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[ 0002] The invention relates generally to a fluid
SYSTHN AND METHODAFO RAPREVIDIS GAABIDI THTNA D BLHIG WO BT PREVENTER

apparatus ForBonk OBRERLAERENBANEE| WWeRT o

[0003] Subsea drilling operations may experience a
bl ow out , CROSSREFERENCIETOREION TN APPDYC ATICNS mat i on
fluids into the drilling well. Blow outs are

dan s.and costly,. and can c e lass qf life, .

ol NS o TR R tieY clafi ity B R ionddaplicoien sris!
numbens{/b7 8390 Gkl Seprember Pr,eugnt bl owouts, bl owout

prevention (BOP) equipnment is required. BOP equi pnent

typically includes a ' f_functions capabl e of
safely isol ating andTEg:wglAﬁiFr]fjﬂﬁhe formation
pressures and fluids at the drilling site. BOP
f ungao0ans ThaivesinapaRk BencdNy t6 :a(i’ﬁi(ﬁﬁlpﬂy@?ﬁéﬁl laf@hdpdratus and,
operated pipe rans, anpul ar seals, shear rans

more P&E@N@H&&O R hg&’é‘“@‘f ﬁ@;d supRIE pYsked) YK apHRLe I ROBS ed
valves to allow controlled flow of drilling fluids,

and wel | re- eMBAZKESROPNPOF THE IRVENTION, process and
condi tion nonitoring devices conplete the BOP system

il [ stry refers to the B system.i.n
;I' gte g?({(}ng Fﬂl%el %lﬁgg g%ﬁf{a&ons may expenr;:nce a%owyout, which 18 an
uncontrolled flow of formation finids into the drilling well. Blow outs are dangerous and costly,

and can cause loss of life, pollution, damage to drilling eguipment, and loss of well production.
To prevent blowouts, blowout prevention (BOP) equipment is required. BOP equipment
typicalty includes a series of functions capable of safely isolating and controlling the formation
pres surés and fluids at the drilling site. BOP functions include opening and closing hydraulically
operated pipe rams, annular seals, shear rams designed to cut the pipe, a series of remote
operated valves to allow controlled flow of drilling fluids, and well rewénn‘y equipment. In
addition, process and condition monitoring devices compiete the BOP system. The drilling

industry refers to the BOP system in total as the BOP Stack.

[0004] The well and BOP connect to the surface drﬂ]jﬁg vessel through a marine
tiser pipe, which carries formation fluids {(e.g., oil, etc.) to the surface and circulates drilling
fluids. The marine riser pipe connects to the BOP through the Lower Marine Riser Package
{“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 collectivély as simply the BOP, and as used herein and in the
claims, the term BOP refers both to the BOP stack and the LMRP. 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 opefator to monitor and control

the BOP functions from the surface. The central control unit includes hydraulic control systems



[0004] The well and BOP connect to the surface

drilling vessel through a marine riser pipe, which
carries formation fluids (e.g., oil, etc.) to the
surface and circulates drilling fluids. The marine

riser pipe connects to the BOP through the Lower
ne.Ri ser
for e R R bt EhHORY 2L ofkomponens
upstré&ﬁﬂ Jf iC AR bp@itor cantk fuHfaw vesnttypitalifepératesthe fiows opyiolcomponents and
draulic fluids for t %f tlon of the BOP. The

‘hEBQ Cﬁﬁﬁvﬁﬁﬁegéﬁ“%%@“@gﬁﬁﬁ Y& Brred to

collectively as sinply the BCP and as used herein

an d [oeosihe Chriid@illidd® ehéronmBak s[t@ftﬁﬂgedpjjﬁehnbpﬁrﬁtbreo disconnect

stack and the LNMRP. nct ons a
the LGB Do BDT CBREVOVF Bt <0 HH b Ipnchare ebd t BOFfetons
must é'olnﬁiﬁ{thé H@vaﬂénrﬂ,l’h@ Esadiicbﬁlef:tb&l kol at&&ﬁlaﬁ&ﬂlﬁiﬁds\mmlot escape into the
control fluid Khlca , a central_ control unit

envirafricniwgo alnreéff@éhedﬂ@ qod thepmPelb il bbreroBiaied ian pprst g@sconnect

COl’ldltIOLIIln anll % %85[1 Fﬁu&%(fu%‘& t sy-g{éﬁls Q@s‘i’éﬂ@@{o ﬂf&@ﬁtn&s's OPI(EUHI]'O] if one
ef Udes™h l'i'c control systens for controlling

contrdl h@npcaemt Gails. BORIY, luompanem grovigla chilundangyhiyohstilang twa s¢petate

