TUBI NG ANNULUS VALVE This application is a
continuation-in-part of application Ser. No.

10/ 336, 122, filed Jan. 3, 2003, now U. S. Pat. No.

6, 840, 323 which clained priority fromthe provisional
application Ser. No. 60/386,624, filed Jun. 5, 2002,
entitled "Tubi ng Annul us Val ve" and provi si onal
application Ser. No. 60/425,377, filed Nov. 12, 2002,
entitled "Drilling and Produci ng Deep Witer Subsea
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in general to subsegyupfld RRROLEYGABMS and in

particular to a tubing hanger with a tubing annul us
TRSERARHGNE R cdridRiaNen-ANARI HSpMiabis S tib. 18ABLIASS fle@ Jan. 3,
doagidont @EePatt RS 4, 019,328 Keority ilsml tWE:Wlsi%l /épphoatlon
Sey PN e ado/386, 634 diledeluh hgaxboasaeindal Yubiag Aandnisghaie @ss wradisional
apelichtiomalker hbu $04g5, 8T filed tNed  12n2@02, &roitkert "Dpillieg sk Broducing Deep
Wikl $vdagk WellssSi ng and secured to casing that extends
into the well. One or nore casing hangers land in the
vel | head housing, th&ELB&HT Ttk hYREYEIONei ng | ocat ed at

the wupper end of a string of casing that extends into
Thisenwgslidn relotea inleenseal tadeybser wallhsad $yatgmefand frupsriinglar to a tubing
herges MilB 2ttHinsLRTAUEhR2SE a8 3y o tBbingrrride vaenwith faetdies tonfacilitate
%P9 st mas or production tree nounts to the upper end

of the well head hou5|n for controlling the well

fluid. The pr odﬁ'é?K%‘ﬁ PNEOR Wik PNFYVAQ %y a | arge,

heavy assenbly, haV|n a nunber of valves and control s

%@Pﬁ’é&?’s@ﬁé’ﬁ%ﬁd aﬁ%@ éad?ghtﬁf%séwe gSI qup ted in 2
s o
o f‘g % Caitrm ;

lowe Ihead h
O e C e
y Sﬂ’%ﬁ% i 5%@@“? %ﬁ m%ﬁ Sl %;"%gﬁ e
i sin fidS! A ¥R Ir eh» roduction tree
e Jp & E bﬂ@he @Q@m@éd h@u fo cbm?on\‘\@t é\% fluid. The
pkwualon@ee Ehgpidallbd REehRRGE BssBABlY [HA0Ing BASERG RS vAINRE @H@Eontrols
mdunte@trerdaei Nng t he producti on passage and the ot her
bei ng an annulus passage that conmunicates with the
Oneypa @f few) Hbrhi&tin®e o8 iRY NEbinDghtibhd®, hidshwd BoreABRREIS it tade bhehich is
teubodugticartote ans thesotinee tsetbs tubiyng Banutlisracedsaib@e flh thisotgpedaiwallhead
as$emnbiyr ngbmg)hartgabian%ﬁ ainfde wyelielad daeding. tThe tubingi regger has two
pasrﬁamwroum itypreebsjsr 9, prQQth@ntﬁﬁ*é?agklaW ”teh@h%ebelmgoc’r‘n annulus
?s@%Fh teo uthﬁt«sa hf’lel}%i”ﬁbla'? S“ré%‘ hied ‘”9 5 to thﬁ
t et a(ngg] aFr??J ’}‘?8‘??8 %r %Hl i fCII’LC%%E? e avy |gg
lrlnrﬁg‘tro f? Twe er ,sﬁ sﬁ fd the rlg d for
ifdfafat ﬁ'cgpﬂ’lé ele cB& Stﬁ& s es Ehe tUQ Banger.
TR&REE hes isbRort fu@@s maﬁstbl@ﬁ%@éhééﬁerﬁém@ﬁth tibassh@d ih Medtubing
heM@AFREERE trvé laRdd SIeth A8EREE Bodshgl Tis fpdbfN@e i @NGEIY run on a
covhgletioh hierttha @ad avadsrings of tvaduie | headsthausinpgetion fides, dny peing
eribndsr feen itre productdnl passage ofntha tree donleeturfoce vesser whikkathe other
ektardst fign Sher tuhigs avhulgonaisege in hedregutal the tspifasg vessel. It is time
censHpingt hQYeVel Yepssephle adriupg dak tsing Somplehant fer. Also, drilling
%}?ﬁ 'aa@tv |”8hh%55§§°éb%c%‘ﬁp'?tﬁé ripe caifagle lRaUINgrng de b é%@é?dbon a
le the other extends fromthe tubing annul us asis.

