| Large Bore Subsea Christmas Tree and Tubi ng Hanger System Field of the
invention This invention concerns subsea conpletions and nore particularly
relates to a conpletion arrangenent that nay be used to provide a |arge
bore, high pressure, conventional (i.e.l non-horizontal), concentric
Christmas tree and tubing hanger system Background of the Invention For
deep wat er devel opnents it is now considered that conventional trees have
advant ages over hdrargeBose SebgaChriman diree it Fubineddangpicystermas proven to
be | ess advantageous than originally forecast in terns of installation
times and design conplexity. A demand has therefore arisen for a |large
bor e convaeid ¢iitht idvegdon As t he size of the production bore in a
conventional Christmas, tree and tubin haG%er arr angenent is in%reased, a
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bor e t ubi(hg dvartgeizsntatihcmcentkSHristzas teee iasé tubmgasigenfystene pr oducti on and
t ubi ng annul us bores. For concentric tubing hangers, there need be no
offset in the production bore, but the tubing annulus offset is

cor r esporghi gl oundBSQAGE Infetfhy | arge offset in either the production bore
or the tubing annulus bore will prevent wireline access. During

installation dforphenl waler [sievelopmbitagt hamger soristderasl et exonienfional gees have
wireline a‘alv;lajxﬂasgcs over horizontal trees. The horizontal tree concept has proven to be less
S . advantageous than originally forecast in terms. of installation times and design complexity.

A demand has therefore arisen for a large bore conventional tree.

As the size of the production bore in a conventional Christmas tree and tubing hanger
énangcm_ént is increased, a large offset is often provided between the wellhead centre line
and the fluid conducting bores at the tubing hanger / tree interface, primarily to avoid
excessive enlargement of the tree block. In the case of parallel bore tubing hangers, this

~ offset can arise in each of the production and tubing annulus bores. For concenfric tubing
hangers, there need be no offset in the production bore, but the tubingf annulus offset is
-correspondingly larger.. A very large offset in either the production bore or the tubing

annulus bore will prevent wireline access.

During installation of parallel bore tubing hangers it is necessary to set wireline plugs
in both bores. This requirement therefore restricts the permissible bore offsets. Tubing
hangers are available which have a hydraulically operated annulus isolation valve rather than
aplug. However it has usually been the practice to provide wireline access to this valve, for -
emergency operation in case of hydraulic actuator failure. Provision of such access and the
consequent: need to avoid dog legs at the tubing hanger/ tree interface makes the fubing
hanger and tree design relatively-bulky and incapable of accommodating large numbers of

downhole service lines.




in both bores. This requirenent therefore restricts the perm ssible bore
of fsets. Tubing hangers are avail abl e which have a hydraulically operated
annul us isolation valve rather than a plug. However it has usually been
the practice to provide wireline access to this valve, for energency
operation in case of hydraulic actuator failure. Provision of such access
and the CcONpRAAE : Lah:aag:| I
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One aspect of the present invention provides a Christnas tree conprising a

pr oduct 'é)ur}nmary of the invention



fl ow bore having a | ower end for connection to a tubing hanger production
bore, and a tubing annulus conduit hasing a |lower end for connection to a
t ubi ng hanger annul us passage; at |east two renovabl e plugs being provided
in series in the tree production flow bore to act as pressure barriers. 4
The various aspects and preferred features of the invention are described
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Brief Description of the Draw ngs Ween a

t ubi ng ﬂawd@w ¢ baniagly lowertdnd fonecanedition tardubing Ganges raBictiorebore FArgl ibihigs hows
t he tubj anaer .. t.ubi n nnul u assage val ve | re detajl, in a closed
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figure 1; ure 5 shows a st enbodi rent of the Christmas tree of the
inventi@ﬁﬁW@ IS6 is a fluid circuit diagramof the tree of figure 5;
Figure 7 shows a second enbodi nent of the Christnas tree of the invention;
Figure 7a shows a nodification of the second enbodiment; and Figure 8 is a
fluid circuit diagramof the tree of figures 7 and 7a.




