" 4 SWBSEA PRODUCTI ON SYSTEMS PRIORITY This
application clainms priority to and is a conversion of
U S. Provisional Application Serial No. 60/553, 669
filed March 16, 2004. BACKGROUND The present -
invention relates generally to subsea production
systens, and nore particularly to subsea production
systens having a bypass flow path from a point-km%4%¥4%——————————
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connected in series with the annulus master valve, which control flow into an annular flow line,

which in turn connects with a subsea fluid flow system. The bypass annulus fluid flow path
further includes a cross over valve connected in parallel with the annulus wing valve and which
connects to an annular flow line that communicates with the production flow path in the
production tree connected to the tubing spool. In an alternate form of this embodiment, the
cross over valve controls flow to the BOP stack jumper, which in turn communicates with a

central bore of a BOP. The bypass annulus fluid flow path may‘further include a work over
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parallel with the annulus wing valve which controls flow into the central bore of the tubing
spool. The subsea system according to present invention further includes a fluid line that

connects the bypass annulus fluid flow path to the production flow path of the production tree
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sleeve 18 seals production tree 10 to tubing hanger 30. The production tree 10 can seal to the
spool 20 using seals not shown. Tubing hanger 30 includes tubing hanger plug 31. The tubing
hanger 30 may land in the bore of spool 20. The tubing hanger 30 may be sealed to spool 20.
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wellhead 50. Wellhead 50 may suspend inner casing string from hanger 51 and outer casing
string from hanger 52. Tubing string 60 may be suspended into casing string suspended from
hanger 51.
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tLon ¢ e and roflowl.ine 95 are.

mu@%ﬁée{gtﬂel%y ?%% ?ne%g%naﬁlé% a(r)r R oﬁﬂé %‘P%gﬁ‘ region in the
emqumncku(depmtedflh Gig. ifloevs3Broagh tsnulad regiah|5¢ ifitoahe annular regmn of spool

oduc e 10. Becau a top term pated qé
¢ gt RS 00y G TP RS 1 eSS Bulici 530 ByPass annulus

fluid IRt pLK mdm@latﬂ@w %a’i.]!ﬂ g7 WHiéh RGATRAA eﬁhmmstmm%h BBnulus block 78.
used. The region between tubing string 60 and the

In the gyaspp ﬁﬁ%@wra; asfwg sty BlepkpEniaelrdes earss eves Whlge KEREEY 75, work
over 5§1veg Hhadt& SR énveﬁ%earpj rﬁﬁls wmg valve 6“AW”) 74.

|nen the present i'bn separate
Assugling both )é/lfmmlus; 75 lapd/ aneguo ASVivalve Zhamnn uheuslobécbpdmtlon and both
| ar,.fl ow be controlled
an ol R P s it B, b on g PopEs [Rigpass flow path also
mclueenbm et 5xde/mchtoe,dn¢dws theGunnillaf FlQWST6W O W cefBLbLE of the tubing
i on, 56 |nto the apnul ar regi on of _spool 20. The
SPOOIa?hﬂYFéPe fting) hanesty ey BEmPSLINR ibFig: Bywalidesamdiypass fluid path

o o ABRS ST L SRR Do ISP conmorics
with thetubing apnudarkegign below the tubing hanger The upper end of the bypass flow path
may communicate with the central bore of the tubing spool above the tubing hanger.

The annular wing valve 74 in annulus block 78 controls the annular fluid that flows
through annulus flow line 95. For example, if both X/O valve 75 and W/O valve 73 are in the
closed position, and if both AM valve 76 and AW valve 74 are in the open position, annulus

fluid may flow through annular region 56, through annulus flow path 57, through valves AM



“In the exanmple shown in Fig. 1, annulus block 78
i ncl udes cross over valve ("X 0') 75, work over valve
("WQO') 73, annulus naster valve ("AM') 76, and
annul us wi ng valve ("AW) 74. Assum ng both X/ O val ve
75 and annulus AWvalve 74 are in the closed position,
and both AMvalve 76 and WO valve 73 are in the open

76 apmwngnandanmmgu flobylpRSSnhdctoy §3ahid AnERAr lbWAnedBS SithWly, access
he annular fluid flowto the

58 i ch_conne t
to thgé‘ Ylay ﬂ‘\ﬁgF@y&F Hr?l‘égefcﬁ%{ h agty flosp Bge9%-he t ubi ng
haggeys - ova PaleX A8 BLK il QWhitioRal Fﬂlﬂctlokalimt'gcm lﬂgee&b%ge)yxlggév\%iron system.

fluid path having an upper and r end
For exanpdg, Cioﬁ@gb?b’éég [ DenpB$ h2 peynitschaproidectte flowi thioughBM valve 14

