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RON-ORIENTATING TUBING BANGER AND TREE

Crogs-Reference to Related Applications

The present application clabos priovity to US. 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, 10 &
nen-orientating tubing banger and tree with 4 seal sub that facilitaies electrical and hydraulic
connections between the tree and the tubing hanger regardless of the orientation in which the tree

is positioned, relative to the welthead and tubing hanger.

BACKGROUND

Conventional welthead systems inelude a wellhead honsing mounted on the upper end of
a subsurface 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
iy installed, with each casing string baving a casing hanger on #ts upper end for Janding ow a
shoulder within the wellhead housing. A tubing string 15 then installed through the well bore, A
tubing hanger connected to the upper end of the tubing string s supported within the welthead
housing above the casing hanger to suspend the tublng string within the casing stving, Upon
completion of this process, the BOPF is replaced by 8 Chuistimas tree installed above the welthead
housing, with the tree having production and anbulas valves to enable the oil or gas to be produced
and directed inte How lines for transportation to-a desired facility.

Conyeutionally, the tubing banger contains norwerous bores and couplings, which reguire
precise aligoment with corrgsponding portions of the tree.  There arg two ways to schieve
oricntation of such a trec relative to g tubing hanger, The first uses & tublng spool assembly, which
latches to the wellhead and provides landing and orientation features. The fubing 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 redeployed and conmected to
the tubing spool, for installing the tebivg hanger. It Gequently requires installation by expeasive
drilling vessels,

The second method of orienting a tree relative (o a tubing hanger tuvolves the use of a

blowout preventer (“BOP™Y stack with a hydraunlic orientation pin and tebing hanger orientation
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adapter joint. This method requires detailed knowledge of the particular BOP stack in ovder to
accurately install a hydravlically actoated pin, which protrudes into the BOF stack bore. An
ortemiation belix is attached above the tubing hanger running tool, and, as the tubing hauger i
installed, the helix engages the hydraulic pin and orientates the tabing bores to a defined divection,
This method reguires adcurate drawings of the BOP stack elevations and spacing between the main
bore and the ontlet flanges, which may requive hours of surveying and muiltiple trips to wmake
measuraments,  Roow for evror exists with this method, particolarly in older rigs. Thus, this

method requives significant up-front planning.
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BRIEF DESCRIFTION QF THE DRAWINGS

For a more complete wderstanding of the present disclosure and ity features and
advantages, reference is now made to the following deseription, taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is g schematic cutaway view of components of'a production system having a non-
origntating tubing hanger and tree with a seal sub, n aceordance with an embodiment ofthe present
disclosure;

FIG. 2 is a crossesectional view of a production systers having a non-orientating tubing
hanger and tree with a segl sub, i accordance with an embodiment of the present disclosure;

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

F1G. 4 is a cross-sectional view of an clectrical connection formed within a sealed voue
of the sead sub of FIGL 3, in accordance with an embeodiment of the present disclosure; and

FIG. § 18 2 cross-sectional view of the ¢lectrical connection and sealing components of
FIG. 4 showing foree transter through these components, in accordance with an embodiment of

the present diselosare.
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DETAILED DESCRIPTION

THhustrative smbodiments of the preseat disclosure are deseribed in detall hevein, In the
interest of elarity, not all features of an actual implementation are desceribed o this specification.
it wilt of course 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 coustraints, which will vary ftom one
implomentation to another. Moreover, 1t will be appreciated that such a development effort might
be complex and Gme consuming but would nevertheless be a vouting wndertaking for those of
ordinary skill in the art having the benefit of the present disclosure. Forthermore, in no way should
the following examples be read to limit, or define, the scope of the disclosure.

Existing welhead systems generally fnclude a tubing banger that is disposed within a
wetthead to hold a tubing string deployed downhiole, and a tree that is pogitioned on the wellhead
to form fluid connections to downstream components.  Eleetrical, hydraulic, and/or fiber oplic
signals are often communicated through the wellhoad system, between the tree and the tubing
hanger. I existing wellhead systems, a tree that is positioned on the welthead must be properly
osiented with reapect to the tubing hanger that is set in the welthead to make up multiple coaplings
or stabs between the tubing hanger and the free. These couplings or stabs allow electric, hydranlic,
and/or fiber opiic signals to be communivated from the tree to the tubing hanger and various
downhole components, Existing methods for orienting a tree relative to a tubing hanger in the
weltlhead involve the use of cither an expensive tubing spool or a BOP stack orientation pin aud
tubing hanger running tool orienfation adapter joint, which van be difficult to properly place on
the wellhead and expensive to adjust if improperly placed.

