7 August 2006 TUBI NG HANGER W TH BALL VALVE | N THE ANNQLAﬁb@ﬁZﬂ%GIH el d of
the I nvention The present invention relates to a well head assenbly

i ncl udi ng tubi ng hanger and, nore specifically, to positioning a bal
valve in fluid conmunication with the annulus bore of a tubing hanger of
an oil or gas well production system The inproved tubing hanger may be
-used in surface or subsea trees, and may be used C in either conventional
or horizontal trees. Background of the Invention A conventional tubing
hanger in a well head assenbly has a vertical production bore and at |east
one generally vertical annulus bore which is in conmunication with the
tubi ng annul us between the production tubing and the production casing.
The | ower end of tHIBINGH mMTH%LbMAWE BT ANNE IS BORE t ubi ng
hanger, and in a conventional tree or a single-bore tree the upper end of

the annul us Heldeftheinvantion exits the top of the tubing hanger for
communication with the tree. In a horizontal tree, the well annulus is

typical l'y in commiihepasseatinvéritibn m!atb@tﬁ@él!ﬂé@&ﬁsdemtﬂﬁﬁclﬁﬂlﬁétw&% whi ch
in turn may be connected by a crossover |ine to a crossover valve, thereby

al | owi ng annuridgs rﬁdré“sﬁécrﬁ@!!ﬁ|t8";¥o§ﬁbﬁih§'d BaIP%I Ofn fultPcorhi Ehi@gtrmﬂﬁ hetnd

t hrough the tree body. The annulus bore in su sea trees has conven ional |y

been opened anuial 658 ubiatmotalof e GPLEIPhIERARE § ek g, ar ea

for installation and 7 August oper At P
t ubi ng hanger, H‘riﬁle vari ous tratiaons, such as
control Iines Pgat e%'{’/b;r?% q%ﬁgFﬁg’ngéeﬁ aLef %“4%8? TBP%:1A0F ey be used

( ) in either conventional or horizontal trees.

Background of the Invention

A conventional tubing hanger in a wellhead assembly has a vertical
ﬁroduction bore and at least one generally vertical annulus bore which is in
communication with the tubing annulus between the production tubing and the .
production césing. The lower end of the annulus bore thus exits the bottom of the
tubing hanger, and in a conventional tree or a single-bore tree the upper end of the
annulus bore typically exits the top of the tubing hanger for ¢ommhnication with the
tree. fn a horizontal tree, the well annulus is typically in communication wiih a
Vlateral bore in the tree housing, which in turn may be connected by a crossover line
to a crossover valve, thereby altowing annulus fluids to flow Iatéraliy out of the

tubing hanger and through the tree body. |
| The annulus bore in subsea trees has conventionally been opened and

closed by a gate valve. Gate valves require a large area for installation and




U.S. Patent No. 5,706,893 discloses a gate val ve which rﬁgu@&ggogg
conplicated operator or actuator which relies upon gears, “which are not
suitable for use in 5 subsea wells. A gear-type actuator for a rotary shear
seal valve in the annulus line of the tubing hanger is prone to cl ogging
with debris, thereby further reducing reliability. U S. Patent No.

4,807, 700 di scl ose anot her gear-operated ball valve in the annulus of a
tubi ng hanger. U. S. Patent No. 6,176,316 discloses a ball valve in the
producing fluid bore 10 of a tubing hanger with an external operator.
External actuators cannot be retrieved Tor repair or replacenent with the
t ubi ng hanger, and t size of th rat,ors add ignificant .Iength and
cost to the t?%ﬁéé@]st SHEUBP LOPYt @?ﬁ%ﬁwg l‘@yﬂgg@@g%&;ﬁﬁ?@% PEYVEled forYatiays val ve
in the annulus bore of a tubular,_ hanger. Sleeve valves have a tortuous
f1ow pat h whiRenetatiansagshagsaptro! lingssgrte yalyps intubing bargare arpdiolerefareedor one
to getting damaged as they pass over the |ateral entry port in the valve.
U.S. Patent Nd.S.Patmd Noad, W69 discloges araale valve Mhith reguirgsea icamplicaied ng
hanger. U.S. Patent Nos. 5,143,158 and 5,687,794 disclose annulus lines in
a tubi ng hangsperatar Sr aBlmatantwitich rélje8 ipohlgears swhiols @se acbalitableafor @saiit hi n

~ the annulus fine of a 20 subsea test tree. The ball valve is biased cl osed
by a spring, substhatlisitegedntpaatiuator foravstargshaar s€avgRe in thehanvias g Wil |
automatically close. Wien a valve is provided 7 August 2006 -3 in a tubing

hanger, the Vﬁltr«(@uﬂiiag%hanggr 7 ﬁrBﬁéHoQ:foggﬁi'g With ¥ebi®) thBRby tiveher 3bYRiIRE! @i NS

the position in wh it was | ast noved, whet her opened” or closed. ce

ved to thalreidpfi). 181 Paldiing, am%gogi%stegﬁoﬁﬁ@gg@%ggggyamﬁ ¥e Wi

emain in the | ast” noved position. di scl oses two

bal I val ves iy SRRIGSof DubirdR5Rr! €5t

U.S. Patent No. 6,176,316 discloses a ball valve in the producing fluid bore

10 ofatubing hangerwith an external operator. External actuators cannotbe retrieved

for repair or replacement with the tubing hanger, and the size of the operators add

significant length and cost to the tree system.

U.S. Patent No. 5,769,162 discloses a sleeve valve in the annulus bore 6f

a tubular hanger. Sleeve valves have a tortuous flow path whichkis undesira'ble,

13 and seals in a sleeve valve are prone to getting damaged as they pass over the

' ( | lateral entry port in the valve. U.S. Patent No. 5,305,230 discloses an annulus slide

| valve in a tubing.hanger. U.S. Patent Nos. 5,143,158 and 5,687,794 disclose
annuius lines in a tubing hanger. | |

U.S. Patent No. 5,873,415 discloses a ball valve within the annulus line of a

'2(_) subsea testtree. The ball valve is biased closed by a spring, so that when hydraulic

pressure is removed, the valve will automatically close. When a vaive is provided




5 tree each in fluid comunication with a production str7aggustedds anot her
valve in one annulus bore operated by an unbilical fromthe surface, and a
cable to power an electrical submersible punp in another annulus bore.

U S. Patent No. 3,601, 190 discloses a ball valve in the production string
~of a hanger. The valve is accordingly for production control, rather than

-for annulus control. 10 A sleeve is provided only partially around the
ball, and the ball noves up and down axially when it is opened and cl osed,
whi ch may cause pressure buil dup when the,ball is actuated. The ball valve

is spring return closed. Internal producing fluid pressure may actuate the
bal | val ve bet, : it

6, 109, 353 di séﬁ@é’@%@?ﬁ%@yﬁ'@aﬂ qaek‘sﬁﬁ?érsté% e, ?%@Fthjgg%’ﬁ?}et 12he 15 s
spring return closed. U.S Patent Nos. 5 992 527, 865,246 and 35, 826
al'so di scl os@OSUQLIM WK | was hSQmPY%iWhﬁhgowﬁﬂﬁféRﬁéééw \fﬁﬁel | oses
a ball valve. The di sadvantages of the prior art are overcone by the
present i nven@PEioN. S Pressureipmohe emaystRndihe yalye Wil fﬂﬁ?’éi%ﬁ‘?t*iﬁ}{ maved| osed
with a ball valve positioned in conmunication with the annulus bore in the
t ubi ng hanger posttion. ¢L8Paterd blo. 6,22 GBMvistioses -l valvemTseries ina sdbsepitest
aspect of the present invention, there is provided a tubing hanger for
suspendi ngsa trebieagh &t fluichcprimonicationevithreeprodiadios istrigg, withhpnatisérngivedn bodi ng
hanger body including a production bore, an annulus bore fluidly isolated

from the prodagbulenbdreroperaaed by anfumbilitacfoming eatacenamd & leabis tapowbrisn about
the tubing string, a valve open inlet port, and a valve closed inlet port,

