21 S E P 2004 1 TUBI NG HANGER SADDLE VALVE | nvention Background This
i nvention concerns tubing hangers for horizontal christnas trees and the

control of 5 fluid flows fromand within such trees. Desch ﬁtﬁgp%]ﬁlpe
Rel ated Art A tubing hanger is used in oil and gas wells to hahg't

downhol e tubing. In a horizontal christmas tree arrangenent it is |anded
in and nmakes an annular seal with the christmas 10 tree spool. Control of

the production flowis via v I[]\ﬁﬁ i ,H@&F riizontal christmas
tree, separate fromthe tubi %g ar%g. ﬁg%@m‘%&g&‘h@ges in relocating
the val ves associated with the horizontal tree system fromthe christmas

tree assenbhy itself to the tubing hanger. For exanple a production 15
mast er val véuvertdereBackgronadt ubi ng hanger remains fully effective,

| ndepenaent i fnelon EANHL' @0n@ihahss WUABHANE L FEE 560, TRUG

may enabl e ready replacenen Seal’s.

retrievabl & Mid fotvedrdnybddgithiangel treadier eas servi ci ng of val ves i ntegral
to the horizontal tree requires retrieval of the tubing hanger followed by

retrieval the tree: a time consum ng and costly operation. The positioning

of valves i h t Whi sinplifies the tree design and al so
'])éscxeipgign OE ﬁ‘ﬂg?l?&’&g&h

enabl es ot her "varves onormally found in christrmas trees to be

| ocat ed rentt elbing hatpet Baise@id bikand g whllsad \hand agefwWidble tubBEAlth 8hbAFbntal
servi ci ng and subsequent nodification of well conponents and production

f1 ow cont r olchyistptas dessirgeeyent ghisntenderisin pdandres raa) aanker seal orithy thievabsistmasm
the tree e_t upi i.s. di,fficu to,the.si of. t he .val ves.
Gat e val vtég u;erglds%)gpl rkg% vgg&;trhg %rg%ir?ﬁyh%“s’ e u‘ga bvsagéesesdﬁlfléﬁrs?ﬂ t%ea?’f’?%%?l
and have beehrisised tee, fepapesesn iy tubig Hangdrubi ng hangers or simlar

equi pnment such as internal tree caps. However the space required to
accommodat e these val ves dictates |arger tubing hanger and wel | head

LeS1OnS] 4 SRS AL locRin B WIRESED8ca S PRI VIE
from the christmas tree assembly itself to the tubing'haxiger. For example a production

15 master valve located in the tubing hanger remains fully effective, independently of the

condition of the tubing hanger / tree seal. Thus it may enable ready replacement of such

seals. Moreover, such a valve is retrievable with the tubing hanger, whereas servicing of

~valves integral to the horizontal tree requires retrieval of the tubing hanger followed by

retrieval the tree: a time consuming and costly operatibn. The positioning of valves in the

20 tubing banger simplifies the tree design and also enables other valves hitherto normally

found in christmas trees to be located remotely from the wellhead, with advantages for

installation, servicing and subsequent modification of well components and production

flow control / processing equipment.

25 However relocation of valves from the tree to the tubing hanger is difficult, due to the size
of the valves. Gate valves and ball valves are commonly used subsea equipment barriers,
and have been used or proposed for use in tubing hangers or similar equipment such as
mternal tree caps. However the space required to accommodate these valves dictates
larger tubing hanger and wellhead designs, with increased capital costs, increased

30 component handling difficulties and hence increased operational costs.



-2 1 SEP 2004 2 A nore effective valve design for use in tubing hangers
for horizontal christmas trees is therefore desirable. 5,Summary of the
I nvention According to one aspect of the present inventi qﬁf ?gpe j

provi ded a tubing hanger conprising a fluid fl ow passage an bzaﬁéh
passage having a nouth intersecting with the fluid flow passage, a val ve
seat disposed in the branch passage proximate to the nouth and a val ve
closure elenment is disposed in the flui@ fl ow passage, the closure 10

el enent bei ng novabl e across the nouth and co-operating with the val ve seat
sel ecti vel y» M9ropfsstive valve desigh for ppgindubipghangenior baripatalehristig treesoy

passage andy.bfahghihgssage. This exanpl e valve configuration is suited to
t ubi ng hange?rs 0?% horlézont al christmas 15 tree systens, in which the