The present disclosore is directed to systems and methods for fanding a tubing hanger in
awelthead, landing a iree on the wellbead, and making electrical and hydraulic couplings between
the tree and the tubing hanger without baving to orient the tree or the tubing hanger velative to
gach other. This is accomplished withont the use of either a tubing spool or 8 BOP stack with ap
orientation pin, The disclosed tubing hanger and tree are congidered “non-orientating,” meaning
that neither of these components need be oriented with respect to sach other or the wellhead to
make the electrical and hydravdic connections therebetween,

The disclosed system and metbhod lovolves a seal sub that is voupled 1o the tree and
fowerad with the tree into contact with the tubing hanger located i the welthead, The seal sub
features an electrical conngction that facilitates electrical coupling of the tree to the tubing hanger.

The tnhing hanger and seal sub may inclode a soetalo-metal and glastoineric seal arrangernent

&
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designed to seal off the electrical connection when the tres 1s positioned within the welthead, The
tabiug hanger iy squipped with an inter gallery of bydraulic fhud ports and owe or more stinger
checks that are spring loaded. The spring-loaded checks are designed 1o stide vpward when the
inner gallery of the tubing hanger s not sealed against by cither a running tool or the seal sub,
thereby closing a hydraulic communication port through the tubing hanger to prevent sea water
intrusiei.

The disclosed system and method enables an operator to lower a tubing hanger into a
wellhead and then subsequently position a trée within the wellhead at any orientation relative o
the tubing hanger while still making the required electrical, hydranlic, andfor fiber optic
connections betweenthe treg and the tubing hanger. Thus, the syster provides time and economic
savings during the construction and completion of the subsea systenm.

Turning now to the drawings, FIG, | Hlustrates certain components of a subsea production
system 19 in which the disclosed non-orientating tubing hanger, tres, and seal sub may be ntilized.
The production system 10 depieted in FIG. 1 may include a wellbead 12, a tohing hanger 14, ¢
seal sub 16, and a production tree 18, The production tree 18 may inctude vatious valves for
fluidly coupling a vertical bore 20 formed through the tree 18 to one or more dowustream
production fowpaths, sach as a well jumper. The tree 18 may be connected to and sealed against
the wellhead 12, The tubing hanger 14 may be fhuidly coupled to the bore 20 of the tree 18, When
the tree 18 s landed in the welthead 12, as shown, the seal sub 16 disposed on the tree 18 may be
connecled fo the tubing banger 14,

The tubing 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 wellhead 172,
Likewise, one or more casing hangers (e.g., inner casing hanger 26A and outer casing hanger 268)
roay be held withiy and sealed agaiust the bore 22 of the wellbead 12 and used 1o suspend
corrgsponding casing strings (e.2., inner casing siring 28A and outer casing string 28B) through
the welthead 12,

In the illustrated crobodinment, the seal sab 16 may inclode one or more conimunication
lines (o.g., hydraulic fluid fings, electrical lines, and/or fiber optic lines) 30 disposed therethrongh
and wsed fo communicatively couple the tree 18 fo the tubing banger 4. The seal sub 16 is
destgned o establish hydraulie, electric, andfor fiber optic communication between the tree 18 and
the tubing hanger 14 regardless of the orientations (relative to longitudinal axis 34) iy which the
irée 18 and the tabing hanger 14 are landed in the wellhead 12

FIGL 2 provides « wore detalled view of an erobodiment of the production system 10
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including the von-orientating tubing hanger 14 and the tree 18 with the seal sab 16. o the
Qlustrated enibodiment, an apper end 110 of the seal sub 16 s digposed within an opening at a
lowerend of thetree 18, A radially outer wall 112 of the npper end 110 of the seal sub 16 interfaces
with 4 corresponding radially inner wall 114 formed at the lower end of the tree 18, The seal sub
16 generally has a bore 116 formed therethrough that is Jopgitudinally aligned with the bore 20
through the tree 18, As illustrated, the bore 116 of the scal sub 16 may have approximalely the
samie diameter asthe corresponding bore 20 of the tree 18.

in the ilustrated embodiment, a lower end 118 of the seal sub 16 is disposed within an
opening at ap upper end of the tubing banger 14, A radially outer wall 120 of the lower end 118
of the seal sub 16 lnterfaces with a corresponding vadially inner wall 122 at the upper end of the
tubing hanger 14. The tubing hanger 14 geverally has g bore 124 formed therethrough that is
fongitudinally aligned with the bore 116 of the seal sub 16, As illustrated, the bore H16 of the seal
sub 16 may bave approxbmately the same diameter as the corresponding bore 124 of the tubing
hanger 14,

