21 S E P 2004 1 TUBI NG HANGER SADDLE VALVE | nvention Background This
I nvention concerns tubing hangers for horizontal christmas 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
I n and makes an annul ar seal with the christmas 10 tree spool. Control of

the production flowis via v I[]\ﬁﬁ ' ,H@&F riizontal christmas
tree, separate fromthe tubi %g ar%g. ﬁg%@bi‘%égé&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,
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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
'])éscxeipt?ign OE H%”lg?l??e'&gﬁﬁ

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

| ocat ed rentt aibing haipet s id bie¢asd g whllsad hang dgeowidble thBBialh ahb8Fontal
servicing and subsequent nodification of well conponents and production

f1 ow cont r olchrsipes deessarigeegent ghisnlandeaismpmdanales g aaaler seal ofithy tievabsistmasm
Gate val ved dsscorf "SRl pSlthelcR by 5 Fa BBt B pra®S
and have beehristaed tee, @paprshen fiey tubie Hanedrubi ng hangers or simlar
equi pnent such as
There are advantages in relocating the valves associated with the horizontal tree system
from the christmas tree assembly itself to the tubing hanger. 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.



i nternal tree caps. However the space required to accommodate these val ves
dictates |arger tubing hanger and wel | head designs, w t}'?i ncreased capital

costs, increased 30 conponent handling difficulties and qbggg' ?Qﬁ sed
operational costs. -2 1 SEP 2004 2 A nore effective valve de 'éﬂ 2 use

i n tubing hangers for horizontal christrmas trees is therefore desirable. 5
Summary of the Invention According to one aspect of the present invention,
there is provided a tubing hanger conprising a fluid flow passage and a
branch passage having a nmouth intersecting with _the fluid flow passage, a
val ve seat AIM9poefiestive vale devighion upeitubias bresarnior borigonia] shrisipias Heesid a

val ve C|°SQH§6559&%P%b%§ di sposed in the fluid fl ow passage, the closure 10

a

el enent bei ng nov e across the nouth and co-operating with the val ve seat
selectively to open or close off fluid comrunication between the fl ow

passage an branch aisa e, This exanple valve configuration is suited to
t ubi ng ﬁan%é\"é‘“f'ﬁfo‘n'g*i PYRBOR christmas 15 tree systems, in which the

fluid flow ! LGali e 28
connect ed t%&?he %ﬁ%?iﬁng akapn%?f ﬁgy ele;?ltg?l%ﬁ I%gegggg’emg%é;%rérgggegQp‘f%gduct i gﬁr fluid

si de out | etcomgovimgerfluid Hiow passageland wdirsrehqusfagg bhaving enmomdly indérsecting wited

el sewhere i t he.t ubi ng hanger, far,exanple.n a t,ubing annul u SS
passage. 200 A TREPReE. @ DAe e SOR Iy S paLtH B ar e B SR | n
the fluid frhewh RAgd22@8vd Blbsurs *ldtdnt Y& dhORUME tBE fluhieflbwansthepameadsutd t he
manner defined above provides a particularly conpact val ve arrangenent.

The valle @lesamnt ebeing rrapitableayicioss rthy appethi and weeopstatisgavithathey valxe aterty of
the fluid %ﬁl’:‘ﬁ@eﬁ@% en O cgot%%tff @%{@éé@ﬁé{eﬁ&%}] %&“%'FQ 8 WG Pieéséééeg%ﬁednf‘_"’

passage. Various heans can be use e valve ¢losu
For branch passage.

This example valve configuration is suited 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.