0 el o e um
o BB L S8 SRR SN BRNAE e TR i e close
positaprt land fethc eaivesaX/@dtSeamf AIWIET4t hifei iRQths ppeh pRbidve, f)fdﬂuct may flow
bi n n he annul ar wing valve 74 in annu
thro %#1 9W§%8gﬁPF os the annular fluid that flows
t hpeudgbticinged US niady ¥ dehd@e®Bnd F@uaceefm £bldw o ggsx@véﬂ@ (“BOP™)

valve 75 and WO valve 73 are in the closed p tion
during york oyt HF oaMx¢Epice %70 'éame Ainepd preduption tree hangen@lug 31 may be

u W, an
placér?i;grlp (glﬁé?xg %ésb@ﬂ}vgﬁgﬁéélgn%lu Hlfll? 1t ohg af{cp pﬁolﬂggl el an may be
remayadl fiog sobl 207 R@@mdlay\‘meﬁ@e c@lmiedtehlrto lsgdsbleIOO\)Witlh IBOP in place, and

coness o r 1l lipe 95. Simlarl
WioLRIRE TR TR TR valva Help B8 groribEc ot ingions, surface
acceﬂnfmuiharanhhmw fluidn gs %reb@'ﬁﬁﬁld@d/@ﬁroﬂ W BOPPEHOKE A8E kill lines. By
i onal functl onality in the subsea production

placigy g St VES@IhDPase, Heganwys Juidmay Puacrsssad dropsan annulus block

78 mBBAIEH bS atbh&. product to flow through PMvalve 14 and
t hrough cross over line 158. Further, if both val ves
W o emhpdimete ! she present Hevention,ex BQFowiay boroammtddatifectly to the

tubmé%h&ﬁszoﬂ Kor %gzlnﬂﬁllg @g"db‘%n flﬁlﬁ Plhh%fl 10 gechYaE’oeé Ag\lg% and W/O 73 may

duc rou
be clpyedd Ut Ipalrkntg gemp@s malodbd i thewubwta pasHucEE &6h Whé Production tree

B S T 8 ok 5 g R 0 . 0 g comncid

to thdkpsaly @ﬁ‘e sﬁ'll@&@ﬁj theNark RAH theesReGH b ﬁusch.&?l%glr@%hl recognize other
installed positions, and production tree 10 may be

valves dhy way bercdnred gudne BEP CADWOWay then be connected to
SPQhe &fbodiid gﬁtg\%/f %%D{J/ IRI%SPI Q‘mltvﬁlgrﬁlxglﬂlgatl ﬁ%ﬂc number of

val ve 76, I th r respec
valvesgn |atprochstlos treé. aéeldltmabﬁssubsmatﬂnmimnnm bysserhd wcdrdllsg to the present

e 3 D U RS TAE LR ok bl 3 o o
examblelﬂj menrpgodbemﬁc aes Sdbés frio®Mag® aaN AvHuliss Bbl‘écfhat f@verses through the
productlon ttr%g %Qher em%odlments of the present invention may provide one or more of the
following advantages:

No need for a work over/test tree;

Permanent vertical flow line connection may be used;

A tree may be pulled without pulling tubing;
Tubing may be pulled without pulling the tree (e.g., a tree may be on a parking stump);



- I'n one enbodi nent of the present invention, a BOP may
be connected directly to the tubing spool 20. For
exanpl e, the tubing hanger plug 31, and val ves AM 76
and WO 73 may be closed. If a parking stunmp is
i ncluded in the subsea production system the
production tree may then be taken off the spool and

Pl agedo@RtiBn REVE! Ay B Téq;pe $eBOP may then be connected
to tﬁ%}lospoloi1 One s % ed inthe art with the benefit

of Shmlg‘ed”@mmowﬂatlblpﬁcogm ze other valves that
@Eﬁ'&%ﬁsﬁ%{g nff tibtet connecti on. Some enbodi nents
e

prese I AV Pon’ permt the mnimzation of
thShmuMeetaclai mayaévmpatma production tree,
i tional Ly subsea oduct [ 83?" systenms according to

th urfaceStag OF‘F’{QE&?W@J ﬁﬁ?}nl’aé ;a horizontal outlet

erlHn%?@hse%Qmﬁ?ﬂeE&rﬁﬁBtib‘l’é?' ng hanger 30. In sone
exanpl es, the production tree does not have an annul us

boﬁ@gtelmetlmmyst@slscchragdugh the production tree.

QL gt RERRG IR0, Qb ALERSboHNSA D Y Provi de

W ng advant ages “heed for
a m presant itvteagon tnayebﬁ ﬁptmmﬂtlnwanbms:ahbcfduﬁmtk | BR. 2 depicts an

connection.m be us Atre ul | d Wi t hout
implGRPRERRR [Ty SPORL S ighiva BB Tt SIS AP valves W/O

73, AIbIe76 SR T4Carilt X/GA74 ir§oBRY0 BEFRRN2 %a@)ﬂfohfregarﬁhﬁmbw FoB example,
roduction val ves nay be reétrievabl e; Slimline

closipg |vp§/eﬁwoog3 @Bhpei B end opgniwe V@éyqssAhh% pad AW 74 permits annular
ﬂow%%ur P%E: éﬂg?uas i? (1)1 P'B ar%lg gg%@%égrgdogn%g@%%ppgﬁu&s flow line 95. In
anotlpp embodisens preduchen trom)(abf Bige? nfiyrvglreplbcedebyrd BOP, aralyannulus flow

b 1 it t th n
may Bl o Mia e o e By e okiat h e iy B¢ besent of s
dlscl_bs'qi)dlz Wﬂbfﬁcﬁgfuzmotherr wasso ﬁnjbieﬂhieﬂﬂmﬁ?ﬁ)peﬂﬁ'tega suBlsdiémbdlltcﬁoﬂ Bystem.

