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Reference to Provisional Application This applicatio benefit of
| i cation Serial No. 60/300,889 filed June 25, 2001, and

Provi si on

entitled ?éﬁﬁgﬁgu%illhead Equi prent". Background of the | RGHUSHANPE Thi s

I nvention relates generally to well head equi pnent, including a so-called
"horizontal tree", for use in the drilling and conpletion of a subsea well.
As conpared with a conventi onal Christﬁﬁ%‘tree, a horizontal tree includes

a spool connected to the upper _end of the well head housing and having a
bore in which a tubing han%@ﬁ WHRLLHEAPEQUIPMENIendi ng a tubing 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
pernit wor Referende thBrowisionakApplicationvent i onal equi pment, despite plugs
renovabl e installed in its bore above the hanger. Upon renoval of the
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nount ed above the spool, out requiring re us
provi di ng i qnif4 a n e, for. wel |l e there is a risk of having
to pul thglet%jlu |r?fg?§’laér.§ov‘\!e%ﬁgi®9%@] WV\%{'K\Q@& quwmhydraul ic control
fluid is supplied froma renpte source to a downhole function, such as the
fluid responsive operator for a

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/gasing annulus, as well as to permit workover of the well, as in
conventional equipment, despite plugs removabfe instalied in its bore above the
hanger. 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 of this type, hydraulic control 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




subsurface safety valve (SSSV) which is carried by t t ubi tring to
normal |y 13 Decenber 2005 WO 03/ 001025 PCT/ US02/ 199138-'3299‘Hggfr£%5n t he
t ubi ng open but close it in response to energency conditions b reducti on
of the hydVRMPR%%] uid pressure on the operator. In such @Gﬂpﬂéﬂ 15
hydraulic fluid is adapted to be supplied to the operator froma source at
the surface through fluid passageways in the spool and hanger whose
~sealing surfaces are 5 adapted to be aligned and sealed with respect to one
another to fluidly connect themwhen the hanger is oriented into a | anded
" posi tion i MMaiéaigbe|tubiBgcoperhbyt clpse it i1 responpednt emergeney wonditivosrbyi n t he
art as a "penetrator", presumably by virtue of the ability to penetrate

t he tubi ng redugiion bédh hgdtaulic HrRicHRssuReoNn el opati! ein sibbeq , Nos.
5, 465, 794, 5, 555,935, 5, 865, 250, 6, 119, 753, 6, 244, 348 Bl toABB 10 Vet co.

In at | east f , ' |

i udes ooy LA HR2PRAIObE subhfiod idth oBRRARLRARY selrde 10 HRps. « 1
its b [ R sed po t val ve which na e opened to
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operator, in orderto open the tubing. 15 The poppet valve is then pernitted
to cl ose aéd@ﬁ’éefg gei%lgﬂ%ﬁl ﬁﬂﬁiﬁ@@!ﬁchéh.reSM%@rle griofher todluidiy osned from

the operator to permt the valve to close in the event of an energency.
More parti diervhen thedangerds odantedfinte sdtededposiiorsh thdepasIBBRS. T ¥@el S

of equipment has become known in the art as a "penetrator”, presumably by virtue
of the ability to penetrate the tubing hanger leading to the SSSV. See, for example,
us. Patent Nos. 5,465,794, 5,555,935, 5,865,250, 6,119,753, 6,244,348 B1 to ABB
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.




nount ed protrudes fromthe seal surface of the fluid i-n the
hanger to 20 engage the seal surface of the spool, Aﬁziiﬁﬁ§$@%“§oved to

open position, as the hanger is lowered into | anded position. This permts
fluid fromthe renote source to urge the operator of the SSSV to open
position. 13 Decenber 2005 -3- In the case of penetrators nade pursuant to
such patents, the sealing surface about the opening .in the spool or the
sealing is forned on a spherical surface,in the bore of the spool, which is
~understandably difficult to formand refinish in the event of damage. In
t he penetrator, sho in U S Patent No. 82,438, .to aerner. Ol Field
Pr odbict o, - arld PeSPIRel PRETEN Dot LB hTen (2 PSR PP he
~hanger is fornmed on the end of a tubular body received in a carrier which
i s initiithyseshertherseding ihOrupber aphaical syrfadean fogbse of ghel wordr whichiint o t he
spool - bore, and then cammed inwardly to cause a seal surface on its end to
engage aurslemtandablyrdifficdt taifdriniand telfigislithe ovkntiofidansigaocl . Anong ot her t hi ngs,
t he nmechani sm by which the body is noved to sealing position requires a
| arge nunberm efe fRMiaRE s B UBPRAE No0$ 580128 Etol X JalineO SidlEPRkiSots, bitE
hanger and spool are provided with parts for orienting their seal surfaces
into axi [ I ti ORl.. - 1 IS i.bi i { the
seal supie e SEERA%h o HEEKELy o HFRRekSs kiRl BT R thy bt LbliRt
m sal i gned, when | anded, as.to, . prevent, |eakage t ween the hanger and
spool . %?%6670818?‘1 ey AT % %ﬂ%wtﬁ'i.ly apaa%%%?l}l é‘feoﬁw@?b% P%thﬁmemﬁe%?req nits
preferred and illustrated enbodinent, overcones one or nore, and
pr ef er abintp thg $pooldfore, prdstherpeagimed iawadlyl té eaushe pealvvicfote draits endtitengagh ssdahct
advant ages over the prior art penetrators.