25 exanple, it may be coupled to an operating shaft extending through a
plug in the flow passage. It may conprise gear teeth eng ahl ' a
rack on a penetrator extending transversely of the fl ui d?ﬁo%@&é@k or
engageable with a pinion gear on a shaft extending |engthw se of the fluid
fl ow passage. Alternatively, the closure e enent may be hydraulically
actuated. The valve closure el enent may be biassed towards the cl osed 30

position, to provide fail safe closure. 21 SEP 2004 3 The val ve cl osure
el enent may conprise a sleeve or part sleeve disposed adjacent to a wall

of the fl ui Chelvalveelsnagelentdnt iRy Copridern EBe\RPAT pait SlesR) Gighdsee lalljacdmt gnab! e
with the branch passage nmouth to provide -said fluid comunication. There
may be one @l e fhid flophpassagen| It erayHeatain pr gperiure welsetively ofisnsble with thet he

Val ve seat " SHFAPEREY St W prcREIGET ahOCedh Bl Bt PGS PR

movenent  afirddrysredlicr pehn@s dikepass alignable withiemeemothatio Provieeloked flow
bi -directional sealing. 10 Further preferred features and advantages of the

i nvent i on abPetwasnihellew and hrangh @asagsspt i on  of illustrative enmbodi ments,
made with reference to the drawings. Brief Description of the Draw ngs 15
Figure 1 diagranmatically represents a tubing hanger enbodying the

i nvention; TheguhesSsedt amtlor3thavalvdi desuddrelainesit hap be seminadd n Foafing thokBaent
enbodi nments; Figure 4 is_a cut away perspective view of a _valve closure
el enent - and a@lly of edranghgrpssage ya nageer [BeProvidend-dirsstienad sedimenent s
Figure 5 |5 a cut away perspective view of an alternative valve closure
el enent and valve 20 seat such as may be used in the figure 2 and 3
enbodi ment s Further preferred features and advantages of the invention are in the following description

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



Figure 6 is a perspective view of another alternative valve closure
elenent; Figures 7 and 8 are part sectional views di agrarm?ﬁﬂc@lﬂ@ 200’1‘
illustrating two further tubing hangers enbodying the invent’ion, and
Figures 9 and 10 show yet further alternative valve closure elenents. 25
Description of the Preferred Enbodi ments The tubing hangers 10 shown in
figures 1-3, 6 and 7 each incorporate a saddle or sleeve valve. This valve
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provi ded between the seat, 18 and the surrounding to wall_ of the outl et
passage 16, Hai532Rdfn A aviat slidieg b s providgth Petween threseat bogud the spgounding

gener al | yl@?@z&li‘&iﬁh‘é%ﬁtle@;a@éa&@ lg4izz1]ﬁ|09m feline crown plug, and an

annul ar seal 26 are used to seal the production bore 12 above the
production fluid outlet passage 16. A rotatable actuating shaft 28 having a
drive As shown in figure 1, the sleeve 14 is generally cylindrical. A plug 24, e.g. a wireline
crown plug, and an annular seal 26 are used to seal the production bore 12 above the
production fluid outlet passage 16. A rotatable actuating 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.



15 formation, 30 engageabl e from above the tubing hanger 10 by a suitable

tool (not shown) extends through the plug 24. A packing 32 zltﬁﬁ? Zﬂz%lgal
the shaft 28 within-the plug 24. The connection 34 between ft
and the sleeve 14 is by neans such as splines (not shown), capable of

accommodating the radial floating novenentsof the sleeve 14. A thrust
beari ng 36 maybe provi ded between an upper edge of the sleeve 14 and a
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accomodati ng the sl eeve | oat I ng novenent. Rotatio
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the sl eeve 14, above the hole 20, instead of directly in the production
bore 12. Thé’oﬁgl%r ng 32 is repositioned to surround the sleeve in the
production bore 12 above the production fluid outlet 16, and in this
enbodi nent 30 accommobdates the sleeve radial floating novenent. 21 SEP
2004 5 | n t Hégamriod iarmrspe@:twwrievif rhdwigghelf 8f atsheveshﬁ'a:irtd }Mdfsa domqmnlding seat

novabl e b sui t abl e to t sh eabl e onet fjttin
T e of e 5 Pt hieRdn e Seud i miRaRads For fletterahore oob: Foab
and out ofjg rc%&ip%h@ﬁt M‘sh@wﬁ Ret §8ab aﬁ%x1a!1fccﬁ?a§ 'p'iﬁfé tcPrehdld intPBF %uxg%d\;g v%lilbele.
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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



