ui

d
oM Ehea™ 678 Sy B Eulifc Ahen sl B rich R ersa 28 are

an%ﬁWﬂ&ﬁhdﬂﬂaﬂIB¥5ﬁéﬁbé@rSfPtiRiﬁhQBhSHEEaQﬁea%ﬁ%mbers 520
rati os for operation. Thehgéesent i nventi on,

t hengf &40, (whigh | ebkke serkebuchaBbengcdgs ather ganbodiments
em@%ﬁqt Sra Q¥ %Silﬁf% Qf\%&l@ﬂai%?oronsﬁiee?ogi on of other
ter use

accunmul ator system for sub , thg accumul ator
sy stlements)) udi nFhea hplow amembed chkbhbas wavdble hwithin a

004 ER FARHIA S8 S R Rl 2 i ston
Connected to the first housing 502, the second
housing 513 contains part of the movable member 511 is in
the second housing 513. The seal 505 prevents water from
impacting the exterior of the member 511 around the
chamber 520 and thus the chamber 520 is always maintained
with a positive internal pressure. The chamber 510 has a
negative internal pressure. For this reason, the wall
thickness of the second housing is relatively thicker
than the wall thickness of the first housing. The first
housing 502 includes the chambers 530, 540, and 550 in
all of which a positive internal pressure is maintained.
Adding the chamber 530 results in a relatively larger
volume of available power fluid (as compared to a system
in which there is no chamber 530) and which provides the
correct piston surface area ratios for operation.

The present invention, therefore, in at least some,



body; a gas chanmber within the body for containing gas

under pressure to nove the piston assenbly to nove the
w@omensdiBui d out of the fluid chanber of the bpdyGBRIVE 050667

pi ston assenbly including a cavity therein for

cont ai ni ng gas under pressure for assisting in

nmovenent of the piston assenbbky;- and the cavity in

fluid conmuni cation with the gas chanber. Such a

system may have one or sone (in any possible

coBditnatheh) &ecessardilivowi abl t lembsidimantsssenprgvides

havyi Lirst fi e e [ f e
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reduci ng the gas.-containing. capaci f the cavity, .
anoeaydd 4 (Gado Tt iR PRE' PRl 9% GBhREning gas

f | undeehaessuryi 8¢ @ovexi theophisikdonf lassdmbly to move the

CORRLCH 20 18, 0P BREALS 19, B5p00708 DAL ene

appaktns alseged19panalediby Eheagvawsyy tHdidihaidi dontaining

bl owout preventer operator; the accunul ator system

10 | o@2fedupeRtat PrsRt TS &£ Uur PSS SHydi%aultfc polepent of the

Syglighond! AcsebBEe abaverkdecwetey, ihersuifat®mmunication

hydraul i ¢ power system for providing the power fluid

t oWERE® fthe gashshisabest t RIBody ;s T Saymitagteprone or some

SY%&%U‘Eﬁ?atﬁgsgﬁﬁﬁéthc&ﬁﬁfﬁat@oﬁﬁrféfe tydr agdli fowing: the
power system at a surface above the water, the surface

hy @dgtonc peRambdyst Vg pravi §LAgtt heigéeer fng d exposed

15 tO etxtE%rfilo'fil?n ;g?lng\?v{eo?i)gg%r P?Fﬁiaﬁig)ry altlﬁ%r@ﬂ?@'hat Y8 water

forcontroll t he apparat us

f r pwesisareur Picewhypdrauektepdorr tgstehearkedyr said water

gi %‘ﬁetsisﬂg‘lep%\@i%#ilﬂgﬂ i érﬁé’néri‘i’?‘ Lhe R85 t%%\?teegrtnbly to

osen l1ne; the osen ti1ne 1 nc udlng ny o

| i mever pewWemelhwidy from dtihecbleig¢ shamber end/ of £he body;

bog)é r].aeva{srp &Il]éeg”‘.nsert removably located within the cavity

20 for reducing the gas-containing capacity of the cavity;

an apparatus to be operated by the power fluid, the fluid

chamber having an exit port in fluid communication with

the apparatus to be operated by the power £fluid moved

from the fluid chamber; the apparatus to be operated by

25 the power fluid being a blowout preventer operator; the

accumulator system located beneath water, a surface

hydraulic power system at a surface above the water, the

surface hydraulic power system for providing the power
fluid to the fluid chamber of the body; the accumulator

