NON- ORI ENTATED TUBI NG HANGER W TH FULL BORE TREE HEAD
CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application clains priority to and the benefit of
co-pending U S. Provisional Application Ser. No.

61/ 045,503, filed April 16th, 2008, the ful

di scl osure of which is hereby incorporated by
reference herein. 1. Field of Invention [0001] This
invention relates in general to production of oil and
gas wells, and in particular to a full bore well head
assenbly. 2. Description of Related Art [0002]

Wl | heads used in the production of hydrocarbons
extracted from subterranean formations typically
conprise a well head assenbly. Well head assenblies are
NONORIENBATEDSTUBING HANGER WETHIUWEE BORE TREE HEAD
i nt ersect hydrocarbon producing fornmati ons. Well head
assenbl i qSROLS REVERENIEE TPRELIATEY APPRICIWTRONS casi ng
inserted into the wellbore. The casing |lines the
wel | bore, thereby isolating the wellbore fromthe

[6001} dhisd eplichbomeddions. pridrityt whiand) the gieoefitl pf | doepending U.S.
concentric within the casing and provides a conduit

PhAfisiOiad Applictdioh Ser. N6 6 0025 5ON FilehA prdll 158Kl 2008, Hhdfullldesclosure
formation. [0003] Well head assenblies also typically

of PEINIE L@ REUSRI W RRRRATERNL 0, 7 {Tee controls

and distributes the fluids produced fromthe

1V\/\Vllelt Ihi%%rlsbf}@e\l/l%gnassenbl ies are typically provided

[0001] This invention relates in general to production of oil and gas wells, and in

particular to a full bore wellhead assembly.

2. Description of Related Art

[0002] Wellheads used in the production of hydrocarbons extracted from subterranean
formations typically comprise a wellhead assembly. Wellhead assemblies are attached
at the upper ends of wellbores that intersect hydrocarbon producing formations.
Wellhead assemblies also provide support for tubing and casing inserted into the
wellbore. The casing lines the wellbore, thereby isolating the wellbore from the
surrounding formation. The tubing typically lies concentric within the casing and
provides a conduit for producing the hydrocarbons entrained within the formation.

[0003] Wellhead assemblies also typically include a production tree connecting to the
upper end of the wellhead housing. The production tree controls and distributes the

fluids produced from the wellbore. Valves assemblies are typically provided within
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HOUSTON\ 2278209.1 -1 wel | head production trees for
controlling the flow of oil or gas froma well head
and/or for controlling circulating fluid flow in and
out of a well head. Gate val ves and other sliding
stemtype val ves have a val ve nenber or disc and
operate by selectively noving the stemto
insert/renove the valve nmenber into/fromthe flow of

f huli on/ . [

oo s B850 B i BY AT ORRshERp sl fpen andor
subsea_wel | head assenbl y.inc)Judes a I | head housin

for Cﬁpge%gicaﬁm@%%ﬁulﬁ% 0 ?ﬂji %ﬁgéweﬁ@?ﬁf ofite Jalvgs afd ofher
the wel | head assenbly inside the wellhead housing, a
shiding sfiemetypé eateesthavea vilze mehibegortdiseged opeanate hpselectively moving
production tree, a port radially fornmed through the

the SRini & iiRgRMova tHy vallkGhéhber pRbifrondgie Abkiof iidas gopahiew the
wel | head housing, and a gallery annul us that

' bes the bridging elenment | ower portion on
ﬂ%ﬁé&%%§£%%%f circunscri bes the tubing hanger on its
other end. The gallery annulus is in conmunication
with both the production port and the gallery port so
that fluid can be produced fromthe well through the
gal l ery annul us. HOUSTOW278209. | -3 Brief
Description of the Drawi ngs: [0005] Figure 1 is a
schematic partial cross sectional view of an

enbodi nent of a full
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bore wel | head assenbly. HOUSTOW278209.1 -4 Detail ed
Description of the Invention: [0006] The present
invention will now be described nore fully hereinafter
with reference to the acconpanying draw ngs in which
enbodi nents of the invention are shown. This

i nvention may, however, be enbodied in nmany different
fornms and should not be construed as |limted to the

illug <9qﬂ§ .QﬁﬁWfﬂﬁﬁt forth herein; rather,

t hes vided so that this
di scl osure wi || be thorough,and cqnplete, and i ]|
[4004] ?ﬁﬁe\yd{hqef %%S@E{Ydflgtlﬁ? 3 Wl lee Beusing ajperdiiction tree, a

skilled in the art. Like nunbers refer to |ike
tubliregismger adapted tihiend in the wetlheadmassenahly ersids theyweldlfeed hpwging, a
to the acconpanying figures, directional terns are
bHEEHg ERIGNEDA HRNGBiIngHhngdrl iH3hé piodacticintree, afpott redialiplf@med
the directional ternms such as "upper”, "lower",

" mo ' | ikes: .
o B PR g A0 0l B o
oS T RS R b e ent s

materials, or enbodi ments shown and described, as o
cinpuiscribest ithen $ubingl hangéryanh dits other | éndpe Thepgallent appulymds in
skilled in the art. In the drawi ngs and

cshe@hichiad wih bothhBe grddavitordganarnd the lgalsad pottlso giat fiuidvean be
enbodi nents of the invention and, although specific

p%@&%%iprﬁﬂ%ﬂpg9ﬁﬁgu théaﬂ%?aHaﬁ in a generic and

Ive sense y-and not for the purpose of
limtation. Accordingly, the invention is therefore
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to be limted only by the scope of the appended
clains. [0008] FIG 1 provides a side partia
cross-sectional view of an enbodi ment of a well head
assenbly 10 in accordance with the present disclosure.
The wel | head assenbly 10 can be used with a subsea
well for controlling production fluid fromwithin a
hydr ocar bon producing wel | bore. An outer well head

i N 2 | per end of HOUSTON 2278209. 1
Br§¥§ﬁﬁgﬂﬁﬁ1 %ngﬁ; Py pi pe 14 extending into the

wel | bore. Coaxially dlsposed wWthin the outer
wel | head housi g 12 is ressuyre/ .i nne

