TUBI NG HANGER W TH BALL VALVE I N THE ANNULUS BORE Field of the Invention
The present invention relates to a well head assenbly incl udi ng tubing
hanger and, nore specifically, to positioning a ball valve in fluid
comuni cation with the annulus bore of a tubing hanger of an oil or gas
wel | production system The inproved tubing hanger may be used in surface
or subsea trees, and may be used in either conventional or horizontal
trees. Background of the Invention A conventional tubing hanger in a

wel 'head assenbly has a vertical production bore and at |east one
generally vertical annulus bore which is in conmunication with the tubing
annul us bet ween t A&/BINGIHAN GRR:WHThh & Aldld VALVE N THECANNUIUSIBOREThe | ower
end of the annulus bore thus exits the bottom of the tubing hanger, and in
a conventi ongield pEedhvéntidigl e- bore tree the upper end of the annul us
bore typicalTy exits the top of the tubing hanger for communication with

the tree. In ah I I J i.n
comuni cation w tﬁﬁé ER%IG? e'P g%ﬁgcnrréﬁf%é"@#ew@me% d %ﬁ%’?’ﬁ&y%‘ﬁﬁgﬁw%ng []?Hg?wtay
be connected cY a crosso {]‘? crossover val ve, thereb¥ al | owi ng
annul us f I ui 839¢'GOFq BRFT! 3é|Van 90% nigg & Rall valygiim JuksrBmuaica 'PHMG‘gWet he
tree body. The annulus bore in subsea trees has conventionally been opened
and cl osed aynuugdiase\afla tubimathangart véanreitor ges avéllaprpdustiera system. The
installation and

improved tubing hanger may be used in surface or subsea trees, and may be used

in either conventional or horizontal trees.

Backaround of the Invention

A conventional tubing hanger in a wellhead assembly has a vertical
broduction bore and at least one generally vertical annulus bore which is in
communication with the tubing annulus between the production tubing and the .
production casing. 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 commhnication with the
tree. In a horizontal tree, the well annulus is typically in communication with a
lateral bore in the tree housing, which in turn may be connected by a crossover line
to a crossover valve, thereby allowing annulus fluids to flow laterally 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



-2- operation. Because roomin the tubing hanger nust al so be provided for
various penetrations, such as control l|ines, gate valves in tubing hangers
are not preferred. U S. Patent No. 5,706,893 discloses a gate val ve which
requires a 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 clogging with debris, thereby further reducing reliability. U'S. Patent
No. 4,807,700 discl ose another gear-operated ball valve in the annul us of

o 19 g o 28 8 0¥ oy R R AT B B8 Bl B

External actuators cannot be retrieved for repair or replacement with the
t ubi ng hangepenefrationsesughyas epntraldinepgaie yalyesdrtubinggmndesaate napeefrrradd
cost to the tree system U.S. Patent No. 5,769, 162 di scl oses a sl eeve val ve
i n the annul UsS.hRatentNo. ,708)8DardiscoseEs a diitearatvevahicagehaires a damnplicatsd
flow path which is undesirable, 15 and seals in a sleeve valve are prone
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U S. Patent 5, 305, 230 di scl oses an annulus slide valve in a tubing
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the annul us clafl trllﬁe t%fbir?g hanger is prone to clogging with debris, thereby further reducing
reliability. U.S. Patent No. 4,807,700 disclose another gear-operated ball valve in
the annulus of a tubing hangér.
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 of
a tubular hanger. Sleeve valves have a tortuous flow path which is undesira‘ble,
15 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
annulus lines in a tubing hanger.
U.S. Patent No. 5,873,415 discloses a ball valve within the annulus line of a

20 subseatesttree. The ball valve is biased closed by a spring, so that when hydraulic

