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application clains priority fromthe provisional application Serra lﬁ%l

60/ 308, 343, filed July 27, 2001 entitled "Production Tree Wth Gas

| nj ection '‘Feature". BACKGROUND OF THE INVENTION Field of the Invention
This invention relates in general to well head assenblies, and in

particular to a production tree with multiple safety barriers agai nst
excessive pressure. Description of the Prior Art One type of well head
assenbly particularly in a subsea well includes a wellhead housing | ocated
at the upper end of conductor pipe. Casing hangers for supporting the

Coral Cdept n,  aPRPLTRIH e B aebh o s Bersn R atieiths "t he ° ' °

wel | head housing. A tubi.ng hanger lands in the tree in one type, called a
hori zontal tree . Thidhsplication glahan geibritys oL thcqitovisiogalSigpliogi®d stipi ng t hat
extends into the well for producing well fluids. The tubing hanger has an

axi al passage. 60/30B3aguEéd Tuly! by 9801 Ahiiad | HrSditioR 2BRAYREXGENdI ng from
it that registers wth a lateral passage in the tree. )

Injection Feature™.
BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates in gemeral to wellhead assemblies, and in -
particular to a production tree with multiple safety barriers against excessive

pressure.

. Description of the Prior Art

One type of wellhead assembly particularly in a subsea well includes a
wellhead housing located at the upper end of conductor pipe. Casing hméers
for supporting the casing land in the wellhead housing. Afier the well has been
drilled to total depth, a christmas tree is lowered onto and conmected to the

welthead housing,

A tubing hanger lands in the tree in-one type, called a horizontal tree.
The tubing hanger is seoured to a string of tubing that extends into the well for
producing well fluids. The tubing hanger has an axial passage for production

~ fluids, gnd a lateral passage extending from it that registers with a lateral

passage in the tree,




| 25 JANUARY 2006 During installation of the tubing and tubing % n %
ot her operations, it nmay be necessary to circulate well quid2 2@&@&”%? 806
interior of the tubing and the tubing annulus. The horizontal tree has a

first tubing annul us passage that extends fromthe tubing annulus to a

port on the exterior of the tree. A second tubing annul us passage extends
fromthe exterior port back into the bore of the tree above the tubing

hanger seals. Aflowline is connected to the external port for delivery

of fluids to and fromthe tubing annulus. Both the first and second tubing

annul us passagesq| he .t haue raukigal controll ed valves for
openi ng and cl ospbfgnkﬁgstﬁl{?glgﬁa?ﬁﬁn@%ﬁga%%?goé‘ééﬁa%ﬂﬁég ﬁ%?petr? Stap is
typically installed in the bore of the tree above the tubing hanger. The
upper end ofit Y% bsdesadanle SiiPwate tvalisilvid hefeen iy intsriat of dhepbing of t he
tree between the tubing hanger and the internal tree cap, or it may |ead

into the treuadBur@wbiigoansuluse Thetherizaital frechasap firsTiwbing asmhilonpasagehe second
tubi ng annulus passage with the tree bore allows conmunication with a

riser durinthatieathdt freti die @bthgvwinkinees .a ]at bRIthy exfelier bf GRIw&ONAECt s to an
exterior profile on the tree. After renoval of the internal tree cap, an

i nner i ser secoh@ Sy Anifthd passaie’ekRGdOrolbb Blteri¥¥ pdrt DRIiHG chi'hboiah the
outer riser and stabbed into the tubing hanger to comunicate with' the
interior of oFbg §ELBGS Ehep{u%ﬂ'fécﬁén%r ts&%ng& ﬂ-m? line is connected to the

external port for delivery of fluids to and from the tubing annulus. Both the

first and second tubing annnlus passages in the tree have hydraulically

controlled valves for opening and closing the tubing annulus passage. A

internal tree cap is typically installed in the bore of the free above the tubing

hanger.

The upper end of the second tubing annulus passage may join the bore
of the tree between the tubing hanger and the internal tree cap, or it may lead
into the iree bore above the internal tree cap. The junction of the second tubing
annulus-passage with the tree bore allow;s communication with a riser during
installation and workover. Normally, the riser conneets to an exterior profile
on the free. After removal of the internal free cap, an inner riser, such as a drill

' stng or tubing, will be run through the outer riser and stabbed into the tubing
hanger to communicate with'#he interior of the string of production tubing. The
' tubing anmulus passage communicates with the annular space in the iree bofe

sutrounding the inner riser. A choke and kill line alongside the outer riser



t ubi ng annul us passage communi cates wi th the annul ar space in
surrounding the inner riser. A choke and kill |ine al ongside thgﬁéﬁlﬁgg 86

riser 2 25 JANUARY 2006 normal |y provides a flow path fromthe surface
platformto the annular space in the tree bore. To neet safety
requirenents, two safety barriers are required for each passage in a
wel | head assenbly that may be under pre ssure. For the tubing hanger
production passage, a renovable plug is installed in the axial passage of
t he tubi ng hanger above the | ateral passage to provide one safety barrier.

In the pri %nﬁéﬂ M,mega' &Cv#Qﬁﬁ‘aﬁiﬁfe@%&éﬂ@tf&%t&ﬂl@%ﬁﬂﬁr§ﬂa€eﬁ1‘300“d

safety barrier. | e wor an Internal tree cap requires a | arge seal
that is fai .rﬂéé/ eg(g_enm ve. Also, if the second tubing annul us passage | eads
into the bof¥ ¥&HEYE the internal tree cap, there would be only one safety
barrier in the tubing annulus above the |ateral production port If gas is

being injected ipto the xternal ort of t ubi.n gas I|ft
pur poses, a good% FEestisafe %Wmﬁﬁuﬁ%sﬁtﬁwe%ﬁ W@%%F%ﬁ’feﬂ ot %%clhrl er.
pat ent application GB 2346630 di scl oses two renovabl e plugs | n__the tub| ng
hanger abov passage neewellhopd asseably that rappbe plapresry Forihs 89ing second
safety barrier, elimnating the need for an internal tree cap that seals.
The patent aaﬂgdrwdmnodpmhgrs esemovaldd pingiis instatied irethd sixial passageeofspace
bet ween

the tubing hanger above the lateral passage to provide one safety barrier. In the

prior art, typically the internal tree cap provided the second safety barrier.

While workable, an internal tree cap requires a large seal that is firly

expensive. Also, if the second tubing annulus passage leads into the bore

above the internal tree cap, there would be only one safety barrier in the tubing

amnulus above the lateral production port. If gas is being injected into the

external port of the tubing anmulus for gas lift purposes, a good practice would

require an additional safety barrier.

U.K. patent application GB 2346630 discloses two removable plugs in
the tubing hanger above the lateral passage. The upper plug could comprise a
second safety barrier, eliminating the need for an iﬁtemal tree cap that seals.
The patent application discloses a test port that leads from the space beiween

the plugs for monitoring leakage past the lower plug.

Summary of the Invenfion

The wellhead assembly of this invention has a production tree or

wellhead with a bore into which a tubing hanger lands and is sealed by a tubing
3



the plugs for nmonitoring | eakage past the |ower plug. Sunmary
| nvention The wel | head assenbly of this invention has a producﬁa‘%m]{&mﬁ

wel | head with a bore into which a tubing hanger lands and is sealed by a
tubing 3 25 JANUARY 2006 hanger seal. A first portion of a tubing annul us
passage extends upward through the tree to an exterior port. The port is
adapted to be connected to a source of gas for injection into the tubing
annul us. A second portion of the tubing annul us passage extends upward
fromthe exterior port into the bore of the tree. Avalve is located in

the first prtiono t ers are

| ocated in tHBELeEEHd %a@ésg ngﬁdy%ﬁ?\oﬁﬁggﬁ gta%;ﬁ@%ar” er?pfor t he
exterior port if used to inject | east he clo menbers is
a val ve, prdhoughthe wpeiq MﬁteaﬁépoﬂTﬁ&lﬂ %FB@%F%E’ %‘?%;te 2 r enovabl e
plug in one enbodi nent. The pl ug extends into the portlon of the second

t ubi ng annulmgrqgaﬁwgéommﬁﬁlqntH@\ﬂ?@r@bmgmm%ﬁe Asgeondt prytinm el

accessi ble by an ROV through a corrosion cap that |ands on the production

tree. Alternabiggwnntlne puppge extendsupsvaré fiven thregxtériorgpostintce the ke 0Bl ve t hat
Is located in an axial portion of the second tubing annul us passage within

t hf si devalthe ghe! REvAINES: [GRALESh thd Arsopertivontufdheaiting afinfuspdswagel s a check
val ve
Two clostre members are located in the second passage, providing two safety

barriers for the exterior port if used to inject gas.

At least one of the closure members is a valve, preferably the lower one.
The upper closure member is a renovable plug in one embodiment. The plug
extends into the portion of the second tubing annulus passage where it enfers
the bore. The plug may be accessible by an ROV through a corrosion cap that

Jands on the production free.

Alternately, the upper closure member may be a shuttle type valve that
is located in an axial portion of the second tubing annulus passage within the
sidewall of the tree mandrel. In one embodiment, this valve is a check valve
that is biased upward to a closed position. In the closed position, a stem of the
valve protrudes above a rim of the production tree. When a riser connector
lands on and commects to the tree, the riser counector will move the stem

downward, opening the second tubing annulus passage into the bore of the free.

The internal tree cap may be eliminated as a second safety barrier for the
production passage in the tubing hanger. The second safety bamier could be

4




that is biased upward to a closed position. In the closed positLqn
of the, valve protrudes above a rimof the production tree. WE%SQW%%&%%G

connector |ands on and connects to the tree, the riser connector will nove
the stem downward, opening the second tubing annul us passage into the bore
of the tree. The internal tree cap may be elimnated as a second safety
barrier for the production passage in the tubing hanger. The second safety
barrier could be 4 25 JANUARY 2006 provided by a renovable plug located in
t he axi al passage of the tubing hanger. Venting is provided by a vent

passage that_Je tQ an _exterior, o e j n - 1At | Nng passage
extends thr &faﬁﬁ%ﬁgy tartgémg%%c}e %%18%&¢%g9we%swl%a%§ %51%64%81?495% ubi ng
hanger. |f si red, a secondary | ocking meghani sm may be nt ed above the
tubing hangeY SHEPESiSPRREcE Y e PHHRRE A USBE 10178 PUBIHPIHARGUNDE n t he
event the tubing hanger primary | ockdown fails. The secondary | ockdown
woul d not r diprigere Antpatiegpasshae exicads Hyouah thadrasond wates fath fheeventhe
secondary |ockdown nmay al so be utilized to connect with a snall dianeter
Wi reline rigesagebf¢hetubidlsibaggdrl ser engages a neck on the secondary
| ockdown and has a stinger that extends into sealing engagenent with the
axi al passage in the tubing hanger. Brief Description of Draw ngs
If desired, a secondary locking mechanism may be mounted above the

tubing hanger to prevent an upward movement of the tubing hanger in the

event the fubing hanger primary lockdown fails. The secondary lockdown

would not require any seals for sealing to the bore of the tres. The secondary

lockdown may also be utilized to connect with a small diameter wireline riser.

