1 Large Bore Subsea Christmas Tree and Tubi ng Hanger System Field of the
I nvention This invention concerns subsea conpletions and nore particularly
relates to a conpletion arrangenent th?t may be used to provide a |large
bore, high pressure, conventional (i.e! non-horizontal), concentric
Christmas tree and tubing hanger system Background of the Invention For
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- 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
arrangement is increased, a large offset is often provided between the wellhead centre line
‘and the fluid con@ucting bores at the tubing hanger / tree interface, primarily to avoid
excessive cnlargcrﬁent 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 concentric tubing
hangers, there need be no offset in the production bore, but the tubing' ahnulus offset is
cortespondingly larger. A very large offset in eit_her the production bore or the tubing

annulus bore will prevent wireline access.

Dunng 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 tubing
hanger and tree design relatively bulky and incapable of accommodating large numbers of

downhole service lines.




hangers are avail abl e which have a hydraulically operated annulus isolation
val ve rather than a plug. However it has usually been the practice to
provide wireline access to this valve, for energency operation in case of
hydraul i c 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 bulky and incapable of
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One aspect of the present invention provides a tubing hanger comprising a
substantially centrally located production bore, and a tubing hanger running tool; the running
tool including a recess longitudinally engageable with a projection extending from the tubing
hanger production bore, whereby the running tool may be orientated for engagement with
the tubing hanger.




hanger production bore, whereby the running tool may be orientated for
engagenent with the tubing hanger. 3 The various aspects and preferred
features of the invention are described below with reference to
illustrative enbodi nents shown in the dragwings. 4 Brief Description of the
Drawi ngs Figure 1 shows the interface between a tubing hanger enbodying the
invention and a Christmas 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
runni ng t00|ﬁ$ aged wth the tublng hanger of flgure 1; ure 5 shows a
first enbodi pus gepeetirandinrakemed dea t'éﬁes ok éhe inyentianere dﬁ@%ﬁé bglavg with
fluid c i f gure 7 shows a second
erbodi et CHBOE Lo BRLAL syl e Brsding, * B Jure-7a shows. 8

nodi fication of the second enbodi nent; and Figure 8 is a fluid circuit
diagram of the tree of figures 7 and 7a. Detailed Description of the
Preferred Enbodinents Fig | shows the bottomof 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




 space

down by a lock down ring 18. It includes a concentric production flow bore
20 and a highly radially offset annulus flow passage 22 fornmed 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 bal anced integral
shuttle valve 32, closeable for retaining annulus fluids bel ow the tubing
hanger. This valve has outlet ports 30 conmunicating with a void 34 forned
bet ween the top of the tubing hanger 12 and a seal stab assenbly 36 of the
Chri st tree 10, nferentlally spaced series of drillings 38 in
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- Figure 7a shows a modification 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 Emboadiments

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 dﬁllings 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 retaining annulus fluids below the tubing hanger. This
valve has outlet ports 30 communicating with a void 34 formed between the to;; of the tubing
hanger 12 and a seal stab assembly 36 of the Christmas tree 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 scal

~ 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 i, there is ample space in the seal stab assembly 36 and tubing

similar radius from the hanger centre line in comparison to the annulus flow condun/passagc




stab assenbly 36 and the tubing hanger 12. } The shuttle valve 32 is of
simlar construction to an annulus access valve disclosed in US Patent No
5769162, except that it is inverted so thag instead of being provided at a
| ower 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 nmaxim ses the space available for the valve 32, besides
maxi m si‘dg 38pdke Gne sueb lingwkr ispeshemeticalligndighicd gn Haeetindésor Wikte sévangiech

di anet er, on.f1ow bore 20 . This results in a very.conpact tubin
hanger éé@gurg‘ﬂ%%sﬁ%%%m}“g i’éheéej 1S{HQUEILIOG R %E“E&h@?’ir feé‘??“&géﬁ-“éﬁ‘b‘@ﬁg
t ubul ar sshidetlir2s50 contained partly in a bore 52 fornmed 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 0O-rings 58. A |lower end of the
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seal vvith~tgq~ho sing. 54. The shuttle 50, has an external circunferential
col l'ar 86 24aesk Aojva ringi 18, afuitherangulapsealing emeriddetucan theiloek dewn ringt 18 a
the bore 52. This portion of the counter bore ornms a chanber