30 system located beneath water, a surface hydraulic power

system at a surface above the water, the surface

hydraulic power system for providing the power fluid to

the fluid chamber of the body, and valve apparatus for



interior chanbers, including the fluid chanber, the
gas chanber, and a third chanber, the body having a

wo poospsdierly end with a first opening in the borRyT/GRRE7850667
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second body end with a second opening in the body, an
anmount of operational power fluid in the fluid

chanber, an anobunt of pressuripaed gas in the gas

chanber, a | ower pressure in the third chanber, the

pi ston assenbly novably and sealingly nmounted wthin

t heob&aplliingt Kdopi sifoPowesefidiuidy o rdie @ppanatard from the

cl Qah3a oQf Thdifad { St FB%Ei ”%1 psﬁ&e%mdgmewhgc power
fl ui romexiting thfough the first opening fromt
fi Fduidhanibeustieide friomstthe sappreatusatong ghosenerline; the

sur a n . f , kh r.aty. | _po .
fl S?%%%gp{l%nﬁeg a H%Jfﬁ%r%gsgu?% %gg'i%%stt ]tl%geaf??s%e&lne to a
pi fSlodidendexcaveny sydteae;, wand/oexteri bodyo thlasring three
accunul _at or st.em above to,contact d .t I

or a0TaraoR, TiRtRG, bir 1aetegr e Tivad Shlpder o ghe oas
t o ciiawbetrhe gdt an dsiedbkliiambes , di tlect bodyt dverichg ha first
segod bcgfl% en aﬁi.st%n rod with a first rod e% and d
a SEEINETDLI LMY, 2t RETFTr SPPdG%erid® cUMneRPRY: « 87Pha secon
fi bodyDieHidd i, a téecsed opfefiDfigen €hanBolgd fad tEHidunt of
second pi,ston end, the pjston assenb]y. haghgﬁba second

pi SPEFaLIe Rl RAWET okLEEd R the bR §F; @Re amount
Se‘é(fn%ﬂésélﬁqckézp%@gteﬂ el R Sesiatbdt 5t AN 10Wdr $fessure
er

in the second cha able to act on the second piston
end™t oth®vehigd prRamhesssdfs yPiatandiassamly afrayably and

fragaheghiyf l?rbugl%‘éﬂ' Rt 1A nC RN @lodynT QUPRH iR ti%rp hssembly

rod and i'n“fluid communication with the cavity and
wi 8h fhessemdmFarhanpdr slosing PAE gele wifilmst t arening and

ca ir@(r_e.h%iﬁnbo‘ﬂ?lal w110 ftllﬁgff G IaMey tHIOURIESEY first

I nvent 1 on, herefore, in at east sone, ut not

neopevang yEubh dtmdifimsts, chanbedes the adéast apbston end

SVBh8ng DSee SR Gt PSS, cne
operationalypower fluid ;%plyingﬁg first pressure against
the first piston end's inner surface, water exterior to
the accumulator system above to contact and to apply
pressure to the outer surface of the first piston end to
move the piston assembly in a direction toward the second
body end, a piston rod with a first rod end and a second
rod end, the first rod end connected to the first piston
end, the second rod end connected to the second piston
end, the piston assembly having a second piston end
movably located in the second chamber, the second rod end
connected to the second piston end, gas in the second
chamber able to act on the second piston end to move the
piston assembly in a direction away from the first
opening, a channel through the piston rod and in £fluid
communication with the cavity and with the second chamber

so that the gas within the cavity is flowable into the



chanber within the body for selectively containing
power fluid; a piston assenbly novably di sposed within

wo bmsloady, a gas chanber within the body for ceer/aBR0Mgs0667
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gas under pressure to nove the piston assenbly to nove

the power fluid out of the fluid chanber of the body;

the piston assenbly including2a first piston end with

a cavity therein for containing gas under pressure for
assisting in novenent of the piston assenbly; the

casiercendn chamb@rcomuni cati on with the gas chanber;

the f'f%heﬂﬁ?‘yéﬁ%“&ﬁvgﬁE¥3keXEﬁéf&féXeOf Bhgtbqg%st some,
for action ereupon of water’ pressure of wate