IrPé?]%ﬁ%gﬁ Lgesoﬁr\’eﬁﬁ é Qallgg]emg%br ntaPS Vtﬁgrg %l onqlﬁi snl1 Bérg% the
trg@r}ﬁ;lk'rHe 9 'th 9%0’0%5 é)ssggc‘eg feedd nBébnbé?org ng! H¥ger is
i@y eeh aRe fubi8§ handd $OlowsHel lahd REdedBISLlSe. MRY tisHy MAYS is
oS tiRro G Rder Ohidh iS Blpicaad braibk Giser B6HebY ong: BRAg ten
agiipé thedighiehake ane Ritl dihesba Shesdrilling AsanTiehtaing ygpgerodoet mamave
as anatiusmessagal thedgh' holdt zobpass' exttenge throdpdr tee itrse dmlayvod space

single bore in the tree, this being the production

passage. The tree is |anded before the tubing hanger

is installed, then the tubiing§ hanger is | owered and

| anded in the tree. The tubing hanger is | owered

through the riser, which is typically a drilling

riser. Access to the tubing annulus is




avai | abl e through choke and kill lines of the drilling
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tree to a void space 1 0 |ocated above the tubing
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bl ocki ng conmuni cati on between the void space and the
t ubi ng annul us passage. The tubing annul us val ve of
the preferred enbodi rent has a primary dynamc
nmetal -to-netal seal for enhanced durability. The
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and a cl osed position. Preferably, the novenent is
vertical, with the open position being belowthe

cl osed position. Preferably, all of the hydraulic
circuitry for noving the valve between the open and
cl osed positions is |ocated exterior of the tubing
hanger. The valve nobves to the open position in
response to an engagi ng nenber of the tubing hanger
runni ng tool, and subsequently, an engagi ng nenber of
the tree. Aretention device retains 2 0 the valve in
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within bore 25 of inner wellhead housing 21.
Specifically, tubing hanger 31 |ands within casing
hanger 27. Tubing hanger 31 is sealed to casing hanger
27 and secured to the upper 3 0 end of a string of
production tubing 33. Tubing hanger 31 has a
production passage 32 that is coaxial wth tubing 33.
Referring to FIG 2, bore 25 has a | ower portion 25a
that has a snmaller dianeter than upper portion 25b.
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el emrent 51 omtted. In that4case, w ndows could be
provi ded for the dogs in connector body 45, and
extended portion 59 and collar 60 would be integrally
formed with connector body 45. Referring to FIG 1A a
control fluid passage 61 extends through tree 39 to an
exterior side portion for supplying control fluid.

Al t hough not shown, there are a nunber of these
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passages, and they lead to connector tubes on the

| oner end of tree 39. The connector tubes stab into
mat i ng passages on the upper end of tubing hanger 31.
These passages lead to hydraulic control lines that
are not shown but extend bel ow tubi ng hanger 31 on the
out si de of production tubing 33. These control |ines

| ead to downhol e equi pnent in the tubing string, such
as a downhol e safety valve and a sliding sleeve. 4 0
At | east one valve is nmounted to production tree 39
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position. An outward biased split ring 105 is nounted
to the outer dianeter of sleeve 101 near its upper
end. Split ring 105 has a downward tapered upper
surface and a |lower surface that is located in a

pl ane perpendi cular to the axis of tubing annul us
passage 83. A mating groove 107 is engaged by split
ring 105 while sleeve 101 is in the upper, closed
position. Split ring 105 snaps into groove 107,
operating as a detent or retainer to prevent downward
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al so hydraulically driven. Running tool 111 has a
sl eeve 123 that slides sealingly into the bore 32 of
t ubi ng hanger 31. Sleeve 123 isolates the upper end of
tubi ng annul us passage 83 from production passage 32
(FIG 3) in tubing hanger 31. In operation, outer
wel | head housing 13 is secured to conductor 15, which