(9B Fiehrerti achpalin skl s desonaipp chebood et ot 2 ful
upper end of the high pressure well bore housing 16. A

berebvahllhedtbasganbly8 i s shown coaxially within the high
pressure wel |l head housing 16 and affixed to the
wel | head housing 16 by a tubing hanger |atch or
| ocki ng menber 20. An elastoneric seal 38 is shown
positioned in a region between the outer circunference
of the tubing hanger 18 and inner surface of the high
pressure housing 16. Seal 38 is |ocated below and in
contact with a downward faci ng shoul der 43 on tubing
hanger 18. An energizing ring 36 for engaging the
| ocking el enent 20 is shown | ocated bel ow seal 38;
the energizing ring 36 has a tapered | ower end. Wen
| andi ng tubi ng hanger 18, outward-biased | ocking
menber 20 will snap into its profile in well head
housi ng 18. Conti nued downward novenent of tubing
hanger 18 causes shoul der 43 to push downward on sea
38, which in turn pushes downward on energi zing ring
36 to wedge
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| ocki ng menber 20 in the | ocked position. This
nmovenent al so energi zes seal 38. The downward
novenent of tubing hanger 18 is in response to the

wei ght of the running string for tubing hanger 18 and
the weight of the string of tubing 24. [0009] The
tubi ng hanger 18 outer dianeter transitions inward
above the seal 38, defining a housing annulus 21

DQEﬁMﬁqnm%ﬁﬁnLybfﬁglglus .18 and the high pressure

housi ng I nner Mubi ng hanger 18 has an axi al
production fl ow passage 17 extending through it. A

tion port 19 ext nds r t.he si | of .
l@&ﬁfﬁé e veRtort Ml iy pp efesdihedcRoRd, Bl ShereRgaer with
conmuni cat i ng axi al flom1passage 17
sZoUpanying digwingshisukhiely cmhadimests2of therinyention are
upper end of tubing hanger 18 is flush or slightly
shHoso Whid iheentipp etaychsiveer, e gibpdied ftmenywdiffereadrmoasl should
16. [0010] A casing hanger 22 is shown |atched to the

ndtibd RotRed by l?mﬁ&}'t%' tH&ll%@trdtéH‘&ﬁbod?ﬂn {i’@ S&'forth R&Gefn2SHRY, these

hanger 22 radially circunscribes a | ower portion o

tubln a 3 n i s,attache
erp Rl AP So B G SO RRE be Byt WoMblees Bng
cemented in the well. Casing hanger 22 is sealed to
wilh&ullycqayeythe seapeof ghe lﬁwgﬁloﬂrteélwp skillgg in heet- Hake numgbers
16 by a seal or packoff (not shown). A pressure sea
ref? to Bkesdlements threyghserd Fonthicltenvenitnkain referringno thetaveatpanying
the tubi ng hanger 18 and the casi ng hanger 22.

figliredl uGbdtRRal thd e dsedFdt RAGYSh A AR Gatd iRy, UWirR%ample, the
anger 18 into casing 25 for conveying production
digeézﬁlo%ﬁ tfe&nosrrs]uiég Gs bl?prp%pp I"1eow A Qal:t)ol%%" W%l iohe,ad PR ql‘f(% ate being
. spacer

used to illustrate a relational location.

[0007] 1t is to be understood that the invention is not limited to the exact details of
construction, operation, exact materials, or embodiments shown and described, as
modifications and equivalents will be apparent to one skilled in the art. In the drawings
and specification, there have been disclosed illustrative embodiments of the invention
and, although specific terms are employed, they are used in a generic and descriptive
sense only and not for the purpose of limitation. Accordingly, the invention is therefore
to be limited only by the scope of the appended claims.

[0008] FIG. 1 provides a side partial cross-sectional view of an embodiment of a
wellhead assembly 10 in accordance with the present disclosure. The wellhead

assembly 10 can be used with a subsea well for controlling production fluid from within

a hydrocarbon producing wellbore. An outer wellhead housing 12 is at the upper end of
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41 is shown coaxially atop the casing hanger 22 and
bel ow a downwar d-faci ng shoul der on tubing hanger 18.
A | ocking el enent 45, al so between the tubing hanger
18 and high pressure housing 16, is |ocated above the
housi ng. Locking el enment 45 is biased outward for
engaging a mating profile in the inner dianeter of

hi gh pressure wel |l head housing 16. [0011] A tubing

art M éf%o&ﬁl gﬁggeef} éﬂ%@ﬁ&igﬁﬂw&% %ubérf#e @ba%%n sgé%gg within

di anet er ner circu rence

dovvnvvar tub han 18. A tubin S.
e 0 el Bl Lot afiey ESsuiRA g Ao housmg 6. A
si dewal I of tubing hanger 18 offset from production
piodudingdres 34 attadhien to thenpperengd af theduglogressuse welltonehousing 16.
in communication wth tubing annulus 26 and an upper