exb@m(anD tmed@agarukmciahlerthaﬂmmanw55|spr991dﬂs an

TOUERRL Atk E53° AT BRI BT suvacer

toulse,oplehext adcbynuﬂ.latopowsﬁdnw ﬂncluénhgw @ dbadger a fluid

hav an exl’%l port fLui g m*ng ?_ Qn Wi tB__ t.he
AapSeE 4 3TH PRt R Dy T Phe SFERE Lveiva Sorad Rpgmpover
the1fuL1uu :d ahagﬂimwnt hﬁssagmumjl alowabdyst dilnsposatiedwithin  the

CPRRE Hootest USRS ML Fac Bl 0T | EopbRiring gas

sy&ha&mf Preyntdli 88 morepotid phibicdnt addembllwi o move the
chanber of the body; the accumul ato system | ocat ed

be ROYER wat®h< 8u§ur‘¥£athﬁy(ftlé’d'lq cC eT 5Pt ther bgdy: the
sug:&@%nabagseﬁm weigeludeg SW f Faedtydpaklon PEMBI with a
system for rowdln the power fluid to the fluid
ch&aFéditYof thagehBdyEoK al SR ERFHME ugaor UREREr PFEFFure for
fl Q‘@!s@.fstﬁ.ﬂ\é‘erlrf Inttrbrich € NSF aPRAT B Usoh! Q@sb%l%ur ft@a%e cavity
hydraul i c power system and for directing
ex Aau st oyl réﬁmﬁélﬁﬂﬁapat s thy Bhe h@aen ¢1P$¥@ber ; the first
an in e | uge v
ReserR, "phic PP AR She Y ¥ rEQL potion
| n\tbmne@pont hefefwater | Pr&’ssluef&sto’éon@t%t epyerior to the
ne ar i I 0 ;‘%%Q;ﬁ_, t
Op%???l ngé%/fhd'aalf‘J’legrggt3J ocat ed %'}hggzt% vvaq?lepggv%rﬁént of the
piston assembly to move power fluid from the £fluid

chamber out of the body; an apparatus to be operated by
the power fluid; the fluid chamber having an exit port in
fluid communication with the apparatus to be operated by
the power fluid moved from the £fluid chamber; the
accumulator system located beneath water; a surface
hydraulic power system at a surface above the water, the
surface hydraulic power system for providing the power
fluid to the fluid chamber of the body; the accumulator
system located beneath water; a surface hydraulic power
system at a surface above the water, the surface
hydraulic power system for providing the power fluid to
the fluid chamber of the body; wvalve apparatus for
controlling flow of power fluid to the apparatus from the
surface hydraulic power system and for directing power

fluid exhausted from the apparatus to a chosen line; and



power fluid, the nmethod including storing power fluid
in an accunul ator system the accunul ator system as

wa@eysiossiszcor dance with the present invention, PODGBRW7A50667
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pi ston assenbly of the accunul ator systemto nove

power fluid out of a fluid chanber and to an

apparatus, and powering the-apgaratus with the power

fluid. Such a system nay have one or sone (in any

possi bl e conbi nation) of the foll ow ng: wherein the
apphexedn thepchosenatldpeprarhdnsdwmsle fanyl ®f ¢ yent line or

bl Qg ey ENtely; APELALYry! UG TR0 | ncl udi ng:

operating the owout prevernt operator with the
power f [Thedprgseandi rirtmiaﬂcmunutlaemf@uygt einj @t deaisdd some,

DeReq! Y Lol 8 100% W ILANLIGRBAYE" YAEA & method

sur ove 1 e sur ace Aydr 1 C powe
sysoem éperptingdiargy thpapetes flegated bemeflthi dwater with

hanb )| dy, h di o
pokerer dir iy A e EhanBer ottt ReoaiBantrues; f1uid in
Sy ahe rgcoMmesles tox heyaeaunulthéora@yﬁmﬂmtdxcl spiesevabgeany in

tus f £l fluid to the
R B, L St Mt ToRE SiPPAEiqey SRt afq piston

f oas@iemBlli NYE penear a‘ddundn@dﬁuswﬁitémomd heowpppbablds fluid
to a chosen |ine, the nethod |nclud|n controlling

