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priority to and is a conversion of U S. Provisiona

2004, BACKEROUND The pr esent 1 venti on relates  ININMINNAINA
2004. BACKGROUND The present invention rel ates

general ly to subsea production systens, and nore *159159*
particularly to subsea production systens having a
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production systens have a wel |l head | ocated at the

upper end of a well. The well head typically suspends  *G0000t*
one or nore casing stringspriogmiected to the top of

the wellhead is a tubing spool. A tubing hanger
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hanger suspends a tubinig string throug he ~we
Serlalmooﬁo/ﬁé3,6é%ﬁiﬁgl Marchrg, 2004convent i onal  producti on
tree can be connected to the top of the tubing spool.

Conventi onal production hree% i ncl ude vertical and
hori zontal trees. Horizo can be incorporated
as art of the spool, 6 system_Vertical trees typically
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artlédlélﬂl & su&%gﬂﬁ‘&ducﬁf)f? §BRs thﬁpfn%ga E%? il e gatﬁ ﬁgxﬁx (f’)%{nt below a

passageway t recel es an u oW of © annu
tubmglhanger tHalpmmlabcmre 4 tubimg lra;zparcal ly include a passageway

roSame Siied prodicliSh sysiqus haye ' Bietbid agaied aHither uppes end of a well
The %ﬁﬁéaﬂ' ﬁ&pﬁﬁﬂ&”sﬁpeﬁlhy lofle of rrﬁgﬂécéagﬁg sftlgﬁﬁ @é{léc@ecd Hfithe top of the

single or dual bore systens
wellhsad i 2 tubinghspogk eAdﬁblag hangtn ¢ypicailydends iarnle abingxpogl, and the tublng

hang@ \batfts BN Ring BT A6k e 3lHen® Thib A Sasiod By A conventional
prodibtiogieree chibe @oklicdtHa!tE &h&@b%‘fﬂ%ﬁbﬁ*ﬂ fsbb@Y! donventional production trees
include vertical and horizontal trees. Horizontal trees can be incorporated as part of the Spool
system. Vertical trees typically have a vertical passageway that receives an upward flow of
product from the tubing hanger and a vertical passageway that receives an upward flow of
. annular fluid. Horizontal trees typically include a passageway that receives a vertical flow of
product and one or more lateral passageways for delivering product and possibly annular fluid.
Production trees may include single or dual bore systems. A dual bore system permits
the use of a production bore and a tubing annulus bore. Horizontal production trees typically
have a production bore and a large diameter tubing hanger. Large diameter bores are difficult
to seal in the presence of a high preséure, which results in large upthrust forces. To alleviate
some of the problems associated with large diameter wells, wells have been drilled in two
stages using a two stack system. For example, wells may be drilled with stacks having sizes of
18.75 inches and 13.625 inches. Vertical trees may also be used, but they typically include a
top terminated annulus. Vertical production trees may be used to reduce the diameter of the
tubing hanger. However, a reduction in the diameter of the tubing hanger reduces the diameter

of tools that may enter the production system without removing the tree. Conventional



to seal in the presence of a high pressure, which

results in large upthrust forces. To alleviate sone

of the problens associated with |arge dianeter wells,

wel | s have been drilled in two stages using a two

stack system For exanple, wells may be drilled with

stacks having sizes of 18.75 inches and 13. 625
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prOdtlglmnctﬂ:ﬁsygqu}ildeHe aot twphl twtedi foathdgh pmsura Prodiftibh btems having

t b dt d t he di aneter of
sl R RS R TeRever . & reduct fon i n the
di BUBAE Erd@lﬁcﬁ&iﬁlt WAy RUERIMIE b0 FBINES rb{&%g%}m %Etaﬁ{l reptce it with a

tools that may entér the productlon
blowr asttpreviegter IﬁeBQP ‘BeandGafely lp'crfomn Iwork operoudskst | Ahternatiedy, a BOP stack

ocaREREE b 8 1 Tt R B DRI, et

exertdliaclaRpectiendin@Ubad &b Bblﬁﬁi}uéttdnﬁrbdl&w 'ﬁ?é’p@iﬁt g?ébrﬁé@ﬁ@ﬁ:? the BOP stack
renove a production tree and replace It wt

with Hisrprpdusiiopsystem: Romoving g certentionah dret oamrbeve timearet labor consuming

kK located on top of
tasktihrétzlgﬁ%véé {)o‘?ﬁé‘ﬁglédﬁffp\iréﬂl de%Eﬁ%él?t ack | ocared on a8E of a

homever, typically exerts a large bending load to
points at and bel ow the pgsumwvaty connection of the BOP
stack wth the production system Renoving a

COThee PrdsOrtainvetRfh fs2BerPalfy tdir@&e@rig Aggﬁgea ‘L}S}Bﬁﬁﬂﬂdﬂgsystem, which
. task that involves sonme ri'sk of well destruction.
includgg\avpyelihvads g eesingstring\suspandad ifeony ¢he mallhgadda rtelsing dspbol having a

centefh PS5 R Shd FRURAR s FoHE ViR i spool nc
sealed t}temélbnzg ttﬁ:ﬂﬂ;g)&tnhgwslgenc&d e tth@tubhy &n%@ﬁmﬁ&dgﬁ%& ellf€ad into the

| head, a _ tubin anger di sposed in the tubing

casing B%‘ig %Ih%!ln"é‘@dilwwdﬁé?tww thg ttﬂmas ﬁtgmgtang rﬁlgedmmwm and a bypass
annul§ F0id v nghnﬂl RR08s lﬂ’)ﬁlﬂﬁlgl spose% @%t a\llx\g@ ! ? ﬁB?sr?ﬁ production

casing string, an ann
systemt furﬁhgr anvdudeben prsiuciiprs treé ROnnéfedl fo thépﬂtbﬁng W' Which includes a
Iow th. in fluid conmuni cation with the
Pmd"ﬁh ﬁ?ﬁﬂ‘ﬁéa@ BFQS’HE@?H &ppster S‘Sﬁ%‘feerh pipduption wing valve and a

produicA6h W?&vﬁv@ QARG NORAREARRRR SRl dich i BRRNO |

spool i nclu es a ow pat
a Iprood @mblodmnemasf the predent mvanlpnm) dlnn:bypass nmm@uwﬂhl‘deﬂcam Path passes

o S AP L oA b e B

first dadesidch id MRl |c6ﬁ‘1mdrﬁ@.t19ﬂ ﬂﬁﬁﬂh@%ﬂﬂﬁlﬁf ath H'sgccfnld%ﬂd%‘hgh is in fluid
passes through a separate annul us

commuycstpaayith the [centra) pazsobitha tuhisg spaal (abtb\reoﬂwe mttlhg hansgea. The bypass
ennu, K14 853 A0 Fbutel it Tudy R miEH Yo hd n ‘aifutus wing valve