Aaiising hovyger 1 8 indhoain ddgxially aithirs thedli giopressate/@ellead housing 16
inserted in the passage 28 proxi mate the tubing hanger

anldﬁai Hﬁgﬁﬁ t}Fé\?elbhs%‘gd Egl?sg@n% @’q[tgﬁlﬁl 'hﬁﬁé%%dtg{;?r\éﬁéﬂﬁg member 20.
19, 741, ich,i HOUST 2278209.1 -7
AB ST QERE el T 510 Frn PR Ru A el betvipen e i s pRferchee

(as also shown in Figure 2) the upper portion of
ofithe tbingaangpiuls puisisagrsudiBcerighe bighaesartehogsingdp d Seat3s is
comuni cation with a tubing annulus gallery or chamber
lo2&ted belowahd svncdct Witk aldbenwhtdofacigg Sisouldt 43 8n tubithd @ger 18.
hanger 18 may include nore than one tubing annul us

ARBAGEShe rith 6T BHaEHE HRIOGSHIK 20 0 WANOUHELRAT beal

r at ashe ine and forned f

3 a'ﬁ%e' %W(E:ézxpm% gfn(éa’»gl 24 a‘%ﬁe@e& ﬂ)%ve} lér? "t rfalilrlcf'l ing l%%mgeha}llgergl 8,

outward-biased locking member 20 will snap into its profile in wellhead housing 18.

—_

Continued downward movement of tubing hanger 18 causes shoulder 43 to ‘push
downward on seal 38, which in turn pushes downward on energizing ring 36 to wedge
locking member 20 in the locked position. This movement also energizes seal 38. The
downward movement of tubing hanger 18 is in response to the weight of the running
string for tubing hanger 18 and the weight of the string of tubing 24.

[0009] The tubing hanger 18 outer diameter transitions inward above the seal 38,
defining a housing annulus 21 between the tubing hanger 18 and the high pressure
housing 16 inner radius. Tubing hanger 18 has an axial production flow passage 17
extending through it. A production port 19 extends through the sidewall of tubing

hanger 18 near an upper end of tubing hanger 18, communicating axial flow passage 17
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annul us passage 28. The port 30, tubing annul us
gallery 29, and passage 28 provide fluid and pressure
comuni cati on between a workover |ine (not shown) and
the tubing annulus 26. Optionally, a selectively
opened and cl osed val ve (not shown) can be in the

port 30 and in comrunication with a control |ine
ported to the tree 34 external to the housing 16.

w[lv\tgﬁ%@m% Ql%lﬂﬁf}gl:' Ctfe pérL egﬁ 8? ﬁ{l)ﬁ@ lﬁafngﬁx‘:mg filsh &/ Wghtly below

head at t uppe pressure
housi ng .16., . A connect assembl y 40 extends downward
tl}eru(ymert%éi %H%}pre???ec‘ﬁ%;@ﬁéﬁe@l 18he tree 34 for
attaching the production tree 34 to the renai nder of
[4018] AvgasingheagerThisashosmblatchad ta thel higle pressure housing 16 inner
hydraulically actuated cam 44 and dogs 42, wherein

diahetedphe cdging hengdr Qi rhdid]ly oirolheibeoh 1@sEaREHicYof the tubing
profiles on the outer dianeter of the high pressure

RS Rt PR g ARG
oo R ey O o 230 Pl e B P igh P

bore of high pressure wellhead housing 16. The bridge
welhgsd honging 46 by 4 saaber paskaffnelr shopmdrA poessiresealrdd ia shown

smal | er diameter |ower portion, defining a shoul der
disposed anthe tialardégioAbétveen dienubitig haipet $8 fiad thie daddgs unger 22.

the bridge HOUSTON 2278209.1 -8 nenber 46 and the

. . ¢ _
PlodB&{ontuBiBL 2 eREndsNfovid c(l) gﬁﬁnxgu?b?n%géﬁé& ?Egntgrcia(sjlgg 25 for

transition 47. Inth_e e nt s _
COrltl?lgybllelé pl%%uclztﬁjovr\l'eﬂuigsngorln %’heI ot %?e i2to T}lg vevellI]}Pegg stter%ﬂ? 16?1& spacer

41 is shown coaxially atop the casing hanger 22 and below a downward-facing shoulder

on tubing hanger 18. A locking element 45, also between the tubing hanger 18 and high
pressure housing 16, is located above the housing. Locking element 45 is biased
outward for engaging a mating profile in the inner diameter of high pressure wellhead
housing 16.

[0011] A tubing annulus 26 between the production tubing 24 outer diameter and casing
25 inner circumference extends downward from tubing hanger 18. A tubing annulus
passage 28 is shown axially extending within a sidewall of tubing hanger 18 offset from
production passage 17. Tubing annulus passage 28 has a lower end in communication
with tubing annulus 26 and an upper end shown terminating at an isolation valve 51
inserted in the passage 28 proximate the tubing hanger 18 upper end. An example of an

isolation valve suitable for use herein is found in US patent 7,219,741, which is
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end of the tubing hanger 18 and the bridge nenber 46
upper end term nates at about the wupper term nal end
of the tree 34. The engagenent between bridge nenber
46 and tubing hanger 18 is shown schematically. As an
alternative to a bypass registering with the port 30,
an upper bypass passage 55 is shown bored axially

