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APPARATUS FOR OPERATI NG UNDERWATER EQUI PMENT The

wooesisats2i nvention relates to an underwater @RFATELOOF050667
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for operating underwater equipnment, such as a 5

bl owout preventer. The equi pnent preferably

i ncorporates an accunul ator.1 Deepwat er accunul ators
provi de pressurized working fluid for the control and
operation of equi pnent, for exanple for bl owout

pr even®dy USDERWMATER AFRARATIISy FORf OPERATIING IRDWMERVATER
flow of oil or gas to the r to other subsea

| ocations; hydraulically a%@gwconnect ors; and

sim | arThievipessedte ihventionberepatesurtazedans underwater
tygi call anfoil based .pr oduc‘% or_a water . basgd h
prdRRitt® W n" 86881 (WP I TLTT oSAYRPYRRE, such as a
prol@&sduonprévenexAlpIThe Miuiidlent nbiefletably diadbkporates
fluid. Certain prior art accumnul ators are precharged

witth a‘b‘?‘&%‘éfﬁtr%‘g’d gas to a pressure at or slightly

bel ow Teepwd tedt PaCUMULALBREY PHLSELAE TEEIARE A working
oper at 0 equi prent. Fluid can be added to the .

ac‘ﬁﬁ&ff aft6r, tl?%cF@é&irﬁd' t#Rd poRerptd % e equipment, for
Preaeamiie efogaplaRduthpreblenicdr Upddddsh | ndd@dusetves for
into the accunul ator is stored at a pressure at | east
asthf gRoBETPheOfr eyt (of pidsOFr Famdtes theaisunfiace or to
T QEeKtol N9 NyHQIY 1 C MR +3i2AsSUCh RLWRhuEikall actuated
accunul ators include: a bl adger typeé wth a bradder

t cerretars 1 heanfis simidane devicesa pithen fiped to be
havi i <t om SLidi q

cai e DI e SLIPLIIY 38 ATRAS e odE F a water
wikdsed f | papdpetvi didth a paideidal Yebaiaitpn @nd hecorrosion
flul f rom g for, 0si_ng A.Vva en, t he .
f Iﬂcj)f ac?cegél)tplpgrno’ac g g t %%alg%?? 0 mliuoc11 p?’g\% e n?l'i{#ég%s\gg)p eh%«?raul:.c
gasluid. one particul ar exanple, a prior art system has

accunul al qrs; that; grovi.de 1yRi ¢ 18999 B¥e Ny 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)



WD 2008/ 056182 PCT/ GB2007/ 050667 - 2 working fluid to

wé HobASEs£ Ul prent has a 5000 psi (345 bars) Mefbir0s0667
pressure and contain fluid which raises the precharge
pressure from 3000 psi (207 bars) to 5000 psi (345
bars) The efficiency of accgmél_ators is decreased in 5
deepwat er; for exanple, 1000 feet (305n) of seawater
the anbient pressure is approximately 465 psi (32

bagdkrkang £I@id aBoagttFacal Gqu oyl i Hesaa3BW0Pspsi (345

(207 bars) _differential at 1000 ft,. h, it
i ba.réaharrogé&nq PTSEEH IS AN %“d? Zt%*s-%%’s iF3iges the
gg cha 1242k£riesl&£§lff&§93beos sAt @dmhBdyspves 5000 psi

Om water depth, the ampient pressure is

§t5 bags)pdhe efFicignsy, of, agemladessyds decreased in
5 re%'eb%%tfe‘% bep 530! (éil?lé 20170069aféétpkalésx{@POpr%ba%%%r the

bars), or 5000 psi bar s) the prech ar%
eqambsem:emsaq@ plr%séﬂﬁ’léo’b#m‘%?%liw‘lﬁ%cﬂﬁﬁl 488r baxs) and,

t QL2 s th
exceed e e%ﬁuiﬁoﬁ Y205 r544§ES 4 %00We§§!1!re(ﬁ@7 bars)

ressure, renderi ng t

acclumfleane@rtmdn éftUnl:WQ)nﬁt I(ROBm dt%ip%,t ettyée precharged

SO oL 130T SRR RASTSECAEES, (Be sucs

10 pr pchar (B3P thas900 psi sQ3ghtlar Pvert 40QQr fhce (1220m) water

g%géc t“rghgf ggbd&%e?r{ssé@’eoo@ a3Pgut 43800PShsi (138

charge iS | ecause the

temmsatursb welse r pdecharge 35 d:eg;us.e:sed: {R7) 300Thpsi (207

CBaed: L7000 eIt PR L SH0G, B gt Reme

causes, atm@t pirachaegki rag;uaflst hehgasoxkinkatpmessure of the

accunula

15 SRR ) L TR SR B3R B s e

fp&@étsuli%at t60@xﬁ:§edl nile t herkeagmprdsudeadi sbadeeing the

exper| ences a pressure Bgegrop to 2012 psi (139
barSFunylatoz non fupctdengds: 6, 202, 753; 4, 777, 800;

4,649, 7@4y 8HE APl ansel | 4815 i@ abréar tReIS amb:.ent

prior art systens and are nentioned here not b ¥‘

temperature can decrease to about 35 degreées 275K)

20 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 lost simply because the

temperature was reduced to 35 degrees F (275K) . The

rapid discharge of fluids from accumulators and the

25 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

30 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 various

prior art systems and are mentioned here not by way of
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pur poses. There has | ong been a need, recognized by

the 5 present inventor, for an effective accunul ator
systens and pressure conpensfiti on systens for

underwat er and subsea use, There has |ong been a

need, recogni zed by the present inventor, for such
syktnea i hnoncasasshahstiypowdt tife avdikdlble prior art;

R nG LT G AL EREE R0 nedthdPHA BTy MR for

| redehtpwrpoddrere is provided a underwater apparatus
for opegat i ng huans,‘d_erlwaterb ment . .t he rwat

equi p nd r
appar at use%%rrprl Si n(jmag bo&f?l a® fP&F&%hé’%ﬁ&%‘WFﬁi nby £he

t herdostyt f dnvealteet, i vEdy aontaffeatidéd pawmmdllatot, aystems

pi st on assenbly novabl i.sposed within_ the baqd
AN h FRRRSUEY hi SRR oS YESERS nERG  HACehNAGRT and
pragsseL 18eMOVeErHdie phakollongs ey AOnERds itd¥ognized by
power fluid out of the flLuid chanber afugther_
ch‘ﬁ?ﬁ)eﬁ‘r%‘?‘“{:o’rﬁ‘éﬁﬁ?@ T atu¢f \/\F}S?E%’gﬁrg t6h {pgrease the

PiEAM 20 &8s el 11481 dDVerak bt NzEMar gaé er t6€dehRance the
that the piston _assenbly conprises a cavity for
CARAHIRP RS IHRRS2 rEsng ofFwid S¥3kensg in

NDVenmenty OfcEBBARhEE Ofri tiS S| YresBft! h.%v‘éga\stii%léi Nthere is

fluid communication with the gas chanber. ]
urRieeVikded aqundrenateny apPagatiusatier ypebpbiagi vbpderwater

Pref a4 AnhErRathy D fRdtaths R g @ Dody, a

chahwiet chambes whthooi khepdwsly ffen ds¢lentivielypoestaining

| Bt 2HEl, A TRERRGh? A4l CHAGURL T dihelt i thin

bythea bodyon ahegals achanbeas whrttdocubbeabody for containing

AP S8Rt BN M55 LR SRLRRohO SIEAY, o move

pittieon posed £fluid out of the f£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 blowout
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
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pressure assists in novenent of the piston asse y
to nove power fluid fromthe fluid chanber out of the
body. Preferably, the opening,conprises a 5 plurality
of small openings. Advant ageoﬁsly, t he opening or
plurality of openings lead into a water chanmber within

t hgabofly andegubsiide theidi sbaruAsssEbby At @&l Vopening.
wat er from outside the body, pressure of the water for
asEigt iYRtehH RFASRENCheapPithh ddseMOVEMERtRE Jhifer Piston