FIG. 2 Hustrates the tubing banger 14, seal sul 16, and tree 18 in fully Janded positions
within and/or on the welthead 12, That is, the tubing hanger 14 is landed in a desired position
within a bore of the wellhead 12, and the seal sub 16 and treg 18 are both fanded such that the seal
sub 16 s disposed within and engaged with the tubing hanger 14, In this landed position, the seal
sub 16 provides electric, fiber optie, snd/ov hydraulic conymunication between the tree 18 and the
tubing hanger 14 repardless of the relative orientation {about axis 34) of the tree 18 with respect
to the tobing hanger 14,

o the illustrated arvangement, the seal sub 16 i attached to the free 18 in soch 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 ewbodiments, however, the seal sub 16 roay lustead be attached to the tubing
havger 14 such that the seal sub 16 is lowered into the wellhead 12 glong with the tubing hanger
14 and the tree 18 is later Towered down onto the tubing hanger 14 and ssal sub 16,

Ax Hlustrated, the tubing hanger 14and the tree 18 may cach include at least oo electrical
or fiber optie communication line (126 of the tubing hanger 14 and 128 of the tree 18). The seal
sub 16 also may include at feast one corresponding clecirical or fiber oplic communication lue
130, The electrical/fiber optic line(sy 130 of the seal sub 16 mway be extensions of the same
electrical/fiber optic Hne(s) 128 of the tree 18 coupled to 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

&
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the tubiog hanger 14 via an electrieal connection 132 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
arrangement of slectrical connection 132 that may bhe ntilized in the production system 10 s
deseribed below with reference to FIGS. 4 and 5.

o some embodiments, the electrical/fiber optic Hne(s) 130 of the seal sub 16 may be
similarty eoupled to the electrical/fiber optic line(s) 128 of the tree 18 via an alectrical connection
lozated at ap interface of the radially inner wall 114 of the tree 18 and the wadially outer wall 112
of the seal sab 16,

The tubing hanger 14.and the tree 18 may each include at least ong hvdraulic fluid conduit
{134 of the tubing hanger 14 and 136 of the sree 18). The seal sub 16 also may include al least one
corresponding hydvanlic fluid conduit 138, The seal sub 16 may be oriented relative to the tree 18
such that the hydraulic fluid conduii(sy 138 of the seal sub 16 is atigned in a radial divection with
the corresponding hydrautic {luid conduit{s) 136 of the tree 18. The hydraulic fluid conduii(s) 138
of the seal sub 16 may be fluidly coupled todhe hydrankic fluid conduit(s) 134 of the tubing hanger
14 via a fluid conneetion 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 arrangement:of the fluid
gonnection 140 that way be utilized in the production system 10 is deseribed below with reference
to FIG. 3.

in some embodiments, the bydranlic fluid conduii(s) 138 of the seal sub 16 may be
similarly coupled 1o the hydeankic fluid conduit(s) 136 of the tree 18 via g fluid connection located
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 tothe lower end of the tree 18 by any desired attachment
mechanisnt. 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 uto an indentation
formied in the radially outer wall 112 of the seal sub 16, The Bange portion of the focking ving 142
or flange may be bolied directly to the tree 18, thereby attaching the seal sub 16 1o the tree 18 s0
that the scal sub 16 can be lowered into position with thetree 18,

Adthough the tlusteated 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 F6as an attachment tothe tubing hanger 14 such that the seal sub 16 & initially lowered
with the tabing banger 14 futo position within the wellhead 120 o such embodiments, an

dttachment mechanism (e.g., locking ring, flange, i) 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 seal sub 16 would be connected via one or more electrical galleries, and
the hydraulic fuid conduit(s) 136 of the tree 18 and conduit(s) 138 of the seal sulr 16 would be
connected via ong ormore fluid galleries. The electrical/fiber optic ling(s) 130 of the seal sub 16
may be an exiension of the same clectrical/fiber optic ling(s) 126 of the tubing hanger 14, and the
hydrautic fluid conduit(sy 138 of the scal sub 16 may be aligned in a radial direction with the
corresponding hydranlic fluid conduti(s) 134 of the tubing banger 14,

The seal sub 16 may include a ane-way valve (not shown) in the hydraulic fluid conduit
13§ that prevents seawater intrasion inta the conduits 138 and 136 of the seal sub 16 and treg 18
as these components are deployed to the wellhead 12, The tubjug havger 14 may inclade a biased
check assembly 144 designed to facilitate alignment of the fhuid condoit 134 of the tubing hanger
t4 with the flnid conmection 140 only when the tree 18 and seal sub 16 are inthe landed position
or the-tubing hanger 14, The check asscmbly 144 will be deseribed 1n detail with respest to FIG.
3. The cheek asserobly 144 may prevent scawater intrusiop into the conduit 134 of the tubing
hanger 14 during the time in which the tebing 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 iz attached 1o and lowered into position along with
the tubing banger 14 hnstead of the tree 18, the free 18 may be equipped with a biased check
assembly.