2ach of the i Bleglricil@ubmeRBld\SUng Midholhet 8fluRisafdrd,r om both  the production
(g,ore and the annul us bore and located at |east partially within the tubing

hanger body; a hydyaubbfeal ¥, D66 URIEsdel a"t:%il%&lvémb%%du%ﬁéﬁ@tﬁﬁé‘a us

bore in the tubing -
hanger. The valve is accordingly for production control, rather than for annulus control,

10 A sleeve is provided only partially around the ball, and the ball moves up and down
axially when itis opened and closed, which may cause pressure build up when the ball
is actuated. The ball valve is spring retum closed. Intemal producing fluid pressure
may actuate the ball valve between the opened and closed positions. |
U.S. Patent No. 6,109,353 discloses a ball valve in a test tree or riser joint which
15 is spring retum closed. U.S, Patent Nos. 5,992,527, 5,865,246 and 5,535,826 also
( ; | disclose a ball valve in atree. U.S. Patent No. 6,062,314 discloses a ball vaive.
The disadvantages of the prior art are overcome by the present invention, and
an improved tubing hanger is hereinafter disclosed with a ball valve positioned in

communication with the annulus bore in the tubing hanger.




hanger body and including a ball rotatable between open and ¢ ed
pos?tions gbout an axisgsubstantially stationary with ?ﬂéﬁ%@fﬁ‘%§the

t ubi ng hanger body to selectively open and close the annulus bore; a fluid
I nper meabl e actuator sleeve surrounding and radially outward of an outer
surface of the ball and connected to the ball, the actuator sleeve being
.nmoveabl e in response to fluid pressure in the valve open inlet port to nove
the ball to open, and noveable in response to fluid pressure in the valve
closed inlet port to nove the ball dlosed; an upper seat sleeve and a

| ower seat sl eeve each substantially axially stationary with respect to

t he tubi ng hanger body and radially within the actuator sleeve; an upper

seat actJUNNMAREDF PHH INVIEREONSeat actuator seal each for sealing between
a respective seat sleeve and the actuator sleeves; and the actuator sleeve

being fluid IfspeEhawstteofifbe pesentinentiphahersda proyidedan Bbingekangemntort he | ower
t t : : tal f i Wl L.ne: d
seat ac syﬁj&p@n%%%bﬁg strff8! el &M&Q%@B@%g%%?@%%ﬁ% 4 tﬁﬁm?%ﬂ éf%oﬁgr e an

pr event . . ressure e ann VI ng ct uat or
sl eeve. inguding equodictigpbate, ai abmduspbars Emidly motattd Hom thé ereductsonpbavi ded a

wel | head_assenb i ncl ydi na,,a housi ng.for..l andi ng .a tubi.ng hanger therein
Vol L e o 4R AT domh B4t Fin el SR opRE e e Sues SOt Lt e
bore angos, indui vegvadlossdislebgiriyesdh dffiee inlddipods beihg ilndlyeisslard Gasi Bgh t he

wel | head conﬁrising: a tubing _hanger body includin roduction bore in

1 ui 0 cORRRRESOR BRis e RETHiAoNg b lsates At oastirRdiay b g (8bInE annul us
- bore i nphhder @0@5?7,’ @H&E{a%ﬁ&%%c}’ﬂaﬁeﬁ brgfr??alrvh' l?ddﬁﬂ:d@fli' e Mfulu@b¥Rliy ﬂlgqgltﬁﬁ%' nl et

port, and ~a valve'closed’inlet p , each inlet port l|ocate east
part i al lhynger bpdnandniscloding adall avtgiable bobreben opened|ane cloxedpasitionsaibauitent ubi ng

R e Wi
"t ubi ng ahdniges theadyulanborenciluidiingermedabik lactuatontlablessubeinienaripadialy and :
¢l osed %gtsvslratr 8 gn &?g'l“lshrfgcré of the ball and connected to the ball, the actuator sleeve being
- moveable in response to fluid pressure in the valve open inlet port to move the ball to
open, and moveable in response to fluid pressure in the valve closed inlet port to move
the ball closed; an upper seat sleeve and a lower seat sleeve each substantially axially
stationary with respect to the tubing hanger body and radially within the actuator sleeve;
an upper seat actuator seal and a lower seat actuator seal each for sealing between a
respective seat sleeve and the actuator sleeves; and the actuator sleeve being fluid
impermeable between the upper seat actuator seal and the lower seat actuator seal to
retain fluid pressure within the annulus bore and prevent fluid pressure in the annulus
bore from moving the actuator sleeve.
In a second aspect of the present invention, there is provided a wellhead assembly
including a housing for landing a tubing hanger therein to support a tubing string in a
| well, the tubing string having a tubing bore and a tubing annulus between the tubing
string and a casing, the wellhead comprising: a tubing hanger body including a
production bore in fluid communication with the tubing bore, and a fluidly isolated
annulus bore in fluid communication with the tubing annulus, a valve open inlet port, and

a valve closed inlet port, each inlet port located at least partially within the tubing hanger
body; a valve external of the tubing hanger body for controlling fluid flow in the




axis substantially stationary with respect to the tubing7ﬂaﬂg§5 Hody and
sel ectively noveable to open and cl ose the annulus bore; a ac?uator

sl eeve generally surrounding and radially outward of an outer surface of
the ball and connected to the ball, the actuator sleeve being noveable in
response to fluid pressure in the valve open inlet port to nove the bal
.to the open position, and noveable in response to fluid pressure in the
valve closed inlet port to nove the ball to the closed position; and an
upper seat sleeve and a |ower seat -g¢4-eeve each substantially stationary
axially with respect to the tubing hanger body; and the upper seat sleeve
havi ng a sealing diameter wth the tubi ng hanger body greater than the

seal i ng pfloduRBbEboreed MRRAUICHISy AHARAE] BBPFalw WRIMA R Enhlae bhR! I theé¥ding Seal for
seal i ng between the tubi ng hanger body and the actuator sleeve to fluidly

i sol at e h2pgerpafy and igplading g bal rptgtablerbegisaniapencs apd closedpesitionsaboygnt . In a
third a C : ;v | | | . d
assenbl s ol BRATRRE WA RHR N0, he Wilipd Palle Mol WECDET
suppor t movealde g operr amigelpse the ammilis borkpan sdsiiater deave pgndrally agraandinpi ng bor e

d a tuyhing,. | us .bet t he tubi tri ing, th | | head
comr i oG A b AR Biorages HERdrh B corge Seio TRl dfachifr i o
communi Ghievobeiig hloveddbie inlbipogsdrorftuid prdsute il ik Fhiye bp&@l Rl Portagnigdvds bore in

fluid connggtcation wi t h the tubing annulus, a valve open inlet Fort, and
a val ve 2§ BULLP the en gysition.candrmpygagle ingesponss: iy Beid sresswigsin thaveival | y

