METAL-TO-METAL SEALING ARRANGEMENT FOR CONTROL LINE AND METHOD OF USING
SAME Field of the Invention This invention relates to oilfield completion systems and, in particular,
to a wellhead completion system having a metal-to-metal sealing arrangement for control lines
installed on a surface wellhead. Background of the Invention [0001] For many surface and subsea oil
and gas wells, a series of pipes, fittings, valves, and gauges are used on a wellhead to control the flow
and achieve MET&dmpletidit TPAC Hetstrh &N GrAdrbtAMIEINN B & Ts IeReNiX aik4shad tAé\Wellhead and
the pipes, fittings, valves and gauges Mrie tyfialyfrddseN Grishdbbnected to the tree. One, or a plurality
of, penetrators or stems, may be installed in a Christmas tree to engage components installed within
the wellhead, such as a tubing hanger. The penetrators may be horizontal, vertical, or at other angles,
and allow downhole control lines, such as electrical and/or hydraulic, to be routed through the tree and
tubing h i be routed down to components below the wellhead. [0002] Subsea

horizontal tree tyhing hangers generally. ytiljize a sealing arrangement.for control lines that rely,on the
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incorporate this sealing arrangement [U0 el com%letlo are now using an increasing number of

downhol ﬁ%ga}él %gdmith some operators now requesting up to eleven separate control lines. As
explained above, the conventional method of exiting a plurality of control lines through the wellhead

usually rey Ej{ g'actar%qrp] rgll]{ilaﬁ pass through a tubing hanger in a continuous manner and then
exit thro ‘bTE\Y/V._F!ﬁWever, large numbers of control lines make this conventional exit

[0001] For many surface and subsea oil and gas wells, a series of pipes, fittings, valves, and

gauges are used on a wellhead to control the flow and achieve well completion. A Christmas or
production tree is generally attached to the wellhead and the pipes, fittings, valves and gauges
are typically routed and connected to the tree. One, or aplurality of, penetrators or stems, may be
installed in a Christmas tree to engage components installed within the wellhead, such as a
tubing hanger. The penetrators may be horizontal, vertical, or a other angles, and alow
downhole control lines, such as electrical and/or hydraulic, to be routed through the tree and
tubing hanger sidewalls and be routed down to components below the wellhead.

[0002] Subsea horizontal tree tubing hangers generally utilize a sealing arrangement for control
lines that rely on the weight of completion tubing to activate the device sealing mechanism. On
conventional surface wellhead applications, however, there is insufficient space available on
most compl etions to incorporate this sealing arrangement

[0003] Well completions are now using an increasing number of downhole control lines with
some operators now requesting up to eleven separate control lines. As explained above, the
conventional method of exiting a plurality of control lines through the wellhead usually requires
that the control line pass through a tubing hanger in a continuous manner and then exit through
the wellhead body. However, large numbers of control lines make this conventional exit
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arrangement complex and difficult to complete within the limited space available in the wellhead upper
bowl area. Fitting multiple control lines in the limited space currently available is difficult and labor
intensive, with control lines frequently bent in awkward directions with some having to physically cross
over others. Control lines are thus frequently damaged. Thus, little space on this particular completion
arrangement is left to provide "spare" length on the control line. Further, if any problems are
encounte¥ezhdeirien dosplertand idiéf ieinio soomlteasi i theg imbiedspitread ligbieay Bee Mestdesdry to
pull the completion, which is an expensive and time-consuming exercise involving significant rig
down-tiniPPRI oYYl ArArebi Big A RIGCRRIRY Liees | AIIBA knitfeei sprcs cuFcanty Ryeidaplalalfijffutiownhole
control lines at a well. Summary of the Invention [0005] In an embodiment of the invention, a well
completigfdiRbauiEseasvElneaantEdHinssifr W 1Ayl sty e it 8R! Y i9ay have
a generally cylindrical body with a bore. The control line assembly may include a cylinder and a main
housing BR¥3FRBYK, KAFF QURARIBERiIthCOBEN page A eathbndrenderty HBnREsy J ve WEImEEDeay via

bolts. The control line assembly may further include a passage and a metal-to-metal seal. The
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hanger t%@ ) ' ' ?I!—J (%]IHP/ nents, such as valves or instrumentation devices, within the
well and ggﬁ@ﬁ%ﬁgﬁﬁg‘# ILrgit er,@%?é‘rality of radial passages communicate
[0004] A need exists for a technique to alow sufficient clearance for a plurality of downhole

control linesat awell.

