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25 passageway to a portion of the central bore that is located above the tubing
hanger. The annulus and workover passageways provide for communication
between the tubing annulus and the portion of the central bore located above the
tubing hanger during installation and workover of the flow completion system.
The regulations of certain countries pertaining to the subsea production of
30 oil and gas require that the flow completion system provide at least two pressure-
containing barriers between the well bore and the environment at all times. In the
production mode of operation of the typical horizontal flow completion system, the
first barrier is provided by a wireline plug that is installed in the production bore
above the production passageway, in conjunction with an annular, usually metal

35 seal which is positioned between the tubing hanger and the tubing spool above
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1 WD 01/ 73257 PCT/USO01/ 09606 the production outlet. The second barrier is
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robust metal lockdown mechanism to firmly lock the body to the tubing spool.
Consequently, the tree cap is usually too heavy to be installed by a remotely

25 operated vehicle (“ROV”) and must instead be lowered from the surface vessel
on a specially designed tree cap running tool. Thus, installation of the tree cap
requires a special running trip, both during installation of the flow completion
system and after a workover operation. Each such trip typically requires a
significant amount of valuable rig time to complete, which necessarily increases

30 the cost of completing and maintaining the well.

In addition, during retrieval of the THRT prior to installing the tree cap,
debris within the riser often falls into the central bore of the tubing spool above
the tubing hanger. Left unattended, this debris could foul the sealing surfaces of
the central bore and thereby prevent the tree cap from forming an effective seal

35  with the tubing spool. Therefore, before the tree cap is installed the central bore

2



35 with the tubing spool. Therefore, before the tree cap is installed the
central bore 2 WO 01/73257 PCT/US01/09606 nust be thoroughly cleaned, a
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member and the second seal comprise a second pressure-containing barrier
between the well bore and the environment. In this manner, both the first and the
second barriers are supported on the tubing hanger. Thus, no need exists for a

25 separate pressure-containing tree cap to provide a second barrier to the well
bore.

In accordance with another aspect of the present invention, the flow
completion system also comprises an annulus bore which extends generally
axially through the tubing hanger between the tubing annulus and a portion of the

30 central bore that is located above the second seal, and an annulus closure
member which is positioned in the annulus bore. Thus, the annulus bore is
routed entirely within the tubing hanger, and flow through the annulus bore is
controlled by a closure member which is also located in the tubing hanger.
Therefore, no need exists to route the annulus bore through the tubing spool or to

35 locate the annulus closure member on the tubing spool.
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Therefore, no need exists to route the annulus bore through the tubing
spool or to 35 locate the annulus cl osure nenber on the tubing spool. 3 WO
01/ 73257 REld14SL/ 09606 These and ot her objects and advaaegsBsok he
present invention will be nmade apparent fromthe follow ng detailed
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conmponeny Ofvith ahnhihgtodt eBph&siéPid thY dEoN thE AMInd Rafded dbmpdhed@fficgure 7 is
a longitudi pal c¢ross-sectional view of the tubing hanger conponent of
Figure 1 tak¥AN¥¥¥ ough the tubing hanger annulus bore and the annulus gate
val ve conponent SFI@lﬁreté‘% drf'e’rﬁé\bb@@ectﬁngp\hw%f bf’tulﬁﬁg fBhgeraei-dRRra t udi nal
cross-sectional view of the annulus gate valve conponent shown in Figure
7; 25 Fi gur Begharjsy Whieh may bedisgr intieripsent byenti@tt i onal vi ew of anot her
enbodi nent of a #nﬁ@u‘eﬂﬂls%ﬁé g@&’%@&fb‘ﬁmwé\k of fife &68&&% ée%Y%éHeh’le‘y conmpri si ng
an alternative annulus gate v Fi gure I's an enl arged sectlonal view
of an ali er pempereniehiieiovccasspiption mﬁﬂmshw«m ghFigurestii t abl e for use with

t he present inv t ew of one
enbodi nent of ae@élr"\%ﬁ:'es% & oﬁtS%%t,dsn%Ic@&ﬁwt ugn;a/g'& eln‘?:\,\%! %éll S suitable
for use w thomh@qntgﬁmﬂow mmmieilqmsystem shown in Flgure1

Figure 6 is a radial cross-sectional view of the tubing hanger component of

the flow completion system shown in Figure 1;

20 Figure 7 is a longitudinal cross-sectional view of the tubing hanger
component of Figure 1 taken through the tubing hanger annulus bore and the
annulus gate valve components of the invention;

Figure 8 is an enlarged longitudinal cross-sectional view of the annulus
gate valve component shown in Figure 7;

25 Figure 9 is a partial longitudinal cross-sectional view of another
embodiment of a tubing hanger component of the present invention comprising
an alternative annulus gate valve;

Figure 10 is an enlarged sectional view of an alternative annulus closure
member which is suitable for use with the present invention;

30 Figure 11 is an enlarged sectional view of one embodiment of a service
and controls conduit plug valve which is suitable for use with the present
invention;

Figure 12 is an enlarged sectional view of another embodiment of a
service and controls conduit plug valve which is suitable for use with the present

35 invention;



Figure 12 is an enl arged sectional view of another enbodi ment of a service
and controls conduit plug valve which is suitable for use with the present
35 invent (@740 01/ 73257 PCT/ US01/ 09606 Figure 13 is gdpn@hhstdsnal
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n, : . y .
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(not shown), a tubing hanger 16 which is supported in the tubing spool 12
and from whi ch idoWgsieEiaacrass-seciagal vigveot ilipitieg caprtpikry algng Kag BexBends
into the webiFi§gess;and an optional controls bridge 20 that is nounted to
the top of the tubing spool 12. The tubing spool 12 is secured to the
wel | heat® housi ndrigurephpCaisagreapbectiopdl ismatibedreeaapdateryaleng éinelGsCseal ed
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Figure 17 is a top view of the locking cap component of the flow

completion apparatus shown in Figure 13; and
Figure 18 is a longitudinal cross-sectional view of a further embodiment of
20 the flow completion system of the present invention.

Detailed Description of the Preferred Embodiments

Referring to Figure 1, the flow completion assembly of the present
invention, which is indicated generally by reference number 10, is shown to
comprise a tubing spool 12 which is connected to the top of a wellhead housing

25 14 thatis installed at the upper end of a well bore (not shown), a tubing hanger
16 which is supported in the tubing spool 12 and from which is suspended at
least one tubing string 18 that extends into the well bore, and an optional controls
bridge 20 that is mounted to the top of the tubing spool 12.

The tubing spool 12 is secured to the wellhead housing 14 by a suitable

30 connector assembly 22 and is sealed to the top of the wellhead housing 14 with
an appropriate annular seal 24. The tubing spool comprises a generally
cylindrical central bore 26 which extends axially therethrough, a lateral production
outlet 28 which communicates with the central bore, and an annular support
shoulder 30 which is located in the central bore. The support shoulder 30 may be

35 either a separate support ring which is remotely installable in a corresponding
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cylindrical central bore 26 which extends axially therethrough, a |lateral
production outlet 28 which communi cates with the central bore, and an
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bi be eij duct
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ter wal a productl on bore 38 which

generally ste i cal

ext ends axi 3! Fg?gdﬁgwﬂ&éﬁwﬂ%@ qog tFﬂtrtB'El'Qﬂ h?ﬂ%e‘"b%%’l@dl afdapismiRini cat es
with the pra%y@ itAB o@%&e%b@%@tnh@@'vﬂﬁcrﬁﬁﬁy% elfier BrodBERSPbr iReBEBHCL 1 on
passageway whi ch ext ends between the production bore 38 and the outer
wal | 36, anWbBg stringsainag meeper well pgwhindRe afds general Iy axially fromthe

tubi ng annul us %é@b@.g%naem ergh%nttaﬁmﬁmta@énmﬁs&n%ﬁﬁo@ 4lwhigpcat ed

above the tubi ng hanger . t ubi ng hanger so 1 ncl es a rirst

cl osur elhmpmsmnqrﬁlwﬂ@@@wﬂnm{ OU’f@f welh 6 apensiucion beeidst ed in
Figure 1 r ng flow
hrough t heasn e oot axaMy and GRRRCaRy i . fPRB Hoay 8 arel ol 02, o
menbers wi | Withthederodudtisadbare ofrivedullag airingél avatezb pmideictierbpassabawger 16
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e A of BTS2 B e T L b AT 95
via 30 one tubirugd‘raagat 1@ alsenitclypdassa firsbtloslrewmmberrd arsd, fretherebddhaeet o by
any sui tabl &% the invention depicted in Figure 1, preferably also a second closure member
46 for controlling flow through the annulus bore 42. The preferred embodiments
of these closure members will be described in more detail below.

25 The tubing hanger 16 preferably also comprises a lower extension
member or alignment sub 48 which includes an axial bore that is coaxial with the
production bore 38 and is sufficiently large to allow the tubing string 18 to pass
therethrough and connect directly to the body 34 of the tubing hanger. The
extension member 48 is precisely oriented with respect to the tubing hanger via

30 one or more alignment pins (not shown), and is secured thereto by any suitable
means, such as a plurality of bolts (not shown). In addition, the extension
member 48 preferably includes a radially extending lug or key 50 which, as the
tubing hanger 16 is landed in the tubing spool 12, engages a helical upper
surface 52 of an orienting sleeve 54 to cause the tubing hanger 16 to rotate into a

35 desired orientation. The orienting sleeve 54 is supported in an adapter bushing
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means, such as a plurality of bolts (not shown). In addition, the extension
menber 48 preferably includes a radially extending |ug or key 50 which, as
the tubigg Adgger 16 is landed in the tubing spool 12, engagg®1dedig! i cal
upper surface 52 of an orienting sleeve 54 to cause the tubing hanger 16

Suppor t ed | ﬁé%R*Qﬁig?@%%ﬁfﬁ?ﬁg%’V%%“‘B’{‘%@%@%@%@S1?éS?%{%ag’S‘s‘%" whi ch i s
connect ed t @iheheonvenenal aneansn Inadditien, suliahig sepls ahayile pgsitidredaatgungt ot her
ho. adapt or "Ry bbENBE G Pihennthi BhTad AR o 12 4R T uefREaS" o
vel | head hbessing 14 provisiea/babkup thtekagal 24 Onee feaiubRy. habgee16 he t ubi ng
15 he Teey BB e PriperRireREioR vl Ses? b M bhibB3BRR2. e RS Pene  hg
sl eeve 54 adroplietolzoslosB whichieforiet ircthle sienfirg slebve 54 at therbdtiom sfithé ng

a1 501 nol a3 e a7 6itER B ko e 100 IR PERsa BREBOThe bot tom of t he
adapt er bushi ng e fldd templetion bedsnitgy 10 palsd intRides loakdtath sisevd 6xked on
2ppr opr i at XPBBI® LAEICLoBB AT PLBE Brb Eh BN BS RAoAICEMEdUBNengagas | he
top of & presbett? @lanasd aad H2REEbn (ke Housii 1ah tHeSloBktkReN§Iese N t he
wel | head ho (?rlﬁlnﬂ?’ 14. The | ockdown sl eeve 60 w t hus prevent the casing

/ ]
hanger fro g Ferawed Yng e arpoeriateree il 3 ok sHERemodhecont ract i on
of the prodiekddh 888Vd8ngages Pt SFeArSdiBONaSH %ng@r’@ét gesvijet ween the
| ockdown sl eeve 60 and both the ada ter_bushlng 58 an he casi'ng hanger
so that theVhighisheuspspded imthgiwaliheagheysing14. $bajockdowngleexe BRIl hanger in
addition t ' ; | . ! till to
Fi gure 1, ?tr?gé F%\%hgg%p%ﬁgggan‘ggéggn@ﬁﬁo@gé‘g?g% ?ﬁcﬁxll?ﬁ{(ggéé?é% | east one
cl osur elfren®ansion of saniractionsy the praductiopagisingh Syiteblgaseisonayaispéle 28. I n

th nbodi : | ' | ' ' ction outl et
e oot alide A e AR ISl 80 drp SO oo MRS, o e
spool 12. Hewasimg haager so thet theunbieg spodd 2 willt iheffact, sealie thd casinge nmenber

TR 06 ot LR Sl O B PaR ibsd AR APIAT P00, 12 O comr e
the tubi ng spoolRef@rring&tié to Bigues bl the KowZonpletivowssemblyotpalss ichnles Bt er nal
1o o oM B U e SRR e B BB 58 ) 2 7o
f or connectihe@nbulirheovofiks hageiuydepicted ih Riguiext, éé prodution outket (not shown) .
The f1ow Coagéﬁteirr?gm éSrSiS rﬁ%hgfedl,% arr\?a}{ve block 62 which is bolted to the tubing spool
12. However, as is well understood in the art, the closure member may be
incorporated within the body 34 of the tubing spool 12 or comprise a separate,
25  distinct component which is bolted or otherwise secured to the tubing spool 12.
The valve block 62 is shown to comprise an internal flow passageway 64 which
communicates with the production outlet 28, a production master valve 66, a
production wing valve 68, and a flow loop 70 for connecting the flow passageway
64 to an external flowline (not shown). The flow completion assembly 10 may
30 also comprise a number of service valve blocks 72, each of which typically
includes a remotely actuated valve 74 for selectively connecting an external
service and control line (not shown) to the flow passageway 62.
As shown in Figure 2, the tubing hanger 16 is run into the tubing spool 12
on a running tool 76, only a portion of which is shown. The running tool 76 is a

35 relatively standard component and forms no part of the present invention;
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30 al so conprise a nunber of service valve blocks 72, each of which _
typically includes a renotely actuated valve 74 for selectively connecting

an ext ernglp 1585 ce and control line (not shown) to the fﬂcqw]@%%gemy
62. As sﬂgilvm In Figure 2, the tubing hanger 16 is run into t ubi ng spool

12 on ar UH&N@\%rtQGES&ﬁmon&e dé’ﬁ’fcmdga heFeidAd &l d't%e %HQIWHEI’SHP‘I%II’{Q ni ng
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(not shown) nnul ar e(%tentl on. 10 ecured to the

|
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86 below the retention_ sleeve cylindrical second | ocking piston

94 whi ch i n@P&'B@Q'%O%%QMtP §P@%¢/%3 %B’isi P'SﬁV@BO"t“Hﬁlgz tatds shifabireraived ved over

the body 86p@sltRbbiess beplv tﬁb@@t\éﬁncnpéléémwand/é &fhh&ﬁéaléémrloémﬁw havi ng
a 15 pIurallt%anof dependi n ol | fingers 98 is attached to the lower end

of the firsPiS o‘%f’kwh'@hmc;&{ agffﬁcoaﬂalesvwegt@nrﬂ&{batll@@ll¢®lsatqcetyﬁé@verb t he
| over end ofnetlty a%eé‘é%lﬁ'tﬂé)ﬁr’éwgexféﬁér@éh Qél A'dau@eﬁfgeléh halifi§al unni ng tool