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



conmuni cation with the central bore of the tubing
spool above the tubing hanger. The bypass annul us
fluid flow path further includes an annul us master
val ve and an annul us wi ng valve connected in series
with the annul us master val ve, which control flowinto
an annular flow line, which in turn connects with a
subsea fluid fl ow system The bypass annulus fluid
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annular flow line. Tn this enbodinent, the subsea :

bypagsyannanst fhwid Hlow ipath alse snddwdearanuinmilust msteowalyetand amannulus wing
valve connected in series with the annulus master valve, which control flow into an annular
flow line. The bypass annulus fluid flow path further includes a work over valve connected in
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




paral l el with the annulus w ng valve and a cross over
val ve connected in series with the annul us stab,
whi ch controls flowinto the production flow path. In
yet anot her enbodi nent, the bypass annulus fluid flow
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Figure 4 is another example of a subsea production system having a cross over valve in

the production tree according to the present invention;



path of the production tree. BRI EF DESCRI PTI ON OF THE

DRAW NGS A nore conpl ete understandi ng of the present
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referring to the follow ng description taken in

conjunction with the acconpanying draw ngs wherein:

Figure 1 is an exanple of a subsea production system

havi ng a separate annul us block according to the
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the produetion treeacepndingto the prgsentdnvestiamot her exanpl e of a

S r tion system havin ross over .valve in A

¢ HOER 0N Sl RET Rt Brbsiefib BRet Reviti » oss ver valve in
the produétitin test actoditightohd preséiRim@tibranpl e of a subsea
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' [ le of a subsea production
the h@;%ﬁg‘é]oﬁ%c'ﬁ%d%%ogﬁég%é%{}gw gm’e in the production .

t riigura @cis adother éxanipleofi 8eel proivetidn SitenhHAEa WdrR over valve in
thetugnm her exanpl e of a subsea production system having a

F%%é’%\/@@'\?‘_éﬂ&/‘é’ thﬁpfeﬁ%_%‘f%‘ﬂ%iti on tree according to
yps?%\gé Gi%qgtan%tﬂ&e&ah{ﬂgé of g%uﬁﬁaﬁ)rb&cﬁggtsgﬁém%?ﬂ% ev@;k over valve

I
ea production sys avi'ng a cross ove il
in the tnbingspodlabecordingio the presomk thivegtiorg. t he present
inyentign; Figure 9 i.s another exanple of a subsea

n, Fi _ .
preo#itfe tli(i df 28 F‘é?ﬁaﬁ'&}? R§ 2 gubsspipredustion sysemihgvingrrework over valve
in méFtFEg’iBE gpédlgeéoraﬁlgtq{,] gée'}ﬁeée?xt P{@n?&g sent invention;

jure” 10 i's an exanpl e of & subsea production
s\RgwenlRdy another examplovEr subdedgroductibh @ydterhiMagingrowbrk over valve

. ccording to the present invention;, . Figure 11 is
mthegﬂlglpﬁépo %8%ﬁ@géf$t}51§5§f§éﬁfvﬁp%%cti on system having a
WRigure I8 s ¥R bxdinple Bf b @ﬁbkﬁ%@;ﬁgﬁ g%'staﬁ%{/ﬁlx %Fsgbgffafe';a‘%mulus block

present invention, Figure . ot her exa
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in the annulus tree according to the present invention;
Figure 15 is another example of a subsea production system hdving a cross over valve
in the production tree according to the present invention;
Figure 16 is another example of a subsea production system having a cross over valve
in the production tree according to the present invéntion;
Figure 17 is another example of a subsea production system having a cross over valve -
in the annulus tree according to the present invention;
F igure 18 is another example of a subsea production system having a cross over valve
in the production tree according to the present invention;
Figure 19 is another example of a subsea production system having a cross over valve

in the annulus tree according to the present invention;



Figure 13 is an exanple of a subsea production system
havi ng a separate annulus bl ock and a BOP stack
junmper according to the present invention; Figure 14
i s anot her exanple of a subsea production system
having a cross over valve in the annulus tree
according to the present invention; Figure 15 is
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accor nresent invention. The present
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present invention ar !)E%‘A@N%bﬁsdﬁhﬁﬁq exanple - in the
drawi ngs and are descCrl erern detail. It should
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Turmng; td iFlrg t1, tone epmmph:ﬂtf a bubsenprodctién tyxeenPdy 8épictbd@r Fig. 1 includes a
cl ose Rat her, all _nodifications,
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Produdfith tgr?as e va \}ebﬁ{j mve\lnytbré croeufp et% t%etbore o gtrxoenstree 10. The bore of

production tree 10 is coupled to tubing hanger 30. In the example shown in Fig, 1, an isolation
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 hangér 30 may be sealed to spool 20.
Spool 20 connects and seals to wellhead 50. Conventional seals (not shown) may seal the
spool to the wellhead. Tubing hanger 30 may suspend a tubing string 60 into and through
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. |