] tatlon Vi 0 t Intera anuus
vahgee Eapiet Bk t?%’ﬁpg‘ﬂﬁ?ff {6t af vieoroiees Inygntiog hargne tgeross over

valve/ %5 uﬁﬂ@ pio&chion itiee PO OTurdihgdh Hik 3B, sfodB) ﬁl@ﬁﬁié@W/O valve 73, AM
annul ar flow. For exanple, = cl oSi ng val ves WO 73 and

valve g AW ST et 8 P demcHALY Figset id & production fluid
flow 3% Mlar fluid flow may be controlled by the valves in production tree 10 and spool 20

of the example in Fig. 3. Fig. 4 shows another example subsea production system having a
cross over valve 75 in the production tree. In this example, flow path 58 traverses through a
portion of the tubing hanger and then to the production tree. Operation of this example occurs
in the same fashion as other example implementations. In the €xample shown in Fig. 5, flow
path 57 traverses through at least a portion of tubing hanger 30 and then enters AM valve 76.
The embodiment depicted in this example may be operated in fashion similar to the other
embodiments. Fig. 6 depicts an embodiment similar to Fig. 5 with the exception that the X/O
valve 75 is connected to annulus valves 73, 74, and 76, which are located in the spool. |

Fig. 7 shows an example subsea production sysfem having a X/O valve 75 in the
production tree 10. PW valve 13 1s connected to production stab 41. The output of production

stab 41 communicates with production flow line 90 through flow line connector 85. X/O valve



“flow through annul us 56 through bypass flow path 57
and out through annulus flow line 95. In another
enbodi ment, production tree 10 of Fig. 2 may be
repl aced by a BOP, and annulus flow may occur through
flow lines 57 and 58. One skilled in the art with the
benefit of this disclosure will recognize other mays

75 ist &)nhé@éc?%em PG PRGY 2k MPQ{J%@%@S%‘E&WMLP?J‘% &R own in Fig. 7

3@ depi ct additiona nment s resen
lackg g @t\ratbw Havhis gxathple canpshis gtabrd2 andlp\t@dulﬁom stab I463 function as valves

L TR T P —

show&i i Figr 81 ﬂletdﬁ@ssec)ﬁ&mirhl@s ek bednbvedHrs - wﬂhlﬁrtﬁle Broduction tree to
th%_ﬁdUCt § flub gom1an annular fluid flow may be
within dhg sroel- cdngskillerbinghg L withithebesglitef this disciasurEVilliecognize that the |
crossSORR| v maf Hehﬁa@é&aﬁp{/ﬁqdug sEktebns St ik Sub %ajﬁga\&tlon system. For
anot her exanpl e subsea production systenw%

exampiey dhe Hgtems\afiRigs. 75nd 8 mhp llwh@ehﬂldnublﬁbqrc@prodqunrtm; 10 and spool
70, exanple, flow path 58 traverses through a portion of

t he tubi ng hanger and then to the production tree.

Oplerstifli @herofmbddiraergs, ethp werlo ocatralve may be phaed withirhtherspool. The

er.e Ienent tions. he ex le shown .
examipieSéFawn SHEN) SR SR B i8S PGS VATe /5 4gied within the
spooDOThé %rl@f)vérlxbl\fémjlﬂlﬁg Q)"rov?t@e 7 %Bﬂ{nox%?tpﬁihs T V/@H{V@ver valve 73

The enbodi nent depicted in this exanple be
ShowBﬁ’é Fig dds part pha Ryrass 8pwinath 2Q0sthetrhes gnveper ?@dﬁdgwms The lower

end &fl e b@pgﬁ P& at"ﬁncd?xm?ﬁgb Gv1tﬁ'tﬂ% It%né Onekedi - reg1to en)w the tubing

t he exceptl on t O val ve S conne
hangernand the up@mversi crfathe Mpasartuwgath\mmﬂmrmaeesl Wndatlred:enmal bore of the

| 7. S Xa sybsea duct
tubing BFodi B8RV mE efbind pEIRLCARE SEEPIR) £1g™ B8 SRlAE B tock 78. 1o
this élx@mp[é\/\/thealcxraﬂét&)n of denuemiae dlvid tiroagh dlomopatit 0 iy be contained
WHMTQ% q%[&@% of production stab 41 conmmunicates with
Brsdl line 90 through flow |ine connector
8Fig ¥ ‘yﬁﬁits)/zﬁl exathpldsubSed iéﬁf:ﬁzﬁ)% QWSM d®er @Q@eﬁWuY fhe spool and

t hrough_annul us stab 42. The exaqE e shown in

havmgé&énnal uAal¥ea /. 75 AM Ab sandédWpT 4integr (e sEood 28b %zgz 11 depicts an
=1 t
cram PRS0 SL ol (UOELE0 85 URKIES: (BORAL B 75
The agnukys dbdck (3. shomwnt llnd:lgxhlrrpllse incdidwana flow Falye (BLV) 60 for controlling
ve e be nmoyed fromw thi he

produ%{lgrgﬁl&%l ofr:lLtV?}eSe Mgy be; be ‘}?F?Pr?tﬁé 1('%8 %y_of%% e@&m&xpgatsi c}{ the present
1nvent1bﬁ ésing FhVi15e ;J@aﬁai héceS totthé anmlil&Chas Wirduyh hdnular flow line 95.
F qgﬁgiz %& at the cro s qver valve may be placed in

or exafmp et e Prorent e %@&ﬂw@a@@ﬁk B Sy steem after removal of
he pdd t
e PR L S Be Pl S ol LESHAe 8o

X/0 vlvee?s andoodithrongls annulas floor kneo9%r Invstilanotiey eimbogineos PW valve 13
may PMvte iy lgteg1 %oﬁﬁ&ggtlon dshown in Fig. 12. In this example, both PW valve 13 and