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



20 subsea test tree. The ball valve is biased closed by a spring, so that
when hydraulic pressure is renoved, ~the valve will automatically close.
When a valve is provided -3- in a tubing hanger, the valve should be a
"fail-as-is" type, so that the valve retains the position in which it was
| ast noved, whether opened or closed. Once noved to that position, fluid
pressure may be renoved, and the valve will remain in the | ast noved
position. U S. Patent No. 6,227,301 disclogses two ball valves in series in
a subsea test 5 tree each in fluid conmmunication with a production string,

wi t h anot her Mal,ve: . L6 a i e
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annul us bore. U,.S. .Patent,k No. 3,601,190 djscloses,a hall valve in the
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control, rather than for annulus control. 10 A sleeve is provided only
partial |y ar cposfionhfiui®h ardssueenanay the rnemavedpand thepvaleavitl semaimdin dhe lastimened t
i s opened and cl osed, which may cause pressure build up when the ball is

actuat ed. Thepdagioh. web \Ratérst N 6229, 3t disclosdstnoBall VAlvey inaleries indislibseatdsyi d
pressure may actuate the ball valve between the opened and cl osed
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Prior ATt are, ootreal submersible pulp in ancther BnnulLs 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 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 retumn closed. Intemnal 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 a tree. U.S. Patent No. 6,062,314 discloses a ball valve.
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.



an inproved tubing hanger is hereinafter disclosed with a ball valve
positioned in comrunication with the annulus bore in the tubing hanger.

-4- Summary of the Invention A tubing hanger is disclosed for use in an oi
or gas well for suspending tubing weight froma well head housing. The

t ubi ng hanger includes a production bore, at |east one annulus bore, a

val ve open inlet port and a valve closed inlet port. The annulus 5 bore is
in fluid communi cation with an annul us abosyt the tubing string. A bal

valve preferably may have a generally straight through bore with an axis
general ly ali n'aNWMHﬂaﬁN@nﬁﬁis of the annul ar bore. An actuator sleeve
surrounds the- f-and acrts as a hydraullc plston The actuator sleeve is
noveabl e axially n_res e, tot |c tio draul i,c pressure
to the val ve openxg\"gvglr\?@%'f) 53%?"?%%& H?ﬁ ‘?rcqff] aW‘Ié" f%sys&gpgpgg URIRG
t he annul us and production bores. Axi al movenent of the actuator sleeve
causes the baleight flome wellhend houaingopba tyiiag harger insludes ppsedichien berecat least e
rel ease of hydraulic pressure causes the actuator sleeve and the bal

val ve to renshe anhullgdore, poglve open inlgtparhand awaiverainsed. infhporhalhe wahvas i n
t he annul us bore may be noved to a closed position to shut off flow during

setting of thgd .et?h mg.dw\%umca% WA anlénrﬁﬂ@iﬁgcﬂﬁﬂﬁé Yuthg @%ge% Bar valve

testi ng and clrculation. 'S an Obj ect of e present I1nhvention
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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
10 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 valve 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

15 subsequently be opened for testing and circulation.
It is an object of the present invention to provide an improved tubing hanger with
a ball valve in communication with the annulus bore for sealing the bore when the ball
valve is closed, and for opening the bore for testing and circulation operations. A
related object of the invention is to provide a wellhead assembly including the improved

20 tubing hanger.



valve is closed, and for opening the bore for testing and circul ation
operations. A related object of the invention is to provide a well head
assenbly including the inproved 20 tubing hanger. -5- It is a feature of

the present invention that 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 upwards to
the top of the tubing hanger. It is a furgher feature of the invention
that the well head assenbly with the 5 tubing hanger having a ball valve in

the annul us bore_7Rys 648 @ftbirdsdhliiveRfrithal e elMBL SseniohPwhs 61 tIBHg1 "0

I ncl udes a Iatera port 1n conmuni cation wt producti on

The bal | val be cl.osed whep a tu runni ng_t ool nd/or a
wor ke over 11 baroethay o R ENE 1t Pthriitfls Hord B Heuissh h A Got Htinpdia st
with a ball valve in the annulus bore 10 is that the ball valve and its
act uati on nebbrertreanwheseip dowtlingn &em thei kel valve passupwardgpiodbs derobthertuking
i.e., inside the seal, such as the DX gasket, on the well head or the tree.

