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This application claims the benefit of Provisional Application Serial No. 60/300,888

filed June 25, 2001, and entitled "Subsea Wellhead Equipment".

Background of the Invention

5 This invention relates generally to welthead equipment, including a so-called
"horizontal tree", for use in the drilling and completion of a subsea well.

As compared with a conventional Christmas tree, a horizontal tree includes

a spool connected to the upper end of the wellhead housing and having a bore in

which a tubing hanger may be landed for suspending a tubing string within the well.

10 The spool has ports with valves to control the flow of hydrocarbons through the

tubing and tubing/casing annulus, as well as to permit workover of the well, as in

conventional equipment, despité plugs removabfe instalied in its bore above the

hanéer. Upon removal of the plug, the tubing hanger may be removed through a

blowout preventer (BOP) mounted above the spool, without requiring removal of the

15 tree, thus providing a significant advantage for wells where there is a risk of having

to puli the tubing.
in wellhead equipment 01; this type, hydraulic controt fluid is supplied from a
remote source to a downhole function, such as the fiuid responsive operator for a

subsurface safety valve (SSSV) which is carried by the tubing string to normally




ance Notes on Codes andAbbrevi ati ons"appearing at th egi n- nj of each
regul ar issue of the PCT Gazette, |IB B (57) Abstract 33%‘9%%W“Pﬂ'ééa®%apparat us
whi ch includes a ssoool (10) for use in a horizontal tree and havi ng a
vertical bBPHYWIS there "t through, and a tubing hangePCVESRYApt ed to
be I owered into and | anded within the bore of the spool to suspend a tubing
string (52) on the |ower end of the tubing hanger within the well bore. The
- spool has a radial opening (20) there tt¥ough to receive a bellows (21)
which fornms a fluid passageway renovably nmounted wi thin the opening by
" means of a PRKVRIE bR thiagoepest buhalose it re respdnsedo ensergenab opndiionsdiyed t o
the outer side of the spool. The tubing hanger has an opening (50) there
t hrough whiretiuction ofiéise hydrtufic Suid pesssus onSthe) oseraRCt IMsudh Bhuiphferfut er
di aneter and a vertical portion (51B) leading to a pressure responsive

thel ; SLpig?yﬁga&é'ﬁﬁ'é'?w‘%’?ﬁ?}?‘?gﬁ’%'S??P{‘%%%stﬁgﬁ’??ﬁ%“q@z Q%é"ga%ﬁﬂ%? %*f{ifc%iig"”
. 6 i .
an i nert(BOTERTEH Biedd RIS SBRBP B sRAbREwARSG sPAUTL AV TRCaRE® 1- o
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10 Vetco,
In at least one of these patents, the fluid passageway in the hanger includes
an insert installed in an opening in the hanger connecting with its bore and having
a normally closed poppet valve which may be opened to permit the hydraulic fluid
to be supplied through an adaptor to the SSSV operator, in order to open the tubing.
15 The poppet valve is then permitted to close as the SSSV is maintained open.
Pressure fluid is exhausted from the operator to permit the valve to close in the

event of an emergency. |

More particularly, the inner end of a stem on which the popbet valve is
mounted protrudes from the seal surface of the fluid passageway in the hanger to
20  engage the seal surface of the spool, and thus .be moved to open positioh, as the
hanger is lowered into landed position. This permits fluid from the remote source

to urge the operator of the SSSV to open position.




a spool connected to the upper end of the well head hqg%jggmgg ving a
bore in which a tubing hanger may be | anded for suspenéﬁng a ing string
within the well. 10 The spool has ports with valves to control the flow of
hydr ocar bons t hrough the tubing and tubing/casing annulus, as well as to
permt workover of the well, as in conventional equipnent, despite plugs
renovabl e installed in its bore above the hanger. Upon renoval of the

pl ug, the tubing hanger may be renoved through a bl owout preventer (BOP)
“nmount ed above the spool, without requiring renoval of the 15 tree, thus
provi ding a si.gnificant advantage faor |1s where there.is_a risk aqf having
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fluid is supplied froma renote source to a downhole function, such as the
fluid repbngpapkoppersgrlivg iy Srmed o gispharicel carfacgfipthe barp wE tesBaY) Wiishdh i s
carried by the tubing string to normally 13 Decenber 2005 WD 03/001025
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energency conditions by reduction of the hydraulic fluid pressure on the
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the operator froma source at the surface through fluid passageways in the
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. surface within the bore of the spool. Among other things, the mechanism by which the body is

moved to sealing position requires a large number of moving parts.

In each of these prior penetrators, the hanger and spool are provided with parts for orienting
their seal surfaces into axially aligned position. However, there is- the possibility that the seal
surfaces on the hanger and spool may not be sufficiently axially misaligned, when landed, as to
prevent leakage between the hﬁnger and spool.

An object may be éo provicie a peﬁetrator of this type' which, in its preferred and illustrated

| embodiment, overcomes one or more, and preferably all, of these problems and further which has
other distinct advantages over the prior art penetrators.

According to a first aspect of the invention, there is provided for use in a horizontal tree, a
spool having a vertical bore therethrough and an elongate opening having a fluid passageway

- therein connecting at one end with the bore and adépted to be connected at its other end with a
remote source of pressure fluid, a tubing hanger adapted to be lowered into a landed position within
the bore of the spool and having a vertical bore from which a tubing string may be suspended within
a well bore, and an elongate oﬁening having a fluid passégeway therein connecting at one end with

the outer diameter of the hanger and at its other end with a fluid responsive downhole function



10 Vetco. In at least one of these patents, the fIU|ﬂSEﬁ§sag |n t he
hanger includes an insert installed in an opening i SR connecting
with its bore and having a normally closed poppet val ve which may be
opened to permt the hydraulic fluid to be supplied through an adaptorto
the SSSV operator, in orderto open the tubing. 15 The poppet valve is then
permtted to close as the SSSV is maintai ned open. Pressure fluidis
exhausted fromthe operator to pernit the valve to close in the event of

an ener geng) ar t.i t he inner end of stem gn which the
poppet V3T t:%WdﬁB%h?@dﬁﬂ¥%{P%ﬁ@%ﬁ?ﬁdﬂPFW§m§@§5m§Hﬂﬁ3@@“3? hanger i flanred
passageway in the hanger to 20 engage the seal surface of the spool, and
thus be HoYIEEPQhbersein Widi the one eadsof iellid pegsageivay isoudsascapproxinsic deally
position. This permts fluid fromthe renbte source to urge the operator
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penetrators made pursuant to such patents, the sealing surface about the
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t her eon, fluid passagewgy in the hanger is forned on the end of a
t ubul ar mﬁ’b‘ g p SERb PR AN PRP el ey itsfenltfacs is forppdipndya sphericalgsurfaesrantitse

spool bore, as the hanger is lowered into the spool bore, and then camred
i nwar dl yoth@ géado bmitedabwigelingawithiorm sntsnwmdutfmeemgd@ea@acsﬂaénd el tcaae '
wi thin the bore of the spool. Anbng other things, the mechani sm by which

