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NON-ORIENTATING TUBING HAMNGER AND TREE

{ross-Reterence to Related Applications

The present application clatms priovity to U.S. Provisional Application Serial No,

62/747,280 filed on October 18, 2018 which is incorporated herein by reference in its entirety.

TECHNICAL FIELD
The present disclosure relates generally to wellhead systems and, more particularly, to
non-orientating tubing banger and free with a scal sub that facilitates electrical and hydraulic
connections between the tree and the tubing banger regardless of the orientation in which the tree

is positioned, relative to the wellhead and tubing hanger.

BACKGROUND

Conventional wellhead systems include a wellhead honsing mounted on the upper end of
a subsirface casing string extending into the well bore. During a drilling phase, a drilling viser
and BOP are installed above a wellhead housing (casing head) to provide pressure control as casing
is installed, with each casing string baving a casing hanger on its upper end for Janding on a
shoulder within the welthead honsing. A tebing string is then installed through the well bore, A
tubing hanger connected to the upper end of the tubibg string is supported within the welthead
housing above the casing hanger to suspend the tublng string within the casing string,  Upon
completion of this process, the BOP is replaced by a Christmas tree installed above the wellhead
housing, with the tree having production and annulas valves 1o enable the oil or gas to be produced
and directed into flow lines for transportation to a desired facility.

Conyentionally, the tubing hanger contains norerons bores and couplings, which reguire
precise aligament with corresponding portions of the free. There are two ways to achigve
orientation of such a tree relative to.a tubing hanger. The first uses & tublag spool assembly, which
tatches to the wellhead and provides landing and ovientation featares. The tubing spool is very
expensive, however, and adds height to the overall stack-up, Additionally, the drifling riser must
be retripved to install the tubing spool. The drilling riser will then be vedeploved and conmeeted to
the tubing spool, for installing the tublog hanger. It frequently requires installation by expensive
drithing vessels.

The second method of orienting a tree relative to a tubing hanger fuvolyes the use of a

blowout preventer (“BOPY stack with a hydraulic orientation pin and tubing hanger orientation
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adapter joint. This method requires detailed koowledge of the particnlar BOP stack i order to
accarately install a hydraolically actuated pin, which protrudes info the BOPF stack bore. An
ortentation belix is attached above the tubing hanger running tool, and, as the tubing hauger is
installed, the helix engages the hydraudic pin and orientates the tabiog boves to a defined direction.
This method reguires accurate drawings of the BOP stack elevations and spacing between the main
bore and the outlet flanges, which may requive bowrs of surveying and multiple trips to make
measurements,  Room for error exists with this method, particalacly in older vigs. Thus, thig

methed requires significant up-front planning.
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BRIFF DESCRIPTION OF THE DRAWINGS

For a more complefe understanding of the preseut disclosure and ity foatures and
adyantages, reference is now made to the following deseription, taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a schematic cutaway view of components of a production system having a non-
orientating tubing hanger and tree with a seal sub. in aceordance with anembodiment of the present
disclosure;

FIG. 2 is a cross-sectional view of a production systerm having a non-orientating tybing
hanger and tree with a seal sub, in accordance with an embodiment of the present disclasure,;

FIG. 3 is an expanded cross~sectional view of a portion of the production system of FIG.
2, in accordance with an embodiment of the present disclosure;

PG 4 s a cross-sectional view of an electrical connection formed within a scaled zone
of the seal sub of FIGL 3, i accordance with an esmbodiment of the present disclosure; and

FIG. § is a cross-sectional view of the electrical connection and sealing components of
FIG. 4 showing force transter through these components, in accordance with an embodiment of

the preseut disclosure.
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DETAILED DESCRIPTION

1Bustrative smbodiments of the present disclosure ave deseribed o detall hevein, T the
interest of clarity, not all features of av actual implementation are deseribed in this specification,
It will of gourse be appreciated that in the development of any such actual embodiment, numerous
implementation specific decisions must be made to achieve developers’ specific goals, such as
complisnce with system refated and business-related consiraints, which will vary from one
implementation to ancther. Moreover, 1t will be appreciated that such a development effort might
be complex and time cousuning but would nevertheless be a routing undertaking for those of
ordinary skill in the art having the benefit of the present disclosure. Furthermore, in no way should
the following examples be read to limit, or define, the scope of the disclosure.

Existing wellhead systems generally inelude a tubing banger that is disposed within a
wellhead to hold a tubing string deployed downhole, and a tree that is positioned on the welthead
to form flaid connections to downstream components.  Electrical, hydraulic, and/or fiber optic
signals are often cormmanicated through the wellhead system, between the tree and the tubing
hanger. In existing wellhead systems, a tree that is positioned on the welthead must be properly
osignted with reapect to the tubing hanger that is setin the welthead to make up roultiple couplings

gs or stabs allow electric, hydrandic,

&

or stahs between the tubing banger and the tree. These couplin
and/or fiber optic signals to be communicated from the free to the tubing hanger and various
downhole compenents,  Existing methods for orienting a tree relative 1o a tubiug hanger in the
wellhead involyve the use of cither ay expensive tubing spool or a BOP stack orientation pin and
tubing hanger running tool orientation adapter joint, which can be difficult to properly place on
the wellhead and sxpensive to adjust if impropesly placed.