The wireline riser engages a neck on the secondary lockdown and has a stinger

- that extends into sealing engagement with the axial passage in the tubing

hanger.

Brief Description of Drawings

Figure 1 is an entarged sectional view of a horizontal tree in accordance

- with this invention with only one-half of an internal tree cap shown.

Figure 2 is an enlarged sectional view of a central poriion of the

horizontal tree of Figure 1.

Figure 3 is en cnlarged sectional view of the horizontal tree of Figwre 1,

showing a riser engaging a secondary lockdown to enable wireline access.




Figure 1 is an enlarged sectional view of a horizontal tree in g&ﬁﬁa
wth this invention with only one-half of an internal tree cangﬁ gu?%%oos
Figure 2 is an enlarged sectional view of a central portion of the
horizontal tree of Figure 1. Figure 3 is en enlarged sectional view of the
hori zontal tree of Figure 1, showing a riser engaging a secondary | ockdown
to enable wreline access. 5 25 JANUARY 2006 Figure 4 is another enbodi nent
of a horizontal tree constructed in accordance with this invention. Figure

5 is an enlarged sectional view of an upper portion of another enbodi nent

of a tree in accqrig@ece iWdhbitkPicmbodithstitl ONa IsdiRehial tFeel eiRHARLE inPl UY as a
second safety barrier for the second tubing annulus passage. Figure 6 is an

enl arged parti ' . V] f still another enbodinent of a tree in
accor dance V\%cfﬁéﬁaﬁﬁ?eg&?tﬁ\%%fnwg'ni, I{s'?howi ng a check valve in the upper end of
t he second tubi ng annul us passage. Detail ed Description of the Preferred
Enbodi nent of the.Present . Lnv I.on: Re | n | - P Lon tree
11 is of a type %n%uvﬁﬁ%glss o ﬁ@?&%ﬁ%ﬁ# ?Eeeé% Ogﬁ%%\ﬁglﬁgpm&l}o 1e1ed"fozlglsl&:%’ged

br oadl herein to include other variations.aof tubul.ar .nenbers qr, wel | heads
| ocat e)d/ at tqli%b‘ﬁig‘i&@?t treg };Dc MreotEnee “‘T‘ﬁe‘gﬁg%e“t“’n’ showitlg a Temovable

plug as a second safety barrier for the second tubing annulus passage.

Figure 6 is an enlarged pariial sectional view of still another
‘embodiment of a tree in accordance with this invention, showing a check valve

in the upper end of the second tubing annulus passage.

Detailed Description of the Preferred Embodiment of the Present

Invention

Referring to Fig. 1, production tree 11 is of a type k:-nown as a horizontal
tree. The word “tree” is used broadly herein to include other variations of
tubular membets or wellbeads located at the upper end of the well. The word
“irec™ is meant to also encompass a wellhead meruber through which at least
some of the drilling may ocour, which has a tubing hanger landed therein, and a
lateral production flow passage. In this embodiment, tree 11 is mounted to 2
wellhead housing (not shown) and is typically installed after the well has been
drilled and cased. Tree 11 has a vertical or axial tree bore 13 extending
completely through it. The upper portion of tree 11 is a cylindrical member or
mandrel 14 with a set of grooves 15 located on the extenior for comnection to a

drilling riser (not shown).




"tree" is nmeant to al so enconpass a wel | head nenber through whi | east
some of the drilling may occur, which has a tubing hanger Iand%égéﬁé#%§§?006
and a lateral production flow passage. In this enbodinent, tree 11 is
nounted to a well head housing (not shown) and is typically installed after
the well has been drilled and cased. Tree 11 has a vertical or axial tree
bore 13 extending conpletely through it. The upper portion of tree 11 is a
cylindrical nenber or nandrel 14 with a set of grooves 15 |ocated on the
exterior for connection to a drilling riser (not shown) 6 25 JANUARY 2006

A renovabl e corr oS8R iR P%e@étgzaﬁh-{sﬁ%@@?gﬁ%%gédS,Ed of

tree 11 after the riser 1s renpbve ever ooves 15
to secure qorrosion.cap assenbly,17 to,tree,11. ~Although corrogsion cap 17
i s not sealctg':(f ﬁoaf??éﬁc %ﬁr 1§ 5‘?’“%%#@@?0"5&?% el%?’ief')}é(‘fﬁﬁarﬁig g’é"c\?’éﬁﬁg ¥par at us
18 may be nounted to corrosion cap 17 to prevent any pressure, buil dup

prior to relSESYFE Fgrosian spp aspembly Libfogeenbh gAlthaegieemstopionicapdfdis oh bore 13
and is secured to tree 11. by a tubing | ockdown rmechani sm 23. Lockdown

mechani sm 23ecaled [tades H, fhoeifdtyya mmhially ropeteb®b vemhipphrahs [8Ishgdbout war d by
a central cam nmenber 27. Split ring 25 has a grooved profile for engagi ng

mating gr oovAsurits fof RErodn&add 7 to prcteAPAIShredslrd Bl dp it SeleRid) i tS

upper end for engagenent by a running
lever 19,

A tubing hanger assembly 21 lands in bore 13 and is secured to tree 11

by a tubing lfockdown mechanism 23. Lockdown mechanism 23 includes a
lockdown split ring 25, which is pushed outward by a central cam member 27.
Splitring 25 has a grooved profile for engaging mating grooves in tree bore 13,

- Cam member 27 has a profile 29 on its upper end for engagement by a ruming
tool. Cam member 27 moves between a lower locked position shown and an
upper released position, freeing split ring 25 to retract. A retainer 31 secures to

the upper end of tubing hanger asserably 21 to retain cam member 27.

In the configuration shown in the right half of Figure 1, tubing hanger
assembly 21 is also secured against upward movement by a secondary tubing
hanger lockdown assembly 33 that is actuated in the same meanner as the
primary lockdown 23. Secondary lockdown assembly 33 includes a body 32,
which has an extended shoulder that lands on a2 shoulder in bore 13. Neither
body 32 nor any other portion of lockdown assembly 33 is sealed in bore 13.

Body 32 carries a cam sleeve 34 and a split ring 36. Split ring 36 engages a




tool . Cam nenber 27 noves between a | ower | ocked position showp
upper released position, freeing split ring 25 to retract. A r@?jﬁﬁgﬁ4%¥20m5
secures to the upper end of tubing hanger assenbly 21 to retain cam nenber
27. In the configuration shown in the right half of Figure 1, tubing hanger
assenbly 21 is al so secured agai nst upward novenent by a secondary tubing
hanger | ockdown assenbly 33 that is actuated in the sane nanner as the
primary | ockdown 23. Secondary | ockdown assenbly 33 includes a body 32,

whi ch has an extended shoul der that |ands on a shoulder in bore 13. Neither

body 32 : os
5% 5 Lo s mmeL sipslian e I I

Body 32 carries a cam sl eeve 34 and engages
a 7 25 JANU 6 0 f|| rel when. ams eeye 34 is noved
downwar d. An XI %8&5 Ykgg %&g thf‘o ?B%I)}S g X’?‘?%ﬂ?@% oBhEs rigidly
nount ed on the pwar d . ext endi ng neck of body 32, defining an exterior
profile for WH % ’é‘i?#o%fn defipingseemeroraofile g)ﬁtﬂl‘%)ﬁ@ﬁ as

indicated in the left side of F| gure 1. Referring to Fig. 1, a string of
product i on t3¢sondargFoekdosmdassémbin 31N opfionakragendigdied hncnh:gteﬂ fide oéisi ng
hangers (not shown) into the well for the flow of production fluid.
Production tEkinegl.35 conmmuni cates with a vertical passage 37 extending
conpl etely through tubi ng hanger 21. A lateral production flow

Referring to Fig. 1, a string of production tubing 35 extends from tubing
hanger 21 through the casing hangers (not shown) into the well for the flow of
production fluid. Production tubing 35 cormmnicates with a vertical passage
37 extending completely through tubing hanger 21. A lateral production flow
passage 39 cxtends generally horizontally through tubing hanger 21 from

.. vertical passage 37 and aligns with a tree lateral passage 40. A tree valve 41
controls flow through production passage 40. Tubing hanger assembly 21 has
an upper seal 43 located above lateral passage 39 and a lower seal 45 located
below lateral passage 39. Seals 43 and 45 extend circumferentially around

| tubing hanger 21 and seal to bore 13 of tree 11.