wi CHE OF Aol R EhafiRRT (#B% 5P B PPEGH St o at'ﬁ’e powering

ap@:ﬁéatal—ﬁaaraﬁmﬂ Oki¥hekflen ghe£hpseid! | Ny Anehddem may
éaér avent line or aline to a fluid recovery
f MR REt e ndFLBdlil‘f@' HPFééPELﬁg %WQ%@WI vef the

ap&%ﬁ%’sﬁnﬁo"\ﬁihéféﬂﬂj %ﬁEa ey EBeb@F&Séﬂ*@eéoby the
any of a vént line or recovery system The

pr PoweE SRt | bR, at |bé+<>@r<>@rte plrerfr%nterléagpeseﬁerbutthﬁotmethod
Neqess dii hé .ald uefréu'%‘ig‘illg"emé b PS5 aﬁeeggaeeﬁw%%&%rtor with

system t sten1 wat er use
actbsul mersyitlmd nclumnegm a thedy aceupigiagipr system is

asi%%éédha oyl vyl GROSED W téﬁ&éd&eneﬁggi‘auifg %‘o%r*e‘}” system

asse ving an |nterfor passi
thaaughsurface above the water, the surface hydraullc power

system for providing the power fluid to the fluid chamber
of the body, the method including providing power fluid
to the fluid chamber of the accumulator system; wherein
the accumulator system includes valve apparatus for
controlling flow of power fluid to the apparatus from the
surface hydraulic power system and for directing power
fluid exhausted from the apparatus to a chosen line, the
method including controlling with the valve apparatus
flow of power fluid to the apparatus; and/or wherein the
chosen line can include any of a vent line or a line to a
fluid recovery system, the method including: directing
with the valve apparatus power fluid exhausted from the
apparatus to any of a vent line or a fluid recovery
system.

The present invention, therefore, in at least some,



the body and extending into the interior of the piston
assenbly; a rod nenber end on an end of the rod

wWoreous®es6181 he rod menber end di sposed w t hi n t hBCT/GB2007/050667
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interior of the piston assenbly, the rod nenber end
having a first side and a second side; power fluid
chanmber in the interior of thegpi ston assenbly, the
power fluid chanmber adjacent the first side of the rod

menber; a gas chanber in the interior of the piston
asb@#bl ynothe%saamm adl hcerembdddmentsnd spdevades an

I n the E:JES T sfé@elﬁ he¢RLS R &yﬁ@&lefBQG Abwater

er t'o nove power ul out o
fl wse,CMeaccmhaaosysyenemayﬂﬁwmm e: bgdg (an piston

an)és@%fﬁiil n‘% V\??Hlogp%soefdb og% tf)glal g%yitlés] |g . é)%,gf,o}mﬁlée piston

pressur e y an
pisssambdyehbwynglaw pmdesioa ;( faorroek amgpibe b | gaswitng through
linte acy gw.pressure ¢
{ oheCchddy Bnfl STl I do'P ch8" SR SEOTRE piston
flus@embaybem fb&mmembehaahdrdmtdnreﬁmeobodheaﬁdd member,
i de t ton assepbly for receivi mate from
BRI nBBRGE " 57kt SRS il Chifier iy, LOESF AP ngE the
| N pAetiohyd aisha%nﬂil%ﬁ ontles sesal memem\@@wlzﬁc_{; uhd fir@® side
the power fluid chanber; an apparatus_to be operated

by 3PRe 2p&RSORA Fidie it ROWSTwdl i hadbethém HAR A tgrior of

eXltheD%fﬂsthh fals\slefthA QMM Power HItid Rhadd Adfadeht the
be operated by the power fluid noved fromthe fluid

ch&aBé&t ﬁh@?oroﬁvhé:rhﬁ nTPAe BPPREEL U t JAFe GPefheEd in the

by J}H:%rﬁ.%\ﬁe'bff |tl1'1'ed {Jl%t%nbla%%]ﬂr eV8H &fas chamber adjacent
oper at or. under wat er appar at us f or