Ito 2 ret god-ypas@gewayyeﬂﬂ parssigahd sgl POS hid Qfack:@ PokticBSorand afdfuid paRResewal WHRY Ng
| fluidly connect with one another despite limited axial alignment, the spherical surfaces being
sealably engageable in surrounding relation to the ports to maintain fluid communication between
them during limited swiveling.

According to a second aspect of the invention, there is provided for use in a horizontal tree, a
spool having a vertical bore therethrough and an elc;ngate opening having a fluid passageway
therein connecting at one end with the bore and adapted to be connected at its other end with a
remote source of pressure fluid, a tubing hanggr adapted to be lowered into a landed position within

" the bore of the spool and having a vertical bore from which a tubing string may be suspended within
a well bore, and an elongate opening havingn fluid passageway therein connecting at one end with
the outer diameter of the hanger and at its other end with a fluid responsive downhole function
ﬁithin the wellbore, and adapted to be oriented into a rotational position, when the hanger is landed
in the spool bore, in which the one end of its fluid passageway is at least approximately axially
aligned with the one end of the fluid passageway in the spool, the one end of each fluid i)assageway

having a flat seal surface engageable with a flat seal surface of the one end of the other fluid

passageway in order to fluidly connect the passageways when so aligned, the axes of the fluid




In each of these prior penetrators, the hanger and SQQ?#m&%E%QﬁﬁgidEd W th
parts for orienting their seal surfaces into axially alrgned posSition.
However, there is the possibility that the seal surfaces on the hanger and
spool may not be sufficiently axially msaligned, when |anded, as to
prevent | eakage between the hanger and spool. An object may be to provide a
penetrator of this type which, in its_preferred and illustrated

enbodi ment, overcones one or nore, and preferably all, of these problens
and farther which has other distinct advantages over the prior art
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provided for use in a horizontal tree, a spool having a vertical bore

t-her et hr &liggh withia the pataliel glanss pgreendisglah 4 thegaxgs, fandi ahe pd She srahvayrfaceshbeieg n
connecting at one end with the bore and adapted to be connected at its

ot her endesikiettly wgedriewntlly teward e otfer pidakssrositibheditd be enghiddibygnd &ieg exmmept ed
to be lowered into a | anded position within the bore of the spool and

havi ng a oiekidlyo thd&th& skl QFR0AsGHE Bintdd B 100ered intd ndtBYostfonsUspended wi thin
a well bore, and an el ongate opening having a fluid passageway therein

i j . di . f h ; [
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within the | | bore, a gﬁgd pted to be oriented into a_ rotational position,
when t heSHEngEng & VP fzr'] re ﬁ?ﬁf Gl‘nﬁ%lgg ﬁe‘gwntf‘éqng?wioaew BHiEhe (YiePasigew it s
fluid passageway is at |east approximately axially aligned with the one
end of t therein ¢ointeciiag stagpevaayd With thé:bors pod hdaptet do ba eoremadedét isasher fehdiwdth a
passageway having a flat seal surface engageable with a flat seal surface

of the ormoedureé of gress@t fAeid, 4 tubing harpasaiagel@beldwepsddn atlshdbd pdsilon we@mnect
t he passageways when so aligned, one fluid passageway including a seat

ring on i i By - ] I -
CurTace SoBodiofh ool kv Svafidl bbb iR @ e SR o o

~on the ad] nt end of the one assage . and ports in the seal ring and
~ adj acent” lbvgﬁ Fci’rg’r?ngﬁn g]ﬁ%gaéen(’é’e’flf’%p%"ﬁaé@ﬁ‘gﬁ SV (Pyein connecting at one end with

the outer diameter of the hanger and at its other end with a fluid responsive downhole function

within the wellbore, and adapted to be oriented into a rotational position, when the hanger is landed
in the spool bore, in which the one end of its fluid passageway is at least approximately axially
aligned with the one end of the fluid passageway in the spool, the one end of each fluid passageway
having a flat seal surface engageable with a flat seal surface of the one end of the other fluid
" passageway in order to fluidly connect the passageways when so aligned, the seal surface of the
spdol being formed on the inner end of a ‘compressible bellows which is closély received and
releasably mounted in the opening in the spool.
In accordance with the illustrated and preferred embodiment of the present invention, the -

tubular body of the insert in the fluid passageway of the hanger has




fluidly connect with one another despite |imted axi al i gn t he
spherigal surfaces being sealably eggageable in sur Hﬁﬁwﬁ@gﬁgﬁgtion to
the ports to maintain fluid conmunicati on between themduring limted

sw vel ing. According to a second aspect of the invention, there is provided
for use in a horizontal tree, a spool having a vertical bore therethrough
and an elongate opening having a fluid passageway therein connecting at
one end with the bore and adapted to be connected at its other end with a
renote source of pressure fluid, a tubin®Phanger adapted to be | owered into
a landed position within the bore of the spool and having a vertical bore
fromwhich a tubing string may be suspended within a well bore, and an

el ongat e, QRRRALMGuRRY hitBe 8nd, bl HscRARZISENM ke 1 ' nd
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oriented into a rotational "position, when'the ger Is
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seal surfaces being resiliently urged inwardly toward the other and thus

positiongﬂm¥%mbe engaged by and then caronmed outwardly by the other seal
surface as the hanger is lowered into | anded position. According to a third

aspect of t HB 2rsopdsRes Bith anofhsy embogdimgng\thejengs phihe diyid napsagewsyy intbasneol adee, a

spool having a vertical bore therethrough and an el ongate openi ng having a
flui d paseggewsyd att dneacae anglowiik odspargtoaine anehenwhd whe fiat séud sirfices anteradapt ed
to be connected at its other end with a
~ disposed within parallel planes which extend at vertical angles perpendicular to the axes of the
passageways. More particularly, one of the seal surfaces is resiliently urged to a position in which it
is engaged by and then cammed inwardly by the other seal surface as the hanger is lowered
therepast.
In the illustrated and preferred embodiment of the invention, the seal surface on the end of
. the fluid passageway of the spool comprises a bellows which extends within the spool opening and
has its outer end carried by a flange releasably attached to the outer side of the spool. Thus, the

bellows is removable from the spool opening for replacement or repair of its sealing surface on its

inmer end upon disconnection of the flange from the outer side of the hanger.