fluid fl ow passage conprises a vertically extending through passage
connected to the tg{)' ngi and, t he branch passage conprises a production fluid
si de oufl etSWYAEX et thedpyention, v ¢ val ve configuration may al so be used

el sewhere iAccot t1BhOUs RN L khe HREerfiATEMiBN, thefe sURLTRANNbYS RMRESS
passage. 20 Icﬁ éi her cagﬂeb,% t he ee§)<arr(m1>)l e vallvrel’ cleosutllgbel grrent gli%sposed in

the fluid fdompgrisingsaldd flow passigeend udraichqassagohating amentle ntgrastingavitm t he
manner define ve provides rt.i cul arl (o ct val ve arrangenent.
e va ve (hESuRERLT dRsdEertyaBe S dinred in Uyl BRBGE bestfes Srori R IS o
the fluid frhQith RAg w0e8ve BlosiHEAMENR iAdispoRd lif NEE AeiENORPasfige, theWlshutd ow

passage. Various nmeans can be used to actuate the valve closure el enent.
For 25 l@xargbimeent  eipgymeyableo gptosyl the meuthpanditdornpesiagt witht hedivalye tseebugh a

plug in th t i i a
Pack on o pesefitey REOBAPEr sldhs Y AGRCDENEGAERG bEGeR HOMFTRSM AN
engageabl e bpérich pasfagdli on gear on a shaft extending | engthw se of the fluid
fl ow passage. Alternatively, the closure elenent may be hydraulically

actuated. The valve closure elenment nay be biassed towards the closed 30

posi tion, tﬁi?éﬁl\fﬁ]ﬂg vfal%ielcoﬁﬂgﬁraﬁ&? RUufted to tubing hangers for horizontal christmas

15  tree systems, in which the fluid flow passage comprises a vertically extending through
passage connected to the tubing and the branch passage comprises a production fluid
side outlet. However, this example valve configuration may also be used elsewhere in

the tubing hanger, for example in a tubing annulus bypass passage.

20  In either case, the example valve closure element disposed in the fluid flow passage for
selective closure of the branch passage in the manner defined above provides a
particularly compact valve arrangement. The valve closure element may be movable in
use substantially axially of the fluid flow passage, or about an axis extending along the
fluid flow passage. Various means can be used to actuate the valve closure element. For

25  example, it may be coupled to an operating shaft extending through a plug in the flow
passage. It may comprise gear teeth engageable with a rack on a penetrator extending
transversely of the fluid flow passage, or engageable with a pinion gear on a shaft
extending lengthwise of the fluid flow passage. Alternatively, the closure element may
be hydraulically actuated. The valve closure element may be biassed towards the closed

30  position, to provide fail safe closure.



21 SEP 2004 3 The valve closure elenment nmay conprise a sleeve or part

sl eeve di sposed adjacent to a wall of the fluid flow passage

contain an aperture selectively alignable with the branch ﬁgs&g@ mh to

provi de said fluid communi cation. There nay be one or nore 5 further

smal l er apertures likew se alignable with 4he nouth, to provide choked flow
between the fl ow and branch passages. The val ve seat and/or the valve

cl osure el ement nmay be nounted for floating novenent axially of the branch
passage in a manner that provides bi-directional sealing. 10 Further

preferred fqakuradse aosurad¥aiind@es efmprive d sieenrt hroparfElecvadibfited Qlijatnit A6 a
description of illustrative enbodi ments,- nade with reference to the
drawi ngs. BMadofbs dhuigdlopnpassagen dt prayigotpin am apsriie sclectiichpligngbleivdth the

represents i {.ng.: . 4 on:  FLgur and [e

di agr ammat i gmtfnggrpggsg tg g‘?’%o%g&g%q’&er %‘ﬁe?l %gng)\c{)%ﬂ{lrr}él%%o;n' F?lg%? Zgﬂ’%l’esonéa Td ora"?way
per spect i ve fividesy Shalker aplewtares | likewise elignble wahdtheangeths @atproudd caskedmlywhe
used in the above enbodinents; Figure 5 is a cut away perspective view of
an al t er nat bevegg|thellew sad bengh passagesand val ve 20 seat such as nmay be used
in the figure 2 and 3 enbodi nents; Figure 6 is a perspective view of