Det ai | ed Description of the Preferred Enbodi nents Fig | shows the bottom of
a Christmas tree 10 attached to a tubigg hanger 12 landed in a well head
housi ng 14. The tubi ng hanger 12 is supported by casing hangers 16 and held
down by a lock down ring 18. It includes a concentric production flow bore
20 and a highly radially offset annulus flow passage 22 forned by a pair
of i ntersectThgvalidds! dspass &t préfrredFatpHRREhENT Rt nt{}g d%l:gfﬂ!eﬁ' BelolPWith
passage 22 leads to an inlet port 28 of a pressure{ba ance |ntegraf

shut t | erefeience tg 2lustiatiseerbbedifments sbowi m thg danmingsis | ui ds bel ow t he t ubi ng
hanger. This valve has outlet ports 30 conmmunicating wwth a void 34 forned
between the top of the tubing hanger 12 and a seal stab assenbly 36 of the
Christrmas tree 10. A circunferentially spaced series of drillings 38 in
the seal stab assenbly 36 (only one drilling 38 shown) comrunicate wth an
annul us flow conduit 40 in the tree 10 via an annular gap 42 formed between
the seal stab assenbly 36 and the tree body 44. The | ower ends of the
drillings 38 communicate with the void 34 thereby linking it with the
Christmas tree annulus flow conduit 40. As shown in Fig 1, there is anple
space in the seal stab assenbly 36 and tubing hanger 12 for service |ines,
circunferentially spaced about the production flow bore 20 at a simlar
radius fromthe hanger centre line in conparison to the annulus fl ow
condui t/ passage 6 22, 38, 40. One such line 46 is schematically indicated
in dotted lines. Wth seven inch- (178nm production tubing 48, there is
enough roomfor up to 8 circunferentially distributed service |lines.




The void 34 provides space for service |ine couplers 35, which are bathed
in the annulus fluid. The void 34 is sealed by an annul ar sealing ring 37
bet ween the tubi ng hanger 12 and |ock down ring 18, a further annul ar
sealing ring 39 between the |lock down rijng 18 and the tree seal stab
assenbly 36 and a third annular sealing ring 41 between the tree seal stab
assenbly 36 and the tubing hanger 12. The shuttle valve 32 is of simlar
construction to an annul us access valve disclosed in US Patent No 5769162,

except t lptbgsi& anerbggﬂsgwlhgt i nstead of being provided at a | ower
end of t HEEURBTSSHPHIRGEMERFATY &%t 1 ow passage, it is situated at the upper

end of thgpidow shpRs I8Gentédacd BeftRn i Qankgs hamar tentodylhg thebinvendanged 412.
This maxi m ses the space available for the valve 32, besides maxim sing

space i n Glwsthaesc; part of the tubing hanger for the large dianeter
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shuttl e 9sigioni ai ned partly in a bore 52 forned in the tubing hanger 12,
~and partly in_a housing 54 screw threaded .into a counter bore 56 and
seal ed t &'1gyie 3ebows the Bbreeo ffmRurg/2 @ #1 oRf8 PFLIOR | ower end of the shuttle 50

carriers Al : - ' i L1l al, en the
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carryi ng??ég‘BSBr‘S 6?‘11@%%&%% gP‘?tFFﬁI{’g?ﬁ“’?l*)\’di ng seal with a portion of
the countggub9isowda BEIONE BMbb AR P WEhe Thtis@as 126 oPBItShRGiBM;,_and the Dbore
52. This portion of the counter bore thus fornms a chanber 70 within which
the col | &igweé7s shavesa modyication of the second embodiment; and

Figure 8 is a fluid circuit diagram of the tree of figures 7 and 7a.
Detailed Description of the Preferred Embodiments

Fig i'shows the bottom of a Christmas tree 10 attached to a tubing hanger 12 landed
in'a wellhead housing 14. The tubing hanger 12 is supported by casing hangers 16 and held
down by a lock down ring 18. It includes a concentric production flow bore 20 and a highly
radially offset annulus flow passage 22 formed by a pair of intersecting drillings 24, 26. The
upper end of the annulus flow passage 22 leads to an inlet port 28 of a pressure balanced

- integral shuitle valve 32, closeable for retaining annulus fluids below the tubing hanger. This
valve has outlet ports 30 communicating with a void 34 formed between the top of the tubing
hanger 12 and a seal stab assembly 36 of the Christmas tree 10. A circumferentially spaced

- series of dnllings 38 in the seal stab assembly 36 (only one drilling 38 shown) communicate
with an annulus flow conduit 40 in the tree 10 via an annular gap 42 formed between the seal
stab assembly 36 and the tree body 44. The lower ends of the drillings 38 communicate with
the void 34 thereby linking it with the Christmas tree annulus flow conduit 40,