renote source of pressure fluid, a tubing hanger adaﬂgﬁj to be¢ wered into
a | anded position within the bore of the spool and Smge(/% I cal bore
fromwhich a tubing string may be suspended within a well bore, and an

el ongat e oPEMPAYFavi ng a fluid passageway therein conne RGHEFI%%he end
with the outer diameter of the hanger and at its other end with a fluid

- responsi ve downhol e function wthin the well bore, and adapted to be
oriented into a rotational position, whén the hanger is landed in the
spool bore, in which the one end of its fluid passageway is at |east

appr oxi mat el y aMisallugtratetli v deséritied; ftiee sal surfhcef oft the beéllowd has sagspay in
the spool, the one end of each fluid passageway having a flat seal surface
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passageway in order to fluidly connect the pass vvays gned, the

bor 1 ows. wnianiied B RE <8 ey B by i RS Tng in

the spool. In ac rdance with the jllustrated and preferred enbodi nent of
the pr esenPPPRPBIESGH AR farion showday of TheBolansdias smoyhardy feang
passageway of the hanger has 13 Decenber 2005 - 4b a spherical surface at
one end’ afbouldsetmpasition thelseabsifacettelbe engapbe ahd camnesttoutivardie ab dity
nounted on the inner end of the body has a matching sealing surface for

swi vel i ng mealryuﬁabbensn@aang@sndéyab@ﬁeatd]y bﬂ%thé@@éﬁsur@ée amﬁeSbéuBmugh the
insert and seat ring are maintained in fluid communication. A seal ring

surrounds one e f Ot t Su ring '
surrounds the %%rd%%%f W?é‘gB I#R rﬁ%?t% éﬁﬁié&?E&%% lﬁ%e& &'%Lf'@%ﬂ) ring
for seali n Wt ﬁ(ﬁpeqn[é; to the spherl cally shaped end of the insert body
to maint ai Sajg% |'""MGd13en the surfaces despite minor axially alignnent.
I n accordance with another enbodi ment, the axes of the fluid passageways in
the spool and higndels axiahvedicahsectionak vienybt the wellheagp essemblyoderingnot her |
and the flat seal surfaces on themare
10 lowering of the tubing hanger into a landed position within the bore of the spool;
Fig. 1A is an enlarged detail view of the portions of the inner end of the
beliows and insert indicated at 1A in Fig. 1, as the insert first engages the bellows
for sliding over the seal surface on its inner end;
Fig. 2 is a vertical sectional view similar to Fig. 1, wherein the tubing hanger
15 has been further lowered to its landed position in which it is oriented rotationally to
at least substantially align the port in the seal surface of the insert with the per’c in
the seal surface on the end of the bellows;
Fig. 2A is an enlarged detail view showing the sealing engagement of the
seal surfaces;
20 Fig. 3 is a sectional view of the wellhead assembly, as seen along broken

lines 3-3 of Fig. 2 with the sealing surfaces on the insert and bellows engaged with

ohe another;




di sposed within parallel planes which extend at verti I
perpendi cul ar to the axes of the passageways. More BQ?%F%ﬁﬁ%ﬁﬁ ? one of
the seal f js resiliently urged to a position in which it 1is
engaged_b?wéﬁgﬁﬁﬁg% caromed inwardly by the other seal suffHE¥?3¥¥he
~hanger is lowered therepast. In the illustrated and preferred enbodi nent
of the invention, the seal surface on the end of the fluid passageway of

t he spool conprises a bellows which exténds within the spool opening and
has its outer end carried by a flange releasably attached to the outer side
of the spool . THig, 3A s viwl similer fod-ig shrbvtakhereinrthenaiseofive sbatapeiortist or
repl acenment or repair of its sealing surface on its inner end upon

di sconnect isomewhat neiséligmegionith ABpcbEtodtE Sorisih #5e 8éallIffRa e H cember
2005 WO 03/ 001025 PCTI US02/ 19915pt-65- As i%lrl ustrated and descrei tt’))éle’g),‘"}gfehe seal

- surface of ‘the laq ' fromthe spool
opening into a @si tig\%ﬂl’é?ﬁarggag%vagﬂgﬁég)@%ﬁﬁﬁa8@&?@%@%%89&}2%?96%@ Pfe seal

surface of e re particularly, the spool opening has an

i nwardly fgg;‘ﬁeéhﬁ%%d{'ﬁﬁl}/ﬁ%rﬁ t he bellows has an outwardly facing 5

shoul der to positign the seal surface to be engaged and caroned outwardly

‘as the Yseal sufitadds 8n explodedidew oftheckallowsumitbe depge teebe miveintehin ther f ace
on the bellows. In the drawings, wherein |ike reference characters are

‘used t hr ougponitopeningiesiogmdhe flicksassageway Rdpethtoigh;a hal f verti cal

- sectional view of the wellhead assenbly during 10 lowering of the tubing

LTS3 2 | S BRSNS O 8y bR e ™
insert i ndbﬁ@ﬁiﬁ& oﬁhelfﬁb%nrb ﬁérgger.l’ as the insert first engages the bellows
With reference now to the details of the above described drawings, the spool
10 10 is shown fo include a bore 11 into which the tubing hanger 12 is being lowered
(Fig. 1) into the landed and rotationally oriented position of Fig. 2. This rotational
orientation may be accomplished by conventional means, including a slot in the
- bore of the spool into which a pin on the outside of the hanger is guidably lowered,
whereby fluid passageways (to be described) in the hanger and speol are at least
15 approximately axially aligned.
As shown in Figs. 1and 2, a reduced outer diameter of the Iower end of the
ﬁanger fits within a seal assembly 18 which has been lowered iﬁto the spool bore
for seéﬁng between the hanger and spool beneath the fluid passageways when the
hanger is landed. When so lowered, the hanger is locked down by means of a split
20 ring 14 urged outwardly by a wedge releasably connected to the running tool into

engagement with grooves 15 in the bore of the spool above the fluid passageways.