1025 uhd1{r @@ i PoNGhes | BL digharbar crAdveNi AdeSShYer out
the body conprises a cylinder having an end, the )
opefi nFhien hody endPreferablyndeith@ay IREHNG | rePfRFises a

oV. Lan q : t a sifed :
SeBinral i g8 Unatl(héni L SRANGhL QeOL IRy, SthECopening
t heouphurhdityso6pepengngadieadagatashyvates ghambar within
as r r L att e P
oSSR HIE” SR S PpELE AR H4L e Feceiving
cheaber ffirom tdetsgide chhabdodyandpressurdepfptheorwater for
attached. t.he m.se atin e r
CLASLSE;D LIE RESTHECTAI RGNS o GRFRTET LAL poves
a fhahdelfrom hche pdwant £Jedds|chanibsr. aAdvantbggedresly, the
passage of gas into the. gas chanber. __Advant ageously, . .
t NBOTR, CRUPEI oSS |2V THIIGT | PRVEAT 8% PR ho i sPRANIng in
hegHe Peader alithe toelimder wamay apear adfis éire¢hkar, 250val,
corrEri ses_at | east one inﬁert rfrmvab# Iocaée(g W t@i n
 hEFL30TE)SF or SABARE! nBeRRaIgRRl coht QFRPR LORACT TS T hen
the cavbi¥feAdBagt agheupdstdhechbatt Aer diaBly through the
sealed, Alternativel

y, the further chanber cou be
opeReRrdng- 3BIVAPERAEROEALKDer icﬁlﬁﬁﬁnoraﬁﬁ?m%gy EuECher
ha¥emprikdksda lshemeidttadhelerablthe thes ok thedd chis@bektem, a
contains a gas at |ow pressure, Advantageously, the
f ugiapd sepaFating 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
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equi pnent. Advant ageously, the underwater equi prment
nt to be operated 5 is a bl owout preventer operator.
Preferably, the underwater_ apparatus further
conprises a hydraulic power system /| ocated above the
wat er, the hydraulic power systemfor providing the
pawertding ca tvaddwm fl uid chanber. This is preferably

provided.t-hrough the, same 10. port_throu whi ch power

P IR o Y A, et i) VSR pover
Adilaniidgeais| flowhe tandepeshee ahearantdeérwatéberequipment.
c ri ses val ve apg&r atus, for . contro] | i%lc‘;?fl ow_of

POV THRAARP U Y /h e “ AP p APGETY T SHE PRI F ab8 P operated

hyidd auhi ¢ IS u S Y Shesvantelor shéestdng peREekably, the
fluid exhausted fromthe underwater equipnent to a .
cHBSTvateTe apRPRFRF LS| further cReTREirese & AVITRitife Power

angyfent  1W¥Htdd NAKved thae LAtadrf | UtHer eRQNBAN1ic power
system The present invention also provides a nethod )
f AYStRfer fi9thg RERIEFnEr i BRIRT tHhkuddihbe the fluid

CQURAMsEAY TR st NEs SEeRFeMabilOr bRavPAUa" {AAHEhA NtRR same

accunul ator apparatus, the accunul ator apparatus
caaRt sthgoughowpich novexn EhukBercan thiowt e mmrfrate the

f‘Hh%ﬁ%J%EéyeL¥?&g€$§ﬁglngAdB%ﬁ%%g%hggggda‘%ﬁgonunderwater

asse y nova sposed W't y, a gas
clrppRaratuig hi rfutkhéyody dampriosesi nivagles gaappadatus  for

pr t. € PL.sto e

PR PN R e PRifped s rom che
crendiizrcd ohydeoatidini ppweas aystem @mebsfioe fdiredieing power
pistaon, assenbly,to nove within characterised jn_that
Pl RO £ he MO RIBER R S SRS, "5 f  ghosen
gdsinendePreffie utsissur ehleorclssast Ligei rarmvenehidef ange of a
pi ston . .assenbly, and the cavity in fluid

o OTRRI LS GTF VB (HAeEC dhed MHAAMRRCTHRE Hret R ur t her
conpri stHy) piesehepsiffentDoh NG IRE PrksvRBedsSE€NMletHod for

nove the power fluid out of WD 20081056182 .
PERSERINY oypdeywater 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
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6 the fluid chanber and to the underwater equi pnent,

% e O‘HE{ ating the apparatus with the power fIL(':’f/?B2007/0:,0667
erably, the underwater equiprment is a bl owo

preventer operator, the method further conprising the
5 step of operating the bl owoyt preventer operator
with the power fluid. Advanfageously, the accunul ator
apparatus is |ocated underwater, a hydraulic power

Sy$hem 4 06a eehaibed’ ARPVEo! M eSUiKdER e NeqUBERENL, and
providing the power fluid to the fluid chanber of the

bogperakangethed appardtife WithnhesPRYSENELSLEp of

provi di pgepaYaBh1t! Ui Elhéoun%@:'wfalt'é'rd EQMPREnOf ildhea blowout
accurmul ator systém Preferably, the accunul ator

appaesrteuatemncpnqéetoab vethgpmethes f §urthent repnprising the
g\rﬁ’g& OROWRe alell gtt‘fiet A 4 St ¥P %rrai%rxf ¥H&h the

I C power em an or drectlng po
fI povesx fdudded Afdrvamttalq;@oaupéarr,att@s rccamdedor lapparatus is

th 0 I Ners CONPrig : f 919%150 '

W ?ﬁcgt%%g S‘Iziﬁ/é(re appearf’aggsh?’Fg\gvu%ng?m%%%]?I%}?d 0 ;I.h!é:QQed at
unoder vabbare &hei psmnfacd\doﬁntia‘gpsouatgr tﬁnpvdldjs@ thee power
can,ingl ude ny of. a. Ilneor ne |

e%%\‘/%?iy g?stghr% Z%hﬁ 5 uP he%h%ow%??zi éi}%emethOd
st €prahedi rmttpngsjwig hthé hetapl wE gppariadirsy ppower fluid to
fluid hau f.romt tndP arat u 0_an f a yen

|1 BBSo R et oF y end) BRERTakSs, ayafen’ ¥ElEerably,
I Nehet iﬁb@h@lf)awﬁv|a@>@;aratsxubsmc112&eﬁpmr1&bu3apparatus for
conpri Si .a frame a bl ow out event oper at or

o CBRUEPALEEE SI0H AEEMEE GHGA Tty thon dPFRIAGS From the
equuwaete K}hﬁ'éﬁ[ﬂﬂ W@bﬁéra%ﬁwsaﬁanmdﬁl dgre@ting power
bod aflw chanber within the body for se|lectivel

i REDIOREES (SRR thebi SRRATHSAE Py 2 nG0aBFY dohe, the

dl ﬁ@%@é Wihinet NechpdY sid gagaéhaaagr o tebﬂtfanmg with
§¥‘6 for containing gas un pressure to nove the
pi n

vaagr@emr@&%\féowh@fpm.erf fluddo ke she poderwater
f ! Lkhﬁlpﬁaﬁ%beﬁmvanft gga%lgéam% fOho QN 2liRleNUcH?S include

["ow WD 2608/ 156182 PCTI GB20071050667

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 wunder pressure to move the piston
assembly to move the power fluid out of the £fluid

chamber, a further chamber for containing gas at low



7 pressure for the piston assenbly to nove within
characterised in that the piston assenbly conprises a

WO 86ugioky18t or cont ai ni ng gas under pressure forpepsBINNTN667
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in mnovenment of the piston assenbly, and the cavity in
fluid 5 communication with the gas chanber. The

present invention, in certa i aspects, discloses an
apparatus for operating underwater equi pnent one or

nore containers or "bottles" which have a primary gas-
ceiegisungg chanberteor pibstamni agsgadlyndeto pr eover e within

and, 10 .additipnall sgcondary, chanber_ qr,.cavi .

f SPATESHEHYS §ﬂc¥t}§%—s,8ﬁ1e %Jé%gﬁlaaraysscen"gb er%f);rﬁliénses a

f Ir?avdtyclcﬂﬁmn::cdl'ﬁﬁamn/g tdad lhmd“dr rpq‘qss:.tmbia:sr Sa(ssthimtting in

the tota e ctive gas volu is ingreased ta . the .