Refer to Fig. 2, tubing hanger assembly 21 contains a two crown plug
assornblies 47, 49 installed above lateral passage 39, Crown plug assemblies
47, 49 provide two safety barmriers for tubing hanger axial passage 37. Crown
plug assemblies 47, 49 are run by wircline, coiled tubing, or drill pipe, are
commercially available, and insert into tubing hanger asscmblyr passage 37. A

crown plv.ig vent passage 65 in tubing hanger assembly 21 has one end that




passage 39 extends generally horizontally through tubing hanger from
vertical passage 37 and aligns with a tree |ateral passage 40.2§3$P@%U%gﬁ9@6
41 controls flow through production passage 40. Tubi ng hanger assenbly 21
has an upper seal 43 | ocated above | ateral passage 39 and a | ower seal 45

| ocated below | ateral passage 39. Seals 43 and 45 extend circunferentially
around tubing hanger 21 and seal to bore 13 of tree 11. Refer to Fig. 2,

t ubi ng hanger assenbly 21 contains a two crown plug assenblies 47, 49

i nstal |l ed above | ateral passage 39. Crown plug assenblies 47, 49 provide

two safety | | SRR AL %qg;e 7 x7. 03 g

assenbl i es %f&rﬂgsz?%ﬂa{rn&tﬁf’%ﬁ% reli ne?&ié%riakg tubi r’l3§ éfe%?%f‘g"g‘#%e, are
commerci al | y_avai | abl nd jnsert .into .tubi ng hanger .assenbl assage 37.
A crown pl L?é%?@ﬁh%’?@@&@"@“%‘é t'iﬁﬂng barse %a‘fgg"é‘r e’&%‘%‘g‘nﬁhﬁ“ﬁ H?éé"rgﬂ end t hat
8 25 JANUARY, 2006 e }ers t ubj ng hanger passage 37 between crown plugs 47,
49. Vent padhagde eb bl hanger 241 | \ent masiage 60 dpmigatsa iy apopiithel an
exterior spherical portion of the side wall of tubing hanger 21. Vent
passage 65 tentainsas ewetph sealp®i tthathaky ontmitiusted aeshdwsdat UG Pdiat may be

constructed as shown in U S Pat. 5,865,6250. Qther types of seals may be
used, and i 15,865,2500 (BEGERbésadf AR mEEBE useSHAUE ihott @6EAR HRt Yo

spherical l|ateral portion of tubing hanger 21. The preferred netal seal 67

i's a cylindphgabe 88 TRRAINSRYHER Sphé&fthl YardfRHPs:8itn 'of 46RE hanger 21. The
preferred metal seal 67 is a cylindrical member coﬁcentrically mounted in vent
passage 65 for sealingly engaging tree bore 13 around a mating vent passage 717
in tree 11. Metal seal 67 has a check valve that opens oﬁce engagement is
made. When upper crown plug assembly 47 is being installed, fluid rapped
between lower crown phig assembly 49 and upper crown plug assembly 47
may flow out crown plug vent passage 65, through lateral scal 67, and info tree
passage 71. Tree passage 71 leads from the exterior of tree 11 to the control
systemn for tree 11 and also may be used for applying test pressure fo crown
plug assémblies 47, 49. Tubing hanger asscmbly 21 has an upper gallery seal
79 extending around it abové lateral seal 67. Lower gallery seal 43 is located
below lateral seal 67. Seals 79 and 43 extend arcund tubing hanger 21 and seal

to bore 13 of tree 11.

A tubing annulus 89 surrounds tubing 35 between tubing 35 and the
smallest diameter string of casing (mot shown). Tubing annulus ‘29

communicates with a lower or first annulus passage 91 that extends from tree

bore 13 through the wall of tree 11 below tubing hanger seal 45. The lower
-




passage 65 for sealingly engaging tree bore 13 around a mating n

71 in tree 11. Metal seat 67 has a check val ve that opens onc%giﬁég8§§§3586
is mnade. When upper crown plug assenbly 47 is being installed, fluid
trapped between |ower crown plug assenbly 49 and upper crown plug assenbly
47 may flow out crown plug vent passage 65, through |ateral seal 67, and
into tree passage 71. Tree passage 71 leads fromthe exterior of tree 11
to the control systemfor tree 11 and al so may be used for applying test
pressure to crowmn plug assenblies 47, 49. Tubing hanger assenbly 21 has an
upper gal | eryumbal passFet @mshagcaeowil 4 secahd or uppereamaiilus gassagy 95 Lower
gallery seal 43 is located below lateral seal 67. Seals 79 and 43 extend

ar ound t ubi ig.PaRGSTs Blo 888b6RA3 aldvogbimg Kanglr 4csP99.L1An bettaikl parannul us
S u

89 surround I ng 35 between tubing 35 and the snallest dianeter string
of casing (n . ' Badnb Snieldhnd thiguer or
first annul ugdopgaggya%%d%§yﬁh§?13§[bgh§§ a?r?%errﬁ@r ee ﬁg%sg If3 E{t hrougﬁﬂghe wal |

of tree 11 bel ow tubin nger., se 45. . The | ower . 9 JANUARY, 2006 annul us
passage 91 c ilb‘é%”&gs &f’t%?§e§@%%aﬁkgﬁvﬁbg?seﬁjﬁ?%?%?Oﬁsagé{acé)gta%a t hat
extends into tree bore 13 above tubing hanger seal 79. An external port

100 on the stedb this ampeprepgury fronp guhing 2pnuluh 89 jcoperyeatest 1g beret13RY second

tubi ng annul us passages 91, 95. Secondary | ockdown assenbly 33 does not
contain a  upper annulus passage 95 would conmmunicate with the entre portion of the

tree bore 13 above seal 79 and upper crown plug 47. A hydrauvlically actuated
valve 99 is located in lower annulus passage 91, and a pair of hydraulically

actuated valves 101 in series are located in upper annulus passage 95 in this

embodiment.

External pdrt 100 leads to a flow line having an external valve 102. A
gas source 104, such as a tank of compressed gas at the surface platform, may
be commected to valve 102. The gas may be of a varjety of types that are used
for stimulating prociuction by injecﬁng the; gas into tubing annulus 89. One typé
of gas utilized is nitrogen. When tubing annulus valves 101 m upper tubing
annulus passage 95 are closed and valves 99 and 102 open, the gas flows
through lower tubing annulus passage 91 info tubing annulus 89. Valves 101

provide two separate safety pressure barriers while pressure exists at port 100

and in tubing annulus. 8§9.

Lateral ports 103 (only one shown) extend through tubing hanger 21 to

conmpunicate hydraulic fluid pressure from the exierior of tree 11 to a

10



seal, thus any pressure from tubing annulus 89 comuni cated to r 3
upper annul us passage 95 woul d comunicate with the entire por%$8ﬁ§G§&$ﬁé006
tree bore 13 above =1 79 and upper crown plug 47. A hydraulically actuated
valve 99 is located in | ower annulus passage 91, and a pair of

hydraulically actuated valves 101 in series are |ocated in upper annul us
passage 95 in this enbodinment. External port 100 leads to a flow line

havi ng an external valve 102. A gas source 104, such as a tank of .
conpressed gas at the surface platform may be connected to valve 102. The

gas may be QlhowahYRS dafity vilve (Mi@howhiRndfe detieding fhnids fomathat puigoser oduct i on
by injecting the gas into tubing annulus 89. One type of gas utilized is

ni trogen. -Lbi r]ﬂ,@laqﬁ, V-1F 4 108 LpRAL fdik 180 8bysh, passage
95 are cl o\s/\ye}g[a%lﬁgg\]/agﬂ%%s aﬁﬁ%gﬁgpgn, t he gas flomﬂrg’gtthr oug‘!rlghl ower

t ubi ng annul us passage 91.in t ubi ng..annu | provi de two
separ at e saﬁﬁh‘i}ggﬁlégfga?sgﬂ‘l?@r#f@f§°%%§“g‘%Q‘??B?@h%%?%%?ﬁi%mt 100 and in
tubi ng annulus 89. Lateral ports 103 (only one shown) extend through tubing
hanger 21 to co icate hydrau]ic flujd pressure fromthe terior of tree
11 to a 10 25 J%‘F’%ﬁgéﬁaﬁh&?@f’% 1o, AREL | ewfﬂ&?snbﬁ%b\ﬂ@%ﬁﬁm?or
delivering fluids for other purpose. A tubing hanger hydrauljc fluid
passage 105 cesadethisoperaton lpwets tieg3l &t onte thgnwellhead housing (not shown). Tree

11 will normally be lowered on a drilling riser (not shown) that connects to
grooves 15 of tree mandrel 14. The operator then may install preduction tubing
35. Tubing hanger assembly 21 lands in bore 13 with its lateral passage 39
aligning with tree lateral passage 40. Tubing hanger lockdown mechanism 23
locks tubing hanger assembly 21 to tree 11. Vent passages 65, 71 register
sealingly.;with each other. Access to tubing annujus 89 is Qrovided through the

upper end of free bore 13, and passages 95, 91.

Once tubing hanger 21 is installed and tested, lower crown plug
assembly 49 may then be installed with 2 wireline fool. Upper orown plug
assembly 47 will thf:;ll be installed with a wireline t_ml in tubing hanger
asserbly 21, Fluid trapped between lower crown plug assembly 49 and upper
crown plug assembly 47 may flow out vent passage 65 into tree passage 71.
The operator may test plug 49 by applying test pressure through vent passages
71 and 65. Secondary lockdown 33, if used, may be installed either before or
after the installation of crown plugs 47, 49. I installed, preferably the upper

end of secondary lockdown 33 is substantially finsh with or lower than the
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t ubi ng hanger assenbly 21 for connection to the downhol e saf et X
Refer to Figs- 1 and 2, in operation, after the well has been %?‘r"ﬂ"i@*%ﬁ&““ﬁ
cased, the operator lowers tree 11 onto the well head housi ng (not shown).
Tree 11 will normally be lowered on a drilling riser (not shown) that
connects to grooves 15 of tree mandrel 14. The operator then may install
production tubing 35. Tubing hanger assenbly 21 lands in bore 13 with its

| at eral passage 39 aligning with tree |ateral passage 40. Tubi ng hanger

| ockdown mechani sm 23 | ocks tubing hanger assenbly 21 to tree 11. Vent
passages 65npper endgifdresrmargisell §4n hg dvifling risse ﬁladtb?é%IISCOA@%Cé@%ﬁP@ wefi ng
annulus 89 is provided through the wupper end of tree bore 13, and passages
95, 91. OncdltisldiregmoladgaTordkicnscapnkt & losdrathdn tadiiceahd seowred formesn pl ug
assenbly 49 may then be installed with a wireline tool. Upper crown plug

assenbly 47 nﬂnlhxte_l 18R ehd ASisBInkbE 61 ¥h ROV Wellglrbdietioaal tirbugt/Birsral hanger
assenbly 21. urd trapped between | ower crown plug assenbly 49 and upper

crown plug ass | Yo 4 fl. u t. ' t Lee sage 71.
The oper at opaﬁgggt%%t%prﬁésﬁ%fghgp‘#yl nléc' ges%gg)f’gtg!sdgpfgS{nhéousg vent
passages 7 nd_ 65. Secondary | ockdqown 33, . f used, i all ed

ei t her bef o&@ioffgaéf’%@?tl?rhg ’1‘%&&? ; Weﬁﬂﬁ%ﬁgﬂ“ﬁ@gxgﬁeﬁga{ i
install ed, preferably the upper end of secondary | ockdown 33 is
substanti al hotddededh with or |ower than the 11 '