wirt hi n wiab @bsentbdy 36hndithcdehisg hatesr48. a  piston. Hydraulic fluid is supplied
to and vented fromthe chanber 70 through ports 72, 74. In the position
shown in Fig 2, the collar 66 lies at the upper end of the chanmber 70, wi-th
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valve 32. In this position, supplying hydraulic flui e port 72 will
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~cause t HS Ragentdio B&UAS. exsentithet i6G invertrdwse 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 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 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 shuttie
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-rings 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 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,
supplying hydraulic fluid to the port 72 will cause the collar 66 and shuttle SO 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




downwardl y, bringing the upper end of the shuttle 50 and the seals 64 bel ow
the ports 30, thus opening the valve 32. This position is shown in Fig 3,
in which position supplying 6 hydraulic fguid to the port 74 will cause
the shuttle to nove upwardly, returning to the closed condition shown in
Fig 2. Wth the valve closed, neither annulus pressure at the port 28 nor
pressure in the void 34 will tend to cause novenent of the shuttle 50. The
val ve 32udsaulicHidiothe ppriddstilleaps thaskidtiafumese nawpaly, ﬁe@p@mtq b closke
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bulk and melght of the assoclated valve actuators. The
- " 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 ortentation 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 buik 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, 1s 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,




upper crown plug 92 together with the tree cap 90 nai ntains a permanent

dual pressure barrier in the tree production bore. A production outlet
branch 96 is connected to the production bgre 88 between the two plugs 92,
94. A 63/8 inch (162 mm production wi ng valve 98, which may be a
conventional gate valve, is provided in the outlet branch 96. An annul us
flow conduit 102 is provided in the tree, connected to the conduit 40 and
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annulus outlet valve 106. An annulus line 108 is branched off the annul us
f1 ow coridulosophydor the gnnes gpadiitt he val ves 104, 106 and contains an annul us
w ng valve 110. The valves 104, 106, 7 110 may be conventional gate val ves
and together rmaintain the dual pressure barrier philosophy for the annul us
condui t. As-showhowBrBoRapdrticuthdy i Fig §i theSanrthe Aswutaigluftl D02 eondinsta 102
contains a, deviated gortion 112 which provides space in the tree block 114
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separate manifold 109, b sea o the tree block 11
except the annulus wing valve 110, are integrally formed with the tree block 114. Annulus

}
' wing valve 110 is located within a separate manifold 109, bolted and sealed to the tree block

114.

Figs. 7 and 8§ show an altemative tree layout that 1s 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 ﬁlug_lZZ 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 armulué 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 extemnal 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 debds plate (not shown) can be located above the upper plug 92 1if

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

plugs.




Figs. 7 and 8 show an alternative tree layout that is simlar to the one of
figs. 5 and 6, but which differs in that a production master valve 120 is
provi ded upstream of the production wi ng yalve 98 in the production outl et
branch 96, replacing the crowm 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.
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as, shopfctidali | 1ing 130 intersects the production outlet branch 96 at the
junction between the
- The iﬁvcntion 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 productiorrl tubing and the number of downhole service
lincs. 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 barrier philosophy similar to that of a
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 fo retain 10,000 psi (68.9
: MNm'z) 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.




production wi ng val ve block 124 and the tree block 114. A crossover valve
116 is provided in a position acconmpdated by the deviated portion 112 of
the annulus flowconduit. 102, in |ike magner to Fig 5. The crossover
conduit and crossover valve 116 of Fig 7a is represented in Fig 8 in
dotted |lines. However, because this internal crossover conduit is
relatively difficult to manufacture, the external flow |oop and crossover
valve of Fig 7 may be nore practical. The invention in its preferred forns
provi des a | arge bore concentric tubing hanger wth an integral, offset,
pressur g,k %tﬁnced annul us shuttle valve. The shuttle valve is located in
such a at it has mninmal inpact on the functionality and size of the
t ubi ng hanger and provides the primary nmeans of retaining annulus quids.
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or pro;ectlon for longitudinal engagement with a complementary projection or recess on
a Christmas tree to provide alignment between the tree and tubing hanger.