CHCHRRSITE (e S0l HRBCOR PRSCOBLENIRRY HOBHAYL Y, ihfluid

agmeiunildiftibtn sEGMddHey gEWRdRimbex.a cavity in part

of a piston assenbly. The present invention, in )

cert ai TR RRASEN Y WY/REON 5 I LTI AFRIRET | gt scloses

SYad ea?ﬁafaﬁum%;apsﬁéaaaﬁp@hilﬂaemsce&neeq&i £t one or
ul |

hydraulic power units used in an 20 hydraulic tluid
SR COMERENEEHF n OFs peestlarichwhdBBedavhpdr ATHHary gas-
SIPIARLS Ny UhdiHE Mol add €asfd -Lﬂagi J£5 i@ F Spr&dlife and,
accunul ator’s which rel easably hol d operati onal .
armsidhittsiasfaldyptir auRi ¢ segpadarya prhayhee sioght Fgvity  for

9“63Hé§inﬂ4§”‘%g§h p@%%%Ur%PQf @@ESBdSé&ergﬂémﬁgrthfn fluid
reservoir tor sel"ect’i vel'y operating~subsea
eqanprEvitcatic s yst Bisthée oprivaayplbaBoRrr” so thadi e total
ARG ey d S?agag)sﬁ%meamds S]E‘R?Sé sgéﬁ' leadh CORNRELRT $£ the
e reservoitr and/or accunulafor(s) can require a
suluslhen | @f akbent sééondexpnptleaier 10n @@ gakpeat, the

or__ nore) of hydraulic .fluid which can_entail 30.th .
lashtilay R ¢ ite o A sy inC GbREE "8 " piston
r esdandliy t 0o t he accunul ator(s). In certain systens in
accordaﬂfe with t resent invention,.a "sea

he, ter,.
boost " THE BRAAHe YT $he | TRICSSREHHR] AGPEC BY ot Shecloses
el greddifr AN HEEH D6ISY RSS20/ HRAP66d 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, valves, 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
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acted upon by conpressed gas to nove a power ul

out of the system By using the seawater boost

effect, the required 5 nunber _of containers or bottles
for conpressed gas is reduced.” The seawater boost can
boost the pressure on contained hydraulic fluid in

adgdirbis@8Rrko ot @ ndl eeuwatedf, @S Opildi@rn ldffdctiRédy boosts
reduci g_g t he anmount of pressurized as required to

ackhey Foxce REaH Jad L ranethehepigbonyuhighi &sf pgitgd upon

'nb9er&éiin r88Beqt Syad hed epgi¥0i & ip%#éi”@fih'i& out of the
charged at a pressure slightly higher than the ]

pr 8¥ster. oBwt Meipg dhe segaadeso te @ ffecdeptthearg@quired
th rvOEr oAl ure.c te 0 ;
qoRPRBRE' [0k | contAlrgay e CUIRTIRY Fof0 cRifrelieeg gas is
t heedneednt | Bhenisieawatesl kst eqanr boosgncthe pressure on

ad}é@ﬂ‘tﬁ@ﬁéd"“i’iﬁﬁla@ﬁ&eélilﬁvdfdiﬁ oac?c??@ic?n Lot 2h89%20SCure of
pressure accu ator system technol ogy.
Chgracber ithei dduignhd thasamesipes ngf thiee apoasdniof pressurized
i nyenti rib a 20 and iti.onal_ f res
and38enepapEEEl 80, ABT eSS * B, B i) prsBRUEe S on  the
skhiHeduilict f@uddt upon consideration of the
fol | ow detail.ed description_ _of preferred

A B 1 e

embodi s CEREAFBr e APPSG 0 t E%ac EERSANYIAg 1S initially
dr aharged Qicha spreesaréoslightiyt higjHweathhwWehé pressure
preyent er 5 operators; and Such syste whi ch_can )

D PEcEhgopp tRroFoube. SRSRERLeant: 34 JPBEN, BRdmibeofeservoix
power préssurdD shp&ildLSed 8FFPCEhGR208¢/ 1868p6H It is not

For, a better ynderstandi ng of the present invention,
r efl@maded @F Aef5FPEEYrade, by way of exanple, to the

acconpapytBgddhgiyNgthel Préliealt: ihvBuiteod iticdudes features
schematic view of a prior art _pressure 5 conpensated
regggvapygntages which are believed to enable it to adwvance
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.
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accordance with the present invention with accunul ator
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Figure 3 is a perspective view of a subsea bl owout 10
preventer systemin accordance with the present

invention wth a subsea presgure accunul ator system

in accordance wth the present invention. Figure 4 is

a schematic view of a systemin accordance with the

pr esentFomnverbe oiter linde gsit&ndifng Soh fies Speesent imesntion,

ressure ccunmul ator in accordance éﬂ th thf
%‘%&%‘f eNGR eKiLdn MO BEr &asie i PR YRYs LLBFRPRIGI ek the
Ofadé&nﬁ&rﬁﬁ:&w Qiraasmgeu aiwrwieicHi gure SA. Figure 5C

is a cut avvazy pers ective view of the _20 pressure
accunul B DL B Lﬁ‘es‘BlAemﬂ—’g%r%’-%wl%faacP’c'J%@rs%EFlBﬁessure

Vi epen a tb tdBd Rroccor dance with the present
invention. Figure 7A is a perspective cross-section

vi ew of Fkgurg stemih a@cordafRetiFt Wide ppEsemt system in
| YA LA W th2O5tihd I syt FiﬂUéﬁtZén' %i%H  QBtumulator

view of the system as s#ovvn in Figure 7A showng a
stwtwr@%tm@wpm@w aneeh vithen plteh%erp*rc ekwrgntion.

i nvent l%-ufé oy’ .%.J% é EOPLv s% g e SYHEM %h1owout

Fi gure 30 show ng p 1n a net of operation
ofpnemersw eswsteﬁn gJemeac‘z’@ordaacé rebthvihey pfesépt invention

7 n ' t ho f
AT 8] SGhlt IR UM NIBuRheBEbR BYIRONE] acogpdance
t ha.tstyslﬂmnpﬁeé'exyurmﬂ&tlﬁrQOOSI 056182
PCT/ GBZEO.O7/ 0506p7 .- 10 Sh%, g a_ st eg rret hod o .
oper at i OIS t he bt et B9F Y e"l\ f?Snt vi 84 ep 0
t heec csyrsd e eo fw ik g Uitlee mesémwmén’si@p in a nethod of

operation of t system Figure 8A is a.perspective
cr oss-sEg’Cq'ﬁﬁ} l%%wltﬁ g ¥ & add8MdaRe &i tRressure

t e Qinfskitord NMENHddPrdance 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 5A.

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 a method of operation of the system.

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

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



Figure 98 is a perspective cross-section view of the

W@y@gﬁggg{ Figure BA. Figure 9A is a perspectiygy
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LF022%8Etti on view of a systemin accordance V\A(f"ﬁ t?]e
present invention. 10 Fi gure 9B i s a perspective
cross-section view of the em of Figure 9A. Figure
10A is a perspective cross- se ion view of a system
in accordance with the present invention. Figure 108

i Ssﬁoﬂ@h&DSCE‘téE §hOaSmaRhbUHOB £V bpWratiohSoEheh8YSy8Hem.
of Figure 10A. _Figure 1 illustrates a_pressure

corrpensEP-@'Hrer 3§'e|1\$0|ar fxond ydieysod itheysysteg oft Figure 7B

3, GRéwIRY WhiseBp §.BO\éﬁm§t§HQ”%FEg8ﬂeEhE§BhnSf19h8nsystem
which is arranged a valve housing 11 which contains a

val ve nEiguret Blopkh 20 PARSPECHIvepiqrassrsertion view of a
COQgE‘EEmt BE LLewr nEEuh?.tht I Eegnb:gggﬂg ifvdatygnStem