Summary of the Invention

[0005] In an embodiment of the invention, a well completion includes awellhead, a control line
assembly, and atubing hanger. The wellhead may have a generaly cylindrical body with a bore.
The control line assembly may include a cylinder and a main housing assembly with a flange
with a bolt pattern at one end for mounting to the wellhead body via bolts. The control line
assembly may further include a passage and a metal-to-metal seal. The passage may be a tube or
stem within the cylinder that has an inlet at an exterior end and extends into the wellhead bore at
another end. A split lockout ring provides a positive lock to the passage. A plurality of control
line assemblies may be mounted to the wellhead. The well completion described herein may
also be used in production casing hangers to run control lines down through a production
annulus.

[0006] The tubing hanger may have a plurality of vertical passages formed in a sidewall of the
hanger that communicates with well components, such as valves or instrumentation devices,

within the well and below the tubing hanger. Further, a plurality of radial passages communicate



with the vertical passages at one end and communicate radially with an outer surface of the tubing
hanger. The tubing hanger may be landed within the bore of the wellhead and oriented such that the
radial passages in the tubing hanger align with each of the passages of each of the control line
assemblies. [0007] This arrangement on the wellhead of the control line assemblies advantageously
provides sufficient height and clearance to allow for the installation of a plurality of control lines
entering Witb the webiiogl hzassrgearst! edtianpfhiand coometiivetalradolg] Witls dnvatigosupiasddésheveral
additional advantages. The invention advantageously overcomes the problem of bending and fitting
multiple énb®hRIee inthe ubifechepa—icavaabriadsd wihinghadergivp it welhead ane engmegelinead
body and creates multiple control line entry points on the tubing hanger body with a minimal height
increaseS LB KB ERSFRAES B AL SR WALR G DR REESESEI0 SPEEbIAG hanger
and wellhead body thereby minimizing any height impact. In addition, safety for personnel is improved
by this irR%}%H'@?\?éﬁPm@){%rk around an open well, which may involve working underneath
suspended BOP stacks, is minimized. From an 3Eerational safety standpoint, hydraulic control line
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wellhead wijthout the pneed to break the BOP stack and thereby maintaining complete well control.
Forthor. S0 P A R R A O 11 BT AP LG B ST G hmeter
of tubing. hanger body, seal surface.is protected from damage during tubing hanger installation
operatioﬁ%?ﬁﬁgjéﬁrﬁg esrt%%i%eﬁggﬁ{\%nnfroen ﬂ?phegpieduces risk of control line damage and
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onto an existing wellheadas required by the number of downhole control lines required. The invention
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Description of the Drawings [0009] Figure 1, is a perspective view of an embodiment of a wellhead, in

accordancry\Hn the Heemitided 1A] iang e vama teroviMat Weine Hargs ehiiididthdad body

thereby minimizing any height impact. In addition, safety for personnel is improved by this
invention given that work around an open well, which may involve working underneath
suspended BOP stacks, is minimized. From an operational safety standpoint, hydraulic control
line communication can be advantageously achieved immediately after the tubing hanger has
landed in the wellhead without the need to break the BOP stack and thereby maintaining
complete well control. Further, as the mating stem seal surface on the tubing hanger body is
below the main outer diameter of tubing hanger body, seal surface is protected from damage
during tubing hanger installation operations through a BOP stack. This invention further reduces
risk of control line damage and reduces the risk of the cost and downtime related to pulling a
completion. Further, the invention provides metal-to-metal sealing, which is particularly suitable
for critica and high pressure/high temperature applications, is tamper-proof, and reduces rig

down time during the control line termination process. Further, the invention provides



[0011] Figure 3, is a partial sectional view of an embodiment of a control line assembly mounted to the
wellhead, in accordance with the invention; and [0012] Figure 3A, is an enlarged view of a portion of
Figure 3, in accordance with the invention. Detailed Description of the Invention [0013] FIG. 1 shows a
perspective view of an embodiment of a generally cylindrical wellhead 10 having a bore 12, that may
be installed on a surface or subsea well. In this embodiment, the wellhead 10 further has a body or
wellhead oy 2 aothrausigainilviieh Towntidebstirmby Hace ancadhe!tthickneageeiiisaigendfely by a
difference between an outer surface of the body 14 and an upper connection 18. The upper
connecti6PNirgl shiogyAsHRBA efe Aat alpyIen tRikd ] titeh 0Bt n AR oRXdHI fitle WiR [nepd cRsnessiibiet &Y thike the
form of a flange, and extends upward from the body 14 of the wellhead 10. [0014] Continuing to refer
to FIG. 1N6APe§H dwnhol g castiehl iNes ree5EAtbly DA RVATIOMRASPHREQYIED R A0WB RE) dfei8akYRblies, is
mounted to the body 14 of the wellhead 10 via bolts 26. The bolts 26 pass through bolt passages (not
shown) iFP&IRAYTEDS B LIS RHEY BYRIHIEBENTol line assembly 24 and further engage
corresponding bolt passages (not shown) formed in the body 14 of the wellhead 10. The flange 28 of
the cont/BleELEFAEIPHON Of LR DEMIAAS re cess 30 formed on the outer surface of the wellhead body
14. The 8 may he a standard API flange or some form of compact flange design. A seal ring
20 (116, L BT el BETEE 4 1 SRR P DB 1 S Wi T the
embodiment ?f FIGS. 1 and 2, the control line assembly 24 extends radially outward from the wellhead
10 and h'gﬁ%rll?glly. However, the assembly 24 could also extend outward at an angle from horizontal.