The seal sub 16 13 squipped with two different types of gallery metal-to-metal seals, one
type 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 wal 120 ondhe Tower portion of the seal sub 16, The
first type of scal 170 provided on the cuter wall 112 is designed to seal an interface betwosn the
seal sub 16 and the tree 18 when the seal sub 16 is attached 1o the free 180 The second type of seal
172 provided on the owter wall 1204s designed to seal an interface between the seal sub 16 and the
fubing hanger {4 once the seal sub 16 has been lowered info engagrment with the !,ubinghangcr
14, O the tres side of the seal sub (1L, outer wall 112), the metal-to-metal seals 170 may inclads
elastomeric backyps, 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 snb 16 will be deseribed below with veference to FIG. 3,

Several metal-to-metal seals (170, 72} may be made up on either portion (upper or lowern)

of the seal sub 16 to provide a desired pumber of sealed zongs independent from cach other within
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the seal sub 16, When the metal-to-metal seals are made up, they create a gallery of these scaled
romes. For example, FIG. 3 shows a plutality of these zones 150 formed between the outer wall
120 of the seal sub 16 and the tabing hanger 14 via a serjes of metal-to~mctal seals 172.on the seal
sub 16, Turning back to FIG. 2, similar types of zones 152 are formed betwesn the outer wall 112
of the seal sub 16 and the tree 18 via a series of metal-to-wetal seals 170,

Oue or more zones 150.on the lower part of the seal sub 16 may be communicativety
poupled to one or more zongs 152 on the upper part of the scal sub 16 via passages that are drilled
through the body of the seal sub 16. As shown in PIG. 2, the seal sub 16 may lnclude at Jeast a
first passage 154A for routing the elecirical/fiber optie line 130 between one of the upper level
sealed rones 1524 and one of'the lower level sealed zones 150A. The seal sub 16 may alse inglude
a second passage 134B, which is the hydraslic fleid coudutt 138, for routing hyvdranlie fluid
between one of the apper level sealed wones 1528 and one of the fower level sealed zones 1508,

It should be noted that the different upper level sealed zones 1532A and 1521 are independent from

each other and separated via the metalsto~metal seals 170, and the lower level senled zones 150A

and 1508 are independent from each other and separated wia the metal-to-metal seals 172
However, as shown in FIG, 2, the separate passages 1544 and 1548 through the seal sub 16 may
provide both electrical and hydraalic communications from 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 througlh two different lower level sealed zones 130A
and 1308,

The sealed zones 1507152 are generally concentric and oxtend a full 360 degrees ground
the outer walls of the seal sub 16, 50 that communication through the seal sub 16 is possible at any
angle. That way, the sealed zones 130/152 allow fhuds or electrical conaections to pass through
the seal sub 16 without the seal sub 16 needing to be at a specific origntation relative to the tubing
hanger 14 or te the tree 18,

FIG. 3 iHustrates the connections (132 and 140) formed between the seal sub 16 and the
tubing banger 14, Agientioned above, the seal sub 16 inclndes gallery metabto-metal eals 172
on the outer wall 120 of the seal sub 16, and these metalto-metal seals 172 define the roultiple
zones 150, The metal-to-metal seals 172 formed onthis tubing hanger side of' the sealsub 16 may
cach include metal-to-metal seal bumps with an elastoraer back-up capable of siding on a straight
seal pocket of the tubing hanger inner wall 122, Engaging a straight wall of the tubing banger 14
via the metal-tosmetal seals 172 4n this manner, as opposed (o a tapered wall, allows the systent o

accommaodate possible elevation differences of the tubing Banger 14 within the welthead 12,
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As Hustrated, the seal sub 16 neludes at least one glectrical connection 132 formed n
one of the sealed zongs 150A along the outer wall 120 of the seal sub 16 and at feast one hydeulic
connection 140 formed in oue of the scaled zones 1508 along the cuter wall 1200 1n some
embaodiments, the seal sub 16 may also inelude af least ope zobe 150 along the ouler wall 120
designed to accommodate an electrical to fiber optic cable confection (not shown).

At the hydvaulic conmection 140, the seal sub 16 may inclade a Buid passage 210 that
extends radially outward from the bydrandic fhild passage 1548 through the seal sub 1610 fhuidly
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 nclude # simitar flpid passage 212
that extends radially inward from the hydraulic fluid passage 134 through the tubing hanger 14 to
flnidly couple the fluid passage 134 fo the scaled zone 1508, In somg embodiments, the fluid
passage 212 may be formed from at least two porfions 2124 and 212B that are brought into
alignment with cach other and with the sealed zone ISOR only once the seal sub 16 is landed in
the tubing hanger 14.