W thin tliRed ikt Mt HESE tléé)[?é?ll}’ fo e QYcﬁ)E@HMiﬁﬁJ-' d%hb‘ﬁér%gat%gkze\éﬁd ye within

t he tubi ng hanger body and sel ectively “noveable to open and close the
“annul us lowereseatt sieevb gh¢h subbtontidblyi stegiomayeiplly Wwigh wepest tofhertebing hangs osed

iti ' t o, fl.ui i f th |
Poret pobimd O abGIROR SertOutyimt f PHER SO ith e bl Gl BdFhg o bar
r ot at ed ghatontienn thasealimediapost bétoseroihe uppe ke eldeRamt theihllablid seanfoaxi s

substantially stationar, th respect. to the tubing. hanger; an actuator
sl eeve dﬁﬂ{é‘gﬁf’weg ther W‘H’@@E brdyiat theagtuptor slegve ‘Séﬁ’ﬁgﬁ {solptg hevplae pa |

val ve, bBéaﬁ&&ﬁé&ﬁbnﬁ&@emeeQ@&ﬂQnHPMﬁﬂb|e in response to fluid
' In a third aspect of the present invention, there is provided a welthead assembly
-including a housing for landing a tubing hanger therein to support a tubing string in a
well, the tubing string having a tubing bore and a tubing annulus between the tubing
string and a casing, the wellhead comprising: a tubing hanger body including a
production bore in fluid communication with the tubing bore, and a fluidly isolated
annulus bore in fluid communication with the tubing annulus, a valve open inlet port, and
| a valve closed inlet port, each inlet port located at least partially within the tubing hanger
body; a hydraulically actuated ball valve within the tubing hanger body and selectively
moveable to open and close the annulus bore, the ball valve being moveable between
opened and closed positions only in response to fluid pressure in one of the valve open
inlet port and the valve closed inlet port, the ball valve including a ball rotated between
an open position and a closed position about an axis substantially stationary with respect .
to the tubing hanger; an actuator sleeve generally surrounding the ball valve and
connected to the ball valve, the actuator sleeve being moveable in response to fluid
pressure in the valve open inlet port to move the ball valve to the open position, and.

moveable in response to fluid pressure in the valve closed inlet port to move the ball




pressure in the valve open inlet port to nove the ball th8§¢§§bdq“3 open

position, and j noveable in response to fluid pressure in e val ve cl osed
inlet port to nove the ball - --- - ----- - 7 August 2006 -4b- valve to the
cl osed position; an upper seat sleeve and a | ower seat sleeve each radially
wi thin the actuator sleeve for engagenent with the ball; an upper seat

.actuator seal and a |ower seat actuator seal each for sealing between a
respective seat sleeve and the actuator sleeve; the actuator sleeve being
fluid inpernmeabl e between the upper -gigat actuator seal and |ower seat
actuator seal to retain fluid pressure within the annulus bore; the upper
seat sleeve having a sealing dianeter with the tubing hanger body greater
t han th%mﬁ%&b%ﬂﬂdo&h%ﬁﬁ&ﬁﬁ;Qﬁhﬁﬁﬁ@aﬁﬂﬁergﬁfa%ﬁﬁ&wﬁ&%@%ﬁe%&ﬂiﬁﬁﬁu?a||? and
a seal for sealing between the  tubing hanger body and the actuator sleeve
to fl ui dvihin ghslagtuator Bleexeafoy engsgement it thp balt; anfuppen sedteactuatoy sead paded i nl et
port. Al |.SC ' tA1b] r ' n.qil Il for
Suspendi et eaEIeHBRR shd o b LA BRREE | Ripdiafe i SRy e SROES,

I ncl udeslavgribelarhdtarsldeoe deingtfluid aggimendd: batwednlthe hpper,sedt acahtoe segpen i nl et
port and lvalve cl osed i%]et éﬁgh” The annulus . bore is in fluid

comuni i OHCVICEHACHRI SR e pideRsessYrg BT IHER e nmylus Ropc the YRRy e

pref er aliky stRye Rt s igmbtér Sith @ledtibing RAYEERodYOSBaté thih BB sdikihg

generally aligned wth the axis of the annular bore. An actuator sl|eeve
sur r ounddameier tshveendhe) uppar seatslagverpuit e biall; ansy & segh formealingchaiueasrthe| eeve i s

noveabl | ' e ' | L€ pressure
o the yarint Balate 004V el olcSERARRRIGD; i BuRBPIORE bl helle ol IhRY bt Do ™ e
annul us feomtthgrveldu closahinkkopert. Axi al novenent of the actuator sleeve causes
the ball to ,otate fromap.open position.to a.closed Ition. .The rel ease
of hydr aul i o Aeadlped 1 A, BbNE e, forte in op diler g v ahPrisaeading ve 1o
remai n inibih@ekighOFbh iaGveltheadihusihgl The/@Bing hanger includes a production bore, at

least one annulus bore, a valve open inlet port and a valve closed inlet port. The annulus

bore is in fluid communication with an annulus about the tubing string. A ball valve
preferably may have a generally straight through bore with an axis generally aligned with
the axis of the annular bore. An actuator sleeve surrounds the ball and acts as a hydraulic
piston. The actuator sleeve is moveable axially only in response to the application of
hydraulic pressure to the valve open. or valve closed inlet ports, which are isolated from
the annulus and production bores. Axial movement of the actuator sleeve causes the ball
to rotate from an open position to a closed position. The release of hydraulic pressure
causes the actuator sleeve and the ball falve to remain in last position to which it was
moved. The ball valve in the annulus bore may be moved to a closed position to shut off
flow during setting of the tubing hanger, and may subséquently be opened for testing and
circulation. |

Embodiments of the present invention may provide an improved tubing hanger
with a ball valve in communication with the anhulus bore for sealing the bdre when the
ball valve is closed, and for opening the bore for testing and circulation operations.
Embodiments of the invention can provide a wellhead assembly including the improved

tubing hanger.




noved. The ball valve in the annulus bore may be nmoved tpaggtoes position
to shut off flow during setting of the tubing hanger, and nmay subsequently
be opened for testing and circulation. Enbodi ments of the present
invention may provide an inproved tubing hanger wth a ball valve in
communi cation with the annulus bore for sealing the bore when the ball
-valve is closed, and for opening the bore for testing and circul ation
operations. Enbodinents of the invention can provide a well head assenbly
including the inproved tubing hanger.-5 August 2006 The well head assenbly
with the tubing hanger having a ball valve in the annulus bore may be used
in a conventional or single-bore tree, wherein flowlines fromthe ball

val ve pass Uphekfihé dshentlPRitfthd ﬂsmtgqﬁhg@ hfaaﬁig Qrball MaReE kch@aaiuassenbl y
with the tubing hanger having a ball valve in the annulus bore may be used
in a hobPrgREVXPE Byeddn a«mevwlﬁnatlmsmgl@éwﬁwg@, rereraie flawdines foge the Bpall port i n
fluid CQ’HEH t r I be cl osed
when a t [Pagﬁg%‘gée}gwrt%r@lrﬁ% too thég g %r%gglﬁg a%;sle}é%r)y%tﬁﬁ)rée pl ace.
The tubltmtgng'lhauger haﬁimglaéaabaflalveumlthﬁeannulmHmreamaylbasxs@bmea herizontdt trehe bal |

b esour arise e et o ERRR BTTLRE poi SR chli S gt BEn T ho
vel | heagratuctidiEbdré SFhe ballINaRctoidy B2adlbscll aHhes aitbing Asget ﬁﬁuﬁmgm:.élrw/of he tubi ng
hanger, it js inmmune_to being knocked off, e.g., due to dropped objects.

. The bal Ian%ih?éerrr@ﬁmSﬁ’éE 2ffich | ess room than a gate val ve, thus | eaving
nore room i nThQ&bﬁrg’ﬁdﬁgII}Wl%'Balfl %lvé’?xpfhyraﬁﬁﬁﬁ b&@qS %’h%‘“ \LRESng The ball

val ve actuating smis relative si npl e and relable The
act uat onts sttem m¢crhanlanamylte posidiahel ihbidée ﬂaemuwmjapmssum hamgeraimuihside bor e, and

accor di gl v hous! 0%, AR% SERLS R e Wahel of 8 AS! WALOTSHEPYETE NOt

require
positioned within the tubing hanger, it is immune to being knocked off, e.g., due to

dropped objects. The ball valve requires much less room than a gate valve, thus leaving
more room in the tubing hanger for penetrators and control lines. The ball valve actuating
mechanism is relatively simple and highly reliable.