Since the bahbngel veis & fyrtisdrtieatagesl ofitehinuettion thabthegwblihegelr assemblp withmtie e
to being knocked off, e.g., due to dropped objects. The ball valve

requires ﬂ“cmﬂﬁﬁar{eg%?ﬁh\ylh %baﬂvg%qnwd uméwe'nwt?]@g%@p cfr%h{dvtrtaee

t ubi ng hanger etrators and control 15 |1 ne
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production bore. The ball valve may be closed when a tubing hanger running tool
and/or a work-over riser is in place.
A significant feature of the tubing hanger with a ball valve in the annulus bore
10 is that the ball valve and its actuation mechanism are positioned inside the primary
pressure barrier, i.e., inside the seal, such as the DX gasket, on the wellhead or the
tree. Since the ball valve is 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
15 lines. The ball valve actuating mechanism is relatively simple and highly reliable.
Another significant feature of a tubing hanger according to the present invention
is that the actuator sleeve 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

20  valve for sealing with the tubing hanger body, and a lower seal provided below the ball



is that the actuator sleeve 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 nay be provided

al ong the actuator sleeve above the ball 20 valve for sealing with the

t ubi ng hanger body, and a | ower seal provided below the ball -6- valve also
seals with the tubing hanger body while the actuator sleeve noves between
opened and closed positions. It is a furthgr feature of the invention that
a production control valve external of the tubing hanger body be provided
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wi t hin the tubi ng hanger body. The ball valve is nornmally closed, and is
convent i onal PPERPEABY Cloged ROSIPRS-over or crossover operation. The bal |
valve is noveabl e between opened and cl osed positions only in response to
fluid pressure fr &rns atfirtherdiéatareopfdhe imdestiop that aqrodudion abatrolMalyeeskternalef
port. The ball valve is preferably 10 rotated between opened and cl osed

posi tions ab@d 1 Bhgdriged badly 88 Pprovided ForrmRelihg RGd flblan thé breubiitissre.
Anot her significant feature of the present invention is that the ball valve

TRy form sa Stral albnkDaRah AURIGY KOS iEn 1EIe e 8P ye RpBEANIYT 1O

a ball valve with a~ str rough f erosi on on

inimzed wh high velocjty fluids 1 t t.h | ve.
mnimze ggsiticlarged \\//vﬁhigct!'le){ubiné;J Ihaﬁger gogﬁsﬁ'hewa lf/%p/e is %o\r{t%al}@eclosed, and is

conventionally opened for a work-over or crossover operation. The ball valve is
moveable between opened and closed positions only in response to fluid pressure from
the valve open inlet port or the valve closed inlet port. The ball valve is preferably
10 rotated between opened and closed positions about an axis stationary with respect to
the tubing hanger.
Another significant feature of the present invention is that the ball valve may form E
a straight-through flow path when the valve is open. By providing a ball vaive with a
straight-through flow path, erosion on the valve is minimized when high velocity fiuids
15 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.



These and furtherobjects, features, and advantages of the present invention
w Il becone apparent fromthe follow ng detail ed description, wherein
reference is nade to the figures in the acconpanying drawi ngs. -7- Brief
Description of the Drawings Figure 1 is a sinplified view of one enbodi nent
of a well head housing according to the present invention, illustrating a
first or |lower casing hanger, a production casing hanger, and a tubing
hanger each supporting the exterior casing, the production casing, 5 and
the tubing, respectively. Figure 2 is an enlarged view of a portion of the

t ubi ng hanger_ shawn i Q Fi reD 1.. Figures 3 and 5 depict one enbodi nent of
the ball val @M&Msr i smof the present invention in the

opened and cl osed positions, respectively. 10 Figure 4 is a .
cross-sectional viRigurefl is asimpiified view eEongembgdimensof awejlnead bodsipg aceording
wel | head assenbly partially shown in Figure 1 wwth a tree nounted thereon,

the tree incliytiegresemrioeditibhdluskerieg arfirst@Mawdreating hangér) atpiedudibadesingon
bore in the tubing hanger, and an annulus bore in comunication with the

| b ) ) ) ) . '
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| ateral paort i 0 nication with the production bore in the

5 ang tﬁe rt?;[)lljng, respectlvc\aq‘y.

Figure 2 is an enlarged view of a portion of the tubing hanger shown in Figure

Figures 3 and 5 depict one embodiment of the ball valve and actuating
mechanism of thé present invention in the opened and closed positions, 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 alternate wellhead assembly, with a tubing hanger in a
wellhead housing having a lateral port in 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 in communication with the annulus

bore in the tubing hanger.



