1 Large Bore Subsea Christmas Tree and Tubi ng Ranger System Field of the
i nvention 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. tnon-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 holiazrpnBate $ukes Clifis¢maoTrecomdal ubingdlangredystdmas proven to
be | ess advantageous than originally forecast in terns of.installation
times and design conplexity. A demand has therefore arisen for a |large
bore convaRLigyTdhe invBRtioS the size of the production bore in a
conventional Christmas tree and tubing hanger arrangenent is increased, a
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fluid conducting bores at the tuhi.n nger: r | nt ri ' o]
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bore t ubi QO KRR Sentkl)] Conceitis Shris@is @t 8&1 fubirgdrhgafsybfaem. pr oduct i 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 respon@a@ﬂéyoulngrqg%e Bxﬁ(e\ﬁ?{o}'l | arge offset in either the production bore
or the tubi'ng® annul'us bore Wil prevent wireline access. During

instal | ation offopaeq) lvedtebdeeclopthénty ithéngew scdnsideednthee Seaventionak tes have

wireline plugs in both bores. This_requirenent therefore restricts ttlgSS
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it ‘has usua ctice to provide wireline access to this valVve,
for - 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
arrangement 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 parallcl.bore tubing hangers, this
offset can arise in each of the production and tubing annulus bores. For concentric tubing
hangers, thcr'e“ need be no offset in the production bore, but the tubing 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 availablc which have a hydraulically operated annulus isolation valve rather than

"aplug. However it has usually been the practice to provide wireline access 1o 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 tubing
hanger and tree design relatively bulky and incapable of accommodating large numbers of '

downhole service lines.



energency operation in case of hydraulic actuator failure. Provision of
such access and the consequent need to avoid dog | egs at the tubing
hanger/ tree interface makes the tubing hanger and tree design relatively
bul ky and i ncapabl e of accomuodati ng Iargg nunbers of downhol e service
lines. 2 Providing full wireline accessibility in a |large bore
conventional conpletion therefore |eads to a |large and heavy Christmas tree
and tubi ng hangefovidigg alll @irkRik actBRIBIRREH aIBig8hbore dduVbhtidral cdhipielibh th&8rore
gear used to transfer equi pnent between supply and installation vessels is
appr oxi mat &hds 05 lasgmand hepyy Chirstes free prdaBivens HangeringigHeteatt | Sharprn wsichhs
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accessibility for the annulus isolation valve is abandoned. By this_ neans
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mai nt ai ni : Qe Wit hi t L 0ol 5 .
0 honet oneop et AetiEh Sibroviictts hrd ssfile, 13016 th i REhPnd e trec it
aspect of windineraesesibility\fenttic annpln Wotltnaratiris abamsndd. eBy cloiemidans g abhpdy
within which is forned roduction f] ow bore havinq a lower. end for .
connect i of&4a] be ‘lﬁ‘B’f‘?rEf%h'gr@é’F" pt}cgaﬁmg&%mberf gore whilst mpinfaiging {he tge weight
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annul us passage; the production flow bore and the tubing annulus conduit

being i nterconnected by a crossover conduit formed within the tree body;
wherein t e tuEiq@.ﬁPnulu . conduit includes a deviation within the tree
body, al | BWFHE2 BIREADYNH9Fal ve in the crossover conduit.

One aspect of the present invention provides a Christmas tree comprising a body

- within which is formed a production flow bore having a lower end for connection to a

“tubing hanger production bore, and a tubing annulus conduit having a lower end for

connection fo a tubing hanger tubing annulus passage; the production flow bore and the

tubing annulus conduit being interconnected by a crossover conduit formed within the
tree body;

wherein the tubing annulus conduit includes a deviation within the tree body, allowing

room for a valve in the crossover conduit.