The present disclosure is directed to systems and methods for landing a tubing hanger in
a welthead, landing a tree on the wellhead, and making electrical and hydraulic conplings between
the tree and the tobing banger without baving to origat the tree or the tubing hanger welative to
each other, Thivis accomplished withont the use of either a tubing spoot or g BOP stack with ap
orientation pin, The disclosed tubing hanger and tree are considered “non-orientating,” meaning
that neither of these components need b oriented with respect to cach other or the wellbead to
make the electrical and hydraxdic connections thesebetween,

The disclosed system and method tovolves a seal sub that is coupled 1o the tree and
towered with the tree into contact with the tubing hanger located in the wellhead, The seal sub
features an electrical connection that facilitates electrical coupling of the tree to the tubing hanger.

The tnbing banger and seal sub may inclede a sostal-to-metal and glastomeric seal arrangement

4
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designed 1o seal off the electrical conneetion when the tres Is positioned within the welthead, The
tnbiog hanger Iy equipped with ao Touer gallery of hydraulic fuid ports and one or more stinger
checks that ave spring loaded. The spring-loaded checks are designed 1o slide vpward when the
inner gallery of the tubing hanger is not scaled against by cither a running tool or the seal sub,
thereby closing a hydraulic commanication port through the tubing hanger to prevent sea water
intrusion.

The disclosed system and method enables an operator to fower a tubing banger into a
wellhead and then subsequently position a tree within the wellhead at any orientation relative to
the tubing hanger while still making the required electrical, hydranlic, andfor fiber optic
connections between the treg and the tubing hanger. Thus, the system provides time and gconomic
savings during the construction and completion of the subsea system.

Turning now to the drawings, FIG. | illustrates certain components of'a subsea production
systemy 1) in which the disclosed pon-orientating tubing banger, tree, and seal sub may be utilized.
The production system 10 depicted in FIG. 1 may include a wellbead 12, a tuhing hanger 14, 4
seal sub 16, and a production trge 18, The praduction treg 18 may inctude vatious valves for
faidly coupling a vertical bore 20 formed through the tree 18 to ong or more downsiream
production flowpaths, sach as a well jumper. The tree 18 may be connected 1o and sealed against
the wellhead 12, The tubing hanger 14 may be fuidly coupled to the bore 20 of the tree 18, When
the tree 18 i3 landed in the welthead 12, as shown, the seal sub 16 disposed on the tree 18 may be
connecled o ihe tubing banger 14,

The tubivg hanger 14 may be landed in and sealed against a bore 22 of the welthead 12,
as shown, The tubing hanger 14 may suspend a tubing string 24 into and through the wellbead 12,
Likewise, one or more casing hangers (e.g., inner casing hanger 26A and oufer casing hanger 268)
roay be held within and sealed against the bore 22 of the wellbead 12 and used 1o suspend
corrgsponding casing sirings (e.g., inner casing string 284 and ouler casing string 288) through
the wellhead 12,

In the illustrated embodiment, the seal sub 16 may include ong or more communication
lines (e.g.. hydraulic fluid lings, electrical lines, and/or fiber optic lines) 30 disposed therethrongh
and wsed to conununicatively couple the tree I8 to the tubing banger 14, The seal sub 18 is
designedito establish hydraulic, electric, and/or fiber optic.communication between the treg 18 and
the tubing hanger 14 regardless of the orientations (relative to longitudinal axis 34) iy which the
tree 18 and the tabing banger 14 are kinded in the wellthead 12

FIG. 2 provides a wmore detailed view of an erabodiment of the production system 10
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including the now-orientating tubing hanger 14 and the wree 18 with the seal sob 16. o the
illustrated embodiment, an upper end 110 of the seal sub 16 s disposed within an opening at a
fower end of thetree 18, A radially outer wall 112 of the upper end 110 of the scal sub 16 interfaces
with a corresponding radially inner-wall 114 fosmed at the lower end of the tree 18, The seal sub
16 pencrally has a bore 116 formed therethrough that is Jongitudinally aligned with the bore 20
through the tree 18, As illustrated, the bore 116 of the seal sub 16 may have approximaiely the
same diameter as the corresponding bore 20 of the tree 18,

in the illustrated embodiment, a lower end 118 of the seal sub 16 is disposed within an
opening at an upper end of the tubing banger 14, A radially outer wall 120 of the lower end 118
of the seal sub 16 interfaces with a corresponding vadially tnner wall 122 al the upper end of the
tubing hanger 14. The tubing hanger 14 gewverally has g bore 124 formed thercthrough that is
longitudinally aligned with the bore 116 of the seal sub 16, As illustrated, the bore 116 of the seal
sub 16 may bave approximately the same diameter as the corresponding bore 124 of the tubing
hanger 14,

FIG. 2 iHlustrates the tubing banger 14, seal sub 16, and tree 18 in folly landed postitons
within and/or on the welthead 12, That is, the fubing hanger 14 s landed in a desired position
within a bore of the wellhead 12, and the seal sub 16 and tree 18 are both landed such that the seal
sub 16 is disposed within and engaged with the tubing hanger 14, In this landed position, the scal
sub. 16 provides electric, fiber optic, and/or hydraulic conwmunication between the tree 18 and the
tubing hanger 14 regardless of the relative orientation {about axis 34) of the tree 18 with respect
to the tubing hanger 14,

In the iltustrated srrangement, the seal sub 16 i attached to the free 18 in such a manner
that the tree 18 and scal sub 16 may be lowered together onto the tubing hanger 14 for positioning
of these components in their landed positions.

