
;e3eD^:$6ZTQSP ~ya~ r niinwe~a~ I'I20pUCTION TREE WITI'i MU'LTrPEE SA,~ETX
BAR~:IF~RS This application claims priority from the provisional
application Serial No. 601308,343, filed 3uly 27, 2001 entitled "Production
Tree With Gas Injection Feature". BACKGROUND OF THE INVENTION Field of the
Invention This invention relates in general to wellhead assexxtblies, 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 nn a subsea well includes a wehhead housing located
at the upper end of conductor pipe. Casing hangers for supporting the
casing Land itt the wellhead housing. After the well has been drilled to
total depth, a Christmas tree is lowered onto and conuxected to the wehhead
housing. A tubing hanger lands in the tree in one type, called a horizontal
tree. The tubing hanger is socured to a string of tubing that extends into
the well for producing well fluids. The tubing hanger has an axial passage
for production fluids, and a lateral passage extending from it that
registers With a lateral passage in the tree. t n~r~~~~~   f During
installation of the tubing and tubing hanger and other opexations, it may
be necessary to circulate well fluid between the interiox of the tubing and
the tublz~g annulus. The horizontal tree has a first tubing annulus passage
that extends from the tubing annulus to a port on the exterior of the tree.
A, second tubing annulus passage exte~ads from the exterior port back into
the bore of the tree above the tubiuttg hanger seals. A flow line is
connected to the external port fox delivery of fluids to and from the
tubing annulus. Both the first and second tubixig annulus 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 txee above the tubiarg 



hanger. The upper end of the second tubing annulus passage utay join the
bore of the tree between the tubing hanger and the internal tree cap) or it
may lead into the tree bore above the internal tree cap. The junction of
the second tubing annulus passage with the tree bore allows communication
with a rises during installation and workover. Normally, the riser connects
to an exterior profile on the tree. After removal of the internal tree cap,
an inner riser, such as a drill string ox tubing, will be run through the
outer riser and stabbed into the tubing hanger to cot~umunicate with~he
interior of the string of production tubing. The tubing annulus passage
communicates witlx tlae annular space in the tree bore surrounding the
inner riser. A choke and kill line alongside the outer riser 2   r normally
provides a flow path ftom the surface platform to the annular space in the
tree bore. To meet safety requirements, two safety barriers are required
for each passage in a wellhead assembly that may be under pressure. For the
tubing hanger production passage, a removable plug is instaXled in the
axial passage of the tubing hanger above the lateral passage to provide
ozte safety bazrier. 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 fairly 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 annulus above the lateral
productiozt port. If gas is being injected into the external port of the
tubing annulus for gas lift purposes, a good practice would require au
additional safety bazxier. ~T.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 internal tree cap that seals. The patent application discloses a test
port that leads from the space bctween~ the plugs for monitoring leakage
past the lower plug. Summary of the Iaycantion 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   hanger seal. A first portion of a tubing annulus 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 amaulus. A second portion
of the tubing annulus passage extends upward from tlae exterior port into
the bore of the tree. A valve is located in the first portion of the tubing
annulus passage. Two closure members are located in the second passage,
providing twvo safety barriers for the exterior port if used to unject gas.
At least one of the closure members is a valve, preferably the lower one.
The upper closure member is a removable plug in one ennbodiment. The plug
extends into tlxe portion of the second tubing annulus passage where it
entexs the bore. The plug xnay be accessible by an ROV through a coxrosion
cap that lands on the production tree. Alternately, the upper closure
member may be a shuttle type valve that is located in an axial portion of
the second tubizig 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. Tn the closed position, a stem of the valve protrudes
above a rim of the production tree. 'When a riser connector lands on and
connects to the tree, the riser connector will nnove the stem downward,
opening the second tubing annulus passage into the bore of the tree. Tlte
internal tree cap may be eliminated as a second safety barrier for the
production passage in the tubing hanger. The second safety barrier could be
4   provided by a removable plug located in the axial passage of the tubing
hanger. Venting is provided by a vent passage that leads to an exterior of
the tubing hanger. A mating passage extends through the tree and mates with
the vent passage of the tubing hanger. If desired, a secondary lockiaig
mechanism may be mounted about the tubing hanger to prevent an upward