76 is | owered onothetublngehan ger é(;mof the first

| ocki ngldi selorrliboofdepagdiogica ttflﬁge@f%c lﬁ@t’flaehﬁd 'ﬁ@dhﬁﬁmﬁf @ndgd thediiystand t he
collet fing ; t formed on
t he i nner dﬁgﬁgggﬂg? héedalegwgd%&ﬁﬁndrgfét@ﬂga gﬁé%r%\g%é nfgh%l ston 94 is
t hen stroke@mﬁdmgiplsbnt%ap the collet fingers 98 in the groove 102 and

thereby |ock  the dhitaiton! M lAIn@ic 98 iBubled Hfto ekl dr s uf
ﬁh @ge rrng g%%)vvll nﬁ’a‘ﬂ%@ f@ k‘lng ring

Si mul t aneousl vy, orce an exp
104 into a therhostepoefdhe fjraylavhing pifiord 06 enhages theftaw u’ewedmckirige”namdrerS@h anmet er

oot HEP i Y TRl e RN BBl I AN RO W EldEeAr 1
the fir st I thekinmay chﬁmetenoﬂmeilaclmtgmke@tedo'ﬂh‘e/\madnu dogkirgipistor 94liothenng
mandr el S r%‘éa ogNn%vnagd E th% co(ﬂ\'\fafr ngre?3588 In tﬂg g%gt?veo{bzt ahn% t"nerelf)y rI]é:]ck
the first locking piston 90 to the locking mandrel 80. Simultaneously, the wedge
ring 100 will force an expandable locking ring 104 into a corresponding groove
25 106 that is formed on the inner diameter of the upper extension 78 to thereby lock
the running tool 76 to the tubing hanger 16. Once the tubing hanger is landed in
the tubing spool 12, the first locking piston 90 is stroked downward to push the
locking mandrel 80 downward and force a lower nose ring 108 on the locking
mandrel behind the lock ring 82. This will push the lock ring 82 radially outwardly
30 into a locking profile 110 which is formed in the central bore 26 to thereby lock
the tubing hanger to the tubing spool 12. The inner diameter surface of the nose
ring 108 preferably comprises a plurality of serrations which will frictionally
engage the outer wall 36 of the tubing hanger to aid in maintaining the locking

mandrel 80 in the downward or locked position.



mandrel behind the lock ring 82. This will push the lock ring 82 radially
outwardly 30 into a locking profile 110 which is forned in the central bore
26 to th '%Eﬁk t he tubi ng hanger to the tubing spool ﬁgﬁUgﬁﬁm% ner

di aneter surtaceé of the nose ring 108 preferably conprises a plurality of

serrations whichyal L CE . r | | .36 af the tubing
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tubi ng hanger as descri be d then stroking the first |ocking

bed above and
pi ston 90 upbAEPIIINEREIrokIAG thegiRs 'Ha"ngrﬁﬁ@rne?o gvaBuRPH! Higdoeied eby al | ow
the lock rip@n8rlBO upRbrP&id Bidtetdiallbiiensé Rckiring 8200 E#rdc® ol &k thd ockhgy t ubi ng

hanger 16 preferably includes an anti-backoff nmechanismto maintain the
| ocki ng nan@iofle B®-in the | ocked position and thereby ensure that the

t ubi ng nger r | 4B Re&aHIVE ' inNg
oper ati o o tho T g 16 R A R e 9 e
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extension 7 S a serrat’ed outer s t engages a
cor r espondi epergtigvefdie flowrdoatdetiohiaskeinblyf 6. nodheambhdimentef thdi anet er of t he

| ocki ng man 80, Thi.s = 1 r e ant | - Lng and the
| ocki ng nan@&g'{]tlo\%\ﬁ ﬁqo t hlﬁsF 'Q#rdrglé ?ﬂ @?ﬁa?‘“?‘ﬁaé&?@%%ﬁgn'%ndé’@ '%lgg% ﬁéhl ocked
posi ti ohS5 r ebadkiolfeingd 12hehicipjsesecercdesush @s by8hre2ds fnthel uppenaxtengoadBi - backof f

mechani sm i SﬂcHg' t@t [ at edr ' n Fit%ure 3. . Itn this errrbodi mént, t he

anti - backof # AT Em° a ssqrﬁﬁ?y}ﬁ 3893%‘?%? &P Irﬁspr%) 'npeqfr%‘?\’&qce nunber
114, | i s shogurfdoe \/w|11<15l=phrsifsnenex1c GrptHetinméntg?]rﬂJé’@rMlﬂhegodldmgsmaﬁmfel&((rl]i TT“B zgn
annul ar recess, 11 at 1s rme n the, inner .di aneter t he | gcking
mandr o1 80 TRECEeetn e atwacke Gaka i Rbass BnaRalnyS SR ed t oot h
ring 25 120thehoeking mahie! InGbE idtlied positib® Felatveltb ehappereangioh 78echani sm 114

resides in one of a pluralit f _downwardly . directed _annula fooves 122
that ar€’forned /lkmalt‘?rﬁét“’&ﬁ’g'r'e/%ﬁaﬁﬂ aB‘F‘“’t'%é!'“ﬁBﬁ‘@F ”éﬂgélﬁ%%oh‘ ‘%i? of the

t ubi ng hanggmbad&imeht thébAti-bAEDH hechaniPValticH Rrik@i8ated gehgrallpsii ng mandr el
80 are transnitted via the recess . o o

reference number 114, is shown to comprise a split ring 116 which is supported

in an annular recess 118 that is formed on the inner diameter of the locking

mandrel 80. The split ring 116 includes an integral upwardly directed tooth ring

25 120 which in the locking position of the anti-backoff mechanism 114 resides in
one of a plurality of downwardly directed annular grooves 122 that are formed in
the outer diameter of the upper extension 78 of the tubing hanger 16. In this
position, upward forces on the locking mandrel 80 are transmitted via the recess
118 through the split ring 116 and the tooth ring 120 to the upper extension 78.

30 Consequently, the locking mandrel will be prevented from moving upward and out
of its locking position with respect to the tubing hanger 16. However downward
forces on the locking mandrel 80 will cause the tooth ring 120 to cam out of its
groove 122 and engage in a lower groove 122. The anti-backoff mechanism 114

may also comprise a plurality of guide pins 124 which extend laterally into



118 through the split ring 116 and the tooth ring 120 to the upper
extension 78. 30 Consequently, the |ocking mandrel will be prevented from

novi ng Upwy f/8n@ out of its locking position W th respegler&olissob Ubi Ng
hanger 16. However downward forces on the |ocking mandrel 80 w Il cause

the tooth rifeesheRdihg h%%%‘%tthé’tfarbtf&mélirlﬁ(?l’(@%ég%n?q%?6‘3 Enéiftafh ‘hgwer

groove 122. The anti-backoff mechanism 1 SO CcO |se a urality
of guide pi 8t 1ipg prgneEh O@ﬁni@ddvnm@leaecgssm% 9 WO 01/ 73257 PCT/ USOl/ 09606

correspondi ng gt ggelA6d Qﬁlllo@;he[hégp Qeﬁ@ﬁﬁﬁrﬁélp |5§eraigaeiaq1gﬂl‘% hel p

maintain the split ring 'y ofl he rec
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ol ural 1y opu P GreledSe By ZRRG KR TR E e el S bt e 8 he °
grooves 122so Hat tH@dbckuh@rriandlel 80 caarlnérreira(a@d darindeetrietal aicthedulsing i ng

retrieval o nger . Each rele rises

cylindri cal F‘%Qﬂ?y %b aclﬁel ?F?Pl'a éﬁ 00819”3?58}4'“ r"éﬂg)PBY Pﬂgmqf@b‘gﬁﬂ ch is
trapped in enleetetaneadr hgad t 8ppaith |Si'tra|m];ﬁcﬂg wﬁdrwsbaadm@ﬁteppadf or med i n the
upper extension o retr of 10 the tubi an
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pi ston 9 i testibiny BEngenIBIMEOrUNAING tbHIT6AS Ié?idb@rondh@mﬁlﬁi;;h@ﬁb’érlaﬁﬂ th@f the
second | ockin (%)QBI ston agai nst a rear canmmn ace 134 each rel ease pin

128. This f8FORE legking Risten 4 lﬁﬁtﬁ%keﬁz@wwra?wﬂ@ﬂﬁmww igmgter RYLPR ring

116 and pughfs sé@éndloek.ﬁ@p@vzm/ag‘arr@matregr éu?%rngeréé@w 8fedch feRakB @iy nove
the tooth 15 ring 120 out of engagenent with the grooves 122. Referring

again to Fi i#f eTfls forpeg the rste@a@emﬁd@%@@llbpuw&lmﬂt@ﬁpléfrmgHé 6rangw
conpl etion élYS?fe@@bﬂionngtéWaypﬂ"ré’rﬂ‘fﬁé n@ﬁerw&s?& 18t0%R8IeBY nRURe tdkn Pr oduct i on

passageway 40 by a first closure nber and, 1 n actcordance with the
pr esent 1 nveng 1ghoutsfenepagmentaritiothg aseeussd 221 osure member 138. The closure

20 menbers 136, R@’érrﬁ\ d%frﬁfoqf@n' trh@ c%BRWﬁbd%ldfg) gﬁoﬁ FilEndygcel ved

in correspondi ng pro es th I'n the produ ore or in
a bore i nsegropl¢tian systermip, tHeaIrOdls:tlge@oreeaB padaskalmyevthe praduptioduct i on

bore. l n adg és'agé\{va)éﬁo B?%tfggtﬁ#%SUQQMean%%i a{nﬁéllnda%% d%nE:é) gétﬁqw%et ween the

plugs in a conv reven creatl draulic
| ock dur i ngprieasmtahventioonpreferalhiy aSecaos&boﬂa Clulsucg maﬁnbandi% oTlhacioburteat e the

R R g L L T A A
first annul edrreseahdiﬂlg@rdﬂléschat sreffosndd inrthel phrlust@nbéree3st arih adordanger and
the tubing 1'?1 88 I(noetl Rown)ttrrllgt grsce)zgtlfr%hla%% sp F a\%%\fr?groﬁgct?onndborie.n In addition,
a test port (not shown) is ideally routed between the plugs in a conventional
fashion to prevent the creation of a hydraulic lock during installation of the second
25 plug 138 and to facilitate the testing of both plugs after they are installed.
Furthermore, the tubing hanger 16 is sealed to the central bore 26 of the tubing
spool 12 by a first annular seal 140 which is positioned between the tubing
hanger and the tubing spool above the production passageway 40 and, in
accordance with the present invention, preferably also a second annular seal 142
30  which is positioned between the tubing hanger and the tubing spool above the
first seal 140.
Referring to Figure 4, the first seal 140 ideally forms part of a production
seal assembly 144 that also includes an annular lower seal 146 which is
positioned between the tubing hanger 16 and the tubing spool 12 below the
35 production passageway 40. Each seal 140, 146 is preferably a straight bore-type
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accordance wth the present invention, preferably also a second annul ar
seal 142 30 which is positioned between the tubing hanger and the tubing

spool aboyg) ¢182s-fi rst seal 140. Referring to Figure 4, thedidoshodgal 140
ideally forns part of a production seal assenbly 144 that a(so i ncludes an

annul ar | ongey a‘?@éélvflﬂ@rﬁ@hﬁﬁ%ﬁsﬁln |H§§|‘rra %FQ@EIB@W@%’M} Wgaegiga hanger 16
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correspondi
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bK a Spgcerspiaideg apaf Mhembén@hmd Qa byl sagercat gh@hecls %&htlhand@égns with
t he productjon pass 4 and the entire 10 sea 44|s
secured to lltaff'é 'ﬁl?i? ﬂ%ﬁ%@@ﬁ%‘yqﬁtmﬁr &%‘Pnrpiaﬁﬁagf@@y W in the
enbodi memt §dal bBSeribly GAL iiHSeHREIMD thB tibifd hendbr b?%cﬂéteﬁﬁ’éﬂnnglﬂﬁ 146 i ncl udes
a pair of b?c up seal rings 162, 164 which are nounted in correspond| ng

grooves tha urheEmogs. fins iheppmbedimeateidhe inyentiopsshawn indigyraéd. 5aek8eR! seal

rings 162, 440} 198Y¥ndheded paikibt @éﬂkﬁr%@éﬂ rﬁwgst1@9}’1@4 Wh@h%‘r@hﬂmni{ed‘iﬁn metal l'ic
15 face-type seals. The second seal 142 i's preferab 1)‘?/Qm mlar in design an

operati on t ePrrasponding groayes that ane éﬁfﬂleﬂ§nctbﬁﬁ@@lﬁédot h&hiiettee baghup 36
using a SUlé@d@'nﬁ%élﬁéﬂpmfrhay b@%n& sﬁiltétﬁ‘é Qé‘élévt ﬁe?%c‘ﬂ@nbﬂ nFétsl e 5 the

second seal y conprise a ependl ng ra on mhlc is formed
an annular feaitypepsaalyy 168 that 20 engages a correspondl ng seal ing surface

170 which is for'ﬂfeﬂséc@n&@@a Or?rejgr%{)bg/lsn%ﬁ rﬂ'a‘és; ﬁadln ojpféfato?‘l tgrt f"r%?d such

that pressure in e central orce the
| eg 166 r adsedl [1§0 anthimeahrectedt thilse dhiter wthBBmlgmgiqosulieBIe T-auppart kgfg.er seal i ng

engaserent Nybheh S, S bR PSS o el BBcAEe 447 chprBig " 10

secured to out ds 172. 25
When t he seéépehdihg redial @Igtmﬁecm \aglahntsformheamaanIgr sealigglip UG8 thatt op surface
174 of forne n the

out er W%({, he%@%%lleﬁvéﬁ Clolﬁf?ss?’i% nggg?w‘ngf @?%B?ﬁgg@céﬁgﬁgﬁ%bé%ﬁ"er ?W %%remay be
posi tioned 26 T|he seal 142 is oriented such that pressure in the central bore 26 below the
seal will tend to force the leg 166 radially outward and thus the sealing lip 168
into tighter sealing engagement with the sealing surface 170. The seal 142 is
preferably secured to the outer wall 36 of the tubing hanger 16 by threads 172.
25 When the seal 142 is tightened against the tubing hanger 16, a top surface 174 of
the seal will sealingly engage a step 176 that is formed in the outer wall 36. In
addition, a preferably a C-shaped seal ring 178 may be positioned in a
corresponding groove that is formed in the top surface 174 to provide an
additional pressure barrier between the seal 142 and the tubing hanger 16.
30 Furthermore, the flow completion system 10 may include at least one backup
seal ring 180 for sealing between the tubing hanger 16 and the tubing spool 12.
The seal ring 180, which is preferably a non-metallic S-type radial interference
seal, is positioned in a corresponding annular recess that is formed in the outer
wall 36 above the seal 142.

