20 June 2005 1 WELLHEAD SYSTEM COVPRI SING A SLI DI NG SLEEVE SERIUWE280% of
the Invention This invention relates to sealing of the annulus between a .
't ubi ng hanger and a 5 surroundi ng spool such as an xnmas tree, in a
wel | head assenbly having a laterally extending fluid conduit. For exanple,
the laterally extending conduit may conprlse the production outlet of a
horizontal xmas tree. Background of the Invention 10 There is a trend

towards subsea conpletions incor oratl n ncr easi n arge bores. Current
subsea xmas tr eWELJHEAD-SHETEM QMH&%M mgl&ﬁﬁ@ fdntric) can
be inefficient in terns of space usage within the t ubi ng hanger assenbly.

For large bore systens it would be advantageous to reconfigure the subsea
xmas treeFEtgldbﬁthev]inivémon mai ntai ning a | arge nunber of down-hole |ines

t hrough the.tubin ut i for 5r asi ng, addi t i | radial
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nmechani s§Nsi@sundBip s;fm Qhith tab eanaRidgs eV i d. walﬂtbadl%s*@nbljafhalvﬁ:rgge ma:aﬁysubsea
xmas trees and conpletions _is constrai req enents of, utilising

ue to
exi sting $x&nding fupopondyit iHeg reé%mﬂﬁs e%@mﬂy@#@nﬁlﬁg&p {*’BYPBWP Par ger
- conpl et Jdﬁgﬁ&?‘? utRPGELLIRLD soygd el sewhere to permt using existing

io
BOP's. Addition y, particu ar y In the case of deepwater devel opnents,
significant cost savings can be achieved by using smaller standard BOP and

casi ng pr . maintaining - or increasing - the radial space-

avai | abl e?ﬁfiﬁgrl“ﬂﬁﬁetﬁ’ﬁﬁsf&v%ﬂ M ubing. Inthis way vessel selection is made

. easi er, 1@ THelRERCAE 1A EWERIST @ibsdcotipletion modipbeating dincieadingly arge dspnes ement s

_.associ ated with the smaller BOP si %%

% Current subsea xmas tree system configurations (both parallel and concentric) can be

inefficient in terms of space usage within the tubing hanger assembly. For large bore
systems it would be advantageous to reconfigure the subsea xmas tree system whilst
maintaining a large number of down-hole lines through the tubing hanger. A solution for

15 releésing additional radial space to facilitate 1ar§er bores would be to reduce the size of

the mechanism for sealing off the annulus void.

The design of large bore subsea xmas trees and completions is constrained due to
requirements of utilising existing standard BOP configurations. Therefore in order to run

20 larger completion tubing, space must be saved elsewhere to permit using existing BOP's.
Additionally, particularly in the case of deepwater developments, significant cost savings

A : ) ~ can be achieved by using smaller standard BOP and casing programs while still
" 'maintaining - or increasing - the radial space available for the completion tubing. In this
way vessel selection is made easier, and hence costs decreased, due to smaller handling

25 requirements associated with the smaller BOP size.

The problematic situation. of a drive toward larger bore completions co_upIed with
potentially utilising smaller BOP stacks makes the radial space taken within the well
system for annular packoffs of prime importance. Any space saved here can have a direct

30 impact on the size of the completion tubing that can be accommodated.

Essentially, the sealing requirement for a slick bore tubing hanger is to seal the annulus
between the tubing hanger and spool (wellhead, xmas tree or tubing spool), maintaining a




The problematic situation. of a drive toward |arger bore conpl28t3Bn 2005
‘coupled wWith potentially utilising smaller BOP stacks makes the radi al
space taken within the well systemfor annul ar packoffs of prine

| nportance. Any space saved here can have a direct 30 inpact on the size
of the conpletion tubing that can be acgommopdat ed. Essentially, the sealing
requi rement for a slick bore tubing hanger Is to seal the annulus between
the tubing hanger and spool (wellhead, xmas tree or tubing spool),
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The presentaiopRSkiRiysai M to rel ease addltlonal space in a tubing hanger

and wel | head systemincorporating a |lateral wellbore fluid conduit, by
‘inproving the mechanismfor 10 sealing off the annulus void. In this way,

| ar ger borsgnﬁggggjoqlthgfh‘;e ﬁbﬂg can be accommodat ed. Accordingly the present
i nventi on provi I ead system conprising a wellbore fluid conduit