t ubi ng hanger, an annulus valve, and a crossover line in comrunication with
a port in the wall of the wellhead housing, which in turnis in

comuni cation with the annulus bore in the tubing hanger. -8- Detailed
Description of Preferred Enbodi nents Figure 1 depicts one enbodi nent of a
wel | head assenbly 10 according to the present invention supporting a
tubi ng hanger therein. The assenbly 10 as shown includes an outer
conductor 12 supporting a well head hou5|ngil4 by a 5 conventional connector
16. The wel | head housing 14 supports an outer casing 18. A |lower casing
hanger 20 is_shown | anded on supoort face 22 of the well head housing
14, with an Betalleddiescription of Prefe SRREEUST r om t he casi ng hanger 20.
The upper casing hanger 26 is shomm Ianded on the | ower casing hanger 20.
Pusher sl eeve 28 Figupe d dapictd amevembodinentsdta waliheasbassembly 4 8 @enprding tdat
seal 30 10 is in reliable sealing engagenent with the wel | head housi ng 14.
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hanger 26, pusher sl eeve 4 has previously forced seal 36 |nto seallng
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production casing, and the tubln han supports 15 the tubing string
33 posit |i)ne€PWet”HPﬁa|tQ%‘”ﬁPERiJ§t gg’?“’rﬁj’z@%“s' 1 ERPRRYISRMmOuUter ¢asing 18.

t hreadably connected to the tubing hanger body 32 and | ockdown nenber 40
A lower casing hanger 20 is shown landed on support surface 22 of the wellhead

housing 14, with an outer casing 24 extending downward from the casing hanger
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 sleeve
34 has previously forced seal 36 into sealing engagement with the wellhead
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 sub42is
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



cooperates with internal grooves 44 on the well head housing 14 to reliably
secure the tubing hanger within the well head housi ng. The tubi ng hanger
body 32 thus includes a production bore 44 which has a 20 central axis 46
spaced fromthe central axis 48 of the well head housing 14. The well head
housi ng 32 al so includes an annul us bore 50 in the tubing hanger body -9-
32 and fluidly isolated fromthe production bore 44 by the tubing string
33. The annulus bore 50 is thus in fluidgeomunication with the annul us
bet ween the production casing 38 and the tubing 33, while the production

bore 44 is in,flujgl. ' | O, ] : ' e : r
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hanger body 32, with a ball valve being positioned wthin an actuator

sl eeve 54 whipodduction masihg 88 @ndathe tuhinge33nwhiles theoprasicictidn bone ddtie ibyfluid
| i nkage mechanism As shown in Figures 3 and 5, a valve open inlet 10 port

82 in the tubhpeniicaRh WEheRibirg sting |33, dPrefsrab tha bixndavot theofredabtion i n
this enbodi nent the |ower end of the actuator sl éeve 54, while a sinmlar
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the annulus bore 50 in the tubing hanger body 32, with a ball valve being positioned
within an actuator sleeve 54 which surrounds the ball valve and is connected
thereto by a linkage mechanism. As shown in Figures 3 and 5, a val'vé 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 actuator sleeve may
thus be moved in response to fluid pressure in the valve open inlet port 82 to 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 mate with one of the inlet ports in the tubing hanger. Figure

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

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



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 froma source, such as a control system nmay enter the tree
head in various |ocations, such as a |ateral opening which cooperates with
a fluid Iline connector which to mate with one of the inlet ports in the
tubi ng hanger. Figure 20 2 shows an exenplary connector 73 connecting fl ow
line 75 to the body 32. The ball valve mgy _be opened or closed at any tine
during production, such as for -10- crossover operation or a work over

operati on. M?gs%owg@o,ggrg{i%tg v%d'rr%%e%bérat e V\Xﬁ%@eﬁlhggﬁgraﬂtﬂﬁggs BhRTIHE ©

may first pass throug needl e va secondary
pressure barrier to prevent any product flow in the tubing, or the, .casing
PF om uni nt entiearaety Tug e BE A Bhst HESHoR aripeknatdid e poitdan”
Referring again to Figure 3, the ball valve is physically positioned within
the tubing lR&rayéec Bressyre batriel| toavwrevest ary prasuct flaw indhe t@zing or dhes
about an axis fixed with respect to the tubing hanger body and with

respect to thasipgdtors ueritentihallveemmuonicating woth ths dyderilie dctuatétseelcos4d
position. A top end cap 58 may be conventionally secured to the body 32,
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fixed with respect to the tubing hanger body and with respect to the seat sleeve 56

when moving from the opened to the closed position. A top end cap 58 may be

conventionally secured to the body 32, with seal 62 sealing with the seat 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 5 to