1ndep%1|qg1¥tv ﬁgn%glh?rcgllga G dg)}r}blfte %F S’&cr )(/)nt(licg élPllgsf glée %u%&f fe%rg{o the two
centrab SMHDInNits APEIREFIdSIna R Qe]tob@oﬁ(@nlfy uitcidddnsed/ata tar, with the other
electronic nultiplex control system [0005]Certain
providing backyy or environnmental situations require an
operator to disconnect the LMRP fromthe BOP and
retrigows t ik pBsr aarightdiRvé Qual Reudluidy i rmmby is effectwely
The BOP functions nmust contain the we]l when a

only SN GGHAE bYat SRR <BHIREH BRI YE SHGe fapponent fitre il
SHERYinhIGRE tvell Ie, aRE FepRSR: ThB @riled component.
ramﬂ g&@ﬁﬁﬁhﬂg&?ﬁgt]a wel IH’Qﬁ ebe %gntgfnedgln an up égt ‘
Stopping ddileg dmwe'ate conmieniseiien r,empfalﬁﬁ agBajpryf elgpvipe Pﬁtqd@a‘émgmﬁcant
[ ;Lo prevent loss of contro
rmmmFﬁo%ﬁ%ng 1n£§ms%ﬁeﬁ?%:alls Usual | y, conpani es
provi de redundancy by installing two separate
i ndef@ndent Fgéat, vdikn the BOPGS atul tusfageotegiing yhréoug fynctions typicalty

critical co T t
reqmr?meaé%’lgtﬂ?rgﬁldgg 8 Wne& Onﬁfr?])l es]gglg ag@(ﬁju%% bgeak(ﬁ%& A
conneP@fs aldvksyopPdteun P Cor IdSma@Eitdthatzormettlonﬁﬂ,eqmmtgremlm:emgmmsd possible
provi di ng backup. [0006] Wiile prior art systens have
- downigpg| redundancy, this redundancy is effectively only
" safety redundancy but not operational redundancy,
nMeanjoees) t g aTlllelﬁn&iisﬂﬁ hexde o sipphertliatlaiahdicst affettivenetioid teprovide
stopping drilling operations, n
added gefendapgy agd iprryert HEPlrEH Elack B IS %ﬁ%n% ﬂ 3@{% B%'%a HP’P[SF Siepggomic,
and oStV SRIRAS G&%Hﬂg Eﬁb%emél%n&&%ﬁﬁﬁéﬂt Sn@tctp @hd @athtaBing the
service period significant revenue | oss for
equipngimt Whénrigyis on therstidacer s and operat ors. [0007] Furt her
when the BOP is at the surface, testing various

functions typi gRIEFYSUMMARESFIHERKVENIONeaded
connections to the BOP function. Mking and breaking

thrqgeipg c Oﬁﬁs&&in@m ofthd HUSENORRAEbLFTbYYe mfnpfbamgahdscband
t he connecti on, gU|r|ng repl acepent and .possi b E
appara@s TP YHEE redundancy to uid flow components via alternative flow routes. Embodiments

of the present invention allows for safe and efficient bypass of faulty components while allowing

continued flow to and



[ 0008] The industry needs a sinple, reliable, and cost
ef fective nethod to provi de added redundancy and
prevent unplanned stack retrievals. The industry
needs a sinpler, econonmc, and effective nmethod of .
control ling subsea well control equipnent and testing
and mai ntai ning the equi pnent when it is on the

controlsif fifrati@ns. BRIoERBEMIRRYraSent THEntoNYENT idigrated into various existing

0009] Enbqdi nent.s of .t he present i.n i n i G
tlow e QURA Gt HOE KRG S rae P TPl
to fluid fl ow conponents via alternative flow routes.

Enb o g nt/ecafling eanpisps-eotthé prosent inentic, h BAP ffugt sugply apparatus

and efficient_b SS. 0 conponent.s .Whi |l e .
compgt B AGOw T HB TG £ L SR QT PBIY Dy o s fn the main
sourcETRO@L R HuS, R oo @ pRMES RMpbRVMERLik DR iCardiag a BOP function,

integrated into various existing flow_ systens

through|acfire ralkyp, tereahrasespnd &olve: ety hes, ©rtbmBOY Bmﬁ?%?llﬂ*é‘%rscondafy fluid
flow rk%% %?18%8 Iﬁiﬂfl Lk &R hfcﬂgfﬁ@ %ﬁcﬁﬁmugh an isolat_ion[v@ﬂr@ _ngidly attached to the

rding to an aspect of the present invention, a
BOP, B@Rgh b pilal-operpiet] yalappgdlatatischebiophd B@B thropahiahosyigmerbhf

' hydraul i.c fluid, a, BOP cl ' i de:f ] .
comertfie By vie® puth Tt S8k aa B ERYR0h finid, i e
seconﬂBd&j; ﬂ? Ao® rfuté BpeyeChapiney tompskstabagng in cppetieg tha §O& function

unction, .fhrou first valve.  through a second
aﬂdﬂ@éﬁ?&?“ﬁﬁépﬁﬁéﬁs%6“%&8%%@¥p?ﬁﬁ%?%%ﬁppgﬁﬁgggsecondary
fluid flowroute fromthe main source of hydraulic
f 1 ui gho11]hr OAGEBmABmb&Hhad:, @fernvadly eperitgl whigledROX) ey depdoy

th OP [ - i qi
S oul con g B RSk ot Sl . e s e
has ar’GMHEGS ?sq{aﬁi iRd3ha BOPELNEDR, 128 iR dBRected 11206188 shili valve, and a
second valve, and to the BOP function, wherein the

secondzay et thayis hardipiped from arengiver plgtpdausiog not! Pov. i sputtle is in the
onent assi st ' j '

o PR PGB 44 b HELBh4 1 AR, By 3RO ot o

the ouBlpE WAL Ebdckep BOPisfintrodtided into f@0dthiy inlet thedluifboel theshugle to the

a_ renotel ' ROV) '
actuated pos{{i?)n,elsc}fati(r)lg %{eap}ﬁren%ryvilel e![ gnldeallgwmg oW OXIyq"reoBl R secondary inlet,