ext endi ng Thatpeesaht invémionedms ao relmsagdﬂuaog@lrspaMnaa ttﬁnr[g bangeli agl wpﬂi&!am n
use, the system conprisin l.deabl e of t he |1 boge
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J)spool interface. Therefore, with the sI eeve positioned clear, of the
kS

hi ng hargemmodsisdel Aseadinglye the Haresenhi inyeniighg@Fovideg a wellhead system
comprising a wellbore fluid conduit extending laterally between a tubing hanger and a

surrounding spool in use, the system comprising a sleeve slideable axially of the wellbore
ﬂuid conduit from a position in which it is clear of the tubing hanger / spool interface to a
15 position in which it seals across the tubing hanger / spool interface. Therefore, with the
sleeve positioned clear of the tubing hanger / spool interface, the tubing hanger and
attached completion tubing may be run or refrieved. As it is capable of sealing across this
interface, the sleeve eliminates the need for the relatively bulky annulus seals and their
energizing mechanisms above and below the laterally extending wellbore fluid conduit.
20
- This provides the dual benefits of releasing radial space while also making the completion
~system and in particular its seal forming surfaces or areas less susceptible to damage.
" Preferably, the spool is provided with recessed sealing pi'oﬁles affording protection to the
- seal areas during drilling operations.
25
The laterally extending wellbore fluid conduit may be.used to contain any fluid that is
conventionally conveyed to or from the wellbore via the tubing hanger. Most often in
productioh mode this will be production fluid, but the fluid could also be for example lift
gas, injection water or other fluids such as glycol for chémical injection, or fluids for

30 pressure and circulation testing.

The wellhead sealing system of the present invention may provide some or all of the

following additional benefits:




attached conpletion tubing may be run or retrieved. As it is capable of
sealing across this interface, the sleeve elimnates the need for the
relatively bul ky annul us seals and their energizing nechani sns above and
bel ow the laterally extending wellbore fluid conduit. 20 Thirsniteies des the
dual benefits of releasing radial space while also nmaking the conpletion J
systemand in particular its seal formng surfaces or areas |ess
susceptible to damage. Preferably, the spool is provided with recessed
sealing profiles affording protection,to the seal areas during drilling
operations. 25 The laterally extending well bore fluid conduit may be. used

to contain dany fRelishilityaindérscyck@niadingonal |y conveyed to or fromthe
wel | bore via the_tubing hanger. Most often in __production node this will be
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In accordance with a first aspect of the invention, there is provided wellhead

system comprising a wellbore fluid conduit extending laterally between a tubing

hanger and a surrounding spool in use, the system comprising a sleeve slideable

axially of the wellbore fluid conduit from a position in which it is clear of the

tubing hanger / spool interface to a position in which it seals across the tubing

hanger / spool interface.

Further preferred features of the invention are in the dependent claims and
in the following description of illustrative embodiments, made with reference to

the drawings.

Brief Description of the Drawings

Figure 1 is a diagrammatic illustration of a prior art sealing arrangement

between a horizontal xmas tree and a tubing hanger landed in it;

Figure 2 is a diagram of a first embodiment of the invention, showing the tubing

hanger just prior to landing in the spool;

Figure 2a is a half section through parts of the spool, tubing hanger and sleeve,

showing details of possible sealing arrangements;

- Figure 3 corresponds to Figure 2 but shows the tubing hanger landed, locked

~down and sealed to the spool;

Figure 4 corresponds to Figure 2 but shows a second embodiment of the invention,

and

Figure 5 corresponds to Figure 3 and shows the second embodiment.

For horizontal xmas trees, it is conventional to isolate the annulus 12




4. Mninmum tenperature range of 0 to 250F (-17.8C to 121C) and preferably
beyond at either end. In accordance with a first aspect of the invention,
there is provided well head systemconprising a wellbore fluid conduit
extending laterally between a tubing hanger and a surroundibpgmspsegl in
use, the systemconprising a sleeve slideable axially of the wellbore
fluid conduit froma position in which it is clear of the tubing hanger /
spool interface to a position in which it seals across the tubing hanger /
spool interface. Further preferred feagures of the invention are in the
dependent clainms and in the follow ng @8 escription of illustrative

enmbodi ment Ssurfaﬂﬁm@ thB tihENLDREL 16, Ysing MnGhAYalIRY, 1BihsedllePde6ideRtthon of the
Drawings Figure 1 is a dlagrannatlc iMustration of a prior art sealing