The nu f ol line embli ections may vary with the requirements of the
well co%@i@nﬁ%g éb%?oﬁlver%%iﬁml%wg gﬁﬁlds fn@%%rrlﬁefhtal signal port 32 will be explained further
below. [ ing 10.F|G- 3, ion.qf t Vi tral Jj 24 is
iIIustrate%gé%ﬁﬁ%gé%ha?éi%&&f%@%ﬁ%%n%?gﬁ{sem y 24 asé;br% I?)tﬁjﬁc{:%/lm erBAlr ﬁ%ﬂ%th an

end cap ¢t \ﬁafliﬂé'ao"]@%Eo?dgé(ég%‘”?tﬁwm\?&{ﬁ&%”ator or stem 42 having an axial passage 43

with inner diameter is located within the cylinder 40 and has an indicator or recess 44 at an outer end
46. The ipgicgter é%AQﬁ@&qéﬁ%&(GP&Nfo%rﬂdﬂiBRBPh%[MrQBFWﬁm%@MW@%W” the
stem 42 is properly installed within the wellhead body 14. The indicator 44 is on a portion of the stem
42 that projects past the end cap 41. The stem 42 has a control line inlet 48 at the outer end 46 that
may allow connection to control sources such as a hydraulic supply. A horizontal passage 50 traverses
the wellhpadisidaveatritionetmaunRieaiedie outer surface of the wellhead body 14 with the bore 12.
Horizontal passage 50 allows a penetrating end 52 of the stem 42 to pass through wellhead sidewall
14. In thiRembeudnerhpass pgeptdtinergaseas th erlimaiatet f sugia dhe penekistingatindn21 of the
stem 42.

having a bore 12, that may be installed on a surface or subsea well. In this embodiment, the

wellhead 10 further has a body or wellhead body 14 with a sidewall 16. The sidewall may have
aradia thickness defined generally by a difference between an outer surface of the body 14 and
an upper connection 18. The upper connection 18 shown has a generaly cylindrical shape,
although the upper connection can take the form of a flange, and extends upward from the body
14 of the wellhead 10.

[0014] Continuing to refer to FIG. 1 and aso FIG. 2, a control line assembly 24, which may be
one of aplurality of assemblies, is mounted to the body 14 of the wellhead 10 via bolts 26. The
bolts 26 pass through bolt passages (not shown) in a flange 28 on a mounting end of the control

line assembly 24 and further engage corresponding bolt passages (not shown) formed in the body



[0016] Continuing to refer to FIG. 3, the penetrating end 52 of stem 42 has a nose arrangement 60
terminating at penetrating end 52. Nose arrangement 60 has a wave-like profile 61 which is located
within horizontal passage 50. The nose arrangement 60 of the stem 42 corresponds with bore 12 of
the wellhead 10 and interfaces with an exterior surface 62 of a tubing hanger 64 shown landed within
the wellhead 10. When energized against the tubing hanger 64 interface, the nose arrangement 60
creates d4neftaheowelhabddQl. Imhhid agd a8ivfetite wasiiigl raseeyabl Lk israservediynadeasts Bk control
line assembly 24 via a key 66 located at a lower portion of tubing hanger 64. The key 64 is outwardly
biased biPEnRsEER dhe @iAngUBCK 6l be Weldieaetdadyniifthé he:jl v ge aSiveayieaacaansigd dthg
recess 70 formed in wellhead bore 12. Other types of alignment mechanisms may also be utilized.
When tuHﬁ‘@%ﬁhg@f‘%@fﬂﬁbﬁ@'ﬂwaﬁéwé@ﬂﬁmhé\ﬁﬁﬁé@ﬁﬁ@(ﬁé@]&)iﬁﬁ‘ﬁ%@ﬁ@f@ﬂ PEYNERIE 72
registers with nose arrangement 60 to establish communication with passage 43 of stem 42. An
annular HEHRERPT and BB MENRRENIYY J4H0 76 est 8Rplat'Rdbe AnRathRRE A 6138 dediheifiBrface