opéhstuﬁgcenéermder @ﬁwﬁhéntro‘tlhem%mlmat@d the piston

g (102 2Q8; 3)
|%?3%E’§PFEOHQ%}(§5%Q23 §%¥431(])rp 5§§Q54 E:tjc’t jmové  power

bod}%ﬂo.@utzeff = (1= pam%r ﬂ@;dfghambeeetn‘ﬁeby a system may
Cg %Qr'eg'l p%gerséﬂé“ 3%5_\ ﬂft Bgsgiﬁigblé’or&gl%%tl% of the
follow:.ng a low pressure chamber within the body and
outside of the piston assembly, low pressure (for example
but not limited to, a wvacuum) within the low pressure
chamber for assisting in moving power fluid from the
power fluid chamber; a water chamber within the body and
outside the piston assembly for receiving water from
outside the body, pressure of said water for assisting in
moving the piston assembly to move power fluid from the
power fluid chamber; an apparatus to be operated by the
power fluid; the power fluid chamber having an exit port
in fluid communication with the apparatus to be operated
by the power fluid moved from the fluid chamberl and/or
wherein the apparatus to be operated by the power f£fluid

is a blowout preventer operator.



novabl y di sposed within the body (102 ;208 ;304 ;408
;513) , a gas chanber (170;214 ;306;414 ;520) within

wo besihoady2 (102 ; 208; 304; 408; 513) for contai PETIGBIRS/050667
under pressure to nove the piston assenbly (130 , 112
, 120 ;210 ; 310 ;411;511) to nove the power fluid out
of the fluid chanber (160;23028320; 430;530,540) , a
further chanber (180 ;240; 322; 440; 510) for
cont ai ni ng gas at Iom1pressure for the piston assenbly
(1§®AJM§2 120 ;210 ;310 ;411 ;511) to nove within

Bai& 12%95%8w%?%& %%gig§§%%2p?§223 3%%k}n underwater

(1egp2p®e314 4theSaddéxwatent FpFarpiges godprising a  body

f
SRR PoRT30% 1Y 5033 10, 510 ard, s11) - ARROpg  chamber

5 cauilp ;2BP2 3213303580 ;580) 540) iwithind the body

COTIYE S5 gt 53 SRECIEIDEL 2y Moriadning pover
th61hady (202pi268n; 30dseniBy ; 5110 1A A2 0020 ;B[ L1;511)

o Ry e YL e U S PR A AL 8 15131,

Pi gla@n h@ﬁﬂm]ééﬁo eio ; BlD; 306 0)1 913840 awhidk@n the body

(126,211 ;328 ;411) in fluid comunication with said
10 opdi0RG20863044498,/533) for CARtARANFaIAS apParEL Rressure
as t&l #loRd the @iaitBr assdMI8} (SR d1102091r201£21(07—63?10 4@21 ;511)
; 552) conprises a plurality of smal | eni_ngs .
Under WEOTR o aFRweR Elited AHF OOF
Wﬂqfl%'on 2%@' @2@%@'0“@3()2@%0 &462 ;592) | eagg kB @  chamber
wat er chanb é wi thin the body (208 ;408
Sﬁi)ﬁoaﬁdoo@? ;44 0y ﬁé%u sftQé?n eereadning 29as; at] 1oy pressure
15 fOIrf egﬁié"éﬂs&@ﬁ%s&%{ﬂglgﬂt(ﬁ'%‘f 19Be 100y 10288 5,498 ; '511) to

pressure o er for aSS|st|ng N NMovi nNg

mbtheyr ﬁ}uld chamber

thelogmttontlasrsemblaya(:zgriswl il thato sk pdwsprn assembly

fl (L]tl‘%o‘c h37%, tl'ﬂ% B9¥ea1l 4hq %Hﬁgbier 8% %rl e@. A“é cavity

erwdt er ‘apparat us aé claime

(122,218; 314 414;540) for contalnlng gas under pressure

for assisting in movement of said piston assembly
20 (130,112,120;210;310;411;511), and the cavity
(122,218;314;414;540) in fluid communication with said

gas chamber.

2. An underwater apparatus as claimed in Claim 1,
wherein the body (102;208;304;408;513) has an opening
25 (S1,;S103,262;462;552) to ambient water pressure and the

piston assembly (130,112,120;210) comprises a piston head

(120;211;310;410) having a face (126,211;328;411)
fluid communication with said opening (262;462;552).

3. An underwater apparatus as claimed in Claim 2,

30 wherein said opening (262;462;552) comprises a plurality

of small openings.