shear rans. The tubing hanger and Christmas tree may be designed to retain
10,000 psi (68.9 MM 2) working pressure. Continuous nonitoring of
downhol e el ectrical and hydraulic equipnment is possible whilst the
completion is being run or pulled, by virtu® of the tubing hanger/running
tool orientation system which allows connection of downhol e service |ines
to appropriate service couplers in the running tool. It also allows

passi ve re-engagenent of the tubing hanger running tool to the tubing
hanger during retrieval or intervention operations. 9 CLAIMS: 1. A tubing
hanger conprising a substantially centrally |ocated production bore, and a
tubi ng hanger running tool; the running tool including a recess

| ongi tudinally engageable with a projection extending fromthe tubing
hanger paoduchi @BingOREngethey elt¥med e didink Nghd %ﬁbstaﬁaéll?% OHL&RBL St OF
engagenment with the tubing hanger. 2. A tubing hanger ang running tool as
defined in cl %fereAce forasdhayn amfige daf the drawings! i x provi ded on the running
tool to guide the projection into the recess. 3. A tubing hanger and
running tool as defined in claiml1l or 2, conprising a recess or projection
for |ongitudi nal engagenent with a conpl enentary projection or recess on a
Christmas tree to provide alignnent between the tree and tubi ng hanger. 10
4. A tubing hanger as clained in claiml and substantially as descri bed
with reference to or as shown in figure 4 of the drawi ngs. Abstract




Large Bore Subsea Christmas Tree and Tubi ng Hanger System A concentric
tubi ng hanger 12 includes a radially offset tubing annulus passage 22

cl oseabl e by a renotely operable valve, preferably a pressure bal anced,
hydraulically operated shuttle valve 32 at the upper end of the passage
22. The hanger 12 is of relatively conpact design, accommodating a | arge
di aneter production bore and a | arge nunber of downhole service |ines 46.
Service line couplers 35 and outl etApsrics 30 of the valve 32 are housed in
a void 34 defined between the tubing hanger and a seal stab assenbly 36 of
a subsea Christmas tree 10. The couplers 35 are bathed in annulus fluid. A
tubing hanger rpp er;gmte.cs%sé{éh iSirflas TelaAQ! HilFRg HatloPF Sy T10. 4) and
orientation helix (86, fig. 4 MLIC Co- operate %ﬂth a key 82 projecting
into the production bore 20 to provide passive orientation between the
tool (76) and hanger. 12.. A subsea Chri,stmas..tree Q0,. fig. has an

annul us cong‘u?cinc HEr JabiRg h&“%"é\/]l%a't_ng{ﬁ‘dﬁgo? f?%ﬁﬁ}( ?‘ifge]t tPpige ag‘?‘?@if PaYI*RG “Poom
in the theani 9? ka fi@motclPYRResdble GANGUIptefeRblyY al Yeséukd Salshé&d, f hgiraBlcallJwo or
more valves in the productiion flow path may "be ~substituted by crown pl ugs
t 0 saveoparated shitide aalyeviddi ghibe upiicgenéofithe passage 22. The hanger 12 is of relatively

compact design, accommodating a large diameter production bore and a large number of
*downhole service lines 46. Service line couplers 35 and outlet ports 30 of the valve 32 are
housed in a void 34 defined between the tubing hanger and a seal stab assembly 36 of a
‘subsea Christmas tree 10. The couplers 35 are bathed in annulus fluid. A tubing hanger
running fool (76, fig. 4) includes a slot (80, fig. 4) and orientation helix (86, fig. 4) which co-
. operate with a key 82 projecting into the production bore 20 to provide passive orientation
beiween the tool (76) and hanger 12. A subsea Christmas tree (100, fig.5) has an annuijus
conduit including a deviated portion (112, fig. 5) allowing room in the tree block for a bypass
- conduit and Vaive (118, 116 fig. 5). Two or more valves in the production flow path may be

substituted by crown plugs to save tree bulk and weight.

Figure 1 .