formed by nose arrangement and horizontal hanger passage 72. In this embaodiment, horizontal
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metal-to%gwgg{,\pt the tubing hanger 64, a chamber 104 may be pressurized to deliver a distributed
force to a back face of piston 100 to move piston, and thus stem 42, forward into sealing engagement

with tUbgtg)@‘%{eﬁ‘i‘n%{!ﬁﬁ@@,%b&%@H% Bt MARORs ﬁg{/iﬁq%ﬁ%ﬁﬂolﬁme &8 Dydraulic

piston 1 amber 104 may also be pressurized on front face or piston 100 by an external source

(not shoywR) iR eAYRSRIS QRIS ASK. AHPWIRSHIRIITNE AldNE [HDINGBANARR Gy MRRP Hosittam 42 is
in a fully engaged position with tubing hanger 64, indicator mark 44 on the outer'end 46 provides
visual inglipatisndiutbgpaneiaiihgt ngareidly@-mesalseakls setpdeeadnesiamm 42 islithiarengaged
position with tubing hanger 64, indicator mark 44 on the outer end 46 will be recessed within end cap
41 and thyzinphsigiplas WARS] trentinwieatos edestta ithi B e e isigen 42 dadsrigaingl datbing: hanger
64, the stem 42 may be positively locked in place by a split lockout ring 106 to thereby prevent loss of
sealing. fdeesspii b ckoatitengntiCfharhe [ndidaect uMnés {oiohide d0G ahduanfensted peapsemfasfedd 0. The
toothed inner profile 108 lockingly engages a corresponding mating profile 112 formed on an outer
surface cieste4? 42d Medioatpprdige theXeraylalsophepea v insé ed withifethEooth hasofibeso a4h & belit
lockout ring 106 and mating profile 112 may have varying depths depending on the application. The
split lockindtcéty 40 6s sinaldanfifostentli2stsredRyibieh plic) éotskpart pistendldap Whild kessien2 slenergized
and set. This hydraulic locking mechanism acts as a safety measure in that there are no external
compon@atiralhicie oalat 48 riscoateidrd db dbeidaatlioacovznedian insentitd fookieg weithafism. An
operator must physically connect a hydraulic supply to an inlet port (not shown) on the control line
assembl{yEiaHE Sy prd Jaei@oal dersiadn 29 kversesiie yratecagbsipmelhderteLopresicaes
released from the lockout piston 114 and the split lockout ring 106 is then driven down onto mating
tooth profif Quier Wréaﬁ%ﬂ?g'i}?rmé e bqstysiti artiotie theratbin 430NivpndeParmoe P8 is
located at one end to split lockout ring 106 and at a second end to an internal housing 118 concentric
with the BRIANA\RRF2Rint e F6M A 4918858 Ly et wie isad SRy & malh o s Refhces.

[0019] Continuing to refer to FIG. 3, a metal-to-metal seal 130 maé also be effected between stem 42

and a mEAFYGSH Y GEESRMALATG 2R RrherSENeds ot diestelidlily engages outer
surface i& 5( stem.as.shown in Flj_L A T}Fée seal lip. 135 ig in interference contact with the stem 42,
Wit thrs RO PN E e o D A O S RSCB A e WP . A
inside sufaee ot the J. 1 33may have apually of sealnalands.o tised facesihieh iniigly Jorm an
interference Seal and’then progressively increases sealing contact as the Bressure In the wellhead
bore 12 i Sy 1 ' artiall H ﬁ@i %&y [ F 1S, 1S
achievec]%;%? fﬁt‘?’(@l@@ﬁ%%&]&%§ cmr%cgé@itr}lfcﬁ% ﬁ%stem %a égaqgnﬁg}%%gér%%ég }t%gror?\g%w&sing
assembly 134 to form outer static seal 139 (FIG. 3A). In this embodiment, a stem seal area 136 of
outer surface of stem 42 may be have a tungsten carbide coating so the stem seal area 136 can
withstand forces applied by the flexible metal seal lip 135 that may result in galling between the stem
42 and flexible lip. Metal-to-metal seal 130 of stem 42 with main housing assembly 134 and
metal-to-metal seal of nose arrangement 60 with tubing hanger 64 may both be verified via a test port
(not shown) on the main housing assembly 134. The outer static seal 139 utilizes a metal-to-metal seal
ring profile which effects a seal by elastic deformation of a seal lip opposite the metal seal lip 135

when made-up to the main housing assembly 134. In this embodiment, the metal-to-metal seal
accambiv ic incetalled in the main boricina bodyy 124 and then the internal horicina 112 ie threaded in