for sliding over the seal surface on its inner end; ertical
sectional viewsimlar to Fig. 1, wherein the tubing %g)r?ﬁérpbgr ébg%has been
further lowered to its | anded position in which it is orlentedrotatlonally

- to at |e¥P0¥H%5ntially align the port in the seal surPGUESBAMAe insert

with the port in the seal surface on the end of the bellows; Fig. 2Ais an
- enlarged detail view show ng the seali ng] engagenent of the seal surfaces;
20 Fig. 3 is a sectional view of the wel/lhhead assenbly, as seen al ong
broken lines 3-3 qf . 2 Wth the sealing surfaces on the insert and

bel | ows engaged”fi ’iciWW'bHéF ihothethe spodddvsnd sadiabopeniog 28 teretheough to

PCT/ US02/ 19915 -6- Fig. 3Ais aviewsimlar to Fig. 3 but wherein the axis
of the seatlasehgepeive a shellowsdrhivhuise alutgnent isi ddnrcetikkt a serk 22 dvtHe i n
the seal surface of the bellows; Fig. 4 is an enlarged view of the outer

end of theiddeRrBRe SROMAN @&0&% l§|rQl@,-Qsal5]g%l§€u e'd'tB%Sﬂaﬁ St fabd 8 sr?de c?fh':' g.

5 is an expl oded view of the bellows on t 'ange to be m)unte

oot oded viRepaber BThécli bl deRAPRARTIGH G BRIG A ia ﬁwémgﬁg of

dr aui ﬂé’é”%“a“%sstgprvrvné&h%%éﬁﬁggéﬁné‘p%%?néﬁ‘ﬁa%Sta?é&ﬁi@%&b%‘mﬁ%&ﬁﬁéﬁé‘ e
t ubi ng hang\ 12 is being lowered (Fig. 1) into the |anded and
rot at i onal Fysegi rieg Odds peesivaddn gobove 90 aboutTthe sterntiaengage with the opening
in the spool.
The inner end of the bellows has a shoulder 31 urged toward engagement
with a shoulder 32 about the inner end into the hanger opening 20. More
10 particularly, the shoulder 32 is so located that a fiat seal surface 33 which surrounds
a port 23 in the innér end of the compressed bellows extends into the spool bore in
position for engagement by seal surface on the inner end of a fluid passageway in
the hanger, but is nevertheless free to move away from the shoulder as the bellows
is compressed during movement of the hanger to the Fig. 2. position. This
15 mounting of the bellows on the spool enables it to be removed or replaced, upon
disconnection of the flange, as will be described, for replacement or repair of the
beliows and seal surface on its inner end. As described, a port P‘ in the flange
enables the bellows to be connecfed with a remote source of fluid preésure.
The hanger has a bore 50 therethrough from which a tubing string 52 is
20 suspended within the well bore and an opening therethrough including a Iaterarl

portion 51A extending between the outer diameter of the hanger and a vertical

- portion 518 which connects with a conduit 53 leading to a fluid pressure responsive




orientation may be acconplished by conventional nean I ncl udi a slot in
the bore of the spool into which a pin on the outsigéc%*emﬁ'ﬁﬂgﬁger S

gui dably | owered, whereby fluid passageways (to be describedéﬁin t he
hanger andV&330/1%t e at 1 east 15 approximately axially aP¥HHEE/I9HS shown
in Figs. | and 2, a reduced outer dianeter of the |ower end of the hanger
fits within a seal assenbly 13 which has been | owered into the spool bore
for sealing between the hanger and spodﬁgbeneath the fluid passageways when

the hanger_is Ianged en so |l owered, the hanger is | ocked down by neans
of a split “P§THPRG fﬂ%% safehavaive (pot showelkrdanied 4 ebep andreless te t o

the runni n%tool Into engagenent with grooves 15 in the bore of the spool
above the floie thrpugk thechangsr. As watikentverin #1205, \WAICR/HEVI0ASy BEF¢ABRARHO915
-7- As shown in Fig. 1A, The spool has a radial opening 20 therethrough to

cl osel y rembvﬁoai&@cbd%oﬁél%ﬂifﬁ@h%h@fm@tﬂﬁ\ é§td3@;5t§]¢ﬂ4eel§od'b?% %gﬁ?lff fog? OnN

the inner side of a flange ich is releasably secure at outer

Lo o R R RO 405 JERF B b

connectw t hft he fl ui dt §assa9e¥]va)6 through the bellows. A seal ring 91 is
 received i BISSYER ButhgsyENt Pha Pegdsieiyned a8dant h the opening in the
. spool. The inner end of the bellows has a shoulder 31 urged toward
engagenent  wi t Ashomauindbe defailed oiaws bEFiganth aad @A, theflaid paksagmyayoipeni ng
20. More 10 particularly, the shoulder 32 is so located that a flat seal
surface 33thehangerunclodesistubular insert 60 having a body mounted in the lateral branch
of the opening in the hanger. A poppet valve 62 is mounted on a stem 61 which
extends through a flow passage 63 in the body for movement toward and away from
10 aseat 64 which faces the outer end of the fluid passageway in the hanger opening.
FFor this purpose, the tubular body is mounted in the lateral branch of the hanger
opening by nut 61A holding its outer tapered end against a tapered surface in the
opening. A spring 67 urges a shoulder 62A on the stem into engagement with the
seat 64 to close the bore through the insert body and locate its end in a position
15 projecting from the end of the insert.
A seat ring 70 on the inner end of the tubular body which has a flat seal
surface 71 for sliding over the parallel flat surface 33 on the inner end of the bellows
as the tubing hanger is lowered from the position of Fig. 1A to the position of Fig.
2A. More particularly, a spherical surface 72 on the opposite end of the seat ring
20 is mounted on the a spherical surface 67A of the end of the insert body and thus is

free to swivel to a limited extent with respect thereto for accommodating minor axial

misafignment of the seat ring and bellows, as illustrated on Fig. 4. The seatring has




a port 23 in the inner end of the conpressed bel |l ows tends | t he spool
bore in position for engagenent by seal surface on Hﬁéecferqﬂgqﬂ@h@ of a
fluid passa enay in the hanger, but is nevertheless free to nove away from
t he shoul d¥P %9 pellows i's conpressed during novenemfCHPSEARRanger to
the Fig. 2. position. This 15 nounting of the bellows on the spool enables
it to be renoved or replaced, upon disconnection of the flange, as will be
described, for replacement or repair of-%he bellows and seal surface on
its inner end. As described, a port Pin the flange enables the bellows to
be connect Pt 8A throughovhicls stene 61 @ixidridsi dng iseekasablyTheuhtad gevthbamnexr bore
50 therethrough fromwhich a tubing string 52 is 20 suspended within the

wel | bore amd efithe beliows by esaidsiaugslit iriﬁ?'&@éi &firicd WthBY 2 brodVRl 43O haA
ext endi ng between the outer diameter of tThe hanger and a“vertical portion

