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are commonl y referred to collectively as sinply
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(“LMRP”), which contains a device to connect to the BOP, an annular seal for well control, and
flow control devices to supply hydraulic fluids for the operation of the BOP. The LMRP and the
BOP are commonly referred to collectively as simply the BOP. Many BOP functions are
hydraulically controlled, with piping attached to the riser supplying hydraulic fluids and other
well control fluids. Typically, a central control unit allows an operator to monitor and control
the BOP functions from the surface. The central control unit includes hydraulic control systems
for controlling the various BOP functions, each of which has various flow control components
upstream of it. An operator on the surface vessel typically operates the flow control components

and the BOP functions via an electronic multiplex control system.
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I'n some embodi ments, the present invention
effec‘ﬂﬁ? mﬁﬂw@S)f&ﬁnﬁfﬁbn@ﬁléﬂemﬂGdnfaﬂdfqampwnat us to provide
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and apparatus to provide redundancy to fluid flow components via alternative flow routes. In
some embodiments, the present invention allows for safe and efficient bypass of faulty
components while allowing continued flow to functions or destinations. The present invention
can be integrated into various existing flow systems or placed on entirely new flow systems to
provide a layer of efficient redundancy. In other embodiments, the present invention relates to a
stand alone control system for subsea blow out prevention (BOP) control functions. The present
invention is particularly useful for hydraulically operated control systems and functions in water

depths of 10,000 feet or more.



can be integrated into various existing flow systens
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the present invention relates to a stand al one contro
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temporary connector for receiving a hose to connect the modular valve block to an intervention

shuttle valve.

[0011]  In some embodiments, the intervention shuttle valve comprises a housing
having a generally cylindrical cavity, a primary inlet entering the side of the housing, a
secondary inlet entering an end of the housing, a spool-type shuttle having a detent means, and

an outlet exiting a side of the housing. In some embodiments, the outlet is hard piped to a
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pod, and at |east one nodul ar valve bl'ock associ ate
with each gld to provide unlversal backup for al
cont I08L4]p otn anwithss pebodimenh shavingenton opgipysesy sendalpae/sibsea
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contro?%rs‘t)elﬁé trﬁc‘é)dnulﬁq}l 88? ttI%%p o an; %'ﬁgllgiot%g I'F’HICV bgg, elocg%i,t aélgﬁége;}egdent control
ofa pl&ﬁ%tﬁ@ﬁl}@l&alﬁlcm@ﬂﬁﬁﬁerﬁi cominehyemiplefeddniubéea BAP ¥@gems. Such a
each aSSOCIated with a BOP function. Thus, each

systenpeliningtes {aa Resd SpiceRatpiespnielpadsd Qipa sepogienty allosgindependent
ROV Afvdithn u%‘ﬁllgtah%ﬁleréeggﬁ' ﬂ%drh@h 16l dSTHR tHeWfthee folMa ISV in the

I nvention c rise ne subsea contro
case oﬁwammphmgistbmrcomobﬁaﬂmteraﬁ alliBOP Amdtipnisovi di ng
retrievabl e, Iocal and i ndependent control of a

ELEL@Q@&&@% Ig/cl% ﬁC(ﬁBgan r(]:grsltrocl%r\rzgpﬁbis 1%1”5%1011 (reéjduggs
downtime and increases safety. Furthermore, a control system having easily retrievable
components allows fast and easy maintenance and replacement. The present invention, in some
embodiments is compatible with a multitude of established systems and provides inexpensive
redundancy for BOP system components. In another embodiment of the invention, control over
the modular block valves is transparently integrated into an existing multiplex control system,

allowing an operator to control the modular valve block using the existing control system.



systemelimnates the need for separate control pods.
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surface to an ISV in the case of catastrophic system

control failure of all BOP functions. [0015]
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describg B R EREHRE] 40 Bhire RO b DTl S SHould be
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in the art th such equi va ent constructions do not
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of t[he19]i NFIGURE 2tihe sgreestinvicwnofanddeprnca mhag operation

DESCRI PT OF T 017] For a nore conplete
incorppiating ap swg\lﬁlaleaf ﬁgp %rgé%‘fe[ngﬂ{’i’ent ion, reference is

now made to the follow ng descriptions taken in

conj [6020]i FIGWRP 3tike sile &apefyB0OY appaatusdscorporatiig ahembodiment

of the present invention;

[0021] FIGURES 4A is a schematic diagram of a modular valve block according to

an embodiment of the present invention.

[0022] FIGURES 4B perspective view of a modular valve block according to an

embodiment of the present invention.



[0018] FIGURE 1 is a schematic diagram of a subsea

control nodul e representi ng one enbodi nent of the
w@e@sene7s nvention; [0019] FIGURE 2 is a schenatT/TS200€080288

of a deep sea drilling operation incorporating an

enbodi nent of the present invention; [0020] FI GURE 3

is a side view of a BOP apparatuys incorporatin n ..
entioR e RIGEIREH A oné Seaie crosy &P} ;S“{%ng?‘”ﬁ ott—_qn%g%gnﬂg\n shuttle
i s.a schematic di ar val ve bl ock

valve acg%rgmgﬁp ﬁﬂl%gglnéeﬁlqse%‘%{égp} r?eén t%})\{‘&?bh% present invention.
[0022] FI GURES 4B perspective view of a nodul ar val ve

bl qob24c RIGURES 6ds acrossizotionabside yiev pla enmepmd intervention

i nventign.[0023] . FI. GURES %‘A and tE% ar & cross secti onal
shuttle vgieaceerding taen sAboAlRsnt 8hie SR EHUPY ™ °0al ve accor di ng

to enbodi nents of the present invention. [0024]

Fl 6RIGURE 9198 Scleaftit dhatans bfle BOPehydrful contrploysigm

i ntervention shuttle val ve according to an enbodi nent
incorpomating hie embediarent phithe present INYOHOB| FIGURE 7 is a

schemati ¢ di agram of a BOP hydraulic control system

i nc r ati : ' ' ral VERtrbPgYstem

[ ooDBPET: GRS 1€ RROERE M Bharh 08 PSRRI T RICORS
incorpoftyiels @t leibodimmdnt of theypsésent inventiopor at i ng an embodi ment

of the present invention. [0027] FIGURES 9 A and B are

fl ow char i.ng embodi gent . . '

oA o SR R B T LR ARl mtbods of
usingtﬂeggy@émiml{tgg_zza] As used herein, the use of the word

"a’ or "an" when used in conjunction with the term

“conprising"” (or the synonynous_ ' NG ) he
cl ai ms and%&TMhEDSIBEggRRﬁQI\BéFﬁﬂ@ :ﬁﬁgﬁ%ﬂl&ﬁ " but it
is also consistent wwth the neaning of "one or nore,”

"at t i {HeRBe Bf thAWoRd 4186t ‘R wheh Bsed in conjunction
add dtoﬁgﬁ Aggga%%%gﬁ‘étr ei n? t he phrase "connected to"

with the®ans‘chmprisidg’t @r dle phacpdousrithevissino theeleimshogar ghe specification
ei ther directly or through internedat en » and

B

“one ofth&een dlRvent h@HieH HP LbsaRrdigdte gante fdonhettalmopnyeans joined to
apparatus 10, conprising pri mar%/ luyid flow route 11

or placethuito communication with, either directly or through intermediate components.

[0029] Referring to FIGURE 1, one embodiment of the present invention
comprises redundant fluid supply apparatus 10, comprising primary fluid flow route 11 and
secondary fluid flow route 12. Primary fluid flow route 11 begins at fluid source 13 and
continues through primary flow control components 14 and 15, through primary inlet 100 of
intervention shuttle valve 16 and to destination 17. Secondary fluid flow route 12 begins at
either fluid source 13 or alternate fluid source 102 and continues through modular valve block
18, through selectively removable hose 19, through secondary inlet 101 of intervention shuttle

valve 16, and to destination 17.

[0030] Although FIGURE 1 shows two primary flow components 14 and 15, there
may be any number of components. Primary flow components 14 and 15 may comprise any
component in a fluid flow system, such as, but not limited to, valves, pipes, hoses, seals,

connections, and instrumentation. Modular valve block 18 may comprise any modular,



secondary fluid flow route 12. Primary fluid flow
route 11 begins at fluid source 13 and conti nues
wo booglogds7pri mary fl ow control conmponents 14 anBCT/5$2006/030288
through primary inlet 100 of intervention shuttle
valve 16 and to destination 17. Secondary fluid flow

route 12 begins at either fluid,.soyrceg 13 or al erna[ge d
removatflé flbw coplplaoMIORERIARL d3Hk I8 198 §V111‘a1r fg{?{jﬁi %?H&?P%F?e R bypasse
fluid cox?hgrge@% 4Saé1téihlr50 ulgllt"ho%%*l g{%c&%%l g}ﬁleE[&é@em weldRSigtelvdntion shuttle valve

ondary 1 I ntervention shuttle
16 accepta VR thfbugheiihéroritesy inlet 100rsedshdafyioR0] 01 Whenglew is through

FIGURE 1 shows two primary flow. coQ nent s
secondaphigles 1RE:cOBWORPRYS ARTHSAM YPIAT) Bﬁ“et%@afep‘rsf’lﬁéeﬁya%?ﬁ’&&?ssed’ but
i i Y sEQRAlyTRi@A¥wapaRdA2ent in a
fluid Cogﬁdlﬁ%g%ﬁ%ﬁvtéégsﬁg%l&gbgﬁxass, buﬂty n(;t limted to,
val ves, pipes, hoses, seals, connections,

and .
i nsi0B3e ritfate Bheonkbetstcamodialinvalts Rerk 1B Vizdgmpapt fgection 103

any .nodu e able fl . 1
o FatBH It SRR R B TIALSG, BOPRPORE Sptbinip. n
some elfébéﬁiﬁkleﬁ@,rm@p@mﬁc&ﬁem 10B. attAt hds dlirg bl desmodulenvalye bloelel 8, while

etail below, intervention shuttlg val vgj&mn%cc {Azits,1 some
in otherfembiodiméninpigineeindipsher sApiREEY! S PeiTEH el iy Y P &P
101, . \he L Siohk bétn@hryk@lkt 101, while in other
embom]&’c?ﬂ%é%% %gyucpgpéczggrﬁqgfq lég??}%gragaﬁﬁ{%ts 1(510 rgr e isol zrt] ég "

embodiaRdishypiag ardlothbridquipmernd existstienuees thamf | ow t o
destination 17 via secondary fluid flow route 12.
[0031 e 19 connects t d : ' tab
tenflopaF v 1emnimeet ronetesata ot | el pafp A fuatles
conmectiSHsCEIEANE kiRfRe BEMhE he exeingbselBaliining Ierdpaulrlinkdbatreatdndomto 2
104 “sone enbodi ment s, ten_‘gorary i:onnea%tl on Jf.OS ces a
connection parh el wites pithyitsthy drasdia IcEPUl AP GETH 6 @ TAPLONRRHTICR CPRRPTISE
. ot her enbodi nent,s Ri:pi h ' ieli8ferred to
receivef (AT RAEI: A Tk e R B o ey
genericEBY REE bta® Bor24ticd. t e entbiotimodnt ysecandgrscioted 4PY conriegts via piping to
101, while in other enbodi nents 08'@%' ng and other. = orary
receivee glalpHSThatdiusesseHRPRBErPIREHAD [GFRI IANSE gt temP
Connecﬁggsnecti ons 103 and 104 conprise conmercially
varl abl e stab connections, such as those having an
external self-aligning hydraulic |ink that extends d
i Nt §0€83¢ 01insarni embpdintentsn fuidesupply\apparafus d OipEPEises tgmote operate

.. Clrgui ner al | t.ab ' '
e e
secondRf thiePM01 8Nl drtion sREIE ivale MY ROV 106 aray etbotdpsconnect hose 19 and

génerically as_a stab connection. |n ontc)e errb%d%%sntthe surface b
connect enbdideanpettimedulapalvediedctds ROY 1900 HEPe PILEL IR y

late 105 h TG IRA B ¥ 6N SRt i CbnhPAiche ér MRy
a humap QRETatas, ﬁrelit n%%é'rr% %é&ég conn ectg)1 ipgrns . e
disconnections based on input from a multiplex control system.