[0020] In one example, during installation of the control line assembly 24, the control line assembly is
mounted to wellhead body 14 such that the penetrating end 52 of the stem 42 enters the horizontal
passage 50 formed in the wellhead sidewall 16. To energize and set the metal-tometal seal between
the nose arrangement 60 and previously landed tubing hanger 64 via annular metal seal 74, chamber
104 is pressurized at a front face of piston 100 to move piston, and thus stem 42, forward. Sufficient
force is d@hertied iyepived hedd OLedattostentactsswith7ani e esisilipuwfeer) 88 erhentuing thaspey dnger 64.
To retract stem 42 and allow retrieval of tubing hanger 64, chamber 104 may be depressurized or
pressuriZ8avyh lagacadehtT Betoe teecd Galdbepistsnaigedcasadishing fobbrodangettdyi tefaesse spring
116 drives the split lockout ring 106 and lockout piston 114 back to the original, deenergized position.
When théheteeress angerasniOlsigaigea pkiticorWetal t8asing g eMmbedimadaivbing hangeobdthe outer
end 46 provides visual indication to the operator that the metal-to-metal seal at nose arrangement 60
is set. OREYPETINAHINRY B ABEEMBIY R AFENBY, 4/ i@ énk ey FBJRRARY IBcRAVHS IRIEEBYAhe split

lockout riﬂf% 106 to thereby prevent loss of sealing at the nose arrangement 60, During the setting
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within the scope of the claims if they have structural elements that do not differ from the literal
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from the literal language of the claims. CLAIMS WHAT IS CLAIMED IS: 1. A control line assémbly for
a surfaceymatiiaReiSOMRASHY/ertical hanger passage 80. Vertical hanger passage 80 further

communicates with a lower surface 82 of tubing hanger 64 to allow communication with aline
84 that may connect to an inlet 86 located at lower end of vertical hanger passage. Line 84 may
serve various types of components located below the hanger 64.

[0017] Continuing to refer to FIG. 3, a hydraulic piston 100 in this embodiment is formed
integral with the stem 42 and alows the stem to reciprocate axially within a distance defined by
end cap 41 and a stop 102 that projects radialy inward from cylinder 40. Assignificant forceis
reguired to activate the nose arrangement 60 and set the metal-to-metal seal at the tubing hanger
64, a chamber 104 may be pressurized to deliver a distributed force to a back face of piston 100
to move piston, and thus stem 42, forward into sealing engagement with tubing hanger 64. The
chamber defined by the cylinder 40, end cap 41, stop 102, and hydraulic piston 100. Chamber
104 may aso be pressurized on front face of piston 100 by an external source (not shown) to

cause piston to retract, alowing retrieva of the tubing hanger 64. When the stem 42 isin afully



a main housing assembly having an end selectively mounted to the wellhead; a stem in the housing
assembly; a penetrating end on the stem extending through a passage in the wellhead; and a
metal seal ring located at the penetrating end for sealingly engaging a tubing hanger installed within
the wellhead when energized. 2. The assembly of claim 1, further comprising: a radial projection
extending from the stem; and a cylinder adapted to be pressurized via hydraulic fluid, wherein the
hydraulicfigageeeossiartistiibiuleg dddraroentthd naidaibh rafdc ddroofthieeostenend #fqeavidesteiaufdrward to
thereby energize the metal seal ring at the penetrating end against the tubing hanger. 3. The
assemblingcetinmte thereperatesriist shegnet@bdesvdatsret issahe/dxeariae sam dRtseténenggomtdicates

when metal seal ring on the penetratirrg end of the stem is set against the tubing hanger, the recess
i
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cap 41 and thus not visible.