For a workover operation in which tubing 35 needs fo be puiled, a
drilling riser can be employed. After removal of corrosion cap assembly 17, the
operator installs a drilling riser onfo tree mandrel 14 by connecting it to
grooves 15, the drilling riser having a blowout preventer (not shown). The
operator may circulate a kill fluid to kill the well. To da so, the operafor
installs an inner riser string or conduit that stabs into the upper end of passage
37 of tubing hanger assembly 21 above crown plugs 47, 49. I secondaty
lockdown 33 is used, it may be removed first, or the operator could connect the
inner riser string to secondary lockdown 33 and stab into tubing hanger 21 with
a stinger as suggested in Figure 3. Pipe rams (not shown) in the drilling riser
are closed around the inmer riser string. With both tubing annulus valves 101
open, upper tubing armulus passage 95 now communicates with an annulus
surrounding the inner riser, which in tum communicates with choke and kill

lines leading alongside the drilling riser back to the platform.
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25 JANUARY 2006 upper end of tree mandrel 14. The drilling riser b
di sconpected fromtree 11 and renoved. Corrosion cap 17 is Ioiégggﬁgﬁﬁgznﬂﬁ
line and secured to tree mandrel 14 with the assistance of an ROV. Wl
production is through | ateral passages 39, 40. Gas injection, if used, is

t hrough port 100 from gas source 104. If gas injection is not to be used,
one of the tubing annulus valves 101 is not needed. For a workover
operation in which tubing 35 needs to be pulled, a drilling riser can be
enpl oyed. After renoval of corrosion cap assenbly 17, the operator

installs a drillt ' I gt T grooves
15, the drilli ngqﬁlgs({g?&h%arv‘?ﬂigsgﬂﬁgm%%géﬁﬁn@ﬁot SL%%#%% '
oper at or maﬁ clikcul te a kill. lmd'faﬁ Kill h%well. To do so, the
operator i nealiTs OHiFT | Frapereially, agqiiaple, mspntdy VAGIP REGSSEELB@Y i % o t he
upper end of passage 37 of tubing hanger assenbly 21 above crown plugs 47,
49. |f secoRevd Vg crersvblugs vend Raseage 6% The onseatpe will daer prlltlower ¢ he
operator could connect the inner riser string to secondary |ockdown 33 and
stab into tgiwgpheassembly 48 with aawiselinegeol (s othey gostmuicially Evalabls 3. Pi pe
rans (not shown) in the drilling riser are closed around the inner riser
string. Wt hndagi)h A pbit{Bottshdw) St \ird 18%er ¥ad of QMg 35PREI bk Wpieidd @NNUl us
passage 95 now comuni cates with an annulus surrounding the inner riser,
uhich in CUbBrbRIAN Gl fiferit 'd GHRE S5 ibihg dihGfS 37 4Hi fhafRNOST de the
ac e r

drilling riser tot plratfo
done remotely through a hydranlic line or with a wireline tool in 2 conventional

manner. With the production valve 41 closed and lower tubing annulus vaIVer
99 open, the operator can pump down the innet risér, down tubing 35 and back
up tubing annulus 89. The annulus fluid circulates through lower ammulus
passage 91 and vpper annulus passage 95, up free bore 13 and through the

" choke and kill lines to the surface. The circulation could also be inn reverse.

Afier the kill fluid has been placed in the well, the operator may pull
production tubing 35, The operator will lower a drill siring with a munning tool
into engagement with tubing hanger lockdown assembly 23 and retrieve it (if

configured with secondary lockdown assembly 33, removal i$ similar).

Under some circumstances, an operator may wish to achieve wireline or
coiled tubing intervention into tubing 35 (Fig. 1) without killing the well and
without using a drilling riser. Access is achievable with the well under flowing
conditions as shown in Fig. 3. A small dﬁmneter light weight riser 106 has a

connector 107 on its lower end. Because secondary lockdown 33 is located

13



12 25 JANUARY 2006 The operator will pull upper crown plug as
wth a wireline tool (or other commercially avail abl e neans). %@%RYZO%

pressure nay be relieved via crown plug vent passage 65. The operator wll
then pull lower crown plug assenbly 49 with a wireline tool (or other
commercially available neans). A port (not shown) at the | ower end of
tubing 35 will be opened to comunicate the interior of tubing 35 with
tubi ng annulus 89. This may be done renotely through a hydraulic line or
with a wireline tool in a conventional manner. Wth the production valve

41 cl osed awithl pyveippet ehd Guenaitlally fradhveith AeeopRRdrel Niet, Qi@ d0grandan punp
down the inner riser, down tublng 35 and back up tublng annul us 89. The

annulus flu '%héﬁf'l:&{rﬁéto}lﬁ "&?“’?ﬁy Aletanr dper

annul us pasg%le 95, up tree ggfﬁ gt% t he choke and ktfbltel lines to
t he surfac g C rcul Id al so, be ey After t kKill fluid
has been pﬁ&%rggl nbf’ Il%l? l?lh %%?W#E% %IS ?ﬂ’jo ?’e(ﬂ{nﬁﬁbl ng 35.
The operator will logwer a drjill string V\ntharunnlngtool i nt o engagenent
Wi th tubi ngloreRiEentionat 4iire bagermpingsodnd retrieve it (if configured

with secondary |oekdown assenbly 33, renoval is simlar). Under some
circunst ances, an operator may wi sh to achieve wireline _qor coiled tubi ng

i ntervention i nteonngsiond02bag F|S§ﬂgq)loﬁnthﬁd’6im@? FhIPH@l {ackdowmn 33 snd

sealingly engages a counterbore 111 in tubing hanger 21. Connector 107 has a
collet 117 that slides over and engages flange or profile 30 on the neck of
secendal_’y lockdown 33. A sleeve 113 is hydmulically moved downward
around collet 117 to lock coliet 117 to flange 30. Connector 107 is shown
landed but not locked to Jockdown 33. Other types of commectors 107 are

' wotkable.

The operator can then use a wireline tool fo engage upper crown plug
asscﬁbly 47. The operator will retrieve both upper and lower crown plug
assemblies 47, 49, in a conventional manner to perform the wireline or coiled

. tubing intervention. Upper and lower crown plug assemblies 47, 49 may be
reinstalled conventionally. Crown plug vent circuit 65 (Fig. 1} avoids hydrautic

lock when landing upper crown plug assembly 47.

Figure 4 shows another embodiment of the invention, including a tree
125 having a tree mandrel 126 on its upper end and a tubing hanger 127 located

within its bore 129. Tubing hanger 127 has a lateral production passage 131 as
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wi thout using a drilling riser. Access is achievable wth the mgél under
flowing conditions as shown in Fig. 3. A small dianeter Iight2 ﬁB“PUR¥§@96
106 has a connector 107 on its | ower end. Because secondary | ockdown 33 is
| ocated 13 25 JANUARY 2006 with its upper end substantially flush with tree
mandrel 14, riser 106 and portions of connector 107 may have dianeters
greater than the dianeter of tree bore 13. Connector 107 |ands on
secondary | ockdown 33 and nmay be simlar to a conventional tubing hanger
runni ng tool. Connector 107 has a stinger 109 that extends through | ockdown

33 and sealjagl @%ﬁﬁﬁﬁ“ cauit e bl él%‘,} T lggm)é%@eﬁmrﬂl@é( Connect or
107 has a é:doﬁgé)%ﬂw?l t hat&é'l %gégsgover @‘én gngages fl'ange or pr (;?]i |l e 30 on
t he neck of _seco r ockdown ) sl,eeve 113 |.s hvdraulically noved
downward  aPBliRe’ Egﬁa?%@”f% a{’%erllgi’km@(?f lfh@f’ R gatas Ieﬁi’é)gngﬁdts‘@nnect or 107
I's shown |anded but not |ocked to | ockdown 33. Ot her types of connectors
107 are workable. .The operator,.can then use a.wireline ool to engage
upper crown pl UQXH&QEEW& F7p l?rcﬁe‘s (?B@i%i‘fegr 5 @ g?‘i"ﬁnggé:asogt per and
| ower crown plu assenblies 47, 49, in a caonventiqgnal manner tg perform.
the wirel i neafely bastierte Plughi3g Iniermal e pam 130)3p docksd dn| terieborer188n pl ug
assenblies 47, 49 may be reinstalled conventionally. Crown plug vent
circuit 65 &bavg.tulinghengedd2fyod sasladdby a seal 137. Tree cap 135 may be a solid

member or it may have an axial passage 139, as shown. In the embodiment

shovwn, tree cap 135 may be the same as secondary lockdown 33 (Fig. 1) except

that it has it is sealed to tree bore 129 by seal 137. A reftrievable plug 141 is

sealingly landed within passage 139 of tree cap 135. To avoid hydranlic lock

while installing tree cap 135 while containing plug 141, a vent port 142 leads

~ from tubing hanger axial passage 134 above plug 133 to a seal 144 on the side

wall of tubing hanger 127. Seal 144 has a check valve and may be the same as

seal 67 of Figure 1. Seal 144 engages tree bore 129 and connects vent port 142

to a vent port 146 leading through tree 125 to the exterior. Vent port 142 also

avoids hydraulic lock while landing plug 141 in previously installed intemal

tree cap 135. Furthermore, vent port 142 enables pressure testing of primary |

crown plug 133,

Tubing annulus 143 commumnicates with a lower or first passage 145 that
leads upward in the body of tree 125 to a port 149 on the exterior. First tubing
annulus passage 145 has a hydraulically actuated valve 147 therein. A second

or upper tubing annulus passage 151 joins first passage 145 at port 149 and
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| ock when | andi ng upper crown plug assenbly 47. Figure 4 shows_another
enbodi prent of the invention, including a tree 125 having a t r s TANHARY 2006
126 on its upper end and a tubing hanger 127 located wthin its bore 129.
Tubi ng hanger 127 has a |l ateral production passage 131 as 14 25 JANUARY
2006 in the other enmbodinment. A single retrievable plug 133 |locates within
the axi al passage 134 of tubing hanger 127, rather than two as in the

enbodi ments. An internal tree cap 135 is enployed in this enbodi nent as a
second safety barrier to plug 133. Internal tree cap 135 is locked in tree

bor'e 129 abpygs LpRirAOWABRIRE: 123, andd5e /MBI SRBhd ¥ifing HRBsap 135

may be a solid nenber or it may have an axial passage 139, as shown. In

t he enbodi - S . | .ockdown
55 (Flg. 1) DaeesdSt s bRy GRRICKRy Rkcolue 13 s SR 3Mns CCTOTT,
A retrievable ug 141 i sealingly ] anded wi.thin ssage 139 qf. tree cap
350 To- avol GrpiRasEEe 15bER brnbpation s e R deddarfin

contai ning plug 141, a vent port 142 |eads from tubing hanger axi al
passage 134 thpé&ide wallef resmaedrg! %pﬂmvaﬂlmh@m%pﬂﬁeegmell f Wnpst ng hanger
127. Seal 144 has a check valve and may be the sane as seal 67 of Figure

1. Seal 144 pmtiomESS hasaelateealgoit2f itanppeaand diett deads mito pree borkedl29 dhova vent
port 146 |eading through tree 125 to the exterior. Vent port 142 al so

avoi ds lhydr autental hee leapéd] 4 37a0H BaeRbloatid 157 & donawdielisd yxtbrhsl gdit ed
i nterna .
149. A gas source 159 may optionally be connected to valve 157. If a gas
‘source 159 is not to be utilized, one of the valves 153 in second fubing annolus

passage 151 may be omitted.