[0012] In some embodiments, a BOP hydraulic control system includes a blue
central control pod, a yellow central control pod, and one or more spare functions that can supply

fluid from or on behalf of either pod.

[6013] Independent and/or redundant control over BOP functions reduces downtime
* and increases safety. Embodiments of the present invention are compatible with a multitude of
established systems and provides inexpensive redundancy for BOP system components. In another
embodiment of the invention, control over the spare function is transparently inte grated into an

existing-multiplex control system, allowing an operator to control the spare function using the

* existing control system.

[0014] * The foregoing has outlined rather broadly the features and technical

advantages of the present invention in order that the detailed description of the invention that
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sel ectabl e hydraulic supply to a BOP function that
has | ost conventional control. The shuttle val ve has
an outlet that is hard piped to a BOP function, an

- wdYoedoengnect ed to another shuttle valve, ang-dusnosnresra
secondary inlet that is hard piped froma receiver
plate. During normal flow, the shuttle is in the
normal flow position and fluid enters the primry
folioywpmay babattef kuslarstendo Urrdditional fedtutes kel sl errigen df tatnvefition will be

Let. e kup. f | §..lntroduced.int
descr B8 B SRR Rk P et bE B RR 4L Prpopee
appreatateddtyelbsp elsiléd @nhe ars thadthe Behckfrionand BRLificl srd tin@mbdisclosed

N TET LR R AL W I

same ipB§osEI @8 the phskte in@ntisR! Tt SRRl Ao RAFatiz8d ¥ HoMEIGIRRLA Ble art that
contr ol poé’, and one or nore spare functions that can

such equhiaiapt gangirertiprioda TRt deprrbiaera ke spitit apd seepe pighie invention as set forth
in the[aggél[%]s& a%%e € by @(gfnﬂés &/ﬁgﬁj %g%gﬁev‘é@ H)t lgeoéha@ééﬁstﬁ% the
. functions reduces downtine and increases safety.
invengpib bdibras i s afartitatiop red mathoi nfererdtion, tagaher ovithatiitlr @bjects and

' ltitude of establi.shed systens and provjdes
advarlh P Bk s B S5 B RS st R Brrbete
conncatiat kil the abetiparyihg Gfuitchdt is By B dpaRsly GO sebd, BMeEvet igat each

are. functi oggbi s transparently integrated into _an

of thedignEt ITRIOHETY op e P et PofluipspRd depgriipR gnlyrind is not intended

as a dORBESR &fthd PnkOM (hObrebdieisBRI. function using the
exi sting control system [0014] The foregoi ng has

outlined rather broadly the. features and techni cal
advant ages o D&S@é%ﬁ?l@%@@ﬂ%ﬁwm%r that the

detail ed description of the invention that WO

200'q0m34%5’§ﬂdf§2&9ﬁé@%ﬁ9&&anding of the present invention, reference is

now made to the following descriptions taken in conjunction with the accompanying drawings,

in which:

[6016] FIGURE 1 is a perspective view of 2 BOP apparatus, including a LMRP,

incorporating an embodiment of the present invention;

[0017] _FIGURE 2 is a schematic diagram of a subsea control system representing

one embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0018] = As used herein, the use of the word “a” or “an” when used in conjunction

" with the term “compriéing” (or the synonymous “having”) in the claims and/or the specification
may mean “one,” but it is also consistent with the meaning of “one or more,” “at least one,” and
“one or more than one.” In addition, as used ‘herein, the phrase “connected to” means joined to

or placed into communication with, either directly or through intermediate components.

[0019] Referring to FIGURE 1, one embodiment of the present invention
comprises an apparatus providing operational redundancy. In the embodiment shown in