[0018] Continuing to refer to FIG. 3, once stem 42 is set against tubing hanger 64, the stem 42
may be positively locked in place by a split lockout ring 106 to thereby prevent loss of sealing.
The split lockout ring 106 has a toothed inner profile 108 and a tapered rear surface 110. The
toothed inner profile 108 lockingly engages a corresponding mating profile 112 formed on an
outer surface of stem 42. Mating profile 112 may also have a toothed profile. Tooth profiles on
the split lockout ring 106 and mating profile 112 may have varying depths depending on the
application. The split lockout ring 106 is held off stem 42 by a hydraulic lockout piston 114
while stem 42 is energized and set. This hydraulic locking mechanism acts as a safety measure
in that there are no external components which can be tampered with or accidentally activated to
unset the locking mechanism. An operator must physically connect a hydraulic supply to an inlet
port (not shown) on the control line assembly 24 and apply pressure. Once stem 42 is set against
the tubing hanger 64, pressureis released from the lockout piston 114 and the split lockout ring
106 is then driven down onto mating tooth profile 112 by a wave spring 116 to positively lock
the stem 42 in place. Wave spring 116 is located at one end to split lockout ring 106 and at a
second end to an internal housing 118 concentric with the stem 42. Wave spring 116 has a flat
face at each end to engage mating component faces.

[0019] Continuing to refer to FIG. 3, a meta-to-metal seal 130 may also be effected between
stem 42 and a main housing assembly 134 and a flexible metal seal lip 135 which sealingly
engages outer surface of the stem as shown in FIG. 3A. The sed lip 135 is in interference

contact with the stem 42, with this sealing arrangement further enhanced by any pressure present



a lockout piston adapted to be pressurized via hydraulic fluid, the lockout piston initially maintaining the
locking ring off the mating profile of the stem during setting of metal seal ring; a locking ring that
circumscribes a portion of the stem, the locking ring having a toothed inner profile for lockingly
engaging the mating profile of the stem to lock the stem in place. 5. The assembly of claim 4, wherein
a spring is located within the main housing assembly and interfaces with the split locking ring to drive
the lockinytriewy e headdanedls aAingnsiagsydaner wieh ith & 3p ayghpvefiglof atity ofesestifig tands lickout
piston is depressurized. 6. The assembly of claim 1, wherein the penetrating end comprises a
bellows-liRgastfigeesiwhzhTRigaH ¥ Jermb RN dNEaieEesrran HenAingr prarRtYisTeRmReE 68 saaltnder
surface of the stem. 10 8. A well completion system, comprising:  a wellhead having a body with a

bore andPansMgeAlNERECTHRIMERENG WAMAERH ISt hin¢srmesntAhe &l d i kssBagal bixesfiarfPthrough

the sidewall; _ o _ _ o
inner dynamic seal 137 (FIG. 3A). Thisis achieved by a metal seal ring 132 concentric with

stem 42 that sealingly engages the main housing assembly 134 to form outer static seal 139 (FIG.
3A). In this embodiment, a stem seal area 136 of outer surface of stem 42 may be have a
tungsten carbide coating so the stem sea area 136 can withstand forces applied by the flexible
metal seal lip 135 that may result in galling between the stem 42 and flexible lip. Metal-to-metal
seal 130 of stem 42 with main housing assembly 134 and metal-to-metal seal of nose
arrangement 60 with tubing hanger 64 may both be verified via a test port (not shown) on the
main housing assembly 134. The outer static seal 139 utilizes a metal-to-metal seal ring profile
which effects a seal by elastic deformation of a seal lip opposite the metal seal lip 135 when
made-up to the main housing assembly 134. In this embodiment, the metal-to-metal sed
assembly isinstalled in the main housing body 134 and then the internal housing 118 is threaded
in with this process energizing the outer static seal 139. The stem 42 is then inserted through the
inner dynamic seal 135 followed by remaining components, including 116 and 106.

[0020] In one example, during instalation of the control line assembly 24, the control line
assembly is mounted to wellhead body 14 such that the penetrating end 52 of the stem 42 enters
the horizontal passage 50 formed in the wellhead sidewall 16. To energize and set the metal-to-
metal seal between the nose arrangement 60 and previously landed tubing hanger 64 via annular
metal seal 74, chamber 104 is pressurized at a front face of piston 100 to move piston, and thus
stem 42, forward. Sufficient force is generated by piston 100 to force metal seal 74 into sealing
engagement with tubing hanger 64. To retract stem 42 and alow retrieval of tubing hanger 64,

chamber 104 may be depressurized or pressurized on front face of piston 100 to cause piston to