Turning to Fig. 1, one exanple of a subsea production
systemis depicted. Fig. 1 includes a production tree
10, a spool 20, a tubing hanger 30, and a well head 50,
and annul us bl ock 78. Production tree 10 shown in Fig.
1 includes production tree plug 11, production swab
("PS") valve 12, production wing ("PW) valve 13 and
production naster ("PM') valve 14. Production master
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AM e "Bl ) YEREPE o i PR, SHEERSESh, dsRius PR ow path also
includ¢sofdel pattt 58 efhidtheoreets 8hé anrulateiil AdWS RPe WehtrflBBRe OF the tubing
all the annulus flow regions into an annul us bl ock

spook akayeihe drbingdvngsr Thowxaraple showsrinfgl bdoclydes a bypass fluid path
havir&nﬂyﬁﬁfer fahfla%ofeP¥hd Tk ToRd MBSt thé %%&s'ffbvs Bgth may communicate

with the tubing annular region 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



enbodi nent depicted in Fig. 1 flows through annul us
region 56 into the annul ar region of spool 20. The
annular fluid flow may be coupled to a bypass annul us
flow path. Bypass annulus fluid flow path includes
flow path 57 which is in fluid communication with
annul us block 78. In the exanple shown in Fig 1,

Wgnul us bl ock 78 includes cross over valve ("X Q) 75,
762 bequgh flowmijing: qonmgctora&ﬁmtmmmttbxw lizg 9% Similarly, access

to th é&ﬂl%a%ﬁ @%ﬁ%@%ﬁ%ﬁsthﬁgu%ﬁ&@ﬂ%&e@éw B3 are in the

C| Gmsd opersvalvens pesvidds aidbitioA Mﬁbf{&laﬁ@ fndle kel t”1!>|.rcY<ﬁlct10n system.
n, the op osi tion, annul us ass flow path

For e&‘lag’é? e, elogingdalyes IPWV?%) aRhPSd 2 pemaits féle@ stotflnsv tmoughdtM valve 14
and ﬁﬁ'dﬁgﬂ cfr!)s‘é"&v‘eghﬁ@? ef‘ﬁrrt}?ér,ljg Bokh Qle{sh\?// uAi a'?lgﬁﬁl'é_llp?gé) arg in the closed

above the tubing an er e exa
positionc hnd bethavaiyngoAOf’JSuamﬂ PV h74 lam/im theaOpanPPeHitici) hraduct may flow
The |.ower end of the bypass flow path may

““°“c€g‘f?ﬂﬂwl U &'l“}ﬁ * the tubi ng annul ar regi on bel ow t he
t ubloRfctiANG&d 10 TS YPRRloved dn@'t ?ﬁlg&rdg)éigl?%ﬁh ?&Q{D%%J%nter (“BOP”)

may communi cate w't e centra
dunrgpwgtk avasy eFarhexampls, X{Ohealge 75 afidepraduntion rtrasi K@gmabMQ 31 may be
annul u ck .78 contrpls the annular fluid that
place]'if, Thef Respbive! Afshalnd Sogifsposforor and rahsfien e 10 may be

removed fronfl @061320’ eAZB?%IaHﬂy\MéH W@édﬁﬁe%g’% i obFZG tht ﬁ@?qn place, and

pOSI tion [ AM val ve 7 W val ve
W/0; yalyeng3, oé%vﬁag i76i amd A¥¥irvalves74 i thedr msgecflwmlcstﬁ pughons, surface

s BB TS, 0 AR AR R R B et s By

placihg tie ann0laeQaINEs 8D a bRde) tiRNMliRE ﬂuﬁ@ﬁia&'b@%c@e@sed from an annulus block
Siml arl)g,‘i access to the annular fluid may be

78 mppnyed gaa %Prough annul ar flow line 95 Cross over

ve 7. e n functi lity, in th
o chee eRIEEEATT B Bl Ruasilo b DL mao FonpSSiad szgotly to the
tubinB\épdd 240 cFo?sx ﬁ]@elhmmlﬁng Rengder 9HieCI 1, bAd VhIows Al ‘-76 ahd Wo 73 may
valve 14 and through cross over 1ine 158. Furth er,

be clgsedy, 1 3 ppdangtamp3s medany theaubsearprofiectionsystem, the productlon tree
7
may glglg EE E%JS&F??%R@ 9{1) ?ﬁéecf%lﬁlé k?r{gqj Hg%x\éhﬁa%%)g’l gy #hfg\lﬁe connected

to the |sp®1950neP|shﬂﬂadtmchhn ft aextliﬂmen’ﬂgneﬁe of ehie\distlasnett will recognize other

| th t t BOP" d
valve 353 e Y661 Qugng OB Conhestom ve 75 and pr oduct i an
t r&ﬁn&aﬁg@dxnﬁhﬂ%f?tﬁe PRYe Snveitidh ?gxaﬁl@ tﬁé\%’u{m%zﬁﬁl?ﬁ %tf't%egnumber of

cl osed and installed positions, rodu
valvegay abﬁéOduCt;nn\tEd fAdsiiticnalp) subsea pxo&il'ﬁdmmystbhﬁmcb@'dmg to the present
ace, WO

connect d spool th a
1nvenvlgp\}gay7§1 Qrg?c‘%al -sztletlg\h-amAWgag 914}rq>rﬁ tphl@grhanger 30. In some
exampRSP € piRIuCHGS efde Pdbek LA MBave S faBfSlus bore that traverses through the

production tree. Other embodiments 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);



access to the annulus fluid is thereby provided

t hrough the BOP choke and kill lines. By placing the
annul ar val ves on a base, the annulus fluid nmay be
accessed froman annulus block 78 nounted on a base.
In one enbodi nent of the present invention, a BOP nmay
be connected directly to the tubing spool 20. For
exanpl e, the tubing hanger plug 31, and val ves AM 76
andli\pr@hztionnglvehmay bosatdevable;a par ki ng stunp is

i ngd.uded i n, the subsea, .production system the
prgiﬁ[&gme%ﬁlﬁﬁg@'bwp@ﬂgﬁ’ be taken off the spool and
pl HPEH‘\Qalsqng)ﬁf,gi; aiiyp. A BOP may then be connected
to the spool. One skilled in the art with the benefit
of Skimjlinegtasks mapbe compatiblescogni ze ot her val ves t hat

na ur.i ng BOP connegtion. Sone enbodi nents
of gt{n?agce%#agggﬁ?gr Hg%ﬁ’??'?ﬁjcﬁl&p?ﬁ?@e’t he mi nim zation of
t hglimudberisepd may Bk ¢6@patibl® production tree.

