SYSTEM AND METHCD FOR PROVI DI NG ADDI TI ONAL BLOANOUT

PREVENTER CONTROL REDUNDANCY CROSS- REFERENCE TO
WORBMADEDBMAPPLI CATI ONS [ 0001] This applicati on BCHUS208/076974

priority to U S. provisional application serial nunber

60/ 974,339, filed Septenber 21, 2007. TECHN CAL FI ELD

sysL AT RO R RRONTRIREBETION A Ry PrivENTER

a backup hydrauli cddNTﬁ@JRmﬂUﬁngmand appar at us
for BOPs. BACKGROUND OF THE | NVENTI ON [ 0003] Subsea

drilling operations may experience a bl ow out, which
is an uncéROS-REFERENGCS IO RERATEShAPPLIGITIONS t he
drilling well. Blow outs are dangerous and costly, and
can
equi mgﬁ][e Jff?l%%pﬁllca 10{1 ?Ianﬁ? #ﬁ&gtggﬁgt§%m$gﬁﬁ géhéaklolq Yerial
numbda GOVIVIL339, filed Beplenmpec¥ER00DN ( BOP) equi pnent is
requi red. BOP equi pnent typically includes a series of
functions capabl e of f | SO ing and controlling
the formation pr essuré%cg%ldﬁslui:&tsugt the drilling
site. BOP functions include opening and cl osing
hy dr b2 c airhy/ inQ B 18 iR RRerh Ay B> a AMAWLASI %?@érﬁan& BEgHratus and,
rams designed to cut the pipe,” a series o? renot e
more pya¢Hdd ty abydapthydeuliofiusiowpplyl slystdmfandwppdrats ifor B@Bs.
fluids, and well re-entry equi prrent I n addition,
process and co iﬁk ' npl ete the
BOP system Thgg}a ri |qgﬁ:ﬂn ustry reFers fqg the BOP
systemin total as the BOP Stack. [0004] The well and
BOP [ﬂﬁﬂBlECSuHisea tifiBingwptadendinky ki pegiene@ssklbwidut,ougbh & an

uncon?rglrl!ﬁin oy |0§ ?org)[%égl)? ﬂtlgillg Itu](t:fg tlgef}(gr; iigg ngﬁ(rj %E(%\%/ gﬁqs%egéaqlséerous and costly,

and ca%rda{léé 1B Jel1ie ﬁﬁ)ﬂua&? dIRG @ﬁ) ({dlﬁﬁé edlli Pﬂﬁelﬁoﬁmﬁﬁgssof{v(?elf }lﬂ%ductlon

hr ough t Lower | ne Ri ser ckage ("LMRP
To pramhntdﬂowomts dilogoat paiemnuen {BOR pequgonent @s teheirdsiOB OB nqulpment

picaffg ieules 5 essh iy ihons SRPe & erElesaivg 8 spBpine ghe formation
pressu@fs dnAgTuRER thehi1MRR 2 BOP lﬁﬁlca@ﬁ’s AERIAE 8PERAY ¥nd @b8RE Beliraulically

to collectively as sinply the BOP, and as used herein
operatgéh gipenampangilar segls, shiear ta@rrSrﬁes@rmd ef it telpopd aserigsd rgopte
opera B BT oUbH-p b MPLe B Y AP Rl Bt e, I

additi(ﬁﬂ,@ﬁfcemm c%hmgofilyﬂfnﬁuhhg déJitdsdsmphede Ol/BOP Wakdm. The drilling
control fluids. Typically, a central control unit

industgy 1edRs toshe S5t astsm ingotrbas theBQIhAtaglnt rol t he BOP

functions fromthe surface. The central control unit

i ncl N)@@@ hTﬂé @Hh laftd 31%)¢ Jo‘ﬁh%&&? Ih% fﬁée cﬁ‘ﬁﬁﬁ %s sélqgrohgﬁ a marine

vari ous BOD functions, eac r| ous
riser pg@nvhath caoms dommtton 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 collectively 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 operator to monitor and control

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



upstreamof it. An operator on the surface vesse
typically operates the flow control conponents and the
w®BBPINsa3ee i ons via an el ectronic nultiplex cone€DUS2008/076974
system [0005] Certain drilling or environnental
situations require an operator to disconnect the LMRP
retrjeve the r and. LMRP to th

fra e BCP ;
for cogtpliing @Wé‘%lgléﬂfaﬁg?ﬁén“éﬁﬁsf%ﬂ%t’f Bhieh b ariagntlanrcanfial components
upstreWﬁl df itMeNoserkdVREh R AHRGONRES hafka39 dpbatesiiR! B icBRtrol components
l'uids do not escape into the ‘environment. To Increase
and tht HOR funetipisoodan Hlattreniqualultipidéy ¢onel syotemai ned i n an
upset or disconnect condition, conpanies typically

i ncl edundant st ens. desi vent | oss. of
cont 19sT FERERAEHRE TEpERLRD flud R G oo
discormefAO L MR IPfromi tHe BOPdunddaneye e risesid 1L VRGP tb\mE surface vessel. The
separate |ndependent central control units to double
BOP fgpetichs imyseggntaip ther well when 3 LMIRR is dieresneajed: wr thptfornaatigpeluids do