Ing 1s m)unte on va Ing 1 A val ve stem
13 ext eRdgurhr 88gh st he pesispectivenchogsi-sgcaagn view of the

g;gpgge %g §f-" Eog 14 arra_nged in an actuator

4 has fi xed power and 25 exhaust
strokesF:.?gheevaaA/e:.st empegspiekive prmﬂ's}exbc/ﬁitdr} view of a

packi ng. sea ich sur 0 | . of L yid

P 5vP Yo iR 3ohPrHanRe PSR KRR BRE 8RR 1 Bl th
d|aneteFlgp@etBBn1%0aobeaspeatﬂwec¢hbsdeset&ibnrwiea of the
cavi t anber é% and a seating shoulder 23. A
naFVﬁée§h85I &PY36 22 fornmed on piston 14 is adapted
to engagegabeullder id3.a Ppesspéctiveatrddsvbection view of a
suitably may be an "G'-ri [ arranged.in a, recess
hsYRGERIaT 290aR0a0ER ¥ibh thRcBreRRtE BRVRBERO:
shoul dersgdzeankbi3iwhen pesspactiives cdlosWPsection view of
2008/ 056182 PCT/ GB2007/ Q050667 11 the end of its power

st tBResYs&eRNBRNnFLAUEPGEPR-1 . A spring 25 is

arrangegiparehamper 2i138€rdtasti ois tgrdBiifre pl gofpensated
14 in its _exhaust stroke. Wen the valve is ful

op&Rsepveisn as displosed ek J- 9+t sPpéeeE ﬁr‘b—k-g Ay which
gﬂgﬂotwge yals\®rlet gl | YipbPsRE tite Bhstiidrs 2k td¥ranged 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 valve
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

woQbdszizerse | ocation, a hydraulic power fluid pesRIBL6IT050667
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30 is provided with a floating piston 31, conpensated

by sea 10 water pressure. A diaphragmcould be

substituted for piston 31. {:Qnduit 34 supplies a

punp 32 with hydraulic control fluid from reservoir

30. Punp 32 is operated by electrical power supplied

f ridre t @edwaiferitss spowace stiduksighass ebnductior Bigure 1. A

| 35 d_15 3
SRS S A BRI Gt aTBPTRST | AherId (g hahsto move

ofpiostoondid timt Qi sl raclmuwsetﬂéké he WhReS Ut a¥HIveSis Sfully
to rovi de su y, of po fluid _available for

at B+ ﬁg?’f‘vgﬂy @@Il reRg of ’o%aggwﬁﬁn(ﬁﬁ”?ke and
4hmnnem Ssvalhduiils 4Q11tl(3( rE€B®Ee®i thaéOpibdtdfl sel eiithe end
operated val ve 45 controlled by el ectrical power

sl i f RIS wat Broke sur f JEReR hr BRRYh ‘éa%%%dué?ﬁr other
46 qu Spredit)e Gt thd Ndpsl £ORENI s HlochPed "ok $0L&R9LE offshore

operated valve 47 supgl ied with operating power from ]
t FOSREEaR s ZurhygsavhigugRoyesondlividig nepemiaimgeB0 is

48‘5%’%‘“‘?@ AEEHMY 3E P52 BPn@NGhilshen Us“ft | QBm génsgeew 4% sea

addi tional conduit 50 connec ant er
21"4*@1? eEEFﬁéPFe 30. AFj @kﬁmhlza@homud-dsyb@ epudb3tifuted for

r, vent oﬁurh [
fI ul dg?pom aﬁrhd;;‘gﬁfl@ p%é\glgﬂnét sgpﬁrwov‘?g’é Ol‘Qgﬁraula.c
s syetrddl oﬂ\butd pfiemmreseopeuat 8o.(" S@ﬁpc}aa?mmgerated by
0 id e om re Ol
é?l.A%%ﬂ):chﬂ V\E%oufréxy (" f’bﬁgl?gggh%&?g a{&’c egvfgtye surface
'ﬂﬁﬁﬂﬂghﬂiVEbyduotarba&c(ﬁAﬂ[h%&ﬁﬁbméﬁé8235 is connected

S PR e el e 58 oG8 06 SR B L incer

pﬂdﬂld@d heaest hof wat econdlevel 401 hroupe apakpeke of the
val ve CHECK LVE") to an acgcumul at or _syst
A ASSARIR ( 101 1E® prtoeREORLRRy chi SURPAY: rPBnEoger fluid

mavaidedle cEmensamediagst ad8Bitery 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

" TH, COMPENSATED ACCUMULATOR SYSTEM') .
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DI RECTI ONAL CONTROL VALVE") selectiv
prOV|des the power fluid fromthe depth conpensated
accumul ator 10 containers to ggerate a subsea device
or apparatus, for exanple the“BOP operator shown.
Fluid exhausted fromthe BOP operator either flows
| nhachRe19Rber (cofine ¥ tfra thbui duregeurer Y "ATUMILATOR
("FLU D RECOVERY SYSTEM') from which it returns to
t h6YSTEMAde f|Thisr &daidoi¥s (thankProvitefhbeneath a water
CORLJLAEr £ Oéhé wlent NoragRensAi &l aC@URkAl PALVE") to an
system may be any container or bottle in accordance
wi ekcumbdagpgsersysterent Lon, aceoinggingg buithot the present
"Ehb%ﬂg&BH %ﬁMﬂloé éh8§en&n&¥nd%€t§' QUhESna4:58 3%mtainers
Fi gure 3 shows a subsea bl owout eventef system
200rn bot@ldancénmnahcohéapcesemithnvthﬂi(praﬂant invention
£, a Sy ce wt

tnd " pReZa, CEOUEELGMRER =Y ALERROERTLR SEFERAREE Sentsel
| | kraitreat(e'mmmmm(DMR@TGCUAﬂﬂbh \sneﬂ.hctlneely provides

ent i nven ] ure, 4 shpws . 25 schenati cal

1 EBe) RIS 051020, AAPY otHge, SR, EoRPERER ke, accumulator
Flubdthﬂﬁﬁra smwf@p@r&ﬂﬂrau@ubsammneimaéearFEpparatus, for

t d t 100 f th t
CoRFRBPLADE BVY G2 BeS=otPHTr BUAE GrASTRAC L the

fr gopt bpeB@Roepeidher Eloker ihltRwtHeo wateent("VENT ™ Ood to a
30 fluid recovery s%sten1FR for return to the surf %
Théluds: BRECHETY gRYEEeR, YAFLERD PEGOVERDASURTHL)  from
UsQHlich iftheetuhoRe tohawe ishrifla@d & 14ild) Hetre vl ror("MANK") .
addition to a systen1100 WO 2008/ 056182

PCThep209ntesnses® ©f13thee dentdn rRPReRSatfduaGcumulator
ho%§b@@ml%%¥“ﬂé“éh b&MtaiSe AOYALLY tERENE A 22 cBrgaARe with
assenbly 110 whi as a piston rod 112 with a first
en&hslprsﬁena Jevendiond ipcluding sbwt aef Ligiked, to, any

an JENLRELAT hiduh! YnlF2qlitescail ¢ Fpto the first end
114 of the rod 112. A piston end 130 is

Figure 3 shows a subsea blowout preventer system 80

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
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 BO. Fluid exhausted
from the BOP operator either flows to a vent V or to a
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

wobb@fosghigyi des a first chanber 160 (for exanpl 8c#GB2007/050667
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chanmber for hydraulic fluid) froma second chanber 170

10 (for exanple a chanber for gas udder pressure, for
exanpl e nitrogen). A third cquber 180 (for exanple, a
vacuum chanber) is forned between the piston end 130

and an end cap 190. Optionally, these chanbers are

I Nt er clmigad,sndnh 10 IH®eY d&%b@éﬁmwyﬁwmzmﬂﬁﬁn which

and 15 chanber 180 contaan ower f

106 SBOURBLY, FosbtasirE ng PiAtel opesgmbly; 1] whicE: has a
CPiidtbnl dbd AMAlWiEeH 28 PEFdl tend@ablaNged a PSESSA €end 116.
for exanple nitraogen, to be punped into and _through

t fe RERFPY 09 12R, Hifh Arnhnherieygcevisydildd J¢ secured
t hpuafe tiha-dendid 10fs tdee RSty rotk 112, pideddbrom®hmizo is

a channel 119, and into the second chanber 170 to

prefduRed giedhs isaaprghendldd afaitha 1atk g%t on end
130. Arﬂécﬁﬁétéézrba AR i fedkd Nihhe g‘hczié’nwﬂdlﬁ% gland

so that the gas can flowinto the sec chanber
Adpﬁr(bprthatte dbvidess = f3retseghamheri nthQat(dfipr example a

t t 2 1n [
SRR £h0! Skt TIELGRY RS2 4 Dbl hoer 17
pr@ne&@p@aﬁ wth:ihamblee fost ogaassediey lpfebyurde for

VLRI APECSRUAY D22nd Dy CORAGIRAVTEN ( ch0C St a

cap e“en SUrface o e plst n
ammququnhhﬂbeﬂhelarEesmed betwnahethd%plsbdnnﬂﬁd 130 and

sea mate when syste 00 undet wat er

e TR hFEPLaddD of escdbEorPReliuy | JhERR | ipAipers are
f dirse vadh &rvesaurcnadbeﬁslso bbe_nge@ondadﬂam chamber and
20 561 2007/ 050667 14 chanber 170 and in
tﬁg"?’&? 81[2Pr0P ci:t8 AT BSRT ﬂ‘b‘r‘b for exanple

hydr aulprc dhdli dapi azlsurgaeihre‘d ofat 88 bpestinghadiersdflls off

t hrough a port 162, for, exanple, to operate a SOP
ofdteat LREBRLET SERVISYORt 3 onafl Yaldiee, L1foPerRits, Fasrunder