anot her alternative valve closure elenent; Figures 7 and 8 are part

secti onal viThes/ablicagaamidd thalvialvel dibsnsé elainengmhwbde fobduniaT for Wohtigs nddragetts
enbodyi ng the invention, and Figures 9 and 10 show yet further alternative
val ve  ct osupsialy b ranchpasgage in pinagperdpatmevippshiairesiomlsedivgent s The
tubi ng hapgers 10 shown in figures 1-3, 6 and 7 each incorporate a saddle
or sleeve valve. This valve includes a valve closure elenent in the form
of a sl eeveFhdhth@mtfesietl Seatast nndledvanthgbsof e diveaton aretih ehd folfodridg descripappage

formed by the, vertical prqduction bore 12. .
of illustrative embodiments, made with reference to the drawings.

Brief Description of the Drawings
i5 Figure 1 diagrammatically represents a tubing hanger embodying the invention;
Figures 2 and 3 are diagrammatic representations of further embodiments;
Figure 4 is a cut away perspective view of a valve closure element and valve seat such as
may be used in the above embodiments;
Figure 5 1s a cut away perspectiire view of an alternative valve closure element and valve
20 seat such as may be used in the figure 2 and 3 embodiments;
Figure 6 is a pexspective view of another alternative valve closure element;
Figures 7 and 8§ are part sectional views diagrammatically illustrating two further tubing
hangers embodying the invention, and |
Fig_ures 9 and 10 show yet further alternative valve closure elements.
25
Description of the Preferred Embodiments
The tubing hangers 10 shown in figures 1-3, 6 and 7 each incorporate a saddle or sleeve
valve. This valve includes a valve closure element in the form of a sleeve 14 that sits
astride and is retained in the fluid flow passage formed by the vertical production bore 12.

30



30 2 SEP 2004 4 A horizontal production fluid outlet passage 16 br m&es
off fromthe production bore 12. The nouth of the product 2')3 SIE.Pﬁ | et
passage 16 where it joins the production bore 12 accommod s a val ve seat
18 arranged to seal against the outside surface of the sleeve 14. The seat
18 is allowed to float axially within the passage 16 and the sleeve 14 is 5
allowed to float radially within the production bore 12 (i.e. also axially
of the pass . - OV ' I ' The.. 4
el | cont ai g tetpdpiaFidaicrd MIALLAR Bkl 1€ SHONE ofF BBl Al ralifad) BRKA2
passage 16 artk mbithhofahs phdustorefuidudetpdsgipar btwivré it joinb theSratiuctBntbdre 12
permt fluid flow between the production bore 12 and the fluid outl et
passage 16. 3&ROBRogptes |y %HIYngesagéﬁ apranged {9rs59} ppsinsh hapeside sarfageef the slegye

t he surroundisng : 0 C},%% u t pﬁgﬁggﬁ] ' .
shown in fi glt?r'eTlli%%?%@Msfseéel\lle 48i lt%J)agear}fer I Ty ciltﬁ? Rﬁ?éﬁ?%@?ggkﬁﬁﬁéla
a wirelines atloowd tplflogt radivdlyawitian thd modseidh bdte 82 @.cuskd akdlly@dlthd fuesage 16)
production bore 12 ahogve t roduction fluid outlet &%nssa e 16. A

ove the  p
rotat abl e acPwittP REOERRPirdipestinaglisaying. drhesteers 11 grallenontansyphels 48 yehose 61088 om

above the tuyhj# 9%9& iﬁagé%' uﬁnﬂ‘ﬁt h
the plug 24%iﬂ%ac |ng&g%q?l§i¥al§£§}éto sggllktgﬂée sha %ﬁggwﬁeﬁﬁﬁ%ﬁigﬁ%kﬁ%@ﬁ
The connect itha s34t b ttovgpenmith@uid hiddw b28veendthe hrodlotien ebotd 12Sardy theefnd @il
as splines (not shown), capa accompdating the radial floating _