3 The various aspects and preferred features of the invention are
descritbed below with reference to illustrative enbodi nents shown in the
drawings. 4 Brief Description of the Drawings Figure 1 shows the interface
bet ween a tubi ng hanger enbodying the invention and a Christnas tree;
Figure 2 shows the tubing hanger tubing annul us passage valve in nore
detail, in a closed position; Figure 3 shows the valve of figure 2 in an
open position; Figure 4 shows a tubing hanger running tool engaged with the
tubi ng hanger of figure 1; Figure 5 shows a first enbodi nent of the
Christmas tree of the invention; Figure 6 is a fluid circuit dlagran1of t he
tree of figuregysy, aﬁ%&y&%e&s%H@‘g’&f@n%f&nﬁe:eabﬂﬂuﬂmﬂmnfaﬁt descdbed Selowswithee
of the |nvent|on e 7a s a.nodi ficati.on of the second enbodi nent;
and Fi guh&anﬂesloallilétmtﬂe('}mbodImcﬂﬂﬁ shomanindhe g1¥i88See 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 tubing 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 intersecting drillings 24, 26. The wupper end of the annulus flow
passage 22 leads to an inlet port 28 of a pressure balanced integral
shuttle valve 32, closeable for retaining annulus fluids below the tubing
hanger. This




val ve has outlet ports 30 communicating with a void 34 fornmed between the
top of the tubing hanger 12 and a seal stab assenbly 36 of the Christmas
tree 10. A circunferentially spaced series of drillings 38 in the seal
stab assembly 36 (only one drilling 38 shpwn) communicate wth an annulus
flow conduit 40 in the tree 10 via an annular gap 42 fornmed between the
seal stab assenbly 36 and the tree body 44. The | ower ends of the
drillings 38 comunicate 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 thdefddescriptian ohtlseRHrYings and tubing hanger 12 for service lines,

circunferenti aI aced .abo ad t har
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condui t/ pagsagfadiree?2, 38, 40. One such I ine 46 is schematically indi cat ed

in dotted lines. Wth seven inch (178mm) production tubi n&i @% 1therel
enough rodfigwer2 shewsohe tebing bapgsr dWRipZ ARG BISSRGSLYRYE IRP aif; 1A s Clo3¢d,
void 34 pr %l”tlgﬁs space for service line couplers 35, which are bathed in
the annulf§ Uid. The void 34 is sealed by an annul ar sealing ring 37
‘bet ween t IRigirtBishewhditgeilve diXigunel2 ioakomdwositiong 18, a further annul ar

sealing ring 39 between the | ock down rin ee se
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constructioh to an annulus access val ve disclosed in US Patent No 5769162,
except thﬂgureélusaﬂmdemtoedckagram@tfthcrtme@éﬁgm‘efbel ng provided at a | ower

end of the.tublng hanger nl s flo ey, Sil d at the upper
end of th I&%?v g‘b g “g Smy qu%oﬁgﬁgﬁ%gﬁcoﬁhﬁlﬁ?@hgi ng hanger 12.
Thi s maxi pises74 BRWARIAIRIbRST e sédhd EMBodialene aad, besi des maxi ni sing

space inthe lower part of the tubing hanger for the Iarge
' Flgurc81saﬂu1d circuit diagram of the tree of figures 7 and 7

Detailed Description of the Preferred Embodiments

Fig 1 shows the boftom 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 shuttle valve 32, closeable for refaining 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 free 10. A circumferentially spaced
series of drillings 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, circumferentially spaced about the production flow bore 2¢ at a

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



di amet er production flow bore 20. This results in a very conpact tubing
hanger design. As shown in Fig 2, the valve 32 conprises an open-ended
tubul ar shuttle 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 Orings 58. A lower end of the
shuttle 50 carriers a pair of sealing rings 60 which make a sliding seal

bet ween the shuid.| ©ncandh e 450%8&cRémaAy PREEaENh BbuddBn&hutitiliesdn inch
carriers two pairs of sealing rings 62, 64 which simlarly nmake a sliding

seal wi t h{(iHenthppeidnetiGyubinpdSsthera isens@hitaemdar eix toet plagumicrontially distruted
collar 66 carrying a pair of Orings 68 which make a sliding seal with a
portion of A'KE ¥tnt er bore 56 between the | ower end of the housi ng 54 and
the bore 52. This  portion of the counter bore thus forns a chanber 70
within which the collar 66 slides as a piston. draulic fluid is supplied
to and vented flhemoithd4cavifes swet for sagisepdre soupters 22, which prrebyfbed dg e

shown in Ej -he |) af ! t t - 7 ith
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the val Vestgl?assa?ﬂbgr Wﬁ&ﬂh@ﬂxﬂi&gﬁﬁ%ﬁplﬁ.” Fig 3, in which position supplying
' Id to the port” 74w