FIGURE 1, BOP system 1000 comprises BOP stack 1001, LMRP 1002, intervention panels 1003



follows may be better understood. Additional features
and advantages of the invention will be described
herei nafter which formthe subject of the clains of
éh% invention. It should be appreciated by those
WERPEE i n the art that the conception and BpEUPIIPR076974
enbodi nent di sclosed may be readily utilized as a
basis for nodifying or designing other structures for
and 1004/ ¥eYlow o U D03, A8d BREPoP UOGHO S8 Sypadal bi@atdh EBRIdulic fluid flows to a
invention. It should also be realized b¥ those o
BOP fupgtiop i 4 piipaqe figpiropth Shat 81y medlgicompeinntscaistss eimpbligited to,
valvesd@ip@OhodERANY, cbfRBtdR earﬁ]ﬂhé'thltmcﬂ&qoﬁcﬁg@ cBtrd Bctions include, but
i nvention as set forth in the appended clai ns. %ﬂe
are nofigpistd tethe apasnasid shhsmg et bafiineically pperged pipe rams, annular seals,
AE ISk . L NV ' hot s.to its
shear G MBS Il RS P B0 e RS R W8 T s fow
of drilfing fithids, aobgreohsecantnddwdint agag eqiphetie bet t er
understood fromthe foll ow ng description when
congj ed_kn_connecti.on with the.acconmpanyi.n
fi gE‘r)(g@ﬁ ?;F hlllrg Rl L TR SN AR N T fnggtbﬂ,n}/sﬁgag‘?/%frc,onml pod
1005 ot h6d6 thadhnafbative ubiagtur@ing it thp Hesserd ethehdn hLreRuitPASHHing

.. Of 1llustration and description only and i s not _
crling SR @ SO P CTIOR P CEHE: FHES et b camponent n
the bluk BY §&ltowodbnirBdao rSGRER T &Mt ol e PRAMINGS 1 (0 which the

0015] For a nore conpl ete understanding of the

control{oEPeRent coRRSReRAS il ngt ispromd do narmabeprimansts (for inyignce, an annular

i1l nok Qe QWG 1 RS B | [T | F i
will n hoc (t)):’)rp é‘%%ll HE o é{ﬁ gn%)lgl?ld% ﬁ]%\%ﬁ?t{gﬂ pB&’Q o a}%ﬁ% d {or}ﬁe various
BOP hmcyREWwhich sneanpbnsipet ¢onponemwn ofnti] BPLG9P pa il 836Usils and must

NGl udi MRP, .inco ting an enbodi ne of the

be reps B, 6 b8hc B bF GO RAEP by S BRRR B g Sndel Bocrs
controlssheR@Pifanctbagicam @fis BmiethsLau@0REED], “IsyShi@sa” or “hard piping” or

ST TN i e .
or not ASilHRADVEEHLLNROMIETHASE s@hifl-h BABIPe rifidlyUonnddiEd BABBnents are

used in conjunction with the term"conprising" (or .
more rghgpieg % 6‘?‘@% forspfg Fag ryeulyony easensa p Agliag eagriqrvennot or will

not ope?RE Gith 0B RI @Ry iR PRAR] pOd €ThysP e Eailide dr $n@lcid onent of one pod

& °r I b p
consistent wth the neanirng of "one or nore, at

forces 4 gralbivg oprsationdn dtop o ee embpdiment dfde waeent inkentiad divércones this

d rei.n, the phrase.'connected.t.o" ne . X
problef i UG SRR bl ol SR ST maf TR gpoons v

spare futictiewstihiyg@tedtifto eeghOPNt er medi at e conponent s.
[0019] Referring to FIGURE 1, one enbodi nent of the

pre i pvention conpri ses an. apparatus provid
opeﬁ@?#]on tﬁ? %‘E?Hﬂ%icaai@‘."rel‘% aﬁ?é’“@ﬁ%ﬁﬂ‘fv RURE- 2 PROTHR fpogv route
includebh GdREfuheti @O 19Y #he DOk MaPE-up esn Btk kiaGHKetiba @at is rigidly

LWVRP 1002, intervention panels 1003
connectem the %OP. The ngid, non-removpable nature of spare function 1010 eliminates failure

I

points and increases reliability. From spare function 1010, the flnid flows through components
including hose 1009 and into an intervention panel, which is hard piped to the failed function as

described below.

[0022] As shown, ROV 1007 is connecting hose 1009, including hot stab 1008 to
an intervention pancl 1004. Once hot stab 1008 is connected, regulated manifold pressurized

hydraulic fluid is routed to the function corresponding to the stab location, allowing operational



WO 2009/ 039349PCT/ 1152008/ 076974 and 1004, yell ow pod
1005, and bl ue pod 1006. In typical operation,
hydraulic fluid flows to a BOP function via a prinmary
te that may include conponents such_as, but
‘Vé%@&h% ted to, valves, pipes, hoses, seal sPCH/US2008/676974
connections, and instrunentation. BOP contro
functions include, but are not limted to, the
redundpenamihvalithgcdoositing. GOV oI amhd deplokyhap @084 &6 BhiRt it or
. rams,_ annpul ar seal s, shear rans designed to cut the
discongpat ¢ from @tgryeagiop pancd iR kord 98 aROY QY wey besperpicg from the
surfac€ Bk b heshddQWo ol nflf bk &Jf&{ﬁ&)gﬁ'z{ﬂﬁh&?bﬁéﬁrﬁhﬁ §fecific connections or
. connector, and well fFe-entry equi pnent.
disconnengippg based pryinguigirorya infuliipied emmtiof syaey. one of t he
conponents inside of control pod 1005 or 1006 that is
NOt 1962 e 10401 RAQA Aol BOP FESE L o IUEHEL B R on o
] require stopping drilling and servicing t contro
ntervangen plates d F0Ters084.avhich teofporan eynnestive ncanmea tominercially available