Olpr8Ydurdd WOfor 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
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22 to reduce the effective gas-contalnin
vol une of the cavity 122; for exanple to opt|n1ze t he
m ni mum pressure 10 (in ternﬁ of adi abatic
di scharge). Figure 6 illustra s a system 300 in
accordance with the present invention which has a

NMORRBeR 370N aWd! BnaRhel @B%Er%?béﬁv‘ﬂ't&h 122,
gas-contai ning cavity within the piston. Thi's cavity

isin fPeﬁercé&ﬂyﬂmxﬁQRnﬁWﬂmPﬂ%.h3d5951€@nféuh¢ngls pumped
ch r th e v t me, S
chaael Sﬁ?a AL p &Id;[@%li 9 Pt &hrbAlgH a géoﬂ@ 12, for

I ncrease S conpare aving a gas- c ni ng
chexpaplel otte) opedatehas BOPheperatori 98 8oBAP- vol une

of aval Rigadasy! S bHG! 238G, aNbhre O M ESRONUNIibre  (two

t he ava e vol tme of "power'fl Gid I ncrease
A phowo) 302emtrsaBHé i(sodidody 3@41bas ame mnédd shown, one

ch r..30 r 0 c ed

boggﬁg& q‘cﬁ?ﬂ ]Eggmbo%fr?f%c%% wi Regl nutner E'Rt no%lﬁ:aw'ty
i sl22mmbidesivaned tiees effmttrwepgas adﬁtainhngnvobume of the
cavity,25 4 that is in flyuid comunic on.w.th t
chEREE0a2 1, § 4 GoP B Ze  Ehe et SEpssure
30Giandeirhe ofaudiybadt4ccdhsehakrgehn.gas under

pressure. A cavity.32 an be evacua S0 t hat )

D coum F3p0zewbr JiiiReratERcacavE e SPds df prordance with
al thenglresehny, invesdioa0Whiidh %@oawemo%yid)pié\ton with an
chanmber 320 can contain power fluid, for exanple

hydPREFI CRETRER (BrtR al%t ePRASTFPBEPLNiPdcaRATREY Within the

evpedabad SOThhat wWAGHUDEO0HA FEAYd! QEnfi@SSdt8onS with a
present). The pressure of water outside the bod¥ 304
(o]

caA2R0CoDbaLDEBYschptreERs0s Ehete e effsckiveohosal volume
ouber gHiface 32dcplatde PiSd Orb%i\%?ax@é@ ab HaAhg a gas-

surfacé 328 of the inner nenber Appropri ate
se§P§t§}Bing $b@mb§6ma¥qﬂ9hrﬁﬂ%ei%@u$ntéh@a@éﬁechsve total

krBiE.ﬁ@t ed 4f Fi Wﬁ%.l%b g&%u' d My eXiderexsed and,
hrough a port 330 (l1ke the port 162, Figure 5A) to a

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 is present or, alternatively, it can contain
power fluid). A chamber 320 can contain power fluid, for
example hydraulic fluid (or, alternatively, it can be
evacuated so that a wvacuum 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

WOEIss61s®W pressure in the cavity 322. Al ternatoN@hyo7/050667

10

15

20

25

30

the power fluid nay be in the cavity 322 and exit for

use through a 10 port 340 (shown in dotted lines) wth

a vacuumor very |ow pressurgg in the inner chanmber

306. Figures 7A -- 7F illustrate steps in a nmethod of
operation of a systemlike that of Figure 5A in

acoot dancean dhtéhe sureferr B2g enif onheliaﬂsrtdﬁ' 0802 aAd an

and .78 dr aul.i.c fluid has tere t he
SJeten TePifRtdrel 8 Ehe' i oRentSt, L gt priate
pissdals tgsgmllzg s:fozoza\ saasalt Cﬁ;;i&&fﬁc’jﬂtlan:e(d hatterﬂwefgies

itens 1 4 1 nd 1 and t essur 0 as .
| hati 11155t Ea0e20 G L RLGHRE (BcPoNRr: cELd 2By exit
" Nhoudh a@ppbed B33Bd heLptst eReepdrk30L6As shgwael BA) to a

Figure 7G fluid PE froma surface hydraulic_power
urfantiqlogalyenepAe Por ko 162 ﬁHH?%arFé-‘%h’é?rb?F rRerated by

MAHA IR . Pig] Oth A5 SEREY ¥i kit C ORI £5S{ §0a tHEc@@R P very
the chanbers 122 and 170. This hydraul ic power fluid

erk Bt PrSWB chanble ¢8ULLY 32gresAternativglehithe power
ovﬂtﬁ%&(#'%e F}!@Sé&g ecé\tlﬂmffaﬂmeéx%df$£‘eu%e through a

pressure Figure 71
piBA™SH &é@ermhywnastrrmd@'dteqloltheSéxtv@mh o VAguum or very

”]?o‘(?' %*% &0 :1‘;% fud hydraul i c

fl'ui d "an g“}rom port 1 ceas]'les:fd)éA 30 vacuum (or

very I@imﬂd’e, f offTFexdhphettaber stleps/ ipsig) method of
exji st the hapbe [ e rtic r £ I .
)8 %Igaa% er pfes%ﬁr%y%ggﬁwaﬁgg %@?fs plgsfla);h e ggssA i
prmrdsancie 3 harthd FXEsarst )inwerckidre. power WO

R

poyet dntersbd sti®wsayaehabl @hkeo ph:%siﬁﬁt@j df othe é$dw®water is
but not

systemt ower a device (fqr ex
RS ofS aoaEb R afor) 126 Ml P oPie o (Raseldly (that
t hiendIe@dyiingnf 13, PI4Y) SIPM and 126) and the pressure of

gas in chambers 122 and 170 (in this case, nitrogen,
"N2") is 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
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anber 160 through the port 162. The force 0o
the seawater and of the conpressed gas, and the
vacuum's 10 force nove the p r fluid. Figure 7F
illustrates the discharge of 3?@ power fluid fromthe
system The systemis now ready to again receive
PowghL ikl Uigd BEOR IhReSUIFACEE FicwrséréA (@0218E SHOW @ This
system 200 in accordance 15 with the present
i nhydrRyAic powsre Blsidnss onoR; @lYlaé- legriep Fpgumeved from

7ArpRUTt sYLEBman.§ NEeL X GhagReh cEOr (PBLerex but not
Y e e

exanple eawat er . wth the system shown In gure
S5Alimhd&edy $oenmm2B0Pi opguateal .y cylindrical, but only

hal f isFi%%WFIHE Th9UsEs %ésa@ﬂengg%gﬁlnB'%Eo@h%19r0v1s10n

novabl y pds oned on a housin
chedfberhe? Jgovwer gagldn@onpr'elsesucbamﬁhe JJG&JstmgaQO&xternal

Slngggra%%spb%c oﬁ%%:'%%$%H%§the§oﬁé¥sgfwgd %gowgngrom the

e piece) i s ‘nount ed ar oun
nochambera béGt d:hn@mg]le £hé ot D.&Q an iTHeer forc@5 of the
chanbert218 fo aqfi { onal gas_ und ressu .
Hy 3FPEUREET poWer 49 ui“d®r | SUEPT T B h spor?“§3 i Jaguum's
powerckl mote ehanbOWeEBGluthh is deflned by part of
an interior MBJ# qQf _th u3|n 208 art of

ext eri or “AHFF H‘é‘luﬁ eAr‘fllI g5 9£CU power

chanhed 24Qm(%hdﬂ§¥33§miﬂ)Tﬁef§&§&emeiy héw peadgute) again
is |located at one_end of the hou3|ng?208. The | ower

ende6riVRePOHgRhE Vg EEP™; kBe §HFE@CS16 is open to

the Cha@‘@%ﬁrgédf 8AASndNGEl JHAPSAI 8yshein @2WPLE accordance
nltno% I's charged WO 2008/ 056182 PC T/ G82007/ Q50667