11



correspondi ng groove that is forned in the top surface 174 to provide an
addi tional pressure barrier between the seal 142 and the tubing hanger 16.

30 Furt hewpg#s2d7he flow conpletion system 10 may include P%tT/ﬂIs%%%o@ne
backup seal ring 180 for sealing between the tubing hanger 16 and t
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such sea I|5rodd¢tm|pa%e§bevmwarﬁi tthﬁr@cnucnbl@ouﬁet%& érS@ﬂnpléfVle@bh kgalligr eby

i ncor porate ere(LI| efore, a sep

pr essur e- coMPHPFHHY l‘s)gegggﬁb&ggg §§§ Zp‘gdﬁ“%lf he(gebw,nggr p&@t?q‘mge'@é'b@hd

barrier. ThySsrehée.t he extent required by a specific application, 15 a
| i ght wei ght, ROV_depl oyable tree cap nay be used with the flow corrpl etion
system 10. Mor ec\eFeforsh @seppeate prissrencaniining &rep $ap haddepwradie t ubi ng

spool 12 aﬂ@wh@@hé’éé@)ﬁd]b%@neﬂ%u@rt% th&8kiaht r%ﬂurréch g%eaﬂélaﬁblﬁcﬁﬁoﬂm' ch are
b

used during _installation of the tubing hanger e renoved

enbodi ntht @fightweight, d%@\é@lﬁplowblgﬁregye@pémma mﬂwmmqu\m@npl@thn 20_ t he
tubi ng hanggsiclf 18! %r&é\/@rbﬁﬁsth@ttmf ﬁén#%fm%?é ré'nps ﬁ{‘@eqeﬂhggéom@du'ts

182. As sho in Figure 6, the servic contro urts are
arranged raml t’ﬁllelp}ugﬁ‘tﬁﬁwd% laee wetalled. the BOP afd tiger whidh arg usedghring6 and

oo L o byt Wbl AR e 2Ly vertesl Uy (e o
provi de for the Indrmembo@itﬁeuhoﬂhezlﬁwcm)mm@oorsyéﬂem (6 dehcta!dgh Figuee i ubi ng
henger AL YBERS IR I AR R BRSBTSt o
exanpl e, onBBrAsshavisiarRigae 6 itick semice@hd@on’almucbsdm&m 82 are arranged
radially around the central axis of the tubing hanger 16 and extend from the top of
the tubing hanger generally vertically into or completely through the tubing
hanger. The service and control conduits 182 provide for the communication of
25  cables or fluids through the tubing hanger between corresponding external
service and control lines (not shown) and devices or positions located in or below
the tubing hanger. For example, one or more service and control conduits 182
may communicate hydraulic control fluid from a subsea control module to an
operational device, such as a surface controlled subsea safety valve (not shown),
30 which is located in the tubing string. Also, one or more service and control
conduits 182 may communicate pressure from the tubing annulus 32 to an
external service and control line which is connected to a pressure monitoring
device located, for instance, on a surface vessel. In this context, the annulus

bore 42 may be considered to be a service and control conduit.
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may communi cate hydraulic control fluid froma subsea control nodule to an
operational device, such as a surface controlled subsea safety valve (not

shown) , is located in the tubing string. Also, service
and cont :rggllomco%&w ts 182 may comruni cate pressure fromthe"?ﬁso?}égg&annul us

32 to an exter e. n ne,which is ted to a
pressure noni to?ﬁlﬁg&%&{glﬁ%@%ﬁ% %é)yn '?gfdur%gtr%"?‘}'c%eu ‘T’Pc qgﬁﬁ?‘ﬂce vessel . In
t hi s cont extgmpletoresystgm s 0 tb factit4id thegorinectansi the rsedvideoatkecenter vi ce and
control condujt 01/ 73257 PCT/ USOL1/ 09606 The trol bri dge 20
Coun i n° B Sty T B coRESPandni R el eane el cAE) Upenyaugrb e

facili tatg trobeﬁdwmeml@mgefm h%gﬂg Uh@&\e&mﬂ\tr@mﬁrrdﬁjb 2o¢ﬁmdjrt]m|§s 182 ]Eo Lhel r
correspondi rna ervi ce, and, cont t hr ou t he of the

t ubi ng ‘%Ciéec?’ﬂ?r? FHﬁlg AP Pﬁ@tsc%f"?’mo g bré]?@ée@@pﬂ%ﬁ?ttqﬁ’ NG [g&&escrl bed
nore full y IDOC@IDNU samzaQs]CWhi@ﬂn@lh@r@byhr@ord?ﬁét@atby/u‘@félrércc@t ineudbea [ FMC
Docket No. 66-1 I s hereby incorporated by reference, includes a

3
nunber of |?H’E‘P‘?f:ﬁ Jﬁ?m&b@'qgﬂé?sé’ﬁéi a@r?%{ﬁt'ﬁatm??‘@aﬁﬁﬂhfé’ﬁf%rﬁi’ﬁeb’r renotely

connecting &ﬁﬁ@cﬂiﬂdd SEHR bridR e 19 8bih Rs&rficY iR cBRFLICRRNNRIN tﬁ@ﬁ‘&whg‘ﬁ in the
tubi ng hanger and a correspondi ng external service and control Tine.

Consequent | Rangepand @ qq’ér@apwlmm@emﬁb%wé@ﬁﬁé@pntﬁ@idmn&wsawnﬂy ]2
radi al | 'yp t RO rhdl@ hibe BenRRAGhs méh%wdu%llfbr‘ BURAY Wﬁ%%lptr%nglhggﬁoolt he

controls bridge may include one or nore osure for trolling
f1 ow t hr ough? tS@ﬂmate@elrbaddi@m theneanirotsHaidgynay inaiudaona@r maie closoe t 0

I ncl ude th rﬁdeTPﬁ)r

hanger eﬁgdl t onaF? fﬁ)(\:’\gir?ll{&gq% rb%&écﬂgeﬁ é“ﬁ% er%%l&%g%#ﬁ ciently
15 1i ght \Ael thhtneed tdamcludgttbesteedomd nnegnberewedlhembng; smoRa:R/or istheent i oned
above, the i r S firs nber 44
and prefer a%p{agg% g gglg%s} e,éécggbrgqqlggﬂg & Oﬁé?rl%’) g’ﬁaé,% Q? St prg@’%lg Isﬁffﬁ5 nﬂe

t hr oughl2 helightweighistotherinstdlled #id ltemfsbdmnsmgm‘n RO®¥se cl osure nmenbers is
preferably an active closure ne ctuated in at

| east one 20 di r&ciEBPNSY aé)r?vgxtgb?%ngﬁ %gdrl’ﬁlé%es?at e?ﬁi 3‘@ Yo

exenpl ary aobinber ¢4 eﬁfllpmfenmmﬁcSa\sbcm dr@sulr@mﬁmtbéri’ﬂiﬂ fer é@ﬁrdumglﬂlow t he g
present |nv nti i nc ectrica manual |y actuate
o 1 val vesraplidne AORGS boreh SR bdtnat of b desRtbriert B 1 1y valves: o
stinger val meferaﬂjﬂan@ch@é cleb@rsuhempa et is, thﬁ@ns%dtb@édﬁﬂaﬂ@éﬁ\(ﬂed osure
menber or a Fasswe closure nember, the |atter 25 ty |calcﬁ% bei ng defi ned

as one thatdifestian py #p&xiernal Howes SPUee ghthbsyresz%ch»gﬁnaplala/ 1%¢ ﬁ'@éurﬁy t he
cl osure men@gmberfs WiicR nfe MOS8Rbleof ﬁ'sé’\fﬂ'tﬁ@pﬁefé@nﬂhﬁ’érwoﬁ infrgader is

assenbl ed, r?md in the opposite direction 3/ a return biasing neans,
ydraulically, electrically or manually actuated ball valves, plug valves; sleeve

valves, gate valves, butterfly valves or stinger valves. The other closure member
may be either an active closure member or a passive closure member, the latter

25 typically being defined as one that is actuated in one direction by the fluid
contained by the closure member or by a component with which the closure
member is assembled, and in the opposite direction by a return biasing means,
such as a spring. Any of a variety of passive closure members may be
appropriate for use with the present invention, including, but not limited to, check

30 valves, poppet valves and flapper valves.

In accordance with a preferred embodiment of the invention, the first
closure member 44 is preferably an internal gate valve which is similar to that
disclosed in applicants’ co-pending U.S. Patent Application No. [FMC Docket No.
66-12273], which is hereby incorporated herein by reference. Referring to

35 Figures 6 — 8, the gate valve 44 is unique in that substantially all of its operational
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such as a spring. Any of a variety of passive closure nenbers may be
appropriate for use with the present invention, includi ng but not limted

to, checkW%O 73£5\(7es poppet val ves and fl apper val ves. ﬁgﬁ@sr ﬁ}%g with a
' er

preferred enbodient of the i nvention, the first closure

preferably t hat closed I n
preter a0l anb B Rl RRES KA VT e bl Bl

66-12273], adidmxlm itise ga!uee,{ay/el4nc|eropen1aﬁ@rénbmﬂ¢amatby/sm eb ¢v oceLpy eRef erri ng to
35F|gure56 valve 44 s un e.in that suhstantjally all of
its operati @Hgmur‘n %fQ%Qﬁgﬁweﬁw%g% %&b'%ﬁﬁﬂ?éﬁ? P@J Rised

enltl rel4 X W mbsrretabwdm)fnraédaié trtlmerltufmldmgntaaag@fthbt?gaté Ralvadd| theon, ]Ehehgat e
val ve is oriente Xi a t C a . mnimm of the
radi al ct os@ S hYRA e%@iy B‘%‘Uaﬁ%atjﬂéfé\igr%%d&é?‘ﬂ CO%He%?@&at 0 nost

readi |y acclergmiii® brindh, ¥ed tHeCadte 0aIVE 1 dibpoRdicrétene Mteray Btaneh4¢or t he 5
annul us bore preferably i ncludes a |ateral branch which is connected to a

| ongi t udi na®¥@PRIRCA,FIGHES ¥ FEdFihe apaYiie bpte 42 issthoud tacPRYise 188 UPREET al

branch. Forpraf¥RABh Yhidhextdus g?‘e?‘ue?all?'é%aﬂy UG N BERIyRRI © e tdpS %ﬁﬁé""’” to
conprise an upper branch 184 which extends generally axi al | rough the

body 34 to kllh@gtftﬂ@g@f16,@Ioweﬂbraﬂghﬁ§ﬁg@vch1@<tems grnaralbyraialy t r@gghmez:h
ext ends, @engidy hn@bbRbbr it BHAY Hafr A 3inibAnddia eb&sﬁamﬁwh{aﬁ t ubi ng

hanger, and an i1 nternedi ate bran exten S genera aterally
bet ween t heexippds genedallydaterallyrketverrsthe Tppeaand IW@rartdheSfGDrfmﬂlt@ﬁe of the

I b d to th
outer wal T 58 TomAeR JERRRMbae A I iU ER Yoo PG LT Sl o
means. 15 Timachjnea intakhesoutdr welhr% ae@sheem spatesh yl daplugemembgui%ﬂorwtye cavity

192 whi ch gﬁ% e ly laterally through the outer wall 36 and
i ntersects (g[ﬁ%ﬁ %M% Izérmedl ate branch 188 and a service and control

condui t1882a. | nTmadghte |vahre 4drcongnisas argesemily pectarejuldrybte xbdtydD 2 wisicisver sel y
into the bod [ om eac ers t|o te cavity 192 with the
|t o modi ac B et el JhRLESGie, tathal 36 B8 iaRBH b P,

ri nE Shapedlnfdrmetiialt@btaﬁ\?vﬁweaha aléb@vdlc@t;laﬁdhc@rﬂtroMabﬁdnﬁt $82apanidddioadan N a seat
pocket 194, a te 198 I S a 0 et seats 196,
and an act VHINY% S%8 Hggheér'léj%%tea% h’ﬂn‘?"? %?&'1“?‘? %‘ﬁgﬁ’ sff%m@?&m in the
servi ce andingpsddtioh of @iedgate caBed 92Nt avetin@irhadiafEsranch $88.200e haect i ons to
nove the gate 198 petween a 25 val ve open p05|t|on in which alateral hole

202 in the _‘t’%""_?’é‘ quoﬁ?%@eWWW”ﬂgTéhaﬁ%f@taﬁﬁ% YReSatn 126 eegh of whishds val ve
cl osed posipdgmbnien iMBiselt bbekeh 9L 22Ee 188 which is slidably disposed between

the seats 196, and an actuating mechanism 200 which is positioned substantially
in the service and control conduit 182a.
The actuating mechanism 200 functions to move the gate 198 between a
25 valve open position in which a lateral hole 202 in the gate is aligned with the
intermediate branch 188, and a valve closed position in which the hole 202 is
offset from the intermediate branch 188, as shown in Figure 7. In a preferred
embodiment of the invention, the actuating mechanism 200 comprises an upper
piston head 204 which supports a seal 206 that engages the service and control
30 conduit 182a, an elongated piston rod 208 which is connected to the bottom of
the piston head 204, a valve stem 210 which is connected between the lower end
of the piston rod 208 and the top of the gate 198, for example via a T-slot
connection 212, and a return biasing mechanism, which in the embodiment of the
invention shown in Figures 7 and 8 is a mechanical biasing means such as a
35 stack of Belleville washers 214. In addition, the valve stem 210 is preferébly
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offset fromthe internmedi ate branch 188, as shown in Figure 7. In a
preferred enbodi nent of the invention, the actuating mechani sm 200
conpri sesyyy4Rper piston head 204 which supports a seal pRQG;dhadsognoages
the service and control 30 conduit 182a, an el ongated piston rod 208 which

| S connect egediey bhAn&ths IBhite aﬁdht%n%ﬁédﬂauﬁqgga %gﬁ}sﬂagg?éghi@b?ﬂg?m whi ch

is connected between the [ower end of the pisto top of
t he gate 198hichds heldamplageby# glartd BYicA18 thatindwniioreured taihe bedy Stoyn

bi asi ng macg_g{éi %e&ﬂé,%ch%s%ﬁ%t Qdiypssg of the invention shown in
n

Figures 7 a I S a nmechani cal biasing neans such as a 35 stack of
Bel | evi | | e washelhe opening thahthéi gate pavityHO2atmeinghe mall BB is spiimalfer ably 14