PM valve 14 are not located in the vertical bore of the production tree. One skilled in the art

with the benefit of this disclosure will recognize other configurations of subsea production

trees.
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- exanpl es shown in Figs. 9-12 depict exanples having a
wor k over valve 73 located within the spool. The work
over valve 73 may provide for a work over path. The
wor k over valve 73 shown in Fig. 9 is part of a
bypass fl ow path 200 that has an upper and a | ower
end. The lower end of the bypass flow path
c i [ t he
CUERG SRLR R hdilpl 09 s el BRI s R DGR a L e prevente
(“BOPE) BO@ OmTB@PcsatckSumpd:rl’QStOhe sh@m bélinebﬁk[@BOfP 200eto atsd:bb.ﬂag: annulus
t he .t ubj h er. Also s
bloc P BB A o Pk D Sepiate FiEB g Plog 8 tydes valves wio
73, AMr1d)laad iAo Df. Shewanf Fi@r1sf isui Byaks ﬂu@hpa‘ﬂh @%vﬁ&h@ aZf¥hway for
be contained within the wall of the spool. Fig

armulfe)ﬁe&pfremsbeéﬁw heatiping haneredlosypath rméwafrfg/eéhwbkn&;b@ger (BOP

V
skl 5, s S don SR L5 B0 4 gy o mor

bcmﬁmphbvsﬂEWUb%m@ﬂvhehma%wwgla wor k over valve 73 in the

d haV| arat.e an bl o . he .
ot %% RS- CR AR R T g RR el I sogppetion of
the BGH toethé Ehbé)ea Z)S&mfctjdm m&tmi ollh b exapfifdelUCEiple dddosthalFirde having a
ny of the enb ments of

ted int di
low b(eﬁgmg Ehassiy OTRRSER G DR PhE® 19y MEPEE 12 saptBesesgample, a
BOP a@aptfemay e |n§ﬂucfe|dblh dhet proauadnayBidindshbk R\ IFigie, 9é3 18, and 19. In

: For exanple, FLV 7 may prevent product from fl ow ng
anothgp exempie.ovadRenegged; érﬁ%? cepneeiomis eqnnegted thie sepefideispeol, but not

sk t exanpl e, closing FLV 750 provides for
cont &ﬁﬁc’i’gltt"g%? \?\}tetehrough X/ O valve 75 and out through

arianItiarotMroembcodwe% it Immaysb¢ ldksimblet toehave ndnoahinubust txeethht can be
raI nfiguration, as. shown

val ve, 13. h ve | at
remoy 4% e R o B B P b e S AP TR S SRR Producton
systemahavingl 4 mtrizvalsle dnnalat étbckn70. hel héefdbsmbrddﬁftﬁ)noﬁystdfle of Fig. 14
: roductj on tree. |IIed in the ar with t
inctuffs i pradugion, AFS 10 ScrBSErwom 1 48@6‘@3‘1&@&3"&39&"‘“‘? a wellhead 0.
Prod&ﬂﬁﬁ 'tﬁh‘ rat ﬁl@lﬂaesoffal%étl@m PEWAUEL tin@PME14€88d prodctiddiree plug 11.
shows an exanpl e a subsea production system

ProduCﬁ@n (rge ri§ ia cohussteduio q@nWe fieer70 gudporular 0w, ligg Borhrough jumper
ctin

connf ok UTREE1 Pk 3p SRS, SEIREELIBLESY, 200085 T o 7, aw

74, X?i@eTS ahbleANePar atrmubritdeus dohmetked /7 amahnuliestraeabases7’8 having an
WO 73, 6, and AW 74. hown i n_Fi 13 is a

annulys, Fee Qﬁlﬁl '@M 'fzalé‘? B R e OE étotm?éiﬁ i %a’én‘ﬁﬁﬁ has ap  ypper and a

lower dndMTiRE I Gvértehig of tﬂélbg%gsb MGSFatl (owpdRb &?ﬁmﬁrﬁcéf&qyi@h the tubing
t he tubi ng hanger stack Junper 2 I n other

annulas eggisinehelovg é*mq@bmg gafi anl the pppesengdwf tlafebm&ﬁeﬂ@w pate(flow path
58) cShmiRichtes lavﬂﬁ Hhd %ﬁal‘%o‘?@ 8¢ JhQ &b?ﬁ&’s%%@l &Ho@g Hl%tthlgﬂg ﬁXrIc‘éegm

One skilled in the art with the benefit of this disclosure will recognize other
configurations of subsea production systems having a retrievable annular tree. Some examples
are depicted in Figs. 15-19. The systems shown in Figs. 15 and 16 have a cross over valve 75
included in the production tree 10. The cross over valve 75 may also be placed in the annulus

tree as shown in Fig. 17.
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- BOP stacks typically exert |arge bending |oads to
‘points at and bel ow the connection of the BOP to the
subsea production system In one exanple, a sinple and
smal |l tree having a |ow bending capacity connector on
the bottomof the tree may be used. | n another
exanple, a BOP adapter may be included in the
Pr &y ?lt dtﬁ’& e?ﬁb%ﬁ ts Q%\P@d [10111: 'txgé g@n% § bro]s§ bv&%lv%gﬁ !1 Broductlon
anot exanp &n teed onnect or
stab ébmnéanednula &t¢te42 wpy bé usdniesmlpm odtrievabie amotilar Ueenmesibmi in Fig. 18.
of..the.tr ot h enbodi
one St R ovig B8 paheiios s Bisitiet o FesGERRA AL i s over valve