ar rangenent fubing heager K) anskthe swrreunding éree bleckalfiabovewsidihwlovatlifer | anded in

it; Figure ﬁ?dﬁcﬁoﬁibﬁ@ el é%fsh%wfn' F’lsfll STAOGHIRN & Weaf Wmhﬁ‘(é:s’ﬁdl B, Show ng
the t ubi ng anger prior to Tanding in t e spoo ure a is a half
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details of possiple sealin . AR e rrespon Figure 2
but shows t lfqﬁgitﬁ%“ma‘??lf? Eaé% %&Eﬁgmeig?%ﬁf%&nﬁs?ﬁe spool ;
Fi gure 4 cogygReponds to Figure 2 but shoms a second enbodi nent of the
invention, and Figure 5 corresponds to Figure 3 and shows the second

enbodi nent. For horizontal xmas trees, it is conventional to isolate the
annul us 12




20 June 2005 3a surroundi ng the tubing hanger 10, using annul28JuBedf®s 14,
16 install ed between the tubing hanger 10 and the surroundi ng tree bl ock
18 above and bel ow the production outlet 20 as shown in Figure 1. The
“lower seal 16 isolates fluid in the production bore 22 and production
outlet 20 fromthe well annulus 24 below. Simlarly the upper seal 14

i sol ates the outlet 20 and bore 22 fronfthe annulus 26 above. 20 June 2005
4 The illustrated enbodi nents of the invention seek to elimnate one of

t hese annUlhanllsstated enfbeidirthents ohibe foention sdek th elimbmtcsan ofthesehanmdhi seklsat ed,

al t hough for. brevity Figures 2 - 5 .only .sho i m.nation.of _the top_seal).
Bl i ninati GRS e togigr g Poom seql, "I"a‘ih%éh“at%‘ga"g ough, fir | bee iy Fighres he_ 5

conpl et i onlyegwselaaation be thettop 380 € Elitinafign Gfial dehNébt will TR rediaDeHapENt S
are descrivgﬁd, ne having the sealing sleeve |ocated or stowed within the
xmas tree Byle g%PP@PLeH%I%bS‘{SF#P%@]kég damgerydginggiiling| e more for
surface sapplications) and one with the seal sleeve |ocated within the
tubing hanger (Figures 4 and 5; nore suitable for subsea applications). 10
Fi gure 2 dhwwembadementyiaregddsentpdy onOhdyengthersealingrdeeve hecatedas stavesl withispool
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| 10
\) Figure 2 shows the tubing hanger 10 being run into the xmas tree or spool 18. The

| sealing sleeve 28 is axially slideable in a lateral production fluid outlet conduit 20
comprising parts 20a and 20b extending through the spool 18 and tubing hanger 10
respectively. These parts are aligned when the tubing hanger is properly landed in the

15 spool (Figure 3). To allow the tubing hanger 10 to be run or retrieved, the sleeve 28 is
withdrawn fully into the conduit part 20a in the spool 18 body (Figure 2), clear of the
spool / tubing hanger interface. Figure 3 shows the sealing sleeve 28 stroked so as to
extend into the landed and locked tubing hanger 10.

20 The lower annular seal 16 (or a corresponding upper seal, not shown) may be run and set
in known manner. For example, it may be run on the tubing hanger 10 and set prior to

' ) stroking the sleeve 28 to its sealed position.

The sleeve 28 is required to form a seal with an annular area or surface'30 of the conduit

25 part 20b in the tubing hanger 10. I is likewise required to make an annular seal with the
conduit part 20a in the spool 18. Conventionally, it is preferred that metal seals are used

in the production bore. Therefore self-energizing metal seals as shown in Figure 2a may

- be used between the sleeve 28 and the conduit parts 20a, 20b. The sleeve 28 inay
incorporate annular seal bumps 34, 36 which are transited from a clearance condition in

30 the respective conduit parts 20b, 20a, to an interference fit in respective cylindrical seal
areas 30, 32 by respective ramp surfaces 38, 40, as the sleeve 28 is moved to the left. For

clarity, the slope of the ramp surfaces 38, 40 is shown somewhat exaggerated. Such a