182 by & <GPrbPed pube toveriie Lo R e Rt b A iRl Tl 21s

that in tur224 that sdelesdopicallyvecdioatyovdt the/tubingi Hamigee 16 @hs pressate ia$hehi .
retainer sc [ ening that the. gat Vity.192 fornms in e wa
36 is opti néﬁ%:%én?yd%ﬁ;%(]tﬂ%g??oa{e%ir%qa ch(i?\%ﬁn qe‘_é{ﬁ@”é'}%f'wﬁﬁ%s??”ﬁeﬁeaF% n pl ace
by a cyl i ndt4@aud2sitdelyare 224 tblsasl thsttlbﬁiigels@tgelrtheMubiﬁQSpuelﬂinQa&Jf itiohhe

t ubi ng hanggr,, 16. The essure in the gate.cayity 192 is therefore
preferably @&H?Q?ﬁlﬂﬂg\%ﬂ%hl NEREeNtly.dj0 'éq]lf’g] es)%‘%%}‘[ﬂi %Baf! esﬂ%@?ﬂ‘?ﬁns\/\hi ch are
used t oi@eabetiveen thbbogy BaagE ity thd€oler Pitg 232 0pthe didevadzi4 to@dntid t he
packi ng 216, Consequent) eX|sF|s for separate sealing neans 10

en no, need p .
bet ween t hethGARIGSSHE Wi 'n)éh?ﬁék GavEY d8-erloppryete thepregentinpentipieve 224 to

contain thgoémpRtELthut bid or bR drh&eaR\oUM BIBrovided®etleer! e HBEGSeNt
i nvention contenplates that one or nore such seals could be provided

bet ween t he3h8ay either thagowsriniaie 22108 thaoslaevepben. do sonigin thaeressuea witing, (o
contai n t hetnpits kit ¥doNbSoecid) viithtng B¥LiiMg kit th GMB Tadity MakEER Lhe

8
opening that tthe gate cavity makes in 15 S not [ ocated between

t he seals 1tpe walld3t isinet logatad katweemthessalsot4d Aé2. boadditiqn, instearof the| nﬁ
: _ . ) ‘
retai ned bycé\féﬁ'gﬁt/@gg? b@%é’rettaﬂ%d%éﬁtﬁ% %?%985%‘\}@’%8%‘6%98%889 be Sléé]ﬁr%@g e

cover plate si ted”onto th I'n I ch event sea
preferably withandéw cevenplate sinwlchalted guitathe kody, inhehiblbdyeri4etls aret ai n t he

o esire bAoA T SRYLEX Rl RO BB, v 41

bore 42, a preeswengthiuthe gatenavitydl98ver comre the conbined force of the

return biasing frietl at. the variqus ..interfaces of the
gate va?dve S |%%§§ﬁ%@g ﬁg:bé%ﬁ%]ﬁaelvég\'ﬁ @dgmghﬁ'nctﬁ'ﬁtcio&e c%)ﬁﬁlﬁpt Wﬁ'ﬂ above
the piston keedirédt ogen the@nnuius bbreydl, @ pressuroBlfficzotiy oveyc@@etzd may be
'nstalled 'gonglgllﬁecti feé ];)f {h%ere e gilagﬁg%]gan%%toracll\ld tﬁg I?rcljclfilo% a%%zeavatn%ug acilitate

interfaces of the gate valve is introduced into the service and control conduit

182a above the piston head 204. As shown in Figure 7, a male coupling 226

25 may be installed in the top of the service and control conduit 182a to facilitate
connecting a pressure source, such as a high pressure hydraulic fluid source, to
the service and control conduit. The male coupling 226 is engaged by a
corresponding female coupling (not shown) which is mounted in either the
running tool 76 or the controls bridge 20 and which in turn is connected to the

30 pressure source by a corresponding external service and control line in a
conventional fashion. Alternatively, the top of the service and control conduit
182a may merely include a seal profile for a stab which is carried on the running
tool or the controls bridge and is connected to the pressure source by
conventional means. The pressure in the service and control conduit 182a will

35 force the piston head 204 downward and thus move the gate 198 into the open
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connecting a pressure source, such as a high pressure hydraulic fluid
source, to the service and control conduit. The nmale coupling 226 is

engaged b,x,oamng%gr espondi ng fenmal e coupling (not shown) V\/rym%@lﬂgnga?nt ed in

either the  running tool 76 or the controls bridge 20 and urn is

d N, . di | i d
Cont ol 1 ngoton, B ERSHEE, AR b R SRUREL RARG S TP TorEfer ho” *"
servi ce andlogwenbrasichcl@6dthiroughliBa intemyediate drandhnidsuatel iatostaaluppebrahen f or a

stab which | ] .on the rynning tool . or e conirpls bridge and is
connect ed tggﬁ’&g{eﬁégglg@?@c%%?rgge B@gurgﬂwh?ﬁﬁégprﬁﬁﬁﬁs T hiessure in
dounvar d. and LS. move T ho date 108 Lte Lo oo 1o w0 01 7a05]
PCT/ US01) 094B% e&?é\d?ﬁ’&h“.’eqfﬁtﬁ{eﬁ?%oﬁbei“f‘?'%ﬁa'?q hiagdiaPqriien piBe S§™46enul us 42
is allowed &ed Ebritrsl ORIt T82a thawie focatedtdlovt &b piktandieal Joae Winleaidredi at e
branch 188 and into the ,uggt%rmbranch 184, where it will encounter the

cl osure nmenBRWE the dpvea ale conpling ¢tk giafile may PROrOVIPRdY thaifper 16
preferably ofabedRpeAs@RMMRNERLY ©TadiRbie R BofmeMibh b B¢ b @eN the top

of the tubing hanger and a portion of the service and control” conduit 182a
that is | ocBNBHIIEPIRL thegoprals Bridaeawith 2 carrespandingriternghzsivics Ang he

drawi nggg acdrtdtlic@upl ing or stab profile may be provided at the top of

t he conpensation Rort_ 228 to facilitate the connection of this port through
the running toolVher itisdegwstie gloseline dale vaiverfi4a theopressyrenel rampvet er nal

servi ce and i [,k 4t | val ve 44,
he. pr eseur S e St pridterusRhdlk 1hes WARrErer RelhRa Tt FetEh,

wher eupon t bigsingmeechbnism 2 tfeconabined withitkes pregsuredin e amubistbaredBi ned wit h

e b hon ol 4TSI AR A AR IRy AR ol e
| f the Pean$9&inpplhgi agsedimsitioss $iihe meant Isepsigingitiee presagrecotite sdrvicendui t
L0282t ol LA B S R B B RO B b e
open posi ti 2t wil dither mitainditt gatei1OBdmtheldlosad pasitioheorpriafecthe gdtesfrdradigrent  of
e b ert i A B o, B R e SR Bt o 1R
i I'1'ustr at edinventidnehéigate vidve 44 [3&a ‘Igil ¢loddd1@eveghani sm 200 is a pressure
214 voufl not B eGTEHS SThetIBT Of HE SEUinBHe 46 METpBnet BB TE e onnect ed
to a pressuigstraiedinchie idiawings, IRTBCHIBIEMetRisrh P80 385 PrERuABhIS&Rr o
condui t 182c€§1pelrgting mechanism. Consequently, the return biasing mechanism 214 would

not be required. Instead, the compensation port 228 is connected to a pressure

source in the same manner that the service and control conduit 182a is

25  connected to a pressure source. In order to return the gate valve to the closed

position, therefore, pressure is introduced into the compensation port 228 to force

the piston head 204, and thus the gate 198, upward. In this embodiment, the

gate valve 44 would be a “fail as is” device.

Referring now to Figure 9, an alternative gate valve 44’ which is suitable
30 for use with the present invention is shown installed in a tubing hanger 16°. In

this embodiment the tubing hanger 16’ is shown to comprise an annulus bore 42

having a first branch 230 which extends generally laterally through the tubing

hanger from the tubing annulus 32, and a second branch 232 which extends from

the first branch to the top of the tubing hanger. In addition, the gate valve 44’

35 comprises a gate cavity 192 that extends laterally through the wall 36 of the
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25 connected to a pressure source. In order to return the gate valve to the
closed position, therefore, pressure is introduced into the conpensation
port 228 §1955e the piston head 204, and thus t he gatep¥gﬁﬁmg@m@gd In
this enbodinment, the gate valve 44 would be a "fail as is" device.

Referring naw.ﬁgqqﬁgawgsn&anﬁ&atam WlthY frsd BFMcH a8E THE gatlibalylBosul | abl e

30 for use with the present mven?l on is shown 1 nstall ubi ng hanger
16'. In thfoéméﬁﬁdlﬂeﬁmt23t4héthmwalh§6 M@w@es plegeraply clorprbyt @ covem@dbse an

annul us borﬁ]r ot lﬂéﬁﬁ/ergﬁmo@aglg'éﬁ% I*érdatB"El%ﬁ fubihg) r{b@ﬁﬁé‘lh&%ﬂi sﬁ %glea)ﬁs,d

| aterally t ubrn anger
second br an&llfPhZ@bQ{hl (oht shomendin add:bﬂnn lthﬂeCdVler 286 isrmtmll'y(sealed to the of the

t ubi ng hg;mgﬁlrbmgsﬁﬁnggpwh‘.‘%pr %%l?g%;q%lﬁ%legﬁfées 35 conprises a gate cavity

192 t hat ext era of the 16 WO 01/ 73257
PCT/ US01/ 09606 Indhe agmbbdjngmrt ogmlaemwlnltlyn depixiedlih ¥Figuire B, theegdte valve Bd'anch

230. Th 4.in t ich is
preferagl 3a;g|e%,§§/§ t%)éorjn%ﬁ% gﬁ%gﬁ\fvﬁgﬁ 5 é\%aﬁ aq";\’élpsflgr?ﬁ(f)a?ﬁltg}e ﬁ'ismched to the
t ubi ng hangkranals 289 batwe@ua pabbf&smm, 242udhedisstizebt 34 iscaimﬁd“rcw\nﬂ")e I'n
least one aflf A0 Oisahossdatdlty (e SERDBLr b ARL SN PRACTIGENDiGh Mdepi ct ed | n
Figure 90 tseat@aderval siowhiin F.gmeshmwnb@m@ﬂ@@éhaﬁn@agm@/\ﬂ«%hv&zhl chis
slidably di ranch 230 ween a pair of seats 240,

t he
S0 The 11 FEACEH 43 SbiRmed Maparplanit e pver Saa: I GI06T GYGRtBSEVRLRTD. | The
second seat prfetabigindhidsdepdrt 244 wh@htemgné witR Tthelmr&fg?qtbo%éé)nrpthe sagtsShown in

Figure 9, it can conprise an annul ar dy whi ch attached to or forned

integral |y ##%r4ede detnes ﬂQYé!@*WQ%H%@f“&MH? ,gat%‘@l‘(ﬁﬂ%& whigh exiandser abl y
i ncl udes 2 pated o WBIrEarihila1E Aid foliq tidiicpsgp bores in the seats 240,

242 to define a fl ow passage 2 hrough the gate valve 198 whi ch extends
bet weenl? he t ubi H§ gatayRlve 432fU§thGr inpledes er eckipting megBanismso Tyeghee val ve

44" further ét@qlgﬁ%"e%/vmﬁéhcﬁﬁﬂiﬂ?é pOShidHE %‘fqﬂicggazlh réiheR é&fln tﬂ@tg@\t% 8 between a

cl osed p05|?|on In eral 'ho set from
the flow pa@%@omﬂbe flow passegreddfpde aniopan positioniic MlMdlnethhdnloe 2Bisi s

| i d withy
oL Gned, bt Lk e B3 28Ea0c 3 SRR Pl 3nd g TERRAINR, 10,
that is ori ot eeova igen@'ﬁmddyn‘aaen’\?ic@alh@cmtmi cohduigtiaa thaBis orianteddi t i on,

D act A7 BB A, oy B A AR BB U o
210. Al't houghlch@an belsirsilaras ady ohthBiagtuating meédhasisms| disduesethdissvat, 50d t hat
ot her connected to the gate 198 via a valve stem 210.
Although not illustrated in Figure 9, it should be understood that other
configurations of the gate valve are within the scope of the present invention. For
25  example, the gate cavity could extend longitudinally into the tubing hanger from
the bottom thereof. Thus, the gate cavity would intersect the first branch and
provide a convenient means for installing the seats in the first branch. In this
example, the cover which is used to close the opening that the gate cavity makes
in the bottom of the tubing hanger would not include a port. Rather, the first
30  branch would communicate directly with the tubing annulus through the wall of
the tubing hanger.
Also, although not depicted in the Figures, other configurations of the
annulus bore 42 are considered to be within the scope of the present invention.
For example, the first branch of the annulus bore could extend generally laterally

35  through the tubing hanger and communicate with the portion of the central bore
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configurations of the gate valve are within the scope of the present

I nvention. For 25 exanple, the gate cavity could extend |longitudinally
into the {ygyngdfanger fromthe bottomthereof. Thus, the Ggaleosaydty Wwoul d
intersect the first branch and provide a convenient neans for installing

the seats ipf ﬂl@%ﬁlh%%@O&r‘cﬁé’t@bcét@dtﬁb@e tf@‘?égi’é fnich2fe 6/ }‘)ﬁfgm\ﬁ}@? QQ?]I'tﬁ used to

cl ose the openin he gate cavity nakes 1 n the bo e tubing
hanger woul bmhang@rtm@eaulm@spo@aﬂm is exanaple the secondobranchwaold d

comuni cat eggbpé Bhé(ram'{ bﬂgﬁlﬁlﬁnélgq}d?rgﬂ%rﬁwé dbb? P&/ﬂl{% éﬁ‘ﬁwé"%‘b[nﬁq{angbpe

t ubi ng hanger. depicte res
confi gurati @rltﬁeélﬂblt\%ennldn&ulnﬂddﬂmnetm&aie ealaem&uwepreﬂarabiybe ingtalledrint he

scope of thgrﬁé£§@Q O)Pt&f\{@é] dbﬂ‘glr ?FF%F exanple, the first branch of the

annul us bore coul | aterally 35 through the tubing hanger
and comuni cat e Iﬁeﬂemrtgr@qnntotﬁlgmredf theneloswatmerhbdrotteis ptefelddI0d 6MBR57