In other emsbodiments, however, the seal sub 16 may instead be attached fo the tubing
hanger 14 such that the seal sub 16 s lowered into the wellhead 12 along with the tubing hanger
14 and the tree 18 s later Towered down onto the tubing banger 14 and seal sub 16,

As tHustrated, the tubing hanger 14 and the tres 18 may cach include af Teast oue electrical
or fiber optic communication line (126 of the tubing hanger 14 and 128 of the tree 18). The seal
sub 16 also may includs at foast one corresponding clecirical or fiber aplic communication tue
130, The electrical/fiber optic line(s) 130 of the seal sub 16 mway be extensions of the same
electrical/fiber optie line(s) 128 of the tree 18 coupled o the seal sub 16, The electrical/fiber optic

fine(sy 130 of the seal sub 16 may be electrically conpled to the electrical/fiber optic line(s) 126 of

6.
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the tubing hanger 14 via an electrical connection 132 located at ap inferface of the radially inner
wall 122 of the tubing banger 14 and the radially outer wall 120 of the seal sub 16, The type and
arrangement of elecirical connection 137 that may be ntilized in the produciion systent 10 is
deseribed below with reference to FIGS. 4 and 3.

fn some embodiments, the electrical/fiber optic line{s) 130 of the seal sab 16 nay be
simifarly coupled to the electrical/fiber optic line(s) 128 of the tree 18 via an lectrical connection
Jocated at ap interface of the radially inner wall 114 of the tree 18 and the radially outer wall 112
of the seal sub 16,

The tubing hanger 14 and the tree 18 may each include at least ong hiydraulic fluid conduit
{134 of the tubing hanger 14 and 136 of the tree 18). The seal sub 16 also may include at least one
corresponding hydraulic floid conduit 138, The seal sub 16 way be oriented relative io the tree 18
such that the hydraulic fluld conduti(s) 138 of the seal sub 16 is aligned in a radial direction with
the corresponding bydrantic fluid conduit{s) 136 of the tree 18, The hydraulic fhuid conduit(s) 138
of the seal sub 16 may be fuidly coupled to the hydraulic Suid conduit(s) 134 of the tubing hanger
14 via a fluid connection 140 located at an interface of the radially inner wall 122 of the tubing
hanger 14 and the radially outer wall 120 of the seal sub 16, The type and arvangement of the fhuid
comection 140 that way be utilized in the production systewn W is described below with reference
to FIG. 3.

In some embodiments, the bydraulic flnid conduii(s) 138 of the seal sub 16 may be
similarly coupled o the hydanlic flaid conduit(s) 136 of the tree 18 vina fluid connection logcated
at an interface of the radially inner wall 114 of the tree 18 and the radially outer wall 112 of the
seal zub 16,

The seal sub 16 may be attached to the loweyr end of the tree 18 by any desired attachment
mechanism. As one example, the illusirated seal sub 16 is attached to the lower end of the tree 18
via a locking ring (g.2., e~shaped locking ring) 142 or flange that Is received iunto an indentation
formed in the radially outer wall U112 of the seal sub 16, The flange portion of the locking ring 142
or flange may be bolted directly to the tree 18, thereby attaching the seal sub 16 1o the tree 18 50
that the seal sub 16 can be lowered into position with the tree 18,

Although the Hlustrated embodiment shows the seal sub 16 attached to the tree 18 for
positioning within the wellhead 12, other embodiments of the prodaction system 10 may include
the seal sub 16 as an attachment to the tubing hanger 14 such that the seal sab 16 is initially lowered
with the tabing banger 14 futo position within the wellhead 12, In such embodiments, an

attachment mechanism (e.g., locking ring, flange, eic.) may be used to directly couple the seal sub
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16 to the tubing hanger 14, instead of the tree 18. The electrical/fiber optic line(s) 128 of the tree
18 and line(s) 130 of the scal sub 16 would be connected via one or move electrical galleries, and
the hydraulic fluid conduit(s) 136 of the tree 18 and conduit(s) 138 of the seal suly 16 would be
connected via one or more flaid gallevies. The electrical/fiber optic ling(s) 130 of the seal sub 16
may be an extension of the same clectrical/fiber optic ling(s) 126 of the tubing hanger 14, and the
ydraudic fluid conduit(s} 138 of the scal sub 16 may be aligned in a radial direction with the
corresponding hydrantic fluid conduii(s) 134 of the tubing banger 14.