t hr ough the bri dge nmenber 46 sidewall and into the

1nForg>:8ga;f fe{%’llgg H&@{ﬂq@ JtQ Xx&?fé ef&ﬁ?&%@e gg%lL glg@ ghogﬂmqn Figure

ing an us pass

recei ves therein portign of the |solat| n.val ve 51,

2) g1uppen Rosan 8h t@?m%rapa ¢fus Reiser 286angdt BRIy into
or over a portion of tubing hanger 18 so as to forma
camalnibaionewith tautibbing anawige galiery do chimber 29sthatgarcuihsenbks the

an axial passage 49 extending through bridge nenber

tuﬁﬁxgﬁfﬂi rURPEabIAR Harpler D8 ndgrclude e thal ohStubigwhndlds ifaksage

e upper end of tree 34. A flowine 58 connects

o SRSy 553, R0 DR A3 s BEE b o
NI T T e AT C

t he production flowine 58 and the tree annul us 35.
anpuhyy pastage 280 The peti d@ntubimgpmantus igaklérs29; and passage prlrWlde
the flowine 58. [0015] One or nore seals 48 are

flit and prresudetomRanibhti IR tWERaT oritEver litle 1t Shotwh) afidieie tubing
dianeter. A lock or latch nechanlsn150 anchors the

Li98. BRIBEH 4§se cttll%l 3}5 os&i‘ AVE P RIS daf) Be in the
§4 oni Reh nmec rr)1t gg

tree n at ch ani s

Y T
housing 16.
[0012] The production tree 34 is attached to the wellhead at the upper end of the high
pressure housing 16. A connector assembly 40 extends downward from the outer
circumference of the tree 34 for attaching the production tree 34 to the remainder of the
wellhead. The assembly 40 includes a hydraulically actuated cam 44 and dogs 42,
wherein the dogs 42 are profiled to match corresponding profiles on the outer diameter
of the high pressure housing 16.
[0013] An axial bore 37 is formed through the tree 34 in which a bridge member 46 is
coaxially inserted. Axial bore 37 has a diameter that is the same or larger than the
minimum inner diameter of the bore of high pressure wellhead housing 16. The bridge
member 46 has a larger diameter upper portion and a smaller diameter lower portion,

defining a shoulder or transition 47. A tree annulus 35 is formed between the bridge
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49 in bridge nenber 46 and the axial passage 17 in
casi ng hanger 18 annulus are HOUSTON\ 2278209.1 -9
coaxially aligned. A tree cap 54 overlays the upper
portion of the production tree 34 having a bore
defining the passage 49 upper end. A master valve 52
is located within bridge nenber 46, and a swab val ve
56 is shown in a passage in tree cap 54 line with the

nf\%gﬁ%ﬁg@ ang(?the\(ﬁtlle\f %?a:&e%erad}‘thes E£601e B9 bIRWPhY Eﬁlatﬂﬁﬁox% Q”?.l in the

ve or er abl e to contro

‘%}8{%{5@{}%@ erﬁ’ﬁ%&ﬂ%Eg}e gg bl es é %Mghﬁl onmal

18 and housing annulus 21. The hou5|ng annulus 21 is
ershafithe ybingdanges é 8 andiibe bsidgsmemher46iipppr enditermiptdsiatiabput the
communi cation fromw thin the axial production

ups $érginal énd of thebirétg34) alpe éngh@erhént thaevden t in@ber 46 and
flowine 58. One of the advantages of the device

gr%‘}fahgéﬁ ghﬁh%w stRerhd? 511 OAS4d &{é&%glbetb ;11@%)5 Qéiﬁtgﬂng with

t he tu han er

vvel | head asse 10. Add onal |y, t
hE\ s ﬁn»ﬂip@err? S owslototsﬂge’eé@% Uhva g bricee
the wel | head assenbly that na accommodate drilling
membeifhsidevead] @yl info thf: tre¢ capd 7 ridwuppetnpassinassagp phipwer end
hanger 18 up to the production flowmine 58 is
reiglstens wvitht the tihying hanalos pussdge PO QM Jredeives rtRersimd® poiftion of the
operation, the outer well head housing 12 with the
is8Raec VAL €91, conductor pipe 14 may be installed in a
Then, the well is drilled deeper and high

wel | .

[OIB:@tS %lul{og%ovrvlel tE @%elglg]%lj’l gyopﬁ!gﬁab info %Ia%lve a %grtlon of tubing
hanger 18 so as to form a seal between tubing haniger production passage 17 and an
axial passage 49 extending through bridge member 46. The upper end of bridge
member 46 is shown flush with the upper end of tree 34. A flowline 58 connects to the
tree 34 outer housing adjacent a production port 59 formed through a sidewall of tree
34 housing. The production port 59 communicates with the tree annulus 35 thus
providing fluid communication from the production flowline 58 and the tree annulus 35.
A wing valve 60 is shown in phantom that is inline with the flowline 58.