51 B which t 4N O Lt B N0y g P r .
responsi ve S?gegée‘%e%rgﬁb 2%13@%\/@%@ @%g%%g@g%&f&g%ﬂgﬁ@%@?ﬁ% B’l‘thof a
downhol e szggé% gal ve (ngt shown) adapted to open and cl ose the bore
through th g on &- known in the art, and as previously described,
the operator is conventionally of such construction as to open the bore to
permt flow théreaahripgdd isnaeuntedimalgreasddsh imthe fladsealing suracet dfdhbor e
upon | oss or reduction 5 of pressure in the event of a predeterm ned

condi ti on. séat shgsarioantig thet gort @@bmtr@%@qmio Ebalablyldh 08, fldthealihyi d
upu

passageway in the hanger includes at ar insert 60 having a body

mount ed i nlftgod 88 QihebA8Ehd Bf i RaIBREN ANBAL, JUF RANASE obpoPReL val ve

62 is nounted on a stem ough W passage n the
body fqr ”8?’(%5%%6& R cra%u er}dspﬁgﬁé/alfsﬁ%g:e of the seat ring for sealably engaging the

inner spherical surface 67A on the end of the insert during limited swiveling of the
10 seatring.

As previously described, the axes of the fluid passageway through the spool
and the fluid passageway through the insert form an acute angle with respect to one
another, and the flat seal surfaces on the inner ends of the bellows and seat ring

~are parallel and extend at acute vertical angles with respect to a plane

- 15 perpendicular to the axes. This of course enables the sealing surface of the éeat

“ring fo engage and then slide over the sealing surface on the bellows to cam the
‘belfows axially outwardly.

The face of the hanger in which its opening 51A is forméd is perpendicular
to the axis of the opening, and the seal surface on the end of the insert projects

20  from the face, so that when lowered to the Fig. 1 bosition, it will engage a tapered
oqter edge of the seal surface 33 of the fully expanded bellows. Since the bellowé

is free to contract as shoulder 31 moves away from the shoulder 32 in the hanger



10 a seat 64 which faces the outer end of the fluid Pgﬁsa%ﬁméobﬁ t he
hanger opening. For this purpose, the tubular body i 6 lgee( I'm the
| ateral branch of the hanger opening by nut 61A holding its outer tapered
end agai nsWO3{08192% ed surface in the opening. A spring 6RCHFYRE94S shoul der
62A on the steminto engagement with the seat 64 to close the bore through
~the insert body and locate its end in a position 15 projecting fromthe
end of the insert. A seat ring 70 on th&#tnner end of the tubul ar body
which has a flat seal surface 71 for sliding over the parallel flat
surface 33 apenirgs contisueceddwnivatchmobeimentsf thashanyer tolthd nBaa gokitio drover ed
fromthe position of Fig. 1 Ato the position of Fig. 2A Mre

par ti cul ar 1R, 27 wilear 1habeRitié Bttty 88 tid ¥ RRPESHifucRRE nidve ddRmRERlly " | N

20 is nmounted on the a spherical sur the en the Tnsert body

and thus i S\ l.imted extent with respect thereto, for
accommmodat ﬁ?\ égrfnqze ﬁodr&étﬁﬂaqﬁé'r#‘@aﬁ%% ﬂgﬂ?g%pelgygsgggttlgpi ﬁ@glg}goerg@qeam} as
illustrate %Ee'ziﬁi 4, a‘he seat ring has 13 Decenber 2005 WO 03/001025
PCT/ US02/ 1 erpihepargliel figh seal uigheshi ch stem 61 extends, and is

rel easably nounted on the inner end of the bellows by neans of a split
ring 83B carri edswhawmingFigr baywitlB e poppdtealveiesdd; she shd ot steni be
insert, which permts |imted swiveling novenent with respect to one

anot her . 5whictetile poppet $5ive s RURERCbEhdS ﬂf&@hﬁﬂ@%aw%gﬁt%liﬁéeﬁs i ng

surface of the seat ring surrounding the port” theret to seala _I y
Aot her - sckpon BERA oo BLAGE e T Hbgb 805 kabe forbru ofialiv 4B ca
surface of thtehgopspee tvafvien(gidc. %CA)Sa%%g lr)]!el?!nggrnig ?agnidre]a%, %hrzaereby permitting the outside
source of the pressure fluid to pass through the line 53 to open the subsurface valve
10 in the tubing hanger.

As described in connection with Figs. 5, the outer end of the bellows is
mounted on the end of the stem to the flange to locate the bellows closely within the
outer end of the opening through the spool. As also shown in connection with Fig.

5, the flange is releasably mounted on a flat face on the outer side of the hanger by
15 means of a series of studs, and a gasket G is received in grooves about the flange
in the opposite face of the outer side of the spool on which the flange is mounted.