As shown in Fig 1, there is ample space in the seal stab assembly 36 and tubing
hanger 12 for service lines, circumferentiaily spaced about the production flow bore 20 at a

similar radius from the hanger centre line in comparison to the annulus flow conduit/passage




piston. Hydraulic fluid is supplied to and vented fromthe chanber 70

t hrdugh ports 72, 74. In the position shown in Fig 2, the collar 66 lies
at the upper end of the chanber 70, with the sealing rings 62, 64 lying to
either side of the ports 30 to close the& valve 32. In this position,
supplying hydraulic fluid to the port 72 will cause the collar 66 and
shuttle 50 to nove downwardly, bringing the upper end of the shuttle 50
and the £3aB8, 44 BekEowch hac rﬂ@rlss;CB@'natlQa ndndprien ydelrs agsy eWath scprp dnch
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to the p cause rthe’s nove u Y,

~closed gewibellines shown in Fig 2. Wth the val ve cl osed, nelther annul us
pressure at the port 28 nor pressure in the void 34 will tend to cause
novenent of the shuttle 50. The valve 32 is therefore pressure bal anced
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required for actuation e small
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seal stab 78 of the running tool 76 includes an orlentatlon sl @t or, k% way
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provi ded on the bottom o seal stab 78, for coarse alignnment of the
runni ng seblassetbio34 trel thebinge hanmggeil2.12. Pr ovi sion of an orientation key
and keyway at the interior surface of a concentric tubing hanger production
bore provides sinple and direct passive orientation between the tubing

22??.6 A dag d t hq"g% SRRHE Galk@ 3L is BE $iRRME corlsRhtPRAE aBRnRE AERES 04lvE AXPIORAITRS
S Patent No 5769162, except that it is inverted so that instead of being provided at a lower

end of the tubing hanger annulus flow passage, it is situated at the upper end of the flow

passage 22, in the broadest part of the tubing hanger 12. This maximises the space available

for the valve 32, besides maximising sﬁace in the lower part of the tubing hanger for the large

- diameter production flow bore 20. This results in a very compact tubing hanger design.

As'shown in Fig 2, the valve 32 comprises an open-ended tubular shuitle 50 contained
partly in-a bore 52 formed in the tubing hanger 12, and partly in a housing 54 screw threaded
into a counter bore 56 and sealed to the counter bore 56 by O-rings 58. A lower end of the
shuttle 50 carriers a pair of sealing rings 60 which make a sliding seal between the shuttle

- and the-bore 52. An upper end of the shuttle 50 carriers two pairs of sealing rings 62, 64
Which similarly make a sliding seal with the housing S4. The shuttle 50 has an external
circumferential collar 66 carrying a pair of O-tings 68 which make a sliding seal with a
portion of the counter bore 56 between the lower end of the housing 54 and the bore 52. This
portion of the counter bore thus forms a chamber 70 within which the collar 66 slides as a
piston. Hydraulic fluid 1s supplied to and vented from-tiqe chamber 70 through ports 72, 74.
In the position shown in Fig 2, the collar 66 lies at the upper end of the chamber 70, with the
sealing rings 62, 64 lying to either side of the ports 30 to close the valve 32. In this position,
supplying hydraulic fluid to the port 72 will cause the collar 66 and shuftle 50 to move
downwardly, bringing the upper end of the shuttle 50 and the seals 64 below the ports 30,

- thus opening the valve 32. This position is shown in Fig 3, in which position supplying



Figs 5 and 6 show one possible |ayout of a Christmas tree 100 according to
the ' invention. The Christnas tree production bore 88 is closed at its
upper end by an internal tree cap 90, below which are positioned two crown
plugs 92, 94 in series. Plug 94 replaces’ the conventional production
master valve and plug 92 repl aces the conventional production swab valve,

thereby e]Jimnating the bulk and weight of the associated valve actuators.
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outl et branch 96 is connected to the production bore bet ween the two
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void 34, ’P(iﬂ:quiil:ed ?Ji}iaétxﬁﬁ&%'fme%l%ﬂ&mtﬁ&kﬂa?cﬁﬂalﬁ_r‘nu' us naster valve 104 and
annul us outlet valve 106. An annulus line 108 is branched off the annul us

flow conduit 102 from between the val ves 104, 106 and contai ns an annul us

wi ng val ve 110g. T, val ves 10 8 110. be. cqQnvent,.onal gate val ves
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contains a deyviated portion 112 which provides space in the tree block 114
for a croesgiuhnally spgageeble ovghp key &garaicchng ratialhning Hertibiag havgey errdustian

gate val Vigre @t’lp?&f)gﬁﬁon\ﬁf‘lﬁ{&it&i&x BefixRieON ipgcﬁqded on the bottom of the seal stab 78, for
- coarse alignment of the running tool 76 to the tubing hanger 12. Provision of an orientation

- key and keyway at the interior surface of a concentric tubing hanger production bore provides

simple and direct passive orientation between the tubing hanger and the running tool, without

reliance on orientation components carried by a BOP.