75 mag 6® pRdedintthé eiidul@medd ds GhéwneisEipf Bce. Fig. 14 depicts
an exanpl e of a subsea production system having a

refd i WOABI & diguLGr the dokatien, sieeve d8bmay Pe dwme@wd in various
emb(ﬁﬂlﬁteﬁg‘ &f thF'lﬂlgle]af'entdtf%ﬁlngﬁﬁ iAFY QG’A'Cfsblggoﬂ El@@vel s a seal with

t ubi ng spool t ubi ng hanger
tubingthangr HHuThe srerk ower vaiva ﬁl:lsludes in/Bigv éQAFiS pm oflavby;oa,ss flow path

n t tree l.u Product o
o Ty W S0, BERRFLLOAl 55 UG oo BOEHR Y S e g
hangéi. osisbishew 5n tHig. (ﬂﬂ)g’haljel,th@mbmg: harrgef;plugm 118rd nléﬂigtdtﬂlﬁg 60. In the

ey B 40T S S b VSt S Bl 0. The

workCORp&ake 3t 910% mngl OB 5198 b%?ﬁaszfﬂoﬁﬁﬁétHQ{ﬂaﬁ line 200) permitting
annul us tree The annul Us tree 1s part of

amu@y@a&ﬂpwﬁ@m&@bw gt tubiag hapgargpabowmthedubinghengesn @g 20C is an
embo-&}ﬁeﬁtoéfﬁ rgggncﬁ{xeﬁ' 1?'&)1&%(&@&%{ (LfOXYta%ﬁ{nE 1&((1!1@3% Elgée‘{éow %ch groducnon

conmuni cat annu region
tree t0ubi ng hanger, and the upper end of the bypass flow

pat.h ro nlca S W th he central
DoF EFmBHiSR ot PAp DD SHbBvE: Sy i ETErEr tafaplemented
in vaﬁkllld ¢mbbdimenitoe Aarshowntih Fide1be el patlob0o Hia Héltéx‘ﬁhﬁétbkl ¢ a flat or
reco n|ze ot her conflguratlons of su
tapef%ﬁr BefiRm irgalsgrep st igad | Aghaws aert o prsiustionm Her 49 apd gpool 30. Fig

21B &Pils ﬁ)ﬁmd%dlaﬁéx%oqg Re'rﬁﬁrﬁﬁoh df 'ﬁogzspatﬂ- 208 3t a Pt located above the
systens shown in Figs. 15 and have a cross over

tubing spe@d. The ppricnayddsp Yertermhipated m:lm tﬁpmﬂ or ceryed Ghoufdes (Fig. 21C) or in
a slo &/Rﬁ 3 leY %%%e\fgci oF @e%%t}&hs(%fb? g ?1? sfn ﬁ E]ne th3") \!Vll{ﬁ the benefit

of thsrthmﬂmmmu ré!:ognﬂd lﬂh}itlthmbmﬁaee ﬂil&llpzttbway efiaySlse yinated at a point
roducti on stab 41 nd an annul ar st

| ve 75, .
above, Fiq ping: haneBt VP SRRGBGLD] EORATURER: Fyren s igurations may

mhgﬁd&%nééblﬁ'cﬁonﬁﬁheﬂ%a&k' Iled in the art with the
benefit of this disclosure will recognize that the

crQreserphadiment| af@ copolyutetiecefpre sepspnprodactinnAYstas: is sleawn in Fig.
22. BB c%ﬁgm rxf ]% 1n’gﬁld shePMh g& ?65 %.Ocree llbea s;&ool 20, a wellhead

i'sol atlo ceve® e |np ed in vari
50, a tree parking stump 520, a choke 510, an annulus block 78, and a base 500 to support the
subsea production system. In another example, a parking stump may be located separate from
base 500 and may service one or more trees. An electric cable 560 and a hydraulic umbilical
570 are connected to control pod 565. Control conductors 580 are connected to the control pod
and provide electrical and/or hydraulic connection to system components. The controls

interface also includes an R.O.V. installed electro-hydraulic jumper 550 shown in the installed
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- enbodi ments. In the inplenentation shown in Fig. 20A,

isolation sleeve 18 forns a seal with tubing hanger

30. The work over valve 73 shown in Fig. 20A is part

of a bypass flow path (flow line 200) permtting

annular fluid flow from bel ow the tubi ng hanger to

above the tubing hanger. Also shown in Fig. 20A are
posﬁl&? tAHQi E‘kgn\ﬂ@ﬂg?f qug ai")llR'Q‘f‘@i fnlégil&g efétc{rb nlgngeg 55|5nmt tﬂg “parked”

exanpl e shown in B, isolation sl eev a
positien| Ghiokh ilﬁeStoopn@tedspomnuEB bldtie 78 anohagb\pemdwabrveoﬂ&ctor 502.

Cho%%ggtﬂlécpmc es %%Eg{nxz% SrO%f F%lggg g pi PPg?ﬁt @gl 1%@0%\/',}1'@% connector 85.