[ l.ue or .yellq ont rol d,.. or .

sob o EREROAE Mot! AP B nLEx R B PR FroaiE g Sl preomds meo
connedtiog posahd miates Olithan dptrackx ciaso Mdserdlly, b stblcof@se ¢hbmPises a

.. normal ~commands ,(for instance, an annular wll_ not
receivdl 5l RSP GO A5 R i e PGP b Py bpiEed
generioMily G a 9B chakeid. ped to the various BOP functions,

whi ch neans that if one conponent in control pod 1005
or 6. fails and nmust be repaired, the whole control
pod T e dn skokedcnalipkrgopl sugem ( GMUX") and
an opeRaH of (ROMHAA cRAUBI anlddF nfdiet BOPFuReBSE B hylsulid bR in
. As used herein, "hard piped" or "hard piping or
simple-sensg; the YLE6 Aty BaPperaidrae sontl BOF fnnctionohp Brenshsof tattans or the
like. FBSSQR ' b 6] for9 i
o F R S 20E S oL T P 0% SRL TRORH o B Ml an ctronic

commaniid shizyal deriydoinbd semp ondodeshaareuhor i soekicabbdimehn, the present

. addi.tion, for safety a equl at or easans, .a
inveni G blefieeg 1 o B AP oS Riohebt BiaPTeu et tgecup
hydranbe byppDiren \be clinfgndaityrthd pbaf a batksn. 18 afl@iibl) k6frwire @Aallow the
. onponent one pod fqorces a drilling operation to

SWItCh-E?Eg%‘?n (ot Yoloid 1 OWﬁ%bi)Fé‘kgéﬁPntilﬁ#@EW @Rerator pushes the
same bRYSH 16 @BEfol lalpaficRIP RInBHd Ah&HR TS ok Hldkﬁﬂ £10% used.

provi di ng sel ectabl e backup control for hany BOP
funftigns via spare functions integrated into the
popl00251 FIGURE T} glespvs) an) eantiodsmneay atrific grverfiomanglugiag poptrol
system t 160, Pl BB arkt loB¥afi G %)?essﬁz@@ﬁmm{cl 944 FIOWE BomRGHYAES the riser
7 a spare function 1010, which tan be any acﬁ-up or
in line W@H-tiaongh ethier ¢antrel pashl 0Bar 11@3. rAgyhuing fronthenigk god 6102 to

e I Olhd,q. NOR-T vabl tur spare.

coneol o e e B0 1 s o P ERER sEeu BB e f R iowe
cquipmemg| thaib itridgh IinErl 004 spiavadvel 11061 o @mctibd 0107 he fluid

flows through conponents including hose 1009 and into

an j rventiqn nel ..which i.s hard.piped,to the :

£ o {0058t (AL CrbaBROS ot by SRRl Duapgs operationsn
redundahsy bhomvidiO 1@ ddsoumapEbYdragicintefrdN 0 pare Tedcudh Agidly

t 008 t i nt ti | 1004. On hot
stached ign® bty 0o st Bls i g 0B RdA N, and Pipne Fom vatve
1109 toprfafdion] F6ge-Aieeau the cldndba ialfhRebe of he plib&nf 1acktio foute,
responding to the stab | ocation, allown

cor . ( g
hot stabglH88 seld ke Forngged sUbe eSaTPE PRSI0 HBY BF flgiisforces valve 1109 to
shift andl SEUAORAE Yo A ( ABOPFHNLoH AN 11T8ss0Ba 1997 rl]lg M yalves 1106 and
: depl oys hose 1009 can connect 1t or I sconnect it
1109 caf bg mviariets of emwrovel yraneich 200 sShuttie %064, ROV 1007 may be
operated fromthe surface by a human operator, or it
may be preprogramred to perform specific connections
or di sconnections based ongi nput froma nultiplex
control system [ 0023] Hose 1009 connects
to the BOP function via a tenporary connection to
intervention plates 1003 or 1004, which tenporary



[0024] In sone enbodinents, an electronic nultiplex
control system ("MJX") and an operator on the surface
cont rol and/or nonitor BOP functions and hydraulic
(ngﬁ In a sinple sense, the MJX all ows an operat or
WQ g0¥BHPt 0l BOP functions by the push of but PERISYS076974
the like. For exanple the operator closes an annul ar
by pressing a button or i nputti ng an el ectronic

conTpoght orisitdaal sh fekéblyswe%h%@omsd:éaﬁﬁﬁ réglﬁamr 1104

annular. In sone e O I rren t he present 1 nvention

- and lepds tp walag) | BkOaaiqlytiachad toxthe Bﬂ?g thhtcalpbfea@ xstylsiu@maé\{merable by

an Rogvgﬁfmn S dklg{aﬁeq;glvgg% ﬁrfev?‘ﬁ Wgﬁ ﬂnl«u; %ﬁ%fﬁlﬁ?@% ﬁI’lt nce(i%ﬁ Flow

throug oblved L E0 lpads talvhlgw! t He whivhtledds iebase @000 drilwahydrindiy sindls from
e BRI LR A TSRIARE ) bR T1E 1
spare zfndra:aﬂi bonsedheiitiftvaRen MHl wahpRaedgutdl fNd MeRGh hose 1009 to stab