Aécws from a workover riser to tubing annulus 143 is through iubing
annulus passages 155, 151 and 145. Gas may be injected from gas source 159
in the same manner as in the other embodiments. If so, both valves 15:’: will be
closed to provide dual pressure barrers. Valves 157 and 147 are opened to

flow gas through lower tubing annulus passage 145 into tubing annulus 143,

Figure 5 shows another embodiment of the invention, including a tree
161 that has a mandrel 163 on its upper end with a bore 165. A tubing hanger
assembly 167 is landed and sealed within bore 165 in the same manner as
tubing hanger assembly 21 of Figure 1. Although not shown, a lower or first
tubing annulus passage, such as passage 145 of Figure 4, will lead to an
exterior port, such as port 149 in Figure 4. A second tubing annulus passage

leads from port 149 and has an upper pottion 169 that extends within the
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tree cap 135. Furthernore, vent port 142 enables pressure testing of

primary crown plug 133. Tubi ng annul us 143 communi cates with 5536%H#ABYZOWS
first passage 145 that |eads upward in the body of tree 125 to a port 149
on the exterior. First tubing annulus passage 145 has a hydraulically
actuated valve 147 therein. A second or upper tubing annulus passage 151
joins first passage 145 at port 149 and 15 25 JANUARY 2006 | eads upward
within tree 125. In this enbodi ment, second tubing annulus passage 151 has
two hydraulically actuated valves 153 in series. Second tubing annulus

passage 151 dydindiibatisidisvalicodl mhndie) 1633Par&ﬁ£1 Wit theSRoh SIRGnal M@ SF Mt hin - the
side wall of tree mandrel 126 parallel with an axis of tree bore 129. Upper

portion 155 182 Anhahse'pleap0liko dhads!ss ERBHr°T Sl HEAES 161 Rulif o DOT e

129 above cdp sea Xxternal "va ’i 'S connect ed
to external port . A gas ,source 159 nmay opj.ionally .be cted to

val ve 157. |Rq“ég°8a%t4tg§&li?%e"'ﬂf§‘§’ Hnegg?nelng)pﬁtg Eili' I Rzai@%ﬂd?%tcgﬂ]f val ves
153 in second tubing. annulus, . passage 151 may be omtted. Access froma
wor kover ri JSE9Mithe @i pertigaf nbing snpwus passerm 169 Brtagbora $dl ushgshssages

155, 151 and 145. Gas may be injected fromgas source 159 in the sane
manner as i rdistaecedichew themppdt sed 0E fre¢ 16 .0 Latect] poxtidivEES HA3mvadid thbe

is at an acute angle relative to a plane perpendicular to the'longitﬁdinal axiy of

bore 165.

A plug 175 has a lower end that selectively closes lateral pert 173, and
thus the upper end of tubing annulus passage 169. Plug 175 is removable it
this embodiment and installed by an ROV. Plug 175 has a threaded stem 177

- on its lower end that engages mating threads in lateral port 173, A seal 179 is
located on the lower eqd of plug 175 for sealing plug 175 within I.ateral portiont
173. Plag 175 extends diagonally across tree bore 165 from lateral port 173
and preferably has a length sufficient so that its upper end 180 protrudes above
the upper end of free mandrel 163 in the installed position. Upper end 180,
which is shown schematically, preferably has a profilel for gripping by a
conventional ROV. The length of plug 175 from upper end 180 to threaded
stem 177 s greater than the inner diameter of tree mandrel 163 in thi§

embodiment.

A corrosion cap 181 lands on mandrel 163 and is secured by lock 183l as

in the other embodiments. As in the other embodiments, corrosion cap 181
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closed to provide dual pressure banners. Valves 157 and 147 ar 0]
fl ow gas through | ower tubing annul us passage 145 into tubing zﬁﬁgﬁﬁgggingG
Figure 5 shows anot her enbodi mnent of the invention, including a tree 161
that has a mandrel 163 on its upper end with a bore 165. A tubi ng hanger
assenbly 167 is | anded and sealed within bore 165 in the sanme manner as
tubi ng hanger assenbly 21 of Figure 1. Al though not shown, a |lower or first
t ubi ng annul us passage, such as passage 145 of Figure 4, will lead to an
exterior port, such as port 149 in Figure 4. A second tubing annul us

passage | eddes hopegiahé idkHonod bops 165 fum eiktapidlt préfuld Init Rabvidyd ends
within the 16 25 JANUARY 2006 cylindrical sidewall of nmandrel 163 parall el

with the lo Eﬂt&éﬁynnaaé[aiﬁ%(h& %M&u&ﬁ%ﬂfb&'@ IR a};@ﬂ\n&cfegs}sato the

upper end of rimof Tree 161, "but is ugge the upper e

per manent p 1 A/l ate rt. 173 l.eads, fr he axi al rtion of

t ubi ng annu oﬂ’%hééggé’gp%{ﬁm%%@’ %%éncgmg(ﬂgp{d%%ﬁstp%ﬁg?‘%f) % he upper

end of tree 161. Lateral portion 173 has an axis that is at an_acute angle
rel ative toths loweneidseafsomarionicap 184 4 fhe samrpngleiphinclingiion af tubingre 165. A
plug 175 has a |lower end that selectively closes lateral port 173, and

t hus t he upsenlesphsedgetlaleral gorionl73s (oawsiageaf 81 mlyltavd 2%ey 489 foyovabl e in
this enbodi ment and installed by an ROV. Plug 175 has a threaded stem 177

orienting guide 187 and aperture 185 with tubing annulns lateral port 173. In
this embodiment, permanent plag 171 is instailed slightly below the upper end

of tree mandrel 163, providing a recess 190 for receiving key 189.

So as to provide clearanée for plug 175, the embodiment of Figure 5
does not show a lockdown assembly such as secondary lockdown 33 of Figure
1 or an internal tree cap, such as intemal tree cap 135 of Figure 4. The
} embodiment of Figure 5 would not need two hydraulically actuated valves 153
(Figure 4) because plug 175 serves as a second safety barrier for second tubing
passage 169, Furthetmore, if gas is not to be injected through the external port,
such as port 149 of Figure 4, there would be no need for either of the valves
153 of Figure 4. One safety barrier would be provided by valve 147 in first |
tubing annulus passage 145 and the second safety.barrier would be provided by

plug 175.

In the operation of the embodiment of Figure 5, plug 175 is installed
after the well has been completed and the riser removed. First corrosion cap

181 is installed and oriented with key189 in recess 190, Then, plug 175 is
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on its lower end that engages mating threads in lateral port 1
179 is, located on the |ower end of plug 175 for sealing plug gg‘:’[)A&[fmZOOG

| ateral portion 173. Plug 175 extends diagonally across tree bore 165 from
| ateral port 173 and preferably has a length sufficient so that its upper
end 180 protrudes above the upper end of tree mandrel 163 in the installed
position. Upper end 180, which is shown schematically, preferably has a
profile for gripping by a conventional ROV. The length of plug 175 from
upper end 180 to threaded stem 177 is greater than the inner dianeter of

tree mandr elpadd thivubhiaperngali@sialonpt guids 87 s bifagempnth®ith Iagdbpan mandr el
163 and is specured bﬁhlgck 183 as in the other enbodi nents. As in the

ot her enbodiygnt 8 ﬁhl%ﬁ%p @%g gSeal the

i nterior of pﬁgr é&f&@ﬁ%ﬁtﬁlﬁ?ﬁﬁ %’rge%%%re uﬁ?o(r ovi rot ect i on

agai nst the entrgl(%tFp gg .?3 Corrosion cap 181 has an aperture 185 for the
entry of pl lP&S% alg: éd, an inclined guide 187 may be fornmed on the

| ower side of corrosion cap 181 at the same angle of inclination as tubing

annul us passage Lateral ort| 1 r,0Si Y. key 189
for orienting gh %zﬁlggﬁ(f“ Z@F@%@?’ﬂﬁﬁf%ﬁ%“ﬁvﬁnﬁ dflgglg’lnﬁtaeral por t
173. In this enbodinent, pernmanent pl g 171 Is instal] ed sli gllht |y bel ow
the upper erwse 181 witleemendrst 193 atsbborp 199 Ailagkdeveassegblyd@7rigshavaicei vi ng

key 189.
engaging an internal profile 199 in bore 195. Lockdown assercbly 197 could

be omitted, if desired. The axial upper portion of a tubing apnulus passage 201
extends within the sidewall of mandrel 193 parallel to its axis. A lateral port
203 leads frorn anmulus passage 201 to tree bore 195. The axis of lateral port
203 is at an acute angle relative to a plane perpendicular to the iongitudinal axis

| of bore 195.