[0034] Insome embodiments, fluid supply apparatus 10 is used to supply hydraulic
fluids to BOP components. ‘Referring also to FIGURE 2, surface vessel 20 on water 21 connects
to BOP stack 22 via marine riser pipe 23. Marine riser pipe 23 may carry a variety of supply
lines and pipes, such as hydraulic supply lines, choke lines, kill lines, etc. In such embodiments,
fluid source 13 is generally a main hydraulic supply line coming down marine riser pipe 23.

Alternate fluid source 102 may include, but is not limited to, an accumulator, an auxiliary



[0033] In sone enbodi nents, fluid supply apparatus 10

conprises renote operated vehicle (ROV) 106 that
walephoys7hose 19 and connects it to nodul ar vaP@BURL0€H30288

18 and secondary inlet 101 of intervention shuttle

val ve 16. ROV 106 may al so di sconnect hose 19 and

connect and di sconnect nodul ar val bl qck 18. 106
hydraulieesyppley linpeareavediary e@nctuﬁ@nslmrfwebéi&f ﬁﬂﬁfgr?‘%ﬁ é?%%%?? control
od 24,97 it my be preprogrammed to perform specific
P ‘connections or disconnections based on input froma

mul tiplex control system [0034] In sonme enbodi nent

f 1 uj0835phi oneampimdibers, ddtobpakseattashes io R Ripel %%ﬁlil%modulaf

f1ui Ref
e 3 S SRR i S, 39 OB LSLPE o o
stack 22 2C¥iktfo] FBA bASndyl 28y Ry REM A8ed Mﬂdnﬁ@l Varﬁﬁs BoORpfan2Bonspgnd may

carry a variety of Supply lines and pip such u&t
include Wydomqndalmjms of valwiess gams)mépmg,naemmfmtqﬁqnp HEYMUEERS,

o, R TSI A B0 s o
pmﬁcmﬁhﬂ%oaésaébbﬁk&@ﬂ%nﬂbﬁﬂdw@odrEmhiaarnmyhnmnmuﬂepybmqofﬂw

is not limted to, an accungﬁg 8 vention ma
comporems inpide 95%@1113‘?4:% thepisynof parked 4h a%\‘i?;{ﬁhlng 1 {hegBrsan’ P 4
require %{6855{%' (HM%? ﬁe?\gcmg Eheﬁvboﬂggf 54, k;v%éhec%tsfan@mmaﬁdyo IHowever,

I ment, control
one emabdlﬁ&hesf thepl3@Et stnantioR dncndingBAN A06.\hesy bg mné@p@dl@r valve block

18, allo\%&@trg hes]éég o%:_ gcg]r{lég qdflﬁ Rf %Erobg%q ?% E? Sgé]a%ilgg du4 %()latmg a

malﬁmé@éhiﬁ%é§r§§8n%ﬁ%dt@roeqﬁg FRl flil@ Ao QUi Rk rrfddllili?dr ivalvs blcmkd 8 and hose
may | ude various conbi nati ons of val ves, gauges,

19.  piping, instrunentation, accunulators, regulators,
etc Traditionally the industry refers to control pod

bl uil&g%!it g@gﬁ erﬁg&ﬁ %fni Hahd }81%9&& ERlenROPad@ndshsBated in

Iom; ur e function of an
FIGURE®, d@htrbhﬁ)dczmr(}agnerﬁlse pmtélatteclmrfs t@Bﬁ)ﬂ’rsmackQ@cﬁnngMr viakye block

not backed to t h t t
18 artayli 40 pants BHP g LRI B SeirIC BRERAH S  comp BIPOe attaches
to BOlpﬁ ck L & géﬁ(ﬁm@dﬁlglt viic PROEY] atthBY & con@BEpod 25. In these

Iment o e present invention, including ROV
embodﬂxﬁﬁlts hbxs@sﬁﬁatloaw of thedydeaulio fuidarp |B(Q,R<fupgtlor§| | rol pods 24 and 25

redun enI S _insi C
prov1d%9?)tggcg ély gﬁeovﬁﬁg célogs r?gfnfag)ﬁc Y Icglnelxqg%fgllrec% gzndunl?éfers 301,
303, ar{cﬁmu tBOY cbiifol frhnbtidné IRWdE bR laﬂahncﬂ‘llh(ﬂliteﬂrto vht \zpermhg)a:rld closing of
and hose 19. [0036] Referring to an e od|

hydrauhhell)pom@ml pjpn\y@rmﬂa@nulggseg@m{ ramsglgsigpe @1pe a series of
2 -
remote, cepg&%e%&ﬁg% 40 ﬁgé&' cgp‘frc\)/la eé{,g ng@mg%ﬁ@& ﬁsér%o%tor, and well re

entry equipment. Control pods 24 and 25 are hard piped to the various BOP functions, including
BOP functions 301, 303, and 304, which means that if one component in control pod 24 or 25
fails and must be repaired, the whole control pod or the LMRP must be disconnected and the
control pod’s control over BOP functions cease or are limited. As used herein, “hard piped” or
“hard piping” refers to piping and associated connections that are permanent or not easily
removed by an ROV, In addition, for safety and regulatory reasons, a drilling operation cannot
or will not operate with only one working control pod. Thus, a failure of one component of one

pod forces a drilling operation to stop. One embodiment of the present invention overcomes this



18 attaches to control pod 24. In addition, a second
control pod 25 (e.g., a yellow pod) attaches to BOP
wG@t@ck1628 and a second nodul ar val ve bl ock 3 1rer/Usmoea30288
to control pod 25. In these enbodi nents, the
destinations of the hydraulic fluid are BOP functions.
Control pods 24 and 25 provide control to the vfagi ous
problemBERubsendtillmgsy rovidingfmedlatang selesiaple bagkn; onisyl for many

n BOP control function
cmnmn$ﬁﬁpmgﬁm@gﬁpdﬁg%2ﬁ8¥£P$%§ted to, the opeﬁlnglané

cl osing of hydraulically operated pipe rans, annul ar
seai0937]s Réerrinarte Fcﬂ@smmgcmlb ﬁumtlomsr&olpa% ang 39¢ eprngct via hard

f t te to.all f
piping 1P PULAENES | Bl et G BPeal - B RS o
1nterver$%ﬂ'sﬂﬁiﬁ9 (/alvgg%%g 1?er @ﬁﬂa s ﬂenﬁ:{b‘i'ar?%oﬁﬁ&tlbﬂﬂ 04 ph &&ﬁlvhﬂplate 105 via

e varil ous tions, i'ncluding BOP functions
hard pig3fd 32.30&rvartivn3butlewaiven 3%m3qm$o gomnedido eBwpEHERTaY

Ln control od 24 S
connectqnIeCHYIS oxa eLeivET pl%%:dl%g vig h%raﬂﬂgg MH; f%d gon(rEl ?@@%c{l] ﬁ)ge(i: t2@ connects
to 1nter@er1‘ﬁoﬁ @ﬁutﬂ@%l’if@% PRhasd piRRig 38. &Ml&fugﬁ@@t Sﬁhm\(n“, lcmtml q:eé@é also

or are limted. As used herein, "hard

connecpiipimeentsnshsie cyawrepﬁ%araﬂn%s%em s el Shmehng focdrol pod
24 malé‘la ?oﬂs tﬁ %ﬁﬁggﬁ&} ' wil th%ac% {1 donipRves c@i/re%nwﬂl hét respond

Fegu at ory reasons,
to normf@l bérhinﬁﬂdsc(lﬂ@ﬁﬁitar% zﬁﬁammlar ®\nll niot d;hun)otAﬁlrpe’f latdetevmtnnd that a BOP

ki f.ail
compo&ﬁ@d}%g ;;p\plgqrag,l(%g\l égg tn;agrq%gregteg [0 F‘i)r?l‘%&t Igolﬁgﬁgtalt 816 c?ﬂl?ectlon

A hf phRE D ERSRAtes| dSWsttﬂuﬁdStlon In FIGURE 3,
lﬁcmye§889%%hesp§%?¥?gro en1| é}ubsea drilling by providin

g
ROV hmduhacrtem@beg@ne wmtdraymonmoodﬁﬂme of @?V%ﬁﬁg,mporary connections

on rece%%rng § ﬂ(& t chlé%ﬂko | lqufﬁc?ltcgﬁg)ﬁg%iggv% %%Qﬁik gt temporary

conneca% 169 nlﬂQﬁlﬁer\éhﬁ)oHﬁﬁéht@ ROWJ 06 Qoirttemesnt 9 Gnmedultt vabve block 18
val ves 16, 300 d

, and 302, respectively, In tg 1
first and tlizodd Angertventian shuttlerialenl 6 Hoeither spepayio. ths m %LH’QPamng contro
compo%ag gf:(gl%i;')ip%) gfl %é)ﬁ%gﬁ %td'h ratfé MR GG EIHYGIgh @Eéndary route

rvention shuttle val ves
that incdds asiuB@ 2alk %IbqumnE@ste 1199am1 inerventiop ohitly velyadécThe BOP

receivers on receiver, %ee 105 via hard piping. In
functioacpeiltiodhy ok gHeRasly. 5& 1?& YRHEEt s to intervention

shuttle valve 16 via hard piping 33. Al though not

shoyg ?38‘? Orh kGhe Qﬁl@ogﬂne%ltss ?hdél@l%@ Q818 blok IlBh@des@‘ﬂed Gmbe robust in
shut'tl'e’'val ues 300 and 302. WWen a control one

that it #s mapniﬂﬁ oftderyicidg Sevenal Idififerenti BHR funchienpepcly an‘@?lf’ B cted by
pluggnix%g?ﬁgr} 1{\t8(;tﬁ%f)z{f§fzul ﬂﬁe&a élOtl%R]Etﬁ? ?{g]?’g %%‘sg@faltéd whied the BOP function

an annul ar

experlé’ﬂcﬁdg QRtroBhEblemsAThe compohdtsiet mbti‘ullaﬁdalvmhlbc]a 1 &Cdéscnbed in detail
onponent is not working, ROV 106 g t4ed Kin

below,comnprevidh sehindencyfor pemeisHRENEPAITIAY 8PY 4 apdiop 37 making

modul$ u‘ﬁli‘fei %’lﬂ(ﬁ( é&%{gﬂl@ﬁ%@?@l RAPRAn il BRI AOR! ?ﬁ/@ﬁ’ B&foY&a component

failure arises, hose 19 may be connected to modular valve block 18 and a particular connection
on receiver plate 105 to anticipate a malfunction of a particular component. Of course, if at a
later time a different component fails than the one anticipated, ROV 106 can disconnect hose 19
from the first connection on receiver plate 105 and connect it to a different connection (the one

corresponding to the malfunctioning BOP function) to allow backup control.