Figs 5 and 6 show one possible layout of a Christmas tree 100 according to the
invention. The Christmas tree production bore 88 is closed at its upper end by an internal
tree cap 90, below which are positioned two crown plugs 92, 94 in series. Plug 94 replaces
the conventional production master valve and plug 92 replaces the conventional production
swab valve, thereby eliminating the bulk and weight of the associated valve actuators. The
upper crown plug 92 together with the free cap 90 maintains a permanent dual pressure

barrier in the tree production bore.

_ A production outlet branch 96.is connected to the production bore 88 between the two
plugs 92, 94. A 6*/3 inch (162 mm) production wing valve 98, which may be a conventional

gate valve, I1s provided in the outlet branch 96.

An annulus flow conduit 102 is provided in the tree, connected to the conduit
40 and void 34, {ig. 1. This conduit 102 contains an annulus master valve 104 and annulus
outlet valve 106. An annulus line 108 is branched off the annulus flow conduit 102 from

between the valves 104, 106 and contains an annulus wing valve 110. The valves 104, 106,



in a crossover conduit 118 forned in the tree bl ock and extendi ng between
the deviated portion 112 of the annulus flow conduit 102 and the
production flow bore 88. This elimnates the need for a separately forned
external crossover conduit. Al of the tyee valves, except the annul us

wi ng val ve 110, are integrally formed with the tree block 114. Annul us

wing valve 110 is |located within a separate manifold 109, bolted and seal ed

to the trqg Ma?qke cgyﬁwenughzﬂsgalz @Ms%nﬁh%eﬁﬁr ahdiffaiatie/ Qukll @eesh@¥ Obdrrithat
is simlar to the one of figs. 5 and 6, but which differs in that a

- product i eilpeephyfortht venulEcdnguibr OVI ded upstream of the production w ng
valve 98 in the production outlet branch 96, replacing the crown plug 94. A
second crown plug 122 is provided in the production flow bore 88 above the

producti-on outd o anek Rticilil@ddiRizos) the dohelusr o dandgit 92 tentaias it ai n
a dual pressure barrier. As shown in Fi t he production w ng valve 98
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114.

Figs. 7and 8§ éhow an alternative tree layout that is similar to the one of figs. 5 and 6,

but which differs in that a production master valve 120 is provided upstream of the

- production wing valve 98 in the production outlet branch 96, replacing the crown plug 94. A
~ second crown plug 122 is provided in the production flow bore 88 above the production
outlet branch 96, in addition to the crown plug 92, to maintain a dual pressure barmier. As
shown in Fig 7, the production wing valve 98 is situated in a separate valve block 124. A
“separately fabricated extemal flow loop 126 forming the Crossover conduit connects the

" production outlet branch 96 in the valve block 124 with the annulus line 108 in the manifold
109, between the annulus wing valve 110 and the annulus line 108/annulus flow conduit 102

- junction. A crossover valve 116 (not visible in Fig 7) is provided in the external flow loop

126.

The two crown plugs 92, 122 maintain the permanent dua! pressure barrier in the tree
production bore and the tree cap 90 is therefore optional in this embodiment. Where the tree
- cap 90 is not used, a debris plate (not shown) can be located above the upper plug 92 if

desired, to ensure that stray objects falling onto the tree do not block access fo the crown

plugs.



desired, to ensure that stray objects falling onto the tree do not bl ock
access to the crown plugs. 9 Fig 7a shows a nodification of Fig 7, in
which the flow | oop 126 is replaced by a crossover conduit fornmed in the
tree block 114 by a pair of drillings 128, 130. These extend behind the

pl ane of the drawi ng and intersect each other behind the production bore 88
as shown. Drilling 130 intersects the production outlet branch 96 at the

~junction betwgen 7t RfowP b GHMEHERRNVY MU e VALY & HHOEK I 165pd1 ZNE fepReedbock
114. A crossover valve 116 is prQVIdEé in a position accomodated by the
- devi at edcpesaieononduit fofmediin thamge biock| 1ddbyerrhi of drilbpgs 133, 189k &hpserméend: o
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means of retaining annulus fluids. The invention may be utilised in . order
to maxi miEiE ot brosor Howsveh disaets dRisBISTHY GREoYsecondicr wlatvely
- downhol € 4GRE §F mabnlyABire, THE ABMEN b RNGH AT LRAGAS MBI g Py be more
conventi onal concentric Bore subsea ristmas tree systemthat can
accomodaptaetitdle | ar gest possi bl e di aneter production bore.