The second safety barrier in this instance comprises a shuttle valve 205
that is located in the axial portion of tubing annulus passage 201 near the upper
end of mandrel 193. Valve 205 has an upward protruding stem 207 and a
lower portion with seals 209. While in the upper position, which is shown on
the right side of valve 205, seals 209 will engage and seal agaiust the annulus
passage 201. Both seals 209 seal against tabing annulus passage 201 below the
Jjunction with lateral port 203, thus blocking comnumication between port 203
and the lower portion of tubing annulus passage 201. While in the lower
position, shown on the lefi, seals 209 will locate within an enlarged recess 211

of annulus passage 201. Fluid is allowed to flow around seals 209 while in the
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So as to provide clearance for plug 175, the enbodi nent of Fig
net show a | ockdown assenbly such as secondary | ockdown 33 of g&g&hgﬁ%&ﬂ%

an internal tree cap, such as internal tree cap 135 of Figure 4. The

enbodi ment of Figure 5 would not need two hydraulically actuated val ves 153
(Figure 4) because plug 175 serves as a second safety barrier for second
tubing passage 169. Furthernore, if gas is not to be injected through the
external port, such as port 149 of Figure 4, there would be no need for
either of the valves 153 of Figure 4. One safety barrier would be provided

by valve 147 in first ing C afety

barrier vvoulla EPSF%\?I’U@%R%V %%L#%g&f ?ﬁv&ﬁfbr\?@?lotgn%g g e 1(L,1§nbod| ment
of Figure 5, pl ug 75 |s |nstaII after the vveII has been corrpl eted and
the riser rcs9aEs 208 with latelnoxs ‘cap 181 is installed and oriented with
key189 in recess 190. Then, plug 175 is 18 25 JANUARY 2006 passed through

aperture 185 al on gw de 187 into gagenent th | at eral port 3. The
ROV rotates plug eent betwesn géﬁﬁlgﬁef? qieh ROsHIoNg "JDYRJT’%gejzpassage

| ateral port 173. Flgure 6 shows still another enbodi nent of the invention,
i ncl udi ng a covldebe opdrateditydeaulivallyr, dowe9er praferably ealye 305 As bisssditvihe assenbl y
197 is shown engaging an internal profile 199 in bore 195. Locl cdown
assenbly 197petiblbsed position by a coil spring 213. Stem 207 slides through a passage

219 in a bushiﬁg 215 in tubing annulus passage 201 at the upper end of tree ‘
mandrel 193. Bushing 215 is secured by threads 217 to the upper end of tubing

amnulus passage 201. A seal 221 in passage 219 seals stem 207 to bushing 215.

A corrosion cap 223 fifs over mandrel 193 as in the other embodiments.
Corrosion cap 223, however, has a hole 225 to allow the passage of stem 207
. of valve 205 while if is in the upper closed position. Corrosion cap 223 thus is

oriented while being installed.

Tubing annulus passage 201 leads downward to an extemal port, such as
port 149 of Figure 4. A lower tubing annulus passage, such as passage 145 of
Figure 4, leads from the tubing annulus to the external port. The lower tubing
annulus passage will have a hydraulically actuated vglve, such as ?alve 147 of
Figure 4. If gas injection is desired, the lower portion of upper tubing annulus
passage 201 will preferably have one hydraulically actuated valve, such as
valve 153 (Figure 4). Shutile valve 205 serves as a second closure or safety

batrier when the lower {ubing annulus passage valve, such as valve 147 is
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be omtted, if desired. The axial upper portion of a tubing annul us passa
201 extends within the sidewall of mandrel 193 parallel to i t 45 AN IKYZ(M
| ateral port 203 |eads from annul us passage 201 to tree bore 195. The axis
of lateral port 203 is at an acute angle relative to a plane perpendi cul ar
to the longitudinal axis of bore 195. The second safety barrier in this

I nstance conprises a shuttle valve 205 that is |ocated in the axial

portion of tubing annulus passage 201 near the upper end of mandrel 193.
Val ve 205 has an upward protruding stem 207 and a |ower portion with seals

209. Wi | e i gpenhaf BRPBfecHBSs id hdthe behial) thesvatwoinrthe towdriperticrgll uspade of
val ve 205, seals 209 w || engage and seal against the annulus passage 201.

Both seal s 2&%%&@%5%53 SOPLAN AR i pB TP RAEndte RBhGHY the | unction

with lateral g comuhi cation between port 203 and
the | ower portion of tubing annulus passage 201. Wil e |n t he | ower

posi tion, shown ged
recess 211 of aﬁﬁul{hus ﬂﬁggst%)g 319%1&%&?(111%5}1{ ot 35 g’%)l%ed to Izggv 'g{rﬂogﬁd seal s
209 while in, t 9 25 JANUARY 20 | ower itio communi cat i ng
the | ower po‘lnﬁ B‘Ftht'ﬁ‘[?ﬁ A%\‘ HﬁﬂhF‘h g@ Bhel Paac?/h B2 203. The

movenent between the upper and Iomer 05|t|ons of val ve_ 205
The riser connector (not shown) that connects to tree 191 for lowering it will

engage stem 207 and push valve 205 to the lower position. Consequently,
during the installation and completiont process, tubing annulus passage 201 will
.be open to bore 195 through lateral port 203. Copumunication is achicvable
between the tubing anmulus passage 201 and the surface by means of a choke

and kill line previously discussed.

After the well is complete&, the riser connector is disconnected,
resuiting in spring 213 pushing stem 207 back to the upper closed position.
This closes the upper end of tubing annulus passage 201, providing a safety
barrier. Comrosion cap 223 is installed with hole 225 registering over stem 207,

allowing valve 205 to remain in the upper closed position.

The invention has significant advantages. Gas lift injection may be
performed with dual safety barriers and without the use of an internal tree cap.
Using a plug as a tubing anmulus safety barrier rather than a hydraulically
actuated valve is less expensive. The- plug is removed and installed by an
ROV. Furthermore, the spring biased valve embodiment automatically opens
and closes when engaged by a riser connector. Venting through the wbing
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coul d be operated hydraulically, however preferably valve 205 is _biased to
the wupper closed position by a coil spring 213. Stem 207 sl i dé3’d RFBH%K2806
passage 219 in a bushing 215 in tubi ng annul us passage 201 at the upper end
of tree mandrel 193. Bushing 215 is secured by threads 217 to the upper.
end of tubing annulus passage 201. A seal 221 in passage 219 seals stem
207 to bushing 215. A corrosion cap 223 fits over mandrel 193 as in the

ot her enbodi nents. Corrosion cap 223, however, has a hole 225 to allow the
passage of stem 207 of valve 205 while it is in the upper closed position.
Corrosi on CaangesSidib us vbgt dng&ag@hﬁdlevmé ?r&ﬁﬂé&gaﬁ Rfileativee tay abhwtgd annul us

passage 201 | eads downward to an external port, such as port 149 of Figure

4. A | owner quh&ﬁ qBPHI S ) ‘ ing 4, | eads
fromthe tubi'ng annu uéﬂggggﬁggex e?#g$nb§¥f@£$%gﬁ?%égrq@ﬁﬁ?ng z%%nulus
passage wil | e a hydraulicall ctuated val ve, such ag val ve 147 of
Figure 4. | f*‘%l% b ‘5%1‘1'585‘% aéﬁbté%}af%{é t?ﬁsewle@\/@rﬁrﬁgﬁﬂgoﬁﬁﬁda%g@ra t ubi ng
annul us -passage 201 will preferably have one hydraulically actuated val ve,
such as valW&SBEIISEE| gure 4). Shuttle val ve 205 serves as a second closure
or safety barrier when the | ower tubing annul us passage val ve, such as
valve 147 is 20 25 JANUARY 2006 open.. If gas injection is not to be used,
the val ve in the Wislgcthe gsentiom has begpshewn du kg fémwﬂiwsfomsagwuml (val ve
153 in Figure 4) will not be needed.

be apparent to those skilled in the art that it is not so limited but susceptible to

various changes without departing from the scope of the invention.
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In the operation of the enbodi ment of Figure 6, valve 205 will ?ﬁ
installed with tree 191 prior to lowering tree 191 onto the vef? HAXPARY 2006
housi ng. The riser connector (not shown) that connects to tree 191 for

lowering it will engage stem 207 and push valve 205 to the | ower position.
Consequently, during the installation and conpl etion process, tubing
annul us passage 201 will be open to bore 195 through lateral port 203.
Communi cation is achievable between the tubing annulus passage 201 and the
surface by neans of a choke and kill line previously discussed. After the
well is conpleted, the riser connector is disconnected, resulting in

spring 213 pushing stem 207 back to the upper closed position. This closes
t he upper end of tubing annul us passage 201, providing a safety barrier.
Corrosion cap 223 is installed with hole 225 regi stering over stem 207,

al l owi ng val ve 205 to0 gpin I n the upper closed position. The invention
has significant ad Gas |ift injection nmay be perforned with dua
safety barriers and wi thout the use of an internal tree cap. pl ug

n
as a t ubilng welihend sseafbiy havizg » productahtsee withm mandyel hauing eabarg m;t@ Namhe

valve is | ess expensive. The plug is renoved and installed by an ROV.
Fur t heryBe hafidee 1omlsi & i RaRd bk (ehigshadsdraeil, dw mbbig Balgty adapesdsto bad

cl oses when engaged by a riser connector. Venting through the tubing 21 25
JANUARXO&%Q@d ta & string of tubing, defining a tubmg annnlus, the tubing hanger having an axial
passage with a lateral production port that registers with a lateral production passage in the tree
for the flow of production fivid from the tubing, the improvement comprising:

a first pottion of a tubing annuliis passage extending upward through a portion of the free
from the tubing annulus to an exterior port, the exterior port adapted to be connected to a source
of gas for injection into the tubing annnlus;

a second portion of the tubing annulus passage extending -upward through a portion of
the tree from the exterlor port to the bore of the production tree above the tubing hanger seal;

a lower valve in the first portion of the tubing annulus passage for selectively opening
and closing the first porfion of the tubing annulus passage;

the bote above the tubing hanger seal being free of any additional seals, exposing the
tubing hanger above the tubing hanger seal to ambient pressure that exists extemally of the tree:
and

two closure members located in the second portion of the tubing annwfus passage outside

of the bore of the tree in series with each other, for selectively opening and closing the second

portion of the tubing annulus passage.



hanger into a vent passage in the tree provides an effectlve t o _avoi
hydraul ic | ook and test a crown plug in the tubing hanger. The gééﬁﬂ&ﬁ%VZOOG
| ockdown provides an additional safety as well as providing a landing for a
wireline riser. Wiile the invention has been shown in only a fewof its
forms, it should be apparent to those skilled in the art that it is not so
limted but susceptible to wvarious changes w thout departing fromthe
scope of the invention. 22 25 JANUARY 2006 CLAIMS, 1, In a wellhead
assenbly having a production tree with a mandrel having a bore into which a
t ubi ng hanger lands and is seal ed by a tubing hanger seal, the tubing
hanger adapted to be connected to a string of tubing, defining a tubing
annul us, the tubing hanger having an axial passage with a |ateral
production port that registers with a |ateral production passage in the
tree for the flow of productjon fluid fromthe tubing, the |nprovenent
conpr i - nkpe welfhepdasspoblyiageprdingdo elabn rlgwmmaﬁbaﬁtma:g chepurryneipbis d

t hrough a portion of the tree fromthe tubing annul us to an exterior port,
t he extcempaitesEovdlveadapted to be connected to a source of gas for injection
into the tubing annulus; a second portion of the tubing annul us passage
extendi ng upward through a portion of the tree fromthe exterior port to
the bore of the production tree above the tubing hanger seal; a |ower valve

e of 3 Bk ety WlEor OB T HS R RS B R BTt eBRED 1O

comiprises a removable plug.