As shown in Figs. 4 and 5, a pin 93 is received through a hole 93A in the
flange 40 to permit its inner end to be threaded into a socket in the fiat face on the
outer side of the spool. The socket is so located as to position the fiat seal surface

20 on the inner end of the bellows in proper position to be engaged and cammed by

the seal surface on the hanger, as previously described.




i nner spherical surface 67A on the end of the insert gggiqﬂ I;&% ed
swiveling of the 10 seat ring. As previously descri beHSCeHRe of the
fluid passagge rough the spool and the fluid passageway through the

i nsert forﬁ@ﬁﬁ%é%%?e angle with respect to one another, %E%U$m@%¥§at seal
surfaces on the inner ends of the bellows and seat ring are. parallel and

- extend at acute vertical angles with respect to a plane 15 perpendicular to
the axes. This of course enables the seéffng surface of the seat ring to
engage and then sljde over the sealing surface on the bellows to camthe
bell ows axi al | y Foutl\Rerenderstorg byibese skiled imntheqst thah thenembodimens sbawng 51 A
is formed is perpendicular to the axis of the opening, and the seal

surface onandalessdbed ig bxemnpkey angvajious sthe? Onddifiratione riac be nsld fahewhen

|l owered to the Fig. 1 position, it will engage a tapered outer edge of the

seal surf apeackiBeadf tHee ifvintiyn exRacsamgRe!the ops! & epﬁggﬁbﬁ UWBuld Bel r €€

to contract as shoul der 31 noves away fromthe shoul I'n the hanger 13

moverent of s aodaRe s e et e Are PR st i e e

bell ows outwardly as the hanger continues to nove dowwardly to |anded
position (Fig. 2A). This arrangenent insures tight sealing engagenent
between the parallel flat seal surfaces. 5 As shown in Fig. A wth the
poppet val ve closed, the end of the stemon which the poppet valve is
nmount ed extends through the seat ring of the.insert to a position beyond
i1ts seal surface. It is thus in position to be forced outwardly to open




|

t he poppet valve (Fig. 2A) as the hanger is |anded, e tting the
outside source of the pressure fluid to pass throughgﬁ%gﬁjﬁgﬁc@é to open

t he subsurface valve 10 in the tubing hanger. As described in connection
with Figs. W8 U0RE2%5ter end of the bellows is nounted onPEHESRARISE the
stemto the flange to |locate the bellows closely within the outer end of

t he openi ng through the spool. As also shown in connection with Fig. 5,
the flange is rel easably nounted on a f1l%t- face on the outer side of the

hanger by ang of series of studs, and a gasket Gis received in
grooves abM' in the.opposite face of the outer side of the
spool on whjch the flange is mounted. As shown in Figs. 4 and 5, a pin 93
i s receivedl-t hr Julivsg in@ korieatal treehe f1ange 40 to pernit its inner end to
be threaded into a socket in the flat face on the outer side of the spool.

The socket is s@ spmdtedings to position the flat seal surface 20 on the
inner end of the bellows in proper position to be engaged and camred by

the seal surface on thg - i y described. 13 Decenber 2005
WO. 03/001025 PCTI USG2/ 1@‘3@@’?5@%‘?&@%% under st ood by those skilled in

the art ;that the enbaqdi rent shown. and described is exenﬁl ary and various
ot her mBdifications MAFHOGIEIRENIRgMANINGS Y Passagewadheneitoannesting at
Accordingly, the scope of the invention should be understood to include
such nodifications wenetengreitinthenboretand agapted tobetdoanected st ite wtherkhd
Decenber 2005 WD 03/ 001025 PCT/ US02 /19915
- with a remote source of pressure fluid,
a tubing hanger adapted to be lowered into a landed posifion within the bore
of the spool and having
10 ' a vertical bore from which a tubing string may be suspended within a
well bore, and
an elongate opening having a fluid passageway therein connecting at
one end with the outer diameter of the hanger and at its other end
with a fluid responsive downhole function within the welibore, and
15 adapted to be oriented into a rotational position, when the hanger is
landed in the spoo! bore, in which the one end of its fluid passageway
is at least approximately axially aligned with the one end of the fluid
passageway in the spool,
the one end of each fluid passageway having a flat seal surface
20 engageable with a flat seal surface of the one end of the other fluid

passageway in order to fluidly connect the passageways when so

aligned, -




-12 What is clainmed is: 1. For use in a horizontal havi ng a
vertical bore therethrough and an el ongate openi ng h @q?]egceg%fergﬁ@
passageway therein connecting at one end with the bore and adapted to be
connect ed WP BOYOE her end with a rempte source of pressREEUSQRIPYHS a

t ubi ng hanger adapted to be lowered into a | anded position wthin the bore
of the spool and having 10 a vertical bore from which a tubing string nmay
be suspended within a well bore, and ad3el ongate opening having a fluid
‘passageway therein connecting at one end with the outer dianeter of the
hanger and at its ot [9&e fird passadevenyf inciudinges pealsiingeod oweleide of whichi ign
within the wellbore , and 15 adapted to be oriented into a rotational

position, when the haegbsurfsce lsHBEAGd iahdidSpiaRal sieic oh"IsVHih silld $or0Ne
end of its fluid passageway is at |east approximtely aX| ally aligned with

the one end of the fl;H W\;@ e\yw end of ch
flui d passageway haV| ng ds iﬂg %ér%é%gca?gﬁ ngﬁ%@‘ aq&rgﬁngofﬁlgt seal
surface of the one end of the other fluid passageway in order to fluidly
connect the passagewdE RATERIUAY: ANYgned, 13 Decenber 2005

_5 . ports in the seal ring and adjacent portion of the one fluid passageway
which fluidly connect with one another despite limited axial alignment,
the spherical surfaces being sealably engageable in surrounding
relation to the ports to maintain fluid communication between them

during fimited swiveling.

10 2. As in claim 1, wherein,
the seal surfaces maintain sealing engagement in surrounding relation to the

port in the seal ring during limited swiveling.

3.  Asinclaim 1, wherein
the spherical surfaces are held in close engagement with one another by a
15 split ring removably mounted in a groove in one spherical surface for limited

swiveling motion in a groove in the other spherical surface.