The seal sub 16 may include a one-way valve (not shown) in the hydraulic fluid condnit
138 that prevents seawater intrasion into the conduits 138 and 136 of the seal sub 16 and treg 18
as these components are deployed to the welthead 12, The tubing hasger 14 may inclade a biased
check assembly 144 designed to facilitate alignment of the fluid condait 134 of the tubing hanger
14 with the flnid connection 140 only when the tree 18 and seal sub 16 are in the landed position
on the tubing hanger 14, The check assembly 144 will be deseribed in detail with respect to FIG.
3. The cheek asserably 144 may prevent secawater intrusion into the: conduit 134 of the tubing
hanger 14 during the time in which the tubing hanger 14 is in position in the wellhead 12 and
before the seal sub 16 and tree 18 are landed.

In embodiments where the seal sub 16 is attached 10 and fowerad into position along with
the tubing banger 14 instead of the tree 18, the tree 18 may be equipped with a biased check
assembly.

The seal sub 16 Iy squipped with two different types of gallery metal-to-metal seals, one
stype of seal 170 provided on the outer wall 112 on the upper portion of the seal sub 16 and the
other type of seal 172 provided on the outer wall 120 o ihe fower portion of the seal sub 16, The
first type of scal 170 provided on the vuter wall 112 is designed to seal an interface between the
seal suby 16 and the tree 18 when the seal sub 16 is attached to the tree I8, The second type of seal
172 provided on the outer wall 12015 designed to seal an interface between the seal sub 16 and the
tubing hanger 14 once the seal sub 16 has been lowered into engagement with the tubing.ha;ngﬁtr
14, Ou the tree side of the seal sub (Le., suter wall 112), the metal-tosmetal seals 170 way include
elastomeric backups, and the metal-to-metal seals 170 may be preloaded on a tapered surface
(inner wall 114) of the treg 18. When the seal sub 16 is fastened 1o the tree 18 {e.g., via the locking
ving 142), the tree 18 maintains the preload on the metal-to-metal seals 170. The seals 172 on the
tubing hanger side of the seal sub 16 will be deseribed below with velference to FIG, 3,

Several matal-to-metal seals (170, 172)may bemade up on either portion (upper or lower)

of the seal sub 16 to provide a desired number of sealed zones independent frony gach other within
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thi seal sub 16, When the mietal-to-metal seals are made up, they create & gallery of these sealed
zones. For example, FIG. 3 shows a plurality of these zones 150 formed between the outer wall
120 of the seal sab 16 and the tubing hanger 14 via a series of mictat-to-metal scals 172 on the seal
sub 16, Turning back to FIG, 2, similar types of zones 152 are formed between the outer wall 112
of the seal sub 16 and the tree 18 via a series of metal4do-metal seals 170,

Oue or move zones 150 on the lower part of the seal sub 16 may be communicativety
poupled to one or more zones 152 on the upper part of the seal sub 16 via passages that are drilled
through the body of the seal sub 16. As shown in FIGL 2, the seal sub 16 may lnclude af Jeast a
first passage 154A for routing the electrical/fiber optie ling 130 between one of the upper level
sealed zones 152A and one of the lower level sealed zones 150A. The seal sub 16 may alse include
a second passage 1548, which is the hydeaulic fluid couduit 138, for routing hydeanlic fluid
between one of the upper level sealed zones 1528 and one of the lower level sealed zones 1308.

It should be noted that the different upper level seated zones 15324 and 152B are ndependent from

cach other and separated via the metalsto-metal seals 170, and the lower level sealed zones 150A

and 1508 are independent from each other and separated via the metal-to-metal seals 172,
However, as shown in FIG, 2, the separate passages 154A and 1548 through the seal sub 16 may
provide both electrical and hydranlic communications frovs the seal sub 16 altimately to the same
passage 156 (conduit 134) formed through the tubing hanger 14, However, the communication
signals are provided to this same passage 156 througl two different lower level sealed vones 150A
and 150B.

The sealed zones 1507152 are generally concentric and extend a full 360 degrees around
the outer walls of'the seal sub 16, 5o that conymunization through the seal sub 16 is possible at any
angle. That way, the sealed zones 130/152 allow fhuids or electrical connections to pass through
the seal sub 16 without the seal sub 16 needing 1o be at a specific origntation relative to the tubing
hanger 14 or te the tree 18,

FIG. 3 illustrates the connections (132 and 140) formed between the seal sub 16 and the
tubing banger 14, As mentioned above, the seal sub 16 inclodes gallery metagb-to-metal seals 172
on the outer wall 120 of the scal sub 16, and these metal-to-metal seals 172 define the soultiple
zones 150, The metal-to-metal seals 172 formed on this tubing hanger side of the seal sub 16 may
each include metal-to-metal seal bumps with an elastomer back-up capable of siding on a straight
seal pocket of the tubing hanger inner wall 122, Engaging a straight wall of the tubing hanger 14
via the metal-o-moetal seals 172 3n this manner, as opposed (o a tapered wall, allows the systent o

accommodate possible elevation differences of the tubing hanger 14 withiv the wellhead 12,



15

20

25

30

WO 2020/081911 PCT/US2019/056898

As Hlustrated, the seal sub 16 includes at least one electrical connection 132 formed in
one of the sealed xones 150A along the outer wall 120 of the seal sub 16 and at loast one hydraulic
connection 140 formed in oue of the zcaled zones 1508 along the outer wall 120, 1n some
embodiments, the seal sub 16 may also juchude at least ope zoue 150 alopg the ouler wall 120
designed 1o accommodate an electrical to fiber optic cable connection (not shown).