18, as may be used in the figure 1-3 enbodi nents. For iIIustn,tiéﬁEPuzaazgs
only, each 10 conponent is shown cut along an axial central df 0
render interior surfaces visible. The seat 18 has a part cylindrical
contoured end face 46 to match and forma netal to netal seal wth the
outer surface of the sleeve 14. Figure 5 cgrresponds to figure 4, but shows
a sectioned sleeve 14 and seat 18 for use in 15 the figure 2 enbodi nent.
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28 and drive connection 34 of the figure 1 enbodi nent but offset fromthe
pl ug cent raIC lasgdspostigpry; upert 70%%esaﬂl‘6fiﬁ%r %ﬁ]b%{?%gﬁttodﬁlsﬁﬁ]ée Flggeent4 andi n
whi ch the g Yﬁhééalk}és end extensions 54 of reduced outside dianeter.
These sl i (}e I'n i ncreased di ameter portions 56 21 SEP 2004 6 of the
production bore 12. The full dianeter portion of the sleeve 14 slides in a

further inc a ortion 58 of the roductlon bore 12. Annul ar
eﬁg}l rnga‘f':itﬁecatlgn 0 ﬁgure57 in which ch ber 64 is enlarged to accommodate a

seal s 60 ar
fail safe closure bias spring 72. Similar fail safe closure bias means could be provided in

the other embodiments 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



the ends of the sleeve extensions 54 for co-operation with the increased
di anet er productlon bore portions 56. Further annul ar seals%

provi ded about the further 5 increased dianeter production b %Pt ZQQIBS
above and bel ow the production fluid outlet 16, for sealing co-operation
with the full dianmeter portion of the sleeye 14. This arrangenent defines
opposed annul ar hydraulic chanbers 64, 66 A port 68 is used to supply
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whi ch chanber 64 is enlarged to acconmodate a fail safe closure blas

spring 72. Speriorwalhsurfacs merieemefithe brogyctipmberec el dopyee slapvind dying meart be
ot her enbodl gures 9 and 10 show sl eeves 14 nodified to
provi de choK. %@?%%ﬂﬁ%ﬁﬁﬂag full flow and no flow. In the choked fl ow
position, &n array of small dianeter 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 figure 10 an 20 axially slidable sleeve 14. Still further arrays of
choked fl ow hol es could be provided, providing various flow rates. A
continuous array of choked flow holes is possible, having a hole

di stribution density which varies in the direction of novenent of the
sleeve. Bringing different parts of the array into co-operation with the
seat 18 thereby provides substantially continuously variable control of
the flowrate. The figure 10 sleeve could 25 include a flat as shown in
figure 5. Oher forns of valve closure elenent will be apparent. The sl eeve
may not be a conplete 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 pgsjtA
sl eeve, instead of having a hole 20, substantially the enti@g ﬁgggi[}g}hl d

be noved out of register with the 21 SEP 2004 7 seat 18. The cl osure

el ement could take the formof a slab-like conponent having a sealing face
shaped to conformto the co-operating surface of the seat and the adjacent
interior wall surface portion of the production bore, the closure el enent

| yi ng near @ sy@@ai nst that surface portion. 5 2 1 SEP 2004 8 CLAIMS 1. A
t ubi ng hanger conprising a fluid fl ow passage, a branch passage having a
nmout h i nt.erlsect i Agumingrhanper édmpribirig avhpd Shmg@assaga/ad bmnsle phssdps ﬂmslag an

t he branch sage proxi t uth and a, val ve ¢l os re enent
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or close o uid communi cati on between the fl ow passage and branch
passages 2 pagsageitheglosensgioment bd@fglm@@blmamalth@ mOU&haniam-eparstmg with ttheat