ROV has connected hose 19 to tenporary connection 104,

one of several tenporary connections on receiver plate
waew7/0REeW 106 al so connects hose 19 to nodul ar PEOBRUSE06/030288

bl ock 18 at tenporary connection 103. In other

enbodi nents, ROV 106 connects hose 19 to nodul ar val ve

bl ock 18 first and then to intervention shuttle valve

WEODUhAR YABVESBEQSEK: 0, the mal functioning control

conmponent of control pod 24 is bypassed, and hydraulic

f1 Ujod39]l OMEGURES dgferd B demoutnate aneembotagnt iof moeial@g valve block

18, whighigebties GeUgnal 60Tl EP D GRSAZB BT VERish, Hapg 3. Although
two setso(gfc{&?\yek Xnd gﬂ&' \F&N&g aonéHGWnnﬁiy 1 R8RB bf Vilvemey be placed on the

, nodul ar val ve bl ock 18 is designed, to b ber of
modular mthas blotkn 1§ h&he pumbes crfaipra@@aabﬁor%@# yalepsgprisERRIdy to the humber o

di fferent nc s 1
BOP sy it g 140 AR Rl b s By it etve
block 18 Mvokteca¥ddl iy Smals saGightte be wtxhvaﬂateebym)a\/f L0éc tinenme embodiments,

experienci ng control problenB The co nent s
modularmth hlock 4B gemprigesunamgtoldipessrpiegul lefprdega s Pntscé(%ﬁ%y%‘-&lc fluid

SV RERMENEShtioN vAOS 400And 42, and
supply r&&“ﬁ %asﬁg%%rg%ggl%n&gg%g rmg%{gorfgval ve bl ocl? Sener ally
pilot predsuaesdhtoand toreneiodpiessureavailablerio thel;‘mbxﬁ syfigayr &1 gpme

fail
embodsath BIOUEAFOWEF G0 B¢ BRIPE g 1 oY B BB 1Bl

on-on

pressurE‘?c??dn‘ﬁ%F plaie 105 to anticipate a malfunction of a
r conponent. O course, if at a later tlms a

d| fferent conponent fails than the one ?gtl ci P é
ROV[Q038] ¢ dmseme eohpdicrentsomeduler YA wnplosk L ppgprises ‘preéssure
AR NS, tanidt43t ShcPa lat
e GRS AR o LR A0 B0 RSl el
dump ViRl Wl?bﬂl@%%ﬁtﬂf@f facaminlator)44t s requied dosiog nprmal opelatmns In
control . MODULAR VALVE BLOCK [ 0039 S 4A
some cabmENS R PROGH S B ARSI ALmA A A BB R P gure regulato

%‘ﬁ : EPBh HRduMALMes bRk aBdbut 2ather are
> anquoqg E\.frlay ! 4@%%51%1?6&1?? At hoﬂgh two sets of
placed \ip$twas @rue pot erumeall W¥bilamenyg B@chona}wlewg aesaredyydraulic fluid at the

same p\%gl\llrgfmg:g} o@*m%f@ ‘é’g?lie utfag gﬁ&e"ﬁlo \g\e}é;(c?gg F&ﬁ%c&iﬁr able to supply

respo

hydrau%? fﬁlEf’toQHffa%ﬁt BOPBORpbHARS hiQlifferehifressucts|(such\aa Ian annular compared
si mul t aneousl y serve. Hovve:g/e nmodul , ¢
to a sheatlrum), Mmﬂolcmesmmmamgtégs adyagiagequSe rVFGGHS E pations o

valvesvlgic{;%?%/ﬁa alégrsg cgmrL}_p }org and%tﬁe??@?tgﬂm Hﬁéﬁt@me%@ﬁbl@rand in some

i ses nmani Sure regu at or
embodiReits, pilonyal0¢s 4 handWadira wblesoil |opeldtedlnﬂpt yalpesegdile én other

Sy stems conponents downstre di tection
crbocipHiss haOMARIOEEIC Bie 3H1ED: LRG0 R PR TR BOP stck 22

is connec%g 8h pﬂfrgﬁ@l{)"f%lo@ﬁ?a'r L aRE ®1dcRs tehén B WRich et R6Vidé Backup for one or

more control component.

[0041] Modular valve block 18 further comprises connections 400, 401, 402, and
403 to connect to BOP stack 22. In some embodiments, connections 400, 401, 402, and 403 are
pressure balanced stab connections that allow for removal and reinstallation via ROV 106. In
embodiments requiring electrical connection, connection 410 is an electrical wet make

connection to allow making and breaking of electrical connections underwater. Referring to

10



enbodi nents, pilot pressure regulator 46 is configured

to al so provide back feed hydraulic pressure to
wae@oenwnode7pod 24. [ 0040] I n sone enbodi nents, nmRAUS2006/030288

val ve bl ock 18 conprises pressure accumul ator 44 to

avoid any pressure | oss when shifting pilot valves 4 1

FrOUREp i B B S0t B P ok

embod%%'ﬁ{ tM&ﬂﬁar ﬂl&l{s&@@v&'ﬁﬁqg GRY %ttadh'eﬂ e BOR stk 22 ahdaytddraulic
essure accunul ator 44, manifold pressure

fluid suppgzuls hhldfpl]dﬁﬁl toamn dAcmorcbng roribe gmbedm@@mnalfl@UBqlé 4By mogplar block
on nodul ar ock
v ol PR AV ELE B AP o iR g, o, 0
and 40% ORBQDBRRIeS 4083057 £0d)¥Ad 207 hid édn!rib(dloﬁhﬁ 40tet0d am and 403 are
pressure, in ‘enbodi nents where rmdulaﬂr val ve bl CE(JEtS K
preferably univenesl gethet the aresyntabyantiop car ppinstaflsd PRaRY guppes of RGP stacks
and dlfg gérg ﬁrﬁocﬁlgﬁj lvgr?/e SRS nﬁpétfacﬁtto &ﬁﬁﬁlﬁf FIokk chSﬁ%Ms?S o (such

conpared ear ram, manif
pressure regul ator 45 is advantageous. Vari ous

contpoou] i (H}Edra)ﬂw\sapwlg spnyctionss08rang {i0qtsuprly hydraulic fluid and pilot
S I LEME LR TN
connecﬂeﬁs Ak %féﬁé@%ﬂ%ﬂ% iR REf RhREH ®l tetmatahy@saulivkippty, ian accumulator

iments, they are hydraul ic pilot valves. |i1
an auxdidchi hydomylicisnpsly r}meeemﬁjmlm senduiom merieaisep 23,01 a hydraulic feed

from c%qtp(am)a 29]1_&@1 % t W]%é%ryb% gétlm ey H@ﬁén{%?ég l)fg gg;ﬁi}%a? 35e block

18 diree@yRPRENhlso [HE Qﬂﬂﬂed%dﬂbdiﬂaﬂb%dk&e&&m%& 8n hdditibeerone or more
conpri ses connections 400, 401, 4 an

additiopaligmperarpcaopctiang @it 1 paay heﬁnggq'!ﬁgl ﬁ{)gtemporary connections
connecg ocr aerﬁéddl?ﬁ%agggdlocﬁ(% 6419&11 3nd caﬁ?s ﬁ@ tPHRTRHWRr of directional

nced sta connect ons hat w for renoval and
control €ilvstoal th@dulanvalsiedo] (REM &4, wﬂkalm'gamdraﬂe iciate élqw m&lanBOP

el ectri cal conne tion, nection 410 iS a t.
functiqpe paycheE TEBIATEERTS Y o5 A IERYE ‘F&PB?;“’%“&’“BF@ 1%% i %h"% »
ex1t1ngetgg Gidk g? ?‘lodﬁf%‘ BRek 'r&:@?veifJ nglat May elso ekie ﬁﬁdithblﬂlgcettwﬁh cRbodular

ar valve block 18 nounts onto nodul ar bl ock
block reecieenis; sutt& asmnahmiomdomwﬁlngwﬁlﬂaﬁY ipredation to the sea floor, for

recei VJ i S xab{x ached to BOP stack 22 and a

easy diSGRfnge Lglnglemeageélﬁ%fﬁayk Snard piped to it. According
to the enbodi nent in FI GURE 4B, nodul ar bl ock receiver
A8 TEREVENTSONSIEPTALEASABUB, 405, 406, and 407 to
recei ve connections 400, 401, 402, and 403.

Rec | FRGURIS 5 ARMd ﬂoﬁtéﬂ&tm&ﬁﬁﬁklv@% 16 comprises
400q@2§% egggﬁﬂgﬂé 403 are pref erg g@unlversa SQ

housinighet geﬂmlbfrceiskmdncal nerdtt 3090 pimaryoialet h89.see@daphinkghy 01, generally
cyllndgpagRgolggﬂeBgu{tzecﬁﬁ d ﬁﬁ‘gﬁj %Qf f(%]{u n§0 ) ¢! e#@%rs \é?tgff fenerally circular
area 501, bottom generally circular area 502, and a side cylindrical area 503. Housing 58 has lip
52 above top generally circular area 503. In some embodiments, shuttle 51 comprises first
region 504 nearest to secondary inlet 101 and having a radius substantially similar to that of
cavity 500, second region 505 further from secondary inlet 101 and having a radius smaller than
that of first region 504, third region 506 further still from secondary inlet 101 and having a radius
substantially similar to that of cavity 500, fourth region 507 furthest from secondary inlet 101

and having a radius smaller than that of third region 506, and transition surface 56 between first

11



[0042] Hydraulic supply connections 408 and 409 supply
hydraulic fluid and pilot hydraulic fluid to nodul ar

wo advmidshock 18. Any suitabl e source may suppl BCT/US2006/030288
hydraul i ¢ supply connecti ons 408 and 409, such as, but
not limted to, the main hydraulic supply, an

accumul ator, an auxiliary hydraulic supply. |ine, an ..
region Sébantlisaeopdebion505.o rarafiPR IS 6 T2y, SIBUAy RRE g i en the radi
of first T%EQ% Ty SO LsiBOG02 by itthdy B APARAEMA AAAGRIA O radius of

oused® on” no ve block 18 directly
first regllén SeYtoaha of beohdwspdch S5 (im sdlichrcabd ty@lwlttwfam 5.2 ﬂleﬁ surface

nommal iy g isa) HEF QBREONHFERASbr G T Bp g AP, Siel SIS had
piped tc? Q Hé‘&ﬁl 1{1(9{1 §u<ﬁoz{§rhel§bp Fud@iofDsHtha iMdt Vo0 Rihagk d{rl@&l to control pod 24,

ner a correspond to the nunber of rectiona
and secomtﬁry uﬂetvlé)ll\lehard pipedda lrcmewapkate Ko diuring nosaalflow, whig

di ctat e how
cortesp i P LU YIEBRBHY TR RATGH Cocras | BAARGp iyhe norma
flow pokfn! a%d%ﬁlgié\éht@r% pEiXdaky igett1oe, mw@atﬁﬁndrmduh(hregbjmﬂé and out outlet
receiver