At the hydraulic connection 146, the seal sub 16 may include a fuid passage 210 that
extends radially outward from the bydraulic fluid passage 1548 through the seal sub 16 1o uidly
couple the fluid passage 1548 to the sealed zone 150B formed between adjacent metal-to-metal
seals 172 on the outer wall 120, The tubing hanger 14 may include a similar fluid passage 212
that extends radiafly inward from the hydraulic fluid passage 134 through the tubing hanger 14 to
flaidly couple the fluid passage 134 1o the scaled zone 1508, In some embodiments, the fluid
passage 212 may be formed from at least two porfions 2124 and 212B that are brought info
alignment with gach other and with the sealed zone 150B only once the seal sub 16 is landed in
the tubing hanger 14,

The Tuid passages 210 and 212 of the seal sub 16 and tubing hanger 14, tespectively,
along with the sealed hydraglic fluid zone 1508 of the seal sub 16 provide fluid commaunication
between the hydranlic conduit 138 of the scal sub 16 and the hydraulic conduit 134 of the tubing
hanger 14, This hydraulic conpection 140 is provided regardless of the orientation of the seal sub
16 relative to the tubing hanger 14 when the seal sub 16 is landed. Since the sealed zone 150B
axtends 360 degroes about the seal sub 16, hydraulic fluid may entor the sealed zone 1508 from
the fluid passage 210 of the seal sub 16 when the fluld passage 210 is at any cireumferential
position about the axis 34, The hydraulic tluid may then exit the sealed zone 1508 via the fluid
passage 212 of the tubing hanger 14 when the fluid passage 212 is at any circumferential position
about the axis 34.

As mentioned. above, the tubing hanger 14 may be equipped with a biasing check
assembly 144, The bissing cheek assembly 144 is configured to bring the two portions 2124 and
2128 of the fuid passage 212 of the tubing hanger 14 inlo alignment so that they are fluidly
coupled in response to the seal sub 16 belng Janded on the tubing hanger 14, The check assembly
144 may isclude a piston 216 and g biasing mechanisim such as a spring 218 disposed between the
piston 216 and a shoulder 220 formed in the tublog hanger 14, The piston 216 iveludes a portion
of the fluid passage 134 and the portion 2128 of the tlnid passage 212 formed therethrongh, An
extended portion 214 {cheok) of the piston 216 extends upward from the tubing hanger 14,

When the treg 18 and seal sub 16 are landed on the tobing hanger 14, the locking ring 142

10
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(or some other portion of the seal sub 16) engages and presses downward against the extended
portion 214 of the piston 216, The dowmward force from the seal sub 16 onto the extended portion
214 pushes the piston 216 further into a chamber forraed o the tubing hanger 14. When the seal
sub 16 and tree 18 reach the landed position, the piston 216 remains held in place such that the
fhuid passage 212B of the piston 216 is aligned with the fluid passage 2124 of the tubing banger
14. Al this point, the seal sub 16 will also be at a position where the sealed hydranlic fluid zone
1508 is aligned 1y an axial direction with the fluid passage 212A of the tubing hanger 14,

When the seal sub 16:1s not engaged with the tubing hanger M (e.0., via downward foree
on the extended portion 214 of the piston 216), the spring 218 biases the piston 216 in an upward
direction within the chaniber i the tubing hanger 14, In this position, the fluid passage 2128 is
no longer aligned with the cotresponding fhuid passage 212A of the tubing banger 14, The biasing
check assembly 144 i therefore able to avtomatically seal the entryway fo the hydrauiic fluid
passage 126 of the tubing hanger 14 so that sea water dogs not flow into the tubing banger 14 via
the exposed fluid passage Z12A when the seal sub 16 is rerooved.

Although FIG. 3 iHusteates the fhud passage 210 of the seal sub 16 as being at the same
pricntation about axis 34 as the radially inwardly extending fluid passage 212(A and B} of the
tubing banger 14, this is only te show how each side interfaces with the sealed fluid conneetion
zone 1508, When the seal sub 16 is fully Janded, the fluid passages 210 and 212 will be in fluid
communication regardless of the orientation of the seal sub 16 relative to the tubing banger 14
sinee the sealed flnid connection xoue 1508 extends through all 360 degrees about the seal sub 16,
The fhid passage 210 of the seal sab 16 may be located at one position along the circunference
of the assembly while the fluid passage 212 of the tubing hanger 14 may be located at another
circumierential position, but these fluid passages 210 and 212 are still connected through the sealed
bhydrautic thud zone 1508,