not es& g% ugt%qllgg éﬂvn%ﬁﬂltegp ! Touﬁlhte seatp ﬁk? Héod Ql?aq qilhvellpll?e{qéo%\[gmed in an

upset Oﬂ‘ (!thodndétg cbﬁtﬁkbm cofx@@ﬁlﬁﬂ tyylualle 1mﬂud&rre(arrtdaﬁty§§'§teﬂﬁ dbdymeed to
redundancy, this redundang%_is fffectlvely on
i 9

prevetgt é«PSé@; CPRtER) Wé&pngak corgra%onslbtef@ LY+ COMRRIB ISR @fpwdeyredundancy
by meﬁﬁﬁg S steEﬁIate‘EIn&;é BRd it EQIRPE&Ho1 Bﬁl‘té tlérd%ume alll crri%g!ﬂ' dofitrol units.

st oppi ng operations, naking t
The inglnsiry edra i thg tivh eerftanl bedrad anpoaenblue ﬁb«bplpi mgelthw p«bd nQnly one pod
. o repl ace conponents .of represents a maj or out of
“‘BCQ%VV@gg &53B5ﬁ8ﬁ§“aﬂg 5@3 revenue | oss for

drilling contractors and operators. [0007] Further,

when[gobe] BAileSridk aitRest&s hacaiual Rathd¥@cy,ahis @stfindancy is
functions typically requires breaking threaded

effectivelyrmadx sabeis redyndacyBopnet apetational rvgkidaRcya Aamine Agt agingle
compcﬁxﬁé{*%gﬁ%exg ﬁﬁ}é s?(gﬁau?é hr?l‘ﬁﬁ% 8?%%@%%52{11%}611 ?féeogs 'i'g%@ nQ replacing
the faitkaMdoinipoaent| @&Qﬁ)}ngTdrﬁhhg’l defa:pIaye oeepsneatsifieplr&resents a major out of
.reliable, and cost effective nethod to provi de added
service gefiRtbRcyemiernd FrgayR logior drilivg C@tﬁé%qzorls épd PRYAIE: The
i ndustry needs a sinpler, economc, and effective
et he@o?f Eomid:OWvhd@e BeISRA H@lshrfﬁ&ntersﬁﬁ GLHHR 'E?r[&lons typically
and testing and mai ntaining the eqU|pnent when it
requirembredlang thréaalec e coBREGFH sSYUMMARYP O cTidE. I\Mkﬁtgl'an@%r{afﬂc@l@t]hreaded

connegtg(%]g ragsgzg g{)%or&ngt{y’]tf%rgcpa'ngagﬁ X(a g'ﬁgzygl{l]%;tlgﬁ &géﬁgpgr:%ptfacementdand possible
downt&@@ponents via alternative flow routes. The present

invention allows for safe and efficient bypass of
faul t co onents while allow ng continued flowto

andc $]o| bff indysfet peses a sipyde, gﬁlé@éfh ang gosé ﬁffpﬁweéafﬁh%to provide
addedg?%%g%&gﬁd dp év%n?/ ﬁ{ﬂleﬁllﬁ\%%i ?é!:l?}étln a 8§X(§}sﬁr9‘2169({s 3 mmgler

J
lre new ow systens rov
econofiic,ahd effecive nﬁc&hhm@fajwyolhng subsea well control equipment and testing and

maintaining the equipment when it is on the surface.
BRIEF SUMMARY OF THE INVENTION

[0009] The present invention provides an improved method and apparatus to
provide redundancy to fluid flow components via alternative flow routes. The present invention

allows for safe and efficient bypass of faulty components while allowing continued flow to and



[0010] In sonme enbodinents, a fluid supply apparatus
conprises a main source of hydraulic fluid, a BOP

WO vensswy a primary fluid flow route from t heP@EIUS2008/076974
source of hydraulic fluid, through a primary conmponent
assisting in operating a BOP function, through a first

(¥ hﬁP' thr h a second val ve, and then to.the
controy Ghrrer! Péesg%tdBtﬁf‘d’élPﬁ} opp B Hearyg %“‘?‘}S&%}SPH% flow systems
or plaé'@' dh e%ﬁHf,rH; ReW oY dkRHsit6 pfdvilech 1a O%é}r 4t lé@ﬂﬂ:lém ré(ﬁﬁ’lh@ﬁdyo n

valve rigidly attached to the B hr ough

pi | ot - ogerated valve rigidly attached to the BOP, '

t hr ol¥gh0k hosomer asphpdabents, geepy appagatascomprises a main source of
oS NEPBORT RIS, kDol TS 0RIRT YR PP

fluid, thodiigh &8mipbeer bb mmg if opaaneNd BaPSusétiongthrdugh a first valve,
operating the BOP function and the first valve. [0011

throughr seeesl Bitso andriisn g0 thy BQRHinstign.opd raeendganivd élo m@a';e from the
main %ﬂa%cg?)?glkgﬁﬁﬁg heg éa?%%h@ég%c@%@}éq %anwgeior@ 1%%1 ta?tét e%%) éhe BOP, through a
pilot- cﬁahﬂitetd ‘&N/eadlgltdlyhamd&rd to tiid ROP} tﬂ’l&tugh& Hoae d:npn'v}.ablj/ doanéctable to an
function, an inle conne not her shuttl
mterV%tOv@an%ln@ralg&éQ%wa? Vi Qe e QP RAHOR i i egondary
fluid ﬂd%\? RuveEh lﬁlss%E fhe Prihdr ?goﬁ‘@f)ﬁ@llt afdi@¥g it Bfer tht B8OBfunBtion and the
he normal flow position and fluid enters the prinmary