Addi tiagnally, subsea production systens according to
t hainglechogp fiserimaycheryseds ardy | ack a horizontal outl et

fr g ' I .1 n,.sone

o0 S pIRA0h ) VR M b BB O bl S B PG 10 BeBE 2 s

boTke pfeadnt timivawtion amytberiaipldmémed inpvaeibus endodinies. Fig, 2 depicts an
O her ,er‘lTTga?di ments of the present invention may provi

d

implementationbaving)s spopl withonfegrpl Aanplys yatvay e Sontplling sanglys Valves W/O
_ ; iy .

73, VR, A var e’lﬂdjﬁ{% t7l5J ?ggpd%?zw?ggg r%\érgﬁ%g&%ql la.glnga\% tlﬁ\g.u [For example,

connéction’ ma |
closipglivhivag W/AGb7hgnd TUOI T6) andippérsng whivesd AMI t760atid AW 174ng@rmits annular

h . b Ki t ; -8
flow o SRty Srfbudieh Dt lose by o7 ael 281 Erouh aaphs fiow line 95, In
anotl’é& Ehﬁoﬂ%?{enﬁeprm?ﬁ ek €0 of EFQ"EH bSr ate(? E?’ g;B%IL’[,rz}nd annulus flow

orrpatl e; 'Slimline stacks ybe CO ace
may sxcewrkthirought Bowr kings Fgnd &S8c oMpat skilled; in Blei ant bwitle the benefit of this

. qLisers,my he c atible; Single bore riser may be,
disclfuBE WL Sl S BT Gy piEieh g RRGHE > SHES<E Bicigron system.
PCEFQB-FH@pi'cﬂadﬂiﬁ&ﬁl ethBBdiPHeRECHH the PYRBAL iAlerifd¥ IQing the cross over
|n§)_errent ed in various _enbodinents. Fig. 2 depicts an
valve 75 in the production tree 10. Turning to Fig. 3, spool 20 includes W/O valve 73, AM

valve 76, and AW valve 74, Similar to the examples depicted in Figs. 1 and 2, production fluid
flow and annular fluid flow may be controlled by the valves in production tree 10 and spool 20
of the exa1hple 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 example 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 systém having a X/O valve 75 in the
production tree 10. PW valve 13 is 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



i mpl ementation having a spool with integral annulus
val ves. Controlling annulus valves WO 73, AM 76, AW
74, and X/ O 75 in spool 20 of Fig. 2 may control
annul ar flow For exanple, closing valves WO 73 and
X/ O 75 and opening valves AM 76 and AW 74 pernits
annul ar flow through annulus 56 through bypass fl ow
path 57 and out through annulus flow line 95. In
75 imeminketed ¢oriadd i76@nd AWr dthedighranhuke skid 4%, - Fhddexagapi®yhown in Fig. 7

| fl
1k R B HAT . of s eimple, ZHELIBEStabr]g a9 DROIm SR 1 nection as valves
cont%l%ﬁg At RRPehed o BoH ﬁl%aﬁg)rgh&%heérﬂf fs ii’l\étLILedr acéfﬁgi 70, In the example

other ways to inplenent and operate a subse
shown i b i8o thes grose nverFajwe 73 1ifaylbeinndved diorhi wittdh the production tree to

witt 0B ShT e Sl e SRR R R i lsofshs wi gpgnize that the

cros§ioder Palvé PR be PldcBE lin dasiolV QiR ©f tRe sﬁ%eayﬁjoﬁlgct?)ﬁ’ system. For

and AWvalve 74. Simlar to the exanples depicte
exanpplg.the systeras of Figs.otiard B amayf inglude afrhltv-tored produttion tree 10 and spool
fluid flow may be controlled by the valves in
. production tree 10 and spool 20 of the exanple in

Fi T stdll offief) emBodiRents, BROWEE 0¥ daBletmay BE Eﬁhc@ﬂ Qe HRNspool. The
system having a _cross over valve 75 in the production

exanleseshop intfiigs. Sxkndnpict expmplep devinga weorkiasies salve B dogpted within the
spoo‘g.r ;rge diR '?)vtg{ g%l?@&éﬁ%?rgﬁ?&%?ﬁ% a.a\pgrktaﬁc;glpé&logﬁﬁ? work gver valve 73

uction hi s~ éxa
showtrhia Rigréeisfpasthifarbypassdfidve pattoaipthst Hagah eppért aidiadloser éxtl. The lower

t | h in Fig.,5, fl th 57 t
end i, Pbask TP, SOBBIITGBHFS VIR b ALDIBE, AGRUIarm Eipacbelow the tubing
hangkf) 3R R | R ardlep] '
g5 0 M A 1P s B SRR Sy oo
tubingtspeel abond thti tubmigshangerg . Alo dlepie irsFign9 dsvi sefiapata innulus block 78. In

. similar to.Fig. 5 with th tion that the X/ O
tis SR8 e reuing At cumaa dout (eaheldrom paih300Hay be contained

wiﬂﬁﬁﬁhe%il%ht}iéfs%obpcat ed in the spool. Fig. 7 shows an
exanpl e subsea production system having a X/ O valve 75

i nFigh&0 depietd ao examplersybscaGystenyhayinga $8rk everomhwect3eid the spool and

. r Wely! 1, Jhe out f . prqducti .a .
rolo R BANEL B0 78 a1 Dl B8 5850, 81 dpits a
exanfplofavinpa wekneet 9alv8F3 i/ the épboleamd%hating &n §$ﬁ?€&6 faBflulus block 78.
to AM 76 and AW 74 through annul us stab 42. The