. it may also exit_at Otsoﬁf doi’iltlons on frst
50. Flyibdagsarot BpwdR ofhse elopebeaspse ssaling #8amift adyd Copysponding to firs
region ? @{J%r}do H rgl? O 568 5& \%@{, lp}C’Fv'eﬂt il HohPRakifg bb ﬁo&zﬁ?g past them.

asy d|s onne uring energency stack
Fluid fl@Wlﬂl@thrdMWhﬂH 1$|eluﬁmﬁ AR gh0YBInsREhaegion §6 te keep
GURES 5A and ntioon shuttl e val ve
shuttle 53 ppiepsecs oasiny=Be SHETETHRT PP bt RarL ROYESP
500, primary inlet 100 secondary inlet 101, generally

cyl '[WM!C%&P@?A ddsitBetoshich! fRond Aorngd dlostiol latkgflow, fluid is
Cavi't 00 conprises a top generally C|rcular %

introdused to d@otbltdalm ipdat d PR Whick ppRlies aresawre 40 broad fagsd 54 rgﬁg)téle 51.
Becausgéhee o8 g}&fia ng Efog?qsce é_sb g%géagelr %%nqﬁec‘ sdrf og&a%q%331¥1&9 zone 56, a

rea n sone e I ments

flow oﬁﬂﬁiﬁtﬂé @ec@ndar?? uTpy 10988 efjiid] pressrgit@n fDemeangabtough primary inlet
secondar

101 d h b Ll
o SR S St TS 18 Bl
interveg r}%t hl%fttl{ {4 ?ﬁ &?ﬂ%ﬁ'ﬁ‘%{l 115 thelddfiaBath BAMKN ngﬁln@Wﬁl the actuated

rst region 504, third reI%%l
posmo§0€yhfcurcbherposas fol fldw a)lnmg eemndlay)ﬂquogte H2oaf Eslﬁ?dJ Vi fhgd enters
a radius.s (gst antia

;
secondapiidh 1P gp Rutsyct %ﬂr chlB@t QIeF Bﬁli @%‘%g :ayShl A M)f g%qe sealing
area 5@@%\/@5‘%’ BE. an hadiiys, (RRRIdeRIn S0wAMstIAS2, @ifhutmpredenteguale 51 from

tranS|t|on surface 56 between firstregion F % 0 and
actuatiap dny &uthed Tbtgsu wiheBOBIttlerp hisdn theoartuaied Resgiosg Piagry nlet 100 an

dual | i foiqr ime b
compoglﬁ SgB-?}B% el 'f1r8 ﬁsog%gc? a%cf %a'é&g Slbq%le s1 i%lgele%tbée%rét aBAtime by
supply$k2A €181 dfiherplédaeoresi sl fofciig ﬂﬁﬂttler inghonorstd positiothat  of

second region 505 (in which case tranS|t|on surface 56

ISZC gwfgzltﬁé gﬁg’tgrg(%y %?ﬁr}gla@oﬁgpgn téaligsg |y In? ?Srlggn i s,lhgttle valve
16 is c%ﬁlrbgned with other valves to form compound 1ntervent10n shuttle valve 60. In some
embodiments, compound intervention shuttle valve 60 comprises two intervention shuttle valves
16 and 61, gate intervention shuttle valve 62, primary inlets 100 and 600, secondary inlets 101
and 601, gate shuttle 64, and outlet 65. Connector 63 connects compound intervention shyttle
valve 60 to a BOP function. The term “gate shuttle” is not mean to be limiting to any particular

type of shuttle or valve, but is only used to distinguish it from intervention shuttle valve 16. Gate
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pi ped to a destination, such as a BOP functi on,

primary inlet 100 is hard piped to control pod 24, and
waewandsry i nlet 101 is hard piped to recei verP@I/asm06/030288

105. During normal flow, which corresponds to flow

along primary fluid flow route 11 of FIGURE 1, shuttle

51 is inthe normal flow position dlu
intervergionrsntfle ivalve 162 £ be AMHHEG YﬁlYﬁjthé%\?ﬁﬂgl éé‘b?‘i?ﬁp'gé%” frgpprly one

|l e Fluid does not flow to other areas
Smeanﬁgegﬁéﬁ éﬁ?gga areas 54 and 53, corresponding to

first region 504 and third region 506, respectively,
pr eposas] f ﬂ“wcmgfcmerpolssahllelﬂmgv ot lh(ﬂﬁh@{ﬁoéélow ptpss topgly

secondagy SHROO LR ASAE VBl Bofaiins e Rk 2B e i dpSion. Flow

contmu@ﬁl)&rlﬁt%gre AGE A HYe 14 Q1 mbtigdid ﬁ‘ltétad:mfbnrshﬁﬁlle WSIVIertSz forcing
e nor mafl position. [0044] Wen it i s desired

gate shtile 66 ho fhedefi aud alkdwing Samt @it aBKGT A %! atmgup@r\fegtlon shuttle valve

nt r.odu ed to eco
61. If flow thipy 88 sﬁ%@%¥%lgg E tce%@% ??d’\ﬁg\%t%va%glgtlé%@zed into shuttle
valve 63 ugaft@gﬁm@er @ﬁw@ﬁldhfeqafteﬁ acthe 7fpht, Ss@:{tﬂ@tshutﬂe hvalvetlige In some
surface area of tranS|t|on zon a flow of fluid

embodieptsaanyoudiDerEoRoR by o0 8841 vt pyfg ot Bow of

hycrouffP R g bR IR oY v R pod by e MR oD o FIOURE

3) and @nfémﬁivrareﬂmtw frbmi mbchrlane\mlvedﬂodhm ol H ofHIGARIB3 wlrt wch embodiments,

huttle 5 l th d
compoymLITgR PROB AHS Vb 8 20 SHoE RO B T Syt i dm four
dlffereﬁtes%‘aﬂ:gé‘foyanf dues fh‘a’tjfeﬁds]tg ABOPI6ddibn 1 In §dné embrdidests, the housmgs

ry inlet 101 and out outlet 50. Fluid does no hil
of mtelfvbnmmgmmm t16) @1,8nd 6B @ramads eI HidfaBy Rigeest mmaterial, while in

other CE‘%) n%ntLB ﬁgk}sé{)ﬁns a%eg %}{?%1% ?ljgm,sal%lil{ gc&ﬁ &BtsSa.% iffehRnfidPshuttle

rom ctuatlng any
valves 18I §h@hd 67 BreStixabheditashed foleaclbother sich that e axtletsatfegiervention

posi ti on, primary inlet 100 and Qnents.u am, of
shuttlealss 86 b hflew BisinlsyHssRd E00% GHE NS eRigH T oGye 62
at any tinme by supplying a fluid into bleed port 57
§¢[IEMA°TI@95 W*&k&GRﬁl\ﬁ@e normal position. [0045]
e b}

rring to In sone enbodlnents

{/QIIt S[rgé t Iﬁm gh%%a ! \lllied;%] éﬂﬁ%{#ﬁe :?{dha%gociated

hydraulid fé&@éfst%ﬁﬁo@'hﬁﬁ Bbce € e@ﬁpms Iaﬁﬁzﬁﬁ hgmtaummdt latldi fFlews through
val ve 60 conprises two intervention shuytt val ves .16 70 route

valve ’é(h‘@ ather eratrel port 24 orrnitehpached-t NengROFELYS fﬁ“b’i‘*“??awve routes

flow t% {o? %24 ngcg daqg% ?9??}%@%%&{‘(&6& tondQlcAHnbRd 1488 5 to

nnect or 63 connects
compdiRiReEventidit muum'aumﬁos HRfeirimg FAGURES06 tad 3 iBORe embodiment

function. The t e shuttle" t _nean t
compqunAiRtETYgnEQR St ep\éﬁl‘fq @Ul‘aérpnt‘%)é et @H&f OFuSten o4 ‘9‘?“’1 pod 24,
SitdoB2Yi §lohdary 00 1|0'Iltd©Wﬁ§ﬂﬁéanOf temporary
pnnm%HhF ﬁgﬂgg%ﬁgé%%CEgggglg?ervent?oéwzhuttle val ve 62
connectiun 14, mziysesbmdatry etV slowinsireapi of tempprary eQngelap{4. Gate shuttle

64 1so{atesV\i16 1nact1ve s1(¥e St compound intervention shuttle valve 60 to allow flow through
connector 63 to a BOP function. In this example, intervention shuttle valve 16 is in the actuated
position to allow flow from secondary inlet 101, and gate shuttle 64 isolates intervention shuttle

valve 61 and allows flow through intervention shuttle valve 16.
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side and isolate the other side. [0046] Tracing one
possible flowroute in FIGURE 6, flow enters through

waewohusry i nl et 101 of shuttle valve 16, for cP@yUS2006/030288
shuttle 5 1 into the actuated position. Flow continues
out intervention shuttle valve 16 and into gate

|nterv uttl e valve L83
to 08T catheia i Gufion ro fiedhBrREl PuRFEE il af 86p
funct1thPﬂCﬁ§RE‘g deﬁfc?sréﬁeéi‘ﬁlﬁdaﬂn&hli'ﬁ&ﬁ(ﬁn%/ by Gorﬁﬁlembﬁtaf)} @#tinations: the first
hrough |ntervent|on shuttle valve 16 ceased and fl ow

functiowxaéplpemtarrmlu EJoil ms @ssshiatad witly egnypovgd intgrteatiamshuttievave 60 and
opens @ge rqnh 9@0; h g4, rﬁ&ﬂlﬁctﬁdng oﬁg‘rBe L bad oS %Mc?at%daxlvﬁ? compound

ound 1 ntervéntion
interved @by Sn@f vaRye mandscﬁdseb Piferrami 706, Mothim¢xaiiey hofe 19 connects

temporgéd%ﬂéééﬁilbgIagégé&r&gy%ggﬁ@éggfl B4 ecaohie st fy el o
1nterveﬁji %%Eﬁ’@é ‘\/eﬁn L ukg%éorn%%gla %{Eﬁfenﬁ’cﬁf shettR! sk 668 Bus3cohtref

ments, conpound i ntervention
compoftntt 14 end/ 83 wecdbrohpdd 2‘bélatax|n‘atall§! dotctrfbud tatpe Hymhtiqo|“‘pipe ram

dose” Do O 520 SOULCER (0 A0 M Sy B vave

block ﬂsoﬂééen@s afd ik SftRNLLOR Va6l oE c¥RbY @S] iheervéition 3R6t16 Falve 60.
are e froma unitary piece of material, while in

ot her errbodl nments the housin are nade from di stinct
c onﬂ@%ﬂit Indheiemnbedimgataf Féﬁlﬁﬁﬂ ;thogh DiRe vam open 7§ andpige ram

close 7@5 E%{) Q lu S A QF QFO%H Qoﬁ?cﬁgmatﬁ%hd %%gttfbl?@ﬁt%t FI‘Eus complete

erventlon Shu

redundaﬁé}i)oﬂ d@h&bbccﬁlﬂﬂ)naﬂﬂé afiD@ooided) fdrdotintatrobpod %amilmrttlioéPOd 25.
val ve 62. SCHEMATI C FLOW 004 FI GURE 7
ModulgePleRaYiEe T EIcHAchan EBhPI S o SO SEETa 4 R modular

valve 151351{ W 'aﬁldgfﬁﬂlp%}’aﬁ& %Ui‘fnecf: J)ﬂé' 15 RAUEC %uqaﬁaﬂf TBédive plade 105 includes

rau et and flows through valve 70 to
addltlcmlal ﬂ)m’rs fon’tetnpotarp odnrR4tions Vo B rasd 7&0 d\sxdepidtes, gpee of temporary