ﬁmtvﬂnéet and flows around the shuttle stem and out of the

outl et. Vhen backup flow is introduced into secondary

inle e, fluid forces the e to.t

posi (00BN st EREn A P Rk NaTeR TR OR gy deploy
selectfblOMy @RI Jubpith ABOR 6aRESH that Risabst chh&ibndloB@SE The shuttle

enbodi nents, a BOP hydraulic control systemincludes a

valve bysaa lit thal is daiskriprd 9EdBOR fyrstioayindalst Fainegtsn ¢ gother shuttle

Valve,%gg a g@#b‘i‘ldﬁ’ﬂ}qnf%[ thdPisharbsthed fer{}@ﬁtﬂeé’éiv? J‘% o@gﬁng HBRAA flow, the

rom’or on
shuttld ﬁdﬁe prenwemntl faovd poditisreshinhad eneonthe phrrmv;anleB@&i ﬂows around the
nctions reduces downtine and i ncreases safety

Shuttlep*"r‘%“é‘élﬁti Ophdht PYFti SVheamagtunol @ W PHOSHH P ts‘%ﬁ%d%ff/ ntet, the fluid
forcesEtﬁ’é s"}ﬁllttﬂestgqge SN os?tﬂgl Rofingd 8% ﬂrﬁﬁﬁ&@‘?ﬁ‘lﬂ Mfdl allowmg flow only from

t
redundancy for BOP systém conponents. | n anot her
the seemdagiinient of the invention, control over the spare
function is transparently integrated into an exi sting

mul t} ontrol .syste in n o r to

Cont (BT BB ok e A QP SR B s FRED i bkt a blue
centraBysHt®pod, A0EAbw Hoerdl RoeE6N fid, Ao WrInhdie dpdrafliRtions that can supply

broadly the features and techni cal advantages of the

fluid feoepi behalfegiteitber nod- or der that the detail ed
description of the invention thatfollows may be better

R A S S R LA
downtiub petincehsds hefecy). 8l egpredent ineentivnemntompatibldé withauhwtitvee of
established systems and provides inexpensive redundancy for BOP system components. In
another embodiment of the invention, control over the spare function is transparently integrated
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



appreci ated by those skilled in the art that the
conception and specific enbodi nent disclosed may be

wo eadiobdp4uti | i zed as a basis for nodi fying or BEBUSWSIEG6I74
ot her structures for carrying out the sanme purposes of
the present invention. It should also be realized by

those skilled in t t such e ui val ent
follows gprst t%‘ff?e&séoor?gt/*%g%%f?ﬁ] PP %ﬁﬁié‘ pitpges ok the @8%18“ will be
descr19éd K& nh B SRR rRAShS Glbid P bT thel c[hntng' %f %@QW@QH Cltah#®d be
he novel features mhlcﬁ are believed
apprecudttacrl by thexse sltﬂl@d mfthc hit that thergonogptiob ané smlfucoembcshment disclosed
eration

may bF L%?ﬂé P?I‘}fﬁ eacst aglﬁ E)rgglsgﬁ\{%% ggdwgqm%%thglgﬁ IEu&uresV}‘or carrying out the

same PUFPEYES bOAR prdsem ihhintion! MOMLIIE @Herk fie@ By \WRRB skilled in the art that
consi dered in connection with the acconpanyi ng

such eﬂulgaleégconwuqt@nﬁ 60 Bet doppit éom thendie R8¢ srspe OhBiepegntion as set forth
f | [

D N S TR A
inventidi, Bﬂttliel@ t@fts argdrilzhtiort dnedmethod boperdtiohstogéththeith f@gRAbbjects and

i nventjon. BRI EF DESCRI PT| ON OF THE DRAW NGS [ 0015]
advangages il Retiephpsleatiend dremtas blaping %@C%lw@npwlé@eqwmred in
conne&t@éﬁxﬁtﬂbﬁégﬁé&?@{ gﬁ&?ﬁé%%sﬂft\g% ([;Btal?eg%xtp\%;stslﬁ%nﬁgﬂs ng Wvever, that each
of the figoenpamyiidgd drrake pug@osa af ilMnitialion pR0dGEripticEldREy dnd B nat intended

erspectjve vie a BQP apparatus, including a LMRP
as 2 GRS P QR s SaT R the_ present | nventi on:
[0017] FIGURE 2 is a schematic diagram of a subsea

control systepRIFPPESERIPTION OF EHRPHRARINGYS t he

present invention. DETAILED DESCRI PTI ON OF THE

INVENTICN L0018] As used herein, the use of the word

"a" W01SnForgaare completa uadsstanding ehthiprasenttavansiop reference is
now n%:a]?ig ?@nghezf%@‘%?&t%ﬁ%&@?lgfz%/ (??%g {ﬂ%%ﬁ]uﬂ@&yﬂ ngignlh,é E[&C(t)ﬁﬁ%na/tm% (tirawmgs
in whick: al so consi st ent mnth t he neaning of "one or nore,"