The actuator sleeve, for example, seals fluid pressure in the annulus bore, and
accordingly housings and seals external of the actuator sleeve are not required to close off
the annulus bore. An upper seal may be provided along the actuator sleeve above the ball
valve for sealing with the tubing hanger body, and a lower seal provided below the ball




t he annul us bore. An upper seal nmay be provided al ong t act aéﬁ% sl eeve
above the ball valve for sealing with the tubing hange a | owner
seal provided below the ball 7 August 2006 -6 valve al so seal s with the

t ubi ng hanger body while the actuator sleeve noves between opened and

cl osed positions. A production control valve external of the tubing hanger
‘body may be provided for controlling fluid flow in the production bore.
The ball valve is preferably positioned within the tubing hanger body. The
ball valve is normally closed, and igs conventionally opened for a
wor k- over or crossover operation. The ball valve is noveabl e between
opened and cl osed positions only in response to fluid pressure fromthe
val ve ORgRe dibPleaROFiih He fubfig \{1311 g? %tuﬁ’cgf gleeve@ﬁ@vc@%e{wééﬁ! Ve 1s
preferably rotated between open ose positions about an axis

st at i onapyned and classppesitians. t he tub| ng hanger The ball valve may forma
strai ght-through f|ow rovidin bal |
valve with a }gg Foéifl f;tfﬂn(f ]Fr8luvahvgf Xtemﬁla‘?tj the gjrbé Wg%b%dﬁeg@'a'f’?/g Vgi 8m nim zed
when hi gbrmlmnhtgﬂlﬁdm\dmma@ﬁodhbﬁdmgiﬂethe val ve. These and further

obj ect s, feahﬂ]ﬁﬁ@l Pd adv ges of t resent invention wll hecone
apparent fro lrgivednip era y fropitign ‘é’g indhe Gibing\prnges bodvefldeddtle i s nade

to the vfalwiébhrseiﬁ)nhﬁll)t BRs&L Caﬁﬂ’ﬁ@@b!ﬁv%ﬁﬁ&{aﬁw dpRed f‘or/w%ﬁ&m?e@% crosbowyi ef
Description of the Drawi ngs Figure is’a S|g£ ci| ed view of one enbodi nent
fn

of a welopR@ten-hbigs ball vakve g dnovgable d)et\mnmmg elosed positions| enlgtinat i ng a
first or, gpgﬂﬁertocfﬂﬁﬁ Bgasglﬂg @by th v&fv%q)'f)%fl A% foq‘? blnﬁlxe valve closed inlet port.

The ball valve is preferably rotated between opened and closed positions about an axis
stationary with respect to the tubing hanger.
The ball valve may form a straight-through flow path when the valve is open. By
providing a ball valve with a straight-through flow path, erosion on the valve is
- minimized when high velocity fluids pass through the valve.
These and further objects, features, and advantages of the present invention will
become apparent from the following detailed description, wherein reference is made to

the figures in the accompanying drawings.




hanger, and a tubing hanger each supporting the exterior7gg%kmggoghe
production casing, 5 and the tubing, respectively. Figure is an enl arged
view of a portion of the tubing hanger shown in Figure Figures 3 and 5
depi ct one enbodi nent of the ball valve and actuating nechanism of the
present invention in the opened and cl osed positions, respectively. 10
"Figure 4 is a cross-sectional view of the ball valve in Figure 3. Figure 6
depicts the wel |l head assenbly partially shown in Figure | with a tree
nount ed thereon, the tree including a proguction bore in comrunication with
the production bore in the tubing hanger, and an annul us bore in
communi cation_w th the. annulus bore in the tubing hanger. 15 Figure 7
depi cts an al &F oL o GsSebl y, with a tubing hanger ina C'
wel I head housing having.a |ateral port in comunication with-the production
bore in the tubi Qwsﬁg%ﬁS,'mﬁbﬁeﬁﬁwm%Qﬂ%ﬂmb@qimam@f%weimgbwngmﬁ@ﬂlna
comuni cation with a port in the wall of the well head housing, which in
turn i s in cotathaiprsenidnventiom ilusisating @firstor lower easing hange, alprodyciongeing 7
August 2006 -8 Detailed Description of Preferred Enbodi nents Figure |
depi ct s one ehéragr,@ade tuifinghangérd daeh supredsngitheexidionmsngrtha grotioctioh basify, esent
“invention supporting a tubing hanger therein. The assenbly 10 as shown

i ncludes ap ogtctheduinl ¢éspectiélysupporting a wel | head housing 14 by a 5
conventional connector 16. The wel | head housing 14 supports an outer casing

18. A | over casi nggtaRgehn eRalgdd YRWGT d FHiiiShraik BHRE Abhget 4h f the
wel | head housi ngn?%, wth an I‘(g'%ter casing 24 extengﬁng %om({)/\g‘r;gl f ({% t he
(gasi ng hangery 20. The upper casing hanger 26 is shown | anded on the |ower

asi ng hanger 20.
Figures 3 and 5 depict one embodiment of the ball valve and aciuating

mechanism of the present invention in the opened and closed posttions, respectively.
10 Figure 4 is a cross-sectional view of the ball valve in Figure 3.
Figure 6 depicts the wellhead assembly partially shown in Figure 1 with a tree _
mounted thereon, the tree including a production bore in communication with the .
production bore in the tubing?hanger, and an annulus bore in communication with the |
annulus bore in the tubing hanger.
15 Figure 7 depicts an altematé wellnead assembly, with a tubing hanger in a
wellnead housing having a latérai portin communication with the production bore in the
‘tubing hanger, an annulus valve, and a crossover line in communication with a port in
the wall of the wellhead housing, which in tum is fn communication with the annulus

bore in the tubing hanger.




Pusher sl eeve 28 is pressed downward by a setting tool (paugshewsy so that
seal] 30 10 is in reliable sealing engagenent with the wel | head housi ng 14.
Wherein the tubing hanger body 32 is shown | anded on the upper casing
hanger 26, the pusher sleeve 34 has previously forced seal 36 into sealing
engagenment wth the well head housing 14. The "upper™casi ng hanger 26
‘supports the inner casing 38, which is comonly referred to as the
production casing, and the tubing hanger 32 supports 15 the tubing string
33 positioned within the production casiqg 38. A locking sub 42 is
t hreadably connected to the tubing hanger® body 32 and | ockdown nenber 40
X el | head housing 14 to reliably
glalied Wesenotion, He=wert e housi ng. The tubi ng hanger
body 32 thus includes a production bore 44 which has a 20 central axis 46
spaced from the c&igurall éspids ge gmbodimentiaf auuelihaad assabivn 10 aecording fe head
housi ng 32 al so includes an annul us bore 50 in the tubing hanger body h 7
August 2006 -the peesembdnvientionl isyppastingh e dubingdrangee thereiolu dhe @sserobly Udashy t he
tubing string 33. The annulus bore 50 is thus in fluid commnication with
t he annul us ketiowaenciuties apramdectormuctasingu@Brimpa twetihéadhoagir314 blid e t he
production bore 44 is in fluid conmunication with the tubing string 33.
Pref er abl y5 t h@naghtdndfodtinebide 16 Difiebiad HousRige 4issippdrisirashiatichling A8, axi s
of the upper end of the tubing string 33. Figure 2 shows in greater detai

the ball val Vﬁlo%rhﬁsiﬁb&bﬁ%%%hﬁﬁhi!%é@ 6H‘suﬁggﬁ_s§ﬁ% zlfohﬁégveﬁﬁ’eaim the

t ubi ng hanger body 32, Il val ve bel ng sititoned wthin an

gt uator ol eitgeRd 140 S OUOLRS DeokBhding bYW ARAL T 1RODRARYESgof her ot ©

a |inkage nmechani sm own | gures al've ope nl et
20. The upper casing hanger 26 is shown landed on the lower casing hanger 20.