6 hydraulic flui 'l cause the shuttle to nove upwardly,
returning to the closed condition showmn in Fig 2. Wth the val ve cl osed,

nei t her annul ressure at.the.port 28 nor. ressure in the void. BA
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chanber 70 required for actuation of the shuttle is therefore small. Fig 4

shows a rendrefdettobing 1@ngergargatiswilow passage,ubiih githrdetyat theuppar spdetidiee daw
tlow. passage 22, in the broadest part of the tubihg hanger 12. This maximises the space available

for the valve 32, besides maximising space 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 shuttle 50 confained
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 shufttle

o 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 54. The shuttle 50 has an external
circumferential collar 66 carrying a pair of O—ﬁngs 68 which make a sliding seal with a

fwonion 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 is supplied to and vented from the 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,
supplyiﬁg hydraulic fluid to the port 72 will cause the collar 66 and shuttle 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



bore seal stab 78 of the running tool 76 includes an orientation slot or
keyway 80 |ongitudinally engageable over a key 82 projecting radially into
t he tubi ng hanger production bore 84. An optional orientation helix 86 is
provi.ded on the bottom of the seal stab 78, for coarse alignnment of the
running tool 76 to the tubing hanger 12. Provision of an orientation Kkey
and keyway at the interior surface of a concentric tubing hanger production

bore provi gesaulfd MRk achdH 761 DRSS ISHRHile 26 hadcQp vReIIVERAIAIRE 1& WR A8sed

hanger and the running tool, without reliance on orientation conmponents
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simple and direct passive orientation between the tubing hanger and the running toal, 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 trec.produ_ction-borc 88 is closed at its upper end by an internal
tree cap 90, below which are positioned two crown plugs 92, 94 in seres. 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 tree 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°/s inch (162 mm) production wing valve 98, which may be a conventional

gate valve, is provided in the outlet branch 96.

An annulus flow conduit 102 is provided in the tree, connected to the conduit
40 and void 34, fig. 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,



phil osophy for the annulus conduit. As shown nore particularly in Fig 5,

t he annulus flow conduit 102 contains a deviated portion 112 which

provi des space in the tree block 114 for a crossover valve 116, which
again may be an ot herw se conventional gate valve. Crossover valve 116 is
provided in a crossover conduit 118 forned in the tree block and extending
between the deviated portion 112 of the annulus flow conduit 102 and the
production flow bore 88. This elimnates the need for a segﬁratehﬁ f or.med

external cri8sEBvehe Eamuional fgate ofalteR ndy ingear yrntaing the, drak RECSIIE pEcT

W ng val verlidthphdtér chobefid doaligr med with the tree bl ock 114. Annul us
wing valve 110 is |located within a separate manifold 109, bolted and seal ed

to the tree block 114. Figs. 7 and 8 show an alternative tree |ayout that

is simlar to the one of figs,. nd_G,. which differs ;i a -
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second crown plug 122 is provided in the production flow bore 88 above the
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is situated’in ock separa cate

external fpbaitnl O of 2he faaniiud Oflé ¥ Ecohd e SKZeindC ted pidducom diivs tone 88.  This
production_outl et branch 96 in the valve block 124 with the annulus | ine
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(not visible®In I'sprovided in ow | oop 126. The two
crown pl ugsn®alvd PR) ivdocutal withinea seprranmatifaldAD9,drodsd and sbaled tetheitreettieck
tree progﬂftion bore and the tree cap 90 is therefore optional in this
enbodi ment :“-Where the tree

Figs. 7 and 8 show 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 outle:t 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 barrier. ‘As
shown in Fig 7, the production wing valve 98 is situated in a separate valve block 124. A
separately fabricated external 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 extemal 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 to the crown

plugs.