. 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




According to a first aspect of the invention, there ingrovhdS%mfor use in
a horizontal tree, a spool having a vertical bore tﬂ SRS gnd an

el ongat e 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 tubing hanger adapted to be lowered into a

| anded position within the bore of theg spool and having a vertical bore
fromwhich a tubing string may be suspended within a well bore, and an

. el ongate openjn avin flui assageway therein connecting at. one end
wi tho t ha B ‘Q?JFJ&% adegyedip ge Elaw&‘@rmta Adetaionpkrosiom @rher g haeehis danded,i o

responsi ve downhol e function . 13 Decenber 2005 -4- within the wellbore,

and adapitetie seroh oy ingvhidythe one eud ehitsafliid pedsagowsay isi asdcastpproxinmtelharigbr i s

| anded in the spool bore, in which the one end of its fluid passageway is

at | east alignpd okh thatoad yndaof el flujd paadap@vigdn e ool Hige @8 @ndsrckalf ffidd faskdgbh 4

passageway in the spool, the one end of each fluid passageway having a

flat seahasiy § A6CsRNARAEAR]SobIt Ryith % lh@tt se?leﬂfaé‘é”'f)ff il %ﬁuofen& beaR e Rdic0f the

other fluid passageway in order to uidly connect the passageways en so

al i gned, j including a seat ri on one, sjde of which

Tt s seal PROEpwE bR B ommiet i b b Mo, B T el or
limted s 'Helin within a spherical surface on the adjacent end of the one
passag em}&yf* 1388 Stb FPg oF Ang ﬂée Shich #sgalsutacsds femer andor pheicalonurfageeongite
fluid passageway which fluidly connect with one another despite limted
axi al al ¢thernsida fort breitssipbeivelingl within fassribdisnacesen tlebhdjacentgagicablte o
surrounding relation to the ports to maintain fluid comruni cation between

t hem dur padggbwdyt betlp@isiidahd 51 ridf 6RF £lj4d8nt LR rtRnSETARN BnABNE Phss@fewhP Shich
invention, there is provided for use In a horizontal tree, a spool having

a verti Clidl) WofndeNGERTRE %&Hela&gpi%nliﬂt&q%lealﬁﬂrﬁgﬂt,n&e Qﬂﬂérﬁgl &Iifauj:egib%mg

passageway

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 having; fluid passageway therein connecting at one end with
the outer diameter of the hanger and at its other end with a fluid responsive dowﬁhole 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 engagéable 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




 with

therein connecting at one end with the bore and adapgggkkﬁngréagﬁnected at
its other end with a renpote source of pressure fluid, @ tubi'ng hanger
adapted to be lowered into a | anded position within the bore of the spool
and having a vertical bore fromwhich a tubing string my be suspended
within a well bore, and an el ongate opening having a fluid passageway
therein connecting at one end with thg outer dianeter of the hanger and at
its other end with a fluid responsive downhole function wthin the
wel | bore, and adapted to be oriented into a rotational position, when the
nanger | SRTHEG oiing oSO oeREe T HREHS RGO Bhho Pt e SMEs
passageway is_at |east approximately axially aligned with the one end of
the fl ui &ipgsithigehe pajalicltthwes paendiculse oihe dnel vt aacl the edall splaseabrivgy
having a flat seal surface engageable with a flat seal surface of the one
end of t heilietthergdd inwaldlypesad gewsher aml thist@bitibeedftd bé elgggaddynad theh banmed
passageways when so aligned, the axes of the fluid 1 3 Decenber 2005 -4a-

passagewaiivaidi iy thdothdt séit Wirfacy Afthd Kadker MNr&edMnidVadded P&ont © OnNe anot her and
the flat seal surfaces lying within the parallel planes perpendicular to