isinstalled in a first section of the well. Well head
housing 21 is secured to casing 23, which is installed
in the well. Adrilling riser and | ower marine
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rel eases split ring 105 from groove 107 and pushes

sl eeve 101 downward to the open position of FIG 6. A
port such as a sliding sleeve (not shown) at the

| oner end of tubing 33 is conventionally opened and

the bl owout preventer is closed around the tubing
hanger running string. The operator may circul ate

down the running string and tubing 33, with the flow
returning up tubing annulus 85 into the



drilling riser and up a choke and kill |ine. Reverse
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i sol ate any pressure fromtree production passage 41.
Also, the retrieval tool utilizes pressure

controlling seals around its stem Once the plug is
renmoved from tubing hanger83%, tree 39 should be

ready for production. During production, tubing

annul us valve 89 may remain closed, but is typically
hel d open for nonitoring the pressure in tubing

annulus 85. If tubing annulus valve 89 is closed, it

can be opened at any tinme by stroking actuator 117
(FIG 4) of tree 39 downward. Any pressure wthin
tublng annulus 85 is connunlcated t hrough tubi ng
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and to a nonitoring facility. For a workover operation
that does not involve pulling tubing 33, a light

wei ght riser with blowout preventer may be secured to
tree mandrel 81. An unbilical line would typically
connect the tubing annul us passage on tree 39 to the
surface vessel. Wreline tools may be |owered through
the riser, tree passage 41 and tubing 33. The well my
be killed by stroking actuator 117 (FIG 4) downward
to open tubing annulus valve 89. Circul ation can be
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communi cates with an upper communi cation hole 143

above piston 137. An upper seal 144 in actuator 135
defines an upper end to a pressure chanber created

bet ween pi ston 137 and upper seal 144. In this

enbodi nent, the pressure argacat piston 137 is greater
than the pressure areas at |ower seal 139 and upper
seal 144. Hydraulic fluid flow ng through upper port

141 flows through conmunication hole 143 and acts

agai nst piston 137 to push actuator 135 downward. A

| ower hydraulic port 145 extends fromthe exterior

into an annul ar cl earance in tubing




annul us passage 125. Lower hydraulic port 145

communi cates with a | ower comuni cation hole 147,
which in turn supplies hydraulic fluid pressure to the
space between piston 137 and | ower seal 139.
Hydraulic fluid pressure at |ower port 145 acts

agai nst the |l ower side of piston 137, pushing
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nédyeateBihbipa¥edgee sl eeve 163 at seat 173, Quter
dianeter seals 177 seal the outer dianeter of valve

sl eeve 163 to tubing annul us passage 83. A tubul ar
stop menber 179 is stationarily nounted in tubing
annul us passage 83, as illustrated in FIG 7B. Stop
menber 179 has passages 18110extendi ng through it for
comuni cating tubing annulus fluid to the interior of
val ve sl eeve 163. A valve stem 183 has its |ower end
secured by threads to the upper end of tubular stop
menber 179. Valve stem 183 has a val ve head 185 on
its upper end that is engaged by seat seals 175 while
valve sleeve 163 is in the closed position.



In the operation of the enbodinents of FIGS. 7 and 8,

passage 125 of running tool 111 is axially aligned

wi th tubing annul us passage 83 of tubing hanger 31.

Lower fixed sleeve 129 extends downward fromthe

| ower end 124 of running tool 111 into tubing annul us

passage 83. Lower fixed sleeve 129 surrounds a

portion of valve neck 161. Valve sleeve 163 is noved

to the open position by supplying hydraulic fluid

pressure to upper port 141, which acts agai nst piston
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fl ows through comrunication hole 147 and acts agai nst

the |l ower side of piston 137, causing upward novenent
of actuator 135. The engagenent of collet fingers 157
wi th shoul der 159 pulls val ve sl eeve 163 upward. Wen
reachi ng the upper position, detent nenber 167 w ||
expand radially outward to engage retainer shoul der
171 to prevent downward novenent of val ve sl eeve 163.
To retrieve running tool 111, the operator wll