17wiitht $hen® dnvention gliks oth® aypbeps 9§ Figure 5A

Vagal ﬁléﬁmeouvﬁl deulhe,iSetst &M aQQefrlla\As diinbeér for water,
chanber 260 hrough openi ngs 262. The pressure of the

watfelr SXBEPAR S&ﬁWéﬁerzllAéf wikh het Gyskem shewngis Figure
g 515 ﬁsgkgtbﬂl SZGd]eJ.%haé@ﬁéfa]?ﬂfl c918nAi®aq? At only

e piston
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 St seal various interfaces in the system
Hydraul i c power fluid at a pressure greater than the

woShisse@s pressure of the gas in chanbers 214pc2ER2803850667
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the water in chanber 260 and the force of the vacuum
in 10 chanber 240 is introduced through the port 232
into the chanber 230 (for ex qple for storage until it
is used for a function, for "exanple to operate a BOP
operator). This noves the pi ston 210 (upwardly as

shhnwza i tahEic l@h@gﬁbe&ﬁ, 208). 2\%\'& h:hnﬁtsa.lhganae p’?% shsid., Water
t ower I remal ns I n e _chanper on
;Feﬁff) °BFSf- 8 Vi%esyssepy 20 g 6C&W(§I H5 ?erﬁ(f-‘r e E00

slwmu H "spivRys fd6t d frRus peebsubeOBEt M eCRATRA acts on
230 (due to the vacuum force of and force of

weATbrgnd Filiek he aistenshaf.a The easomder pressure in

aqaYy dansfoerd Pih t2'1% pi@@@”&n' Rverdd P2 iske st e piston
systens of Figure 5A, Figure 7A, but with an interior

cdifber Sapladileseslovarbanflintaniaaes dndhe Systen.
"t ub" t
gﬁx‘%lﬁﬂ%s?r%léé MOMAN & W Sﬁ‘i&s%e S{gi%&i@: f¥an the

with the system in Figure m 400 1s
ganakiined @rassidecalf the gad \in Zharbdrs s2khowhl§ mnd the

Fi A RinSt 4 I
S 98, Al 0! Gt e IV 89S HLGHeliln 1n
prcé.'@uhea: 24@ psstomrodieds thridugit mstpprw 232 into the

ex er| or nd an_intecrnal fluid cont 0. space
f otrh cont a:l%dng( f’|;‘)oor\/\/e"‘er aﬂ?]fef ufodr an %oraa%e €I Jhsg 7% for
esy ﬁmdtm:rp,l efizas eaamp]m td ongpaé:l‘aeu:e a)rB@B sjn@mt@r) This

410 t ed d d
oRe PEE st BinD, At (R arAty ko SOt a1, Kisgires oA,

gBle. rmtt!til&:rw ojlcies 137 OslgitﬂntlqubW@rVﬂuld rema:Lns in
20 8/ 056 82 PCT/.@B2007/050667 - 18 417 int %&8
SngRenRPehige3? -t op YROR e°RBBIBT Afe ThBud e40 by a

Hwﬂﬂ&dlc B?E@émﬂ(lﬂd*:(ﬁﬁbwﬂ’}anpilﬁafb@%& suifi@c&lows out
sour ce) flows,througsto port 439, through a channel
4

43f3'-'°é‘hdt1'l’%r 6hgmPsTp §duente é'—l";ﬂ)\A%?c‘FP‘Hrderce of gas,
Chaqhefo ARD ot drS defined by part of an interior
wal |

Figures 9A and 9B show a system 400 in accordance
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
S5A, the system 400 is generally cylindrical, but only
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 containing space for containing power
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

W‘?#ﬂ"g@?{} é}l 418 and top of the piston guide 41(311,(:1?{3132(10)/030667
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vacuun1chanber 440 (or chanber of
| ow pressure) is |located at one end of the housing
408. 10 Gas under pressure, gr exanpl e nitrogen, is
charged into the chanber 4I4 Phrough a port 450.
Water from outside the systemd400 flows into a

chaghen 64 d Haugdh ARENUAWSt#ESugH NE 95§S§m5ee0fqobh%f the

wat er acts on"an end 411 of the |ston
unienspngs Af% | nHydcaubiehapper @411aict(sfqm emaremhe from a

.41§u9 aEQe QBE}: 3)4191ov$§al}_§'go%§l'§e§| égi"toulﬁQ tharough a

interfaces 1n the system I c power fluid’
pr ebennelgré3d eandhathandvgh paepoate 432 t hatga§ i power fluid

ch 1 n 60Qca
FOBRIRLAA AT 10 ot o ATTLEE 0o HEorsor wand
t hodugthet hp:.pbon 43D |anad pb.etchﬁmmn é&&eriﬂihn svaidvesf the

th t dl , .
BRZRE TTod AL OB HeBoE a¥De' thit Phepuifly §T6:  An
re&nteslbm wheuuhamhambé304untubrlbhambe&edf Wedatively low
I fr th t,432 d.fl
ouP=98 SHP g £Ae LCRANRST 2K30npatia: Bt e\ APt Pos L8
force ot;asgasxde&n@rfe@e&eeof foat &B:)ampren&y:&bgm 2&@ charged

30Q and |de ter boost
i SeiBacthancrenberg ATE T5-ehans oy brak Aet efaber from

Inoaﬁgeaéam gyétterﬁ hgopr e3ent iiARNtd OfhatthéR B86 through
five interior._ 30 chambers 510, 520, 530, 540 and 550.

ThePeping 963 i s TRAMCPEPFFUESI PRAPEaMAtAR 7FY PRI Ao end

| S43MOWE | Bhél @HisRonlOfio The ToRANDLS BhBeks ;&-éé%iiﬂéﬂ in the
chanber (or chanber of very |ow pressure).

chehaebes2d1doRchsneryan BRferd VD cz@o*ehgssae!zon 410. Seals

PC&GSQZQO%%Q%?mlar@aeaéum thar sgxegpl e nitrogen.
The chanbers 530 and 540 contain power fluid. The

chanmber Hg9gasdhcapayenafénid pér acparpsurscgraater. than the
{ARECSILE. s DG Tghe! SEOCHRBUR) DL oSTehd Aalr in
encthamber 460 and the force of the vacuum in chamber 440,
is introduced through the port 432 into the chamber 430.
This moves the piston 410 (upwardly as shown in Figures
92, 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 vacuum 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
chanmber 540 through a port 542. Gas flows through a

woR9bdiosem32 and through a channel 524 in a rodpez@&E2007/050667
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t he chamber 520. Seals 503 - 509 seal the interfaces

where they are 10 |ocated. The rod 526 is connected

to or fornmed integrally wtt @0 end 528. Part of the

rod 526 and the end 528 are wthin a holl ow nenber

511 in which are the chanbers 520 and 540 (which

| i ode o nes, chaﬁbemsm@ﬂeotha&teﬂbedinenTBelahbmbew@ 530 and
Y, in vol ume depen on 03|t|on

LR fa Ca o el ek b0, TS 1 ERERE0n5P SpTRRing water,
fifot dvoaiply SEE gk, second housi ng 513. Connect ed

to the first housing 502, the second hou5|n%1513

cont ai MR t e?ﬁe¥ﬁethﬁvSBPﬂbﬁ§n§éP Fhrqugh folgs (2 in a

SeESH o1 RES | 5@ I8 a TherseahousPRg PEEYENt BowateE1hi@Menters
i mpacting the exterior of the nenber 511 around the

cheghberhsgbesnPIhushraegbhanieers293Rs apdafdows into the

N E b &R 05 4 M {Re SuddOSA IpYEL | BAST NaGaPr £ESWE CLhEiBRgh a port
chanber 510 has a ™Thegative internal pressure. For

t 42 rand okhrewgh vl ¢h@@1¢h|5,?<ﬁess af rPﬂe5géc§ﬂdthe chamber
0?5@]”9 5Saig! 8bkVvel %o ar tﬁé‘a{héé}efé@%éz L FENERSy are

e first housing. he Irst  housin I ncl udes
t heoeateedber s 530, 540, and 550 in all of whi ch a

POST {1 Vfapd NG@Nk, BT §35UL Gl S PBUNLA N6, ¢ I3 hDEGra11y

chanber O res n are |vely arger vol u
ofwiabiai dmbémd pogr merﬂ QﬁsthenpadeﬂZGoaadsyheeendl528 are

crF RS o cPRRLER, PARESE, s11 el Gibsfth T e ofBaliErs 520

;nam¢n540nwehtchn,1&here&me& dhhmﬂeﬂs%ﬁﬁ Ssther ¥hbodiments
3&8/056182 PCT/ GB20. 7/05 667 20 bu g not . th
oore i - %Pe‘b?de%g he BeeikhPar 8F other

syélaﬂentéw)e accrhall nbmoﬁy&i@méﬁr 51u1bvsraé emovibte IWitthin a

unul st i ncludi ng: a,bod a fluid chanber
WATTHE HSHERG 07 T dt9GRAY ARSI it Bover 5

fl ui d; ColhédOdd asELmMine Mpiaty vy woﬁ%@.s@d wobkhi nthBe 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