The ganas Rlodndfushewn i §ie. 71 3l ksludenaClamvalre (FR VIS for controlling
prodFARTRASy. 31T R AR SAUSHY U B Mgt e prsen

invertibmpt Closiag FLVS AS0vp3rmits dcosdsab Ithel amil &G tRdugh Andller flow line 95.
the cross over valve 75 ma

For &gy BV FOPor Pt LRt Bam- o umehegeinto hagemmater emoval of
T R —
X/0 valve &5 mag obtthpbughedhnilar flawi lines9% eht stidhanotiiertetbodithar,2PW valve 13
may %\%dellj fattérgpcosr%isghreartri]on EI(S) rshown 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 e, the systens of Figs. 7 and 8 may i nclude a
mul ti-bored production tree 10 and spool 20. In stil
ot her enbodi nents, the work over val ve may be pl aced
within the spool. The exanples shown in Figs. 9-12
depi ct exanpl es having a work over valve 73 | ocated
within the spool. The work over valve 73 may provide
for a work over path. The work over valve 73 shown in

Fi Big. 83 slmmrt exafnple ofpaubsed produdRinity26R) ihélading 8HIAW out preventer
end, of _the bypass

d he |
“Bq‘bqﬁbgg%ng)gnﬁ%‘ﬁ{ amnes 239 i shaen ganmeriingaRREI 200 toegieparate annulus
bloclP®8 @Y TR Al wBANSRE Tq't%cge%t}gﬁ%ﬁﬁfus %ﬁg:kOfS tn@l‘?ldes }/alves wW/0

bypass fl ow path comuni cat es e cen
73, AMe76,tandi AY §ﬁocﬂhoa\meeFlghé3tlslka| b‘gg)ahsaﬂgwrpatmlpmldihg\&fpathway for

bl
] 4055 b, BT BBUHE SHESP L e Bgonse (F
stackf juiye a5 M), %%tﬁ&%)é&ﬁtp@é%%&iﬂ%@ﬁ’ons%fﬂ*ﬂ 'a”hse{) WRlthad¥f at one or more

the spool. Fig. 10 depicts an exanple su system
locatigag plegg shembreacnreduation\systed. i n t he spool and havi ng

M 76 74 I .
: ?g?%%%k%gﬁ%hg%ﬁigﬁaa %g%qdé\ngdh)adse aq.%t S ahg{d t?eélgtgrﬂ%o?qgnectlon of
the BDeto il subsedFprodudtion symenl. BNhdérdiniile, aNsitPRAGRE $inall tree having a
an ul us bl ock 78. The annul us bl ock 78 shown in Fig.

<EPIGE) %@gctar o1 thy bostoyeof the Wee sty eorsed. In another example, a

eSS AT i AN 7. 0 .

another exa&mple Wh&tenéed@d a BOPsedi@ettolis/ddnp@ediid the Q?Sﬁﬂtetsﬁool but not
t he, an uI ar f%l d through annular flow line 9
conn%c)t%p top| of thesesray prevent product from fl owi ng back

' r'Ihostflththéty SnBBYi etn'f‘sr if g{éﬁ E%flryg%hl% lparvggaglgéri,ngplst r&  that can be

I n anot her exanple, ¢lo provi
remomd)dnmretnovefd towthehswiagh. Fd/gONadep&:ts? @n axdmplet oft Hrsabgh production

eI W I R BB L S L
mclucﬂ_'ésga préductibn thleS16G X2 By sp&YIM WY Uiy F;@e?@@ {qﬁ&"a wellhead 50.

valve 14 are not l'ocated’ih the vertica ore
Prodystiod tesei hinciusles valves $8i 12, Wi 13, tand PMt14, and Iprdduetion tree plug 11.
osur,e

roaf B 5o 545 o GG B0 3 v e

connéfions 0an Aﬁih@[ﬂ?'b@’odkf7(ﬂm§wﬁéﬁmllmy€et&ﬁ€ 7?)/»’541\%%3 72, W/O 73, AW
i ncluding a bl ow out preventer

74, X403tk gndrdddF 7650Anmuleh trem ls: sﬁmtedntg gommts tre;e hase 78 having an

R 4, P S 18055 AR YR oo

lowetWr@ TH lowad &ﬁL ofahelbyPasy ﬁow pSﬂDQﬂbw Patir5®) cohdniuficates w1th the tubing
bypass fl ow path providing a pathway for annular flo

annule x@anEbelowthe bing Wngsnsgd rthf( ﬂpmepétoﬁ tie7hypess ﬁ@wxp@th (flow path
58) coiifubt¥Ried HithRg SEntdPHbre of the tubing spool above the tubmg hanger.

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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stack junper 250). In other exanples, connections wth

a riser may be nmade at one or nore |ocations along

t he subsea production system BOP stacks typically

exert large bending |oads to points at and bel ow t he
connection of the BOP to the subsea production

system In one exanple, a sinple and small tree having

a_ | ow bending capacity connector on the bottom of the

t d@gtlﬂ@;helg embgémnents; aqmmiuwon toeehqpting a @rosBoKeravchidt 9, a production

stab 4TS AHAEED 4yl Bo BRI p e vaBleamn B0 b thown i Fig. 15,
One sﬂlﬂfbdﬁd ,th@alBQ'ﬂ:hQBE‘ BERdM of t1fis ARBIASEE A1 tr?:o?ﬁ.ge LoR upy chgbeover valve

ool, but not connected to the top o tree.
75 m%ytbq pla‘zﬂdneﬂhfemwmsmtas sh¢wn irekigbt.desi r abl e to have

an ¢ it a can and Jieved to, X
P]Lé QH ace %E%eg%]’lﬁl désr? {og Sﬁeveexjﬁ'pfnéyo “!?TFB’% ed’in various
emboﬁmmﬁts:thahe impRhRAtabaN Shéw il Bigl n@xaﬁbmtlaﬂ %E@é lﬂdei’ﬁlK a seal with
he subsea production_ system of I ncl udes

tubm%gmsa 4Ot i be weEeouq, valve bk prlg 28A ia plactmfrvgbypass flow path

(flow T hiﬁ@ ?@g) é mi ﬁlﬁg aﬂﬁs@iﬁgnﬁg%‘g %o %g‘f-”#}l%l@% n&%ﬁger 0 above the tubing

hangepr ddse shawn in Eig. [?JOIAgaré Xthe tibingligriged Blugr Feaddtubing strm 60. In the

ect ed tree 70 and annular flow |line
examiif BGHR T i eA0BaBARRR FiSAveL b formirhipest et (oD of spool 20. The

work '00&J gﬁ}rﬁé 78 B H Sin tF AE e2|\§f§7 Z@m%ﬁ s¥ $ow Path (oW 191e7e )p) permitting