Pusher sleeve 28 is pressed downward by a setting tool (not shown) so that seal 30
10 isinreliable sealing engagement with the wellhead housing 14. Wherein the tubing
hanger body 32 is shown landed on the upper casing hanger 26, the pusher sleave
34 has previously forced seal 36 into sealing engagement with the wellhead B
housing 14.- The upper caSing hanger 26 supports the inner casing 38, which is
commonly referred to as the production casing, and the tubing hanger 32 supports
15  the tubing string 33 positioned within the production casing 38. Alocking sub 42is
threadably connected to the tubing hanger body 32 and lockdown member 40
cooperates with internal grooves 44 on the wellhead housing 14 to reliably secure
the tubing hanger within the wellhead housing; |
The tubing hanger body 32 thus includes a production bore 44 which has a
20 central axis 46 spaced from the central axis 48 of the wellhead housing 14; The

wellhead housing 32 also includes an annulus bore 50 in the tubing hanger body




10 port 82 in the tubing hanger body 32 is in fluid comyRpigaioapsW th one
end, in this enbodinment the | ower end of the actuator sleeve 54, while a
simlar port 74 is in comunication with the upper end of the actuator

sl eeve. The actuator sleeve may thus be noved in response to fluid
pressure in the valve open inlet port 82 to open the ball valve, and is
‘thereafter noveable in response to fluid pressure in the valve 15 cl osed
port 74 to close the ball valve 52. The ball valve 52 is shown in the open
position in Figure 3 and in the closed pagition in Figure 5. Hydraulic
fluid froma source, such as a control system may enter the tree head in

e connect or AR SRR (Fihe proEtbh Boll 44y i ?@B{ﬂﬁtﬁ?w%% g

hanger. Figure 2Q 2 sho exe conne Ior 3,.conne t| f|ne 75
to Ejhet body 3?“?} %bff?a}gé 'zghl{?e g@'ﬂ’gﬁé Zr\g'?eﬂ“ ) %W 8ur|kng
production, such as for ugust crossover operation or a wor
over oper at i oPTOdUEtaN:C3siRg ﬁ@/éf‘ﬁ&'ﬂ? 8’“"?91@% '@ereﬁhetﬂﬁ%duo@@’é@oﬁb% is i Qyig

pressure may first pass through a bl ock or needl e valve which acts as a
secondary pr es@mrnyngatm wﬁhtf@tpbleg@tfmga'ﬁy iyetadatly thel axis 4ehofthe praidignor t he
casing fromunintentionally comrunicating with the hydraulic actuator

sl eeve 54.55 BRakds aligrepdaygth the amisfof ther wpper ent ef theltlbingktriegi38. physi cal |y :
positioned within the tubing hanger body 32 by seat sleeve 56, so that the

bal | 52 rotates alfigiire@shawsn greateedetal tHe batisare B2ioldideorhmbhiagtidipwgier body
and with respect to the seat sleeve 56 when noving fromthe opened to the

(gi osed positi®mBanAulu@BoRIBh if &2 tAfnGRINdS boﬁ?BZ%ﬂiéﬁhﬂ'vbMe%@ﬁgr %Qltnbﬁe& he
ody 32, with seal 62 sealing with the seat” sleeve 56, 10 and seal

Sl 0, oot gt VBl Tt R, .
for ”Ed thereto by a linkage mechanism. As shown in Figures 3 and 5, a valve open inlet
10 port 82 in the tubing hanger body 32 is in fluid communication with one end, in this
embodiment the lower end of the actuator sleeve 54, while a similar port 74 is in
communication with the upper end of the actuator sleeve. The actuatorsleeve may
thus be moved in response to fluid pressure in the valve open inlet port 82 {o open |
the ball valve, and is thereafter moveable in response to fluid pressure in the valve
15 closed port 74 to close the ball valve 52. The ball valve 52 is shown in the open
(— _ position in Figure 3 and in the closed position in Figure 5.
Hydraulic fluid from a source, such as a control system, may enter the tree
head in various locations, such as a lateral opening which cooperates with a fluid
line connector which to maté with one of the inlet ports in the tubing hanger. Figure

20 2 shows an exemplary connector 73 connecting flow liné 75 to the body 32. The

ball valve may be opened or closed at any time during production, such as for




at the upper end of the |ower seat sleeve 57. Actuator s}gagygt2édod hus

reci procates wthin the tubing hanger body fromthe ball closed position
as shown in Figure 5 to the ball open position as shown in Figure 3 in
response to fluid pressure in the valve 15 open port 82. Upper ring 68,

seal 72, seal 70, and retainer ring 71 thus nove as an assenbly with the
‘actuator sleeve 54 between the Figure 3 and Figure 5 positions, while
sinmul taneously noving the retainer ring 76, seal 78, and |lower ring 80. The
| ower end of seat sleeve 57 is secured i.fgplace to the body 32 by retaining
ring 60, and is sealed to the body by seals 86. Seal 78 seals between the

| ower seat sl g&ﬁo Y I Qi ok | | seat
sl eeve 57 upmeﬁﬁgg‘%P? ﬁ%rta t emﬁgll’%eerapgmggg? %I'@'r%‘ﬁgfhpgﬂav\g?c En;}ag @5,?& Sﬁ%er
seat sl eeve 5 | r e inesthe _popt - --------- ugpst ,2006 .82, and
t he absence o&e%Fée%HSﬂ'l"@ p?%s%pheem%gﬁ{ﬁ%?ﬂlﬁﬂ@%{)}g@ qrﬂngglnglgéﬂy LS open
position as shown in Figure 3, .and the ball wll st I n that, position
until the act%?@pcorgra@gggs?grerhﬁ;gg 'iorp"%%'(ﬁ‘?gé’"?cﬁmﬁ{%%wg Lhing 98 ey ve
cl osed port 74, which will then shift the actuator s|eeve dowward to:the
position as s¥R$IAY from pnigtantionallyqameyicating with theg hydeuliastuglor sieeve Bhi | wil |
then stay closed until it is ogpned by providing pressure to the valve
open port B2. Ref &taferrigg egairitgbigeresd, the dalbxalve Bphysically pasitipoad withindiee wi t hi n
the actuator sleeve 64, which in turn is positioned within the tubing

- hanger body 3Rbing hpager boddy 32|bytseadSleeve 68 csdithbl the Balkbfotates abott an 3y t i on

of the respective |inkage* nmechanism 10 which may be a |inkage pin 92

(gecured to t Hixedaiithaéspecsiotioy Ribirg larderbyaphitd with fepdtt tdtpe skat sIfveigs t he
all. An end cap, weld plug, or other closure nenber 94 nay be used to

prevent fl ui dyidr Robing henPPletpdRelfto tecloaéd pSsitidn. FNARCErd CapPsE HAG beuPper
or |lower ends of the actuator sleeve 54. -
conventionally secured to the body 32, with seal 62 sealing with the séat sleeve 56,
10 - and seal 66 sealing with the tubing hanger body 32. Energizing spring 64 exerts a
downward force on sleeve 56 which tends to seal the ball against the seat formed
at the upper end of the lower seat sleeve 57. Actuator sleeve 54 thus reciprocates
within the tubing hanger body from the ball closed position as shown in Figure 5to
the bail open position as shown in Figure 3 in response to fluid pressure in the valve
15 openport82. Upperring 68, seal 72, seal 70, and retainer ring 71 thus move as an
( assembly with the actuator sleeve 54 between the Figure 3 and Figure 5 positions,
while simultaneously moving the retainer ring 76, seal 78, and lower ring 80. The
lower end of seat sleeve 57 is secured in place to the body 32 by retaining ring 60,
and is sealed to the body by seals 86. Seal 78 seals between the lower seat sleeve