di sconnect its separate engagenent with tubing hanger
31 and pull upward. An overpull will cause coll et
fingers 157 to release from valve neck 161. Conti nued
pul I'i ng causes | ower fixed sleeve 129 to be pulled
fromtubing annulus passage 83 in tubing hanger 31.
Subsequently, when installing the tree, the tree wll
have a sim | ar engagenent tool and actuator for
perform ng operations of opening and closing valve
sleeve 163. If there is a hydraulic failure, valve
sleeve 163 will remain in the position in which it
failed. The invention has significant advantages.
Access to the tubing annulus is readily obtainable by
stroking an actuator in the tree or in the tubing
hanger running tool. The retention device allows the
tubi ng annul us valve to be tested from above. Al of
the hydraulic passages and conponents for stroking
the actuator for the tubing annulus valve are | ocated
exterior of the tubing hanger. This avoids using
internal space in the wall of the tubing hanger that
is needed for other passages. 10 While the invention
has been shown in only one of its forns, it should be
apparent to those skilled in the art that it is not
so limted but susceptible to various changes w t hout
departing fromthe scope of the invention. For
exanple, while the tubing annulus valve is shown in
connection with a tree that internally connects to the
wel | head housing, it could also be wutilized with
trees that connect externally. Furthernore, the tubing
annul us val ve could be wutiftized with a tubing hanger
|l anded in a tree, such as a horizontal tree, rather
than in a wellhead housing. O her types of retention
devi ces could be enployed to retain the annulus valve
in the closed position for testing. For exanple, a

gri ppi ng device on the running too
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engagi ng nenber could be utilized to grip the shuttle
sl eeve and hold it in an upper position while the
testing is occurring. The tree could be run on a riser
rather than a lift line, in which case the tenporary
wireline plug in the tubing hanger production passage
woul d be conventionally retrieved on wireline. If run
on a riser, perforating could be acconplished after
the tree is place by lowering the perforating gun
through the riser and tree. 11 0 CLAIMS: 1. In a

a well assenbly having a tubular nenber | ocated
subsea at an upper end of the well, a tubing hanger
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nnunted to the tubular nenber for controlling fluids
fl ow ng through the tubi ng hanger; and wherein the
engaging tool is nounted to the tree. 7. The well
assenbly according to claim1, further conprising: a
t ubi ng hanger running tool 12 °



for running the tubing hanger, the tubing hanger
runni ng tool subsequently being retrieved; a tree
that |ands on the tubular nenber after the tubing
hanger running tool has been retrieved, for
controlling flow of fluids through the tubing hanger;
and wherein the engaging tool conprises a running
tool engaging tool that is nmounted to the tubing
hanger running tool and a tree engaging tool that is
nmounted to the tree. 12 0 8. The well assenbly
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the I ower end of the detent13 Aenber to radially
contract while the engagi ng tool noves downward. 14.
The wel |l assenbly according to claim9, further
conprising a seal located in the seat of the sleeve
for sealingly engaging the val ve head.



15. A subsea well assenbly, conprising: a tubular
menber adapted to be | ocated subsea at an upper end

of the well; a tubing hanger | anded in the tubul ar
menber and adapted to be connected to a string of
tubi ng extending into the well; a tubing annul us

passage extending through the tubing hanger in
comuni cation with a tubi ng annul us surroundi ng the
tubing; an axially novable sleeve |located in the
tubi ng annul us passage and having a seat that bl ocks
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tool. 19. The well assenbly according to claim 15,
further conprising a tree nounted to the tubular

menber for controlling fluids flow ng through the

t ubi ng hanger; and wherein the engaging tool is

mounted to the tree. 20. The well assenbly according

to claim15, further conprising: a tubing hanger
‘running tool for running the tubing hanger, the

t ubi ng hanger running tool subsequently being

retrieved; a tree that |ands on the tubul ar nenber

after the tubi ng hanger running tool has been
retrieved, for controlling flow of fluids through the

t ubi ng hanger; and wherein the engaging too

conprises a running tool engaging tool that is nounted
to the tubing hanger running tool and a tree engagi ng
tool that is nmounted to the tree. 14 0
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