X O 75, s tree‘I's ‘connéct

annularoﬂlad ftow ditons behowethbaslmngaxahgerltn @bave tmrtnbuhg&xahg&e Fig. 20C is an
t of hypass
embolizitl Hayingcardiie ifplamiinncn S birefing Jeolitoreseexsol8 dgroduction
tree 1@f the bypass flow path (flow path 57) communicates
with the tubing annular region below the tubing
hdhe tarminatigntof élouppmh 260 dt opoinhabolyy eestabingapoglahdy be implemented

v B TS B STl AP PAE %8yl 1
tapered bottbm Adial Wrddve! NEg b@ﬂ@fshéwé)fm‘t ¥ %rcﬁuéﬁ&rpﬁ'eé 30 Yhi IsRool 30. Fig.

recogni ze other configurations of “subsea
21B dspistschsumed radialagroeve teowination af flowapath 260 . at S(pmmt located above the

I t 9. Th
tubmgesﬁg% fr?]e qu'g gxag%%'o% Sgrirun%tgﬁl/ gms%tagprgé or SWEdﬁg?l\igeﬁglg 21C)or in
a slot withl aifletgltaperddher puroediBottsn éFigGEIDP OR& Skifle @ HiS the\e@f with the benefit
ve 75 may al sq be placed in the annulus tree as

of thl%aj glasyrg willjrecegnizg ﬂlagtthq bypssh Spidepasbuayrorayshe terminated at a point
sbovs RS 9kl DL B35 Y5 YR, of cqpirions my

mitigatesdabrisicollectiondn theeflad lpathannul ar tree as shown in Fig.
B gg) skill dinthe art wth the benefit of this o
degF aiilén%t P 3 coRERh e facRder 4 FHbsea produeingrsystame shown in Fig.

22, Tl?escdmﬁbl BFstith 3¢ E5h. 129 ihAGdAH U3 pELF6RT tRRAAWa kFodT! ﬁ) a wellhead
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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As shown in Fig. 20, the isolation sleeve 18 may be
i npl emented in various enbodinents. In the
i mpl enmentation shown in Fig. 20A, isolation sleeve 18
fornms 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 t he tubi ng hanger to above the tubing
posmezngédso Ahovn sthdig 22nisFingR.QVA imstal ledheledtrdsjuntpeh 35§ dn the * ‘parked”

poiBbt eVl LSR5 L0 bk S b et 502

Chok®P1 P4lsSRRRIdes fontrbl Qalvé\@()é( Rl‘s@rcoﬂﬁlle fo ga%g%@?"f@ﬂé@ 1{ik Yonnector 85.

20B forns a bypass flow path ( I ne
A prpédugtiontloygline! mchzm grinylud froMohmd 950are bemrmtedne fiowtlimegconnector 85.

ha he .t ub 20
TR RO 2 R AR RS el o f OB mgn the enc
and ad»\QinﬁigEQ me‘ﬁh@@éde ad &/eﬂloaspétﬁéiﬁ Qﬁhéi’Eht thér@ﬁl 1Wh11-ghﬁe invention has been
termination of flow qE)ath at a point above the

depigtge); dpgerbhrdoandnisydefiae rbpﬂrgfchgdo eixﬁmpbry gmbomments of the invention,
suchSZRO B %t X éAﬁW m%f[tﬁlo:rzll &f gbeewgant" 0% nroamcgqmrﬁz}/tlon is to be

be term na

1nfergafcb oVke invegtior?ibAraphislevef Raisidepible hﬁﬁlhlﬁéaltl@ﬂ dlteeRiohOandNéuivalents in
30. Fig 21B depicts a curved radi al groove

formt H%ane AS 81111 PESW 9 éhqﬁe podinagily skibled in theqpestinant atm@d having the
benegxt1 ‘Sg blfé%@lgag?lﬁga?bre gﬁ éﬁlcér %ﬁgﬁrﬁgiﬁ%ﬁg ;rﬂhga% § s ?ollectlon in

annu@artﬂnva phthat The degscted and destribud dmbodingits & the invehtioh are exemplary
ol skilled.in the art MAthﬂéql benefit of this
0 Yuf‘%‘t FE‘}s{!Rt e’ﬂk@\*ﬁ“"Féﬁo‘éﬁ.Sﬁ@ﬁt thet lﬁléerB&PﬁasgoﬁeaP@ﬂY, the invention is
e r t t

inter@ad 19 TRHLe oMY B hicC on® RObE of BOMBehAD, LS Spiving full
cogniganés tgLequiviatemts immil respectsgat e debri s coI | ection in the

fl ow path. One enbodi ment 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 exanple, 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 ‘position. Also shown in