4. An underwater apparatus as claimed in Claim 2 or 3,

wherein said opening (262;462;552) leads into a water



wherei n said body (102;304) conprises a cylinder
havi ng an end, the opening (SlI;S103) in said end. 6 .

wa\eoognsiasmat er apparatus as cl ai med in d ai m 5PCT/GB2007/050667
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wherein said piston head (120 ;211 ;310 ;410) is
novabl e t hrough said opening (SI,S103) . 7 . An
underwat er apparatus as cl ai-ne@ 4 n any one of Clains 2
to 5, wherein the piston assenbly (130) further
ggrlses a stem (112) attached to said piston head

pmbeird 64&hi46007550) avwgkhad (theo)bedypal208ig08né13) and
( r s ) d .
%k*%s‘iﬁ%{'ﬁ?%en PEdbyh L AR S (LR REL B1E) £89¢ fecetving
semmumnrﬁr@@Jngasdehddnerb@@7ox2ﬂ804ﬂ8a5a3ﬂuxtpeessure of
ch r 0 | ai
i n% g’l rr‘ﬁ‘gfeg V\ﬁg?elanﬂslzfq'{}qg em (%f%q%?:)ah??sgg'sgog 'Besdsembly
chdﬁﬂél4dﬂ ;Bale (&i8m09e pawamdeiwad efrappatlat upoaer fluid
Clahggg ? ﬁlﬁl? or , Wherein said cavity (122) is
£ é £ y Iocated in said piston head (120) . 10
An unakar waderwatiedr aipia sty aasredlaimadyinr etadinng or 3,

claim further risi east one i nser

;o HBOEETY |UA OBy 024304 A ey a1 gylinder having
rednc efd , tltaegagéaahgi nisng sadpaciihy safidt badcavity. 11
An undermater apparatus as clained in an %Erecedln

cl &-m ﬁﬁerEPﬁe§HP&eFur?HE?rEHHﬁbe?slsc im 5,

ungelewalier 3RPar Pists® HeAId®J120:21Y ;816624000 is movable
claim wherein said further chamber contains a gas at

| olhgPEgsyEaie3 oPepRngndELwELEB) appar at us as cl ai med

i nqany Rhecesidowsted MapMasathid S8t d Wit £hanff one of
contains a vacuum 14 . under wat er appar at us as

cl Sladasi 2 49y Preehersin cthenpinkerersseabdynddyp0) further
(19:%99.%“ 28 S RnP 91t 20 163k AN WY& %n fﬂééldj (120)

can owto oper at e sal under wat er equl p
undediwat sktemppbltbZls & dlanded (Moanysgpecemng the fluid

chamber (160) from the gas chamber (170) and a further

piston (130) attached to said stem (118) separating said
gas chamber (170) from said further chamber (180).

8. An underwater apparatus as claimed in Claim 7,
wherein said stem (118) comprises a channel or hole (118)
9. An underwater apparatus as claimed in Claim 7 or 8,
wherein said cavity (122) is at least partly located in
said piston head (120).

10. An underwater apparatus as claimed in any preceding
claim, further comprising at least one insert removably
located within said cavity (122) for reducing the gas-
containing capacity of the cavity.

11. An underwater apparatus as claimed in any preceding
claim, wherein said further chamber is sealed.

12. An underwater apparatus as claimed in any preceding
claim, wherein said further chamber contains a gas at low

pressure.



claim wherein said underwater equi pnent to be
operated is a bl owout preventer operator. 16. An

W@ e@ens|EsEr apparatus as clained in any precedP@mGB2007/050667
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claim further conprising a hydraulic power system

| ocat ed above the water, the hydraulic power system

for providing the power flui-datio-the fluid chanber

17. An underwater apparatus as clained in Caim 16,

further conprising val ve apparatus for controlling

f 1 dw.of Apowndefnwaten ErIRrapparas uslaivadt e apyf areceding

hydrayl Cw?%%‘é%r S %3l aMeandplbor ALrBet! Rg RAMGS L l<’,~‘a‘éuum

exhaustéd fromthe underwater e qui prrent to a chos
| i Ad4.. 18n Amdemterteat apmmtnas us aslaimededni ran&I amaceding
17 rei h c cl f a
B oA "GN 608, ARG UiERBNGT &, BB a6
nethmdubhr ghécht i pgwerndefhaidr egni pfitow, tde opddwide said
r|S|n% t he st.e %f storing power fluid in an