0SSi f a f
comeff5 38l G5ttt 2 et ¥ Bt AR S ARG, FRUGA avach a hos
to thos%%@ﬁl%ﬁﬂﬁssas%e@&ﬁ [A30in@ caMHTRRLENE, dad 8Y the Dhiversabimutint o€ modular
val ve 60. Referring FI GURES 6 and 7, in one enbodi nen

block m;lmﬁd@nmdﬂﬂt BOMepran astack hoses leansxenadl SMPHRLY sRunggHans 105, 411,75,
and 7@696161 ral&%lglg dog\é\% q[n?t er ﬁP%g{a)B%? 9&111%61:1 rth'ﬂ%%ﬁ t'orblt}?etr BOP

contro seconaary I n
funcucsi@v(ﬁ@ttshsaﬂ) o sbeRRaitadimeans) BaR fmntiddsuchaspipecon @aq:ly702 and

inlet 601 downstream of .tenpo connecti on
o s G5 o BSOS T o
shuttld x?btl\‘?ers‘é%%tlgg tébé’ﬁttﬂB%P unct .nt o allow flow through

connect or In this exanple,
intervention shuttle valve 16 is in the actuated
[0050] It is also possible for the intervention shuttle valve 16 to provide emergency

backup hotline flow to a BOP function in event of total loss of hydraulic control. In such
embodiments, ROV 106 carries an emergency hydraulic supply line from the surface and
connects it directly to temporary connection 104, which is connected to secondary inlet 101 of
intervention shuttle valve 16, thus supplying hydraulic fluid in the event of other hydraulic fluid
supply failure. In this manner, hydraulic fluid can be progressively supplied to any number of

BOP functions in the event of catastrophic system failure.
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position to allow flow from secondary inlet 101, and
gate shuttle 64 isolates intervention shuttle valve 6
wa andi@ls ows fl ow through intervention shutt | BCT/EB2006/030288
16.[0048] Although the destination of the hydraulic
fluid can include any BOP function, FIGURE 7 depicts

an [ nt includi ng.two conpl.ement ar « %

s DSk dRsome e todigehrs, 4R ofepRiiE BEMAEY sontrql system (MUX") and
an opefdids od e 3HFRLIRBHAE AdIIR nfABLBOP fundtiing and hpdrasheiéuppy. Ina

val ve 60 and opens pipe ram 700, and the second

simplefsgnsggt theVIUXm Issvsraarnpsiséerto porzrol BOR Eustipny lspthgippsh of buttons or the
. d.i ' 7 l. i .
like. Fof SRample tﬁeﬂéq%ﬁégﬁélbs%g af g%ﬁtg%rgogv%s\ég%ﬁbﬂ{b% & 112%@%%19&%&0111(;

S exanp nects te
comm&aNideginaDihe h9draalicl sysesmpar cloy the amedari dn sdid embodiments, the present

. backup hydraulic flow to _jntervention shyttle valve 1
invention ig BYSEAUREG 10 e FYiETRg BRIDIRK riem, sy heg e ingfighion & backup

hydra@]%ﬁ%g@br chP PP Q&Ef}%ﬁdéd“byat'ﬂg P%él &fa RN Oh a0t 4oftlidte can allow the

y direct urdto e function "pipe ramcl ose”
switch@twéeavereleiiow sod badup diow toybe dsssmirerd mathiaf the @petatw pushes the
rout ed through nodul.ar .val ye bl ock 18,. hose .19, and
seme GuOB Qg GHTOOA PEHUR LY ApLPg e hsmen Rortiat b os SB% Bt i on
shuttle valve 60. [0049] In the enbodi nent of FI GURE

7, bpbk2Ipi RenbER: eRBOdiAat e piepént firentbesBowh in BEGURE 8,
be backed up for flow around control god 24 and

centrakenntobpodsdarchss cypigel pods Apped &5 p cly atsrengiggly gpoved from

t Vi .
e GR350 PR 5L DR Iy R 808l Wi,
dedicageditnbdmalalauilbéts ahdmsdoetnpedriateyvention attilovaldesiae hadgiped to the
. modul ar val ve. bl ock. 77 j.n¢l udes t Qrary connecti ans
variouy SO ARSI WaY pon BEEGEX PP BTAY A dowlve blocks 80 and
tdii ' 7 2 ively, b
81 are;%gab%g% P@?g t(tjo?cctrﬂﬁoﬁnﬁqﬁt@fv%ﬁﬁforpﬁﬁﬂfec\?dl%%o énd 78, rle@,ﬁ&tlve y, but

none of tenporary connections 4 11, )
may b7 Spnie6ted ¥y te@Poravy cquhehtdensa Prinasy modultensaive blacks 8@ amd 81 typically

. 106 . coul d attach a has 0.t hose nnect | .
rtrex Bl gRct i eta" ERNe WAyt ok A RARTGLPEROPstack. Having
a plurd1A} ©f SriMbryReal A vadleislkckéahales replirgigth Mdlfurdnitg primary control

attach hoses to any or all tenporary connections 103,
compopent eapisr arthroreeoshefficisut kecenss MAVRY cap rgdHg v Harticylar

t r i . - . i
o BERE MR Q5 8 S 19yl RO R aShcl ro.
In son&Senhddem Edtm pRipeary Alidubn dalye piockaanedacksel wi0with awne entore

hydraul j c f]l ui si ng back d fl t hrough compound.,
sccondify EREHE VOIE BIRELEIsy % Sendgly 2R ‘W?%V%l‘ée o T 3ed 7, tha
conneét18 intSReM N slﬁ@c%velstviall SneHr$forB BS§dshloe T Riis, td18l hydraulic control is

Intervention shuttle valve 16 to provi de energency )
redundratly sppiimtivineastly oetricable BoRulanvedtd blacksn lawdditionfo being easily

oSBT S STE  EBERET Fc mme
they chii B&aleprotideace and

" FLOW DIAGRAMS

[0053] Referring to FIGURE 9A, in one embodiment a method provides backup
fluid flow to a destination. In some embodiments, referring to box 91, an operator initiates an
alternate fluid flow route, such as when he detects a malfunctioning function and/or he needs to

route flow around a control component. In some embodiments, the fluid is hydraulic fluid and
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connects it directly to tenporary connection 104,
which is connected to secondary inlet 101 of

WO paogfovesng | on shuttle val ve 16, thus suppl yi ngPCT/US2006/030288
hydraulic fluid in the event of other hydraulic fluid
supply failure. In this manner, hydraulic fluid can be

rogr essi t '
o oSSR SRR HoPHBE, hErS R ARPAEI o B HBSIRRo connect
hose tosé)fﬁ%dﬁgp@ﬂi/é‘ﬁ%ﬁ anPA sRbBEdr adétof @H'lﬁtéﬁeﬁﬂotﬁﬂﬂlﬁ[@\balve After the
system ("MJX") and an operator on the surface control

hose isanodhestedyBininio serBORORgMbE m@laa ialve pirckuhose, andsspendaryyinlet of the

e R P g R RSP0 s,

showngﬂtﬁltﬂip bs, hileipleR@bAGSIrof (tlha)l??}@salﬁum frwntol the filmetipn esstsanegarantly switched
utton or inputting an _electronjc |

such thaf apeigigr ean q%l“@&%l@%@l% §metigR Baghemg ﬁ{i?amgaﬂve g %8ﬂﬁg the same
bu’c‘tona“j(}?;tﬂ‘g))(I M Sthad ﬁtrg{l&ﬁlﬁgﬂnaﬂfﬁ}i&mﬂu@cdnﬁol BegdiRhed into

|ng mul t1 plex system such that the initiation
of backup hydraulic supply can be commanded by the
pusH0654]a BIGURIA 9BIshowsi e tbedimsot efithe presem imyengop inyelving blue

and yell P A EE RO TP PR DSt dR Lt of st €5l functions. In one

embodﬂﬂ&ﬁtoﬂydrﬁalﬁq{ﬁlﬂ & suppB&d by G biie JodnBiti anbﬁttdimfonaﬁtr walfunction is
or back up flow used. [0052] In anot her enbodi ment of

detectqdas sppwn émbox P2 riniserme esthedimenis, ps sy i boxellsy fydraulic supply
oS4 b A5 4L A PR OL RSB s

autom&{ySioiputdrinipbaice Of cagsy, lrﬂ:itnommzm lembbdmmﬂls coatrpl apubd fetnpin in the

f , ded d |
A T S A
a hosettQ n{olaﬁlay H1vO¥RRRa fd‘t]ﬁgtcbﬁﬁéuncﬁﬁte‘f‘@éhu@fl sh@fle khlvb bésdBiated with the

primary nod r valve blocks 80 and 8 1 are
propemg«qap (flaicltlyn har sbopd mbbdlmems,rqwhmn iimbey 9&nmudiiplen pentrad of the

hydra }ca’(Yqv%Wptg? M%BB }ﬁqtg resﬁgt %‘l]i;ég c#)otaﬁﬁ ol%)%r ?(91“0%.8%81%901 the