I
nmovement of R2AEREE|18evel Fal &“&%\e?‘%&z BeRiPYiNgd BevRsy e 5rbls ardithsstewpding
upper edgefoQ{'alLQﬁhélo%ﬁg%a%f’ag@ﬁg,ﬁllélla%llfﬁ 2ef0 1N the production bore 16,
| a 0

t he bearing ew se ca accomodati ng the sleeve floating
movenent. Rotation of the drive formation 30 will bring the hole 20 into or
out of alignnment with the val ve seat 18, sq. opening up or closing off .
fluid comurtsimeh o E‘l@f%eb ?ﬁfﬁebff Shiz einsmlios ngpcaln o e ot §-8re Misglige
outlet 16. Vi f £CLda] HaRetdon
of a chri st ngw??‘ggé’%s?@r/ g{l}g}%}?eaggg 'Iré}'l:ée:l ugé:ﬁlbﬁn%éaﬁgirlé/e@aéﬁg{f\lﬂnﬁ?% Il? i %ur e ﬂigi S
simlar to tgraflvationf flgidr eutlst passaget 16.hatA tdtetableugct@ating shaft 28 having a drive

15 formation 30 engageable from above the tubing hanger 10 by a suitable tool (not shown)
extends through the plug 24. A packing 32 is used to seal the shaft 28 within the plug 24.
The connection 34 between the éhaﬁ 28 and the sleeve 14 is by means such as splines (not
shown), capable of accommeodating the radial floating movement of the sleeve 14. A
thrust beaﬁng 36 may be provided between an uﬁper edge of the sleeve 14 and a shoulder

20 in the production bore 16, the bearing likewise capable of accommodating the sleeve
floating movement. Rotation of the drive formation 30 will bring the hole 20 into or out
of alignment with the valve seat 18, so opening up or closing off fluid communication
between the production bore 12 and production fluid outlet 16. The saddle valve thus
formed effectively performs the function of a christinas tree master valve.

25
The tubing hanger shown in figure 2 is similar to that of figure 1, except that the plug 24
and seal 26 are provided in the upper end of the sleeve 14, above the hole 20, instead of
directly in the production bore 12. The packing 32 is repositioned to surround the sleeve
in the production bore 12 above the production fluid outlet 16, and in this embodiment

30 accommodates the sleeve radial floating movement.



and seal 26 gre provided in the upper end of the sleeve 14, above the hole

20, instead of "directly in the production bore 12. The pack?;q; %g\?s%qglr
repositioned to surround the sleeve in the production bore apove e

production fluid outlet 16, and in this enbodi mrent 30 accommobdates the
sl eeve radial floating novenent. 21 SEP 2094 5 In the enbodi nent shown in
figure 3, the shaft 28 is |linearly novable by a suitable tool (not shown)

engageabl e whthe @@@M@E shdvid H‘Qgﬁ%ﬁ,-{_ﬁ@s}ﬁ?@%\’ﬁ.lﬂn‘éﬂﬁ Mﬁ&g% ars %igt?ﬁl% 8t95]| f

| owered to bring the hole 20 into"and out of register  wt
desired, a f(ubt shdyomeerphgrablyr witht ebaainet fismgcdp (Thetsleshe\id)isithatlay radkd or

h hri b h ' 5.h 10 d ho|d th
i1 ing 31 ARHCEHPLAR o Bolfull S04 ead FURRLBEbpeyin fosih bh. Ligure aidk o
perspective %@H\%E&%ﬁ%lalp%é 8 gn_%t §ﬂ1@v€x¥)"1§ét§ne%ﬂ _tﬂéhﬁﬁs‘%a@u@{d{o‘%@@ﬁ’@fﬁb%

' C
seat 18, as may used I1n the Tigure I-3 enbodinents. For ustrati

pur poses ofilhangeath cid beorspdrtertiold she fittmg 3Ltand|sbafy mmrthaxdembssed(valat opk@Ene,
to render interior surfaces visible. The seat 18 has a part cylindrical
contoured eRPSH¥% 46 to match and forma netal to metal seal with the
outer surface of the sleeve 14. Figure 5 corresponds to figure 4, but shows
a sectioned sleeve 14 and seat 18 for use in 15 the figure 2 enbodi nent.
The sl eeve Hgue 4 isatpersPertaehiieve dhalingdalinéa siedes 14 and Inif dpeoatesmmdnigtseata
pl anar end face 50 on the .seat .18. Vertically noyabl e sl eeves as used in
figure 3 may &ﬁénaé'QW E@g\}ﬁrtﬁ‘%% 1y -%EB t?'o\HL%‘T girative pEpesss gilys e3ait
Cross sechh QRnigdnest s sBEWh 0P ABNb RAtaxia ek Mlardeh® RhE&ViAteMaF ShrAlas vishle.
co-operate with the seat 18 or seals 38, 40, as the case naybe. 20 Flgure
6 shows an allteesaatl B\has agiast eyiindristle@néorhed emdy fack Méunfreateln and [fomye amdétaletoh