t he axes, an of t rf.aces bein resiliently uraed, i.nwardly
toward the og%cggﬁnfntg att u% gs%%‘lst iO? ?18 r@vgmtwél ’ g“éar egﬁ 1&‘;@3& Eo)f uﬁ%lé atti}?gﬁo%aeluﬁgﬁ’ead
outmardlg by,the other seal surface ag t he hanger is | owered into | anded
posi ti on¥PoRl kaying hgerisl por therpthnugh apd gp slovgaty ppening Biving fdlid passagew ded
for use in a horizontal tree, a spool having a vertical bore therethrough
and an ethsisiyagoanestien pingperead iwit) the béraiand pepted debayonnettet aiits wlommed withg at '
one end with the bore and adapted to be connected at its other end with a

renot e smtotsotte pff@&sie Bukd| Atiubing Bardgutdagted @G Sfweicliatb @dadded pRitloaweshad i nt o
a landed position within the bore of the spool and having a vertical bore

from whi g0 bare bRk E&an?éxfdihgﬁ?ﬁ?%ﬁél 548 REASRELLY tam%t%rggnaggcqei sﬁsgjélgc{ed% in2"

el ongat e openi ng having a passageway t herel one end

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 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




the outer dianeter of the hanger and at its other enﬂ Hith a I#Oﬁjéd
responsi ve downhole function within the wellbore, ahu SHEBYY 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 |east
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 tffe passageways when so aligned, the
seal surface of the spool being forned on the inner end of a conpressible
bel l ows which is closely received and releasably nmounted in the opening in

the spook spHefoAGGRIGANEE cil b 4 A8 il US4 e) 6clo BMTheRA ! G1d Pk UBRPHLERA O

the present invention, the tubular body ot the insert 1|
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t he spooll.ang]lt hanger extend at an acute angle with respect to one anot her,
and the T1%t"“%eal surfaces on themare di sposed within parallel planes

whi ch extend at vertical angles perpendicular to the axes of the
: In accordance with another embodiment, the axes of the fluid passageways in the spool and

hanger extend at an acute angle with respect to one another, and the flat seal surfaces on them are
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.




passageways. More particularly, one of the seal surf Is.resiliently
urged to a position in which it 1is engaged by and tﬂgﬁeggfng%gédgnwardl y by
the other seal surface as the hanger is lowered therepast. In the

i |1 ustrat WOLHI W %ef erred enbodi ment of the invention, tHRCTEERPIE face on
the end of the fluid passageway of the spool conprises a bellows which

- extends within the spool opening and has its outer end carried by a flange
rel easably attached to the outer side ofi-the spool. Thus, the bellows is
removabl e fromthe spool opening for replacenent or repair of its sealing
surface on its Asnilestrated ampbdesiribe tiee seahsiofadehef theabdgws has bhseaput er
side of the hanger. 13 Decenber 2005 WO 03/001025 PCTI US02/ 19915 -5- As

i |1 ustrat edufade ABTH &R684s i theihal
surface whi gh ext ends frorﬁ tcﬂgt@%%?dggéﬁﬁﬁgﬂ?gtdg%gﬁgéé?té%gﬁgﬁ%@gisﬁgaged

by and car t | .S f e ha I re

particul ar I(:% , L %Hé{g@%ﬁ&%ﬁéﬁﬁ%gl %ﬁgacgr?ﬁ'i%ﬁ&ﬁ? ?@%ﬁrﬁ’&%’yﬁh@ﬁ Spﬁ% t he
bell ows has an. oytward) y facing 5 shoul der to position the seal surface to
be engaged“BRAINY r?éhmﬁﬁ‘[ 3Fno ghoylder, agd fhe gﬁlmﬁd@%ﬁﬂ onlwandly gaeing | i des
downwardly over the seal surface on the bellows. In the draw ngs, wherein
li ke re¥ er sheddeniarpositianshasealsurtacetio begingaped and desingethbetwardiy apdig s:
Fig. 1 is a half vertical sectional view of the well head assenbly during

12! v oot rhatargad ot ngsH AT L SRR
end of the In the drawings, wherein like reference characters are used throughout to |
designate like parts:
Fig. 1 is a half vertical sectional view of the wellhead assembly during
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
‘1'5 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 pbr’c in
fhe 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;




bel | ows and insert indicated at 1Ain Fig. 1, as the.i fi engages
the bellows for sliding over the seal surface on itgéire%ﬁé'%b%rn@%ﬁ g. 21is

a vertical ' | viewsimlar to Fig. 1, wherein the tubing hanger .15
has been f“@t%ﬁ}g':”g%v\er ed to its |anded position in which ??T[pggﬂ?%lént ed