PCT/ US01/ 09 0 tht is | cate thesals whi ch

hre onpl oyeaPen ook VAl iRbT R RBGRed TRe dpBet B4RHE T RE LI AR e

exanpl e, thé2 s§b@nﬂe¢kwlmd14@\mmmlsesteenahrgwefeahI2yl,8Iwm@h isuﬂiapwldl ty skabm t he

first bore down .through the tuhi h t theI i ng annul us, | n

addi tion, tASGEECS 8“%%Famﬁglgﬁé‘fgfgfg'%@%%?%n B Bﬂernty B‘IL:11 F\%Jar t he

top of the &iebil sErirtpPGEWhicRes @feférﬁlg?é%lppméd]na EHHEE254 thabi taindisur € nenber
is mounted in the upper

46 is preferab a sting- en, chec v

branch 184 WP”P%@ "&ﬁiﬁ:‘r‘ rﬁg?qgh gfgtenq—QéG@ﬁ Hsﬁaﬁ'r\‘ﬁ‘&t%toéﬁﬁ'ﬁ'ﬁﬁgéﬁdan annul ar
head 248 whivhithiextehdaphredgh thes@ter brbRhisWard tﬁ@&dpﬁéﬂqﬁ@%mﬂgzﬁ%éiab seat 250
that is formed in the upper branch 184, 10 a coil srln%ﬂéSZ which is

preferably & ﬁUP'ta%tcPrierf aﬁ'abﬁﬁp'@%eri@@%’ﬂmh i$ sagHred te the gleneabeve thAe upper
branch, a skedn, 2fif mh@fzazsur@@@me%@ 343 ihldesdafAdle Iﬁ%ﬁberﬂ@Ht“vﬂh‘%Ké ga4ts

through the%%é)gq branch toward the top of the tub hanger and at
| east ohe thgrelyidqsedhe ppperdnangthi &h ||n§3r§%rdgr0@éntﬂﬁ)9 Uh@ersbn’@mf‘above t he

head. The S&Hg’égo?éﬁhl%lf&%&b%hhﬁ%ﬁ&m@)”’@ Aé&?@gﬁgiﬁégﬁ%}%ﬁrﬁ didnn the

seat 15 250 toO there cl ose e upper branc o open t he
upper brancénd agalsﬁtlthgétabthzersﬁnﬁfp?ato therebg pushthe kdesl@d8 of§ of theertbahd nt o t he

Lo ead S LR dieAERoR fn BURF RPtachlife BOARELIER oD oS Jafyddier oY Push

t he head 24 e opeéen ton
facilitate theeularseatbd4ofdhe tuténg haudervélmay msludetahetemltoeenmlwmcﬁmsof the

L 00 oSt PR BRI BBl B0 0, W C1 1S 20 sealed by
the flow conpl etAsoan ayemamejiﬁ theralpsoempenber 46,3herfibw cdmipldtion sgstem ¥i ch i s
mounted in rtnra]l? CE)I’?‘I%I‘ISG a smple%‘%%rls valve which is mounted in the top of the upper
branch 184 to prevent debris from falling into the annulus bore when the tubing
hanger running tool is removed from the tubing hanger but allow fluid to pass
25  through the upper branch when the annulus bore is connected to an external
conduit, such as an external service and control line. The construction and
operation of the debris valve are explained more fully in applicants’ co-pending
U.S. Patent Application No. [FMC Docket No. 66-12273].
Figures 10 — 12 illustrate three alternative closure members which may be
30 used to control flow through the annulus bore 46 or the service and control
conduits 182. The closure member 262 shown in Figure 10 is an annulus plug
valve which comprises a cylindrical sleeve 264 that is secured in the bottom of
the annulus bore 42, a head 266 which is slidably received in the bottom of the
annulus bore above the sleeve, a stem 268 which extends through the sleeve

35 between the head and a flange 270, and a coil spring 272 which is operatively
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branch 184 to prevent debris fromfalling into the annul us bore when the
tubing hanger running tool is renoved fromthe tubing hanger but allow

fluid to Rass/Bs57t hrough the upper branch when the annul uSRAH1hS06
connected to an external conduit, such as an external service and control

line. The capgddddddtnBerité bR é‘ftthé’ele%(/e taH& tl@ﬂ?e(ri tMI I%ﬁh@ﬁ%a@"p' ai ned

nmore fully in applicants' co-p enln% | [ FMC
Docket No. eea'mﬁzhefop #ithe slesva.o The hgad Qﬁﬁgupmr@ twiarpsirs off exielyaspacedc| osur e

menbers whi ghy 5(149974%6%393&@8?%@&?@% afwhﬁ%h FAINy ng@ﬂ,ngwr% bore 46

or the service and control cond osure nme shown in
Fi gure 10 i baianf seahuR(B&ismasiionedbetvasnithé Sb@ﬁ@ﬂﬁéeed thecghnuhd baralangd| eeve

264 t hat 66 which
208 1 et 5] SaBSH Bt MLcREARPL BBl bR HanP BN e HUIRACOACO WA <O
st em 268 whircopeasatiam bgdiabliopgssreds BitredueecBiﬁrduglmepm‘[ 2&@3?675311105 grmlstenf I ange
270, d ' h is Lyel 18 01
PCT/ Uggll 89 %hb%ﬁ’g}gé}g' 2%%?%@% WERE ﬂbo?‘?ag?nlz%f’ %ﬁ ﬁ;eargil %@\;8 ugg,%&}eﬁéeam ange to
urge the heaeb irstgaheslosed positign, o which thé eeaﬂezﬂr Wﬁwm@traﬁﬁe%mpﬂ@f 284 t wo I

f | | d t seals 274 tse stteannuus
pon s Tbalabo B Eha AR 53 hhdus AR il S ool o e
sl eeve 264 bové 42henamaabseshcbr & @:@dn&pr@sémrﬁ henAston ehameatl, the?S§tirgs

268 and the sl eeve 264. In operation

t d bet
ﬁ?élr aljlolng pV 'sf\é\e{ﬁeegh? ge?ﬁit&gg]HBWBWa%'F‘ & itg OpER Posifon .o haus, iaPINY Yrleon

chanber whi gép ispréeraBidabrRil\wper ddceseal s 274, 278 and 280 to urge the head
266 in to the closed position, in which the seals 274, 276 will straddle an

inlet 284 bet weHIf ¢RRHTE (MRTARErARFENGWNER Figure 14 % fonaxapie aghemicalher eby
close the ampekigs vale BRdtes Hé’ed t'orhoh’f?fél tﬁ@%@ﬂccﬁ a@heﬂ%ja’l g%b%gr essure in the

pi ston chanber, the spring force rd into the its
open pod?t i eresprOding sREViGs @nﬁ WW&COW 1|8§ ﬂ'ﬂ'@f\/@iV&b?%ﬁ eoMprises aopen

devi ce. Theggd Rsii&s ﬁaﬁgi@eéﬁﬂ'@%n BeBled U titoﬁ1 of Pserd ?rgﬁlde
chemcal inj ectlon val ve I'S use to contro e flow or a chem cal
through a 16omiwl perdiirthizng oytindricekseahbiodp?@Q which inmslidablyregeivahwithial ve 286
conprises a | eLV., | | bot t om of
a service atr)lcfﬁ lﬂ%g{r')lﬁdo 1%%’1 dztﬁ : E?%% 2b§ aﬁ@%&glgﬁﬂgee%?% ol %@Bnihl chis

sl i dably rebead/222 fhat Bngagesat ¢Drtd$eondmgiaeat 20dwkEckdistthenad metble c88duiand whi ch

e 2 el AR 38 Y h St O GRABEER AeR L SRR Gr =t 204
operati vel ythertgmlg@@ObeUxmehemleedmteexzelu@%\@gdmehhmtlbmdeyse’&(bﬁdm urge the
head i nto Ssetﬁgab%gmﬁ ggf&ae nﬁlch is a{tebchteg%o eatéat ang through which a conduit that
extends down hole may be connected to the valve 286. In addition, the valve 286
includes at least one first seal 300 which is positioned between the body 290 and
25 the conduit 182, at least one second seal 302 which is positioned between the
body and the sleeve, and at least one third seal 306 which is mounted between
the sleeve and the body 34 of the tubing hanger 16. In operation, hydraulic
pressure is introduced through a port 306 and into a piston chamber that is
formed between the seals 300, 302 and 304 to force the body 290 downward,
30 which will pull the head 292 off of the seat 294 and thereby open the valve 286.
In this position, fluid in the conduit 182 will flow past the head 292, into an
expansion 308 which is formed in the conduit 182, through a number of inlets 310
that are formed in the body 290 below the head, through the body, through the
sleeve 288, and out through the fitting 298. In the absence of hydraulic pressure
35 inthe piston chamber, the spring 296 will force the body 290 into the closed
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suitable fitting 298 which is attached to the seat and through which a
conduit that extends down hole may be connected to the valve 286. In

addi tion, M4edve 286 includes at |east one first seal p3QQudMihosdds! S
positi oned between the body 290 and 25 the conduit 182, at |east one second

seal 302 whh&diids ARE fI'LeC%q% %f@’%e"?allté‘c%edbeg\)’%@nﬁll&&ﬁ/eﬁlll’?g‘}(@ﬁorﬁ:ﬂﬁh&'@t | east

one third seal 306 whi I'sS nmount ed bet ween eeve ‘an 34 of
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through a p 5ve%ﬂ§ gggt(% Bt Camgltﬁgw%%gﬁﬂgggrl%%y s fornmed between the

seal s 300, 2 and orce wnwar d, 30 which will pull
t he head 292 of fotefclomemnbarsﬁﬂadwwteubimdﬁgureﬂénsshrewrvm besi8@rin In this

e
Cxpansi oh SOARFyRebilofar alle a8 isblosen ipe LBRhelely e S nsadc "
inlets 310 flargst31drie attecheztioithne tdv&rlpodyonmﬂwdmiabbodylégmm thé bpanggh t he
body, th t | 288 t t t 298..In th
absonce of AyuPaperah G dRdt nBMesRthe Sor ey B and madencBla T g 206 wi
force the bﬁﬁy bB@;ﬁdbwnWartdheTmé wilgull tﬂ@séﬁﬂn@l‘feﬁg?% oHGch&QédNb tQ94Cmd hi

tion. Thus, the val e reover, In IS
(F:)g?]:ji !tioon LG ARGR POSEOMS o‘ﬁf@ 'rbEQHE?d éo ]nfﬁ%%VPn@S?agﬂfg?%?ﬁpaﬁﬁ@Esure in
t he congui t 38R thakonduit 82, e 1CFmetrra_llem«ratraIC@rr’flstebb@y pou %&e@ucéd‘& afgfeng 296.

The cl osure 1 i cte Fi 12 is shown to be simlar in 5
many respeclod 'PW“\‘F@“%Q g“‘%ﬂ% cfl%‘g &%h\@d%@\ﬂéﬂtOFhﬁ'W§ﬁS\?é0312 a

radial  fl agmereoveh the valié e¢2@prbferétﬁwal"9m&o Biesé RiveR thdréRres fral body 290,
and the spring 206 is operatively en&.latgﬂp’q bet ween t he sl eeve 288 and the
At 1§

flange to u?rgéswﬁ@d flyicbexigis wWithtndhia wap cannectedq thediinge28; g head 292
of f of thel ns?t\/alg'g%lﬁﬂﬁnalhmﬁetdl?seﬁ?ﬁﬁltlgﬁsﬁiéooﬁw HEQBNE & FafteSrfde N

addi tion ead of the expansion conduit 182, the upper
di anet el> of Mepes s&yPRIvDgihydrastic peasstrs tathe@ve 862,4he spring 29&wiin t he

condui t 182, %f?lté ih @Y% Q@aﬁ;a Gf(ﬂﬂ tﬁ&@p?r??gs i THUsOthtewaal\}er%P%]l‘é ag?aglro‘é:)ewﬂ eover,

the valve 312 Is prefe y ar’p to close" valve; ere
pressuri zeddgvigd.d exists within the conduit that is connected to the

he buant oi 5" oRigtdo BRIE A phediSBaicl BeldEnThORRH vRAORd Bl 200, T

the event of a fal ure neans or su pressure to
t he val ve 3d@®jironhnent e tupirgdganger 6 plﬁienabbmncltxdi@ dnmjtyf tI@@foremeh’eormnlen

Do et 1 o2k va0Sue mpb e S ettt oy irPoter OO perER BT ornBhIRRAft 182,71 Obi ng
hanger 16 pihaf extahds/completeticthrauyh thé tutiing kdrayee teeothepthad a &ﬁmmh@sur e nenbers

to control the flow through egach.,seryv nd con
va ve +he closure rﬁemger wnll?here ore a as an InI’uaname

LJ[ween ﬁ1e well
bore and the environment through the service and control conduit. This barrier is
in addition to the barrier which is provided by a conventional fluid coupling that is

25 typically installed in the service and control conduit. As is known in the art, the
conventional fluid coupling includes a poppet-type valve which will close when
the coupling is disengaged from a corresponding coupling that is installed in a
tubing hanger running tool, a controls bridge or a radial penetrator. As an
alternative to employing an individual closure member in each service and control

30  conduit 182, the flow completion assembly 10 may comprise a multiport gate
valve assembly to control the flow through a number of service and control
conduits simultaneously. Such a gate valve assembly, which is shown as 318 in
Figure 1, is described in applicants’ co-pending U.S. Patent Application No. [FMC
Docket No. 66-12421], which is hereby incorporated herein by reference. With

35 closure members such as the above in place in the service and control conduits
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t hat extends conpletely through the tubing hanger to other than a down'
hole valve. The closure nenber will therefore act as an initial barrier

bet ween t ﬁ’i%:% bore and the environnent through the se ontrol
condui t. % 8% rier is in addition to the barrier whi ch\quﬁsé)?@gﬁoged by a

convent | onaligs, e iR Bdd 9o WiRtorliéin Baut S Hckiry PER A6l Ffes ola SBBoRET V! ©

and control con nown I n t otvent 1 ona
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or r n Lin hat
hanger T ona g tRgprngHATRASARE, SReRet Oobdifent Sra fidb SamEfetoR. 2.,
alternati vesysbererqbtrmypragerannvemdommlstwwmhlmslmra:m;afaarmarfy regpdtts &y thece and

control 30 ¢ondui t the W C tion,assenb Corrprl se a
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aﬁr V|h ce anﬂsm@hrotbghllss e@Bduinicht, SVHTtH Isaﬁ@gatéﬂ geg&gﬂ%b@ r@‘afefhcw.hmeassenbgy,
ichis s S in 1, is described In applicants' co-pending