"at | east one," and "one or nnre than one."” In

addi ti i herein, the,. S connected tqQ"
reart90781 oEEUREd S SpSBie AU B P ERPT e ing a LMRP,
1ncorp%iratt1|ﬂg fan Shdb8ainhoht 8f the E&H&hnbéﬂﬂ%ﬁm di at e conponents.
] Referring to 1, one enbodi nent of the

present invention conprlses an appar at us providi ng
0 p er W01BhalF1GEREAdansshenatictdirgraniobaiswsas catimhnystem representing

RE 1.. BOP system 1000 conprises BOP stack 1001,
Onee TﬁdﬁﬂK”ﬁFé%g Wgﬁlpanels 1003and 1004, yell ow

pod 1005, and bl ue pod 1006. In typical operation,
hydraul i ¢ f DHTAILEDVBESCRPTBOR OHMEIH INMVENTI@NPT | mary
flow route that may include conponents such as, but

not val.ve gg, seal s ) . )
conn@&’iﬂ%ng\s PTG P HET DS BN BT Bt Pl used in conjunction
with theReh HEARpii R UBL theRYhonymous “having”) in the claims and/or the specification

29 <

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



are not limted to, the opening and cl osi ng of
hydraulically operated pipe rans, annular seals, shear

WO 2098/080839 gned to cut the pipe, a series of reP@I/ES2008/076974
operated valves to allow controlled flow of drilling
fluids, a riser connector and well re-entry

ui n Fallu unction of
and Kﬁ%’ey@gﬁb {‘RO blyep BCF ?Q:(gén ]:;{HYP lf)agéop 16H8™-¢¥ yﬁﬁ%@g %H{;{IOWS toa
BOP fufctiftvi® @%ﬁﬁﬂr}'ﬂo@ﬁ‘r&ﬁé qia@ ﬁlaty9nélﬁfe RInGmBhts 'sﬁﬁheﬁt b@Mot limited to,
may requifre stopping drilling and servicing t

valvesg prpm,@losqmsbalmhomhc%t zgldam;tmmemtatmn S0P Wmnpl émctlons include, but
i,n, t he ow, cont r ol

are o BE ko o Al G Gt e BRe B Db st

shear faA® deQizhéPlo G0 penfa sEs FTOABRDpBtatdd vadles k€ SIRAN Bortfdlled flow
normal commands (for instance, an annular will not

Ofmﬂbh&ﬂyKBF?@%&Fgmmﬁgﬂbﬁ@kﬂﬂbfﬁW€WGﬂémnﬁ@tcontroI pods,

whi ch are hard piped to the various BOP functions,

whi ¢ n

1 QIR B B SOFRATGAL o EARE B AP B0l pod
1005 qird(ﬂ)Oé that frendt IHE%H&eﬂm@tach&ddngS@ d’(erlﬁeioﬁdmaﬁdldnhﬁap&qtulrﬁ ktopping

S cont oP functloP ease or is limted.

drllhngéncéJ SEYLCHE 7: ﬁont qigpg 1[51@8(0“%% ot Hgmnﬁ( pW n a&Pntrol component in
the blud &:3Jefbd SRABESIIEE: el SRS naPruRbRiddOthe Wﬁﬂ@@&rﬁ't’o afeh the

associ ated connections that are permanent or not
controg aghpgneneomvesporyls val nROspdtti te nosmali cgminianda ffior hstmus @n annular

wil ndyffod) BRSO PR5E bR uB PRARE Mo aP Ly r whEbl hefe pisdd o he various

BOP tﬂﬁétidn‘s NghieR &leahd @At i€ BROESmBneM inl con@bl HAEINBE &r WO fails and must
only one working control pod. Thus, a failure of one

be repeiseep dhreviole torfre ped@r therlddBPamnght be rhsn@mgéﬂ and g coptrol pod’s
contro} \9\é§é%(§£ gun[cﬁlgns cegsee{}%r el(sr)nillmrllteg u Sszlgee %:1??/ rgltrchirf)B(}”oo/ri “(%1Iarnd 9piping” or
rlgldﬁlﬁioﬁﬁéo@éﬂ”&eﬂéﬁlﬂblﬁ{nﬁg Rlofrponérs, aﬁ&ﬁysoa@%dfcbﬁﬁ‘ddtieﬂﬁhui @e permanent
spare functions_integrated into the BOP..  [0021] In the
or not@%mre@m%fi by BPY . j hi Fﬁé1$5Ff1?ﬁé1F bequegigiglr@nnestesheapgpnents are
more %!ll%l’e ﬂl(ﬁlc k&%ﬁﬁ ﬁa{ow]fetaécﬂl@ 1 g%éﬁaof &fhnot or will
e any c -up or n n cri |ca Action th
not operagd @ty oalyrumesteking@ohtnel PBAP Thike fhilgiedf on©cemponevadl ane pod
ﬂ e of spare fungglon 1010 elim nates failure
forcewf 182 ORI P e I}eeqrﬁ@&am?ltt;?f t Hfﬂ%egblg?f%mn&rpancaﬂws this

probleﬁpﬂ‘l%ubgéﬂedrﬁll _ %ﬂo@i@ngt RIQUBN: CRIRORGH fdr'}ﬁiﬂj@@g functions via
hose 1009 a I'nto an 1ntervention panel, which is