The Huid passages 210 and 212 of the seal sub 16 and tubing hangesr 14, respectively,
along with the sealed hydragtic fluid zone 1508 of the seal sub 16 provide fluid communication
between the bydraulic conduit 138 of the scal sub 16 aud the hydraulic conduit 134 of the tubing
hanger 14, This hydrautic conpection 140 15 provided regardless of the orfentation of the seal sub
16 relative to the tubing hanger 14 when the seal sub 16 is landed. Since the scaled zone 1508
extends 360 degrees about the seal sub 16, hydraulic fluid may enter the sealed zong 1508 from
the fluid passage 210 of the seal sub 16 when the fluid passage 210 s at any cireumferential
position about the axis 34, The hydraulie thuid 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 fubing hanger 14 may be equipped with a biasing check
assembly 144. The biasing cheek assembly 144 is configured to bring the two portions 2124 and
2128 of the fhaid passage 212 of the tubing hanger 14 into aligrnisent so that they are fuidly
coupled in response to the seal sub 16 being Tanded on the tubing hanger 14. The check assembly
144 may jwclude a piston 216 and g biasing mechanisn sueh as aspring 218 disposed between the
piston 216 and a shoulder 220 formsed in the tubing hanger 14, The piston 216 inchades a portion
of the fluid passage 134 and the portion 2121 of the fluid passage 212 formed therethrough. An
extended portion 214 {check) of the piston 216 extends upward from the tubing hanger 14,

Wheun the treg 18 and soal sub 16 are landed on the tubing hanger 14, the locking ring 142
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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 downward force from the seal sub 16 onto the extended portion
214 pushes the piston 216 further into a chamber forrsed 1o 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
Auid passage 2128 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 scaled hydrantic fluid zone
1508 is aligned in an axial direction with the [hild passage 212A of the tubing hanger 14,

When the seal sub 16 is not enpaged with the tubing hauger 4 (e.g., via downward foree
on the extended portion 214 of the piston 216), the spring 218 biages the piston 216 in an upward
direction within the chamber in the tubing hanger 14. i this position, the fhid passage 2138 i
no {onger aligned with the corresponding Thid passage 212A of the tubing banger 14, The biasing
check assembly 144 is theretore able to avtommtically seal the entryway o the hydranlic fluid
passage 126 of the tubing hanger 14 so that sca water dogs not flow into the tubing banger 14 via
the exposed fuid passage 212A when the seal sub 16 Is reruoved.

Although FIG. 3 iHustrates the fluid passage 210 of the seal sub 16 as being at the same
orientation about axis 34 as the radislly inwardly extending Guid passage 212(A and B} of the
tubing hanger 14, this is only o show how sach side interfaces with the sealed fluid connection
zone 1508, When the seal sub 16 s fully landed, the fluid passages 210 and 212 will be in fluid
communieation regardless of the orientation of the seal sub 16 relative 1o the tubing banger 14
sinee the sealed flwid conpection xoue 1508 extends through all 360 degrees aboutthe seal sub 16.
The fhuid passage 210 of the seal sub 16 may be located at one position along the ¢ircumifereuce
of the assembly while the fluid passage 212 of the tubing hanger 14 may be located at another
circumferential position, but these fluid passages 210 and 212 are still connected through the sealed
bydranlic huid zove [SOB.

Turning to FIG, 4, an embodiment of the electrical connection 132 that may be utilized
i the disclosed seal sub 16 will now be described. The elsotrical comeetion 132 between the seal
sib 16 and the tobing hanger 14 may include ap electrical conductor 310 that is honsed within a
specific gallery (sealed xone 150A) formed by the seal sub 16, The electrizal conducior 310 may
be nsulated via au elastomeric shroud 312 that contacts the mating side of the pallery.

As discussed above, the seal sub 16 may include a series of metal-io-metal seals 172 with
corresponding elastomeric sealing components, and these are ilustraled in detall in FIG, 4.
Speeifically, the seal sub 16 jscludes multiple metal-toemetal profrusions 314 configured to

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

T
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the clastomeric shroud 312, which may include protrusions 316 configured to sealingly engage the
straight toner wall 122 of the tubing banger [4 on etther side of the efectrical conductor 310, In
this way, the elastomeric shroud 312 fiunctions as both another sealing element of the seal 172 and
an insulater for the clectrical conductor 310, The metal-to-metal protrusions 314, elastomeric
shroud 312 {and its protrusions 316), and the eleetrical conductor 310 may all extend 360 deprees
about an axis of the seal sub 16, thereby filling the cireanmiforential sealed zone 156A, FIG, 4
shows the electrical line 130 of the seal sub 16 which terminates at the clectrical conductor 310
and is in electrical contact with the conductor 310.