- ssure to nove the piston assenbly t .
W@%@E&’@F’ﬁ. d out of the fluid chanber of the 8%‘553&%“:?2&0“7

10

15

20

25

30

pi ston assenbly including a cavity therein for
contai ning 10 gas under pressyre for assisting in
novenent of the piston assé Pyi and the cavity in
fluid conmunication wth the gas chanber. Such a

SY$uEM NRYt have Qe 431 18P a11 i N A6 © prclavides an

conbi nation) of the foll'owing: the piston assenb
hariceygmalatog system, ebbeeasssaylatoaxtsysemyfor tspbwater
bo for ti 0 t ur e .
xhel or " PR IaRUBT L P FholBIERTLT 2 Bodfl B fluid
i n chrawmbesntwidfhirhethpg shody afsenisk}ectivedye copbaining power

flghd.for.omthe. | d Cn%ﬂﬁ I, 0 e PNY: | ST
I e?&glgﬁen%ngé}%l:&ém%/a y%1Yoc&nggvﬁhﬁgggﬁgegaﬂ:@hln the
20 bbdly ;r elugang dhambges -wbthiin nthg deaghci fgr otohkeining gas
cavity; an apparatus _to be ,operated by the.pgower
{1 e, S THREE CERamsYe U B aRoR s 9B fg  fipye the
C O pdwieire of 1wind Wollt dihethepalatids ¢lvatiseppefattde bpody; the
the .power fluid.noved. fromthe fl.yid chanher;_the ..
ApBAERERs 456 P Lp dRRLaiRg 25 CATE WorE AN § HoiGg EpLning
bl gaeut updeyenpeesSce atfyr IS isadeuguliat ohoGsséRt of the
| ocat ed beneq%g?ggger, a surface, hydraulic,aomer ] ]
sy?llér‘h?&t A3 & AP hSeCRELLY, Ihefluis goamunication
hy i awl lt%ep?\ﬁh EsiRIA f OlguihoW GyidG e thaljOWive dnél br some
c

to the fl ui anber of the body; the_accumul ator 30
sydi@m P8¥at B@SEéReSt heq@pipation) rake tRRIr fRllowing: the

POYRIs oy Sl Beib 1, SWdwGRy abovesi g Wapestohheend exposed
surface hydraulic power system for providing the
poRiterigird vt 0oft Hehe | bodvchEdberrdiiame theggurand of water

Vab‘f@s@ﬁ%r abes Lake¥O gQQ@ﬂuﬁ.?l@ls@o PGHd 6 12 // 0306&Y water

21 controlling fllow of power fluid to the apparatus
f r oFessares @sscting riguimevenant ey sthen RAgtppr assembly to

o BB PRy e Ry SEERLA PR 2008 B bocy
vert |iemstoronel iinsers xehoviabily rlexmatead withem the cavity
an%gy‘££J§5§h$a¥hggg%gL%%ntaining 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
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
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 chanter, and a third chanber, the body having a

wofessiseishody end with a first opening in the bpoaysahsess?
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a second body end with a second opening in the body,

an anount of 10 operational power fluid in the fluid
chanter, an anmount of pressusj zed gas in the gas

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

pi ston assenbly novably and sealingly nmounted within

t ooyl 1img t Hleowi of gpowassefibhid tofthet appstatuenfirom the

cl osi of i.r.st_openin nd 15 preventj.n .
PARLALS! hylgu1ieo pGRED 295808 Lhd| E8F dilbeting power
opEhiid) éxlvansbedf Eroin thanmapparhitesf iticsta pelsdéssn ehine; the
havi ng an, out er, sirface and arhqi nner }Eu f ace, thel.
opHIST T Ao hBPLPPARE 2881 WG V9 F st iPPelTy M Line to a
agel utisd i‘é@oi‘cr)éf%t systaml;endha/ioﬁrnera Sbllfcf@ﬁ?e,hdﬁﬁ three
exterior to e accu tor system abqve_to_cont act

S ierLon chambaEen. dNa) % At ELifd.Ehonbege the gas
f idisdmifd 8 OBnANGA t @hikAY &cHdWbd¥ St @RedTRP! Hating a first

direction _toward the second body end, a_piston rod
Wit eRdsHiEhd SerfdiTitd SPIRERMALN T SheekPdnthend rat second

rsb8pdes@npeched kacbha bpedling SOtre KUy, &€ amount of

second rod end connected t0 the second piston end,

t PR atinakseaney Hdwidg ip stkeonflpidt shamher, an amount
[ h d a e r
”t%ﬁbi:i‘eégﬁﬂ.gg?o@ta% & oSG gQE @h‘iﬁrbgtrh asef&%t’%eﬁgessure

end ‘connecte e ‘second piston end, ‘'gas Tn
sdgbnhechtived ghlagbes ,acthen pils¢osecandepbdyomanably and
t ' . ' di regiion.

| SREII oLl Y QSEETELY Lied, SLACERL BB, sgoenvly
rod &ndsitn piston cowhugiloaingn afif hthiee £avsty opeching and

Wi Se r.,So,that the.gas within th .

RS MRl o1 200 | PRl 071 B8SQ TLABLGh "Ehe £irst

POP 20 7 f3od66Fhe- £22rsiec ahdmbeanbethe Theiyseseiiston end
therefore, in.at |eas

i g\t/%’gj;fgn’ £ o % sone, .ngut not the

n i 137 al PUERDodT HERESS PPV dR% ahPREEcuitFARGE

S \siiearg tidtaigsawett af Diii @ ySpehying Subivserpbedstret Bgainst

a%&%gu%g}gg %&%&%@iégﬂ}gﬁiggeg ggg gcg;ﬂégélr 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

wd’ 361§Jhw d; a piston assenbly novably disp 32007/030667
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|n t body a gas chanber within the body
contalnlng gas under pressure to nove the plston
assenbly to nove the 10 power 5|UId out of the fluid
chanber of the body; the pis?on assenbly including a
first piston end with a cavity therein for containing
gagekdbdar cpaabes. e for assisting in movenent of the

pi ston assenbly; the cavity in fluid commnication
with thghgafr@r%ﬁﬁferln‘f?fétlf‘?rhstt}l%rﬁ%‘f%n thgakxpgasg some,

exbaki Orhdt of ndeadaady 1fhor Arti ormHJMMRMRR) Ofp¥edfdes an
pressure of water exterior to the_ body, sai d wat er

pr essumEladeirsts¥gteh nhendrcusulater pietiem afeentfpwater
t o ggve Q{H‘BECEHﬁhiaftBQmstﬁsechd W glo1 ¢AERPET 20Wodlf; thE fluid

an apparatus to be operated by 20 the power
fIG mewmthnm(ﬂ#ﬂﬂkwdﬁaﬁpﬁgsaﬁeekﬂveéwrFonﬁalpﬂugdpower

Comg.'dcat ?I J\é\.dxﬂgnt Zbesfsfggt%ﬁt)ﬁt H?lvh,lség}chaggfé@&&& BYithin the

t he power nove
acbedyl;ator gagstchvanbegateidtivenethe Wedyr ; for sqpnaeéning gas

thg&,gg | AL V&S Y ELEMRe atﬁé'réfggoﬁb%\é%e%q Wal £l move the

ydraullc power System pro di ng
t heopewerfliidi duto dfhethéuifduddandteamlodr t bE Ddwy; bode; the

accunmyl ator s en1loc d benea e ur e...
hygﬁ'g&ﬂ c Bsﬁﬁigysfem a? gsu%rfglg'g\g%b éls% 8 V\é/a er,m'th a
theasdm&aCEhehgﬂnaufon pooaetta isyisige ngher pnderchpqpsduxe for
ower .fluid t.o 30 the fl ui gganber of the g¥ ¥ "
P D BEEABEIng,AD ATHIRY rif 1 FOR, BECboheP SPRIPAYY o HiRs Cavity
?pﬁa\g atusid r eﬂhlfnb,ﬂlcaﬂ.:if)ﬁC evithdr et | gapovaram enthad first
or |rect|n power ui exha sted_fr
apPitLels ¢ gd %’fﬂ%%?fll SRESTIRA IO OB 1% 185dy for action
PCEh@%Q%hOSQ%EwaQ& wheeesireheo£hesmied | BRté2lor to the
include any of a vent line or aline to,a fluid

rebofiry S3id eHAteRe RASATHTS | PR FHRI iflemasment; of the

at pig3sh SQEBemblyt ROt HEGESSPoWeY aflurdbogidi®ntthe fluid
provi des a nethod™ 5 for operating an apparatus

| o CRABYSFe Rt hOfNaFBF Redy:; 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; 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; and