4. As in any one of claims 1 to 3, wherein




WO 03/ 001025 PCTI US02119915 -13- one fluid passageway, bncl urgli %g 2 seat ring
on one side of which its seal surface is formed and & g«be%qr Posurface on
its other side for limted swiveling within a spherical surface on the

adj acent eW§U"P¥He one passageway; and 5 ports in the sRENVUSRAPIAN

adj acent portion of the one fluid passageway which fluidly connect with
one anot her despite limted axial alignnment, the spherical surfaces being
seal abl'y ‘engageabl e in surrounding retdtion to the ports to maintain fluid
comuni cation between them during limted swiveling. 10 2. As in claiml1,
wherein, the sedie fuidfpassagawayirnihe isrger ingludtesag tutaiar insers haviagrdbdre
relation to the port in the seal ring during limted swiveling. 3. As in

claim 1, wheitehsebbeacindesi siibr HE fARes Db 9hie MoGhiedtorr B9GER Rl t h
one another by a 15 split ring renovably nounted in a groove In one

Sbher | cal oopiesies iy ietitte ohlie SisohrRiid Pul BeYeREit Pt b Bet nper
2005 WO 03/,00102 | UJS02/ 19915 -14- the fluid passageway in the hanger
i ncl udes aﬂ?%kﬁﬂdglo?icf‘ﬁ?e?t?”hé}ﬁ'% enggapablg; wih ath§eg?alf ﬁgﬁﬁ@g iaf sthet ﬂlétwle%d

and a poppet val ve nounted on a stem which
5" passageway, as the hanger is lowered, to open the valve in order to permit pressure

fluid to be supplied to function.

5. Asin claim 4, wherein

the spherical surface is formed on the insert within the fluid passageway of

the hanger.

10 6. As in any one of claims 1 o 5, where

a safety valve is installed in the tubing for opening and closing the tubing,
and said downhole function is an operator for opening the valve as the hanger is

lowered into landed position.

17. For use in a horizontal tree,
15 a spool having
a vertical bore therethrough and
an elongate opening having a fluid passageway therein connecting at
one end with the bore and adapted to be connected at its other end

with a remote source of pressure fluid,




reci procates within the bore and is spring pressed t t to close
the bore, the end of the stem being engageabl e mﬁth? gg%égﬁigﬁsface of

t he spool passageway, as the hanger is |owered, to open the valve in order
to permit WO fluid to be supplied to function. 5. PEI/UI§289%A5m 4,
wherein the spherical surface is formed on the insert within the fluid
passageway of the hanger. 10 6. As in any one of clains 1 to 5, where a
safety valve is installed in the tubingstor opening and cl osing the tubing,
and sai d downhol e function is an operator for opening the valve as the

hanger is |oweg ﬁfﬂ)iﬁﬁﬁé’n S HBHIRIAS blel iOWerel infoa! [anded positiohwithindhe hbra r ee,
15 a. spool having vertical bore therethrough and an el ongate openi ng

having a fluid passa . {herein connecting at one end with the bore and
adapt ed t Oo@be@%ﬁﬂi%ﬁﬁlaaﬁpgi ts other end with a renpte source of pressure

e R A0, B B LA edoy R YL
and having a vertical bore fromwhich a tubing string may be suspended
within a well bore, and
5 an elongate opening having a fluid passageway therein connecting at one
end with the outer diameter of the hanger and at its other end with a fluid
responsive downhole function within the wellbore, and adapted to be
oriented into a rotational position, when the hanger is landed in the spool
bore, in which the one end of its fluid passageway is at least approximately
10 axially aligned with the one end of the fluid passageway in the spool,
the one end of each fluid passageway having a flat seal surface engageable
with a flat seal surface of the one end of the other fluid passageway in order
to fluidly connect the passageways when so aligned,
the axes of the ﬂuid péssageways forming an acute vertical angle with
15 respect to one another and the flat seal surfaces lying within parallel planes
| perpendicular to the axes, and
one of the seal surfaces being resiliently urged inwardly toward f(he otherand

thus positioned to be engaged by and then cammed outwardly by the other

seal surface as the hanger is lowered into landed position.




bore, and 5 an el ongate opening having a fluid passa r£)
connecting at one end with the outer dianeter of thg§ aﬁ%éggéﬁ@gat its
other end with a fluid responsive downhole function within the well bore,
and adapt e AEWY25oriented into a rotational position, WREHUBREEnger is
| anded in the spool bore, in which the one end of its fluid passageway is
at |least approximately 10 axially aligned with the one end of the fluid
passageway in the spool, the one end of 18ach fluid passageway having a fl at
seal surface engageable wth a flat seal surface of the one end of the
other fl ui d-pasHHEAFIMs7.o¥kRIeIN to f1uidly connect the passageways when so
aligned, the axes of the fluid passageways form ng an acute vertical angle
with 15 respectthediuhpassagchery inrttetspool bpbningadoripHses e Bellow WHMH i N
paral | el planes perpendicular to the axes, and one of the seal surfaces

bei ng resi gy boceaadn itﬁB’\@;SéHih’? agarogf.shigﬁ? Eg@ﬁ{cnglﬁ@seétgpﬁ‘a@é’ Ishirhdigd to

be engaged by and then canmed ou Seal surface as the
hanger is | ﬁpred into | anded position. 13 Decenber 2005 WO 03/001025

PCT/ US02/ 19915 -16 8. As in clainms 7, wherein the fluid passageway in the
spool osening cgggrises a bellows which is closely received in the opening

and on Phe end fRee puisiendaithe bellovesisifixeflde weftingeaateasablyeoopesiedut er
end of the bellows is fixed to a flange rel easably connected
: to the outer side of the spool to permit the bellows and thus the seal surface to be
replaced or repaired,
the flange has a port therein for connecting the outer open end of the bellows
with the source of pressure and

| 10 the expansion of the bellow being limited to preload it in a position in which

its seal surface will be cammed outwardly by the other seal surface.

9. As in claim 7, wherein
the fluid passageway in the hanger includes a tubular insert having a bore
15 with a seat facing its other end and a poppet valve mounted on a stem which
reciprocates within the bore and is spring pressed toward the seat to close the bore,
| the end of the stem being engageable with the seal surface of the spool
passageway, as the hanger is lowered, to open the valve in order to permit pressure

fluid to be supplied to function.




to the outer side of the spool to permt the bell ows 2 d thﬁsljéﬁﬁ seal
surface to be replaced or repaired, the flange has ?;1 SPYTRErErR for
connecting the outeropen end of the bellows wth the source of pressure
and 10 t heV&PHAN8%n of the bellow being linted to prel oI/V§0241991%
position in which its seal surface will be canmmed outwardly by the other
seal surface. 9. As in claim7, wherein the fluid passageway in the hanger
includes a tubular insert having a borel715 with a seat facing its other
end and a poppet val ve mounted on a stem which reciprocates within the
bore and i 90spriAsgnmlaiss@dviberatr d t he seat to close the bore, the end of
the stem bei ng engageable with the seal surface of the spool passageway,

as the hanger i g dafeBredve sGnSBREI Wmeviﬁbiﬁ‘@ FoP%g%@ﬁg\TB‘ﬁgg(%%% 5@5 fubny, ©

fluid to be supplied to function. 13 Decenber
PCTI US02119845 -17 10. As in claim9, wherein a safety valve is installed
in the tubing for opening and cl osing the tubing, and said downhol e

the valve as the hanger is | owered

function is an qQperator. fop openin )
into | anded pos?g'idocﬁj.wrmle f—“&‘:ﬁ%§ OReralr forgmening thevalveasdpe bangeris ng a
vertical bore therethrough and

lowered into landed position.