The electrival conneetion 132 may also include an electrical contact 318 on the tubing
banger side of the conneetion, The tubing hapger 14 may fnclude an insulating slastomeric shroud
320 {with protrusion 321) that is coufignred to sealingly contact the eleetrical conductor 310 when
the seal sub 16 s landed in the tubing hanger 14, This glastomeric shroud 320 may provide 4
terfary seal for the zone 1504, in addition to the meial-to-metal protrusions 344 and the
clastomeric shroud 312 of the seal 172 on the seal sub 16, The elecirical conjact 318 and s shroud
320 may be located at a specific circumferential position within the Tnner 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 contagt
318 will make electrical contact with the conductor 319 no matier what the relative orientation is
between the seal sub 16 and the tubing banger 4. FIG. 4 shows the electrical tine 126 of the
tubing hanger 14 which tenminates at and is electrically conpled to the contact 318.

All wires or glectrical pathways through the seal sub 16, tubing hanger 14, and tree 18 are
pre-installed and sealed prior to vunning the seal sub 16 fnto place to fovm the electyical connection
of FIG. 4.

Although FIG. 4 illustrates the elecirical line 130 of the seal sub 16 as being at the same
velative orientation as the electrical Hne 126 of the tublng banger 14, this is voly to Bustrate how
each side interfaces with the sealed electrical connection zone {304, When the seal sub 16 is-fully
lapded, the electrical fings 130 and 126 will be in elecirical communication regardless of the
relative orientation of the seal suly 16 to the tubing hanger 14, since the sealed connection zoue
IS0A extends through all 360 degrees about the seal sub 16, The electrical Hne 130 of the seal
sub 16 may contact the condustor 310 at one position along the cireumterence of the assembly
while the electrical line 126 of the tubing hanger 14 may be Jocated at another circumiborential
position, but these electrical Hines 126 and 130 are sl connected through the sealed electrical

connection zone FSUA.
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Turning now to FIG. 3, a detailed description of the forces that connect and seal the
electrical connection zone 150A will be described. The gallery 150A is sealed with the metal-to-
metal seals {protrusions 314) on each ¢ide and i sealed secondarily with the compressed angd
deflected clastomier insulator 312 to shrond the conductor 310 and the contact 318, As the agal
sub 16 is Jowered into position so that the contact 318 on the tubing hanger 14 makes electrical
confact with the conducior 319, the gallery 1504 is sealed with the metal-to-metal seal protrusions
314 and the two compressed elastomers 312 and 320

By conservation of volume, ag the contact 318 contacts the conductor 319 (see contact
zone 410), a reaction force on the conductor 310 in a radially inward dirgction (grrows 412) is
transterred to the elastomeric shioud 312, This reaction force causes the elastomeric shroad 312
to deform in a direction (avvows 414) of the inner 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 vadially
outward direction {arrows 416) is transferred to the elastorueric shroud 320 of the fubing banger
14, "i"hvig reaction force causes the clastomerie shroud 32010 deform in a dirgction (arrows 418)
of the condueior 310 to provide a tertiary seal of the connection, There 18 a high contact pressure
at the coutact zone 4 10 that provides the desired electrical contact and the lvad to deflect/compress
clastomers 312 and 320

I some embodiments, a thin elastomeric skin may be molded over the contacting side of
the conductor 310 so that debris dogs not interfere with the conductor 310 while it is being run in
hale. Quee the installation is complete and the electrical gallery 130A is in plage, the skin is
rubbed or scraped away by the conductors 310 and 318 making contact.

In some embodiments, 4 similar electrical connection 132 may be used to facilitate fiber
optic light commmunications between the tubing banger 14 and the tree 18, In such instanees, the
compnunication signal coming tnto and leaving the tubing banger conneetion 132 would be Hght
transmitied through a fiber optic cable. However, the signal would be converted 1o an slectrical
signal for waversing throngh the eleetiical connection 132 via the above described electrical
conducior 310, Incoming light traveling through a fiber optic cable that is routed through the seal
suly 16 ix converted into an slestrical signal, which travels through the clectrical connection 132,
After fraveling to the contact 318 on the tubing hanger side of the connection 132, the electrical
stgnal may then be converted back fo a light signal for communication through a fiber optic cable
within the tubing hanger 14.

Having described the compousnts that make up the disclosed non-otientating connector

systeny, aamethod of operating the system will vow be deseribed. Turning back to FIG. 2, first the
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tubing hanger 14 is run into the welthead 12 on a running tool {not shown).