the ball 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. Fluid pressure in the port



wi thin 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 sinmultaneously
noving the retainer ring 76, seal 78, and |ower ring 80. The |ower end of
seat sleeve 57 is secured in place to the ngy 32 by retaining ring 60,

and is sealed to the body by seals 86. Seal 78 seals between the | ower seat

sl eeve 20 57_and dy 32, and energi zi sSprl 84 Dhj ve 57
upward so thgg' @@@%%%Qﬁénggﬁgredsgeg?%g}tﬂgrpﬁ zﬁgpuéﬁg’@?ﬁ%ﬁfgﬁ%ﬁ‘%ﬁ% e
56. Fluid pressure in the port -11- 82, and the absence of pressure in the
port 74, thupositiorasshewndn Figspe Boanhthediahvill stay i that pasition skl the actualee 3,
and the ball will stay in that position until the actuator sleeve is noved
i n response leepe tsmoved imreispensetomressuredn thpovalvd dipsedhpoit i, Whichiveill theshi f t
t he actuator sleeve downward to the position as shown in Figure 5, thereby
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providing pressure tot ve open port 82. Referring to Figure 4, the
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ball 52 each receive a portion of the respective |inkage nmechanism 10
whi ch may bePeessHikiRgealveoPeteaitéd t o t he actuator sl eeve 54 and novabl e

Referring to Figure 4, the ball 52»is shown positioned within the actuator:
sleeve 54, which in turn is positioned within the tubing hanger body 32. A pair of
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 sieeve 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 wellhead 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 annulus 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 wellhead 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



within the slot 90 in the ball. An end cap, weld plug, or other closure
menber 94 nmay be used to prevent fluid within the bore 88 of the ball 52
fromacting on the wupper or |lower ends of the actuator sleeve 54. Figure 6
discloses in further detail a suitable well head assenbly which 15 incl udes
a ball valve and actuator assenbly 110 as di scussed above within a tubing
hanger body 32. Tubing hanger body 32 includes the annulus bore 50 as
previously discussed. The ball valve may._tjhus be opened and cl osed to
selectively control fluid communication between the annulus bore and the

tree. The asggably, afi A bbtO Sl b@%élgrg%mqg'm%adsmﬁelnnguel&& will

secured by a conven connector asse to the tree housing

116. The conductor tube 114 prov| des Ju d .comruni cati.on ween the upper
end of 'the. baPPIERAte dTalHEE tieb AaT bW ILEiRbS 6 X TRIga(a Suabifonyen R

internal of the tree 116. Those skilled in the art will appreciate that
the tree as shsingle-borEitirs, @nd that wariomsl canfigorationsfor abee maynhe Hsedwith ther
single-bore tree, and that various configurations for a tree may be used

with the t ulm'mg? haﬁg hd\avg Bbhal Vaild avcdrdihgiiectie Birégerit invidntiopr esent
i nvention. 5 In lgure 6 enbodlnent the hydraulically operated annul us

mast erval ye 12°mﬁﬁﬂFrF?¢‘?'rf5' uce Qh&ﬂgﬂ%h%lw;i\;éeré{éga%'ﬁﬂliﬁ‘fﬁa&@ﬁ?alv@

the tree,”and do respo
tenperature t ed

124 in the t?g&cgéﬁglﬁgppqqrﬁma g%n wnt ln e nnu usborl?arO v ;[’ele?ra]mgad%wenrho\{al ve

transducers122 are responsive to downhole temperature and pressure. A
hydraulically operated production master valve 124 in the tree controls fluid flow
through the production bore, with valve 126 typicaily 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 136, 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 with the ball valve and actuator assembly
110 of the present invention, a tubing hanger 152 for a horizontal wellhead
assembly. Tubing hanger body 152 thus includes a lateral bore 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



t hrough the production bore, wth valve 126 typically being a production
swab valve. 10 The tree may al so include a hydraulically operated
production wing valve 130, with production line 134 extending fromthe
tree. Chem cal injection valves, annulus valves, and control |ine valves
132 may al so be provided, with simlar valves 142 on the opposing side of
the tree. Crossover valve 138, annulus valve 136, and wing valve 140 may
be used for controlling fluid flowto the gnnulus line 144. A 15