a tubing hanger located within the bore of the wellhead having a hanger passage, a control line
assembly comprising: a main housing assembly having an end selectively mounted to the wellhead; a
stem in the housing assembly; a penetrating end on the stem extending through a passage in the
wellhead; and a metal seal ring located at the penetrating end for sealingly engaging a tubing
hanger installed within the wellhead when energized. 9. The system of claim 8, further comprising: a
radial profietdasexfoncireydrisch biidhsavayasoring 416y ihdes Huagnkdl askasitpriagslvl eddviadkpdiaulic
fluid, wherein the hydraulic fluid exerts a distributed force on the radial projection of the stem to force
the stemPisiomatd4daskrenine peeineh WreneizPdagsHing atWieptirsatndldadmgaiist eneagnsing
hanger. 10. The system of claim 8, further comprising a recess formed on the exterior end of the stem
that indid¥aH RHuEHARAeh §b N 63 BTt HY AL PYURS SRErG DM desayiEtHBdigali) hanger,
the recess located on the stem such that recess is visible. ) )

to the operator that the metal-to-metal seal at nose arrangement 60 is set. Once stem 42 is set

against tubing hanger 64, the stem is positively locked in place by the split lockout ring 106 to

thereby prevent loss of sealing at the nose arrangement 60. During the setting operation the split

lockout ring 106 is held off stem 42 by hydraulic lockout piston 114. The lockout piston 114 is

depressurized once stem 42 is set. Wave spring 116 then forces the split lockout ring 106 to

move forward and the toothed inner profile 108 of lockout ring then lockingly engages

corresponding mating profile 112 formed on outer surface of stem 42. Meta-to-metal seal 130

may aso be effected between stem 42 and main housing assembly 134 when the stem is locked

in place.

[0021] This written description uses examples to disclose the invention, including the best mode,

and also to enable any person skilled in the art to practice the invention, including making and

using any devices or systems and performing any incorporated methods. These embodiments are

not intended to limit the scope of the invention. The patentable scope of the invention is defined

by the claims, and may include other examples that occur to those skilled in the art. Such other

examples are intended to be within the scope of the claims if they have structural elements that

do not differ from the literal language of the claims, or if they include equivalent structural

elements with insubstantial differences from the literal language of the claims.



11. The system of claim 8, further comprising:  a lockout piston adapted to be pressurized via
hydraulic fluid, the lockout piston initially maintaining the locking ring off the mating profile of the stem
during setting of metal seal ring;  a locking ring that circumscribes a portion of the stem, the locking
ring having a toothed inner profile for lockingly engaging the mating profile of the stem to lock the stem
in place. 12. The system of claim 11, wherein the stem in the housing assembly is connected to a
hydraulic source. 13. The system of claim 8, fughéd 8% prising a secondary metal seal ring concentric
with the stem for sealing between the stem and the main housing assembly. 14. The system of claim
13, wheréil AT 48 6dsh bi&ERJFontal and at least one vertical hanger passage intersectingly
communicate; the horizontal hanger passage re%\i)sters with the horizontal wellhead passage; and the

vertical HangefPhsi e assrmbliniearaAE AR NErs GARRE BPghe tubing hanger;
amain housing assembly having an end selectively mounted to the wellhead;
astem in the housing assembly;
apenetrating end on the stem extending through a passage in the wellhead; and
a metal seal ring located at the penetrating end for sealingly engaging a tubing hanger

installed within the wellhead when energi zed.

2. Theassembly of claim 1, further comprising:

aradial projection extending from the stem; and

acylinder adapted to be pressurized via hydraulic fluid, wherein the hydraulic fluid exerts
a distributed force on the radial projection of the stem to force the stem forward to thereby
energize the metal seal ring at the penetrating end against the tubing hanger.

3. The assembly of claim 1, further comprising a recess formed on the exterior end of the stem
that indicates when metal seal ring on the penetrating end of the stem is set against the tubing

hanger, the recess located on the stem such that recessisvisible.

4. Theassembly of claim 1, further comprising:
alockout piston adapted to be pressurized via hydraulic fluid, the lockout piston initially
maintaining the locking ring off the mating profile of the stem during setting of metal seal ring;
alocking ring that circumscribes a portion of the stem, the locking ring having a toothed

inner profile for lockingly engaging the mating profile of the stem to lock the stem in place.

5. The assembly of claim 4, wherein a spring is located within the main housing assembly and
interfaces with the split locking ring to drive the locking ring forward into mating engagement
with the mating profile of the stem after the lockout piston is depressurized.