spare fvacdorpiipegrateg intoghé 8OPed f uncti on as descri bed bel ow.
[0022] As shown ROV 1007 is connecti ng hose 1009

oncol L < Pbe 2B of € Phte hIRLYAPL e ARk B roue

includp$ £8§isaulé fizRdor Y@I (2 whiich dah We@nl Sadkout Sﬁndrﬂcﬁtf&l fdﬁﬁﬁdiﬂ @At is rigidly
correspondi the stab | ocation, allow ng
conne@}s@ Foathe SYAT - r glmmﬁénw - vakle |naﬁuffgofommfpn@wnd©&0 £Hormates failure

i S ERLOAS, 0 OSSR, By FAGEOTREShones
includopeiicaé @009 arehnintdv 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 panel 1004. Once hot stab 1008 is connected, regulated manifold pressurized

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



surface by a human operator, or it may be

preprogranmmed to perform specific connections or
waele®ensnsert i ons based on input froma mnultipl eRCTYOB0076974

system [0023] Hose 1009 connects to the BOP function

via a tenporary connection to intervention plates 1003

r 1004, whic orar ctions co | se .
f ed“n‘ga&ﬁ}‘ré?% fuifipe g@‘éﬁlt gci\( iﬁ(w@ ‘%@??Yc% E]Qg?g(@tfa%o‘t‘ﬁ&&’é of
discorh@¥i 1flﬂoﬁrlnt%ﬁeﬁﬁ&§bar§? hhoRdd 190N Rdv dp@inh ¢ bk bﬁéﬁra{eh #om the
extends into a connection port and mates With
surfach Pyl nduhiap operati ¢r.it Bapée aldpyogramgicdlto permrenmecxrfuc connectlons or
es. i a receiver or fenmale rtions and a stab or
discorigMBs TR S GG e LS IET ETuRT e Torerrod Lo
generlcally as a stab connection. [0024] In sone

enmb o8Nt Hoseal008| @6 hE@ioahdBOPI flah&tonCant kdhpE¥§te®fhection to
and an operator on the surface control and/or

1ntervéﬁgwptpéqteq3@93fq§ A4 dﬁgc}btealg%y ggmqe@tlg@ﬁ:@mprlse gommercially available
stab C%%%Q cﬁlﬁitﬁ{ag Etg tltosg ngﬂéhﬁ@@ g&tl %ﬂlﬁ{&q{yd%]ﬂllﬁ% ?1{%1(&194& extends into a

conneemﬂngajreartdhﬁatepe/tthtu@ thydtaoEesirarit. abnally, Hytap r:em&:m@l eéomprises a
utton or inputting an electronic congand to sig
receiveRgy RPAAITH L)Y PS5 TACRY TR SHOPAO4T Y Ereferrd 0

generi€fIROLI SRV SonnbhfnPr €sent invention is integrated into
an ‘existing nultiplex systemsuch that the initiation

of backup hydraulic supply can be commanded by the
pushl0§24l bmommmbqthadtds,tainmlﬁctrgommdhele@ anntadlsgemieMUX”) and

an opflat SD PR e PRE Rl S PL Bl Pt Qiafific suppty.

simpld$#intd fhd USO Rl 6w arPopeadtbi t@tﬂoﬁfrotfmnp oM 18§ RpullPbMAlttons or the
or backup flow used. [0025] FIGURE 11 shows an
like. Fosisgampisiihe aperptaeclosssananerar biepigenimga Be#ary @l inRyfgpga electronic

commgtﬁ]‘(g IQ) S %rﬂll th m&%ﬁgg é}ﬁ"t@&o&“@ﬁ Rhfnz rlhégtq]e :Q}r{]lgr %éf?s, the present

romsu ace via the riser in
inventidi'i® li!tgétgr&ﬂeﬂ fn€to a6 eristing nmil[bld:d.@@teﬁ’r su]:li Ot tHASIaiiAtiog of baqup

t hrou pod 1102 tqg control a pen" functign,
hydrayljc jjug glm Bie cAMBITgHed Rythe Rteh Ofﬁ'emtont HR a%ﬁowpftwa@? i allow the

switc S P rmat 168 ahd) BQ&R@? flowW® b]e]tpa'i_’is éint\{@th\é?th% ggratér‘f)ushes the
function 1107. [0026] The enbodi ne t of the present

same buttoard icomtrd hgarticathd Suractioaydrethef naped at barkap floedusadlancy
by providing an integrated source of hydraulic fluid

hot B3P TBERE i REv b bRbkBieb Y b Spddin dggink ool

systenPil OO dinfarsefdil opRratib %&@uazédttyatrmia fluF@Flo@X &IOR Rufakdvia the riser
the event of a malfunction of the primary hydraulic

in liner @ ghrongh eisheapontod@od d ih@%IOIb]el Boryeensg ftoy thieugh pod 1102 to

entio I
conee SR B R ATRE B IN LML LR 4R A5
equipMérnd, @ss eeb@thelthenialiod apd phlvg 1106ty émclidh®16md 1109 can
be a variety of known val ves, such as a shuttle