4. The wellhead assembly according to claim 1, wherein both of the two closure membets

comprise hydranlically actuated valves.

5. The wellhead assembly according to claim 1, wherein:

the mandte] that extends above the tubing hanger;

the second portion of the tubing annulus passage extends upward within a sidewall of the |
mandre! and enters the bore of the tree adj acent an upper end of the mandrel;

one of the two closure members comprises a hydraulically actuated valve positioned in
the tree near the exterior port; and

the other of the two closure members is mounted near the upper end of the mandrel.

6. The wellhead assembly according to ¢laim 4, wherein the other of the two closure members

moumnted near the upper end of the mandrel comprises an ROV removable plug.
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and closing the first portion of the tubing annulus passage; the _bore above
t he tubi ng hanger seal being free of any additional seals, exp%%?ﬁ@“#ﬂ%Y2006
t ubi ng hanger above the tubi ng hanger seal to anmbient pressure that exists
externally of the tree; and two cl osure nmenbers |ocated in the second
portion of the tubing annul us passage outside of the bore of the tree in
series wwth each other, for selectively opening and cl osing the second
portion of the tubing annul us passage. 23 0 25 JANUARY 2006 2. The wel | head
assenbly according to claim1l1, wherein at |east one of the two cl osure
menbers conprises a valve. 3. The wel | head assenbly according to claim1,
wherein at | east one of the two closure nenbers conprises a renovabl e pl ug.
4. The wel | head assenbly according to claim1l, wherein both of the two :
cl osure nenbers conprise hydraulically actuated val ves. 5. The wel | head
assenbly according to claim1, wherein: the ndr el ﬁhat extends abpve the

t ubi ng ‘hafewelihéad asennahiy apeording to elaim Kewharpinthe alsurlithejwe CHETBARS

upward within a sidewall of the mnmandrel and enters the bore of the tree
adj acenhmafled BRL thelifbedlend lof timehdrel comngised at Bpwhrddbhiadedsiatve themiive rasstem
conprises a hydraulically actuated valve positioned in the tree near the
exteri gf,M0bfadedWBove a rim of the mandre! while the upward biased valve is in a closed position,

the stem adapted to be contacted by a riser comnector to move the upward biased valve

downward to an open position.

8. The wellhead assembly of claim 1, finthet comprising:
a secondary lockdown assembly secured to a profile in the bore of the tree above the tubing
| hanger, the lockdown assembly baving an axial passage therethrough and an upward protruding
peck with an exterior profile on the neck; and -

a riser conneetor selectively coupled o the exterior profile on the neck for providing access

to the axial passage of the tubing hanger.

10. The wellhead assembly of claim 5, wherein:

the upper portion of the tubing anmulus passage has an axial portion parallel to an axis of
the bore and a lateral portion that is inclined upward relative to a plane perpendicular to the axis
of the bore, the lateral portion leading ito the bore; and

the other of the two closure member comprises a temovable plug located within the

lateral pottion.
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the other of the two closure nenbers is nounted near the upper end of the
mandrel. 6. The wel | head assenbly according to claim4, wher ei & FANUAIRYE 2006
of the two cl osure nenbers nounted near the upper end of the mandrel
conprises an ROV renovable plug. 24 0 25 JANUARY 2006 7, The wel | head
assenbly according to claim4 wherein the other of the two closure nenbers
nount ed near the upper end of the mandrel conprises an upward bi ased val ve
that has a stem that protrudes above a rimof the mandrel while the upward
bi ased valve is in, a closed position, the stemadapted to be contacted by
a riser connector to nove the upward biased valve downward to an open
position. 8. The wel |l head assenbly of claim1, further conprising: a
secondary | ockdown assenbly secured to a profile in the bore of the tree
above the tubing hanger, the | ockdown assenbly having an axi al passage

t her et hrou_gl? and an upward Fro.trudi ng neck with an exterior péffile on the
neck; ahd Bhe welllrcad amssmblive m&;ﬁwgpycmwsmftw eapt lepated onEBRPPYE on
the neck for providing access to the axial passage of the tubing hanger.

10. Thendeifltheadndisl dnhdorrosfonalapihaving anpertira and he incliped gyide aligredokith the
t ubi ng annul us passage has an axial portion parallel to an axis of the

bore a(r}gte 1halphaandigkdrtign that is inclined upward relative to a plane
perpendicular to'the axis of the bore, the lateral portion |eading into

the bore; agkﬂﬁﬂxﬁicﬁﬁe?xﬁ%th%ugh%e LYl QR Y15 ST R de SRS aft FRIRUPRLA

plug | ocate

the lateral portion while the corrosion cap remains on the upper end of the mandrel.

12, The wellhead assembly of claim 1, wherein:
the tubing annulus passage has a first portion leading from the tubing annulus to an external
pott, the external port adapted to be connected to a source of injection gas;
a lower end of the upper portion of the tubing annulus passage joins the external port; and
a hydraulically actuated valve is located in the upper portion of the tubing anuulus passage

adjacent the lower end of the upper pottion of the tubing armulus passage.

13, The wellhead assembly of claim 1, further comprising:

a lockdown assembly secured without seals to a profile in the bore of the tree above the
tubing hanger, the lockdown assembly having an axial passage therethrongh and an upward
profruding neck with an exterior profile on the exterior of the neck; and

a riser connector selectively coupled to the exterior profile on the lockdown assembly for

providing workovet access to the axial passage of the tubing hanger,
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| ateral portion. 25 0 25 JANUARY 2006 11. The wel | head assenblx of claim1l
further conprising a corrosion cap |ocated on an upper end of ?Hébﬂ&H%Ywaﬁ
the corrosion cap having an aperture and an inclined guide aligned with the
| ateral portion; and wherein the plug extends through the aperture and
along the guide for insertion and renoval from the |ateral portion while
the corrosion cap renmains on the upper end of the mandrel. 12, The wel | head
assenbly of claim 1, wherein: the tubing annul us passage has a first
portion leading fromthe tubing annulus to an external port, the external
port adapted to be connected to a source of injection gas; a |l ower end of
the upper portion of the tubing annul us passage joins the external port;
and a hydraulically actuated valve is |ocated in the upper portion of the

t ubi ng annul us passage adjacent the |ower end of the upper portion of the
t ubi ng | us passage. .13 . The wel l.head assenbly of claim1l, further

conpr i sﬁggtheaw?lg’@@&%ﬁmg Sf A L rher GOmMPAREE  seals to a profile in the
bore of the tree above the tubing hanger, the | ockdown assenbly having an
axi al passace sedeaday Hedulghmaasserably weswredi to prosefiladnribe hewekofidhe Hrearaboxe &isi or
profile on the exterior of the neck; and a riser connector selectively
coupl edubingtiragexioe preveniig ipwardanovengent of Keowbingseape yhef RekdowioXdseinbly

wor kover access to the axial passage of the tubing hanger, 26 0

having an axial passage therethrough that atigns with the axial passage of the tubing hanger, the

lockdown, assembly having an upward protruding neck with an exterior profile on the exterior of
_ the meck;
a riser connector selectively coupled to the exterior profile on the lockdown assembly for
providing access to the axial passage of the.tubing hanger; and
wherein the bore above the tubing hanger is ftee of any seals 50 a5 to expose the tubing

hanger above the tubing hanger seals to ambient pressure that exists on the exterior of the tree.

15. The wellhead assembly according to claim 14 wherein the riser connector has a tubular sting
that passes through the axial passage of the lockdown assembly and sealingly engages the axial

passage of the tubing hanger.

16. The wellhead assembly according to claim 14 wherein the riser connector has a portion that

has a diameter latger than a diameter of the bore of the tree.

17. A method of injecting gas into a tubing annulus of a wellhead assembly having a production

tree with & mandrel having a bore into which a tubing hanger lands and is sealed by a tubing
27
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25 JANUARY 2006 14, The wel | head assenbly of claim11, further conprising: a
secondary | ockdown assenbly secured to a profile in the bore o?sgﬁ@"L$B§20m5
above the tubing hanger for preventing upward novenment of the tubing
hanger, the | ockdown assenbly having an axi al passage therethrough that
aligns with the axial passage of the tubing hanger, the |ockdown assenbly
havi ng an upward protrudi ng neck with an exterior profile on the exterior
of the neck; a riser connector selectively coupled to the exterior profile
on the | ockdown assenbly for providing access to the axial passage of the
t ubi ng banger; and wherein the bore above the tubing hanger is free of any
seals so as to expose the tubing hanger above the tubing hanger seals to
anbi ent pressure that exists on the exterior of the tree. 15. The wel | head
assenbly according to claim 14 wherein the riser connector has a tubul ar

sting 4 hat es, through the axi al passage of the | ockdo assenbly and
seal | nglﬂ%}lg%‘gﬁﬁéﬂ @h@ggﬁﬁ@ °E§§E%§§t°gft° ?‘ﬁgﬂg&fit\‘kjﬂ& é@g\ﬂ%ﬁlbm@iwmahead
assenbly according to claim 14 wherein the riser connector has a portion

t hat habe methedrostnprisingr ger than a di aneter of the bore of the tree, 17. A
met hod of injecting gas into a tubing annulus of a well head assenbly having

a productio f@@iiﬂ% tahfisgdt pﬁlﬁdﬁeﬂfdﬁ i 20 2R $agh i i ger
| ands and isrra)sle)al ed by a tubing 27 %%EE%JJA&%%&S%%%%%E%Y@S%%?,&?H@%

Lubl 10 RARGIEST BEIOREANBE RbEH dhflufbs ¥ &l Berklr pbHP! N0 dfining the tubing

(b) providing a second portion of the tubjng anmulus passage extending upward through a
portion of the tree from the exterior port to the bore of the production tree above the tubing
hanger seal;

(c) providing a lower valve in the first portion of the tubing annulus passage and opening
the lower valve;

(d) providing an upper valve in the second portion of thc- tubing annulus passage and
providing a closure member in the second portion of the tubing annulus passage above and in
series with the upper valve;

(¢) closing the closurs member and the upper valve; and

(f) injecting gas through the exterior port, which flows through the first portion of the

tubing annulus passage into the tubing annulus.