6. Theassembly of claim 1, wherein the penetrating end comprises a bellows-like structure.

7. Theassembly of claim 6, wherein a mating profile is formed on an outer surface of the stem.
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15. The system of claim 14, further comprising: a key located at a lower portion of the tubing hanger;
and a recess formed in the wellhead bore for receiving the key; wherein, the key is outwardly biased
by at least one spring; and  the key is received by the recess when the at least one horizontal
hanger passage is aligned with the horizontal wellhead passage. 16. The system of claim 14, wherein
the at least one horizontal hanger passage has an exit point on the tubing hanger located above a
tubing hanger entry point of the at least one vertical hanger passage. 17. A method of controlling a

device inga WellRere RS YSem, comprising:
a wellhead having a body with a bore and a sidewall, the wellhead having at least one
horizontal wellhead passage extending through the sidewall;
atubing hanger located within the bore of the wellhead having a hanger passage,
acontrol line assembly comprising:
amain housing assembly having an end selectively mounted to the wellhead;
astem in the housing assembly;
a penetrating end on the stem extending through a passage in the wellhead; and
a metal seal ring located at the penetrating end for sealingly engaging a tubing
hanger installed within the wellhead when energized.

9. The system of claim 8, further comprising:

aradial projection extending from the stem; and

acylinder adapted to be pressurized via hydraulic fluid, wherein the hydraulic fluid exerts
a distributed force on the radia projection of the stem to force the stem forward to thereby
energize the metal seal ring at the penetrating end against the tubing hanger.

10. The system of claim 8, further comprising a recess formed on the exterior end of the stem
that indicates when metal seal ring on the penetrating end of the stem is set against the tubing

hanger, the recess |ocated on the stem such that recessisvisible.

11. The system of claim 8, further comprising:

alockout piston adapted to be pressurized via hydraulic fluid, the lockout piston initially
maintaining the locking ring off the mating profile of the stem during setting of metal seal ring;
alocking ring that circumscribes a portion of the stem, the locking ring having a toothed

inner profile for lockingly engaging the mating profile of the stem to lock the stem in place.

12. The system of clam 11, wherein the stem in the housing assembly is connected to a

hydraulic source.
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providing control line assembly: a main housing assembly having an end selectively mounted to the
wellhead; a stem in the housing assembly; a penetrating end on the stem extending through a
passage in the wellhead; and a metal seal ring located at the penetrating end for sealingly
engaging a tubing hanger installed within the wellhead when energized; contacting a sealing end
of the penetrating end with a control passage in the wellhead so that the passage in the stem registers
with the control passage and defines an interface between the sealing end and the wellhead; sealing

the intefff‘g?[] 51% 3 antg'mﬂaﬁ@”fﬂﬁhé?@&ﬁu%%%ﬂ&%‘%&%g SEHIEPLIHERROWRHR the

passage In e control passage
stem for sealing between the stem and the main housing assembly.

14. The system of claim 13, wherein

a least one horizontal and at least one vertical hanger passage intersectingly
communicate;

the horizontal hanger passage registers with the horizontal wellhead passage; and

the vertical hanger passage communicates with alower surface of the tubing hanger;

15. The system of claim 14, further comprising:

akey located at alower portion of the tubing hanger; and

arecess formed in the wellhead bore for receiving the key;

wherein,

the key is outwardly biased by at least one spring; and

the key is received by the recess when the at least one horizontal hanger passage is
aligned with the horizontal wellhead passage.

16. The system of claim 14, wherein the at least one horizontal hanger passage has an exit point
on the tubing hanger located above a tubing hanger entry point of the at least one vertical hanger

passage.

17. A method of controlling adevicein awellbore, comprising:
providing control line assembly:
amain housing assembly having an end selectively mounted to the wellhead;
astem in the housing assembly;
apenetrating end on the stem extending through a passage in the wellhead; and
a metal seal ring located at the penetrating end for sealingly engaging a tubing
hanger installed within the wellhead when energized;

12



18. The method of claim 17, further comprising:  pressurizing a cylinder circumscribing the stem to
force the stem forward to energize the metal seal ring. 19. The method of claim 17, further comprising:
setting a secondary metal seal ring to effect a seal between the main housing assembly and the stem.
20. The method of claim 17, further comprising:  pressurizing a lockdown piston to maintain the
locking ring off the mating profile of the stem during energizing of the metal seal ring.

contacting a sealing end of the penetrating end with a control passage in the wellhead so

that the passage in the stem registers with the control passage and defines an interface between
the sealing end and the wellhead,;
sealing the interface by maintaining a contact force on the stem; and

flowing a control fluid through the passage in the stem and into the control passage.

18. The method of claim 17, further comprising:
pressurizing a cylinder circumscribing the stem to force the stem forward to energize the
metal seal ring.

19. The method of claim 17, further comprising:
setting a secondary metal seal ring to effect a seal between the main housing assembly

and the stem.
20. The method of claim 17, further comprising:

pressurizing a lockdown piston to maintain the locking ring off the mating profile of the
stem during energizing of the metal seal ring.
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