BOP fBhaphSiBhedshudar alvblsokl dsihgrthé Edrﬁé/&iﬂcm d”fﬁhllﬁit ntdans that controlled
nodul ar receiver plates, but may nount dlrectly on th

the nowepalimmnmngmnw cqmpouenil Referorg o hoved0p, hsiar! sﬁsuvaly\)@ay be
sw1tch88 ﬁ’?ﬁﬁ( qﬁé( Eihie | 88 aand ggra‘ahgﬁgfcyﬁ]&H 8‘8{1&9&1@ frl!leﬁﬁﬁﬁétlonmg control

conpo Rem™easier and rore cost efficient
compdIREB UFEuANhREAGdaRIN valet bleekcaridite tipaB OPduhaion, restoring hydraulic

mal f unct i oni ng r duI r val ve bl ock instead of
controf @fﬂlﬁ&@Pn@naﬁ%ﬁww@ %% cont rol pod. In some

enbodi ments, prinmary nndular val ve bl ocks are backed

up Wobssp RRBoh HP bFes&ﬁ‘h‘Néﬂﬁbﬂ afPHh Banta@ed/iavelbeek8escribed in
such” as secondary nodul ar val ve bl ocks 18" and 77

detail tihghoullorenederstapdi thateraviens ¢hangesh sitbstititipns grssaligraiionp sarppe made
ses,. 19;

h |
nerin DR P! BBkl PEbl Eaf AT ke py e apponcea
claims/ AV ¥RoPEOBEScopad LfaBE ke apslidativm i i@ sitnded to be limited to the

particular embodiments of the process, machine, manufacture, composition of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present invention, processes, machines, manufacture,
compositions of matter, means, methods, or steps, presently existing or later to be developed that
perform substantially the same function or achieve substantially the same result as the

corresponding embodiments described herein may be utilized according to the present invention.
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retrievable, the plurality of nodul ar val ve bl ocks

save noney through econony of scal e because they can
wheomases7pr oduced. FLOW DI AGRAMS [ 0053] Ref er r PEIyUSIH06/030288

FI GURE 9A, in one enbodi nent a nethod provi des backup

fluid flow to a destination. In sonme enbodi nents,

e i A BTSSR 5 e o

machid®s) hatEidtas] sgngoshivhs ofimanel] oralre nrededs, drotepsut e f 1 ow
around a control conponent. In sonme enbodi nents, the
fluid is hydraulic fluid andthe destination is a BOP
function. Referring to boxes 92 and 93, a ROV is
depl oyed to connect a hose to a nodul ar val ve bl ock
and a secondary inlet of an intervention shuttle
val ve. After the hose is connected, flowis sent
t hrough t he nodul ar val ve bl ock, hose, and secondary
inlet of the intervention shuttle valve and to the
destination as shown in box 94. In sone enbodi nents,
as shown in box 95, nmultiplex control of the hydraulic
flowto the function is transparently swtched such
that operator can control the BOP function via the
nodul ar val ve bl ock using the sanme button or input
means that controlled the mal functioning contro
conmponent. [0054] FlI GURE 9B shows an enbodi nent of the
present invention involving blue and yellow centra
control pods to supply hydraulic fluids to one or nore
BOP functions. In one enbodi nent, hydraulic fluid is
supplied by the blue pod, but a control conponent
mal function is detected as shown in box 902. In sone
enbodi nents, as shown in box 903, hydraulic supply
swtches fromthe blue pod to the yell ow pod, the
switch resulting fromeither operator input or
automatic conputer initiation. O course, in another
enbodi nent, control could remain in the blue pod while
backup flowis initiated. Referring to box 904, an ROV
i s depl oyed and connects a hose to nodul ar val ve bl ock
and to the compound intervention shuttle val ve
associated with the proper BOP function. In sone
enbodi nents, as shown in box 905, nultiplex control of
the hydraulic flowto the function is transparently
switched such that an operator can control the BOP
function via the nodul ar val ve bl ock using the sane
button or input neans that controlled the
now mal f uncti oni ng control conponent. Referring to box
906, hydraulic supply may be switched back to the bl ue
pod, and hydraulic fluid flows around the
mal f uncti oni ng control conponent, through the nodul ar
val ve bl ock, and to the BOP function, restoring
hydraul i c
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control of the BOP function through the blue pod.
[ 0055] Although the present invention and its
w@odwani@ges have been described in detail, it B¢DUSIOLE30288

under st ood t hat various changes, substitutions and
alterations can be nmade herein w thout departing from
the spirit and scope of tggAiH{)I\genti on as defined by
t he appended cl ai ns. MoreovVer, the scope of the
present application is not intended to be [imted to
t he whdttis €lding¢d ienbodi ments of the process, nmachine,
manuf acture, conposition of matter, neans, nethods and
steps described in the specification. As one of
or dilnaArglu %"IPPYiarPP?WE“‘Sa?‘?mWSF‘?g'readi |y appreciate from
the di sclosure of the present invention, processes,
nachi NeSim A THi@EbW ButeGRAPRIIdes ons of matter, neans,
net hods, or "steps, presently existing or later to be
devel oped that perform substantially the sanme function
or achi eve ®§I9smaie PEpALY Ho cenffel CPBPQNENHS t he
correspondi ng enbodi nents described herein nay be
utilized aceoni-Ngiibe sltutfﬁe PAIGS AfMfing a primary inlet and a secondary inlet,
i nvention. Accordi ngly, the appended clains are

and intended to include within their scope such processes,
machi nes, manufacture, conpositions of matter, neans,
net hods, or 3t S CLAIMS What is clained is: 1. A
fluid suppl® ?gg%}oéjl’us, conprising: a primary fluid
fl ow rpsseendaptluid oW dfte DAELasIER e ithamflovf tamrol components

_control conponents, an intervention shuttle valve

and in¢lgddsng a primary inlet and a secondary inlet, and a
destination, , 34560 Hlebldth e foh@ B Bt &cbitBly flow control
bypasses the primary tlow control conponents and

compadnegtkudes a nodul ar renovabl e bl ock of one or nore
secondary f| ow control ents, the intervention

cofmpo
shuttle val%}mﬁlﬁ(&nféo%%wgg& ¥ %4 enpvabl e hose

connecting 4 H8REN! Bhol AIONGRIBnitcank 1Rf ms@aandaioyable block of
flow control conponents to the secondary inlet of the

secondant Bowentirarcosinentits to,dievecondary inlheofitbe triteryentinm shuttle valve; and

the destination.

2. The apparatus of claim 1, further comprising a remote operated vehicle
that connects and removes the hose from the modular removable block of secondary flow control

components to the secondary inlet of the intervention shuttle valve.

3. The apparatus of claim 1, wherein the modular removable block of

secondary flow control components comprises a directional control valve.

4, The apparatus of claim 3, wherein the modular removable block of
secondary flow control components further comprises components selected from the group
consisting of a manifold pressure regulator, an accumulator, a pilot valve, a pilot pressure

regulator, and any combination thereof.

5. The apparatus of claim 4, wherein the pilot valve is a secondary solenoid

pilot valve or a secondary hydraulic pilot valve.
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2. The apparatus of claim1, further conprising a

renote operated vehicle that connects and renoves the
whoma/oigeasn t he nodul ar renovabl e bl ock of secoPdEUS2006/030288

fl ow control conponents to the secondary inlet of the

i ntervention shuttle val ve. 3. The apparatus of claim

1, wherein Iar renmovabl e.bl.ock of se

flow contr o{l’ \éanf§ladlgnlprv‘{ Eeéngm d*éptél&tlloaﬁgpprlsé/s a hydraulic
inlet t&QBUP)funEﬁ’cl)rV &lec‘[’ed 1018 IRPRsHRbLConSIstifg 8f AMhkar WAEHHINNa shear ram

t he nodul ar renovabl e bl ock of secondary flow contro
close, wnmmmp@n: aipiph eam elosp rangarulanyeabonress an amubarsed) ofqsgyg riser
connelyfif oot B GARhES ol o fufBhi:- O AU GRAY BuldkBiid ive close, a
well rée@gylo@exgrandam@buaﬂeynte}oﬂbsdnat ion thereof. 5. The

apparatus of claim4, wherein the pi ot valve is a

ydr aut & pihombRatotammb s BB pomisip the inervention
shuttlég%%%e;ér@ thD g oAB Bk ké}ﬁ‘&}agfé ISR sé&ﬁldﬁrﬁ‘ﬁ'&if dbhitdl cofipBherftPvia a stab

unction selected fromthe group of consisting
type cofinegtishear ram open, a shear ram cl ose, a pipe ram
open, a pipe ramclose, an annul ar seal open, an

annul a ? oS e alrgg !%Spsa?aty é&g’lc . ﬁfvx?}%Peqﬁtt rse%’lﬁﬂﬁy fudt fo? fle dlnterventlon

connector cl val ve ope

shuttl€@dv¢ BlharBpiped & Dseb type vehdecti@erdceiyeopen, and a Wel I
reentry close. 7. The apparatus of claim1, wherein

t he hose copnects to t in vention shutt al ve, .o .
g a1 R A lﬁh%fcoglé’&léwaérrgluﬁ@v&f destinations,

1 8&h RMos8 ﬁl&et from th
o QRS FPRIRL o YR € 0RAGh e ot om

modulaheemavablevndoki afisesindatyl fow adntewl cemperahtyiopay one oﬁt}@tpém ality of

nection receiver. 9. The apparatus of claim1,
mterv?’ﬁ?’(nﬁg}‘l&fg Y¥Psing a plurality of destinations, and a

corresponding plurality of intervention shuttl e

val vesjowhemae ﬁpﬁdﬂﬁub@&ﬁaﬂﬂ%ﬁﬁﬁrﬁnﬁﬁﬁﬁd drancere qbuilrrﬁnry flow control
renovabl e bl ock of secondary w control d’i nﬁ nt.s
compensniri§ CRECis! 12 h@fﬁﬁlcﬁ?‘%ﬂl .cwr%wo FPRPYERE Pohaliyqf peimary flow

contro\f%lxlgénen%sorou’zga% ?tg/tﬂ)?d tinglidlsm 9, wherein the one
or nbre primary frow c

ntrol conmponents is connected
to a first central control pod conprising a plurality
of prihry ﬂho‘appmatm of cl@mn%,cml@mcls theeneeat meyegrimary flow control

comp rllelﬂ{sﬂls Icéﬁhected qg gtrﬁo Alar PlRovable block and a plurality of other primary flow
control components are connected to a corresponding plurality of modular removable blocks, and
each modular removable block comprising primary flow control components is hard piped to one

of a corresponding plurality of intervention shuttle valves and destinations.

12.  The apparatus of claim 10, further comprising a second central control pod
that provides redundancy to the first central control pod; and
at least one additional modular removable block of secondary flow control

components associated with the second central control pod.