mov~etnent of the tubing banger in the event the tubing hanger primary
loekdown fails. The secondary lockdown would not require any seals fox
sealing to the born of the tree. The secondary loclcdown may also be
utilized to connect with a small diameter wireliae riser. The wireline
riser engages a neck on the secondary loclcdown a~od has a stuager that
extonds into sealing engageuxent with the soul passage in the tubing
hanger. 1&~rxef DescrIptKOn of brawxues Figure 1 is an enlarged soctional
view of a horizontal tree in accord~ce with this inv~tion with only
one-half of an internal trey cap shown. Figure 2 is an enlarged sectional
view of a central portion of the horizontal tree of Figure 1. Figure 3 is
cn enlarged sectional view of the horizontal tree of Figure 1, showing a
Wiser engaging a secondary lockdown to enable wireline access. 5 



r Figure 4 is another embodiment of a horizontal tree constntcted in
accordance with this inveuntion. Figure 5 is an enlarged sectional view of
a~ upper portion of another embodiment of a tree in accordance with this
invention, showing a renxovable plug as a second safety barrier for tl~e
second tubing annulus passage. Figure 6 is an enlarged partial sectional
view of still another e~tbodimcnt of a tree in accordance with this
invention, showing a check valve in the upper end ofthe second tubing
annulus passage. Retailed Descxfntion of the Preferred Embodiment of the
Prese~at invention Referring to Fig. 1, production tree 1 I is of a type
known as a horizontal tree. The word "tree" is used broadly herein to
include other variations of tubular members or wellheads located at the
upper end of the well. The word "tree" is meal~t to also encompass a
wellhead member through which at least some of the drilling may occur,
which has a tubing hanger landed therein, aztd a lateral production flow
passage. In this embodiment, tree 11 is xK'rounted to a 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 portions of tree 11 is a cylindrical member or
mandrel 14 with a set of grooves 15 located on the exterior for connection
to a drilling riser (not shown)_ 6   A removable corrosion cap asse~nnbly
17 is installed on the upper end of tree 11 after the riser is removed. A
lockdowz~ lever 19 engages grooves 15 to secure corrosion cap assembly I7
to tree 11. Although corrosion cap 17 is not sealed to tree 11, for safety)
a maztually operable vent apparatus 18 may be mounted to corrosion cap 17
to prevent any pressure buildup prior to releasing lever 19. A tubing
hanger assembly 21 lands in bore I3 and is secured to tree 11 by a tubing
lockdown mechanism 23. Lockdown mechanism 23 includes a lockdown split ring
25, which is pushcd outward by a central cam member Z7. Split ring 25 has a
grooved prohlc for engaging mating grooves in tree bore 13. Cam member 27
has a profile 29 on its upper end for engagement by a running tool. Care
member 27 moves between a lower locked position shown and an upper released
position, frceing split ring 25 to retract. A retainer 31 secures to the
upper end of tubing hanger assembly 21 to retain canrx 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
lockdawn assembly 33 that is actuated iri the same manner as the primary
lockdown 23_ Secondary Iockdown assembly 33 includes a body 32, which has
an extended shoulder that lands ozt a shoulder in bore 13. Neither body 32
nor any other portion of loakdown assembly 33 is sealed in bore 13. Body 32
carries a cam sleeve 34 and a split ring 36. Split ring 36 engages a 7 



grooved profile in bore 13 when cam sleeve 34 is moved downward. An axial
bore 38 extends through body 32. A flange 30 is rigidly mounted on the
upward extendiung neck of body 32, defining an exterior profile for the
neck. Secondary lockdown assembly 33 is optional, as indicated in the left
side of 1~iaure 1. Referring to Fig. l, a string of production tubing 35
extends from tubing hanger 21 through the casing hangers (riot shown) into
the well for the flow of production fluid Production tubing 35
oonn~zraunicates with a vertical passage 37 extending completely through
tubing hanger 21. A latezal production flew passage 39 extends generally
horizontally through tubing hanger 21 from vertical passage 37 end aligns
with a tree lateral passage 40. A tree valve 41 controls flow through
production passage 40. ~,tbing 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 circuniferentially 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 assemblies 47, 49 installed above lateral
passage 39. Crown plug assemblies 47, 49 provide two safety barriers for
tubing hanger axial passage 37. Gown plug assemblies 47, 49 are run by
wireline, coiled tubing, or drill pipe, ere commercially available, and
insert into ta.rbing hanger assembly passage 37. A crown plus vent passage
65 in tubing hangar assembly 21 has one end that 8   enters tubing hanger
passage 37 between crown plugs 47, 49. 'Vent passage 65 extends laterally
through tubing hanger 21 to an exterior spherical portion of the side wall
of tubing hanger 21. Vent passage 65 terminates in a port that contains a
metal seal 67 that rnay be constructed as shown in U. S. Pat. 5,865,250.