\ég%@p%&g E@(ﬁac kb(?f tﬁelgl%sé;lt En%%%t?o srh%fw%ra%t()ils % lzPy% otn gperational
redundancy by prov1d1ng an integrated source of hydraulic fluid from a spare function rigidly
attached to the BOP via hot stab 1008, piping to an additional valve 1109, and piping from valve
1109 to a function. For example, in the event of a malfunction of the primary hydraulic route,
hot stab 1008 could be connected to the intervention panel so that the fluid forces valve 1109 to
shift and allows fluid to flow to BOP function 1107 via associated hard piping. Valves 1106 and

1109 can be a variety of known valves, such as a shuttle valve.



and |l eads to valve 1110 rigidly attached to the BOP,

whi ch can be an isolation valve operable by an ROV, or
W@rwvhgas4sui t abl e val ve to prevent flow t hr oughCT/b82008/076974

backup route until needed. Flow through valve 1110

| eads to val ve 1111, which |leads to hose 1009. Pil ot

hydr S fr are outlets non-crit.i
fun CW%JFI]S ﬂ‘gﬁ%flkgb é‘f@g’ Eﬁﬁt%]? bi &g%}[li’ﬁ%}gﬁg‘fw%rﬁ?l@ o_{ieig21llator 1104
and leQ(?srlo JGkvea l@rlgﬁﬂy slRNE &Il BOP, Rridsad Ue%nstwlzftfonv\%l\)éeoperable by

11 to supply regulated fluid through hose 10
an ROé/[ @b al@hg. suitable malve hpev ent itow thedugh tHelatkigs raute unt11 needed Flow

througb)a e rﬁglf@;lieag FO%I%e gi;ﬁ g@gﬁgﬁ” ‘%@beddgogg%p‘é%‘é%uhc signals from

spare GRIERORE AbS-cAfi&l PhrdtidhyifhbXpaled OxittheudR@S hapfAaral S, can act as a hot
point failures are elimnated and a reliable source of

spare %i]@eqﬂatheoﬁed torshiftimdlaad 1 | to Sp}m@i\v |re@é|ate<{ Ooigdghrongly §osenktieR to stab
f GO t

1008. 31n ?ﬁauﬁm%Sdlﬁn it Rive 122% R e gﬁt%d ts£ fe /b ‘5 g%e$§1§13ed (SPM)

valve ﬁﬂ)dtgd bp ahbestapslapid. aBecaRidali I:H;Aﬂonmnt:ﬁte atd’li@ﬂMEfﬁded(ﬂ@the BOP
panel 1003 or 1004 | ocated on the LMRP or BOP st ack.

apparafyse PPt Taghises e B ipisHiRd 2 el eS| f ePeratiprAl rgdyndancy is

idejace of the output fromthe failed pod circuit. The

spare function on the BOP control panel on surface is

then | abeled with the function it now controls. Thus,

f ul 1 [06R8) aifhltzm athen e daihdanacyrs, shepRQVi ade doutakliedlyinglead hydraulic

ot sefi}pr RS Pyt s AYRES (R GPpmbGn Y Tnid B e

1ntervé1ﬁﬁ|)k’l QﬂﬁélCIY)Oﬁ OF 10®1 Idcathd € thea M RPYR B EMstaddO Ubhelildd 2taBREw supplies
Thus, valve 1113 conpl enents val ve 1110 and hot

the hyé@ahe ontpmwnd&wgméﬂmﬂ%p@ém thefaided padctircnit. Bbe hpagabwstion on the
BOP con?r{)f;%qneleoﬁ/ Taulr%/ace (]][11i {a%‘é‘l%'g |w1t}16the flgl%{; & }t In\ée %r%. %ﬁs% Tl

operatiAPtediBtiingy 3 pralides -all&vtd@ﬂi@@hnﬁ&ﬁo@m\ﬂﬁ of ﬁll f@iceibhs. an
addi ti onal hot spare package 1117, i ncluding hot

spare nd a val ve conpl enentary to valve 1111, can
or ankR28 ot EBEVY ITICHGRIR A rias 6™ 63 Yol iie vighdedundancy for
both “Bihi 3 af P RPBHALBIS ?F@%dhqm Strﬁ{?s LhRE 1WL§[nmﬁ@ﬁl%ﬁts 3Mlve 1110 and

I nterventi on anel at stab ocat ion 1118 i ch
hot spaisdd¢# ad:)mglements spareMall ¥; einﬁlmg)oalnchs&ﬂaﬂhut\t\lh |VahIealb15 and 1116,
o valves 1106 res

respecRitht POt HOED 6 pAPE BRI A e b BB ESEIB o Kappplegentary valves

Althoﬂégl skéWh Redctanah ali@li¥na a6t §pakd gRKkAgomity hi%cﬁlﬁfﬁg%@ spares and a
030] For each function provided with operational

valve mdpln@amt@gy tpivalvenld 11 rag byanshifom e, doa/nvtaeraWreOﬂ deees 1110 and
1113 t\éf(l)|p\’e/rea sé%gr%ialg sta§ q vxgo E(g %Iggrsaglﬁl %\?ed 881{1 aneﬁé stab ocatlon 1118,

whichihat @isﬁ@ﬁteti@ﬂt}p@ﬂﬂkfe lﬂSlQWQldVl 1200Whieh aft @nethedo valwek 1906 and 1109,
al t hough ot her piping can be used. In one enbodi nent,

respectinglyi midditipaat hesipaa markageicandeaden lcach ofrwhigh sat basepaiately
contro‘ilgd ,ﬁP ln &IZ lalrface.