U.S. Patent Rﬁggﬂsioc%ﬁni‘%ﬁeﬁl@n 3[915 S RISERIWANS* 126001 Q@étPFQSW{PW the her eby

i ncor por at efibiiRy §odl mbéme@hqn@mblr\erérthu%@ziéxwa.eaﬁmb@bétlémqh a$ the above

in place in the service and control conduits 20 WO 01/73257 PCI/ US01/ 09606

182, the tuBIMiUsHasier Yalvad P fergianipling dew typugihthe anuys Rassagevaad fir st
and secqpd aRBRAGIGS mrtgﬁvéweemfb@o&ﬁ&éu.r@ﬁo@vmg}mﬁe%ﬁumw&a Ref erring

now to Figure 13, another enbodi nent of  ow conpl etion system of the
present i nveiessaeriine 4RGwhichraxéendsdram e annuius wlleytoreppréionof the flove 5 f1 ow

conpl etion r e system
of This onbeeaayay ghRA BEthel Mt eor BORyctio folkod o SRR el o a0,
al so conpri erosSauer xalve KaR fcpramérgﬁamaﬂowﬂzromhme@nsmshmeﬂch@gmlwelse 't ubi ng
spool 12 be t I t

2ol us- st b 18408 42Fdn g 08 B bt R BT U el i ined”
passageway, aIﬁPrafer@iymElmrstelM cnn@rabida getedbdesonn additior|the malvés oaytber ough t he

annul us out : ch _ext nnul us outl et
fo 5 port1 ofioymePiin HeBRMSRoot b Ml ol ¥ LRI 3ol Rt Tt
producti on aiidohed {6 teatntingSpoalndr mounvedsmd)wdnalkyaimteemng spoatovittol | i ng
flow through the crossqver line. The yalyv 418 and_ 4 may be any of
the closure 8?998? Ws%@fggmg?f %ﬁlﬂoY"H’é’Vp%ngrsé(smggr)é%?y remotely
oper abl e gapesyaewdthin the tabidy ananlus BReax devrRsnittrad ﬂﬁougﬂh@bﬁduh@ the tubing
spool i nore val ve bl ocks that attached to the

tUbt ng. ShooPssBReRUATRAURTPRLIE. 5 AUER 3t S BTGIEATEarR Fe ¢ e
above- descr pleadction'sore BBRING thé tdbhﬂg AhruNseral 3ﬂtth@anﬁeﬂ§§ Easé}ﬂg@wasf BAdPressure
within the ub| ng annul us 32 can noni tore hr ough the annul us
the crossover llne 420 during mstallatlon and workover.
The flow completion system 410 may also include one or more male radial
penetrator couplings 424, each of which is connected to a corresponding service
25 and control conduit 182 within the tubing hanger 16. The male couplings 424 are
mounted on the outer wall 36 of the tubing hanger in a conventional fashion, and
each male coupling is releasably connectable with a corresponding female
coupling (not shown) which is carried by a conventional radial penetrator
assembly that is mounted on the tubing spool 12. Thus, when the tubing hanger
30 islanded on the tubing spool, the penetrator assembly may be actuated to bring
the female couplings into engagement with their corresponding male couplings
424 to thereby establish communication between the service and control conduits
182 in the tubing hanger 16 and the external service and control lines to which

the female couplings are connected.
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20 passageway 412 during production, and fluids can be circul ated between
the production bore 38 and the tubing annul us through the annul us

passageway;fifhzadshe crossover line 420 during installati orpcq:(;ﬁomgﬁlﬁgver
The fl ow conpl etion system 410 may al.so i nclude one or nore nmal e radi al
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coupl i ngo 42fforeie hmmgnnmﬁarmt&unnemtrwabmbpe%yp@fﬂuﬁ&@oapuhg Rtaynger 16 to a
correspondin YaﬁXI al service and, control conduit t enters fromthe

top of 5 thBSHEIeT Ryedrhngsical ﬁﬂ”foﬁlaé’drﬁﬁﬁg'rconguﬁéﬁé% t”P\e @RI ARCBUbI ng

hanger runninaguniifgtod FABESHRERY. NieriveI)sh ﬁblb%bﬁlﬁh 26mchubl ng hanger
16, for exanple.a surface controlled subsea safety v ("SCSSV'), can be

moni tored deRTPREFING BRhaA PeRREb MNP anfia qalbyalye H@Yd{ﬁrefaﬂleyﬁéfl’@r\e%rﬁh'é ted to
an ext er nal s&oic¥lah8 BAttol oMbt Obuéh Q%OEﬂfn@UG/hlchr?@dé@cﬁifb@H nﬁ)@r@i&lff\ﬁor once

the running tool is disconnected fromth onventi onal
poppet - 1y peannligartscepending Hes- Ffﬁentlmlaatl%ld\kv r{FMé?clﬁO Noc 86- 1@@2% ce and
control con

di sconnect e\ngh\I Stlﬁ‘%re\g |Ir13:§ yo,rélﬂée q% é]ﬁi'dgt{)%fgf}fﬁ%e ‘QQZ’%MW'B%@%H sing both a
poppet val veetwean theyaelk borsl ans theenbicorwngitdiredgi theesarvice @ofl cosielvi ce and
control congyj it Such a coupling, which is described nore fully in 15
applicants' "co-pending U S. Patent Application No. [FMC Docket No.
66-12321], whi d?ef'eﬁrinlgetoﬁiguré nSothpduking dahgerditoflife flel epmpistionsystenpr ovi de

Loy b5 BRI BB ka5 B0 P NN RBITS gt iU < v
f | ow conpl etoob4l&igssiraitar in most respects to the running tool 76 discussed above,
including in the means and manner by which the running tool is connected to the
tubing hanger 16. However, the running tool 428 also inciudes a tubular member
430 which is secured within the body 86 such as by threads 432. The tubular
25 member 430 defines a production port 434 within the running tool 428 which
communicates with a riser (not shown) in a manner well understood by those of
skill in the art. In addition, the bottom of the tubular member 430 forms a
production seal stab 436 which, when the running tool is connected to the tubing
hanger 16, is received in the top of the production bore 38 to connect the
30 production port 434 with the production bore.
Furthermore, when the running tool 428 is connected to the tubing hanger
16, the bottom of the body 86 is spaced apart from the top of the tubing hanger to
thereby form an annular gallery 438 which is in communication with the tubing
hanger annulus bore 42. The gallery 438 is sealed from the environment by both

35 alower annular isolation seal 440, which is engaged between the tubing hanger
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20 410 is preferably installed using a tubing hanger running tool 428. The
running tool 428 is simlar in nost respects to the running tool 76

di scussedw@PAyBzs7 i ncluding in the means and manner by WI"IIIQFT/@%@/M(M@I’]I ng
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a | owner annul i sol n seal ch i.s e ed e t ubi ng
hanger 22 SR @!L?Gfi%é%% P)e(?g%‘ﬁ T@f&ﬂ@"tﬂ‘@%ﬁﬂ@ ﬁ'ﬁ?'ﬂ%q@n 78, and
an uppero anfablRr mmeattdrwamw Mér%ov@mﬂ@hhreads%g&@m SsjuveribuldRe upper

[ 100. The seal s 440, 442

t d t f th rin
rergyegz' gﬂyaé'*ﬁmtb TEY ii@teio%getﬁfie%? Ut@fﬂégéﬁg\ﬁ fishrasstiouch s seal s
Al 'so, the ogtirlectibraMRittRis rRAnridhawhePd BOP (rmm%wrﬁfigcbme%téte@te@%.ﬁ@

smal | er than the i nner di_ameter of the body 86 in order to form an annul ar

vol une or "$RAM14anddhe BOPsamsargeiased peaund: thp tulstayaneme 430 endbends
bet ween t here@&ltlbﬁrsYee@%%SaﬂGﬁdtcBﬁlrﬁlﬂﬁcé%ntb@ﬁN&é?ﬂKe B-B'Iﬁcﬁ&écéﬂtgk@ﬁﬁé"@ﬁ@ the

t ubul ar nenber and dy is ideally maintai ned nber of fluted
central i%er@eét%nmﬁﬁgﬁrrﬁﬂﬂub’é here 48 meay ttaaesiablrsbeﬁﬂuou@h B"@raanrtuwsmrh ei t her
the 10 tubujr;T%{ eq ,,gfyggge body. Moreover, the threads 432 which secure
t ubul ar er 0 t’he body 86 areflutedto allow for fluid to pass

t hrough this cd?ﬁf@ﬂ‘m(ﬂgalﬂ o Figire 1Pathediow edrapletiorBeystémditi Oghaywn) i s
connect ed t tblﬂg% Blg%e §Bf?\§l “?jﬁala&%lntl G{Nl%tﬁg pﬂﬁsﬂ%rt% s(élapt‘ft%d around the

t ubul ar I on sleeve d comuni cati on between
t he BOP choﬂmdactd)nmdre 3Biabevaitite rodudtimntpassagewegndier Tladudlsealig glug2 may be

cot B ARSI O Rl G BB B o LS, o
a singl e " deainestbld wiltiin ai boeé insertpI52gh#k48 sé@ured ahd tbaled in the production

bore 38. In addition, the dual-sealing plug 448 includes a first annular sealing

assembly 454 for sealing between the body 450 and the bore insert 452, and a

second annular sealing assembly 456 for sealing between the body and,

25  preferably, the production bore 38. Moreover, the first and second sealing
assemblies 454, 456 each ideally include at least one metal straight-bore type
ring seal. In this manner, the single plug 448 performs the function of the two
individual plugs 136, 138 discussed above. However, only one running trip is
required to install or remove the plug 448, as opposed to separate trips to install

30 or remove each of the plugs 136, 138.

' The flow completion apparatus 410 preferably comprises a light-weight,
non pressure-containing tree cap 458 which is installed in the tubing spool 12
above the tubing hanger 16, and an optional debris cap 460 which is installed on
the tubing spool 12 above the tree cap 458. Referring to Figures 16 and 16A —

35 16C, the tree cap 458 is shown to comprise an annular body 462 which includes
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production bore 38 above the producti on passageway 40. The dual -seal i ng
pl ug 20 448 conprises a wireline depl oyabl e plug body 450 which is

renovabl ywogcamgst able within a bore insert 452 that is saguiedi sl seal ed
in the production bore 38. In addition, the dual-sealing plug 448 includes

a first annalhambaeaﬂ el s@EBATIHAY afbdedufsd ®gaihendy ’é‘?ﬂ%ﬁtg dF hﬁgh@&iﬁal450 and
the bore |ns 45 nd a second annul ar. seal i ng asse 6 for sealing

bet ween the diP4andie baslyf62ris p ?rﬁ‘b'ytrﬂ@%?ﬁﬂ‘i‘?@tff%UEr@r@gl?sQ‘O'W%over t he
first and S@é@ﬁ%oﬁ@tﬂy‘lé’iﬁa whichetdld Wwafb'i@dgé\@hoﬁ fagbhthé Bilerdp at | east

one netal strai bore t rin eal In_this manner, the single plug
448 perfor n%bquﬁg Wﬁ&ﬁhﬁre‘/‘d'fouf TRMQWQ test- vTHEé‘T‘atﬁﬂlajgﬁ‘@t onlg Makes thk scussed
above. Hoveygs ca@mwnwergun hebEby andsav.h@thertﬁ‘é%e{;% BelnbBfi¢ by aRRG\EMOVE the

pl ug 448, as opposed séparate tri o install 30 or renove each of the
pl ugs 136, Q‘S@‘Soﬂﬁ@‘aﬁsdhﬁ @@ﬁﬁﬁ@ﬁrpﬁh’fhﬁwﬁlodmﬁowmorpS)éﬂ%malﬁrﬂﬁB fovpri ses a

i ght-weig e lled in

t he tubi nghéonaoI?ﬁHhZQ‘s&%%ﬂ\t/&é e tuggn@q%ﬁ%ﬁaln%%,r&%ﬁ{ﬂg%m fégﬁgl%ra@ebrl s cap
460 whi ch |\glll|h$§10am¢ bmthmboltsw&%tmr feving the kol ié2tdidhis funstiomp 458.

Referring to F| own to
conpri segan annu @é%p@ﬁigﬁa’k&h {éﬁ?&’ Jég?“*%f%%%g%)%‘g‘g@&ﬁg%m501/ 09606
a nunbel0 ofcoﬂatlslaevesé@ﬁ wblmh i$ ﬁmeacwdmm@ﬂwrmdend)geetmeof the BodyldéRaldaty of

| ongi t udi n reeab nuf tured from

't P i gn sitSE b e Heqeln T8RO tet et e G a B BRRLS O e e

adsor pti on degending d:o:ﬂet ﬁ)‘rgéEM@B;]whlab@té a@a;ﬂ&%a éhglid@e a’Zéorl‘Eypbnd’iS%M D570 test.