ac@uﬁﬁFg Sﬁgﬁgﬁﬁg the accunul ator appar at us
conﬁrlsmngumdyrﬁaﬂéuxhpﬁﬁﬁht&EMas468aiﬁéa)1n adylpnhcedlng

h 230: 320; thi he bod 10 08
O T ok, e PRI, Bt e, Rl didif | £00pe  Fherated

pi sk0@ b&&mltyp&mnm bperdter310; 411; 511) rmvabl y
di sposed withjn the body (102; 208; 304; 408 513)
chafber 201 ARCEERA 185 SR APRR NS \Ré hFﬁam@dba&y sy preceding

; 208 204 fﬂd}&heﬁslS)c&ﬁgsrmgm nanghgaiaumder I &system
to nove the piston assenbly (130, 11 120; 21 310;

s11ocatefl abaRR cthPevpsaEr fihe dyirawkiq hEOVFEu gystem for
chareei di h60+Bd0bowed fraltiRe R oC t&mb@rlular eaah@bn.u ng

gaS at |l ow'pressure for the piston assenb ]
(134,112n120ndegvwater41aprAng tey rﬁﬁ/e%atlmeﬁl in Claim 16,

ch | Q§§@nbk .
(1%33%%%&3§%g“1o 3?%*4%%§g%1%' onpri ses %?C§SPF§°lllng Elow

(12Z, 2 ®wea; AHigH0) té or thent abpangtyss dmgar the surface

g;g&ﬁﬂ%ﬁsl(’-%%sﬁ? %ﬁ%n"%x oz 151&98 !aﬁit:;hgpower £luid

caexhpusted from the underwater equlpment to a chosen line.

18. An underwater apparatus as claimed in Claim 17,
wherein the chosen line can include any of a vent line or
a line to a fluid recovery system.

19. A method for operating underwater equipment, the
method comprising the steps of storing power fluid in an
accumulator apparatus, the accumulator apparatus
comprising a body (102;208;304;408;513) , a fluid chamber
(160;230;320;) within the body (102;208;304;408;513) for
selectively containing power fluid, a piston assembly
(130,112,120;210;310;411;511) movably disposed within the
body (102;208,;304,;408;513), a gas chamber (170,214,
306;414;520) within the body (102;208;304;408;513) for
containing gas under pressure to move the piston assembly
(130,112,120;210;310;411;511) to move the power fluid out
of the fluid chamber (160;230), a further chamber for



(122, 218,-314,-414,-540) in fluid comunication with
t he gas chanber the nethod further conprising the

W@ L@p®35@82 novi ng the piston assenbly to nove tPET/GBMT/050667
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fluid out of the fluid chanber and to the underwater

equi pnent, and operating the apparatus with the power

fluid. 20. A nethod in accordagce with C aim 19,

wherei n the underwat er equi pnent is a bl owout

preventer operator, the nmethod further conprising the

st epndpipgagdatdan) albe Isivoviboes pure edoar '@E%rﬁﬁ-éﬁ'—ow tgssembly

th f lLyind 1. h n acc ance A ai Mai s

19?&?@‘3‘3{’12\%2%?%@ éﬁaggt&m%ﬁlt) apglg(?at us |s ocate thin

und:bamp@erlaeldydrauln C poveat syst thel ocapdsétan or assembly

t S acg ook provi power .

IO Pra 2T oy oAt aae s i e bRt aRaR Engy  cavity

fur(ﬂlﬁér, 238Pilidsi4nd ;540 ) st Bopr ot:opltav.ndngg g}mveunﬂbm daressure

totheflwd chanber of the ac unul to syst :
reffBd 13 HeCGrRancE i FRVGTAT 25F uhEPS) nPaRgon ~ dbsembly

acqur:ml atar, 12ppanat;34.0i; malluﬁel&)\;al ve amaar at usHeor cavity

333 r,?ggg3ﬁl)48 &gf ggﬁer flfﬁ;‘;’g{’éo the ap at us fronghe gas

powaanbbw dheX rithioad f&f&mae&h@oa@ﬁarsawge the Ests“di:QSQ:rf moving
line, the nethod further conprising the step of