1008, [0025] FIGURE 11 shows an enbodi nent of the invention
|1?18 brgiregeRbTe 1y b sk MREgnoyiedsspate akbralage mounted (SPM)

valve ARRIGEy Dbt stlb 8SiSAtid ZBELaBNIIARY 6 mbbidnfl a&l, f
%urfagg via the riser in i |ne&f10§ t hr oug &ﬁbﬁﬁ%ﬁh;mggop

apparagis npief) faigses arg olpmigpted 11@@@ re&gblmpwge 61 epratinn® nehingrody is
providdd 02 to control a BOP "open" function, the fluid

flows through regulator 1104, through various

equi pnrent, then through line 1105 and val ve 1106, to

fu m{g 428h Thos when a failure occfuBOthe ROMN eanebie dientiyitg hd hjriraulic

h wn_a aver of at i naI
o580 IANGRSA SO0 Y s R0 b
1nterveh§mm‘ Wbl 1008 low il 604 ibcaredorstha L AR RIGCBOP Btati. 9T }d:l hbt stab now supplies
tt ach to.the BOP via_ hot_s 008, p| an
e ny Gy R RAR R LR SRR T BRAGPRY OifBallve PEOY g on te
BOP céntfoll pé‘ﬁdl B surfaQk isakeRbed Jith tHREFuRYBA Y Ry Rntrols. Thus, full
mal function of the primary hydraulic route, hot stab

operatigpyh geupiangy bePreirere allesting sontieed Apestingof ABRmSHeRsl o0
that the fluid forces valve 1109 to shift and all ows
f| U[(ﬂ)ZBP fals @MePiInBEBURENLL, iR, Jté&l%af{ b@pR$RILE bith Sundancy for
w pi pi ng, Val ves 1106 and 1109 can be a vari ety of
both bk v%ﬁd v-‘éﬁH\?é’s pody E2a8d 416 LE'EIMSevaMl W3 corggements valve 1110 and
hot spa?copﬁlﬂrqg gl%g?gt—g/ ﬁg@@?j gg@%? é?th cfses.a shu LQIQI%%%I }Iggm% 1116,
backup s te prefera egi ns ovvns
respectively Ioaotbcr sll_r.tﬂzle ayide nedatstet ﬁowats bawtﬂnl(hy e tmﬂi‘ladelttﬂy valves.

AtouFo b PUCER, Rl BB bo e B o RREnE Poomis and o

valve colnplenghtatyne vhae KUDI, canb@ndhntrdrh taage@wnbttaw dfRaBYIN 10 and

val ve 1110 Iead to valve 1111, which | eads to hose
1113 torgpsite ssrprghh %;%at? et We‘%fg‘ iegiTa PR intgrysntiep aims! atabdpetipn i 118,

which H30 BssbEikilet Gadh if M 1199%nd 1510 “ﬁlmra?@sﬁﬁhﬁb)valswl:'&ﬁ@%nd 1109,
hot spare 1112 can act as a hot spare and can be use

respectivglys didditiopal hpk spric nackeges appbs/addedyshelt efavifithugan belersoytly
control R $@ B0 QbR St @b 1008. I n one enbodi nent, valve 1111
is a LMRP-nmounted spare sub-plate nmounted (SPM valve
piloted by a hot stab sol enoi d. Because all key
con983@nt Borgach fupefical pyoviflsdedith Opqﬂlt@ng(ﬁdlaﬂptmyaftlmﬁ intervention
t re bl &.squ
panel, aggl%élé‘f? g’]taflvgs:] af09?aélg I?icpaghﬁl %sgggl%g @lp wﬂl BufiRS! Eac% valve can
be connﬁ?@@@&)] thér hm@'yenmg pagel higing W’ euet dimrsfer ﬁ)fpmgQﬁM](mglﬂ othetibifing can

t he Ie raul.ic _ho ab ho e 1009 | eadin
be used; r%bm spare %@’q@% FIGUPB PR & (ixﬁ eﬁtaée GRERITYCHIE APT 17D
specificatiorts ou gt @harebhfi@inatpan ale wWieH3 tﬂérschIQQﬁ tleQG@n@En ON t he
LMRP or BOP stack. The hot stab now supplies the
hydraul i c output in place of the output fromthe
failed pod circuit. The spare function on the BOP
control panel on surface i ? then | abeled with the
function it now controls. Thus, full operational
redundancy is provided, allow ng conti nued operation
of all functions. [0029] As shown in FlI GURE