52. These may co- te with r | al driven by a horizontal
penet r at or srﬁ%/t?giﬂaﬁg’%g}fet‘?‘%?fegﬁfﬂ%ﬁeg’ﬁﬁ%%ﬁ‘ﬁ Js"%/mas tree. Other geared drive
arrangenents are possible. For exanple the rack may be replaced by a

pi nion gear carried on a drive shaft extending upwardly through the
Figure 5 corresponds to figure 4, but shows a sectioned sleeve 14 and seat 18 for use in

15 the figure 2 embodiment. The sleeve has a flat 48 machined along one side, for co-
operation with a planar end face 50 on the seat 18. Vertically movable sleeves as used in
figure 3 may take a wide variety of cross-sectional forms, as long as that cross section is
uniform along that length of the sleeve which has to co-operate with the seat 18 or seals
38, 40, as the case may be. |

20
Figure 6 shows an alternative rotatable sleeve having circumferential gear teeth 52. These
may co-operate with a rack axially driven by a horizontal penetrator suitably positioned on
the christmas tree. Other geared drive arrangements are possible. For example the rack
may be replaced by a pinion gear carried on a drive shaft extending upwardly through the

25 tubing hanger. Alternatively, the circumferential gear teeth may be provided inside the
upper end of the sleeve, for co-operation with a pinion gear and shaft extending through
the plug 24, to replace the shaft 28 and drive connection 34 of the figure 1 embodiment,
but offset from the plug central axis.

30 Figure 7 shows another embodiment of the invention in which the sleeve 14 has end

extensions 54 of reduced outside diameter. These slide in increased diameter portions 56



25 tubing hanger. Alternatively, the circunferential gear tegf NI~ TN
provi ded inside the wupper end of the sleeve, for co-operatimpaﬁumt

pi ni on gear and shaft extending through the plug 24, to replace the shaft
28 and drive connection 34 of the figure 1 enbodinent, but offset fromthe
plug central axis. 30 Figure 7 shows anot hgr enbodi ment of the invention in
whi ch the sleeve 14 has end extensions 54 of reduced outside dianeter.

These slide jdu| ' t i .
production b(%)frq%1 . %36&%@9#&@5’%' grr}rlg{}g{l td%%ﬁ?%%r%%n ?ﬁ@ Cgﬁ(i’ %’esg 4%}{1%{]1?103 egurfhr? Ta
further incnegasd dinmert portioardsi ahhdrodictiondops t2lughingar 2a¥se50kte proriust ait

seals 60 are_provided at _the ends, of the sleeve extensions 54 for
co- oper at i onthGi ¢ist AE the, Slesxs eignsionst ¥ oo rovnertion Wik dhpdnerpessd dameter

Fur t her agp;gggﬁua%' g%rggpa{isn%avisggﬂmgmxa} Uead 15 LOCLroidACKRAP B firther

di anet er ctron portion above an e production urd
outlet 16, sfincreaeal diagheta- mpducionoborei goktidrh 68 f abdve dindnipdlew therprédwation flui@
sl eeve 14. This _arrangenent defines opposed annul ar hydraulic chanbers 64,
66. A port o¥itlet 1gsEr sealing apepsrafionvaty the fyll dianeiey mﬁé%ef the gleeyp}Anghiipe

sl eeve 14 do I 1.4, 1 PREL A7 pd.|

Pl d to t nataBbl s SobBictanbl-G6RRT chidblrs H4PREL A BpR M0 %4 0
Figure 8 i s spphdhfdraalii flnidio thanlbe 64, imovitiy die sbarbbt doWnivarddnkatgedalve
accommopdate a fail _safe closure bias spri nghﬁ?)Z. Sim]lar fail safe closure
bi as nmeans cOo¥ed BRSUATY AJRYIT I/ suphesotlig to dhs shamRes ™) toraisR the slegyeyld ard g

and 10 shqw&deﬁqﬁﬁ%ﬁﬁ_ nodi fied to provide choked flow as well as full flow
and no flow “I'n the choked flow position, an array of small dianeter
through holes 74 is brought adjacent to the seat 18 (or between the seals