‘rotationally to at |east substantially align the port in the seal surface
of the insert with the port in the seal surface on the end of the bell ows;

Fig. 2Ais an enlarged detail view showithg the seali ng engagenent of the
seal surfaces; 20 Fig. 3 is a sectional view of the well head assenbly, as

seen al ong br oké&ig. 3A lsevigwssimflariod=ig 2B biittwherbia the alxisnaf theiséatalg purt ishe
insert and bell ows engaged with one another; 13 Decenber 2005 WO 03/001025

PCT/ US02/ 1$9trfewtfat nitsaligndd wish fespieettoSthBigodl in tife Eéﬂ-su?’fa%tofWE&ioWsE he axis
of the seat ring port is sonewhat m saligned with respect to the port in
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5is an ex . view,of the bellows on the flange to be nounted in the
spool open?’kigget%g‘"}e r '4t°rﬁgr19'l i d passageway therethrough; Fig. 6 is an
expl oded view of parts which formthe fluid passageway in the opening of
‘the tub?ng hang&id. 3 is an exploded view of the bellows on the flange to be mounted in the

spool opening to form the fluid passageway therethrough;

Fig. 6 is an exploded view of parts which form the fluid passageway in the
opening of the tubing hanger.

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.




Wth reference now to the details of the above descri [ aw , the
spool 10 10 is shown to include a bore 11 into whi cﬂgt eggﬁnﬁgﬁér@%hanger 12
is being lowered (Fig. 1) into the |landed and rotationally oriented

~position oVOEM0ZS This rotational orientation may be RCUHIRAHEdD by

conventional neans, including a slot in the bore of the spool into which a
. pin on the outside of the hanger is guidably | owered, whereby fluid
- passageways (to be described) in the haﬁber and spool are at least 15

approxi mately aﬁ%ally a[i%ned. As shown in Figs. | and 2, a reduced outer
di aneter of the SHEWRHFIG Whel hanaprp hasi 2 sadiat apeniag Hhihesetbroughytol 3
which has been |owered into the spool bore for sealing between the hanger

and spool slasebtieceive d | helbwsa2t adesaaiievhand sheonnsatgblo 4 stdmpdash théhen so
| ower ed, the hanger is |ocked down by neans of a split 20 ring 14 urged

outwar dl y Inher sitedsier fisnrs@WhictcianelRasAsly 58cihide t&%r&.térﬁ%e }apfgfﬂde of

engagenent with grooves 15 in the bore of"the spool ove

passageway / + PCTI USO2/ 19 -1 hown in
B SA e g e R R B AR R ML et afin e & o Rl ve
a bell ogs 1 V\:hOS? outg{ end is connected to a stem 22 on the inner side
of a flang8238 PRFiTerned thetelba sengediuith thafflyid passagawaythioughdbe bellows.de of
t he hanger by neans to be described in detail in connection with Fig. 5.
The fl angeAsse@hBng 9 ds redeaivatdd gromvecdhaboutdhe séarn teiehbagd evithlthée dppaingagevay
t hrough the bel | ows. _
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 inner end of the compressed bellows extends into the spooi 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 suiface on its inner end. As described, a port P in the flange
enables the bellows to be connected with a remote source of fluid pressure.
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 lateral

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




A seal ring 91 is received in groove 90 about the Stﬁ (0] eﬁ%ﬁﬁ@ with the
opening in the spool. The inner end of the bellows & gr 31 urged
toward engagenent wth a shoul der 32 about the inner end into the hanger
openingrzo.%NB@E“nﬁo particularly, the shoulder 32 is so POFEPBHMAat a
flat seal surface 33 which surrounds a port 23 in the inner end of the
conpressed bell ows extends into the spoaol bore in position for engagenent
by seal surface on the inner end of a f1id passageway in the hanger, but
is neverthel ess free to ve away fromthe shoulder as the bellows is
conpr essed WEFHRG oﬁﬁ olg satate valyadept shownkadanjed 20 opesiandusiosertiies 15
nmounting of the bellows on the spool enables it to be renoved or repl aced,
upon di schoretirpugh die hanger! Aageel kaswniit thetart, des ersi fredousip desaibeag tHent  or
repair of the bellows and seal surface on its inner end. As described, a

port P in toperdtorigconventbhally éheichelohsiGctich éﬁt&%ﬁ?ﬁer i rdith gbﬁﬁpftﬁgw e

source of fluid pressure. The hanger has a bore 5 rou rom whi ch

bi . . A I q :
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di anet et of .t he han etr and %/erti al portion 51 B which connects with a
condui t 53°f85‘?ﬁ3H598’bh§ erweefa 3P '@%Fﬁgﬁeﬂgitl% 13 Decenber 2005 WD