15 spool (Figure 3). To allow the tubing hanger 10 to be run ngPE%?Q%%ed
‘the sleeve 28 is withdrawn fully into the conduit part 20a in the spool 18-
body (Figure 2), clear of the spool / tubing hanger interface. Figure 3
shows the sealing sleeve 28 stroked so as to extend into the | anded and
| ocked tubing hanger 10. 20 The | ower apnul ar seal 16 (or a correspondi ng
upper seal, not shown) may be run and set in known manner. For exanple, it
may be run on the tubing hanger 10 and set prior to J stroking the sleeve
28 to its sediagarapgamant sha dgvelupment ofthe applidants? SBIMS éxdraight borermetalsseal) wi t h

. an annul ar eﬁ@s@e{Ugéﬁgeﬁ‘tclﬁ) §Q7fg 5t he conduit 25 part 20b in the tubing
hanger W Se T equil red to nmake an annul ar seal with the

condui t part 20a in the spool 18 Conventional ly, it is preferred that
netal seals are t ductlon bar e. fore self-energizjng
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gge significantly, concentricity of seals and bores should al so be
rictly controlled. 1In the Figure 2 enbodi nent the tubing hanger nust

t her ef or em@slk%@s%%e%&aﬁéﬂ&we& ltsaﬂe&aééaﬂﬁ,fdaé}?endea Bbdifbhstty Ay'saimde seal

sl eeve to locate correctly. This nmagnitude
mechanical, electrical and/or hydraulic means, well known to those familiar with valve

and /or oilfield technology. Because the sleeve 28 extends from the spool body 10, which
15 in turn is accessible exteriorly (e.g. for manual actuation of the sleeve), the embodiment
shown in figures 2 and 3 is best suited for surface use. The relatively long conduit part

20a accommodates a relatively long sleeve 28 and sleeve operating stroke.

In the embodiment shown in Figure 4, the sleeve 28 is held within the conduit part 20b in
20 the tubing hanger body 10, for running and retrieval of the tubing hanger and completion.
~ Figure 5 shows the sleeve 28 stroked outwardly into the conduit part 20a in the spool.

In this embodiment the tubing hanger 10 must again be located accurately vertically and

in rotation to allow the sealing sleeve 28 to locate correctly. However, in this case it may

25 be possible to utilize the sleeve to "fine align" the tubing hanger prior to lockdown. For
. this purpose, the sleeve 28 and/or the conduit part 20a may have suitable tapering guide
surfaces at their mating ends. The same fine alignment technique can be used in relation

to a variant of the Figures 2 and 3 embodiment, provided that the hanger is locked down
and the annular seal is set between it and the spool after such alignment. For example, the

30 -tubing hanger/spool annular seal may be installed above the lateral conduit 20.

The sleeve 28 of Figures 4 and 5 can again be stroked into position by any suitable

mechanical, electrical or hydraulic actuating means. As such actuating means are




installation accuracy is achievable, for exanple already bein&oﬂBﬁ??WESin
‘rel'ation to the use of horizontal penetrators. Elastoneric and other seal
‘types may al so be used to provide 10 the annul ar seals between the sleeve
28 and the conduit parts 20a, 20b. The sleeve 28 can be stroked between its
retracted and extended positions by any suitable nechanical, electrical
and/ or hydraulic neans, well known to those familiar with valve and /or
oilfield technol ogy. Because the sleeve 28 extends fromthe spool body 10,
whi ch 15 iconthined i theacling hirpee ami(oethe oubiyg hanggr ninaingrracly tlis embaditentris of t he
sl eeve), the enbodipent. shown_in figures 2 and.3.is best.suited r,
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rel ativel gnhiehé Sl 8¥edidntbOrisheseyan@per ati ng stroke. In the enbodi nent
shown in Figure 4, the sleeve 28 is held within the conduit part 20b in 20
“the tubing hanger body 10, for running and retrieval of the tubing hanger
and conpletion. Figure 5 shows the sleeve 28 stroked outwardly into the
conduit part 20a in the spool. In this enbodi nent the tubing hanger 10 nust
- again be |ocated accurately vertically and in rotation to-allowthe

- sealing sleeve 28 to locate correctly. However, in this case it may 25 be
‘possible to utilize the sleeve to "fine align" the tubing hanger prior to

| ockdown. For this purpose, the sleeve 28 and/or the conduit part 20a nmay
have suitable tapering guide surfaces at their mating ends. The sane fine
alignment techni que can be used in relation to a variant of the Figures 2
and 3 enbodi nent, provided that the hanger is | ocked dowmn and the annul ar
seal is set between it and the spool after such alignnment. For exanple, the
30/ tubi ng hanger/spool annul ar seal may be installed above the |ateral