Turning to FIG. 4, an embodiment of the electrical connection 132 that may be utilized
i the diselosed seal sub 16 willnow be deseribed. The electrical connection 132 between the seal
snb 16 and the wbing hanger 14 may include ap electrical conductor 310 that is honsed within a
specific gallery (sealed zone 150A) formed by the seal sub 16, The electrizal conductor 310 may
be insulated via an elastomerie shroud 312 that contacts the mating side of the gallery,

As discussed above, the seal subs 16 may include a serles of metal-o-meial seals 172 with
corresponding elastomeric sealing components, and these arg illustrated in detall in FIG. 4.
Speeifically, the seal sub 16 lscludes maltiple metaltosmetal profrusions 314 coafigured o

sealingly engage the straight inner wall 122 of the tubing hanger 14, The seal sub 16 also includes

i
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the elastomeric shroud 312, which may include protrasions 316 configured to sealingly engage the
straight inner wall 122 of the tubing banger [4 on either side of the electrical conducior 310, In
this way, the elastomeric shroud 312 functions as both another sealing element of the seal 172 and
an ipsulator for the electrical conduetor 310, The metal-to-metal protrusions 314, clastomeric
shrond 312 (and its protrusions 316), and the electrical conductor 310 may all extend 360 degrees
about an axis of the scal sub 16, thereby filling the circumferential sealed zone 1530A, FIG, 4
shows the elecirical ling 130 of the scal sub 16 which terminates at the clectrical conductor 310
and is in electrical contact with the conductor 310,

The electrival connection 132 may also include an electrical contact 318 on the tubing
banger side of the connectinon, The tubing hanger 14 may include an insulating slastomeric shroud
320 {with protrusion 321} that is coufigured 1o sealingly contact the electrical conductor 310 when
the seal sub 16 is landed in the tubing hanger 14. This elastomeric shroud 320 may provide a
tertlary seal for the zone 1504, in addition to the metal-to~-metal protrusions 314 and the
elastomeric shroud 312 of the seal 172 on the seal sub 16, The elecirical contact 318 and s shroud
320 may be located at a specific circumiferential position within the inner wall 122 of the tubing
hanger 14, or the electrical coutact 318 and shroud 320 may extend 360 degrees about an axis of
the tubing hanger 14 like the electrical conductor 310 of the seal sub 16, Either way, the contaet
318 will make electrical contact with the conductor 310 no matier what the relative orientation is
between the seal sub 16 and the tubing hanger 14. PIG. 4 shows the electrical line 126 of the
tubing hanger 14 which terminates at and i3 electrically conpled to the contact 318.

Allwires.or electrical pathways through the seal sub 16, tubing hanger 14, and tree 18 ane
pre-installed and sealed prior to vunning the seal subs 16 juto place to form the electrical connection
of FIG. 4,

Although FIG. 4 Hlustrates the electrical line 130 of the seal sub 16 as being at the same
velative orientation as the electrical line 126 of the tubing banger 14, this is vuly to illustrate bow
cach side interfaces with the sealed electrical connection zone 1504, When the seal sub 16 is fully
landed, the electrical lines 130 and 126 will be in electrical communication regardless of the
relative orientation of the seal sub 16 to the tubing hapger 14, since the sealed conngelion zoue
IS0A extends through all 360 degrees about the seal sub 16, The electrical Hine 130 of the seal
sub 16 may contact the condogtor 310 at one position along the ciroumference of the assembly
while the electrical line 126 of the tubing hanger 14 may be located at another circumierential
position, but these electrical lines 126 and 130 are still connected through ihe sealed electrical

connection zone ISUA.
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Turning now to FIG. 5, a detailed description of the forees that connect and seal the
electrical connection zone 150A will be described. The gallery 1S0A iy sealed with the metalsto-
metal seals {prottusions 314) on each side and is sealed secondarily with the compressed and
deflected elastoner insulator 312 to shroud the conductor 310 and the contact 318, As the ssal
sub 16 is Jowered into position so that the contact 318 on the tubing hanger 14 makes electrical
contact with the conductor 310, the gallery 1504 is sealed with the metal-to-metal seal protrusions
314 and the two compressed elastomers 312 and 324,

By conservation of volure, as the contact 318 contacts the conductor 310 (see contact
zone 410), a reaction force on the conductor 310 in a radially inward direction (grrows 412) is
transterred to the elastomeric shroud 312, This reaction force causes the elastomeric shroud 312
to deform in a divection (arvows 414) of the inmer wall 122 of the tubing hanger 14 to provide a
secondary seal of the connection. At the same time, a reaction force on the contact 318 in a radially
outward direction (arrows 416} is transferred to the elastoreric shroud 320 of the tubing banger
14, This reaction force causes the elastomerie sheoud 320 to deform in a direction (arrows 418)
of the conductor 318 to provide a tertiary seal of the connection, There is # high countact pressure
at the contact zone 410 that proyides the desired electrical contact and the lvad to deflect/compress
elastomers 312 and 320.

In some embodiments, a thin elastomeric skin may be molded over the contacting side of
the conductor 310 so that debris does not interfere with the conductor 310 while #t is being run v
hole. Onee the installation is complete and the electrical gallery 1504 is in place, the skin is
rubbed or scraped away by the conductors 310 and 318 making contact.