corPRoIRIHPi 2RSERRLY altPe UPiRar ERGsPPMER Jilpisheput of the

fl¢ndiko hampeder waler tRfUithENtundedrathieidipfignent, and
accordance with daim?21l, wherein the chosen |1 ne can

i NOPGAAtARY &heaappATatiuge waithy thenpowerafluid -

regguer ¥ Systida the JRIRhddd tHeEn CRMRiS| 1, thﬁereln the
step of directing with the valve apparatus power fl uid

exNaderya tero eAAPTERtari® @s HlOWaRE Freventar dRazafior, the
a fleihddr e‘fﬁ!é%mérsy?Bﬁ?thPgA $HBseggppag At '(“){gperatlng the

conpri si ng frame w out pre enter er at or
andlawplulr pirevende ruoperadoar walbatheupower dpavigt.i ng

U”Qﬁﬂmah?hé%ﬂgd”ﬁﬂ“acé%Eﬁhnce with Claim 19 or 20, wherein

the accumulator apparatus is located underwater, a
hydraulic power system located at or above the surface of
the water providing the power fluid to the fluid chamber
of the body, the method further comprising the step of
providing power fluid to the fluid chamber of the
accumulator system.

22. A method in accordance with Claim 21, wherein the
accumulator apparatus includes valve apparatus for
controlling flow of power fluid to the apparatus from the
surface hydraulic power system and for directing power
fluid exhausted from the apparatus to a chosen line, the
method further comprising the step of controlling with
the valve apparatus flow of power fluid to the underwater
equipment.

23. A method in accordance with Claim 21, wherein the

chosen line can include any of a vent line or a line to a



underwat er apparatus conprising a body (102; 208; 304;

408;513) , a fluid chanmber (160; 230; 320; 430; 530;
w®4@p/09dishi n t he body (102 ;208; 304; 408; 513pCT/GB2007/050667

sel ectively containing power fluid, a piston assenbly

(130 ,112 ,120 ;210 ;310 ;411 ;511) novably di sposed

within the body (102 ;208 ; 3049;408 ;513) , a gas

chanber (170 ;214 ;306; 414 ;520) within the body (102

; 208; 304; 408; 513) for containing gas under pressure

t o fhnd tHecienyorsystrmb| Yhe¢ 1methed? furkher) p@mmj@ ing the

chaveE: o0 350 58 T bobBadr 1w alhetdfe lisher fluid

(188ha2|$@ed3ﬂrom4h:he Sapparfratusobaiamynpfyas wentowine or a

%3%& 1fe%%f gtgbgggﬂ assenbly (130 ,112 ,120 ;210

ve W thin characterlsed in that

5 sa|2@t p| ﬁtcsulmszerrbppa(:éﬁﬁs omprizing18; £3bfe 4(8Q9) a blow

S oL 568, LIS B D) Wreacer

noagﬁamhtﬂb safﬁtwm spemaaiagnblqndéfﬁhfbhz édliph8nt, each

310;411:511) and _t he C£V|ty (122, 218;. 314, 414 bod
548PIEFWALEd cormBRPREEEBR Wit h SFPRTHEE Ehanber? . ocy
(102;208,;304,;408;513), a fluid chamber

10 (160;230;320,430;530,;540) within the body

(102;208;304,;408;513) for selectively containing power
fluid, a piston assembly (130,112,120;210;310;411;511)
movably disposed within the body (102;208;304;408;513), a
gas chamber (170;214;306;414;520) within the body
15 (102;208;304,;408;513) for containing gas under pressure
to move the piston assembly (130,112,120;210,;310;411;511)
to move the power fluid out of the fluid chamber
(160;230,;320;430,530,540), a further chamber
(180;240;322;440,;510) for containing gas at low pressure

20 for the piston assembly (130,112,120;210;310;411,;511)

move within characterised in that said piston assembly

(130,112,120,210;310,411;511) comprises a cavity

(122,218;314;414;540) for containing gas under pressure

for assisting in movement of said piston assembly
25 (130,112,120;210;310;411;511), and the cavity
(122,218;314;414;540) in fluid communication with said

gas chamber.
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