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

t he "parked" .
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position. Choke 510 is connected to annul us bl ock 78

t hrough production connector 502. Choke 5 10 al so

i ncl udes control valve 508. Also coupled to base 500

is flow line connector 85. A production flow |ine 90

and an annulus flow |line 95 are connected to flow |line

.connector 85. The invention, therefore, is well

adapted to carry out the objects and to attain the
CLAMs and advantages nentioned, as well as others

i nherent therein. Wile the invention has been
Whatl éylaitreed is:descri bed and is defined by reference to
exenpl ary enbodi nents of the invention, such
references_do not inply.a [imtation on the invention,
and no SuBisea nPdustion system: eompgisingaf erred. The
i nventi QR difePabl e of considerable nodification,
alteration and’equivalents in formand function, as
wi | | oceuwasingstting sespendbdrfeom khe wiliHeh@d i n t he
pertinent arts and having the benefit of this
di scl os@fbingspooLhaying a centrahbore sannestaddeithmwelthead;
m ti gat t,ﬂﬁ,g)g e
depi ct eg an deﬁ?@gﬁggg{o‘tgi #gﬁﬁ@ﬂ%?ﬂoo&éﬁ%e@@eﬁ? peorgf?)
are exeapibing strioglsyspeadet] from the tubdng harsier verowgh theevellhead into the
scope of the invention. Consequently, the invention is

Mied to be Iinited only by the spirit and scope of
the appansamied dipdBed gét%&ﬂth@%ﬂm &ﬁﬂg'aﬁ&lﬁ&ecahﬁ ng; and
equi val ents in all respects. %/I s clai ﬁegl s
A subseabppass aenulemfleid Slosnpatiy mrﬂuldxpn@umatlm iwrthethel anmulus.
casi ng string suspended fromthe vvel | head; a tubing

ed
2 P not kst bR A0 AHRERLS b | G G5B pass annutus

fluidfat path phsseethoough dndpnol@s lockng suspended from the
t ubi ng hanger through the well head into the casing

_ i ng; nnul us dij sposed between the tubing string
ant t heTﬁ%yaqfiga RTARFHPN SYSgmeaqggsingstozaiim %éﬂhqr@ndhcv bm@ss annulus

ﬂuldﬁﬁﬁ‘phﬂﬁ d ﬂe§9%@nﬁ%ﬁ1@ﬁ‘ i dﬂul&% v%v\l;hm annulus and a
subsea production system accor o clal m?
seconchendowhigh ds iarfhwit uemnfdnmatiom Iwaithy tbaténtphbmsoft]lm mbilg @ool above the
tubin 3‘*@U| us bl ock. 3. The subsea production system '
&CR0FU ng to claim2, wherein the bypass annul us
fluid flow path conprises a first end which is in

fl4i d coOResibseploaictivn!dysteRtackBiilg® dMlth R wherein the bypass annulus

fluid flow path further comprises an annulus master valve and an annulus wing valve connected

casi

in series with the annulus master valve, which control flow into an annular flow line.

3. The 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 a production tree connected to the tubing spool.
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second end which is in fluid communication with the

central bore of the tubing spool above the tubing

hanger. 4. The subsea production system according to

claim3,- wherein the bypass annulus fluid flow path

further conprises an annul us master valve and an

annul us wi ng val ve connected in series with the

annul us master valve, which control flowinto an

anful ar The subska pduétionystesudceordipg tadelaim énwhsreiretie bypass annulus

. Accordi to clai,m4, wherein the bypass annyl us, .
i Bt B OBt SR R SoeEied 38 PR ik the anmulus wing
valvé @Ad §hiBCednie@ th IBOP Watlh; ﬁk%r?ﬁﬂ‘-&hlﬁ ﬁ@%mx\ﬁ%i‘é@te?%th a central

whi ch connects to an annular Tlow |1 ne that

bore@faB{M.cates with a production flow path of a
production tree connected to the tubing spool. 6. The

subsea ' e.accor di g 0.l ai,m wher ei n .

e by pREE U PGSR Sl PRy Borpl e Baess annutus
fluideflowy path fiavies cumbHSesQONRGvetlvdlve Paindte@ in ParallellWith the annulus wing

annul us wi ng valve and which connects to a BOP stack

valve thaheammypicatgs with @ central bors ef thatubingwnoela centr al

bore of a BOP. 7. The subsea production system

acgor di fge | i ' :

Lot T b oo IS MtobRng M FHRE, thg bypass annulus
fluiddwnpath éxintegrated mtd the spodlh t he annul us wing val ve

that comuni cates with a central bore of the tubing

spgol . The subgea. producti on sfem.acgordin 0

ol 3 m 1 T e PRGBS SeRRtato Qe & ¥ htsffybe hyposs annulus
fluidi flow PatWonipeided AtfRstiord WiHERis indfluid@nikBSeRid WHHGhd Athulus and a

astem accor di ng to claim8, wherein th
seco

acco| ! al I . e bypass
end whichis in fpid commpyaidation withi the central bprst ofghd tukling $pool above the
Js Lp. fluid communication with the annulus and a
tubldgzmagge&. end which is in fluid comunication with the
central bore of the tubing spool above the tubing
ha@er . THOsubtiEeprodisiiva systemilico@ingSisdlgin AooRérdintle bpass annulus
) %Iﬂ%‘i[mQ, erein the bypass annulus fluid flow path
fluiddigw path FPmBREses an FARUINS Magtgs Valve oud ypanmuusawing valve connected

i sc Nt e Bt o CAOEAARE conefbI T il M byl ow le.
annular flow line. 11. The subsea production system
actlor di Hlge tsubseh gprodid@ionwkystam raceomdingy pasdainaify I wisrein the bypass
| ut d . flow pat urther .conpri ses a cr,oss over valve \
enmulys 16 Ao PR BrhET ERIESR 3 oSS QHFLVAISS RPRRFCYes) Jbaratiel with the
annulfi wig GRANRESISE whRhaconhéits bd BEdw ihe Q%'E&HrﬁﬁﬁigéteWilgx & production
production flow path of a production tree connecte
flow pathtaf@ prodictign $ee obnnected to the tubing spool.