WD 20091039349PCT/ TJS2008/ 076974 [0031] There

does not, however, need to be a hot spare package for

each BOP/LMRP function to be provided with

redundancy, and the nunber of hot spate packages can

WQUIYLHBEW as one. This is because it is not PEENEIASNTGOT4

the case that several BOP functions fai

si mul t aneously, and thus one or two hot spare

packae®y Wele Rkt 88, BodveE Geed to be a hot s[p% kage for each

Additionally, the intervention panel s and asSoci ated
BOP/IMRY danchipg (¢ brorrayidedt wish piduadaney.gnd theambsr of 1oosparepackages can

be as fl%%@)ané’efﬂﬂ I LRERNAL L ORb %E e?aﬁﬁf tfl%&l?é {h%p%vgYQfﬁOi’ I%L?HC%%DS fail
stack 1s on the surface, Yacrita I Ng mal ntenance
simultgephdwtanth ghris mge botwrdlioe spdor perkages wilhaftinpulfatee exi sting

connections, which can | ead to degradation and

fail . I tab a connection .

ot JUER1 AVBRALA, Me FERBOPbbeS R BoFPE G dsGo woine o
pipingapelalagsd 0P emd 1 B0 permiotcherivn sEBQP fifnetionswaicRttenBOP &tack is on

n the.associ ated function. . 0033] Thus, the.
the S“@%?&t%?ﬁ“? $ Eﬁ%ﬁ‘é@‘é‘%ﬁﬁ’&hﬂ%@&a nakfﬁrﬁfw% @]sm‘?‘HP‘f]%F% Fating
connedfidhs) HEHRANRE 188t Yidri®Son INEfae] WnGRbia@R chlyRbMesHthe
install ation of a mniml anmount of hardware on the
connecligp &8l RRFPPEIPEEIE FPRFPHITIOB RGBT TeRURIPBItIE Uheriest of efherwise
perfor@@shidtRRa! oPHE 26084 A dRdindancy) even after failure
of a major BOP control function. Wile any nunber of
functi ons can be provided with redundancy, the best
candP B3 e Ihpp thesiyehmrineetsaaiseyndansy 49 efiertdsfintegivoy
inteihc@AaW9dsS i ' RQ  Monf @l :
e A A pRa i R ol s sy ammount o
hardwage pw theisobseo BOBGRadkun el dvo pentinhehoftehtioBGR2 sddiddnal BOBrontrol
rface, .facilitati mai nt enance W t hout havin ,
redund%%?? ?#eél ra?tﬁib ailyte: of ayador B n(%%qtfoﬁ) ﬁlél.c u%i%@%i‘:ﬂyﬂu&ﬁ’ﬁ ot functions
can be peaided evifhaeddndiuadygthe tadt RhRNEGRG EoOshch RFusdintReH RNEkntified by
reduces the |ikeljhood of experiencing. a )
an analils oY RAlHEL T HAReBE P A AGITtonaly. the s g HELaglow for
actuatiéhef POR H8REoAsWIRNthOBORREhck Isonafly aittaAd $2iNaY S REERnance
. described in detail, it should be understood that -
withouphving (e iderayny existing fosnpations. oFs adsldricnrt feptare fasilitatra majygenance
he JRAEe ARIRlnfkelY i joRgndifo o1 -
ot RS, SR AR U RO DR SR Bl i
clai s Moreover, the scope of the present application
i s HWB4] ntlthensh thopigeent invintisn ap its hdvapagesitout been described in
detail, £ Eﬁ%}%ﬂi ]SEEIIHd§rSQ)f dttllila? vRERS SR A e%%iﬁ;%gn%%&ﬁt@ %EgI{SedaI} be made
conposition of matter, mearrs,” nmet'hods an s?eps
herein withamt dépadingnfrarh éhesypiitiand e@pe ohthe Asentive Bfdefindd byahy appended
. ill in.the art will readjly appreciate fromthe
ctaims. oroxtl g Sgpe o SRR o ne g S dled to e
particulaBehibdiRSentBNUE pECHYs Ema @) BShtia0&, &fngMBiibs bf mIR@NSeans,

ne%gods, or_steps, presently existing or later to be )
methody e epsetssivat TpidF FrrcHIcStw t Aheieat oyimane il pthe art will readily
apprecihtd Mohl @B dREILAGELEME pRubatRARLES InYocbhes, gﬁgﬁnéf SiAhdta@fire,

the correspondi ng enbodi nents descri béd herein may be
composifiqng oy Btieic werni Wethpds, phatesr prseantly ieriviéng grdaier to be developed that

o 95@5 I AR . ' re Lntended to

perfo |n% u ém%%ﬁﬁ4§$?e|r82%§%%&%3% p?%ﬁe@ﬁég?”e%#ﬁ%%%,
corresporeimg @gtadieente davpoisidiecnis maf benatiliet acaueding jo theplesdhs invention.
Accordl%rng Ehee %.?Jpendecé'élmnj\@s a\pgl ?nttenldgd Eol i%clthgedw{tﬁih their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.