18. The method accarding to claim 17, wherein step (e) further comprises:
with the assistance of an ROV, inserting a plug into an upper end of the second portion of

the thbing annulus passage where it joins the bore,
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t he met hod conprising: (a) providing a first portion of a tubing_annul us
passage extending upward through a portion of the tree from tR2JANARY 2006
annulus to an exterior port; (b) providing a second portion of the tubing
annul us passage extendi ng upward through a portion of the tree fromthe
exterior port to the bore of the production tree above the tubing hanger
seal; (c) providing a lower valve in the first portion of the tubing
annul us passage and opening the |ower valve; (d) providing an upper valve
in the second portion of the tubing annul us passage and providing a

cl osure nenber in the second portion of the tubing annul us passage above
and in series with the upper valve; (e) closing the closure nenber and the
upper valve; and (f) injecting gas through the exterior port, which flows
through the first portion of the tubing annulus passage into the tubing
annul us, q%ﬁ‘n%ﬁ{ﬂetho accondiﬁg to claim17, wherein step (e) further
conpr i s : Mhfimethedeccqeding toglaim 1 wharemoxiep (d)sempiiseg: a plug i nto an upper
end of the second portion of the tubing annulus passage where it joins the
bore. 28 0 ZFovidNgARYh&BOGINOIn Athappetdadchiatbe aeetindgpdrtiors bhitm® fiBingvh@nkisn

step (d) conprises: providing a check valve in an upper end of the second
por t i Orpaedagh A8d tprd¥idiGe ANEIYE member in the second portion of the tubing annulus passage
above and in series with the upper valve; and

biasing the check valve to a closed position.

20. The method according to claim 17, whetein step (a) comi:nﬁses: |

(a) providing a tubing annulus passage extending upward through a portion of the tree
within a sidewall of the mandrel from the tubing annulus and into the bore above the tubing
hanger seals; V

installing a closure member in the tubing annulus passage outside of the bore and
adjacent to an upper end of the mandrel for access to the tubing annulus; and

opening the closure member,

21, The method according to claim 17, wherein step (a) comprises:

(a) providing a tubing anmulus passage extending upward through a portion of the tree
within a sidewall of the mandrel from the tubing annulus and into the bore above the tubing
hanger seals;

mounting 2 valve in the tubing annulus passage adjacent an upper end of the tubing

annulos passage; and
29 o




passage and providing a closure nenber in the second portion of _the tubin
annul us passage above and in series with the upper valve; and2dlANUARYRH06
check valve to a closed position. 20. The method according to claim 17,
wherein step (a) conprises: (a) providing a tubing annul us passage

extendi ng upward through a portion of the tree wthin a sidewall of the
mandrel from the tubing annulus and into the bore above the tubing hanger
seals; installing a closure nmenber in the tubing annul us passage outside of
the bore and adjacent to an upper end of the mandrel for access to the

t ubi ng annul us; and opening the closure nenber. 21. The method according to
claim17, wherein step (a) conprises: (a) providing a tubing annul us

passage extendi ng upward through a portion of the tree wthin a sidewall

of the mandrel fromthe tubing annulus and into the bore above the tubing
hanger seal§5 “Du?%%Qﬁ a valve in the tubing annul us passage adjacent an
upper end of “HHEEMRHYHY annul us passage; and 29 o 25 JANUARY 2006 opening
the valve. 22. The nethod according to claim 17, wherein step (a)
conprises; (a) providing a tubing annulus passage extendi ng upward through
a portion of the tree

22. The method according to claim 17, wherein step (a) comprises:

(a) providing a tubing annulus passage extending upward through a portion of the tree
within a sidewall of the mandrel from the tubing annulus and into the bore above the tubing
hanger seals;

insetting a plug into an upper end of the mbing annulus passage; and

comprises removing the plug.

23. The method according to claim 17, wherein step (a) comprises: —
(a) providing the tubing annulus passage with a lateral portion that is inclined upward
relative to a plane perpendicular to the axis of the bore, the lateral portion leading into the bore;
inserting a removable plug into the lateral portion; and

removing the plug from the lateral portion.

24. The method according to claim 17, wherein the wellhead assembly has a corrosion cap
located at the upper end of the mandrel, further comprising!
step (g) comptises providing the corrosion cap with an aperture and an inclined guide

aligned with the lateral portion; and
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within a sidewall of the mandrel from the tubing annulus and into the bore
above the tubing hanger seals; inserting a plug into an upper 22AANHARK2006
t ubi ng annul us passage; and conprises renoving the plug. 23. The nethod
according to claim 17, wherein step (a) conprises; (a) providing the tubing
annul us passage with a lateral portion that is inclined upward relative to
a plane perpendicular to the axis of the bore, the lateral portion |eading
into the bore; inserting a renovable plug into the lateral portion; and
removing the plug fromthe |ateral portion. 24. The nethod according to
claim17, wherein the well head assenbly has a corrosion cap |ocated at the
upper end of the mandrel, further conprising: step (g) conprises providing
the corrosion cap with an aperture and an inclined guide aligned with the
| ateral portion; and 30 o 25 JANUARY 2006 step (h) conprises inserting the

plug through the aperture, and along the guide into the lateral portion. 25.
The et hod - dRGbECHEDHSEsdnssthng fie Mg %@Pﬁiﬂ@@@@%@%&lp@%ﬁ%& gl piotiodi ng
t he tubi ng annul us passage with a lateral portion that is inclined upward
rel at i latetab partiohane perpendicular to the axis of the bore, the lateral

portion leading into the bore; installing in the tubing annulus passage an
upwar d- bi ased val ve that has a stemthat

| 25.  The method according to claim 17, wherein step (a) comprises:
(2) providing the tubing anmulus passage with a lateral portion that is inclined upward
relative to a plane perpendicular to the axis of the bore, the lateral portion leading into the bore;
installing in the tubing annulus passage an upward-biased valve that has a stem that
protrudes above a rim of the mandrel while the valve is it a closed position; and
landing a riser connector on the rim, thereby pressing the stem downward to an open

position.

26. A method of comnecting a workover tiser to a wellhead assembly having a production tree
with a mandrel having a bore into which a tubing hanger lands and is sealed by tubing hanger
seal, the tubing hanger having an axial passage and a lateral passage extending therefrom for
production fluid flow, the tubing hanger having at least one retnovable plug in the axial passage
above the lateral passage, the improvement comprising:

secuting a lockdown assembly to a profile in the bore of the tree above the fubing hanger,
the lockdown assembly having an axial passage therethrough and an upward protruding neck

with an exterior profile on the exterior of the neck;
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protrudes above a rimof the mandrel while the valve is in a closed
position; and landing a riser connector on the rim thereby pré3dARFARE 2006
stem downward to an open position. 26. A nmethod of connecting a workover
riser to a well head assenbly having a production tree wth a nandrel
having a bore into which a tubing hanger |ands and is seal ed by tubing
hanger seal, the tubing hanger having an axial passage and a | ateral
passage extending therefromfor production fluid flow, the tubing hanger
having at | east one renovable plug in the axial passage above the |ateral
passage, the inprovenent conprising: securing a | ockdown assenbly to a
profile in the bore of the tree above the tubing hanger, the |oclcdown
assenbly having an axi al passage therethrough and an upward protrudi ng neck
with an exterior profile on the exterior of the neck; 31 25 JANUARY 2006

exposing the tubin nger above th hi ng hanger seat.s to anbient .
pressure t haﬁ’mgﬂ?%ﬁ@q“a%‘ﬂg f'lﬁ’égeéfsm @pttﬁ:fmg ﬂ%ug[q: geéais TogmhaetPRey sufe ?1?5& &R,
the exterior profile on the | ockdown assenbly; then renoving the plug

t hr ougrontthe extedarof theriree;n a wel | head assenbly having a production tree with
a mandrel having a bore into which a tubing hanger |ands and is seal ed by

a tubi ng hanganectiegh risethie thabiteriprhaoiiie on adslptlahonmskamblgptheect ed to a
string of tubing, defining a tubing annulus, the tubing hanger having an

axi al  passaggoRag il pia gﬁ@ﬁ%mﬁ@gy&g ion port that registers with a |ateral
production port in the tree Tor
27, In a wellhead assembly having a production tree with a mandrel having a bore into which a
tubing hanger lands and is sealed by a tubing hanger seal, the tubing hanger adapted to be
connected to a string of tubing, defining a tubing annulus, the tubing hanger having an axial
passage and a lateral production port that registers with a lateral production port in the tree for
the flow of production fluid from the tubing, the improvemerit coml;rising:

a lower tubing annulus passage extending upward through a portion of the ttee from the
tobing annulus to an exterjor port, the exterior port adapted to be connected to a source of gas for
injection into the tubing annulus;

a lower hydraulically actuated valve located in the lowet fubing annulus passage;

an upper tubing annulus passage extending upward through a portion of the tree from the
exterior port through a sidewall of the mandrel and into the bore above the tubing hanger seal
adjacent an upper end of the mandrel ;

an upper hydraulically actuated valve located in the upper tabing annulus passage

adjacent the exterior port; and
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the flow of production fluid fromthe tubing, the inprovenent conprising: a
| ower tubing annul us passage extending upward through a portioﬁsdﬁmﬂﬁﬁRgﬂ@QG
fromthe tubing annulus to-an exterior port, the exterior port adapted to
be connected to a source of gas for injection into the tubing annulus; a

| ower hydraulically actuated valve | ocated in the | ower tubing annul us
passage; an upper tubing annul us passage extending upward through a portion
of the tree fromthe exterior port through a sidewall of the mandrel and
into the bore above the tubing hanger seal adjacent an upper end of the
mandrel ; an upper hydraulically actuated valve |ocated in the upper tubing
annul us passage adjacent the exterior port;and 32 25 JANUARY 2006 a

cl osure nenber |ocated in the upper tubing annul us passage outside of the
bore and in series with the valve for selectively opening and cl osing the
upper portion of the tubjng annul us passage. 28. The wel| head assenbly of
clai m 27, weskere member wgﬁeé igrhermper Wiing apaulua pesshgecouigide off the boet frivkiad
assenbly of claim 27, wherein the closure mermber conprises an ROV

r enov alseriegwvith thesaloe for selectively opening and closing the upper portion of the tubing annulus

passage.
28, The wellhead assembly of claim 27, whetein the closure member comprises a valve.

29. The wellhead assembly of claim 27, wherein the closure member comprises an ROV

removable plug,