A prbdnlmtmg ﬂmamlgrer ot mdahmlhh flot Uink 199 aF@d@ﬁécted:ﬂoglonH& ¢dimector 85.
enbodi. ne i I mpl ement ati on of

nt spommn not he
at {F he Ilﬂvﬁﬂtl‘?ns Sheretots 1331%5@98@1%{ oFapy it e QJpects ndktoattain the ends
and Iﬂ‘\%nh%@ﬁhféﬁﬁb&ﬁ QJ wfeil %Worﬂﬁtrp u%ggnﬁthe?elﬁ’o'%léﬁlgvlﬁvénﬁgn has been

t ubi ng spool i npl emented 1 n various
deplgtg@)dtﬁsmﬂlgand,qg dgﬁmdnby mefp:;egce Q)lemm;ﬂar@wnpmdhnﬁmﬂoﬁﬁy invention,
suchbr%geggr[é:g; Egtn%g é}TBEXa 1|rrﬁ{at18£ O t%? el]El)\FGCgl grg,: eltmonm ! ?léceh iﬂ:)utatlodx is to be
1nfersqnboTh63mveﬂFthm is cﬂﬂabIB: qumrrsiderahleCMb&lﬁdattcﬂﬂ laRéraisromequivalents in

termnation of flow path 200 a | ocat ed abov )
formy 1 el g ST Ry Sl Bens BFmnees g having the
benefit bAMEY @idclBdur€ UFMeskasipe) s6tae c&ﬂ'—ﬂ%u'at?olas Ha t1|g5]te d@bsd &llection in

wth a flat, tapered, or curved bottom (Fi 21D). One

annulag; flqve gathn Theedepiatedypichdespabasesrabadimenss of mhesmventlon are exemplary
el a
o iy PERRE e b ARRnfdR X niadtkly, the invention i
mtenldacrhgerbq himitad | anlis bonthedspiminasd séepe el drephppendet chims, g1v1ng full
ur af | mtigate debris collection in the

cognﬁ %eﬁﬁ‘va%‘@ @%Beép?fésnt of a controls interface for

a subsea production systemis shown in Fig. 22. The

control systemof Fig. 22 includes a control pod 565,

a tree 10, a spool, 20, a wellhead 50, a tree parking

stunp 520, a choke 510, an annulus block 78, and a

base 500 to support the subsea production system In

anot her exanpl e, a parking stunp may be | ocated

separate from base 500 and may service one or nore

trees. An electric cable 560 and a hydraulic unbilica

570 are connected to control pod 565. Contro

conductors 580 are connected to the control pod and

provi de el ectrical and/or hydraulic connection to

system conponents. The controls interface al so

includes an RO V. installed electro-hydraulic junper

550 shown in the installed -12 position. Al so shown

in Fig. 22 is an ROV. installed electro-junper 555

in the "parked" position. Choke 510 is connected to

annul us bl ock 78 through production connector 502.
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+ Choke 510 al so i ncludes control valve 508. Al so

coupled to base 500 is flow |line connector 85. A LLOYD WiSE

production flow line 90 and an annulus flow |ine 95
are connected to flow line connector 85. The
invention, therefore, is well adapted to carry out the
objects and to attain the ends and advantages
mentioned, as well as others inherent therein. Wile
the invention has been depicted, described and is
geiAiMsl by reference to exenpl ary enbodi nents of the

I nvention, such references do not inply a limtation
on the invention, and no such limtation is to be

I-nf er Acybsexpsoduelien systim, compalsiigf e of consi derabl e
modi fj cahh haR: alteration and equivalents in form and
function, as’will occur to those ordinarily skilled in
t he pecimrrgesrlﬁn@ﬂdsper&fed froav thegwélthead;benefit of this

di scl osyre. For. exanp ome configurations may

m ti gafebingmopkhaving aeeqqtraﬁbwﬁ conpgetRddp the wa}lfpf&fih The
depi c @gm weihosl n
are e{‘(gfrﬂr)p arygas(ﬁ %/cggand ar ekﬁﬁ%ﬁbé&ﬁég@ggﬂérﬁﬁ,
scopeamdnnuhes disposert wishin to casepstnng, such thet acvesstod itterannglus is

i nt ended t e limted only by the spirit and scope of
?rﬂ&dﬁg&:‘ﬂﬂéﬂt hingsPolAlg full  cogni zance to

equi VahRustidmtr& donhERBER! Stop of thelthbP sp¥otE  CLAI M5 1.
A subsea production system conprising: a wellhead; 5

a casi ng strl ng suspended fromthe vvel | head; a tubing

% pfale nsbl %roducggrtlgaste géﬁeotr 191%?({6 'énnil l],]bglﬁt he%)o\é\rgqnsgl}egég bypass
aealedldihgoetpath anlwd dombfuntbat oo S thé ddHulusi BBe®asthd Bypass
strin such that access to the annulus is provided
muBisghid Hewinath paysesgbromgh apanagusbleelbduct i on tree
connected to a top of the tubing spool. 2. A subsea
producti on system according to claim1, further

Tonpr Asubsgapridnotien systamma¢aosdihg to dainh dywhertin thebjpass annulus

SRS sPleTtend G et ip ] G GEE the annutus
docdecoddentt which ¥mERid E&ﬂﬂﬁhic@ﬁoﬁ WitheRe &méal BurB9f R tubing

claim 2, wherein the bypass annul us
spool above the tubing hanger.

4. A subsea production system according to claim 2 or 3, wherein the bypass
annulus fluid flow path further comprises an annulus master valve and an annulus wing
valve connected in series with the annulus master valve, which control flow into an

annular flow line.

5. A subsea production system according to claim 4, wherein the bypass annulus
fluid flow path further comprises a cross over valve connected in parallel with the
annulus wing valve and which connects to an annular flow line that communicates with

a production flow path of the production tree connected to the tubing spool.
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fluid flow path conprises a first end which is in

fluid communi cation with the annulus and a second end
which is in fluid comrunication with the central bore
of the tubing spool above the tubing hanger. 20 4. A
subsea production systemaccording to claim2 or 3,
wherein the bypass annulus fluid flow path further
conpri ses an annul us master valve and an annul us w ng
val ve connected in series with the annul us naster

gal veA smbiidafprcdlﬁtlbﬁ) bysté¢rn\acdondiag & claimm Ak dlaith |59th1ieﬂf)the bypass

%H’é‘? tﬁ.‘ sea pr oduction, system according to cla
& 3%@ ButhspeRMBpRSES A WATK O oAl YSa0RNeted lﬁenarallel with
BRHBRABE i) f’uﬁlapé’o%ﬁmﬁﬁlcé/t@s SRABSEHEA b HAREhlbie spool.