1. A'BOP fluid supply apparatus, conprising: a main
source of hydraulic fluid; a BOP function; a primry
fluid flowroute fromthe main source of hydraulic

wiol 0bshzedehr ough a prinary conponent assi sti nGpdriuszoos/n76974
operating a BOP function, through a first valve,
t hrough a second val ve, and then to the BOP functi on;
and a secondary fluid flow route fromthe main source
of hydraulic fluid, through®Sisolation valve
rigidly fixed to the BOP, through a pil ot-operated
hot spake ahMeisrigidly fixed to the BOP, through a
hose renovably connected to an intervention panel,
t hrough the second valve, and to the BOP function,
whertei A BHR laideynelaprFatts: OMPBYF out e bypasses t he
pri mary nLONRAReRk nadliRiAAg | n operating the BOP
function and the %ll rst val ve and provides hydraulic
fluid e80Fderciiosd the BOP functi-on. 2. The apparatus
of cl aj m. 2F B [ . and ndary f 1 uid
1 ow r sOy e gRE Sl e 18 (e i QG- SERRRIX i
appar athosight peilvairyredmponberagdistinehie opaastondeB QP | ui d
flow route allows o ergﬁional _redundancy of .the BOP
f unct i BHCIOR: AP E AFIAN YA AEPA R the
pi | ot - gpe@ et M@l | S control | able at a surface
station and obtains hydraulic fluid for pil ot

oper at # BofdapMlEd Ao optgiions Baiesn wiraed hBEpulics.  The
appar . .

choct o i it W TRGUTRA PR drapeh

t hat caplidieppriedbanspect wabeqandly dixed todhpBORathyoughd

secon dl%rsg re%o%!a yfclogr\llgc{eg l{% &P intervention panel, through the

second valve, and to the BOP function, wherein the secondary
fluid flow route bypasses the primary component assisting in
operating the BOP function and the first valve and provides
hydraulic fluid to operated the BOP function.

2. The apparatus of claim 1, wherein the primary and secondary fluid
flow routes pass through a regulator,

3. The apparatus of claim 1, wherein the secondary fluid flow route

allows operational redundancy of the BOP fonction.

4. The apparatus of claim 1, wherein the pilot-operated valve is
controliable at a surface station and obtains hydraulic fluid for pilot

operation from a hot spare source on the BOP,

5. 'The apparatus of claim 4, furthei‘ comprising an electronic
multiplex sysiem at the surface station that can be programmed to

control the primary and secondary fluid flow routes.



6. The apparatus of claim1, wherein the i ntervention
panel conprises a plurality of connection ports
| eading to a corresponding plurality of BOP

wowaeddzens. 7. The apparatus of claiml, \/\herﬁjmgzm’fg%gﬂ
first and second val ves are shuttle val ves and the

pi I ot - operated val ve i's an SPM sol enoi d- oper at ed

val've. 8: The apparatus of claim1, wherein the

i solCat T8RaRpaTajs & &Hipd. vheriattbelingyvearorRmel omprises
appar at; ' : ' ' SElyi g f1 ow
route %#?%?&yt %ﬁ@%%%% v%@%gn%Eﬁ%ﬂ%ﬁﬁg&%?%ﬁgﬁgn'nlet
and t hef Be@Edwmdtpys.fl uid flow route enters the second
val ve through a secondary inlet. 10. The apparatus of

cl ai;m Nt rj v flaid £l owr

comr | S5 WRERlsbr b BLVAREY dd i SRS E a5 ¢ e
secondstruytle daived afid i pilotdperaaainyivesesn 3PMI saknpidd
secondary fluid flow route; and further conprising a
yerlomP%%ﬂF Yi¥fary fluid flow route fromthe main
source of hydraulic fluid, through a yell ow pod

pri 8Rr Yhepppane vf cRES il SWhddgn ithe iogedoatvang chinbe BOP
function, through the first valve, through the second
valve,qﬁﬁ%ﬂ%m%%ggg the BOP function; and a yell ow pod
secondary fluid flow route fromthe main source of

hy dpauthe€apphrding of LRI UGHheleid @hd PinPPHuidSRIvaiouRn val ve
rigidly fixed to the BOP, through a shuttle valve
connect¥ds the seaoad pyrlye teeeh; arsimary gietnad ths sesmdyigh

the pihQhneRehAL %Qtef@%y;efoﬁﬁﬂmwhgﬁa bQ3RaLPMHGCE ed

to the Intervention pane roug e second val ve,
and to the BOP function, wherein the yell ow pod

sedBndbiaappiraiug of Flgim F.othessin fisasisesy fitid fips 1ouw pod '
P AR E R D A PRAALT D5 T
-~ fiuid flow route comprises a blue pod secondary fluid flow route;

and further comprising |
a yellow pod primary fluid flow route from the main source of
hydréiulic fluid, through' a yellow pod primary component assi.sting
in operatjhg the BOP function, through the first valve, through the
second valve, and then to the BOP function; and
a yellow pod secondary fluid flow route from the main source of
hydraulic fluid, through a yellow pod 1solation valve rigidly fixed
to the BOP, through a shuttle valve connected to the bine pod
isolation valve, through the pilot-operated valve, fhrough the hose
connected to the intervention panel, through the second valve, and
to the BOP function, wherein the yellow pod secondary fiuid flow

route bypasses the yellow pod primary component assisting in

- operating the BOP function and the first vaive.
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