13.  The apparatus of claim 7, wherein the modular removable block of
secondary flow control components removably attaches to a modular block receiver that houses a

stab type receiver connection for connection with the hose; and
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11. The apparatus of claim9, wherein the one or nore
primary flow control conponents is connected to a
wo@aloars7s enovabl e bl ock and a plurality of ot PEF/US2006/030288
primary flow control conponents are connected to a
corresponding plurality of nodular renovable bl ocks,

T ow cePoT e 3EmBRaRY BReE oRPE LTSRN Gl gt s removable

from 166 e e BlicR gedelivet alithbyt iafertupting ﬂlel’phlnﬁiﬂy gbutrblie. val ves
and destinations. 12. The apparatus of claim 10,

further corrg_r|3| ng a second central control pod th
provi déé r edOnaBREFuE 6 ¢lpi 13 mterer Hhersiab fasﬁchswerp%mectwn on

the m&@@ard oéke@?eflv&rf@r mbfﬁdﬁ%lth RHLSLs JrRARMARL %eMchQﬁre@flon in
secon ary ow control conponents associated wth
relatiggoarsda feot.ral control pod. 13. The apparatus of cI a| m
7, wherein the nodul ar renovabl e bl ock of secondary
flow coptro ent t aches . .
modul a § bl oé‘ﬂg é&\l}%?% %1%15% tﬁmsléérsc%én ?sgx% gec?ronlc multiplex
contrdl@g®énder connection for connection with the hose;
andt he m)dul ar renovabl e bl ock of secondary flow
contr ol nents is fenpv I ron1 e nodul a
recei véé n%ﬁsappqrwwf tpm ﬁ% whsgeip th ?C;tromcowfﬂafpececontrol
tert franspAfonfl 45 10 prfth & Pl oWAGHE A [HE3e8S A NS flow rout
SYSe recresl:i—jl\%elrn onn%tdt |§on orn K go baook reeoerlﬁve}I l? oW route.
connection with the hose |s orlented in a vertica
di rectildn i A fledstppy apparaiussamprisiog: 15. The
apparatus of claim1, further conprising an electronic
mul ti plye ] i
15, wh eAr u&?%ofoﬂr e} ?ﬂg[fr@ Q&‘%ﬁ?@?;}@%@@ﬁ% Q%Pﬁgip%bgihg]plurahty of
primaty A6wS patites] toyhponére gms,t aesortebpormlﬁﬂgwjﬂm_sahf)} off ieltebvemtion luitte valves,
and the secondary fluid flowroute. 17. A fluid supply
and a gofsesPaRdiag p@aﬂgypéfiwgnawrﬁ; urality of primary fluid

flowr Q@%l@&aﬁlg %Ecdnﬁ?ﬂyqﬂﬁd Aokabhe TRl rl])‘}g Qe sé‘iébltécit dhe¥f the primary

primary flow control “conponent sets corr espondi ng
flow qohtroladaniponent setst ard/@pkuden shuttl e val ves, and a

d I t f dest t | ect abl
Cecondary. 1 PBRP PR SohBY salbted 86 oot od

one of the pdiARMEntibRYMBOVAI0E cGREPOMBAS tSBE BypABH primary flow
i ncl udes a nodul ar renovabl e fl ow control conponent
controd gpmponent set, and
a selectively attachable and removable hose connected to the secondary
modular removable flow control component set and the intervention shuttle valve corresponding
to the bypassed primary flow control component set;
the destination corresponding to the bypassed primary flow control component
set; and

a remote operated vehicle that connects and removes the hose from the secondary

modular removable flow control component set to the intervention shuttle valve.

18.  The apparatus of claim 17, wherein the intervention shuttle valve

comprises a primary inlet, a secondary inlet and a shuttle.

19.  The apparatus of claim 17, wherein the secondary modular removable

flow control component set comprises a directional control valve.
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the intervention shuttle val ve corresponding to the

bypassed prinmary flow control conponent set, and a
wa@elgotdevel y attachabl e and renovabl e hose conPET/USI06/G30288

t he secondary nodul ar renovable flow control conponent

set and the intervention shuttle valve correspondi ng

to th d pri £ : { satl:
e ed) hatROmPRGH Pkt T SRR e RORS thadfhcremovable
flow coh@W coaipohént seORPRBEIYmHRES cafsbnents 8elbEted GPET tk @ebup consisting of

vehicl e that connects and rempves the hose fromthe
a manifeldamersiie regaionanepBvRBIos ANiohVelBRta R0t PEspER srauld@; and any

L dGelopEervention shuttle valve. 18. The apparatus
comb%?n cf{]taleﬂr%gﬁl wherein the intervention shuttle val ve

conprises a primary inlet, a secondary inlet and a ]
shut t | 21. 19Thd hgpaagipaobtlein 20, vdlewimthepilotwaveiss schendary solenoid

., .. secondar dul ar removabl.e flow control conponent set
pilot @t poatonday ARG AT K 1 ol val ve. 20. The
apparatus of claim19, wherein the secondary nodul ar

removappe firawasmnitiobf AGRPDT) evierdie thefdestim@ion conmpriseashydraulic
) conponents sel ected fromthe group consisting of a
inlet t%g) g

Qlfuncersiented freguhagionp oheonsistingaf & hear amApessa shear ram

lve Ll ot. pr d ] I.ON.
ctose, 3585 ap o, by LETSIGE, SR Gt o0 T MROTLAIN O
conneptiot openy alriger dommectsed osed a fiyidswnenbyvalvgopent a daldenool walve close, a

secondary hydraulic pi]ot valve. 22. The apparatus of
Wellriqnél‘ﬁ’rﬂpil?’,“\aﬁ‘e‘?’%r’f?e{’ C¥&Stinati on conprises a

hydraulic inlet to a BOP function selected fromthe

group of comgi sppdfu®bf clain N AhekARIRIIRRe cnrtbRaAb tHeddtondary
cl ose, a pipe ramopen, a pipe ramclose, an annul ar

inlet of ¢lael intepeemtion shuitle yhlae andthie se¢andary modulazgemenshe dowrcontrol

ope a. ri r nect close, a fluid control valve
Comp%%gﬂ%etglafa} %%jty%gﬁ?lﬁ%lcgé%l ve close, a well reentry

open, and a well reentry close. 23. The apparatus of
cl ai m 28, wiihe eppurathe ohdsien 2R wieedis thexset brelaseimdatdéithe intervention

inlet, Qf the intervention shuttle valve and the
Shu“l%‘é%llﬂ?ﬁi”g}a?i ABad i3 SR BIS £BNECHPRITENREr ol corponent set

via a stab type connection. 24. The apparatus of claim

23, whesei NThRepSASRNERENIn 1Y, 8¥hedfin tReplivali8f ¥EgHrh@#H flow control

component sets are connected to a first central control pod.

26.  The apparatus of claim 17, wherein each of the plurality of primary flow
control component sets is connected to one of a corresponding plurality of modular removable
blocks, and each modular removable block is connected to a corresponding intervention shuttle

valve and destination.

27.  The apparatus of claim 25, further comprising a second central control pod
that provides redundant sets of primary flow control components to the primary flow control
component of the first central control pod; and

at least one additional secondary modular removable flow control component set

associated with the second central control pod.
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shuttle valve is hard piped to a stab type connecti on
recei ver. 25. The apparatus of claim 17, wherein the
w@bawakdery of primary flow control conponent SBCEHUS2086/030288
connected to a first central control pod. 26. The
apparatus of claim 17, mherein each of the plurality
of pri Iow contr nt sets is connected t
one’ of . LorREURBHIHAR A FEGPeBrIeRF Of BirauGhjeption shuttle
valves k&k@&}fﬁpouﬁﬂ %@@%ﬁtl@ﬂiﬁh&rvaﬂmuﬁmmﬂﬁsﬁfg@ fifst pAMABCInRY a second
to a corresponding intervention shuttle valve and
primanydslel, pdirsteacorRiary Mivs asspendsecendsry wieki afistshuitly, gsesond shuttle, a

N ec aI control pod that provides
gﬁeﬁ?@%ﬁﬁﬁiﬁ?gg@?i ?ﬂgiﬁﬁgéé “fl ow control conponents to

the primary fl ow control conponent of the first
cent r at9.conThedppacadys ﬁmdialthZ’»L ezhsxtelmiﬂne sexdnhdanyanadular removable
secqndary nodul ar nt. set

t
flow oG5 G RPLBETSEH DAL L RIS P AT B HPFGIEPSE B8 HOpRs o east
one stel?ogt?gé f’etch‘i%eloéorﬁlle&idﬂ ef coﬂﬁ'@@dcﬁ' WitlPfiR Hoke;mRAe of the

vention shuttle val ves are corrpound i ntervention
shut t | me\sacmdsryeacctularcrmppvadqlm@ow cpnirglcoprpionentysel if rapovable from

the m@uBE RS Bl o Bher i PErEFET AR ulel Cong™

shuttle, a gate shuttle, and an outlet to a BOP
functism. 2%he dfiRrappel ddiths290whetedn the28ib ty\p‘ﬂereeéimelt dmanection on
secondary nodul ar renovabl.e fl ow control one

the qu@}?é\bgwkye%wméwnpw@nﬁegmhsﬁom lpexorted & g usrte adt‘fecﬁon in

| east one stab type receiver connection for
]BMHOHgﬁggé%?%ETMAth the hose; and the secondary nodul ar
renmovabl e fl ow control conponent set is renovable from
t he nodilul ar The eparatesef akdm 14, frther compasing pe elegiremnie multlplex
rimary flow route. 30. The apparatus of claim 29,
cm““ﬁﬁ@ ®*n the stab type receiver connection on the
nmodul ar bl ock receiver for connection with the hose is

orient &gl i NThe ¥gfaratGabf daifreXY, indRrdim theadl@tronit huoltigleseantrol
floor. 31. The apparatus of cbal m 17, WE rther

systeng, aRsDRESPHY inpgralcs dier IR Al O EQui apd s seeqpdppifluid Slow route.
The apparatus of claim 31, wherein the electronic

mul tipkex cayr gn&;rd? hulRREE MplPapaaha Yol ¥sd \ﬂiﬂ@‘gﬂi ah@swhiBEBOP

primary flul [ ow route arid the secondary fluid flow
systent, Gotgrising:

a modular removable valve block having an inlet connected to a hydraulic fluid
source and an outlet connected to a valve block stab connection;

a plurality of intervention shuttle valves, each having a primary inlet hard piped to
a hydraulic fluid supply line, a backup inlet connected to a backup inlet stab connection receiver,
an outlet connected to a hydraulically operated BOP function, and a shuttle;

a selectively engageable hose having a first end removably connectable to the
valve block stab connection and a second end connectable to any one of the backup inlet stab
connections; and

a remote operated vehicle that connects and removes the hose from the valve

block stab connection to the backup inlet stab connection.
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33. A hydraulic fluid supply apparatus for use with an
underwat er BOP system conprising: a nodul ar renovabl e

wQ adovmidsiock having an inlet connected to a hyPCEHUB2006/030288
fluid source and an outlet connected to a val ve bl ock
stab connection; a plurality of intervention shuttle
val ves,, eac Vi
el aute. 1 EOF AEORRT o HEES Y Bl ARl E b I Pyapve block

comprises a diractkatl tatel valvab connection receiver, an outl et
connected to a hydraulically operated BOP function

P2 IR L e ORISR By ve ok

furthe® &cﬁﬁpﬁée@ e&ﬁgbﬁﬁt@g&%@ea&fﬁﬁ@ﬂﬁ #66b SRRRAARE BPA ﬁlahﬂ‘ol@rﬁfessure
one of the backup inlet stab connections; and a renote

regulatqyesrnacsdmuditire b pilotwalvec o pietqiressaredegdptov.amdiang chmbmation thereof.
fromthe val ve bl ock stab connection to the backup
i nl et ab c ' oy
e 352 THERGPENOF e yaThS AR IS L Pt pocvav
or a helirb@itd pitsoablveont rol val ve. 35. The apparatus of claim
34, wherein the nodul ar renovabl e val ve bl ock further

gggﬁ{ IS ?S ¢ %BE ggfgg%fi; (!da?l%{, ggg{}{ege% b@c‘jqu.g ’E)IFP stah connections are

house@6f léqwe%e@ blat@ai 410 haNBiN&s toFhdPbd Rbip RI&STFYREintervention shuttle
regul ator, and any conbination thereof. 36. The

valvesppar at us of claim 35, wherein the pilot valve is a
sol enoid pilot valve or a hydraulic pilot valve.