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

woan/oseigz accordance with the present inventi OReT/R4hiIDs50667
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a piston assenbly of the accunul ator systemto nove

power fluid 10 out of a fluid chanber and to an

apparatus, and powering the apparatus with the power
fluid. Such a system nmay have one or sonme (in any

possi bl e conbi nation) of the follow ng: wherein the
apyheraius the bchaxypear dtiate byar hiencpoderady wbfl 4 Svént line or
bl owaut prevent.er, pperator, the nmethod 15 incl udi ng:
or?e\lf@ﬂeng‘q r?e%%élﬁecﬁve%féhtséfs%rator with the

power fihdé hrad@iei InvERtH6A | NMthak@Eos¥St @M iat least some,

| ocat ed beneath water, a_surface hydraulic power
syttenfoht ng Yab%%i tsyhPERYEdRe a method

hwxaub?ar_aemaﬁ éﬂsh??afxﬁrttﬂ oybeheadt hserkwve! Gheked with
to the fluid chanber of the body, the nethod o
i RAWRH gt prdvi Bhagmpehed ipglydipg skering Pomamieyuid in

Ofar NEcAGRTRN G °§¥§¥.§In?mth‘@eé&j:tﬂnufi‘@o@%#@déﬁt 85 any in
systemincludes valve apparatus for controfling flow
ofagsemslande,i ith tthe sppasants inventden, sneyies a piston

hxé%_rsa@ﬁlﬂlg, p&%&h@%@%@&ﬂaé@f gggﬁahi NG PRYGE g;%wer fluid

fluird exhausted fromthe apparatus to a chosen [ine,

t l;ut aft vdflwed udhagbesnand! ltiongnniappatatusml vand powering

agzg‘%[ . RO fLluid t g ap us;

and/ o?éﬁaeée#lggvt ﬁié'tnc\r%{;een£> ﬁ’%lé ga}lhtﬂlahcl Eﬁ%né il sa{:em may

védave i ppeoora $ome t(dra ahyuipdssdbdecrgoslysnabionheof the
ji.ncl.uding: directing 30 with the.val ve

AR b e o BB R et M kP ifRaratad By the

apovwelr afleid isna dlaewddti gfreeenteryopayatenr, The method

p(rj%% nt,.i.nvention in at | east sone, WO

2

h »
BB | BRBGBoWDE B B thg GiReRAtqF with

althee mpagigre ntfL,uipl OViviesreélin aﬂwm&@dtﬁﬁuwﬁdﬁn}sii‘i&m is
¢cunul at or

SR Hend o Ty sl e A5y eSS BLOT

diapes efiiddd Rbdve MY wdter Pi SO Ns19r PESE Y FrddVi d Power

agylsril.:teexlnr If%rr; paxl:orvo:i.%ir;xegnbtei{e ppagv?érn gf]ft?irc? ui?ct] the fluid chamber
of the body, the method including providing power f£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,
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the rod nenber end di sposed within
interior of the piston assenbly, the rod nenber end
having a first side 10 and a second side; power fluid
chanmber in the interior of ta “pi ston assenbly, the
pomer fluid chanber adjacent the first side of the

rog, femgyy andassehaipgr idii NeembBlCheREsOT Hvides an
'y

pi ston assenb t he gaS chanber adjacent t he “second
su@l@cwﬁulhbo:o@mm\er thedacpumplaten Bysis¥enfny subwater

e t £h we d
TR S, SR by | SnERUEsRG1, Hagy § @ bsscor
?n'efsembbrre n(olvakalrw désposed conthimt itée) bedyhe the piston
ollo OW_pLEes nber t €p

(CRLEHRBy Rl iR U LENRIOET i MefskbeolRtng" tnroush
exahelbdagknndnektbhdinqdﬂnxoeth@cunh?rwerththe piston

I f
{1 BFRERRBH ¢ Re Tepbiemrtt,; §731 Shy BB, DAL (G UEA menber,
mﬁthénﬁdaeﬁémbe?ndndouhﬁp%?ddmmxﬁ?ifnthesaqurﬂdn of the
recelvin t t

G LR AL T 8L 4SS PR JINRE Lot e

assﬁabhyséaoﬁavelaawepoﬁlew ﬁlﬁﬁ.dm:hb.abepoﬁmr theuidterior of
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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 £fluid

is a blowout preventer operator.



fluid chanber in the interior of the piston assenbly,
the power fluid chanber adjjacent the first side of
she rod nenber, a gas chanber in the interior of the
pi ston assenbly, the gas c¢hanber adjacent the second
side of the rod nmenber, and the piston assenbly
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3. The accumulator system of claim 1 further comprising 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.

4. The accumulator system of claim 1 further comprising 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 chamber.

5. The accumulator system of claim 4 wherein the apparatus to

be operated by the power fluid is a blowout preventer operator.



7. An accunul ator system the accunul ator system for

subwat er- us use, the accunul ator system conprising a
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chamber, the body having a first body end with a first opening
in the body, and a second body end with a second opening in
the body, an amount of operational power fluid in the fluid
chamber, an amount of pressurized gas in the gas chamber, a
lower pressure in the third chamber, the piston assembly
movably and sealingly mounted within the body, in the piston
assembly a first piston end closing off the first opening and
preventing hydraulic fluid from exiting through the first
opening from the first chamber, the first piston end having an
outer surface and an inner surface, the operational power
fluid applying a first pressure against the first piston end's

inner surface, water exterior to the accumulator system to
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and for directing power fluid exhausted fromthe
apparatus to a chosen |line. 13. The accumnul ator
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fluid chamber.

10. The accumulator system of claim 9 wherein the apparatus to

be operated by the power fluid is a blowout preventer operator.

11. The accumulator system of claim 7 further comprising the
accumulator system located beneath water, and 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.

12. The accumulator system of claim 7 further comprising the
accumulator system located beneath water and for operating an

apparatus in the water, a surface hydraulic power system at a



assenbly. a rod nenber end on an end of the rod

menber, the rod nenber end di sposed within the

interior of the piston assenbly, the rod nenber end

having a first side and a<é&cond side, at power fluid

chanber in the interior of the piston assenbly, the
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. chanber and to the apparatus, and powering the
lineapparatus with the power fluid. 15. The nethod of
claim14 wherein the apparatus to be operate' d by
the power -fluid a blowout, preventer operator, the .
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asse%%{y, the power
the rod member, a gas chamber in the interior of the piston
assembly, the gas chamber adjacent the second side of the rod
member, and the piston assembly movable by gas in the chamber
to move power fluid out of the power fluid chamber, moving the
piston assembly to move the power fluid out of the fluid
chamber and to the apparatus, and powering the apparatus with

the power fluid.

15. The method of claim 14 wherein the apparatus to be
operated by the power fluid is a blowout preventer operator,
the method further comprising operating the blowout preventer

operator with the power fluid.



19. The nmethod of claim _4 wherein the accunul at or
system further conprises a | ow pressure chanber
within the body and outside of the piston assenbly,
| ow pressure within the roy _pressure chanber for
assisting in noving power flFuid fromthe power fluid
chanber. 20. The nethod of claim 14 wherein the
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17. The method of claim 16 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 further comprising controlling with

the valve apparatus flow of power fluid to the apparatus.

18. The method of claim 17 wherein the chosen line can include
any of a vent line or a line to a fluid recovery system, the
method further comprising directing with the valve apparatus
power fluid exhausted from the apparatus to any of a vent line

or a fluid recovery system.

19. The method of claim 14 wherein the accumulator system
further comprises a low pressure chamber within the body and
outside of the piston assembly, low pressure within the low
pressure chamber for assisting in moving power fluid from the

power fluid chamber.

20. The method of claim 14 wherein the accumulator system
further comprises 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.

21. The method of claim 14 wherein the accumulator system
further comprises the power fluid chamber having an exit port
in fluid communication with the apparatus to be operated by

the power fluid moved from the power fluid chamber.