provi

[0030] For each function provided with operational redundancy via the intervention
panel, a valve like valves 1109 and 1120 (and associated piping) will be utilized. Each valve can
be connected to the intervention panel using Y2” outer diameter piping, although other piping can
be used. In one embodiment, the intervention panel and receptacles are constructed to API 17D

specifications, though other configurations are within the scope of the invention.



speci fications, though other configurations are within
the scope of the invention.[0031] There does not,
Whowewsa349 need to be a hot spare package for eRCHUS2008/076974
BOP/ LMRP function to be provided with redundancy, and
the nunber of hot spare packages can be as few as one.
Thi s_i use it is not gene |y the case .tha
S ov T BCBRHE Rty nsieh P SF LBt Py Pagkaet Fgach
BOP/IQMRP%H& R (BBE pPRAIR! WS KRS | dndQhd BB | 'h@@spare packages can
[0032] Additionally, the intervention panels and
be as fagsvyeinat ddlisvabewseseainis ot lgewrgalir thpicgiertat(sevagal, BORfuresions fail
1109 and 20 perm ctuati on of .BOR fun tlons when
simul B i bR o e S bkl ep 3P
mai nt enance w t hout having to rrake, br eak, or

mani [POB2} eAdditiohalng tHeORReGhtion pane\lmrmmsmtéceaalvésmnd tubing or
degradation and failure. An operator can_sinmply

ab a
pipingdgsnaabicon | Ghanst tIRD) H?fﬁ]flb‘tﬁ“iaélpé of BEWpiuaeticsy whed the BOP Stack is on
0 r
the suffgg hf%ﬁg%ﬁ%}gg A énc%g)glggorﬁg?%\éﬁgs E)nrg%keéhﬁgf\%&ggﬁtﬁﬁﬂgtg eQ}stmg
connettitﬂlssvyhlbb un lead endepsadacid nnkhfatyireantin eperaton aztrﬁﬁmply stab a
i ntrusive mai ntenance activities. The nodificatio

comne RN e RBrAPHAFAFSoRdT GR 67 INPTHTIORERNE A NGRSt or otherwise
perforlAhSWRNEn Qb thE . SUDERA Rt ack to all ow conti nued
operation (via additional BOP control redundancy) even
after failure of a major BOP control function. Wile
any 903dler This, fhersystemrigcreases b@updwiydedi eliinirtates intrusive

maint%lgﬁgegagc%]ggge F? wﬁﬁvagaﬁ] glﬁ’g ﬁg:flg%talg glfog r?trf ggﬁlﬁﬂfjn?a %qunt of
hardwaiengl te PEisBi BUP' Jtadk @8 allé\Wl @bﬁﬂlrﬁjéd lob¥ratibm 6/i@6dtBdonal BOP control
hardware will allow for actuation of BOP functions

redundgney) evise afiefagwigf ajmajghBPReospkfypetions F¥hilg atnumgper of functions
1
can be hﬂitéic I@J%ﬁgea%ﬁg&lﬂzat ﬁ)}é%tg%g{hﬁ?éepiogr eﬂf{g&ilﬁ@ ?H{ 0%h be identified by
an analyii Ndferoeencial Knglepeins fiifuaese Aatiitisoradycles addee Hardvedre Raolbdllow for
of ri.enci ng a nmai nt enance-i nduced. failure. [0034]
actuatignih ﬁb%ﬁtnﬁ%mﬁr%%f@ﬁ?e BPettackdn on e suptace, dealifptinpwatnigpance
w1thmlﬂq{§19mgQ§ ﬁ{té ekﬂtlg%«t:@}inlectldrlts q‘ﬂ%@dﬁltgﬁal%gtgfesftagiﬁgatésnﬁﬁlntenance
variouds chan stitutions and alterations can
on theradecdwedatducas tHedikelibleplaritexperidncog a heingphmdetindunetd fallure
scope of the invention as defined by the appended

< bt AR o® BTN afon BEHE BARRh HRGr bE8 d0ibed n

detail M dBNiRleAtoddBatRag6@SEhan F&C RibRButiBRNM Bl letti®ns can be made
conposition of matter, means, methods and steps

hereinghigout Herarting e teperiifandaeprsrof the inyaetiarasaiefinepy the appended
claims; le ﬂleovg} Ihré%f:g}{ehoefm%% }%rgge ?1‘][%%15 l}f:a? ?rp fs%%k ﬁ{teende(ri ?A‘%é Pl%lted to the

di sclosure o proce

partlcﬁIEICehhlbtﬁﬁmelﬁta ofifha @i duess, nmmmesmhmlﬂQau@f cd’fﬂﬂidsﬁfo,n dfe@am&:r, means,
met hods, or steps, present|ly existing or later to

methoge g wpscrlcesriied o HeoPRs SEaiana it ofelof Ordieary skl in 191?‘Fcft‘rF il readily
Qe AOM HYQiRIRELR e,fgjeé’ t RS E@dlﬁ fREUEL @R niRe fact

PP or espongl1 ng errbogl15 nts descri g(fgﬁer éi n may pe A

compasitidnis D€ chagtec arednN netttoods ha spapssigatenilperintingor 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.