9

12. The subsea production system according to claim 11, 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.

13, The subsea production system according to claim 12, wherein the bypass
annulus fluid flow path further comprises a cross over valve that connects the central bore of

tubing spool to a production flow path of a production tree.
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12. The subsea production system according to claim

11, wherein the bypass annulus fluid flow path

further conprises a work over valve connected in

parallel with the annulus w ng valve that

conmuni cates with the central bore of the tubing

spool. 13. The subsea production system according to

claim 12, wherein the bypass annulus fluid flow path

f ul4her Thostghses productiorosystany eccovdihg ¢ tlamm 8cwhereitt the bigpass annulus

. C I bor e. of ubi n al .t roduction f|
fuid AR B pisBisht e dhierewBRE s in Aul EmSuS oot Hosannutus and o
secofid Shd® WhahCie lifl ifked EOmAluRiditiSn wihed piddubth HYW ﬁ%ﬁl f a production tree
annulus fluid flow path conprises a first e V\fn CR

connggted to the tuking spaalini cation with the annul us and a
second end which is in fluid communication with a
pr oguct i duction tree . cqnnect ed
PLIE1Ct THE bR BADIn, 3 RLACHER: oy TSR e bypas

annubyssflwichflooc pathifaghdraotp?ises 4t anmiley iastet Vv UMBES annulus wing valve
ann’#ll us fl UI'ﬂ | ow [[)at h further conprises an annul us .
connpeted u} sepigs paththeanmlusmattersvalyen yhich apatrobfei dute @n anpular flow line.
series wth the annulus master valve, which control
fl in #1.0, ' The subsea s, « -
or St | o SRR B Bction sten] Secqhling BECIHHENE fither comprising an
annubisnptab siongecied imrpamilled witlalthe emnelus ewlingnvles antied otésshover valve
t(ge annul uswgg vallve nd a cross over valve
conngeiRd BL1eHEs PidRe srulyg §aD-t he annul us stab. 17. The
subsea production systemaccording to claim1, wherein
t hg7.by p’ﬂﬁ@sxﬁ:@é&%ﬁ&ucﬁdd&ﬁteﬁﬁ EWORAASPARRE S, WHEBMARe Bpass annulus
_annulus tree. 18. The subsea production system
fluid flopepath passevtheoughaninnulysdreei n t he bypass annul us
fluid flow path conprises a first end which is in

flygd c jcati t t h a I and .a cond en
il CORTMIRGR bR sl BG5S e bopas

annubis fiuie flowipatigcanprides adfhrevend Wkich iinLil b@Aunatlon with the annulus
further conprises an annul us nmaster valve and an

and 2,3769P¢ EnhivRich {sain, Buidosnraspeigation withithe centrah borreof the tubing spool
' ont I ' a .
abovg B ne et ikt rpy R0l SO il Bt Vil g prnutus wing
valveacanmeched dn tserigsl witnthd anmdles eiastet lvalvey paih coatroliflu® into an annular
q Juid flow path further conprises a work over valve
OW Bfinected in parallel with the annulus wing valve
whi ch controls flowinto the central bore of the
t Uy, ng "BiRO Blibsea JftodudtonS YRR RO O LIAHS 18 Mwherei
according to cl glls}m 19, f.gfstiher gorrprl sfpng an ’ar%huefealllr1 the bypass
annukus (flwid |flave pathafurthen nemprsaste Woyloaver waimellcosnectedi itk paratlel with the

annuﬂlgmné alde erhg)c%uc%tnkrgﬁ ﬁclm(? heB ?ﬁehce%;ral bore of the tubing spool.

20.  The subsea production system according to claim 19, further comprising an
annular fluid line that connects the bypass annulus fluid flow path to a production flow path of
a production tree connected to the tubing spool and a cross over valve connected in parallel

with the work over valve and disposed within said annular fluid line.

21.  The subsea production system according to claim 20, wherein the cross over

valve is disposed in the annulus tree.
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a production tree connected to the tubing spool and a

cross over valve connected in parallel wth the work

over valve and disposed within said annular fluid

line. 21. The subsea production system according to

claim 20, wherein the cross over valve is disposed in

the annulus tree. -16 22. The subsea production system
according to claim 20, wherein the cross over valve

i s221i spbbedubsea tpredystion systemnadeoaking 28 clafh €205 wikedin the cross over

roduct i on stem according to claim22, further
valveg18 S tggﬂ°§wt‘%‘a???'connecti ng the central bore of
the tubing spool to the production flow path of the
prasiuct Thesibse£ pRidtciort §yR8n QMRrdiNg Y Elafth %EP@J?fﬂteﬁ%&Hprising a flow

the fl ow path connecting the central bores
path tcgpnesging pibe| ceatrdl doredaf the tubing spoddto Tee psadistéen flow path of the

prod RASHIARELSEA YRR GEF e A HebBboch tobhiis e bores
of thé ubir¥pablisnd mroliedtionateée that controls flow into the

central bore of the tubing spool and a .cross over

v§ ve connected in parallel with the annul us naster
vathe, T efbseaproduction ystem eccardiegtor clainb b$ dfugheromprising a work

over RA19EY6 .&&dtiﬁ%ﬁg?srznéiflé }_ﬁkfe%r?}ldﬁ%%as%r%ﬂ%tth%ncg‘?lﬁ'g%?gaw into the central

according to c rCONPri S
bore off the tubingespoohmeta erbss bveravald ednnected it Peratlonwith shorufiilus master

valve which controls flogwinto a_  production flow path
valveg %FFPB‘BEFG% ﬁBW tp Pé’én%@?b@é%? rogdugtior treghi ng spool and
which is disposed within the production tree. 26. The
sutssea THOGBSEA AN TnSTARECAHIdNE {o%15hA 8N flkithe

further conprising a c(r?sggs over afove conrect ed'
over yalvg| ¢asinectied Hnt pagalleh nwitly shevianpulus [wieg whailvehwhizht cait®ls flow into a

OW ducti on fl duct i L
proa G i L B o BB e B o BHPRESRL R0 45 disosed
withiittie prodtdiRnarseyl us tree. |

czloHlprising a cross

26.  The subsea production system according to claim 18, further comprising a cross
over valve connected in parallel with the annulus wing valve which controls flow into a
production flow path of a production tree connected to the tubing spool and which is disposed

within the annulus tree.
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