. 03/001025 PCT/ US02/ 19915 -8- operator of a downhol e safety val ve (not
shown) adapted ¢ Shwm iardbie detalledvirws bbirigst th angRA, ke fiaid passagisvayein!
known in the art, and as previously described, the
the hanger includes a tubular 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 féces 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 0;1 the inner el.ldlof the bellows
as the tubing hanger is lowered from the position of Fig. 1A to the poéition of Fig.
2A. More particulérly, a spherical lsurface‘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




operator is conventionally of such construction as t en th reto
permt flow therethrough under normal conditions, bﬁiﬂg%N@%%gggghe bore
upon loss Qr. reduction 5 of pressure in the event of a predeterm ned

condi ti.on. YRL*MS% in the detailed views of Figs. 1A andPSHUSEARI| yid
passageway in the hanger includes a tubular insert 60 having a body
mounted in the lateral branch of the opening in the hanger. A poppet valve
62 is nmounted on a stem 61 which extends through a flow passage 63 in the
body for novenment toward and away from 10 a seat 64 which faces the outer
end of the & peit §0phrovigheviich stem Bé extenglsr ang svictepsablyanoumied anuthpdseer t he
tubul ar body is nounted in the lateral branch of the hanger opening by nut

61A hol di nganidtc_sftn@benmpy‘rrﬁsbm@gﬁitﬁﬁgaast@nﬁé@witﬁwép%defsémﬁ the .
opening. A spring 67 urges a shoul der 62A on the steminfo engagenent with

the seat | Qackh r r i I i end
I n a posi t?@ﬂbﬁﬁﬁ profgc |ﬁ% @?%Bﬁ ?Jﬁgﬁehgﬁrgtsnﬁrﬁgég %’g@)r/et“ﬂaimgggﬁgﬁ WBFWO on
t he i nner zégboftthe tUbH‘l ar body which has a flat seal surface 71 for

sl'i di ng ov&PSREREIHAPAPNEINGR ot surface 33 on the inner end of the bell ows
as the tubing hanger is |owered fromthe position of Fig. 1 Ato the
positiof of Fi gA seshringsibeispapuntediimalgyoove 8ph i ihedlat sealing surfateoof thbe
opposite end of the seat ring 20 is nounted on the a spherical surface 67A
of the endseft tihg suneentiingothe pordl thdrethrbsgh td esalbblyshgerle fhe fatl dedlihgd
extent with respect thereto for accommodati ng m nor axial msalignnent of

the seat rig)gagdds 'ﬂh@‘(’)@gelg%ulc} HS%%%@B% Hhdthdt st rIIB%BSig%céﬂ.l&ginhgs 13
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groove 86A in the outer spherical surface 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



-9- a port 80 through which stem 61 extends, and is easalgl ?%Qngnt ed on
the inner end of the bellows by neans of a split ri :g 8B Pd within a
groove 83A in the spherical surface of the insert, which permts limted
swivel i ng MVERRWES with respect to one another. 5 A seal PF¢TVRY28%15 s
mounted in a groove 85A in the flat sealing surface of the seat ring
. surrounding the port therethrough to seal ably engage the flat sealing
surface 33 on the inner end of the bellods. Another seal ring 86 is
received.in a groove 86A in the outer spherical surface of the seat ring
for seal ablgpesingagontinudtedownward sliemeatibf thertiziger & feRndbe pesrioaloft he
insert during limted swveling of the 10 seat ring. As previously

descri bed, Hi@.@ﬁawm%aﬁ'fthb'b%ﬂ&l\!é‘b@tv@?&?%gﬁ*l@ﬂary%freb'lgﬁh : govﬁﬁﬁldovﬁl%r@ €

fluid passageway through the insert forman ute an respect’to one

anot her, a flat,. seal f s_on the inner ends. of the bell ows and
seat ring Qgﬁiﬁ&gﬁﬁt@ @éﬁ’i?@xﬁgﬁ%aﬁ?%‘?}ﬂ?@ 'U%?rf’?g@?‘t segingsengagsmend pect
to a pl aneq%g'éger endi cylar to the axes. This of course enables the sealing
surface of parabeliiat spgaefagast t hen slide over the sealing surface
on the bellows to camthe bellows axially outwardly. The face of the
hanger Pn whi chAstshayyreini Fig. $A, with shd poppest valversoge)) the shalof tHeosibhieomxi s of
t he opening, and the seal surface on the end of the insert projects 20

fromthe fatich e t VI8 id MOBRRSY é)&eﬁdbeth%@htthe%éf fii’;/@Bf thletiﬁye%{{g ngage

a tapered outer edge of the seal surface 33 o e fu expan el | ows.