" “The invention in its preferred forms provides a large bore concentric tubing hanger

*with an integral, offset, pressure balanced annulus shuttle valve. The shuttle valve is located

in such a way that it has minimal impact on the functionality and size of the tubing hanger

- and provides the primary means of retaining annulus fluids. The invention may be utilised in

order to maximise the diameter of the pt’OdUCtiOl:l tubing and the number of downhole service

lines. The invention advantageously provides a conventional concentric bore subsea

‘Christmas tree system that can accommodate the largest possible diameter production bore.

~With such a system there riced be no dog leg at the interface of the Christmas tree and tubing

" hanger production bores. Tree height and weight may be minimised by re-configuring the

* associated valves and adopting a tree pressure barrier philosophy similar to that of a

horizontal subsea Christmas trée; using two plugs in the production bore, rather than valves.

‘The system is of relatively simple configuration and may employ a riser and tooling similar

1o those used with horizontal tree systems. This offers some potential for standardisation

- between tree types. Compatibility with existing concentric subsea test trees and monobore
riser technology is also provided, with the subsea test tree stackup achievable below the BOP

shear rams. The tubing hanger and Christmas tree may be designed to retain 10,000 psi (68.9

MNm?) working pressure. Continuous monitoring of downhole electrical and hydraulic

© equipment is possible whilst the completion is being run or pulled, by virtue of the tul;ing

- hanger/running tool orientation system, which allows connection of downhole service lines to

“_ appropriate service couplers in the running tool. It also allows passive re-engagement of the

~tubing hanger running tool to the tubing hanger during retrieval or intervention operations.



Wth such a systemthere need be no dog leg at the interface of the
Chri'stmas tree and tubing hanger production bores. Tree height and wei ght
may be m nimsed by re-configuring the associated valves and adopting a
tree pressure barrier philosophy simlar to that of a horizontal subsea
Christmas tree, using two plugs in the production bore, rather than valves.
The systemis of relatively sinple configuration and nay enploy a riser and
tooling simlar to those used with hdii zontal tree systens. This offers
sone potential for standardi sation between tree types. Conpatibility with
exi sting concentric subsea test trees and nonobore riser technology is

al so progrggms:wi th the subsea test tree stackup achi evabl e bel ow t he BOP
shear rans. The tubing hanger and Christmas tree nmay be designed to retain
10, 000 psi (68 9 MNmt 2) morking pressure. Continuous nonitoring of
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—connect i bord o acttagpregsinanig@riepy. oducti on bore, and a tubing annul us conduit
having a | ower end for connection to a tubing hanger tubing annul us
passage; at |east two renovable plugs being provided in series in the tree

production fl @WChristmas tree as defined in claim 1, comprising a production outlet
- branch connected to the production-flow bore and containing a production wing

valve; one said removable plugs being provided in the production flow bore

above the production outlet branch ‘and another said removable plug being

provided in the production flow bore below the production outiet branch.

3. A Christmas tree as defined in claim 1, comprising a production outlet
branch connected to the production flow bore and containing a production master
valve and a production wing valve in series; two said removable plugs being

provided in the production flow bore above the production outlet branch.

- 4. A Christmas tree as defined in claim 3, comprising a crossover flow
conduit



bore to act as pressure barriers. 2. A Christmas tree as defined in claim
1, conprising a production outlet branch connected to the production flow
bore and containing a production wing valve; one said renovabl e plugs
being provided in the production flow bore above the production outl et
branch and anot her said renovable plug being provided in the production

fl ow bore bel ow the production outlet branch. 3. A Christmas tree as
defined in claim11, conprising a produttion outlet branch connected to the
production flow bore and containing a production nmaster valve and a
production wing valve in series; two said renovable plugs being provided
in the pceAtHihing Hd@é!ob@f @al@@%\ﬁ% éﬁ@nﬁlhﬁp%'wwg%ltﬁé gl? #TB faster
Christmas tree as defined in claim3, rising a crossover Mot Condui t
11 cont &ndiwiggavatvessindheoullat bearshdodie dulting @nhutus dmetduiten t he product i on
master and wing valves in the outlet branch to the tubing annulus conduit.
5. A Christmas tree as defined in claim4 conprising a tree bl ock and
“wher ei n. Bhe. CROSRRMABOTEYI &s CdzéfmeUSﬁﬁ il WWchafRisthy & ek bfbckhsnaree
block. 6. A Christnas tree as cl ai med in claim1 and substanti al |

descri bedhgrein thearessaves cepduit campsinesse flaw laqpuexterml imthestree bfb,ck?a and 8
of the draw ngs.

. B. A Christmas tree as claimed in claim 1 and substantially as described with
.reference to or as shown in figures 5 and 6 or 7, 7a and 8 of the drawings.