In some embodiments, a similar electrical connection 132 may be used to facilitate fiber
optic light communications between the tubing banger 14 and the tree 18, In such instances, the
communication signal coming into and leaving the tubing banger connection 132 would be fight
transmitted throogh a fiber optic cable. However, the signal would be converted 1o an sleciriesl
signal for traversing through the eleetrical connection 132 via the above deseribed clecirical
conductor 310, Incoming light traveling through a fiber optic cable that is routed through the seal
sub 16 is converted into an elestrical signal, which fravels through the electrical cobnection 132,
After traveling to the contact 318 on the tubing hanger side of the connection 132, the electrical
signal may then be converted back to a light signal for communication through a fiber optic cable
within the tubing hanger 14.

Having described the components that make wp the disclosed non-orientating conngctor

system, amethod of operating the systens will vow be described. Turning back to FIG. 2, first the
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tubing hanger 14 is run indo the welthead 12 on a rungping tool {not shown).

The running ol may allow hydraulic control to be maintained v the hydraslic fluid
passages of the tubing hanger 14, The munniog tool s non-orientating and s equipped with a
hydrautic umbitical, The running tool may have a sub nose that seals along the inner wall 122 of
the tubing hanger 14 to isolate one or more sealed zones (e.g., to moaintain a hydraulic connection
between the umbilical and the tubing hanger 14 through a sealed gallery), The running tool may
lock into the tubing hanger 14 and, as it enfers the tubing hanger 14, press downward on the
extended portion of the piston in the biasing check assembly 144 o allow hydraslic
communization through the hydraulic conngction,

The ranning tool is run subsea with the tubing hanger 14 and lands the tubing havger 14
on the casing hanger within the wellhead 12, The tubing hanger 14 does not need to be landed in
any particular orientation within the welthead 12 during this landing operation. The running toel
will then lock the tobing hanger 14 into the wellhead 12 while making a lead impression that
indicates the elevation of the tubing hanger 14 relative 1o the wellhead 12, The running tool is
uidocked from the tobing hanger 14 and, as the ramning tool is rétrieved 1o the surface, the spring-
loaded piston of the check assembly 144 is released to slide upward. This caoses the hydraulic
communication ports of the tubing hanger 14 to become misaligned to prevent intrusion of
seawater into the hydeanlic communication ling 134 of the tubing hanger 14,

Omee the ranning tool has been retrieved, the method may inclide evaluating the lead
impression blocks, and running the free 18 with the seal sub 16 subsea using 2 tree running ool
The tree 18 and seal sub 16 are positioned inghes above their final fanding position {which is shown
in FIG. 2). At this point, a vemote operated vehicle (ROV ) will veveal the desired landing position
based on the lead impression stripe made on the wellhead 12, The ROV may also indicate the
fluid outlets on an upper portion of the tree 18 to a satellite Jumper conneetion within the figld.
The tree running ool may then rotate thetree 18 (and seal sub 16) antil the fluid outlets on the tree
18 are Boed wp with the jumper before lowering the free 18 into its final position.

As the tree 18 is lowered its final inches to the landed position on the tubing hanger 14,
the locking ving 142 may engage and depress the spring-loaded piston of the cheek assembly 144
into the chamber of the tubing hanger 14, This depression of the piston. will then align the ports
throngh the tnbing hanger 14 with each other and with the hydraulic fluid connection zone 1308
between the seal sub 16 and the tubing hanger 14, This lowering of ths tree 18 and convected seal
sab 16 relative to the tubing hanger 14 also makes vp the seal sub 16 1o the tubing hanger’s inper

wall 122 to create the gallery of sealed wones. The tree connector is then locked, and the hiydraulic
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comnunication Hines (136, 138, and 134) are tosted.  The ROV may make up the wel mate
connection and then test the electrical connection 132,

As discussed at tength above, the seal sub 16 incorporated with the subses tree 18 i3
configured to automatically provide electrical, bydraulic, and/or fiber optic connections. between
the tree 18 and the tubing banger 14, regardless of the relative orientation of the tree 18 relative to
the tubing 'i'xémger 14, This provides a process for assembling a wellbead system that is faster, less
expensive, and less complex than existing methods for fluidiy/electrically connecting a tree to a
tubing hanger landed in the wellhead.

Although the present disclosure and its advantages have been deseribed in detall, it should
be wnderstood that various changes, substitutions and allerations cay be wade hereln without

departing from the spirit aud seope of the disclosure as defined by the tollowing claims,

s
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WHAT IS CLAIMED IS:

1. A system, comprising:

a tubing hanger for landing in a wellhead, wherein the tubing hanger comprises a
bore, a hydraulic fluid conduit, and an electrical or fiber optic line;

a tree for landing on the tubing hanger within the wellhead, wherein the tree
comprises a bore, a hydraulic fluid conduit, and an electrical or fiber optic line; and

a seal sub coupled to a radially inner wall of the tree and configured to be landed
in and engaged with a radially inner wall of the tubing hanger, wherein the seal sub
comprises:

a first series of seals disposed along a radially outer wall of the seal sub,
the first series of seals defining at least one upper circumferential sealed zone
between the seal sub and the tree; and

a second series of seals disposed along the radially outer wall of the seal
sub, the second series of seals defining at least one lower circumferential sealed
zone between the seal sub and the tubing hanger;

wherein the seal sub provides a hydraulic connection and an electrical
connection between the seal sub and the tubing hanger regardless of an

orientation of the tubing hanger relative to the tree.