conventional tree cap 128 is provided or the upper end of the tree. Figure

7 shows the tuhing hanger with the |1 ve anpd . act uat o ssenbl 110 of
the present itﬂ3h%%P8H{&%§|nFlﬁ?PHSCW5AZQT Afégj‘%r 0%‘9‘1‘%'8Pi" ﬁ’rﬁ{aﬁf W@y{ﬁ%ﬁ&wded
assenbly. Tubi ng hanger body 152 thus includes a |ateral bore 156 which is
in comuni cdfiVOAGRIeEK A6Q with arpassageway tindhewing blagk eomynuagicating wisht the
that bore 20 including a production control valve 158. An annulus |ine 166

may al so be pateraldeste inntheheeaddhassdnittiysi Qonreodor e hE4amnay tsusy pdosivel B8
selectively controlling fluid flow - 13 to the annulus |line connector 170.

Anot her prod%}i{ﬁgﬂe Wb?adu%ﬁéﬁ%dmabu hiRePr PMEdgsher! éhqqngmh@'&qak Acg%cta@tahsgg

passageway in t ng bl ock conmunicating wth t l'ateral bore int

wel | head assenbl y. egtor lin 6 t hus. recei.ve, a i tabl e

producti o ccﬁﬁspﬁ'fblﬁﬂg!s E?‘ﬁ OB%’bgorf}%i&g%%‘W“eas‘t%'? atelg! et 32% gﬁplgly@llgead
assenbly 110 is thus open to fluid comunication in lateral port 173 in the
vel | head hol¥qusing. wHigh issini fuigd) eerameiaatiancwith ¢h cipssaver eparedoerl75 for

connector 175 for
connection to a suitable crossoverline. Conventional crossovervalve 177 may thus

receive 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

connected 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 illustrated

in detail, it is apparent that modifications and adaptations of the preferred

embodiments 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.



connection to a suitable crossover line. Conventional crossover valve 177
may thus receive fluid that flows through the ball valve and actuator
assenbly 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

t ubi ng hanger sleeve 172 is shown in the Figure 7 enbodinent. The upper
end 176 of the horizontal tree body 154 may be connected to a BOP stack
186 by connector 178, adaptor 182 and clagp 184. Lateral port 192 in the
BOP stack 186 is thus fluidly connected t %34 conventional choke and kil

i ne 194. Tubing string 190 extends upward fromthe BOP stack, and 15
running stri Hﬂﬁ%ﬁﬂmﬁéiused to position the tubing hanger running tool
180 as shown in Figure 7. Wiile preferred enbodi mnents of the present
invention have beén il Autibirg édngen fdesaspendihgis t@tipgrstirig flaai a wellhead

nodi fications and adaptations of the preferred enbodinments will occur to
those skill edoidingNeompfisinglovever, it is to be expressly 20 understood that
such nodi ficationS and adaptations are within the spirit and scope of the
present invention_as.set forth in.the follow ng.clains. - 14- Wiat is,
Claed o 1 A QupRG hesegb Popd e PHRABNBCRE, an AiRuur Bore Blicly
wel | head housing, conprising: a tubing_hanger body including a production
bore, an %nngp[;geq)gp@ntﬁp@irmqptlon bore and in fluid communication with an annulus about
the tubing string, a valve open inlet port, and a valve closed inlet port, each of the
inlet ports being fluidly isolated from both the production bore and the annulus bore:
a hydraulically actuated ball valve to selectively open and close the annulus
bore; and
10 an actuator sleeve 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 open, and moveable in response to fluid pressure

in the valve closed inlet port to move the ball valve closed.

2. The tubing hanger as defined in Claim 1, wherein the actuator sleeve

15  seals fluid pressure in the annulus bore when the ball valve is open or closed.

3. The tubing hanger as defined in Claim 2, wherein an upper seal above

the ball valve seals with the tubing hanger body and a lower seal below the ball

valve seals with the tubing hanger body.