| 11.  For use in a horizontal tree,
a spool having
 a vertical bore therethrough and
an elongate opening having a fluid passageway therein connecting at
10 one end with the bore and adapted to be connected at its other end
with a remote source of pressure fluid,
a tubing hanger adapted to be lowered into a landed position within
the bore of the spool and having
a vertical bore from which a tubing string may be suspended within a
15 well bore, and |
an elongate opening having a fluid passageway therein cqnnecting at
one end with the outer diameter of the hanger and at its other end
with a fluid responsive downhole function within the wellbore, and
adapted to be oriented into a rotational position, when the hanger is

20 landed in the spool bore, in which the one end of its fluid passageway




an el ongate opening having a fluid passageway therei cti 10 one
‘end with the bore and adapted to be connected at |ts?%@% rﬁ%ef{graggmth a

renote source of pressure fluid, a tubing hanger adapted to be | owered into
~a landed p¥QI%¥P YA thin the bore of the spool and havi nBCHUSBAPIEA| bor e
fromwhich a tubing string may be suspended within a 15 well bore, and an
el ongat e opening having a fluid passageway therein connecting at one end
with the outer dianeter of the hanger ahdi-at its other end with a fluid
responS|ve downhol e function within the welibore , and adapted to be

oriented into a rot ald aleastrpproxinatelwasially atighed gdth the oh@ drainsfare Rnidt he
spool bore, in which the one end of its fluid passageway 13 Decenber 2005

WO 03/ 001025 PCTI USO 43w 1iRthé 8paébl, | east approximately axially aligned
with the one end of the fl uiag passageway in the spool, the one end of each

fluid passageway havj f n bI e w,th a flaj seal
surface of the one e% gﬁe rﬁito Q&h ?lﬁ[‘f{ ﬁg é’%é'g ying 2 fa {]ﬁ? It%"'gqcﬁl dly
connect the passage SQ |gned t he seal surface of the spool
bei ng formed on the ?ﬁgﬂeai%lﬁi at@(ﬁ%?‘é@‘@‘i’%%@&ﬂ%ﬁ@ﬂﬁthﬁpﬂ@r&lludsel y

recelved and rel easably
passageway in order to fluidly connect the passageways when S0

aligned,
the seal surface of the spool being formed on the inner end of a
compressible bellows which is closely received and releasably

mounted in the opening in the spool.

10 12.  Asinclaim 11, wherein
the outer end of the bellows is connected to a flange releasably connected

to the outer side of the spool to permit the bellows and thus the seal surface thereon

to the replaced or repaired.

13.  Asin claim 12, wherein
- 15 the flange has a port therethrough forming a continuation of the open end of

the bellows for connection with the remote source.

14.  As in claim 11, wherein

the spool opening in which the bellows is formed as an inwardly facing

20  shoulder, and




nounted in the opening in the spool. 10 12. As in clgim1l, . wh in the
outer end of the bellows is connected to a fl ange reﬁgﬁfgﬁweﬁﬁﬁﬁect ed to

the outer side of the spool to permt the bellows and thus the seal surface
thereon t¥COH®Yp| aced or repaired. 13. As in clai m 12 PGHEYRAMII5 t he

fl ange has a port therethrough form ng a continuation of the open end of
the bellows for connection with the renote source. 14. As in claim 11,
wherein the spool opening in which the-b2tlows is forned as an inwardly
facing 20 shoulder, and 1 3 Decenber 2005 WO 03/001025 PCT[ US02/ 19915 - 19-

the outer end ofhQ REtYIENDES thebeliows hoscan bytvardiynfpciny sholddemivhich iss
yi el dably urged toward engagenent with the inwardly facing shoulder. 15. As

~in clai m 1Yjeldatdy arged foevard engagernbat With ik PA&FEY PAENG sh@iiFsAN acute _
vertical angle with respect to one another, and the tlat seal surfaces lie

wi thin parallel planes which forma vertical angle with respect to the
axes, and the seal surface on the spool extends into the bore for

engagenent 1§_nd Agmaﬂﬂ ﬂ%v err&}_ly by the other seal surface.

the axes of the fluid passageways form an acute vertical angle with respect
5 to one another, and
the flat seal surfaces lie within parallel planes which form a vertical angle with
respect to the axes, and
the seal surface on the spool extends into the bore for engagement and

camming outwardly by the other seal surface.

16 16.  Asin claim 14, wherein
the fluid passageway in the hanger includes a tubular insert having a bore
with a seat facing its other end and a poppet valve mounted on a stem which
reciprocates within the bore and is spring pressed toward the seat to close the
bore, and
5 the end of the stem is engageable with the seal surface of the spool, as the
hanger is lowered, to open the valve in order to pérmit pressure fiuid to be supplied

to the function.




10 16. As in claim 14, wherein the fluid passagemay_HgD%E%ngggﬁ@E i ncl udes
a tubular insert having a bore wth a seat facing its othefr end, and a
poppet val ve mounted on a stemwhich reciprocates within the bore and is
spring pressed toward the seat to close the bore, and 15 the end of the
stemis engageable wth the seal surface of the spool, as the hanger is

| onered, to open the valve in order to permt pressure fluid to be supplied
to the function. 13 Decenber 2005 -20 . As in claim 16, wherein a safety
valve is installed in the tubing for opéening and closing the tubing, and
said downhole function is an operator for opening the valve as the hanger
is lowered into | anded position. 18. A subsea well equipnent substantially
as her ei h7-dedtiidywg 1 wherainef er ence to and as shown in the acconpanying

- drawi ngs.

' a safety valve is installed in the tubing for opening and closing the tubing, and said downhole

function is an operator for opening the valve as the hanger is lowered into landed position.

18. A subsea well equipment substantially as herein described with reference to and as shown in

the accompanying drawings.