[0015] One or more seals 48 are provided between bridge member 46 and bore 37 inner
diameter. A lock or latch mechanism 50 anchors the bridge member 46 within the body
of the production tree 34. In one embodiment, the latch mechanism 50 includes a split
ring compressed into a groove circumscribing the bridge member 46. The axial passage

49 in bridge member 46 and the axial passage 17 in casing hanger 18 annulus are
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install production tree 34 on the well head housing 16
prior to conpleting the drilling of the well. The
operator connects a riser and bl owout preventer to
tree 34 and drills deeper through tree 34. \Wen at a
desired depth, the operator installs casing hanger 22
along with its casing 25 by | owering themthrough the
riser, blowout preventer, and tree 34. If casing 25

is.the,las trin f, casin t he oper at r un
el GRRh & s Mo RofB e i POOR 8 e e 34
| ocki ng el enent 20 and sets seal 38 through_ the weight .
hafing g boredefining thepassagg 4Qmpreands ) magteiyalyg by sdocated within
The operator then installs bridge nenber 46. [0018]
bridhge meabatdor amday/svealy alvesdceis t shewdrin b passggenmdres gap 64 line with
tubing 24 by connecting a tubing annulus |ine (not

theadske 49, tVRVEISRRRNKE Taf Bk tgaROvalVdREbAIP Q416 Tor @AY valve or
punp water, or other |iquids, downward through the

riser_and in ing 24, which circulates back u
nFﬁ%%ﬁﬂﬁ%%HﬁPh§1%§§3age 26, gallery 29, and out tuang
annul us port 30. The _operator nmay perforate casing, 25
[0046L Galleryinassage IReenabley fluiduspmmymicalian bgtvigen fxig) ypyoduction
t hrough bridge nenber 49, and tubing hanger 18 into
passigenty id4ubiAfthenger d8pndthionsing ahmuluopkr The howhisgamubist is
the riser and installs tree cap 54. During production,

opERStbBhe ¥8¢ Hihul?3 R MkkrbyeRoVRIINEWE B @%i6A frol Wethin the

nmet hods may al so be perfornmed,” including drilling the
[l to,.. ept | | nst ] ' 3
TesodtebEbRendiol BiBe bR 4 e bRl Qfor 1IRARI: 951 Qe of

h
tlécﬂ%\ém?rg%ge% %dtbg ?ip}%lc:? glg%:nggd &gbreegql:: gpstptg;lq %grigr]:tat\fcl)erl lshr?:al(lilred for

installing the tubing hanger 18 within the wellhead assembly 10. Additionally, the
assembly shown in FIG. 1 provides a full bore access through the wellhead assembly
that may accommodate drilling through tree 34. Fluid flow from within the tubing
hanger 18 up to the production flowline 58 is illustrated by the arrow A.

[0017] In one mode of operation, the outer wellhead housing 12 with the associated
conductor pipe 14 may be installed in a well. Then, the well is drilled deeper and high
pressure wellhead housing 16 and its casing 25 are installed. The operator may then
install production tree 34 on the wellhead housing 16 prior to completing the drilling of
the well. The operator connects a riser and blowout preventer to tree 34 and drills
deeper through tree 34. When at a desired depth, the operator installs casing hanger 22
along with its casing 25 by lowering them through the riser, blowout preventer, and tree

34. If casing 25 is the last string of casing, the operator may run tubing hanger 18,
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[0019] An alternative well head assenbly 10 enbodi nent

is illustrated in Figure 2 depicting the radial port
19a in the bridge nenber 46 and proximate to the
production port 59. Providing the radial port 19a in
the bridge nmenber 46 rather than the tubing hanger 18
may depend on where the tubing hanger 18 upper end

term nates. [0020] Al ter nat ive wel | head housi ng

enbl | . r ' . i 0 .

w@?czlmlg&lcsn Ekl%ig t%(l:)eS %I(E Jﬁ%%élr%t &190 %%ﬁh% %‘fttﬂegt%ﬁhmg
an alternat|ve brid merrbe 46b|s eth|n a
steing andrihersiang of tu@ﬁa%ﬁe ffhswﬁr@w ’f%r@dn%ﬂ r&‘tgsmeévaber
radial surface. The bridge nmenber 46b outer surface
[004 8 Wbevopematos awlyi angulaterthe dtillivigt hud bet dfiteleing B4 by cBinecting a
above and bel ow t he channel 57 thereby defining the
tubiCardiiiusl 1% B6PsHORNRY 8 fubing EdRlid\Pot2IB2G8e O%eratl)r tarl Pemp

tree annul us 35b communi cates directly with

N A N

the bri dge nenber 46b, The bridg er 46b of
baskdtn @b mbarpEhe PasfaRs 49 §aQFFY pé’ﬂ‘? a‘éfs@g@g aggulugper 30t Jhe
| oner end registering with the tubing annul us passage
ox@atanthay pedonatengpsinge2S to sompldte thewadll/ey Bverifg guresforating gun
presents a well head housi ng assenbly 10c enbodi nent

th%li géﬁf&ﬁ{be{a@@ %ﬁ&ﬁlbﬂ%ﬁhahgéﬂ 1@dn@thlﬁhF yMAﬁ@M@hl;nétﬁm the
head housi ng 16b and housi annulus 21 a and

é‘{l]lﬁgr Jil g&é éﬁegfg%xi ?ns?z[llsttn:g c%ngéL %gﬁﬁgm o, mifer valve

roug ree
i 0 r ed in Fi es 3 4 at .
5%?“ 5‘%%1 @fag? |ﬂEﬁ§l %s Qigr we %H‘aw?sto %ﬁ"é‘) ‘? mg“dmg
noves axially upward within the passage

drilling the well to total depth and installing tubing hanger 18 before installing three 34.
If so, a debris cap (not shown) could be placed on the upper end of wellhead housing
16 until tree 34 is installed.

[0019] An alternative wellhead assembly 10 embodiment is illustrated in Figure 2
depicting the radial port 19a in the bridge member 46 and proximate to the production
port 59. Providing the radial port 19a in the bridge member 46 rather than the tubing
hanger 18 may depend on where the tubing hanger 18 upper end terminates.