Thi t I the 5 tree.c t,. ther

a1 owi gt rgopT el B brBSe i Spar eSTPTaR: pe il Nands Tosuni 89 ne

tree cap fripse tdrmwrsh@@uea inmied @gtngqsfpofaym evheofrteé bapfdrmtér mmt ek @i On ‘ .

arat us n inal forces acting on the tree ca

Eggpbor ng(’ byeIYb %%[0[05 ’Q%’KJ 't‘%@ ‘@B‘Eﬁ F‘%‘T’P"éﬁﬁsr?gcqrﬂ'@'rlgd&g Yi@othat 'SﬁW%h‘?q,mct i on.
Referring stgefiolveeahd therofFh @ikt 5ﬁocﬁlﬁ§3dégﬁ§$ﬁ?@/ﬁlcﬂ§$e SlicpcraeBieges a 10
coll et sleeve 466 whjch is threa onto the outer dianeter ‘of the body 462

near the tBSOHESRIKING '@@'%éﬁertufﬁ%tf@é?f%ﬁ”@ﬁ@&/@GMYHﬁgl arrba lapdingrber ~ of
downwar dly ridependhied |§9édu‘f°‘éd B* Q%@ﬁﬁeﬂ@ﬁomﬂ&nn %&%\/\%%ﬁﬁ%f@g@ﬂgage a

corresponding groove that is formed in the up ger ext ensi o of the

t ubi ng hangdeevesiafhiant isiareaded aniodhe ggit sloevadied Alse, epshewnimiiosisool 12
The treg) cafsd Ypd ek cbﬁ%ﬂg;?éeﬁiblﬁﬁclﬁb&ngﬂﬁﬁgsitO c Pléé‘é £ 5l I ch

conprises a camm ng I'S attac vver 2n ereof, a
plurality ofxterging mgd©&§4mhm|r@¢el\aaden §|Qoa@bl)9nd1m:@oee@thatmformetéspondl ng

radi al aper§pfeSodiAbn@defat @ Fodkdyud D&M ASRtaiR i 1Bok ARHERY 470 in
the up position until the tree cap 458 is landed in the tubing spool 12.
When the tree cap 458 is landed in the tubing spool 12, the landing ring
25 476 will land on the top of the tubing hanger locking mandrel 80 and the collet
fingers 468 will enter their corresponding groove on the upper extension 78.
After the ROV turns the key 482 to release the lock mandrel 470, the lock
mandrel is pushed downward by an ROV handling tool (not shown) to force the
camming ring 472 against the locking dogs 474, which in turn will move radially
30 outwardly against the collet fingers 468 to secure the collet fingers in their
groove. The longitudinal spacing between the landing ring 476 and the collet
fingers 468 can be adjusted using the lockdown screws 478. Also, once the tree
cap 458 is secured to the tubing hanger 16, the lock down screws 478 can be
tightened by an ROV torque tool 486 to firmly secure the landing ring 476 against
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ring 476 which is secured by a nunber of |ock down screws 478 in a support
sl eeve 480 that is threaded onto the coll et sleeve 466. Al so, as shown in

Fi gure 20wlhfe/73337€ tree cap 458 preferably includes a key p¢égZudo@dsos
conprises a radially extending tongue 484 which is received in a

corr espondi ihg tulsing hangdrabeking MahaRAS0.0M thizemhireds, fhangid@hg Ad§ 478t key 482

serves to intain the | ock mandrel 470 in the u p05|t|on unti| the tree
cap 458 isnﬁ‘aﬁmtolrﬂam??én thedHbigg 5Be8" IQQ‘mQ/W@Hd'EeIHgOMt@@l‘é%{ﬁd@Q'“P@ | anded
in the tubing spRpsholvh |ntﬁ]@1rbal'6¢\' ﬂ%tFéé’&p@\{Bﬂﬁn%Hé al cnduRBgs Widnop of
the tubi ng hanger |ocking mandrel 80 and the collet fingers 468 wll enter
thei r corr eSYBRHETR IGFHBY eradite fopan glpskicabsanngsiosn Thes, thajreecapigan ROV t ur ns
the key §82fa1€:mtart@l:&?n%%t|ﬁ§'§n leéfnéT%%ﬁﬁJahégrQ cetah@ cloﬂﬁgl lm@%@%r el is pushed
downward by an ROV h ITng tool (not s 3 force the cammng ring 472
agai nst thecqr&sppn@na@g@/loﬁmd wm‘tr@hcqnqiuﬂm ﬂwe\Mmegrirengerr*sﬁju &ihe Yregoaput war dl y

agai nst the4§f?(é#‘n|a?tal§c |H8ﬁ5éaﬁ%\yﬂ QUH@OE?ESU@‘QW &h o ¢t Eﬁﬁbft e|r

groove. The ngf t udi na spaC|ng meen I'ng r|ng
col l et fi nyeydedaectedintb éheacknirsd boreu’%ﬁ ofghe hubingspabbna asaurelibe 4/e8. AI S0,
once the tr cap 458 is secured to the tubing hanger 16, the |ock down

screws 478 can be tightened by an ROV torque tool 486 to firmy secure the
| andi ngl@i ng 476°\sa§jmwrsm Fidurd®©16R/and 28T, BETH&dSCay 056 0hy aiéwcctmqimsegarhanger

| ocki man t nne tlon to
o, P L TR 6 O B £ e T 7,
shown in Fi ‘ghucb |sl&ée|ved$n abegemdm&hmaﬂed r@de@d&l@4@@ﬂ@ﬂi§at¥b&ﬂeﬂ\ﬁm Ch
[ Ki nnect o us e tree cap
can’s §aci | P JPEe G argetRoaRRt AR pdBior & Su Rlib TSR 2PhBRIY of 1 | ne
to a correisaa,@ddoagsussreundmg rédeptatnS0®in a:@l@dhéﬁwlhlbhEg%/em&*owﬂloh\?ﬁﬂe[} 16.
t ab roy ich a

Ig(rarf);?&(:a‘?ﬁ{ S‘?ﬂg'&/’ F'B‘ng'ﬁ}a'gtd&?él?)e e/ stabrrelative iq the rSB‘?FEa@G dhus:he t ubi ng

spool 12 arl@ﬂﬁﬁ)ntdi@néé@t@atlr@aéhaft]t@ﬁu@BWOWO&'(ﬁHﬁQ’ﬁ)Mﬁﬁnlﬁﬁﬂvé% the tree
cap 458 may also conprlse an_ annul us seal stab 492. The seal stab 492

i deal | y congfal sied 492 dpvanasd inde engagpmenipitinfar exarple, thecenmlys kase d@spondi ng
threaded regaRs afigy H%é‘rh@t The sasmé}b@g‘z by Hehc?blliﬂ":f{ébQE%@éA1 Q! uating

shaft 498. In addltlon seal stab 492 1S opti
sur r oundi ngfuﬂ@t!%ﬁtta@r@/'®)@ b??k'-@ bedrierde thma@mulq@ﬁ— barerttZs Altqraativgh/ Blﬂ 15

Thus, 2t At B BT Bhec s v G PBR s e it s R oy
wi Il nove t¢murespeading pandm@@mwm@uu donpingepdfathetismnowited jn thertopriinpl e,
the annul usy,Bore c%% 458. In this manner, the pressure in the tubing annulus 42 may be
monitored through the seal stab 492 and a corresponding external service and
control line which is attached to the coupling 5086, or the seal stab can be used to
25 convey gas or other fluids from an external service and control line into the tubing
annulus.
Referring to Figures 13 and 17, the debris cap 460 is breferably a separate
member which is mounted to the top of the tubing spool 12 after the tree cap 458
is installed. The debris cap 460 comprises an annular body having an outer rim
30 508 which is sized to fit around the outer diameter of the tubing spool 12 and an
inner rim 510 which is adapted to fit closely around the upper end of the tree cap
458 and which defines an enlarged opening 512 through which the top of the tree
cap 458 may be accessed. In addition, the debris cap 460 preferably includes
suitable seals which are positioned between the outer rim 508 and the tubing

35 spool 12 and between the inner rim 510 and the tree cap 458. The seals function
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in the tubing hanger 16. The seal stab 492 may be a blind stab, in which

event it functions to provide a backup barrier to the annul us bore 42.

Al t er nat i we) oiy73897€ 20 seal stab 492 may conprise a throughhdiaisaddes Whi ch

comuni cates through a corresponding conduit 504 with a fluid coupling 506

that is WDdelQibrisaeat\*Met@lﬁl dffand cBRosibe thispr #biBe portidndfhEB&Med botde

pressure |n e ﬁb ﬂ_annul u 42 may be nonitored through the seal stab
b eupihe el eRb abRa

492 and a c6 service and control line which is
attached to the THIgebriRGcapUB0 IQ%e&Li]@dfﬁ@ﬁHe tabinl spadl 12enisRtbrhbly 4o CONvey gas
or other fluids froman external service and _control I ne |nto t he tubing

annul us. RelosKE RS ¥l 4-regeh ekwhigh isptatably regeivasp ascylingricab boysingp i er abl y a
separ at es ”ﬁfé?fératt%hédi'td ﬁler&lt'é}’:rﬁﬁ 5b8. Ehen bmafm&ln@ew%mw@&% i after

the tree calo is installed. The debris cap 4 onprisés an annular
body havi ng L@rﬁ@d@@ﬁh slidabBoerEEges/s: C@ﬁerseorgi%@oql@g QTQOVQﬁQQﬁbBttIﬁe out er

di aneter of tdrhedtinBle Kbkl 161 dn2RHitiBR, thi 4BEFs & *aﬂa% paapt ed to
1 R e 458 g

fit closely around the upper en tree ca mhlc nes an
enl ar ged opwthth sarmectkadoliodivtinping tﬁMhéNmerptheﬂwanﬁI@ 5226@ in th&p‘alﬂise may be
accessed. itable
Seal s whi onPagtt e fins o7 vIFBEeby AP Ui oBl? pBHER of i dodiiBrahl 35
spool 120 an82®GendweEnpinhwili meiara radiallg b0tveard pokition.r Béhendhe H5Bdle BRE iseal s

f i 7 CT 01/ k f d

Lorroston © Enibred e 68 BB T IPH P2 podng Shat B R0 Vel SlerdY Bufly The ¢ 1 ee
S Al onetetty fofoochp DA :'"m@e??"ﬁef“sm B D B o ar ol
housi o b1 60n B GuR R e e MBI S naSL Dl th SRy i e HERL oo nol Ldas

a radial |y wbirgnspoa | ug 518 which slidably engages a correspondi ng dogl eg
groove 520 that formed ou5|n 516. In additjon, the debris cap
9601 nckades a Heing apBo RN S G Soblelan SR RO HOHE PremRER t he
handl e 522 lmenﬁbrﬁbausﬁrbfeqdn FRIUSS 4 80The FIBR do\met@mas%hblmqmey the radial
outer portion of the dag IS“o&roove 10 520 and the pins will be in a

radi al |y outhEPHMSHEiwhi eted genarafy by reforence numﬁéﬁ& is ghewn ttys 518
wi Il foll owhé Bpnided mangf&%\é@tsﬁa%éw ebwlehaﬁve-yéiémsa@d41é B@.&@s@édf orce the

pins into engagenent w an annul ar groove which is formed on the outer
di amet er of aPoue. tHiBweNnsr sthe dpwicemrietionasspyblyio daes nebspmgrisegnt o t he

[ Rg 2Pocinndds SRR ok 86 ot AGATR. il BT 20107 e
assenbl y of cerApletion assembly 610 includes a workover passageway 612 Wthh extends
through the tubing spool 12 from the annulus passageway 412 to above where
the second annular seal 142 seals to the central bore 26. In addition, the flow
completion system 610 preferably includes a workover valve 614 for controiling
25 flow through the workover passageway 612. In this manner, fluids may be
communicated between the tubing annulus 32 and the portion of the central bore
26 which is located above the tubing hanger 16 through the annulus passageway
412 and the workover passageway 612.
Although the above-described embodiments of the flow completion system
30 of the present invention preferably include two pressure-containing barriers which
are associated with the tubing hanger, in circumstances where only a single
pressure-containing barrier is required between the well bore and the
environment, the present invention contemplates that only a single barrier may be
associated with the tubing hanger. In such a flow completion system, a pressure-

35 containing tree cap would not be required to provide a second barrier between
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enbodi ment, which is indicated generally by reference nunber 610, is shown
to be simlar in many respects to the flow conpletion systens 10, 410

di scussedwoahimszs7 However, the flow conpl etion assenbly 6@ THRdS/ 09506
conprise an 20 annul us bore 42 extending through the tubing hanger 16.

Rat her, t hette well barergnidehé envieswestidl Rafikd, a sinlplelésbris caprdedighiweigs sageway

612 which e s through the tubi spopl 12 fromthe a | us sageway
412 to abovg%g?%quﬁeeyg%g%au%%%ﬁg?log%grller?wng\ég%§rqp S{BHE é‘?’}toef‘ bor e
26. | n addi sé@watarrrmnf émwlngnmmreﬂmcmbnwsé aiovelifie pllgh@haider anted udes a

wor kover val ve.§l4 fg{ F gtrolli g E flom1throu h the wor kover passageway
612. In thi BOFERHErOVIGs for fuid pp plegHica HP'EQQ% HWeGR e 290¥Ce 8B¥ ng annul us
32 and the peittdl edndfitstinehecteBingHanber snd é’&ré@!@bﬁdﬂin%@xfe‘ﬁ@él%@ﬂn@béﬁéﬁ the

t ubi ng hanger tthﬁah t he annulus passagewa 12 and the workover

passageway 8‘1@’0? Anesho i embadimpany o1 thedlow giaple St issadRNageoHs ow

conpl etion pysduaRit dfesHot FRIMBIES B8 ofé‘kﬂ@é’sur‘éfbo%&hﬁé%b%ab%hwe two
pressure-containing barriers which are associated wth the tubing hanger,

i n circunst Hiskferapigninatgpihe éb%eri@?@t'%eéﬁiéh‘@méd\ml%h wemsgqaﬁeﬁewth s
required beh&ﬁﬁ@u&bﬁh@%@a pbore and the environment, the present invention
contenpl ates that only a S|ngle barrier may be aSSOCIated with the tubing
hanger. 19n such léS"I‘CPltBva@(ﬁﬁfiﬂg@tﬁedﬁh@ywh@ﬂhe@rp’i?@%Wﬁétl%h@%meﬂ ning tree cap
woul d not b 01f 73257
PCTI Uso1) 0083t PR AP CAHPris M6 B i RRiitinahts o BRIRE g Yo (0 s
cap or |ighmayidgielop eRddedepiatinyadflsirutiues andppstationalsiafaisolitweat her ei n may
be enpl oyed t : e p i 0 Q above
the tubi ng. AR tne BARGUES BF ielAR REh°Fo rarifia B VaRbus Pofihb

conmmuni cat i elmvizrewfleeldlftelnentwbadmerasme& beocdmidihed el miahaert mottilhstratedi ng

hanger d espondi extern rvice d contr | ines, This

enbodi nz%t gﬁé\{%:ﬁﬁ?%ﬁweg(g%?%qq @ﬁdg?ér{‘%ﬁﬁ @rbfdmﬁﬂﬁ‘g&goveﬁ@ﬁause it does
not requir eetiliealaste falfingawiihiagiseitrae sosgesant sigrittoféiee papntiond therefore

el i mnates the above-nentioned probl ens which are associated wth using
such a tree cap. 10 It should be recogni zed that, while the present

i nvention has been described in relation to the preferred enbodi nents

t hereof, those skilled in the art nmay develop a w de variation of
structural and operational details wthout departing fromthe principles
of the invention. For exanple, the various elenents shown in the different
enbodi ments nay be conbined in a manner not illustrated 15 above.
Therefore, the appended clains are to be construed to cover al
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equi valents falling within the true scope and spirit of the invention. 27
WO 01/ 73257 PCT/ US01/ 09606 What is Clained is: 1. A flow conpletion system
for contrgihhpgskhe flow of fluid froma well bore, the fbngg@lmk&ti on
system conprising: a tubing spool which includes a central bore that