Since the BELGBeyond its seal surface. Itis thus in position to be forced outwardly fo open

the poppet valve (Fig. 2A) as the hanger is landed, thereby 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.




is free to contract as shoul der 31 noves away fron1th shoué %ﬁ 2 in the
hanger 13 December 2005 WD 03/ 001025 PCTI US02/ 19915 Be IPRHAiIR° conti nued
downwar d &g*@gﬁ&@ of the hanger to the | anded p05|t|on of Flﬂ) 2A wi |l cam
the bel | owd P37 y as the hanger continues to nove dovkfEPERY91% 0 | anded
position (Fig. 2A). This arrangenent insures tight seal i ng engagenent

- between the parallel flat seal surfaces. 5 As shown in Fig. A wth the
poppet val ve cl osed, the end of the steddon which the poppet valve is
nmount ed extends th gh the seat ring of the insert to a position beyond
its seal surfacétw" ?Jq %qeﬂﬁfgombyﬁb@s@ slifed b the arbineétheremhadimant sbowpen

t he poppet valve (Fig. 2A) as the hanger is |anded, thereby permtting the
out si de sendctesefibedis pxemplareand wbdoms)oﬂmsnddmm‘@hstm@j bé neadslinttheopen

t he subsurface valve 10 in the tubing hanger. As described i n connection

wi th Fi gs. pacticBeofotHee inventoR! Aaﬁaramblw%e's%opy A Hﬁ&? $BlicChe! NE

stemto the flange to | ocate the bell 0Wws cl ose outer end of

t he openin annect i.o th Fi

the fl angegpégisg#g{a\sab uﬁ@g%q Eﬁaﬁk‘@gﬂﬁs‘gﬁwa&eewﬁwnﬂh%s%ﬂ{]%’%%w%“@m t he
hanger by 15 neans of a series of studs, and a gasket Gis 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 pernit its inner end to
be threaded into a socket in the flat face on the




|

seal surface 20 on the inner end of the bellows in I'on to be
engaged and canmmed by the seal surface on the hanger, revi ously

descri bed. W30 hber 2005 WO 03/ 001025 PCTI US02/ 19915 PET/USR{199]| | be
understood by those skilled in the art that the enbodi nent shown and
described is exenplary and various other, nodifications nay be nmade in the
practice of the invention. Accordinglyfigﬁe scope of the invention should
be under st dtto L.ncl yde such nodifications which are within the spirit of
Che i nvent i SRatislailiedist o 2005 W0 03/ 001025 PCT/ US02/ 19915 - 12 What i s
clainmed is: 1. For use in a horizontal tree, .a spool having a verti cal
bore therethroud?pl'dﬁ@ iam horizogtal éreepeni ng having a fluid passageway therein
connecting at one end with the bore and adapted to be connected at its
other end with saspeidiogingour ce of pressure fluid, a tubing hanger adapted
to be lowered into a | anded position within the bore

a vertical bore therethrough and

outer side of the spool. The socket is so |ocated asﬂ?g)ﬁgg'%%r!s 5t he fiat
as

5 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,

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 énd 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, -




of the spool and having 10 a vertical bore from whic t ubi.n i ng may
be suspended within a well bore, and an el ongate opg ﬁ% eﬁﬁ@?ﬁgkg fluid
passageway therein connecting at one end with the outer dianeter of the
hanger andV20300182%ther end with a fluid responsive downWeVESRIAEE| on
within the well bore, and 15 adapted to be oriented into a rotational
posi-tion, when the hanger is |anded in the spool bore, in which the one
end of its fluid passageway is at |eastl3approximately axially aligned with
‘the one end of the fluid passageway in the spool, the one end of each
fluid passageway haviong fluid passagssraysinciuding a 28ataingpoe @bkeasite bhwhichligt seal
surface of the one end of the other fluid passageway in order to fluidly

connect the passagewapal widsces R forthb8208 a dshdRaP 8lesce?OR s Wh&34ig9 10125
PCTI US02119915 -13- one fluid passageway including a seat ring on one side