[0020] Alternative wellhead housing assemblies 10b, 10c are illustrated in side
sectional views in Figures 3 and 4. Referring now to Figure 3, an alternative bridge
member 46b is depicted having a circumferential channel 57 provided on its outer radial
surface. The bridge member 46b outer surface is shown in sealing contact with the tree

bore 37 above and below the channel 57 thereby defining the tree annulus 35b therein.
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49b, 49c, flows into the tree annulus 35b, 35c through
the gallery passage 19b, 19c, and then through the

production port 59b, 59c. [00211 The present invention
descri bed herein, therefore, is well adapted to carry
out the objects and attain the ends and advant ages

mentioned, as well as others inherent therein. Wile
a presently preferred enbodi mrent of the invention has

' r S1:0f 1 di.sgl r.0 .

THE 68 BtflS 4B conRiRORE IR0 536 RSB e R TR Y and with the
acconplishing the desired resulfs. These and, ot her i

o RAspee Ao houh A ERUCRA Rassage 18P ﬁi}era n%@@’s@g thuough gheridge
to those skilled in the art, and are intended to be

menben$ets SBe bridige membteh 461 of FFiguredf futther dsptsemtupper passage 55
i nvention disclosed herein and the scope of the

wRBARNIREr efd AleiiberingABT NPEBAEMAndlus bdsseb@28nd WeRiviigSthe

clainmed is: 1. A subsea well head assenbly conpri sing:

D LDRR PR PR A s g e

tree secured 't \ .
BB S R P 5B s
tubi ng hanger | anded in the well head housi ng;
annulus 21a and then laterally outside of the wellhead assembly 10c through the
production tree. In both the configurations provided in Figures 3 and 4, the path of
produced fluid, as represented by the arrows, moves axially upward within the passage
49b, 49c, flows into the tree annulus 35b, 35¢ through the gallery passage 19b, 19¢, and
then through the production port 59b, 59c.
[0021] The present invention described herein, therefore, is well adapted to carry out
the objects and attain the ends and advantages mentioned, as well as others inherent
therein. While a presently preferred embodiment of the invention has been given for
purposes of disclosure, numerous changes exist in the details of procedures for
accomplishing the desired results. These and other similar modifications will readily
suggest themselves to those skilled in the art, and are intended to be encompassed

within the spirit of the present invention disclosed herein and the scope of the appended

claims.
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an axi al passage in the tubing hanger; an annul ar
bri dgi ng nenber atop the tubing hanger and coaxially
di sposed in the tree bore; a production port
extending laterally through a sidewall of the
production tree above the tubing hanger; a gallery
annul us between the tree bore and a | ower portion of
the bridging nenber that registers with the
production port and exten aibetween t he wel | head
housi ng axial bore and t hanger upper end; and a
gal l ery passage laterally extending fromthe axia

WS £ad8mief id: he tubi ng hanger through a sidewall of
the tubing hanger that registers with the gallery
annulus, so that |anding the tubing hanger in any
aZi. mitsubseaovdlnadhassemblyrcotripeising! | head housi ng
HOUSTOWR278209. 1 -13 creates conmuni cation between the
axi al._passage in the tubing hanger to the production
pdrelie ‘?gﬂglrﬁa}ﬁ"é‘}%ﬂ’ﬁé‘é@é’gé@and gal l ery annul us. 2.
The subsea wel | head assenbly of claim11, further
c b Sk i i j a wel | bore,
¢ oD e QRN O e She e
bet ween the tubing and the casing. 3. The subsea
wal trdtclade agiatipionmed incthaiprodictibnitred end coaxgallysalipped avith the
vent annul us between the tubing hanger and the

webLiRadkiarsbitng that is
a tubing hanger landed in the wellhead housing;
an axial passage in the tubing hanger;

an annular bridging member atop the tubing hanger and coaxially disposed in the

tree bore;
a production port extending laterally through a sidewall of the production tree above
the tubing hanger;

a gallery annulus between the tree bore and a lower portion of the bridging member
that registers with the production port and extends between the wellhead housing

axial bore and tubing hanger upper end; and

a gallery passage laterally extending from the axial passage in the tubing hanger
through a sidewall of the tubing hanger that registers with the gallery annulus, so

that landing the tubing hanger in any azimuthal orientation in the wellhead housing
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sealed fromthe gallery annulus; a tubing annul us
passage extendi ng through the tubing hanger between
the tubing annulus and the vent annulus; and a tubing
annul us port extending through a sidewall of the
wel | head housing and in fluid communication with the
vent annulus. 4. The subsea wel | head assenbly of claim
1, wherein the gallery passage in the tubing hanger

i s_bel ow t he .pr.oduction port .i,n the tree, 5. T

o oreies e B B, B st By aRind inaer to the
gallery passage is a single port forned at a single
aﬁ%{cﬁam petg vt the gallesy passesecand galleryannyisd assenbly of
claim1, further conprising a tree cap selectively

atyt ac I r0 [ r Upp CLlOn.: . .
e subeenoheh B CRERBR) of L AE R kiisidy casing
conpri si ng: STON\ 2278209..1 - 14 a tubi ng hanger

| %WW&%W%W%%WE @%P,it%b%wmngbﬁ %ﬁlngwégﬁ&%nrggamulus
hanger; a tubing hanger seal on the tubing hanger that

s datwaeg lthe tehipgged thedasingee bore; and a
downwar d- f aci ng shoul der on the tubi ng hanger above

the tubin hanger .seal .and_the ] ockjng nmenber that
séts & ﬁ% sthsa Wﬁﬁlaeafiﬁésepﬁﬁvmﬁalﬁﬂe#bfi?h?r?pompnsxng:

a vent annulus between the tubing hanger and the wellhead housing that is

sealed from the gallery annulus;

a tubing annulus passage extending through the tubing hanger between the

tubing annulus and the vent annulus; and

a tubing annulus port extending through a sidewall of the wellhead housing

and in fluid communication with the vent annulus.