S w ng valve an whi ch connects t
annul ar fl ow line that communicates with a production

T o uBors Bt S 5ebin gl GG et ing a bpas
RRUKCA I @loﬁr)’ﬁaﬁﬁm 68 %ﬁhﬂaﬁaﬁoﬁ bath Théarluls! @hBlem the bypass
wherein the bypass annulus fluid flow path further

aowbys fhad flawmpatikisontegratedlinte thosprett ed in parallel with
t he annul us wi ng val ve that comuni cates with a
central bore of the tubing spool. 5 7. A subsea

®r 0dUN§uB§ba-°p)‘§d&Hbﬁ§ﬁs@é’rﬁi 'aét%r&lﬂ§€d ébim 2, whéteintRé bypass annulus
conpri si pass_ annulus flTuid flow path in fluid

palbics |09memsw fimeendinhich s, invlvid eammppisatignowish the annulus
%ﬂﬂ% é kﬁﬂ \ghlfcla ?Q"{[ Qﬂhg cb uﬂ c?ig&?&/gﬂ tfl@{e?ltrtérl?oé Bgfﬂe tubing

Bsea pro ion sy em accor
soet etmett]litetubmamﬁgﬁnnul us 10 fluid fI ow pat h

conprises a first end which is in fluid comuni cation
with the annulus and a second end which is in fluid

6 0MUR sgggéa%odﬂcm?n §Eent 8Ok @hg h?pélgmpﬁ ot BRirh ¥0h ARG ein the bypass
spool above the tubing hanger. 9. A subsea producti on

gylsl!t@rﬂta@ ﬁgwmaﬁgﬁmbemmpnszs o amitdusrm&tenmmnd anhgnulus wing
annul us.

5 h_‘ [urt&h conprd ses
e e 8 RS Sttt SR RBntal e Wieh sORGR 4R3F Fo an
mm[heeroad]men series with the annul us master val ve,
whi ch control flow into an
10. A subsea production system according to claim 9, wherein the bypass annulus
fluid flow path further comprises a cross over valve connected in parallel with the

annulus wing valve and which connects to a flow line that communicates with a

production flow path of the production tree connected to the tubing spool.

11. A subsea production system according to claim 9 or claim 10, wherein the
bypass annulus fluid flow path further comprises a work over valve connected in
parallel with the annulus wing valve that communicates with the central bore of the

tubing spool.

12. A subsea production system according to any one of claims 9 to 11, wherein the
bypass annulus fluid flow path further comprises a cross over valve that connects the

central bore of the tubing spool to the production flow path of the production tree.
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according to claim9, wherein the bypass annulus 20
fluid flow path further conprises a cross over valve
connected in parallel with the annulus w ng val ve and

whi ch connects to a flow |line that comunicates with a
production flow path of the production tree connected

to the tubing spool. 11. A subsea production system
according to claim9 or claim110, wherein the 25

I3/pasA sabsed ipusdulction slystdnvucdoadifig faiclhiner, wikipihitheBymiss annulus

@QI‘E‘ over, val ve connect ed i.n parallel wth the
v dlodspath Agmpases @ irptand ey isi i MCWHWP@%\@H‘E theannulus

R £se@bnd BRI wﬁlUf? E9 fRRY %mmlla%canrc‘%ﬁﬁ %@r&f&%ﬁﬁ ng;aé}? (r>]f the

system according to any one o

priduct®@ tieg wassectadrtalthestubingisgodll ow pat h furt her
conprises a cross over valve that connects the
central bore of the tubing spool to the production

f4.0w RatbseRproduerifn SR h&!&rdlﬁgﬁ) clal%rr’li%\épelﬂ\’tlﬁﬁ)ypll% annulus

A subsea gr oduction ‘system according to claim?7,
fhid flomwnpat @rﬂyﬁp gempasaIah @snulusjmstfer ng)atdammnpl*uss’esg salve

c];oln a ta(gm sgrlas wﬁg éli oeHHluLur? dn%er e/ﬁ Wﬁlﬁhfcf’ﬁtf‘\%lr f}ow mto an annular

flenmmel cati on with a production fI ow path of the
production tree connected to the tubing spool. 5 14. A
subsea production system according to claim 13,

pher eA%uf)ng %&F&% ?cc‘corélhéJ td cl£11r19Y\5 Bxaélt}m{ Fﬁ tsfﬂr\%ﬁenrg

conpri ses 1 annu? an annu

comipreingcamamaatue dtalbrcoﬂme‘dt@ismpatdhlet h&h ﬂnemﬂnuhls REfRg edlve and a

val ve, \M‘il ch control f]ow.i an_ann flow |line.
cfpssyer ya §%B‘§E’§Ctﬁgérﬂﬁﬁ?te?6‘ﬂth§b§? %)r’dl ng to claim

13 or claim 14, further conprising an annul us stab
connected in parallel with the annulus w ng val ve and