- conduit 20. The sleeve 28 of Figures 4 and 5 can again be stroked into
position by any suitable nechanical, electrical or hydraulic actuating

~ means. As such actuating neans are 20 June 2005 6




contained in the tubing hanger and/or the tubing hanger runni #§¥8%P00% hi s
enbodi ment is nore suitable for subsea use. In other respects, the

enbodi ment of Figures 4 and 5is simlar to the enbodi ment of Figures 2
and 3, U 20 «4ma«005 .12f31 BP-0T002] 7 CLAIMS 1. A wellhead system
conprising a wellbore fluid conduit extending laterally between a tubing
hanger and a surroundi ng spool in use, the systemconprising a sleeve S
slideable axially of the wellbore fluid conduit froma position in which it
is clear of the tubing hanger / spool interface to a position in which it
seal s across_t he tubing hanger / ‘"spool interface. 2. A well head system as
defined in d@%ﬁﬂpﬁ;Conprising recessed sealing profiles 10 provided in the
spool, with which the sleeve co-operates to formthe interface seal. 3. A
wel | head system as defined in claim1 or 2 in which the sleeve is stowed in

the spool flor rufinwelthead sysem jcomprising at wWellhormiflng pondyis rextepging laterallig| | head
system as dqf. i (=) i j t. S | i he

t ubi ng hanggj}ét*gg%ér{l}ﬁﬁlfgﬁfsﬁ%e%a@{e% %#g\%&o@?lhlggfeﬂgﬁ%ﬁﬁg%@éﬂ%g&#el | head
system as dedlideatde axiallingf the welighire) fuid|canduit dionpz pasitivn i whichgt & deanofthe  seal
bet ween the tubi hanger .and_ .t he spoal . .20:6. . || he st em as,defi ned
in any precédt W&r@%ﬁ‘%@e%ﬂ’??%%g“ %ﬁosg'gﬂ/lg’ Fhsh ‘(A\?gglacrﬂﬁst ﬁ%ﬂ{g & beve and
the spool angoorinteaéedg hanger.

2. A wellhead system as defined in claim 1 comprising recessed sealing profiles
10 provided in the spool, with which the sleeve co-operates to form the interface seal.

3. A wellhead system as defined in claim 1 or 2 in which the sleeve is stowed in the
spool for running or retrieval of the tubing hanger. '

15 4. A wellhead system as defined in claim 1 or 2 in which the sleeve is stowed in the
tubing hanger for running or retrieval of the tubing hanger.

5. A wellhead system as defined in any preceding claim comprising a single annular
seal between the tubing hanger and the spool. ' .

.. 20
6. A wellhead system as defined in any preceding claim comprising an SBMS-typé
seal between the sleeve and the spool and/or tubing hanger.

7. A wellhead system as defined in any preceding claim comprising an elastomeric
25 seal between the sleeve and the spool and/or tubing hanger. '

8. A wellhead system substantially as described with reference to or as shown in

Figures 2 and 3 or Figures 4 and 5.




7. A well head system as defined in any preceding clain1conpri§pﬂﬁn%@pos

‘el astoneric 25 seal between the sleeve and the spool and/or tubing hanger.
8. A well head system substantially as described with reference to or as
shown in Figures 2 and 3 or Figures 4 and S. Abstract [Fig. 2] SLI DI NG
SLEEVE SEALS For -horizontal conpletions the present invention permts the
use of one annulus sealing elenent 16 &s opposed to the conventional two
(one above and one bel ow the production outlet in the well system. This
provi des tAbstraal benefits of rel easing radial space while naking the
conpl etion system | ess susceptable to damage. A sealing sleeve 3%.i?
slidable between a retracted position as shown, for running an & Jieva

of a tubing hanger 10, and anSexpENASLEESEISEALEF 9. 3, not shown), for
seal i ng between respective lateral conduit parts 20a, 20b, in a spool 18

and the tubing hanger 10.
' 5 For horizontal completions the present invention permits the use of one annulus sealing

element 16 as opposed to the conventional two (one above and one below the production

outlet in the well system). This provides the dual benefits of releasing radial si)ace while

making the completion systern less susceptable to damage. A sealing sleeve 28 is slidable

between a retracted position as shown, for running and retrieval of a tubing hanger 10,
10 and an extended position (Fig. 3, not shown), for sealing between respective lateral
" ) conduit parts 20a, 20b, in a spocl 18 and the tubing hanger 10.