4. The subsea wellhead assembly of claim 1, wherein the gallery passage in the

tubing hanger is below the production port in the tree.

5. The subsea wellhead assembly of claim 1, wherein the gallery passage is a

single port formed at a single azimuthal location.

6. The subsea wellhead assembly of claim 1, further comprising a tree cap

selectively attachable to the production tree upper section.

7. The subsea wellhead assembly of claim 1, further comprising:
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response to weight. 8. The subsea wel | head assenbly of
claim1, further conprising: an outward-biased tubing
hanger | ocki ng nmenber on an exterior portion of the
tubi ng hanger; a mating profile in the axial bore of
the wel | head housing that is engaged by the || ocking
menber; an energi zing ring above the | ocking nenber
and having a tapered portion that engages the | ocking

menber; a ' er . seal L. .
havi ng a Fgﬁv\ﬁélrlg gﬁ%%lp %Ocehn%argg%g%t 3,{‘% %}F{Q{lﬁrgp(gﬁ@? gf tzhlenuglblng
ring; and a downward-faci ng shoul der on the tubing

hangéimgeﬁ contact with an upper end of the tubing
hanger seal, such that continued downward novenent of

the tubin g f i
engaged | ACCHDfEEer el AL EplRHAIS I UaRhal Bhenges the ree
HOUSTON\ 2278209. 1 -15 the energizing ring downward to

wedgBO®h#@d ocking nmember outward and deformthe sea
agai nst the bore of the well head housing. 9. The

subses el gRdAEREI ol % bl P b 80
| east o Slray L A IR IWE L IDGE, AL o 550 Emberin
response to weight.
8. The subsea wellhead assembly of claim 1, further comprising:
an outward-biased tubing hanger locking member on an exterior portion of the
tubing hanger;
a mating profile in the axial bore of the wellhead housing that is engaged by the

locking member;

an energizing ring above the locking member and having a tapered portion that

engages the locking member;

a tubing hanger seal on the tubing hanger having a lower end in engagement

with the energizing ring; and

a downward-facing shoulder on the tubing hanger in contact with an upper end
of the tubing hanger seal, such that continued downward movement of the tubing

hanger after the locking member has engaged the profile causes the shoulder to move
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10. A subsea wel | head assenbly conprising: a wellhead
housi ng; a production tree secured to the well head
housi ng upper end, a bore extending axially through
the production tree and the well head housing; a
tubi ng hanger | anded in the well head housi ng and
having a string of tubing depending downward
therefrom an axial passage in the tubing hanger; a

Lar. bridai . .
o R SRR T OB 5ok RS, QARG Moy
portion within the tree; a production port laterally

sg3t agadest theporheithg mellheadrysitgt i on tree above the

tubi ng hanger; a gallery annulus coaxially provided

9.\r’T\L ﬂi}ieghbts&e“}gﬁﬁe%dae[sg&ffﬁyaoffﬁgi% g,n\ggérg%{;ﬁe W 89'0tree has a

r and registering’w on port;

aQUSTQ \ 2278209.1 -16 a galler assage. | atgral |
mygRetnpFsnAe: (e iRt l5ad sawl i pninRLingFlRF P fithe bore

the tubing hanger that registers with the gallery
ofthawellbgadaraisiagf | ow pat h defi ned through the tubing,

into the tubing hanger, through the gallery passage

o the gallery annulus, and into the production por
16.° ' RSB waithesd! assembly Comprising, P ction port

a wellhead housing;
a production tree secured to the wellhead housing upper end,

a bore extending axially through the production tree and the wellhead

housing;

a tubing hanger landed in the wellhead housing and having a string of tubing

depending downward therefrom;
an axial passage in the tubing hanger;

a tubular bridging member atop the tubing hanger and coaxially disposed in

the bore and having at least a portion within the tree;

a production port laterally projecting through the production tree above the

tubing hanger;

a gallery annulus coaxially provided within the bore around a portion of the

bridging member and registering with the production port;
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11. The subsea wel | head assenbly of claim10, wherein
the gallery annulus surrounds a | ower portion of the
bridgi ng nenber within the tree and an upper portion
of the tubing hanger within the well head housing. 12.
The subsea wel | head assenbly of claim 10, further
conprising: a vent annul us between the tubing hanger
and wel | head housing; a tubing annul us passage

o a ol phaBale o R el Buighfe Pobug i Rpatt of

communi cation with the vent annulus; and V\herel n a
| dhefubmghasgenthat regiperrgvisthihgisaleysaawys and i n 1 ui d

connunlcatlon with a tubing annulus surrounding the

o1 RSS! b Hefled fou e HRREA R GR e TR nfo il ne

cl ai er co 1 SI nNg a

rising atubln annul us p rt exte ing through a
s.ggﬁmmaw@ge tq the a@? FaRdUH 30< Mg th§rR!I° Yeupp geg:
communi cation with the vent annulus. 14. The subsea

qu l he?‘ﬂe @&t?s%m%lhggd ?%%Pjgé cl«fi],zrg trI] g,gxgvhé;rtgfﬁgﬁlfzﬁg ?riyaannulus

sear CI'FTCUNBCTI |

bel ow the gall er nd above ISTOVR2782

" SHTpRRds Ao tves gptiopeot %ﬁiﬂ@&ygav%barﬁ*g%] BRG] Shuover
between the gallery annulus and the vent annulus. 15.
Thpertsubafdhe wbingteagerasidnithe wolthead hpwsin®, furt her
conpri si ng:

12.  The subsea wellhead assembly of claim 10, further comprising:
a vent annulus between the tubing hanger and wellhead housing;

a tubing annulus passage extending from a lower portion of the tubing
hanger to an exterior portion of the tubing hanger in fluid communication with the

vent annulus; and

wherein a lower end of the tubing annulus passage is in fluid communication

with a tubing annulus surrounding the string of tubing.