2. The system of claim 1, wherein the first series of seals is provided at an upper
portion of the outer wall of the seal sub to seal an interface between the seal sub and the

tree.

3. The system of claim 1, wherein the second series of seals is provided at a lower
portion of the outer wall of the seal sub to seal an interface between the seal sub and the
tubing hanger once the seal sub has landed in and is in engagement with the tubing

hanger.

16
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4. The system of claim 1, wherein the seal sub comprises an electrical conductor
disposed between adjacent seals of the seal sub, wherein the electrical conductor

extends 360 degrees about the seal sub.

5. The system of claim 4, wherein the seal sub further comprises an electrical
shroud disposed around the electrical conductor to insulate the electrical conductor,
wherein the electrical shroud comprises a pair of protrusions extending in a radially
outward direction from the seal sub, one protrusion on each side of the electrical

conductor.

6. The system of claim 4, wherein the seal sub further comprises metal-to-metal
protrusions extending in a radially outward direction to sealingly engage the inner wall

of the tubing hanger.

7. The system of claim 4, wherein the tubing hanger comprises an electrical
contact, wherein the electrical conductor of the seal sub and the electrical contact of the

tubing hanger form the electrical connection.

8. The system of claim 7, wherein the tubing hanger further comprises an
elastomeric shroud disposed around the electrical contact to sealingly contact the

electrical conductor when the seal sub is landed in the tubing hanger.

0. The system of claim 8, wherein the electrical or fiber optic line of the tubing
hanger terminates at and is electrically coupled to the electrical contact, wherein an
electrical or fiber optic line of the seal sub terminates at and is electrically coupled to

the electrical conductor.
10. The system of claim 1, wherein the seal sub comprises a first passage for routing

an electrical or fiber optic line of the seal sub between one of the upper circumferential

sealed zones and one of the lower circumferential sealed zones.

17
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11. The system of claim 1, wherein the seal sub comprises a second passage for
routing hydraulic fluid between one of the upper circumferential sealed zones and one
of the lower circumferential sealed zones through a hydraulic fluid conduit of the seal

sub.

12. The system of claim 11, wherein the seal sub further comprises a fluid passage

that extends radially outward from the second passage of the seal sub.

13. The system of claim 12, wherein the tubing hanger comprises a fluid passage
that extends radially inward to be fluidly coupled to the fluid passage of the seal sub,
wherein the fluid passage of the tubing hanger comprises two portions that are brought

into alignment when the seal sub is landed in the tubing hanger.

14. The system of claim 13, further comprising a biasing check assembly, wherein
the biasing check assembly comprises a piston, an extended portion of the piston, and a

spring.

15.  The system of claim 14, wherein the piston comprises a portion of the hydraulic
fluid conduit of the tubing hanger and one of the two portions of the fluid passage of the

tubing hanger.

16.  The system of claim 15, further comprising a locking ring, wherein the locking
ring couples the seal sub to the tree, wherein the locking ring is configured to exert a

downward force onto the extended portion of the piston.

17. The system of claim 16, wherein the spring biases the piston upward against a
shoulder disposed within the tubing hanger, wherein the downward force actuates the
spring to compress and align the fluid passage of the tubing hanger with the fluid

passage of the seal sub.

18
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18. The system of claim 1, wherein the seal sub further comprises:

a bore;

a hydraulic fluid conduit that is fluidly coupled to the hydraulic fluid conduit of
the tree; and

an electrical or fiber optic line that is communicatively coupled to the electrical

or fiber optic line of the tree.

19. A seal sub, comprising:

a bore;

a hydraulic fluid conduit;

an electrical or fiber optic line;

a first series of seals disposed along a radially outer wall of the seal sub, wherein
the first series of seals defines at least one upper circumferential sealed zone between
the outer wall of the seal sub and a tree; a second series of seals disposed along the
radially outer wall of the seal sub, wherein the second series of seals defines at least one
lower circumferential sealed zone between the outer wall of the seal sub and a tubing
hanger;

an electrical conductor disposed between adjacent seals of the seal sub, wherein
the electrical conductor extends 360 degrees about the seal sub; and

an electrical shroud configured to insulate the electrical conductor, wherein the

electrical shroud comprises protrusions.

20. The seal sub of claim 19, wherein the seal sub is coupled to a radially inner wall
of the tree and configured to be landed in and engaged with a radially inner wall of the
tubing hanger, wherein the seal sub provides a hydraulic connection between the
hydraulic fluid conduit of the seal sub and a hydraulic fluid conduit of the tubing hanger
regardless of an orientation of the tubing hanger relative to the tree, wherein the seal sub

provides an electrical connection between the electrical or fiber optic line of the seal sub

19
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and an electrical or fiber optic line of the tubing hanger regardless of an orientation of

the tubing hanger relative to the tree.

20