20 57 and body 32, and energizing spring 84 biases seat sleeve 57 upward so that the

ball seals against the lower end of upper seat sleeve 56. Fiuid pressure in the port




Figure 6 discloses in further detail a suitable wellhea which 15
i ncludes a ball valve and actuator assenbly | 10 as disgﬁggégggg%be W thin
a tubing hanger body 32. Tubi ng hanger body 32 includes the annul us bore
50 as previously discussed. The ball valve may thus be opened and cl osed
to selectively control fluid conmuni cati on between the annul us bore and
-the tree, The assenbly shown in Figure 6 includes a well head housing 112
secured by a conventional 20 connector assenbly 118 to the tree housing
116. The conductor tube 114 provides flI ?d comuni cati on between the upper
end of the ball valve and actuator assenbly 7 August-2006 -12 110 and an
annul us bore internal of the .tree 116, Tho killed in re, will
Apprect ate ¢ HEd AN pBRenss CERBRRUEIN eyt 4 tis e b9 Ao bamip) o
conventional or_single-bgre tree, a d tqaL various copfigurations for a
tree may be uRRSHORASSNOWSE In Fighieny an E}b“eﬁ’a il stay inthatposition oW the.advdlPhg to
the present invention. 5 In the Figure 6 enbodiment, the hydraulically
operat ed annulegveiagioved inyegronselo peasauiedn thefvalveglosednon 7 awhiemwillithen n t he
annul us bore in the tree, and downhol e transducers 122 are responsive to
downhol e t enpshifather actzaidr gleessdovenward thyhk podificadd showpeindligute &; tduettyi on
master valve 124 in the tree controls fluid flow through the production
bore, witls vadioging e balp5z. airhy bhikwibthenptadtiesddoumtis wad opevatcby pRvilllig tree
may al so include a hydraulically operated production wing valve 130, with
production | idgsstid teiretRfliepchpomddhe tree. Chem cal injection valves,
annul us val ves, and control |ine valves 132 may al so be provided, with
i-mlar valves 14 ; i ' r 138,
Grnul s val ve: 136 g R ERRRZR, I o O o e AR B kBl

fllow to the ey Wi ihddm oodBork WK b Bbink hRoGAay 33, 'wpdlf 1/ ded

or the upper en
slots 90 in the ball 52 each receive a portion of the respective linkage mechanism,
10  which may be a linkage pin 92 secured to the actuator sleeve 54 and movable
within the slot 90 in the ball. An end cap, weld plug, or other closure member 94
may be used to prevent fluid within the bore 88 of the ball 52 from acting on the
upper or lower ends of the actuator sleeve 54.
Figure 6 discloses in further detail a suitable welihead assembly which
15 includes a ball valve and actuator assembly 110 as discussed above within a tubing
hanger body 32. Tubing hanger body 32 includes the annuilus bore 50 as
previously discussed. The ball valve may thus be opened and closed to selectively
control fluid communication between the annulus bore and the tree. The assembly
shown in Figure 6 includes a welihead housing 112 secured by a conventional

20  connector assembly 118 to the tree housing 116. The conductor tube 114 provides

fluid communication between the upper end of the ball valve and actuator assembly




Figure 7 shows the tubing hanger with the ball val ve ands agdusebeds assenbly
| 10 of the present invention, a tubing hanger 152 for a horizontal
wel | head assenbly. Tubi ng hanger body 152 thus includes a |ateral bore 156
which is in conmunication with a simlar bore in the well head housi ng 154,
with that bore 20 including a production control valve 158. An annulus line
166 may al so be provided in the wellhead housing 154, wth annul us val ve
168 selectively controlling fluid flow 7 August 2006 -13 to the annul us
l'ine connector 170. Another production vghve 162 may be provided in w ng
bl ock 160, with a passageway in the wi ng bl ock conmunicating with the

|ateral bore il bhe AHELAdi oSSRl o ERRE! Ple, | Fide B 4R WA Ve

a suitable production co l'iTne. The u “end act uat or
sub 5 assenbly 1 i to fl p nnuni cat i in lateral .port 173
T the e 1 nedRPresalanatdEuRP i btioBnin ot B RRKRE R 8 s atiE BB S over
connector 176 for onnection.to a.suitahl e crossover |ine. Conventjonal
rossover val FeTgler BRI 80 tial i8S ddioratis 1 5 AN RO tha |

val ve and actuator assenbly 110 through the |lateral port 173, and may pass
t hrough t he clbisgdpageraving aball valve acerdingda thepiesemdnvention. val ves 162 and
158. A tubing hanger sleeve 172 is shown in the Figure 7 enbodi nent. The
upper end 5176 of timthetiigure 6emiodimend, the Hydrabiicaipgpératedannuivs madter valee BOP
stack 186 by connector 178, adaptor 182 and clanp 184- Lateral port 192 in

the BOP st ackiZl&fnirelstinigscohtmirndtationavithécthecinholua boeiv thetticenaid dedsiae and
kKill line 194. Tubing string 190 extends upward fromthe BOP stack, and 15

(50 25" Shown | n B gure 7T e prarerren enpod manee of o he aresent
i nvention havgdRafiBallyl dperateaippstiuction master valve 124 in the tree controls fluid flow
through the production bore, with valve 126 typically being a production swab valve.
10 The free may also include a hydraulically operated production wing valve 130, with
production line 134 extending from the tree. Chemical injection valves, annulus
valves, and control line valves 132 may also be provided, with similar valves 142 on .
the opposing side of the tree. Crossover valve 138, annulus valve 1386, and wing
valve 140 may be used for controlling fluid flow to the annulus line 144, A
15 conventional tree cap 128 is provided or the upper end of the tree.

( | . Figure 7 shows the tubing hanger wifh the ball vaive and actuator assembly
110 of th_ez present invention, a tubing hanger 152 for a horizontal wellhead
assembly. Tubing hanger body 152 thus includes a lateral bdre 156 which is in |
communication with a similar bore in the wellhead housing 154, with that bore

20 including a production control valve 158. An annulus line 166 may also be provided

in the wellhead housing 154, with annulus valve 168 selectively controlling fluid flow




in detail, it is apparent that nodifications and adaptaty gpguspbosdre
preferred enbodinents will occur to those skilled in the art. However, it
is to be expressly 20 understood that such nodifications and adaptations
are within the spirit and scope of the present invention as set forth in
the follow ng clainms. 7 August 2006 14 What is clained is: 1. A tubing
~hanger for suspending a tubing string froma well head housing, conprising:
a tubi ng hanger body including a production. bore, an annulus bore fluidly

i solated fromthe production bore and in fJluid comruni cation with an
annul us about the tubing string, a valve open inlet port, and a val ve

closed inlet pogt, . of the. inlet s bejng fluid | so) ated, from
both the prodE%{h%oaﬁmggj%zmgﬁﬂ"n%cﬁ%ngﬁhCﬁ%gg%eﬁBFoedu ﬂ?i‘ ‘fagvc?a{%d"@f ¢ Bravided
partially within,t tui' Jhanger body; . hydraul i cal |y actuated bal l

val ve | ocat ed" Wing-lock, éf? thlﬁ,ggsqa,ge ¥ “'t‘ﬁlﬁ W9 biegkfomrpgngatisg withidbpudi ng
a ball rotatable between opened and cl osed positions about an axis

subst ant i al | yladerat besgainythaiwelihead gasambly. Granedtor fine 16dmpeyrthusdgeaive a

sel ectively open and cl ose the annulus bore; a fluid inperneabl e actuator
sl eeve surrousdtaie aratfuctioh abhiyoldimewailtie afppan end uifahe dail fandeactfiatohaeubal |
and connected to the ball, the actuator sleeve being noveable in response