of which its seal sykf IS . ' rface on i ts.other

side for limted SV\AH\F}{GI ?%’g‘g’d “v%hbﬂ?\ﬂﬁgj g%ﬁ%%’%i&@%%aé&@%ﬁﬁ%?@?ﬁaﬁ8@@& end
of the one passagevvaé' and S\Bor_tsdj n the seal ring and adjacent portion

of the one fluid pasSBf&Rsyageway; an

_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




which fluidly connect with one another despite |im t?ﬂ axi a\eﬁ% bgnrrent

the spherical surfaces being seal ably engageable in Pp 8 relation
to the ports to msu ntain fluid comruni cati on between them during limted
swivel i ng. WOI3M%s in claim 1, wherein, the seal surface®CHEIBRHUEIR seal ing
engagenent in surrounding rel ation to the port in the seal ring during
limted swveling. 3. As in claim1, wherein the spherical surfaces are
held in close engagenent with one anot hét-by a 15 split ring removably
nounted in a groove in one spherical surface for limted swveling notion
in a groove in thefledmassegeway imthesharigee inclddests tibulanipsendaoihgel boras | to
3, wherein 13 Decenber 2005 WO 03/001025 PCTI UJS02/ 19915 -14- the fluid

passageway with &flseabéagey itsnsthedeAd aaridi8 Poppet NaRbL mBQiWeHgoﬁ" abé}é

seat facing its other end and a poppet valve nounted on a stem {?n :
ho bor o Tepitfoaicd it B ora 1S ot BiG e BEBRRR FRar Ll eitﬁp%)ateeg of
to pormt SFESHEr & We m ib U SHAoPaRoL bth cive: bR, Surtage afiinel speala.
wher el n5 - passageway, as the hanger is lowered, to open the valve in orderto 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,




the spherical surface is forned on the insert within | ssageway
of the hanger. 10 6. As in any one of clains 1 to 5,15\%%8%%&1’5%502 ety val ve

is installed in the tubing for opening and closing the tubing, and said
downhol e f W@WB{0B2% s an operator for opening the val ve asPEHESBAMIEr s

| owered into | anded position. 7. For use in a horizontal tree, 15 a. spool
havi ng a vertical bore therethrough and an el ongate opening having a fluid
passageway therein connecting at one-gsd with the bore and adapted to be
connected at its other end with a renote source of pressure fluid, 13

Decenmber 2005 V&%@ﬁﬁ@%aﬁ {dd38PelReRd iA%-a lantiod pogitibangbin tadhpteed t o
ed p

be lowered into a osition within the bore. of the spool and having

a vertical re fromwhich a tubing string may be suspended within a well
bore, and %Ptgﬁ S@F’Bﬁ@‘&%a@'f}gni ng having a fluid passageway therein

connecting at one end with the outer dianeter of th r, its
- ot her endg\M' t h avertigaljbore from which a tubing string may be s&s&%ﬁ withif! adkel

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.




responsi ve downhol e function within the well bore, an be
oriented into a rotational position, when the hanger%?@?gz@i&‘nﬁgc#o:a% t he spool

bore, in which the one end of its fluid passageway is at | east

appr oxi mat NQYOPY23xi al Iy aligned with the one end of theP¢TUPR/I8USsagenay
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 cdPnect the passageways when so

al igned, the axes of the fluid passageways form ng an acute vertical angle
with 15 rébpectAs ) daimsapori@reinand the flat seal surfaces |ying within
paral l el planes perpendicular to the axes, and one of the seal surfaces

bei ng resilient Ithe dugkgassagendlyyinttheapdol beerinh alonditibestd BEIIRRS Whichhrd to-
be engaged by and then camred outwardly by the other seal surface as the
hanger is |dhy#i ' i L I

e S0D] 1S hoelicd A‘%W@@?‘a“'ii%ﬁ@9”&%%?2??@@#?%?%5Sﬁgégeg%ﬁgﬂfﬁﬁ t he
spool openie{ﬁg, conprises a bellows which is closely received in the opening
and on the end of which the seal surface is forned, and 5 the open outer
end of the bellows is fixed to a flange rel easably connected to the outer
si de of °the spod?® PRepeHtarendd the belaws isfixediio e flangegelsiassbly fcaopetiedbe

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.