. crdsubsge groduglioesystamnaesoeding to clain b,sfuvuwrrcompelsmgabypass

A A subsea I on

RO Bhi P vatiinfic CrRBRER BLRHM A R0 BSY fiin thebrpas
anals Wid flow Paft prssdsabdduiinad hntiuscieruni cat I on with

t he annul us, wherein the bypass

17. A subsea production system according to claim 16, wherein the bypass annulus
fluid flow path comprises a first end which is in fluid communication with the annulus
and a second end which is in fluid communication with the central bore of the tubing
spool above the tubing hanger and further comprises an annulus master valve and an
annulus wing valve connected in series with the annulus master valve, which control

flow into an annular flow line.
18. A subsea production system according to claim 17, wherein the bypass annulus

fluid flow path further comprises a work over valve connected in parallel with the

annulus wing valve which controls flow into the central bore of the tubing spool.
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~annulus fluid flow path passes through an annul us LLOYD WISE

tree. 17. A subsea production system according to

claim 16, wherein the bypass annulus 20 fluid flow

path conprises a first end which is in fluid

conmuni cation with the annulus and a second end which

is in fluid commnication with the central bore of the

tubi ng spool above the tubing hanger and further

conpri ses an annulus master valve and an annul us w ng

V2l veAcmhsmagiredlictinn systém acairding tdnelafmn 8) fusthenegrising an

val ye, j.ch.control flowinto an anpylar flow |ine.,

??“X%.ﬂl%q BHLBLCGANGES Hhe hyRassyADpRvs Soubiey Pgihtts agiregygtion flow

%Jth o SFSIuBtid R LIRRES AR WHE ﬁ?oin% %}Hﬂoﬂ anid WoRAEEr valve connected
urther conprises a work over valve connected In

aragalled withithtrwoteoveanalvk asd dispgsed avithen said ahmdanfluid lise.

flowinto the central bore of the tubing spool. -16

LLOYD WSE 19. A subsea production system accordi ng

2@ cl Aisubded prédilctibe byt REORHIAE tAB1aRR N0 iherbinUhdclobd\Gver valve

that connects the bypass annulus fluid flow path to a

psrdbepesed igrihe arowlusgegeh of a production tree connected

to the tubing spool and a cross over val ve connected

in parallel with the work over valve and di sposed

.t hi A sabsed pasdudtian sfstém dedordifig tdcldln 19} whiR&i@ahe cross over valve

productjon system according to claim19, wherein the

@@@Qs?ﬁiﬁéﬁh%&‘loﬁcnqnére&isposed in the annulus tree. 21.

A subsea production system according to claim19,

wherein the cross over valve 10 is disposed in the

2.0duAtsubseatprabicti@? sysfens alioeding toduit R brfugh&toemprising a flow

according to claim?21, rther conprising a flo pat h
Bﬂéﬁ ﬁ%f&teﬁﬁfgg E?‘ﬁée'&t&}T {opHg OHBE? E‘%b‘fg %pﬁgp HOJE? H%dgﬁm Pﬂt% p@*ﬁi@f the
PoaEHhi tRR ahl QWrddbleOfaldd @spdRbP Atk thOfiol rp%ﬁl (%ge&ing the

cross over val ve disposed with the flow pat
ecotakbareef the tubing speat and productiondteet he t ubi ng spool
and production tree. 23. A subsea production system
according to claim17, further conprising a work over

YAl veAcabsea pt@iliction sBteneacdordifg tdelaian 1| fughdrashtising a work
val ve that controls flowinto the central bore of the
LB VALY© SprRRseted R series M sthe paRulyeampEer yrebakepnirals flow into the

Rt btk oMHeMubiBE spool and a cross over valve connected in parallel with the

annulus master valve, which connects flow to a central bore of the production tree.

24, A subsea production system according to claim 17, further comprising a cross
over valve connected in parallel with the annulus wing valve which controls flow into a
production flow path of the production tree connected to the tubing spool and which is

disposed within the production tree.

25. A subsea production system according to claim 17, further comprising a cross
over valve connected in parallel with the annulus wing valve which controls flow into a
production flow path of the production tree connected to the tubing spool and which is

disposed within the annulus tree.
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- 20 annul us master val ve, which connects flowto a

central bore of the production tree. 24. A subsea
production system according to claim 17, further
conprising a cross over valve connected in parall el
with the annulus wi ng valve which controls flowinto a
production flow path of the production tree connected
to the tubing spool and which is 25 disposed within
the production tree. 25. A subsea production system
26 cor Aisnbseh prajuation dyétent aedohding eodtpim § faghér wh#iSing annulus
over val ve .connected in parallel wth the annul us w ng
Yerdoruhe &P 1R®#RA%I s flow into a production flow path
of the production tree connected to the tubing spool
and which is 30 disposed within the annulus tree. -17
2. OYDAMhIBEa pRBluctors systmma agooting ta dains36 tvérerain ther ainnlys valves
to.claim1, further conprising annulus valves for the
FEH WG SBPYol . 27. A subsea production system accordi ng
to claim 26, wherein the annulus valves 5 are in the
spool. 28. A subsea production system according to
-ai i 28bseaipeadaiction sisteanaesiording tol claim 2@ vehergin fre annulus valves
a@gyﬂuéﬂugm%ll oscolfo k.1_0 29. A subsea production system
according o ¢aim 1, further conprising a bypass
annulus fluid flow path integrated into the spool. 30.

A subsea production systemaccording to claiml,
Fur t N subssApradiiction Biskempaccoripg tosil @iy bfpghercampaising a bypass

A Lo R e <ot o Che o

30. A subsea production system according to claim 1, further comprising one or

more production valves, wherein the production valves are connected to the top of the

tubing spool.
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