cap 90.is not used, a debris plate (not shown) can be | ocated above the
upper plug 92 if desired, to ensure that stray objects falling onto the
tree do not block access to the crown plugs. 8 Fig 7a shows a

nodi fication of Fig 7, in which the flow |loop 126 is replaced by a
crossover conduit formed in the tree block 114 by a pair of drillings 128,
130. These extend behind the plane of the drawing and intersect each other

behi nd the production bore 83.as shawn. Drill] 130 i nt ects the .
rotuct i on but I 7hRMERe SR AR of Ge?i B bishddes HoPHsR? JPBdE i b bng
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nore practical. The invention in its preferred forms provjdes a I,arge bore
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provi-desr{ﬁggmyentional concentric bore subsea Christmas tree systemthat
can acco ate the | argest possible dianeter production bore. Wth such a
systemthere need be no dog leg at the interface of the Christnmas tree and

tubing hanger ot QUNGELOM ROLERimel 85n! plelRles A gt L I co BB Bl Pl Y

' 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 pI‘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 need 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 barier philosophy similar to that of a

7 - horizontal subsea Christmas tree, 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

to those used with horizontal tree systems. This offers some poiential 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 tubing

~ 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.



associ ated val ves and adopting a tree pressure barrier philosophy simlar
to that of a horizontal subsea Christnas tree, using two plugs in the
production bore, rather than valves. The systemis of relatively sinple
configuration and may enploy a riser and tooling simlar to those used

Wi th horizontal tree systens. This offers sone potential for

standardi sation between tree types. Conpatibility with existing concentric
subsea test trees and nonobore riser technology is also provided, with the
subsea test tree stackup achievabl e below the BOP shear rans. The tubing
hanger and Christmas tree may be designed to retain 10,000 psi (68.9 MIm
2) working pressure. Continuous nonitoring of downhole electrical and
hydraul i c Ce§INM#nent is possible whilst the conpletion is being run or

pull ed, by virtue of the tubing hanger/running tool orientation system

whi ch al |l ows connection of downhole service lines to appropriate service
coupl ers ih theh Chrstinag trtcoadmpriking altedy mithmvmhiﬂa&sfomﬁedrep@mgﬂgeIﬁewtbo&f t he
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3. A Christmas tree according to claim 1, wherein the tree production flow bore is coaxial

with the tubing hanger production bore which in turn is substantially centrally located within a

tubing hanger.

4. A Christmas tree as defined in any one of claims 1 -3, comprising a production outlet
branch connected to the production flow bore-and containing a production wing valve; one said
removable plug 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

outlet branch.

5. A Christmas tree as defined in any one of claims 1 — 3, comprising a production outlet
branch connected to the production flow bore and containing a production master valve and g
production wing valve in series; two said removable plugs being provided in the production flow

bore above the production outlet branch.



bore to allow wireline access to the tubing hanger production bore through
the tree production flow bore upper end. 3. A Christnas tree according to
claim1l1, wherein the tree production flow bore is coaxial wth the tubing
hanger production bore which in turn is substantially centrally |ocated
within a tubing hanger. 4. A Christmas tree as defined in any one of
clains 1 -3, conprising a production outlet branch connected to the
production flow bore and containing a production wi ng valve; one said
renmovabl e plug being provided in the prIBducti on flow bore above the
production outlet branch and another said renovable plug being provided in
the production flow bore bel ow the production outlet branch. 5. A

Chri st mas $ree AShERuRgsirselay delinedin glaan Hfcomprsings: cossova flooapliistdngining a
producti Ol’brﬁvdweﬁalveﬁ_ﬁ@-aﬁéﬁdﬁ? G Hefifteh ﬂieét])%ucwog q’lggtg:lj and \Jll’ll O\\!’e\lllvl%s? {n%heagluﬂ t

contai ning a gro uction master valve and a production Wi hg val ve i
series: two™Safodhe ubipaBrles ¢andgs bei ng provided in the production flow
bore above the production outlé&t branch. 10 6. A Christmas tree as‘defined
inclaim 57 cogﬁ{:' sing a crossover flow conduit containing a crossover

val ve and ‘exte ll?‘fﬁmf GRT Beetedrin elpian Growizing sircotieskend ahaeinihegrossveres | n

t he out | etcondvitaoreftistst fiddelobpidXidithl BN BIeRNdUi t. 7. A Christnmas tree as
defined in claim6 conprising a tree block and wherein the crossover
conduit conprises a flow | oop external to the tree block. 8. A Christnas
tree as clal ned Ghisilagiren & chfitkdsubisinaniddahbshn@ily 48 8GEiRE diidrled ey ence to

or .as ShQMoWinfﬂgg}ég ?%nd56 (?fr]]??aGana% oZthe?:l%w?h%g 8 of the draw ngs.