38, 40, figute 3),.Figure 9 .sho the . relative positions of holes 20, 74
in a rotati ofgMes b';o%%oria"wéaogp g@f@%&}l g Fhagabes 6fds gnlazssd 4 pegopymodate a

e SO e SIS o el
holes is posthEbier ehdvoilimgents shown. '
15
Figures 9 and 10 show sleeves 14 modified to provide choked flow as well as full flow
and no flow. In the choked flow position, an array of small diameter through holes 74 is
brought adjacent to the seat 18 (or between the seals 38, 40, figure 3). Figure 9 shows the
relative positions of holes ;’20, 74 in a rotationally positioned sleeve 14, and ﬁguré 10 an
20 axially slidable sleeve 14, Still further arrays of choked flow holes could be provided,
providing various flow rates. A continuous array of choked flow holes is possible, having
a hole distribution density which varies in the direction of movement of the sleeve.
Bringing different parts of the array into co-operation with the seat 18 thereby provides

substantially continuously variable control of the flow rate. The figure 10 sleeve could

25 include a flat as shown in figure 5.

Other forms of valve closure element will be apparent. The sleeve may not be a complete

tubular structure, but instead could include an axial gap whereby it only partly surrounds

the production bore 12 interior wall. In that case if rotationally positioned, the sleeve
30 need not incorporate hole 20. In the case of an axially positioned sleeve, instead of

having a hole 20, substantially the entire sleeve could be moved out of register with the



a hole distripution density which varies in the direction of novenent of
the sleeve. Bringing different parts of the array into co-o?er%ﬂggngnbth
the seat 18 thereby provides substantially continuously varTabl o] &

of the flowrate. The figure 10 sleeve could 25 include a flat as shown in
figure 5. Oher forns of valve closure elesgent will be apparent. The sl eeve
may not be a conplete tubular structure, but instead could include an
axi al gap i 0 ) : duyct i.on bore 12 .interior
vl 1 (o nares ik e Pt SO RS Ine 1% REAHELHRE c6%hbagt pote =

i ncor por at e seglingy ERe shipdde waganolo &R @xbpritihghRsfbé Onekk SaEaN® thd AGiRAH
of having a hole 20, substantially the entire sleeve could be noved out of
regi ster wi tipterige weil sspfacopontion eéifte p@duqtinn borgs theeclesuaprsiameand dyidg tngkmeot he
formof a slah-|.i having a sealing face shaped to conformto

t he co-opera ?ﬁﬁ*%ﬁ?%@%@gﬁg%%ﬁe seat and the adjacent interior wal

surface postion of the production bore, the closure elenent |ying near or
agai nst that surface portion. 5 2 1 SEP 2004 8 CLAIMS 1. A tubing hanger
conprising a fluid fl ow passage, a branch passage having a nouth
intersecting with the fluid fl ow passage, a valve seat disposed in the
branch passage proximate to the nouth and a val ve cl osure el enent di sposed
inthe fluid flow 5 passage, the closure el enent bei ng novabl e across the
nmout h and co-operating with the valve seat selectively to open or close
off fluid comunication between the flow passage and branch passage. 2. A
tubi ng hanger as defined in claim1, characterised in that the fluid flow
passage conprises a vertically extending through passage connected to the
tubi ng and the branch 10 passage conprises a production fluid side outlet.



3. A tubing hanger as defined in claim1, characterised in t

closure elenent is disposed in a tubing annul us bypass pass%&.éﬁ?kﬁd’f

t ubi ng hanger as defined in any preceding claim characterised in that the
valve closure element is novable in usegsubstantially axially of the fluid
fl ow passage. 15 5. A tubing hanger as defined in any of clainms 1-3,
characterised in that the valve closure elenent is novable in use about an
axi s extenghpngy@igong the fluid flow passage. 6. A tubing hanger as defined
in any preceding claim characterised in that the valve closure elenment is
coupl ed to lan op&riabingdaspeaf tonepristnyl b nitpid Hioow ghssage| aubranoh tphssafd hiadingfd ow