the fluid fI rlses a.v rL,ou assa
connect ed (8 TR RENYFA REReT SRR off M BBt hech bRy BRGEET o
fluid side aﬁdlbkﬁchp&ssagb t ubi ng hanger as def| ned in claiml1, characterised
in that the valve closure elenent is disposed in a tubing annulus bypass
passage. 4. A tubing hanger as defined in any preceding claim
characterised in that the valve closure elenent is novable in use

subst anti al?2.y axhaibiyg bingehas ddfined irf tloim padeeagterised in that the fluid flow passage

comprises a vertically extending through passage connected to the tubing and the branch

10  passage comprises a production fluid side outlet.

3. A tubing hanger as defined in claim I, 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 5. A tubing hanger as defined in any of clains 1-3, characterised in
that the valve closure elenent is novable in use about an %gnsgﬁgpeggﬂgg
along the fluid fl ow passage. 6. A tubing hanger as defi ned

preceding claim characterised in that the valve closure elenent 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 conprises gear teeth

engageabl e i t h A tukiag henges ap dabredainosnyexdt dritisnig6, ehameisrised & thab the yadve | ui d
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engageabl e lgdiwide pf thedriid)fiew passage shaft extending |engthw se of the fluid
fl ow passage. 9. A tubing hanger as defined in any of clainms 1-6,
characterised in that the valve 5 closure elenment is hydraulically
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cl osed posiddsory elémentr o\hiydewliadlly asafaeedcl osure. 11. A tubi ng hanger as
defined in any preceding claim characterised in that the valve closure

el ement conprises a sleeve or part sleeve disposed adjacent to a wall of

the fluid 0 fl Aol g ' i di
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claim characterise ri ses

aperture sel®otd slahyntalsibipssdal tewatds bhd dlesddrpasition e $sadée faiizafeltlésargr ovi de
said fluid communi cation. 13. A tubing hanger as defined in claim12
characteri sed by one or nore further 15 smaller apertures |ikew se

alignable with th ?ulmi’é'fxﬂ'lgef 2 Bl %arﬁhﬂ%géhlﬁé ﬂyi\fng%hmgt@rﬁJaQn 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.



fl ow and branch passages. 14. A tubing hanger as defined in any preceding
claimcharacterised in that the valve seat and/or closure § nt_is/are
mounted for floating novenent axially of the branch passage ﬁTSJE
that provides bi-directional sealing. 20 15. A tubing hanger substantially
as described with reference to or as showzl in the draw ngs. TUBI NG
HANGER SADDLE VALVE ABSTRACT A tubing hanger 10 incorporates a flow
control valve that is ordinarily found in a horizontal christnas tree. A
branch passage 16 form ng a production fluid outlet has a nouth that
intersects with a vertical production bore 12. A valve closure elenent in
the formof a rotatable sleeve or saddle 14 is disposed in the bore 12 for
co-operation with a seat 18TUBIDEGSHANGERTRADDAR VNAIMEage 16. Rotation of
the sleeve 12, e.g. by nmeans of a shaft %%@%&@ndi ng through a crown plug
24, brings a hole 20 into or out of aIi% Wwth the seat 18 to control
ﬁ; 82‘5?’2 i orFsi ISJ u?ﬁ)iﬁé PhedrN PR EHREA NBR SontloNSafleeBUL isl rdiSarilPh@id ¥ a
horizontal christmas tree. A branch passage 16 forming a production fluid outlet has a

mouth that intersects with a vertical production bore 12. A valve closure element in the
form of a rotatable sleeve or saddle 14 is disposed in the bore 12 for co-operation with a
seat 18 disposed in the branch passage 16. Rotation of the sleeve 12, e.g. by means of a
10 shaft 28 extending through a crown plug 24, brings a hole 20 into or out of alignment with
the seat 18 to control production fluid flow. In other embodiments, the sleeve 14 is

axially movable.

Fig. 1