5 isolated fromthe production bore and in fluid conmmunication with an
annul us about the tubing string, a valve open inlet port, and a val ve
closed inlet port, each of the inlet ports being fluidly isolated from
both the production bore and the annulus bore; a hydraulically actuated
ball valve to selectively open and close the annulus bore; and 10 an
actuator sleeve surrounding the ball valve and connected to the ball valve,
t he actuator sl eeve being noveable in respgnse to fluid pressure in the
val ve open inlet port to nove the ball valve to open, and noveable in
response to fluid, pressur in.the valve.clgosed i.nlet. port to nove the bal
valve closed. 2. fhe t3ﬁﬁﬁgbwaﬁﬁﬁweéésaﬁﬁﬂﬁ§d1 '%ﬁﬁﬁﬂ&ﬁ?rQQEWQ§W9%he
actuator sleeve 15 seals fluid pressure in the annul us bore when the bal
val ve i s open or eélpseddction contiel vaive eyteraabefithadutieg haeger body far aontrolling
wherei n an upper seal above the ball valve seals with the tubing hanger
body and a | fuerinseabrdiictivhtboee bal | val ve seals with the tubing hanger
body. -15- 4. The tubing hanger as defined in Claim1, further conprising:
a production control valve external of the tubing hanger body for
controlling flowin the production bore. 5. The tubing hanger as defined

Ihgnge?l qué;,_ wher e%.n t hﬁ\'hg%gin\éarlavnegér%s é_’eanoeSdI itnI 8Ig|erg 1\fmv$hhelr2inttrt]1% t;alflb\llaﬂge is

5 positioned within the tubing hanger body.

6. The tubing hanger as defined in Claim 1, wherein the ball valve is

normally closed, and is opened for a work-over operation or a crossover operation.

7. The tubing hanger as defined in Claim 1, wherein the ball valve is
moveable between opened and closed positions only in response to fluid pressure

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

8. The tubing hanger as defined in Claim 1, wherein the ball valve is
rotated between an open position and a closed position about an axis substantially

stationary with respect to the tubing hanger.

9. The tubing hanger as defined in Claim 1, wherein the ball includes a

15  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.



6. The tubing hanger as defined in Claim1l, wherein the ball valve is
normal ly closed, and is opened for a work-over operation or a crossover
operation. 7. The tubing hanger as defined in Claim1, wherein the bal

val ve i s noveabl e bet ween opened and cl osed positions only in response to
fluid pressure 10 in one of the valve open inlet port and the valve cl osed
inlet port. 8. The tubing hanger as defined in daim1l1, wherein the bal
valve is rotated between an open positiqigand a closed position about an
axis substantially stationary with respect to the tubing hanger. 9. The

t ubi ng hanger as fin |

strai ght -t hrough ﬁﬁ ﬁﬂ?tﬂb&b %gﬁggﬁgﬁﬁgﬂén |§?|y ?ﬁﬂﬁg§a16 H%i?%&ls
of the annulus bore when the baII valve is in the open i -16- 10.
The tubing h&leged injst prit anding valg apeR Nietprt Belyd 8@6%"8?8*@@ *S’EAGP@”@PB%d
inlet port and the valve open inlet port include a connector fluidly
connecting a fidwlind tathettabingehanger bgdianger body. 11. A wel | head assenbly
i ncluding a housing for |anding a tubing hanger 5 therein to support a
tubing string in a well, the tubing string having a tubing bore and a

t ubi ng annul us betmeen the tubing string and a casing, the well head
conprising: a tubing I I L1y
comuni cation w thl? t he Ia%é%égl;z@%l}’fﬁgﬂﬂjl@Bhgﬂgﬁpsf%}{?%{?@ g&ﬁt&nﬁé‘ﬁ'aﬂger in

fluid t th t
U COﬂ’%ﬂJnlthCeé}elln(%g s\tIJMpport a tubmg 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;
10 a valve external of the tubing hanger body for controlling fluid flow in the
production bore;
a hydraulically actuated ball valve within the tubing hanger body and
selectively moveable to open and close the annulus bore; and
an act.uator sleeve generally surrounding the ball valve and connected to the
15 ball valve, the actuator sleeve being moveable in response to fluid pressure in the
vmveopeninbtpontornovethebaHvaNétotheopenposMon,muinmveaMein

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

closed position.



tubi ng annulus, a valve open inlet port, and a valve closed inlet port; 10
a val ve external of the tubing hanger body for controlling fluid flowin
the production bore; a hydraulically actuated ball valve within the tubing
hanger body and selectively noveable to open and cl ose the annul us bore;
and an actuator sleeve generally surrounding the ball valve and connected
to the 15 ball valve, the actuator sleeve being noveable in response to
fluid pressure in the valve open inlet pgrt to nove the ball valve to the
open position, and noveable in response to fluid pressure in the valve