ext ends axi aihy i® Cidk@egtdir ough and a production outlet which communicates
wth the central bore; —a tubing hanger which is supported in the central
bore and whi ch ilncl uddeweoptiefiestsysienbior eontrelingthediowsofdikickirery a well

t her et hr oug Ji: &ﬁﬁ‘}%‘@h hat communi cat es between the
producti on E)gr?%‘igﬁg&&%gmgéggﬁgﬁﬁgﬁﬁ out etg? t he tubi ng hanger supporting a
t ubi ng string which extubingsspaol whichdncledds a ceriital boreritiatiftemissaxiallyubi ng
annul us surr ' t Walop iNg: fir Leh is

posi 1 ondd iEIEREEet AR & BB Shiapunn colhufAsylin IBEIARE? 15 o
annul ar seal which i sa juing hanged whitvie suappdridtiofhencertiahbere aranghitihe cent r al

bore above t r.od I ass way. 15 wherein, the first cl.osure memnber
ond the t 1 v i HEHONARE B Eendd BBk dntclSh ahg PR iREns o voon
the wel | bormpassaytwayshatrconmrdumicates beiweenitea prodact@cborg atlddRe peoduwetihrer Whijch
is positioned,in,the production Qhore above the first closure nenber; an
20 a second Oém?ﬁuF%WUQ'QQ%W?%WHPQHB‘QQ WBWQ&?'%W%@RXWQSfrﬁﬁiﬁ}?gwg;ﬁanger and
the cental dors endbiefitRstahbingrahnukeduirouhiding e ubmgsaaRyd cl osure nenber
and the second seal cogﬁ{t’i se a second pressure-contai nlrga barrier between

the well bore and the? clogpisdnemberwhich ks pgsifianed iniieprpfuctionbore and t he

second barria@bsegfeeprggw@hq;agg%\%gwe@; the tubing hanger. 2. The flow
conpl eti on system of claiml1, erein the first and second . cl osure nenbers

each conprise a wirel® At aaptlaisas whishig pogtionsqebatyveon EwripbiegineRgapar at us
of claiml, JaeretenttdlBotd aisdveth®pHidRicticiPpdRBEENaOPr i Ses a first ring
seal which is nounted on a wireline deployable plug body and the second
cl osur e ldenber conpr i Weereln e dissi glaspirgmseder apd Bie first seabtemerdseoafitshe pl ug
body above n%)?&sh%é&ntéihﬂ% fAdr befwed el waMb O TRl &l d prauRYmpem of claim 1,

further conprising:
environment;

a second closure member which is positioned in the production
bore above the first closure member; and
20 a second annular seal which is positioned between the tubing
- hanger and the central bore above the first seal;
wherein the second closure member and the second seal comprise
a second pressure-containing barrier between the well bore and the environment;
and
25 wherein both the first and the second barriers are associated with
the tubing hanger.
2, The flow completion system of claim 1, wherein the first and second
closure members each comprise a wireline deployable plug.
3. The flow completion apparatus of claim 1, wherein the first closure
30 member comprises a first ring seal which is mounted on a wireline deployable
plug body and the second closure member comprises a second ring seal which is
mounted on the plug body above the first ring seal.

4, The flow completion system of claim 1, further comprising:
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28 WD 01/73257 PCT/US01/ 09606 an annul us bore which extends generally
axially through the tubing hanger between the tubing annulus and a portion
of the cegig@l;shere that is located above the second seal ;paigko@iogdpnul us
cl osure nenber which is positioned in the annulus bore. 5 5. The flow

compl et on system of lad notbIRRRN S RABKIYSAN TioPESSng

general ly lateral first branch chis nnect to a general
second br an@dngesneaiveass the tubingamnwesiard apation of g crikal horgdhat ishat i s

noveabl e gﬁ&ﬁ???'bévﬁﬁ%é%aai%%&fﬁ“& he first branch between an open

position in e gate is aligned with the first branch
and a cl osed posi ti o@niannuhisctostuhemieoiber wihichd$ pesitioedimthéanfhilus bote: anch.

6. The flow co eti . cl aj rising: a conduit
whi ch ex% ends gg’!r'ler aﬁﬂ?sf@\%Cgﬁl‘@&f%r%}ﬁgmﬁ%ée'gﬁ)%y%%gmmgen the gate and the
top of the tubing hatigeannuudbdrd campaisesiatgengraity tHienal finst branch bidpas e whi ch

is position in the conduit..7. The .flow conpletion systemof claim®,
wherein thegogu&egtgp?ﬂéz gerpggﬂllgrﬁxgqi]s%%qﬂgrtfrggﬁ, anBi ston which is novably

di sposed in the condtid aamndus\losireinsemél inclodeacs gatetthatisen@atble means for
conveying pressure tq a fir ortion of the conduit to thereb ve t he
gat e Trom soanarab i empebe Bt bisgiin Bebisth Ghopeihersiana Wish #99ng ¢ ne
gate from tinehs garend apgsdd wittHeGirstheahdH &id a pRSEd positior? i whiek @ighsliee of the
first and s_ec?fn fFOSit'@—ns corresponds to the open position of the gate

d
and the ot h&PME8KTIM e st P@8Finds to the closed position of the gate. 8.

The flow conpl etg,on gyatiRm &fmogﬂétﬂid@yéterﬁ\/@ﬁélﬁin%}ﬂ&h@%ﬂnﬁ}ﬂiwnS conpri ses
a nmechani cal biasing neans. 30 9. The flow conpl etion system of claim7,

wher ei n the novi ng néHeHAuE wishi exiandsaensrally axigly tegugiytherkosgy hedveen a

second por tinanya@f abd'theCBp Betde b Hangsr: 8R@arated fromthe first portion of
the conduit by the piston. 10. Thé flow conpl etion systemof claiml1,

furtherlTonprisi ng aanrastuatiogmeghasisncioniiie gase which is positioned in the
conduit.
7. The flow completion system of claim 6, wherein the actuating
mechanism comprises:
a piston which is movably disposed in the conduit and which is

20 connected to the gate;

means for conveying pressure to a first portion of the conduit to
thereby move the gate from a first position to a second position; and

means for moving the gate from the second position to the first
position;

25 wherein one of the first and second positions corresponds to the
open position of the gate and the other position corresponds to the closed
position of the gate.

8. The flow completion system of claim 7, wherein the moving means
comprises a mechanical biasing means.

30 9. The flow completion system of claim 7, wherein the moving means
comprises means for conveying pressure to a second portion of the conduit
which is separated from the first portion of the conduit by the piston.

10.  The flow completion system of claim 1, further comprising a tree
cap which comprises:

35 an annular non-metallic body; and

29



35 an annul ar non-netallic body; and 29 WD 01/73257 PCT/ US01/ 09606 neans
for securing the body to the tubing hanger or the tubing spool. 11. The

fl ow conphgdipphs,gystem of claim 10, wherein the body compisRI0B0oRAUr Al Ity
of radial sections and the tree cap conprises a nunber of 5 elongated

bol ts which extend thiRUaldrBclinlyngBAdrpRALLHYGahad Hind BibjreNS. 12

The fl ow conpl eti on system of ¢ ereint e cap t her
conpri ses: &Roghnul us seal stab for engaging the annulus bore. 13. The flow

conpl etion systenyof %@iﬂmvjcgmtp\é%@g%g,?ﬁghﬁoéﬁﬁg%%relhqﬂ{eulgé r conprises:

a fluid coupling which s noun Ich 1s adapted to be
connect ed t coaprigss emiublity of vadial sepliibns@ndrtbé tree wap camgrisesamdomber vhi ch

conmuni cat e : ' ' e : seal
stab: 15 n e SRR ER s bl Ml MeBLR RSy Bop 28 et BEASERAIR,

annul us bore andi12he €k¢ dowabnpéation sgsiamdofataitrid@, whiersn the ibegbad he annul us
seal stab. f1 . The flow conpletion systemof claim 10, wherein the tree
cap is suf f't i%ﬁpwr'ls?ijhtmei ght to be installed using an ROV. 20 15. The
fl ow conpl eti on syst eam ehn@lssealssb fohengiging the B@clisibage. NeEans conpri ses:

a plurality of cqllet_fingers \Mgei.ch are secured to the hody; a |ock
mandrel which in udeﬁ’e‘aﬂ%ﬁﬁﬂm t'gﬂrsyﬁt@&déﬁﬁ%imzﬂ%nm@mg?e%%%ﬁ?mg dogs

whi ch ar® difsm&@ngﬁiggg;al ly radially in 25 the body and whi ch each
conprise a first end which is,adaﬁ,t ed to be en%aged by the camm ng surface

and a second end whi cf fIHE coyRIREWNICB iTBREAlEH oBriBe Spdyrapd Whigh it Bdaplsd| et

fingers; whepBeoAREMAd kO8N Bkickl sbfce JMANGDAEbI el bnd Or ce the | ocking dogs
radial ly outwardly against the collet fingers to |ock the collet fingers in

a 30 correspondi ng gra&eedyihahich sompiunicatesrbatween the fibd rewR}iee ave & he t ubi ng

spool .  16. phReinftheWnhaB!s8LI Hib;system of claim 15, wherein the |ock
mandrel is adapted to be engaged by an ROV, whereby the ROV can be used to

|l ock thd3 tree cap t owheeein fiiid ggmRamiation mayre esighlished peween the
annulus bore and the external service and control line through the annulus seal
stab.
14.  The flow completion system of claim 10, wherein the tree cap is
sufficiently lightweight to be installed using an ROV.
20 15.  The flow completion system of claim 10, wherein the securing
means comprises:
a plurality of collet fingers which are secured to the body;
a lock mandrel which includes a camming surface; and
a number of locking dogs which are disposed generally radially in
25  the body and which each comprise a first end which is adapted to be engaged by
the camming surface and a second end which is adapted to contact one or more
of the collet fingers;
wherein actuation of the lock mandrel will force the locking dogs
radially outwardly against the collet fingers to lock the collet fingers in a
30 corresponding groove that is formed on the tubing hanger or the tubing spool.
16.  The flow completion system of claim 15, wherein the lock mandrel
is adapted to be engaged by an ROV, whereby the ROV can be used to lock the
tree cap to the tubing hanger or the tubing spool.
17.  The flow completion system of claim 10, wherein the tree cap
35 further compﬁses:

30



17. The flow conpletion systemof claim 10, wherein the tree cap 35

further conprises: 30 WO 01/ 73257 PCT/US01/ 09606 a landing ring which is
novabl y seeued2d70 t he body; and neans for adjusting | andipeg/udongocasi al |y
relative to the body; wherein when the tree cap is secured to the tubing

hanger or the tubing gREAY rink Mhidhas dvably Se8uRAGB SRS bady; WRENY hanger
| ocki ng mandrel which is sl'idably nounted on the tubi'ng hanger; whereby

the I anding ring nai APeaNSJot adiustingilending drg axally iahativg taegeady; | ocki ng

mandrel fixed relati ghdréintiHeniHOrB8 cBE OcurekBio 8 fudingMarfddiBl fifd on system
of claim 17, wherein the adjusting neans is adapted to be actuated by an

ROV. 10 19. tubing snoslytiee lasringirte engages: d1bing banger jodkingtmandrebmieh i ng: a
BOP whi ch i §jid=® £ R g-the top of the tubing spool and

whi ch i ncl udes %%@l %ggg,ﬁ%&%gﬁ_ﬁn?BbD rans, and at |east one choke and
kill line that conmunvhesesthailanding g maintaios theheosBioR df dheetulpinigdianger | ocat ed
bel ow t he ; X : AV oY running tool which is renovably
connect abl Egtagh?ﬁand?%‘glxéérﬁidé?(h@?engﬁﬁgngaglgggnd whi ch includes a
cylindrical out et8.surfiredlowpenmpletion system oticeim &7, wereintthatdpstimaini cat es

with the pr&ggﬁ%iisogaéw{]oet{o &n&t@?gggghtﬁo\port that conprises a first end
t

whi ch conmuni cat eés” W he  annul'us’ bore” and a second end which
comruni ¢@&t es wi t19.t hé'heutosr caoplétimresystam bblain? 0, futteerccompristng3OP rans ar e

adapted to sealingly the outer, surfa rtion apove the second end
of the annulus port; ﬁ@?gﬁwq '[5J?'E%%}ﬂ){,ﬁ%'ngﬁebég%ot&&%%ﬂp@ﬁguql%i ng annul us
and t he BCEbccdhah&vmmihblhﬂedé&@mﬁ)feb@sel?dfmp sdﬂﬁd,batrimralv\u?‘atbh@cﬁ@l{wl USd
bore, the anpul.us port and th ortion.o e ore ich i ocat e

bel ow the f#PS F’l“ Hps thas gofmpnicatas Witha PPF@W’&%ESE hspe &@&é‘r'aﬁ]%é?%’lf claim
19, wher ei nbélbw the!BOMranfi@@g@r running tool further conprises: an ’
cylindrical body whi chtgg,as an i nner, dianeter surface and which is sealed

to the tUbi ng hanger &HaINGINEPIGARAIPE TGO ¥thighia remAvARL cepestabitothe ubul ar
menber whi cyphsFshafubMidi itingdh anBivRich e AAldMEHl elidr SurfA&ESdES aM thin
t he body and sealed to the tubing hanger radially inwardly of the annul us
bore: and Production port that communicates with the production bore, and an annulus port

that comprises a first end which communicates with the annulus bore and a

second end which communicates with the outer surface portion;

20 wherein the BOP rams are adapted fo sealingly engage the outer

surface portion above the second end of the annulus port;

whereby fluid communication between the tubing annulus and the
BOP choke and kill line may be established through the annulus bore, the
annulus port and the portion of the BOP bore which is located below the first BOP

25 rams.

20.  The flow completion apparatus of claim 19, wherein the tubing
hanger running tooi further comprises:
an cylindrical body which has an inner diameter surface and which
is sealed to the tubing hanger radially outwardly of the annulus bore;

30 a tubular member which has an outer diameter surface and which is
received within the body and sealed to the tubing hanger radially inwardly of the
annulus bore; and

means for securing the tubular member to the body;
wherein the radius of the outer diameter surface is less than the
35 radius of the inner diameter surface; and
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means for securing the tubular nenber to the body; wherein the radius of
the outer dianmeter surface is less than the 35 radius of the inner

di aneter ewfiggssy and 31 WO 01/ 73257 PCT/ US01/ 09606 wher aigr/itdagoswopul us
port is defined between the outer dianmeter surface and the inner dianeter

surface. 32 wherein the annulus port is defined between the outer diameter

surface and the inner diameter surface.
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