The running tool may allow hydrautic control to be maintained v the hydvaglic fluid
passages of the twhing hanger 14, The running tool is non-ovienfaling and 1§ equipped with a
hydrawlic umbilical, The running tool may have a sub nose that seals afong the inner wall 122 of
the tubing hanger 14 to isolale ong or more sealed zones (e.g., to maintain a hydraulic comnection
between the umbilical and the tubing hanger 14 through a sealed gallery). The running tool may
lock inter the tubing hanger 14 and, as it cniers the tobing hanger 14, press downward on the
extended portion of the piston o the biasing check assemibly 4 to allow hydraslic
comumnunication through the hydranlic connection,

The running tool i3 run subsea with the tubing hanger 14 and lands the tubing hanger 14
on the casiug hanger-within the wellhead 12, The tubing hanger 14 does not need to be landed in
any particular orientation within the wefthead 12 during this landing operation. The running tool
will then lock the tubing hanger 14 inte the wellhead 12 while making a lead impression that
indicates the clevation of the tubing hanger 14 relative to the welthead 12, The ruming tool is
undocked from the rubing hanger 14 and, as the ranning tool iy retricved 1o the surtace, the spring-
foaded piston of the check assembly 144 ix released to slide upward. This causes the hydraulic
communication ports of the tubing banger 14 to becowme misaligned to prevent intrusion of
seawater into the hydranlic communication ling 134 of the tubing hanger 14,

Osce the running tool has been retrieved, the method may include evaloating the Jead
ppression blocks, and running the tree 18 with the seal sub: 16 subsea using a tree ronning tool.
The tiee 18 and seal sub 16 are positioned inches above their final landing position (which is shown
in FIG. 23, At this point, a vemote operated vebicle (ROV) will reveal the desired landing position
based on the lead Dmpression stripe made on the wellhead 12, The ROV may also indicate the
floid outlets on an upper portion of the tree 18 to a satellite jumper comeetion within the figld.
The tree running tool may then rotate the tree 18 (and scal sub 16) antil the fluid outlets on the tres
18 are Hved wp with the jumper before Jowering the free 18 into e final position.

As the tree 18 s lowered ity final nches to the landed position on the tubing hanger 14,
the locking ving 142 may engage and depress the spring-loaded piston of the check assembly 144
into the chamber of the tubing hanger 14, This depression of the piston will then align the ports
through the tobing hanger 14 with each other and wiih the hydraulic fluid connection zone 1308
between the zeal sub 16 and the tubing hanger 14, This lowering of ths tree 18 and connested seal
sub 18 relative to the tubing hanger 14 also makes up the seal sob 16 to the tubing hanger’s fnoer

wall 122 to create the gallery of sealed vones. The trog connector v then locked, and the hiydraulic



10

WO 2020/081911 PCT/US2019/056898

comununication lines (136, 138, and 134) are tested. The BOV may make up the wet mate
connection and then test the electrical connection 132,

As discussed at fength above, the seal sub 16 incorporated with the subses treg 18 is
configured to automatically provide eleetrical, hydraulie, and/or fiber optic connections. between
the tree 18 and the tubing hanger 14, regardless of the relative orientation of the tree 18 relative to
the tubing hanger 14, This provides a progess for assenbling a wellhead systen that is faster, less
expensive, and less comiplex than sxisting methods for Huidiv/clectrically connecting a tree to a
tubing hanger landed in the wellhead.

Although the present disclosure and its advantages have been deseribed in detail, it should
be understood that varions changes, substitutions and alterations cay be wade hereilnr without

departing from the spirit aud seope of the disclosure as defined by the following claims.

i
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WHAT IS CLAIMED 18

L, A systend, conaprising:
a tubing hanger for fanding tn a welthead, wherein the tubing hanger comprises a bore, a
hydrautic fluid conduit, and an electrical or fiber optie line;
a tree for landing ou the tubing hanger within the wellhead, wherein the free comprises a
bore, a hydrautic fluid conduil, and an ¢lectrical or fiber optic ling; and
a seal sub coupled o a radially inner wall of the tree and configured fo be landed v and
gngaged with a radially mer wall of the tubing hanger, wherein the seal sub comprises:
a bore;
a hydraulic fluid conduit that is fluidly coupled to the hydraelic fluid conduit of the
tree; and
an efectrical or fiber optic line that iy communicatively coupled to the electrical or
Bber optic line of the tres;
wherein the seal sab provides a hydrautic conneation between the hydraulic fhuid
conduit of the scal suly and the hydrawlic fluid conduit of the tubing hanger regardless of an
origntation of the tubing hanger relative to the tree, and
whergin the seal sub provides an electrical connection between: the electrical or
fiber optic line of the seal sub and the elecirical or fiber optic line of the tubing hanger regardless
of an orientation of the tubing hanger relative to the tree.
2. The system of clgim 1, whereiy the seal sub further comprises a first series of metal-to-
metal seals disposed along a radially outer wall of the scal sub and a second series of metaldo-
metal seals disposed along a radially outer wall of the seal sub, wherein the first series of metal
to-metal seals defines apper clircumferential sealed xones between the outer wall of the seal sub
and the tree, and wherein the second series of metal-tosmetal seals defines tower clrcurnferantial

sealed roves between the onter wall of the seal sub and the tubing havger.