The ap gr at YRe gfy%a%tﬁé gﬁ dm X\Sh%r%é? Cgl%%hyl?lé aﬁl aée‘il@}p hydraulic

connec Ions ar on a réceiver

sourcdhbiis pelpeiik el warddembaaiiy pitichled to oiie dfithe bﬁtﬂ@p\nelat dtahnconnections.
shuttle valves. 38. The apparatus of claim 33, further

conpri ener enc hyd ul.i c .squr that is
sel ect 3% ely ‘}Bﬁ aPRaL % %a JehEn QIE? ]gﬁg syflempggmprises a plurality
of prngﬁ’i‘ilkﬂﬂ%v EoMeRN c§1tn§9néi1‘1? B¢ Q(Sdn@@t%d t1o3% firsl BEntAP BRI o d Of

claim 33, wherein the BCP systen1conpr|ses a plfurality
of primary flow control onent sets connected to a i
first ééntr 5lhe @B}?ﬂfﬁtt9$ oqui@lm whekgin #ieB@ B sugemfconipaisen a plurality

I r £ .
of prer?fy %’h e rrtrol c t§éé% n’%@ng ?}){ﬁ&gtei fa g%eg fjaccg)r#]eté%c%ngiglg( %lurahty of
primagy mﬁ@ul@tf reﬁao@@ﬂslé %&F@Qﬂd}l/ﬁb@elﬁ lebm%rima/ry@ﬁodular removable block is

connected to a corresponding intervention shuttle valve and destination.

41.  The apparatus of claim 39, further comprising a second central control pod
that provides redundant sets of primary flow control components to the primary flow control
components of the first central control pod;

and at least one additional modular removable valve block associated with the

second central control pod.

42,  The apparatus of claim 41 wherein one or more of the intervention shuttle
valves are compound intervention shuttle valves each comprising a first primary inlet, a second
primary inlet, a first secondary inlet, a second secondary inlet, a first shuttle, a second shuttle, a

gate shuttle, and an outlet to a BOP function.
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primary nodul ar renovabl e bl ocks, wherein each primary
nmodul ar renovabl e block is connected to a

waeorres@endi ng i ntervention shuttle val ve and PCT/US2006/030288
destination. 4 1. The apparatus of claim 39, further
conprising a second central control pod that provides

he. pr pirery1 19 P EbR o SHERELOE m fRIRPRRG b five blocks

each aBS0H tb Al sepame meddul@blockgcedter tiRasibusen et laakiohe sabltype receiver
nodul ar renpvab) e val ve bl ock associated with the

conned waFATCEBAEoR W’é‘bﬂlerf@Feér?@é. 42. The apparatus of claim
4 1 wWhg Gl PR CerfbyoBR Gt bIbO& drfeRlovaRlkifRitn BR4hddifar block
val ves are conpound 1 ntervention shuttle valves each

receivaomitiidus imemeptini asfovp throwghythe fike tenteel segm gogor therspecond central

nlet, a first secondary inlet, a second secondary
COH‘[TO&H‘P t, a first shuttle, a second shuttle, a gate
shuttle, and an outlet to a BOP function.43. The

appar aj4ls ofh&EAppafbrdlof AMIBY 43, Whefegn ﬂi@@t&ﬂb&fépd REEV&odnections of
val ve bl ocks each attach to a separate nodular block ~ |
the mqdadasiblask redsiiter oy poasedsion vaisthe bpse ase arientgdh i ¢ wertipa) direction in
. connecthon for connection with the hose; and the
rehﬂoﬁg%ﬁﬁg?h?ghnvable val ve bl ocks are renovable fromthe
nmodul ar bl ock receiver without interrupting a flow

t hr oughs.t heThé spplaratendfi chdimod) wheteipthd norduldreemevabigivalve blocks

central control d. 44. The appar,atus of cl aim 43
attach {poieprgic MRt Oak isget s MRS SR AP fiab e ots and an
clectrifR At Makk!lefkectisgel ver for connection with the hose
are oriented in a vertical direction in relation to a
sea floor. 45. The apparatus of claim43, wherein the .
nodul af6.r embhepirararal efeclaimotd Sursher SeMPHSBE g1 plgpigpnic multiplex
r bl ock receivers via pressure bal anced stab .
Controgg&ﬂsgéec'ti ons and an el ectrical wet-make connection. 46.
The apparatus of claim 33, further conprising an
el ect rdhi ¢ T dpparans abritimod6, sytetedmthe4TectBhie raplpinleatcostrol
of claim, 46, wherei.n the .el ectroni c.multipl,ex contro
systeng et AcRI LS MEn I opArgR B e Modh s Bitfepige bRk
nodul ar renovabl e val ve bl ock. 48. A nethod for
provi diglg a backupnsue®kt Révilinghdating fuppiybittgdamlic fluid to an

underwater BOP function, comprising:

providing a plurality of primary fluid control component sets and a modular valve
block removably connected to a BOP stack, the modular valve block having an outlet connected
to a valve block stab connection;

providing a plurality of intervention shuttle valves, each having a primary inlet
hard piped through a primary fluid control component set and to a hydraulic fluid supply, a
backup inlet connected to a backup inlet stab connection, and an outlet hard piped to a
hydraulically operated BOP function; and

controlling a remote operated vehicle to connect via removable stab connections a
first end of a hose to the valve block stab connection and a second end of the hose to one of the

backup inlet stab connections.
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underwat er BOP function, conprising: providing a
plurality of primary fluid control conponent sets and
w@20odweas val ve bl ock renovably connected to BCBOR2006/030288
stack, the nodul ar val ve bl ock having an outl et
connected to a val ve bl ock stab connection; providing
a pluraityrpl nfeﬁfoﬁro\f@ﬂ&hqg, REMEL L I‘?:»Jlﬁ/ es ?%I?selecting which
having a primary 1 nlet hard piped throu a prinmary
intervértiondhuottletvable tc comooieht hewtto dagkdtam asifyd fiwml arcofdratbror an
! suggﬁg, a bacgﬁp inlet connected to a backup inlet
SleCrQNGORYATRE ISR and an outlet hard piped to a
hydraul i cally operated BOP function; and controlling a

renot es@per ThethewRAiof tRirh ‘489ﬂi9ﬂh6ﬁéonYﬂr?sir§geﬁ’@Vi@B1%el§Jh%Qic surface
connections a first end of a hose to the val ve bl ock

controk phthe aentivdastviabis bas: ehdsecond end of the hose to one of
the backup jpl q‘gétinsgttﬂ%%ﬁ%&%é IS g?@fﬁolgo??}éégﬁé@@?rngsflve block into

claim48, further =conprisin

an elemtondhmuitipdeyeitiobsystehut t | e val ve to connect the hose
to based on a signal froman operator or an el ectronic

noni t orj ng ste 5Q.. The nethod of cl.aim48, furfher

conpr | S1ng. THETeHoAaT lekb 2 ol Lo erRABIE AR PR TURd ithe backup
inlet stBEBhAdCt¥ALY BndbARK inté@Vehil Al BORRVaRGs bR tHEORAthO MiGvention shuttle

surface control of the nodular valve block imto an

valve il the BFhfusctien, twheteix the dlevr Biroughsheinter§dntiontshuttletviabu forfces a
shuttle:gtlg2&1{2ﬁg‘ﬁ'ﬁlseﬂ-ﬁdg%'Iorlét%:J gl{)e pggﬂn%g I&? Ieﬂ%f thf? gltb @1% g]iqir{alﬁyz Iﬂguf c%tngfof choemponent set
upstrebitofitvent i on shuttle valves and through the

i ntervention shuttle valve to the BOP function,

wherei n_t he LI ow throulgh the intervention_ shuttle o

val ve Por ceshamethodof elaim 44 ciupiheiecompyisingihg siepof gstablishing

hydra@fd th MeSho@flart Iy '
e B ol 8 A 800R B LRI ot i
vehiclg 8 cdnme¢titbe hgsenpri si ng t he step of establishing

hydraulic supply to the nodul ar val ve bl ock before the

step of,contyollin e e.operated.vehicle to .
conect>t he Thowet0ds? Rl U eprBE Sitistiaihg afe) G mauptig the
backuss Giigfstabi ddEnédRNSd 8 BseeBiler PRWILANG t he backup inlet stab
connection to a receiver plate; and )
hard piping the backup inlet stab connection to the backup inlet of the

intervention shuttle valve.

54.  The method of claim 48, further comprising the steps of attaching the
plurality of primary fluid control component sets to a first central control pod;

providing a second central control pod that provides a redundant set of primary
fuid control components; and

providing at least one additional modular valve block with the second pod.

55.  The method of claim 54, further comprising the step of providing the
plurality of intervention shuttle valves with a second primary inlet, a second backup inlet, a first

shuttle, a second shuttle, and a gate shuttle.

56.  The method of Claim 55, further comprising the steps of receiving an
indication that a BOP function is malfunctioning while hydraulic fluid is being supplied from the
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hard pi ping the backup inlet stab connection to the
backup inlet of the intervention shuttle valve. 54.
wab@7medelod of claim 48, further conprising thePCHUS®S6/030288

of attaching the plurality of primary fluid contro
conmponent sets to a first central control pod;

fhﬁcaﬁgwg&hﬂgpgdgﬁﬁond central control pod that provides a
redundant “set of -primary fuid control conponents; and
provi diwidclang hyahsdlicoiewy aditie séand lcemted ebarolyalyve bl ock
with the second pod. 55. The nethod of claim 54,

furtheg,co | Si t he, st f.providing the plurality

of int gez‘v e ﬁﬁ%ﬁ’eﬂﬁﬂ@?ﬂ?ﬂe ggv‘g’gh% ?nglsé‘&%ﬁ gtep PE Rigwiding the
modulaftegiovable SRR Mo IRAGKYS dirétBhal Rnfrbl wlivshuttle, a

second shuttle, and a gate shuttle. 56. The nethod of

Caimb5, further conprising the steps of receiving an

i ndi cat¥-on {hamethogobckin v Frfherscomrisingcthe step 0§ praividieg the

j il i SiRe l.J hefirst . .

modul RO b oS REURR s Eded EO AR opipng of o
manifelt gresagonegubator, nabcaontlatod, apildt vdive, a Pilet prEvedreglilator, and any
Comb.(:IairHé48 further conprising the step of providing the

B0 movabl e val ve block with a directiona

control valve. 58. The nethod of claim57, further

conprising the step of providing the nodul ar renovabl e

val ve bl ock with conponents sel ected fromthe group

consisting of a manifold pressure regulator, an

accunul ator, a pilot valve, a pilot pressure

regul ator, and any conbi nati on thereof.
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