to fluid psesassembiyithis twalopen epfuid cothaiunfatitn indatemlsort 173 in iR wellhea@pen,
and noveable in response to fluid pressure in the valve closed inlet port

to nove the brbdsigd, 0ssigh is ¢ AURIPESMARRAICaBES WA 3NGoRol@VESnnBERt ﬁs%\ée each
substantially axially stationary with respect to the tubing hanger body
Cir_ld radi al I'y ¥ddn@kfior 3% suitable crossover line. Conventional crossover valve 177 may thus
recelve fluid that_ﬂows through the ball valve and actuator assembly 110 through
the lateral port 173, and may pass through the crossover valve 177 to a location
10 between the valves 162 and 158. A tubing hanger sleeve 172 is shown in the
Figure 7 embodiment. The upperend 176 of the horizontal tree body 154 may be
cénnected to a BOP stack 186 by connector 178, adaptor 182 and clamp 184.
Lateral port 192 in the BOP stack 186 is thus fluidly connected to a conventional
choke and kill line 194. Tubing string 190 extends upward from the BOP stack, and
15 running string 188 may be used to position the tubing hanger running tool 180 as
( ) shown in Figure 7.
While preferred embodiments of the present invention have been iliustrated
| in detail, it is apparent that modifications and adaptations of the preferred
embodi:ﬁents will occur to those skilled in the art. However, it is to be expressly

20  understood that such modifications and adaptations are within the spirit and scope.

of the present invention as set forth in the following claims.




actuator sleeve; an upper seat actuator seal and a | owerp t 2@t uat or
seal each for sealing between a res&ective seat sl eeve and the actuator

sl eeves; and the actuator sleeve beling fluid inperneabl e between the upper
seat actuator seal and the | ower seat actuator seal to retain fluid
pressure Wyt i dfimeadul us  bore and prevent fluid pressure in the annul us
~bore fromnoving the actuator sleeve. 2. The tubing hanger as defined in
claim1, further conprising: a production control valve external of the

bing h f | h d 7 A
2006 15 50 Tha EHiei HgE NP R ROt  GHE i AR S GHLRBY FOLRBEDal | val v

i s normal | yomptisied, and is opened for one of a vvork over operation and a
crossover operation. 4. The tubing hanger as defined in claim1l, wherein

the ball val venibng Rat@apbedy MM&@a%Moﬁ%r@'ﬁ%Mb&ﬂe%dM'y in

response to fluid pressure In one of "~ the valve open inlet port and the
val ve cl osed ipelpted figay the psodurtien bersiang ith Sniglegonzsurdedtionawith an atrailys 1,

wherein the S rough f Xi s
substanti al | ;b%g{'lt ﬂlgg‘gﬁl\%?‘ﬁﬂg 5(51’5%1:‘/%%§Fn %rﬁ%t Pcﬁ%fﬂs vagv& Oﬁﬁéfﬁi ?R% bal | val ve
is in the opaaaclpoﬁuhb et podts bl Aulblyrighlfad @om Wwah def pro@sttion botednad 1,

wherein each of the valve closed inlet port_and the valve open |nIet port
include a corfheaiusiorg "i‘ﬂdyl"%%@éﬁﬁshaar&alﬂyB’\‘/ﬂ“mthﬁ@bﬂllﬁli%&elthg hanger

body. 7. The tubing hanger as defined in claim1, farther conprising: an
ener gi zi- nge spy hyiadliRall e ¥etiuhtcd ball VABMMBALE] §10 FHeCar@i s ors! PP B @Bl Sl eeve to

hanger body and including a ball rotatable between opened and closed
positions about an axis substantially stationary with respect to the tubing

hanger body to selectively open and close the annulus bore;

o a fluid impermeable actuator sleeve surrounding and radially outward of an
outer surface of the ball and connected to the ball, the actuator sleeve being
moveable in response to fluid pressure in the valve open inlet port to move the
ball to open, and moveable in response to fluid pressure in the valve closed

inlet port to move the ball closed;

« an upper seat sleeve and a lower seat sleeve each substantially axially
stationary with respect to the tubing hanger body and radially within the

actuator sleeve;

» an upper seat actuator seal and a lower seat actuator seal each for sealing

between a respective seat sleeve and the actuator sleeves; and

« the actuator sleeve being fluid impermeable between the upper seat actuator
seal and the lower seat actuator seal to retain fluid pressure within the annulus
bore and prevent fluid pressure in the annulus bore from moving the actuator

sleeve.
2. . The tubing hanger as defined in claim 1, further comprising;

-+ a production control valve external of the tubing hanger body for controlling

flow in the production bore.




press the seat sleeve against the ball. 8. A wellhead asgghlyobdie! uding a
housi ng for |anding a tubing hanger erein to support a tubing string in
a well, the tubing string having a tubing bore and a tubing annul us

bet ween the tubing string and a casing, the well head conprising: a tubing
hanger body gl Hai | e i gﬁqqi i ith the
‘tubing bore, and a %zﬁlg%géljg%fﬁdgtﬁgabc%ﬁui,Evgﬂ%%ﬁpghgn I w‘%%(g:él%ﬁrﬂ# cation
with the tgbised andnubpmed forvalevod aopaR-dvet epergtivnt andanctossovel operatibased i nl et
port, each inlet port located at |east partially within the tubing hanger
body; a valve external of the tubing hanger body for controlling fluid
flow in the DEOMMELR IRReBOsCefind Y UaBH! 1, GRletf [ e8vON tnoValhye W thin

t he annul us bore o?ﬁ%hegtubiﬁal hanger béﬁ@kan%%?%g%udgﬁg a 85%% rot at abl e
bet ween opéaegenniensdonddlosed positionsomlp o responsaxtp Fhusd pesaume imbheyofst at i onary
W th respe t he tubin er. b nd sel ectively noveable to open
and cl ose ?ﬁ@kgﬁﬁﬁpﬂgﬂgﬂFgfmEﬁﬂgVﬂve&%&ﬂﬁnﬂ$P%ﬁgust 2006 16 an actuator
sl eeve generally surrounding and radially outward of an outer surface of
the ball and connected to the ball, the actuator sleeve being noveable in

response t 6- fThisi @bisgdwagereasidefingd in/elpipn 1 opbereinhe ball dncludes ansdrpight-he  bal |

to the ope | ki Y/ L n..response t.a fluid pressure in the
val ve cl ose ﬁlg{"gp%grxéia’?tg%%@p%%es{a@g%lfy 511 “heV'c (%%%lspogétﬁ? Flgf]il,?usand an
upper seat beleaghen thabalbvdlosiBrin geaipes pestién.each substantially stationary

axially with respect to the tubing hanger body; and the upper seat sleeve
havi ng a sealing dianmeter with the tubi ng hanger body

6. The tubing hanger as defined in claim 1, wherein each of the valve closed inlet

port and the valve open inlet port include a connector fluidly connecting a flow

line to the tubing hanger body.

7. The tubing hanger as defined in claim 1, further comprising:

* an energizing spring for exerting a downward force on the upper seat sleeve to

press the seat sleeve against the ball.