3, The systern of claim 2, wherein the first series of mstal-to-metal seals is provided at an
apper porfion of the outer wall of the seal sub fo seal an interface between the seal sub and the

e,
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4, The system of olaim 2, wherein the second series of metal-to-metal seals is provided at a
Towse portion of the outer wall of the scal sub to seal an interface between the seal sob and ike

tubing banger once the seal subs has landed in and is i engagement with the tubing hanger,

5. The system of glaim I, wherein the seal sub comprises an electrical conductor disposed
between adjacent metal-to-metal seals of the seal sub, wherein the electrical conductor extends

360 degrees about the seal sub.,

6. The systerm of claim 5, wherein the seal sub further comprises anelectrical shroud disposed
around the electrical conductor to insufate the electrical conductor, wherein the electrieal shroud
comprises a paiv of protrusions extending in a radially ootward direction from the seal sub, one

profrusion on cach side of the ¢lectrical conductor.

7. The system of claim 5, whereln the seal sub further comprises metal-ig-metal profrusions

extending in a radially outward divection to sealingly engage the inner wall of the tubing hanger.

8. The systent of elaim 3, wherein the tubing hanger comprises an electrical contact, wherein
the electrical conductor of the seal sub and the electrical contact of the fubing hanger form the

alectrical connection,

9. The system of claim 8, wherein the tubing hanger further comprises an elasiomeric shroud
disposed around the electrical contact to sealingly contact the electrical conductor when the seal

sub is landed in the tubing hanger.

10, The systerm of claita 9, wherein the electrical or fiber optic line of the tubing hanger
termitsates at and is cleetrically coupled to the electrical coutact, wherein the electrical or fiber

optic e of the seal sub texminates at and iy electrically conpled to the electrical conductor.

11, The system of claim 2, wherein the seal sab comprises g first passage for routing the
electrical or fiber optic line of the seal sub between one of the upper civeunuferentiaf sealed zones

and one of the lower circomiferential sealed zones.
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12, ‘The system of clatm 2, wherein the seal sub comprises a second passage for routing

bydraulic fluid betwesn ong of the upper circumfurential sealed zones and one of ihe fower

circumferential sealed zones throogh the hvdraulic fhuid conduit of the seal sub,

13, The system of claint 12, wherein the seal sub further comprises a fluid passage that extends

radially outward from the second passage of the seal sab.

14, The system of elaim 13. wherein the tubing hanger comprises a flnid pagsage that extends
eadially foward to be fluidly coupled {o the Hloid passage of the scal sub, whergin the Thid passage
of the tubing hanger comprises two portions that are brought into alignment when the seal sub is

landed in the tubing banger.

15, The system of claim 14, further comprising a biasing chegk assembly, wherein the biasing

chsek assembly comprises a piston, an extended portion of the piston, and a spring.

16.  The system of claim 13, wherein the piston comprises a portion of the hydraulic {luid

condait of the tubing hanger and ong of the two portions of the fluld pagsage of the tubing hanger.

17, The system of elaim 16, forther comprising o 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.

18, The system of clainy 17, wherein the spring blases the piston upweard apainst a shoulder
disposed within the tubing hanger, wherein the downward force actuates the spring 10 compress

and afign the fluid passage of the nibing hanger with the fluld passage of the seal sub.
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19 A seal sub, comprising:

a bore;

a hydraulic fluid conduit;

an eleetrical or fiber optic line;

a series of metal-o-metal seals disposed along a radially outer wall of the seal sub,

an electrical conductor disposed between adjacent metal-to-metal seals of the seal sub,
whergin the electrical conductor extends 360 degrees about the scal sub; and

ap electrical shroud configived to insulate the electrical conductor, wherein the electrical

shroud comprises profrusious.

20. The aeal sub of clairg 19, wherelu the seal sub s 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 hydraulie comiection between the hydraulic fluid conduit of the seal sub
and a bydranlic fnid conduit of the tubing hanger regardless of an orlentation o the tubing hanger
relative to the tree, wherein the seal sub provides an electrical conngction between the clecirical
ar tiber optic Hine of the seal sub and an electrical vr fiber optic ling of the inbing banger regardless

of an origutation of the tubing banger relative to the tree,

i