passage. 20 7.. A tubing hanger as fined in an recedi ng cl ai
characteri %@tb AneRgetie, 31 aﬁ%ﬁ“‘ﬂ%&ﬁ@@%ﬁ%@ﬁ%‘%oﬁ? g’s"@ sedeBy H’]lee'érlaﬂ"h _
engageabl e ;wsgage PrdxdnkicQd the BRABE LR PKa16¥ tcfdadfenaem&ﬁtad@bgé@ﬁi theHuid hﬁ,l“f luid

fl ow passage. 21 SEP 2004 9 8. A tubing hanger as defined in any of clains
1- 6, char amaesapedhe closuresiendént bemigueovableoanness the st ansberpepsemgwith theet h

ergaaal o s LR Ehn O eI T30 RR AT SRRAUAR) b o o

characteri saadb}aalch?agsagéje valve 5 closure elenent is hydraulically
actuated. 10. A tubing hanger as defined in any preceding claim
characterised in that the valve closure elenent is biassed towards the
cl osed position, to provide fail safe closure. 11. A tubing hanger as
defined inZany phdéehung hangst as dnfined i cletne i j chathciemisedhit thatithe Haidvilow phssage e

el ement conprises a sl.eeve or part sleeve disposed.adj,acent to | | .of
the fluid PEPPFEW %%{égajge‘?x(?‘?f’é‘?n%&%{%ﬁﬁ%s%%& egled g‘é#ﬁ“*ﬁ&ﬁ“ﬁﬁf’ﬁﬁkﬁ PBEkdi ng
clai m jghanRsdage ceRprideR atphdductiBe VAl YR olepsur e el ement conprises an
aperture selectively alignable with the branch passage nouth to provide

said fluid comunication. 13. A tubing hanger as defined in claim12
characteri S_’F.'\d byAqun&ngrhaHIg)éreasf &'erﬁtnrég in claim 1, characterised in that the valve closure

element is disposed in a tubing annulus bypass passage.

4. A tubing hanger as defined in any preceding claim, characterised in that the valve

closure element is movable in use substantially axially of the fluid flow passage.

15 5. A tubing hanger as defined in any of claims 1-3, characterised in that the valve

closure element is movable in use about an axis extending along the fluid flow passage.

6. A tubing hanger as defined in any preceding claim, characterised in that the valve
closure element is coupled to an operating shaft extending through a plug in the fluid

flow passage.

20 7. A tubing hanger as defined in any preceding claim, characterised in that the valve
closure element comprises gear teeth engageable with a rack on a penetrator extending

transversely of the fluid flow passage.



15 small er apertures |likew se alignable with the nouth, to provi de choked

fl ow between the flow and branch passages. 14. A tubing ha g ﬁ?dgﬂ]@@

in any preceding claimcharacterised in that the valve seat ure
el enent is/are nmounted for floating novepent axially of the branch passage
In a manner that provides bi-directional sealing. 20 15. A tubing hanger
substantially as described with reference to or as shown in the draw ngs.
TUBI NG HANGER SADDLE VALVE ABSTRACT A tubing hanger 10 incorporates a flow
control vale tHattubhing basgenap |db’§m¢domn@nwf Jaimisok-bzSrarasterispd nlsthahﬁletvaé*ee A
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the form qéngahw@éafaﬁlfmcsﬂ@ﬁgﬁsgagesaddl e 14 is disposed in the bore 12 for
co-operation with a seat 18 disposed in the branch passage 16. Rotation of
the sl eeve 12, e.g. by neans of a shaft 28 extendlng t hrough a crown pl ug
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novabl e5 Fidpsude element is hydraullcally actuated.

10. A tubing hanger as defined in any preceding claim, characterised in that the valve

closure element is biassed towards the closed position, to provide fail safe closure.

11. A tubing hanger as defined in any preceding claim, characterised in that the valve
closure element comprises a sleeve or part sleeve disposed adjacent to a wall of the fluid

10 flow passage.

12. A tubing hanger as defined in any preceding claim, characterised in that the valve
closure element comprises an aperture selectively alignable with the branch passage

mouth to provide said fluid communication.

13. A tubing hanger as defined in claim 12 characterised by one or more further
15  smaller apertures likewise alignable with the mouth, to provide choked flow between the

flow and branch passages.

14. A tubing hanger as defined in any preceding claim characterised in that the valve
seat and/or closure element is/are mounted for floating movement axially of the branch

passage in a manner that provides bi-directional sealing.

20 15, A tubing hanger substantially as described with reference to or as shown in the

drawings.