The wel | nead hssedfry abetsiieef assb@blfad datrhinFIARTTy, Bkl yahdad *-

assenbly is one of a conventional tree and a single bore tree abgve the
tubi ng ~hang@ssemaly is dunaliAiavestiond!itree ABd asilglesbesteeaaRoye the tubing
production bore in the tubing hanger. 5 13. The wel |l head assenbly as
defined i n Changefdnd inheamemonicatioaeithdhe annslusdoee ardithe productiqr kerein¢he n
t he annul us bore. 14. ' The wel | head assenbly as defined in Caim11,
wherein the lahihgwahyer is normally closed, and is opened for a work-over
operation or a crossover operation.

5 13. The wellhead assembly as defined in Claim 11, wherein the actuator

sleeve seals fluid pressure in the annulus bore.

14. ~ The wellhead assembly as defined in Claim 11, wherein the ball valve
is normally closed, and is opened for a work-over operation or a crossover

operation.

10 15. The wellhead assembly as defined in Claim 11, 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.

16.  The wellhead assembly as defined in Claim 11, wherein the ball valve
is rotated between an open position and a closed position about an axis stationary

15 with respect to the tubing hanger.



10 15. The wel | head assenbly as defined in Caim1ll, wherein the ball valve
i's noveabl e between opened and cl osed positions only in response to fluid
pressure in one of the valve open inlet port and the valve closed inlet
port. 16. The wel | head assenbly as defined in Caim1l, wherein the bal
valve is rotated between an open position and a cl osed position about an

axis stationary 15 with respect to the tubing hanger. - 18 17. The
wel | head assenbly as defined in Claim11, B/nerei n the ball includes a
straight-through flow bore with an axis sd stantially aligned with an axis

of the annulus bore when the ball valve is ip_the open posjition. 18 A
wel | head assenbl yﬁ-ncl ﬁ'ﬁ? r’('éelg’eﬁguéﬁf’dngwaﬁ éﬂiﬁ'f‘ﬁg 3 CS'@B'iﬁ)nHvWHPﬁj@W the ball
therein to support a tubing string in a well, the tubing string having a
t ubi ng bor e metides a sitdight-thnoug huflovs bove withtaneaxisi bubejastially rajjg aedi with @asaxisy,
t he wel | head conprising: a tubing hanger body including a production bore

in fluid conpmieCatinuis Bblehwhémend bAll REIVRAs én tiheh pogiisH.y 1 sol at ed
annul us bore in fluid comunication with the tubing annulus, a valve open

inlet port, and a valve closed inlet port; 10 a valve external of the

t ubi ng hanger body for controlling fluid flowin the production bore; a

hydraulical ly actyated, bal h vgl ve
ga

sel ectively moveabfe tRWs) ﬁaS%H?iYgii”E : irgﬁl% Bhggagﬂgﬁiﬁggg@%&%&nw
bei ng 5 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;
10 a valve external of the tubing hanger body for controlling fluid flow in the

production bore;

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

15 in one of the valve open inlet port and the valve closed inlet port, the ball valve
being rotated between an open position and a closed position about an axis
substantially stationary with respect to the tubing hanger; and

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

20 valve open inlet port to move the ball valve to the open position, and moveable in



noveabl e bet ween opened and cl osed positions only in response to fluid
pressure 15 in one of the valve open inlet port and the valve closed inlet
port, the ball valve being rotated between an open position and a cl osed
position about an axis substantially stationary with respect to the tubing
hanger; and an actuator sleeve generally surrounding the ball valve and
connected to the ball valve, the actuator sleeve being noveable in
response to fluid pressure in the 20 valvg-open inlet port to nove the
ball valve to the open position, and noveable in - 19 response to fluid
pressure in Péaq;o\ﬁ@év&ﬂslhq;?@%ureIneﬂwemwe dlese®intetipdet th ahdverak ballvalvielte the
cl osed position. 19. The well head assenbly as defined in Caim18, wherein
the ball valy tioned within the tubing hanger body. 5 20. The

wel | head assgﬁﬁFg%ogﬂgbfined in Caim18, 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.

19. The wellhead assembly as defined in Claim 18, wherein the ball valve

is positioned within the tubing hanger body.
5 20. The wellhead assembly as defined in Claim 18, 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.