‘8. A wellhead assembly including a housing for landing a tubing hanger therein
to support a tubing string in a well, the tubing string having a tubing bore and a

tubing annulus between the tubing string and a casing, the wellhead comprising:

« atubing hanger body including a production bore in fluid communication with
the tubing bore, and a fluidly isolated annulus bore in fluid communication
with the tubing annulus, a valve open inlet port, and a valve closed inlet port,

each inlet port located at least partially within the tubing hanger body;

» a valve external of the tubing hanger body for controlling fluid flow in the

production bore;

» a hydraulically actuated ball valve within the annulus bore of the tubing
hanger body and including a ball rotatable between opened and closed:
positions about an axis substantially stationary with respect to the tubing

- hanger body and selectively moveable to open and close the annulus bore;




greater than the sealing dianmeter between the upper seaty g/, 8Ry8o@nd the
ball; and a seal for sealing betvve(a t he tubi ng hanger body and the

actuator sleeve to flui dly isolate the valve open inlet port fromthe
val ve closed inlet port. 9. The wellhead assenbly as defined in claimS8,

wherein theg wgl I, 2 tuﬁ&@%}{eraﬂ sgﬁgurﬁfmé‘ i@ PG %ﬂﬂ!far&r ﬁgtefa single

-bore tree above t communi cat1 on e annul us
bore and the prigactfi twe badt enil mmhectedeo nhe Buinghe acﬁ.ﬁtoerll&vWEﬂbdﬂi@ad

assenbly as defined in claim8 erein. the | 1 valeis normal |y cl osed,
and is openedeB?a% higt r8?p035‘?/\ﬁ9r@1%’é¢§s‘8ﬁé‘}g‘?v8 COREn 41 ‘Eﬁﬂ%@&?&ve t{ﬁ)er ation.

11. The wel | hggd t@&ﬁ%&h)ﬁcﬁﬁloﬂeﬁﬂ§%vbdb1@ lniikéEbgnseVVG Rl ?résg'lﬁ‘e RAlthe val ve is

moveabl e bet ween opened and cl osed positions only in response to fluid
pressure in valee gpsadisletpory to mpenthe bhl to ﬁwrdosadmomm wad ve cl osed inl et
port. 12. The wel | head assenbly as defined in cl a| m 8, wherein the ball

e udes s okt Syt sl ahd A Sclf Wi es! SnSuhe kgl 2! | oned

wi th an axis of annul us bore when the alveis int
position. 7 Amgult}twmwpeqmmtumng\bmgwehdd)aménbl y including a hou3| ng for
| andi ng a tubing hanger therein to support a tubing string in a well, the

tubing stri, ngth@%}éh%s&hél@%%ﬁ%? (s:%{nygfgadlaﬁ'ié{gf %hacﬂgl n'élfgnﬂ?ﬁlt&gfﬁg%ce tubi ng

string and a cas i s ng atu

~including a pgmatanthanrthdaswahngruhafnhanembatwaasmtheaqmmmamlbéw drdethe Wallng bor e,
and a fluidly isolated annulus bore in fluid comunication wth the tubing
annul us, a va?r\‘}ie open inlet port, and a valve closed inlet port,

o a seal for sealing between the tubing hanger body and the actuator sleeve to

fluidly isolate the valve open inlet port from the valve closed inlet port.

9. The wellhead assembly as defined in claim 8, wherein the wellhead assembly
is one of a conventional tree and a single bore tree above the tubing hanger and in
communication with the annulus bore and the production bore in the tubing

hanger.

10. The wellthead assembly as defined in claim 8, wherein the ball valve is
-mnormally closed, and is opened for one of a work-over operation and a crossover

operation.

I1. The wellhead assembly as defined in claim 8, wherein the ball valve is
moveable between opened and closed positions only in response to fluid pressure

in one of the valve open inlet port and the valve closed inlet port.

12. The wellhead assembly as defined in claim 8, wherein the ball includes a
straight-through flow bore with an axis substantially aligned with an axis of the

annulus bore when the ball valve is in the open position.




each inlet port located at least partially within the tupiapgudianegr body;
a hydraulically actuated ball valve ywthin the tubing hanger body and

sel ectively noveable to open and cl ose the annul us bore, the ball valve
bei ng noveabl e between opened and cl osed positions only in response to

fluid pregsupewkithedd@ssefnblyBicMAintEa ARG cl osed
‘inlet port, the ball _?/al v_e)hi_ r?cl uding a gaﬁ%gggigﬁg%%gﬁygh%&en

posi tion ari@l sappeirios sdingogdng iroa vedlo the mbingdtsns stga ttutahg post atdi onary wit h
respect to hng. .. hanger. . .an_actuator sleeve generally. surroundi ng
the bal vattl;l @gg é{ﬁ% Ih%:sg)r? Fn‘%%etng@e Euglr{grisé“n%yaqtaw}%,&wt“ﬁgﬁﬁ%{ ‘ﬁ?é‘i‘%?smﬁ'eeve bei ng
noveabl e in response to .flui.d.pressure, i he.val ve open.inlet port to
move the bal 14 PRIEIRESH 08 Sisdiding dprcistion hers in Buidppmbmenicntisbydiive « o
fluid pressur@eitibihh®okdlan@ aCHGARMisoRtSRN afRlds BRe WPYRIA boBrRAIchtidAl ve to
the cl osed position; _an upper seat sleeve and a | ower seat sleeve each

radial l'y wi t hwith thretubivganelps, asyabey epenoinles pgrgandenvalvg clesedvislddabtt; an upper
seat act uat Orea%ﬁ?ﬁlelﬁﬂégt lﬁcelté) {Iﬁazsgg%rpg@ %ﬁhprtgégﬁgngel?aﬁgegabgc{dgseal ing between

a respective seat sl‘eeve an or-s ator sl eeve
being fluid inperneabl e between the upper seat actuator seal and | ower

seat actuarora dwdraulieallyerngtuated| batll yahes swthén \the Hilbing heangeniody amsor e;  t he
o oat er than EhetdR el 16 8ol ShE RRERE Bl e e Rl SRS T o
ball; and 7 rvgiable B&G@6en bBened and closed positions only in response to fluid

pressure in one of the valve :open inlet port and the valve closed inlet port, the

ball valve including a ball rotated between an open position and a closed

position about an axis substantially stationary with respect to the tubing

hanger;

e an actuator sleeve generally surrounding the ball valve and connected to the
ball valve, the actuator sleeve being moveable in response to fluid pressure in
the valve open inlet port to move the ball valve to the open position, and
moveable in response to fluid pressure in the valve closed inlet port to move

the ball valve to the closed p"'osition;

» an upper seat sleeve and a lower seat sleeve each radially within the actuator

sleeve for engagement with the ball;

* an upper seat actuator seal and a lower seat actuator seal each for sealing

between a respective seat sleeve and the actuator sleeve;

.= the actuator sleeve being fluid impermeable between the upper seat actuator
seal and lower seat actuator seal to retain fluid pressure within the annulus

bore;

« the upper seat sleeve having a sealing diameter with the tubing hanger body
- greater than the sealing diameter between the upper seat sleeve and the ball;

and




a seal for sealing between the tubing hanger body and thg g@sy?@)@g sl eeve
to fluidly isolate the valve open iplet port fromthe vaf\v closed inlet
port. 14. The wel | head assenbly as defined in claim13, wherein the ball

includes a straight-through flow bore with an axis substantially aligned

it h L O
posi tion. 15, 3ok T soR Uvcal i WREIK ol By MRS el ofelfe RPN
conprising: fughoseleteithavadondpenl inleapare frewxi the nallve ofosédhimldt pbitng hanger body

for controlling flowin the production bore. 16. The wel | head assenbly as
defined in claim13, wherein each of the valve closed inlet port and the

I i t t .incl t fluidl t] fl i
;/g Yﬁeof ﬁﬁgl In %ﬂ%@]}iﬁ:ﬂﬁ%@ﬂgﬁ?f a% ((fe%?lgg cin %[a,im IUSI, Wl%/ergigntﬂg %ajl r}gclgdes a owitine
straight-through flow bore with an axis substantially aligned with an axis of the

annulus bore when the ball valve is in the open position.

15.  The wellhead assembly as defined in claim 13, further comprising:

» a production control valve external of the tubing hanger body for controlling

flow in the production bore.:

16.  The wellhead assembly as defined in claim 13, wherein each of the valve
closed inlet port and the valve open inlet port include a connector fluidly connecting a

flow line to the tubing hanger body.