Accordingly, the appended claims are intended to include within their scope such processes,

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



Accordingly, the appended clains are intended to
include within their scope such processes, nmachines,
WOorewan3ssur e, conpositions of matter, neans, neRCHUNN8/076974

or steps. CLAIMS What is clainmed is: 1. ABOP fluid

supply apparatus, conprising: a main source of

hydraulic fluid; a BOP fug&%% ;o oa primary fluid flow

route fromthe main sourc REﬁ/draulic fluid, through

a primary component assisting in operating a BOP

f uncthvir@nis ddmmeggh a first valve, through a second

val ve, and then to the BOP function; and a secondary

fluid flowroute fromthe main source of hydraulic

fI uild AtBpPB dilghl supplyswpatafusncapapisdng:i gi dly fixed to the
t I d hot spare valve rigidly

flxed F%%#ﬁ&m’égﬁigﬁﬂﬁgg 5Fhose renovabl y connected

to an aBOFfweodimgn panel, through the second val ve,

and to the BOP function, wherein the secondary fluid

f1ow rdBEBapud dos jouie f5om the PainspRGA @ﬁb%@%%@?lﬁg in

oper at h and
provi dglg%glr a%g Pﬁﬁ) éﬂt?gésgsgle%alﬁggér?ﬁﬂeg O@funct i on.
2. Thefunppanr, atirosglod ficit anive throsigh neecontihalver amthyn end

second?ﬁéﬁié d flom1routes pass through a regul ator.
3. Thet doyrand| 5i'm 1, wherein the secondary

fluid EE&WnHé}ytfﬁlcﬂﬂé\Q\f@th%h%b% shpedaRcnief the
BOP function. 4. The apparatus of claim1, 'wherein the

pi | ot - Opies ﬁltr@ltgh\pallvéatucsl oyt ngHlydied tathesB@Bythenuigh

station _and obta draulic

oper at FBROTBRE! e PURaR st LN e e tiap nmgueing
appar ahéte réthodbdy mrﬂaectw td feinter Adidioh i, Arough@ld roni ¢
mul ti plex systemat the surface station that can be

pr ogr affseed v ve @it fotheth{eP f}rﬁcr%am yvherin Shecssaendeyy f1 ui d
flow rﬁth"fPo\x?rouJ‘ﬁy AbRAHAL ﬁh@b{@#mﬂ@% gin the

i nt er venti on panel’‘conpri ses onnectlon
ports bpaatinyght BGP ﬁmtuices@ﬂrtﬂa: ﬁgt phlsre ahal povides

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 function.

4. The apparatus of claim 1, wherein the pilot-operated valve is
controllable 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, further comprising an electronic
multiplex system at the surface station that can be programmed to

control the primary and secondary fluid flow routes.



of BOP functions. 7. The apparatus of claim1l, wherein

the first and second val ves are shuttle valves and the
w@rivn3sper at ed val ve is an SPM sol enoi doper at BCT/U81008076974

8. The apparatus of claim1l, wherein the isolation

val ve can be operated by an ROV. 9. The apparatus of

claim

wherein the primary fluid flow route enters
Chabsedt @%ﬂ%off%%hg ihrin fhedpl7richfigs PaRRCoREse:
secondapyrfiley bﬁcéﬂn@&id@l{r% 1?&81&@% d redSaE pllaME

through a secondary inlet. he apparatus of claim
1, whepeBQPtthections.mary fluid fl ow route conprises a
bl ue pod primary fluid flow route and the secondary

flukLd ow route rises a hl od secondary f|uid
1 oh r St BB orPREL S Rty PR SRR o
pri mar yhutdle dvdsl a@w thieOpit 2-ofpE @ mBdtvas eMR i SBRUS Sl oixd-
hydraulic fluid, through a yellow pod primary
conpon@pfiatgd 1l¥ei ng i n operating the BOP function,

t hrough the first valve, through the second val ve, and

theg t ?}Péo %ﬁaa% St PRyheRAf o iycﬁbﬁi&%a?%aa%ondar y

flurd route fromthe nmain source o raulic

f 1 ui d, opdratedigh am R¢BV.| ow pod isol ation valve rigidly

fixed to the BOP, through a shuttle val ve connected to

t he bl od isol i.on, val ve, through th

i 1St - Dfe Pty ae L st s HEE S faeews o

the i ngmENeRE e@BndPaNe shréuphQUaimirhenisesande Yeabi@ry and

to the BOP function, wherein the %§||0m1p0d secondary
PN e

fluid flpgilavorpuée gygraghresscensevaled badepridagriplet.

conmponent assisting in operating the BOP function and
t thT PRl aﬁlp%ﬁﬁ?s of claim 1, wherein the primary fluid flow route

comprises a blue pod primary fluid flow route and the secondary
fluid 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
hydraulic fluid, through a yellow pod primary component assisting
in operating 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 isolation valve rigidly fixed
to the BOP, through a shuttle valve connected to the blue pod
isolation valve, through the pilot-operated valve, through the hose
connected to the intervention panel, through the second valve, and
to the BOP function, wherein the yellow pod secondary fluid flow
route bypasses the yellow pod primary component assisting in

operating the BOP function and the first valve.
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