13.  The subsea wellhead assembly of claim 12, further comprising a tubing
annulus further comprising a tubing annulus port extending through a sidewall of

the wellhead housing and in fluid communication with the vent annulus.

14. The subsea wellhead assembly of claim 12, further comprising a seal

circumscribing the tubing hanger at a location below the gallery annulus and above
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an outward- bi ased tubi ng hanger | ocking nenber on an
exterior portion of the tubing hanger; a mating
profile the well head housing that is engaged by the

| ocki ng menber; an energizing ring above the | ocking
menber and having a tapered portion that engages the
| ocki ng nmenber; a tubing hanger seal on the tubing
hanger having a |l ower end in engagenent wth the

energi zi ng,ring; .a . downwar d- f.aci shoul

© 0Bt i P Bieo Bl BB AR iR R b oS ey fldiing
t ubi ng hanger seal, such that continued downward
mébeventen@flus. he t ubi ng hanger after the | ocking

menber has engaged the profile causes the shoulder to

1 ook T erhar s dsveiolial FRL o CERRRRE,

t he wel | head housing. 16 A nethod of assenbling a
subsgRoWelaldIe@skdaaBiaE RhYzcf RIERINgThdifber ofi @f ekieflgr gttion of the
annul ar wel | head housi ng on the seafl oor; deploying a
“ﬁ%%ngt&Qn tree having an axial bore on the well head
aﬂé >thereby defining a main bore that extends
t hrough the wel | head housi ng and the production tree;

HOUST %3% 8ritile tht weltheh@R6lisig thatlisl Bhgiged By BRModking Member;
wel | head housing with attached tubing;

an energizing ring above the locking member and having a tapered portion that

engages the locking member;
a tubing hanger seal on the tubing hanger having a lower end in engagement
with the energizing ring; and

a downward-facing shoulder on the tubing hanger in contact with an upper
end of the tubing hanger seal, such that continued downward movement of the tubing
hanger after the locking member has engaged the profile causes the shoulder to move
the energizing ring downward to wedge the locking member outward and deform the

seal against the wellhead housing.
16 A method of assembling a subsea wellhead assembly comprising:
securing an annular wellhead housing on the seafloor;

deploying a production tree having an axial bore on the wellhead housing
thereby defining a main bore that extends through the wellhead housing and the

production tree;
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providing a gallery port extending laterally through a
sidewal | of the tubing hanger; providing a production
port extending laterally through a sidewall of the
production tree; disposing an annul ar bridging el ement
on the tubing hanger and within the production tree;
and providi ng conmuni cati on between the gallery port
and the production by through a gallery annul us that

circu ri bes, an.upper. ROrt i ' .
and_ aToEs oretaREEen ARG fitaS ol ki ke RERAG:
circunscri bed by the main bore. 17. The nethod of

cl ai MpddRidihy'h iiBéry pBHRkichtMg 1aetally Meroagh eidewall BEHeeibing
on the tubrng hanger and a seal on the tubing hanger
b¥?ﬁh%,application of weight of a running string and

a %?hg string.. 18. The nethod of claim 16, wherein

| andi ng the tubing hanger conprises |owering the

t ubi ngrdvadiggn proawiteh eReRding ldtaally tesugon aidebll of the
The nmet hod of claim 16, wherein | anding the tubing

h ! rformed w thout orienting the tubing
hg’g‘g‘g{q‘b‘g& &The nmet hod of claim 16, further

conprising: providing a vent annulus between the
t ubi nﬁisb@ﬁﬂ%ﬁn anshlirteidpald dement dioths ititgng hadget andswithindthe
fromthe gallery annulus; and

production tree; and

providing communication between the gallery port and the production by
through a gallery annulus that circumscribes an upper portion of the tubing hanger

and a lower portion of the bridging element and is circumscribed by the main bore.

17. Themethod of claim 16, further comprising setting a locking member on the
tubing hanger and a seal on the tubing hanger by the application of weight of a

running string and a tubing string..

18. The method of claim 16, wherein landing the tubing hanger comprises

lowering the tubing hanger through the production tree bore.

19. The method of claim 16, wherein landing the tubing hanger is performed

without orienting the tubing hanger.
20. The method of claim 16, further comprising:

providing a vent annulus between the tubing hanger and the wellhead

housing that is sealed from the gallery annulus; and
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HOUSTON\ 2278209. 1 -19 providing a tubing annul us
passage in the tubing hanger having a | ower end that
communi cates with a tubing annul us surrounding the
string of tubing and an upper end that comuni cates
with the vent annulus. HOUSTOW298209.1 -20

providing a tubing annulus passage in the tubing hanger having a lower end
that communicates with a tubing annulus surrounding the string of tubing and an

upper end that communicates with the vent annulus.

HOUSTON\2278209.1 -20-