repl aced or repaired, the flange has a porttherein f connect, t he
out eropen end of the bellows wth the source of preiéE?FaefH ?fdf@gt he
expansion of the bellow being limted to preload it in a position in which
its seal sYPPHU'R || be cammed outwardly by the other scRfT/E§RA¥AE. 9. As
inclaim7, wherein the fluid passageway in the hanger includes a tubul ar
insert having a bore 15 with a seat facing its other end and a poppet

val ve mounted on a stemwhich reciproedfes within the bore and is spring
pressed toward the seat to close the bore, the end of the stem being
engageabl e 1 t h Astis claien 9,swindraine of the spool passageway, as the hanger is
| onered, to open the valve in orderto permt pressure fluid to be supplied

to function. 13alesenbeveBahstiied i HRlBBRoTEMbAERRG HAR Aosild i ttfity | 1

claim9, wherein a safety valve is installéd I n the“tubing I openitfig and

cl osi ng thgpHubi ng, and said downhol e function is an operator for opening
the valve as the hanger is lowered into | anded position. 11. For use in a

hori zontal tree__ .a spqol having,
_ saiddownhole Punct:on%J Is an operator for opening the vaive as the hangeris

5 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




a vertical bore therethrough and an el ongate openi ng having a . fl.uid
‘passageway therein connecting at 10 one end with thg’]@S?%ﬁ%eﬁgoggapt ed to

be connected at its other end with a renpbte source of pressure fluid, a
“tubing han@038¥8Ft ed to be | owered into a | anded positi oRCTHPERI(PPISt he bore
of the spool and having a vertical bore fromwhich a tubing string nmay be
suspended within a 15 well bore, and an el ongate opening having a fluid
passageway therein connecting at one eh8-with the outer dianeter of the
hanger and at its other end with a fluid responsive downhol e function
within the well bor e, iss@ideasticaprexmatel exially aliteed vithdha oheterid ¢fiBeé fluid
position, when the hanger is 20 |landed in the spool bore, in which the one
end of its fluid pas pagefwvaldn a6 @ r 2005 WD 03/001025 PCTI US02/ 19915
-18- is at least approximately axially aligned with the one end of the

fluid passageway in of each fluid ssage havi ng
a flat seal surface t@gﬁ%ﬁ@: %f \EI’\AQ@%?’QE“ ﬁggsas%eﬁaysﬁ?‘f'%@ 8&%?& %rﬁ%%énd of
the other fluid passageway,in,prder to fluidly connect the passageways
Gageable with'a ff
when so engageable with a tlat seal surface of the one end of the other fluid
5 passageway in order to fluidly connect the passageways when so
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




aligned, the seal surface of the spool being forned he 1 nn end of a
corrgressi bl e bellows which is closely received and rggéfggg';b rf(?%unt ed in
the opening in the spool. 10 12. As in claim1l, wherein the outer end of
the bel | oVEO¥ U nected to a flange rel easably connect ePCHESRA®IHUL er
side of the spool to permt the bellows and thus the seal surface thereon
to the replaced or repaired. 13. As in claim 12, wherein 15 the flange has
a port therethrough formng a continuati®n of the open end of the bellows
for connection with the rembte source. 14. As in claim 11, wherein the
spool openi ng i H&RHE entk ohéhe batlows hosraredutveardly facimy shouliacivhizh 20
shoul der, and 1 3 Decenber 2005 WO 03/001025 PCT[ US02/ 19915 -19- the outer

~end of t he yieldahiysrdeastoward ehgagetngnt with e B¢ escing sRGuIlgr. yi el dably
urged toward engagenent with the inwardly facing shoulder. 15. As in claim

11, wherein the axes of the fluid passageways form an acute vertical angle
W th respect

15.  Asin claim 11, wherein
| 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.




to one another, and the flat seal surfaces lie vvithltl‘n E%&Jn!]% 0[t;}kanes whi ch
forma vertical angle with respect to the axes, and % € Seal surface on

t he spool extends into the bore for engagenent and canmi ng outwardly by
the other seal surface. 10 16. As in claim 14, wherein the fluid passageway
in the hanger includes a tubular insert having a bore wth a seat facing
its other end, and a poppet valve nmounted on a stem which reciprocates
within the bore and is spring pressed tébvvard the seat to close the bore,
and 15 the end of the stemis engageabl® with the seal surface of the
spool, as the hanger is |owered, to open the valve in order to permt
pressure fluid to be supplied to the function. 13 Decenber 2005 -20 17. As
in clai mie, Anlelanioavherdinty valve is installed in the tubing for opening
~and closing the tubing, and said downhole function is an operator for

" openi ng t he wsilferevaes it mstaliainig dre tiling ovegeathgiand dodisgitie thibjp@sdntissid dodtholeA
subsea wel | equi pnent substantially as herein described with reference to
and as sh@¥fbnl iar Rraftf GRTPEMY (ROvAVAMH Banger is lowered into landed position.

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

the accompanying drawings.