Other types of seals may be used, and it is not essential that vent passage
65 terminate on a spherical lateral portion of tubing hanger 21. The
preferred metal seal 67 is a cylindrical member concentrically mounted in
vent passage 65 for sealingly engaging tree bore 13 around a mating vent
passage 71 in tree 11. Metal seal 67 has a chock valve that opens once
engagement is made. When upper crown plug assembly 47 is being installed,
fluid trapped between lower crown plug assembly 49 and upper crown plug
assembly 47 may flow out crown plug vent passage 65, through lateral seal
67, and into tree passage 71. Tree passage 71 leads from the exterior of
txee 11 to the control system for tree 11 and also may be used for applying
test pressure to crown plug assemblies 47, 49. Tubing hanger assembly 21
has an upper gallery seal 79 extending around it above lateral seal 67.
Lower gallery seal 43 is located below lateral seal 67. Seals 79 and 43
extend around 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 (nof shown). Tubing annulus ~89 communicates with a lower
or fiurst annulus passage 91 that extends from tree bore 13 through the
wall of tree 11 below tubing hanger seal 45. The lower 9   annulus passage
91 communicates with a second or upper annulus passage 95 that extends into
tree bore 13 above tubing hanger seal 79. An. external port 100 on the side
of tree 11 is located at the junction of first and second tubing annulus
passages 91, 9~. Secondary Iockdown assembly 33 does not contain a seat,
thus any pressure fxom tubing annulus 89 communicated to bore 13 by upper
annulus passage 95 would communicate with the entire portion of the iree
bore 13 above seal 79 and upper crown plug 47. A, hydraulically 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 port 100 leads to a flow line having an external valve 102. A, ,as
source 104) such as a tank of compressed gas at the surface platform, may
be connected to valve 102. The gas may be of a variety of types that are
used for stimulating production by injecting the gas into tubing annulus
89. One type of aas utilized is nitxogea When tubing 2utmulus valves I01
ion upper tubing annulus passage 95 are closed and valves 99 and 102 open,
the gas flows thmugh lower tubing annulus passage 91 into tubing annulus
89. Valves 101 provide two separate safety pressure barriers while pressure
exists at port 100 and in tubing annulus 89. Trateral ports 103 (only one
shown) extend through tubing haanger 21 to communicate hydraulic fluid
pressure from the exterior of tree 11 to a 10   downhole safety valve (not
showtz) and for delivering fluids for other purpose. A tubiztg hanger
hydraulic fluid passage 105 extends from port 103 through tubing hanger
assembly Z1 for connection to the downhole safety valve. Refer to Figs_ 1
and 2, in operation, after the well has been drilled and cased, the
operator lowers tree 11 onto the wellhead housing (not shown). free 11 will
normally be lowered on a drilling riser (not shown) that connects to
grooves 15 of tree mandrel x4. The operator then may install production
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,
7I register sealingly with each other. Access to tubing annulus 89 is
provided through the upper end of tree bore 13, and passages 95, 91. Once
tubing hanger 21 is installed and tasted, lower crown plug assembly 49 may
then be installed with a wireline tool. Upper crown plug assembly 47 will
then be installed with a wircline tool in tubing hanger assembly 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 xnay
test plug 49 by applying test pressure through vent passages '~ 1 and 65.
Secondary lockdown 33) if used, may be installed either before or after the
installation of crown plugs 47, 49. rf installed, preferably the upper end
of secondary lockdown 33 is substantially flush with or lower than the 11
upper end of txee mandrel 14. The drilling riser may be disconnected from
tree 11 attd removed. Corrosion cap 17 is lowered on a line and secured to
tree mandrel 14 with the assistance of an ROV. Well production is through
lateral passages 39, 40. Gas injection, if used, is through port 100 from
gas source 104. Tf gas injection is not to be used, oz~e of the tubing
annulus valves I01 is not needed. For a workover operation in which tubing
35 needs to be pulled, a drilling riser can be employed. After removal of
corrosion cap assembly 17, the operator installs a drilling riser onto txee
mandrel 14 by connecting it to grooves 15, the drilling riser having a
blowout preventer (ztot shown). 'fhe operator may circulate a kill fluid to
kill the well. To do so, the operator installs ao inner riser string or
conduit that stabs into the upper end of passage 37 of tubing hangex
assembly 21 above crown plugs 47, 49. If secondary lockdown 33 is used, it
may be removed first, or the operator could connect the inner riser string
to secondary loekdown 33 and stab into tubing hanger Z1 with a stinger as
suggested in Figure 3. Pope rams (not shown) in the drilling riser are
closed around the inner riser string. With both tubing annulus valves 101
open, upper tubing annulus passage 95 now conununicates with an annulus
surrounding the inner riser, which in turn communicates with choke and kill
lines leading alongside the d~ihing riser back to the platform. 12 



'f he operator will pull upper crown plug assembly 47 with a wireline tool
(or other cornrnercially available means). Vacuum pressure may be relieved
via crown plug vent passage 65. The operator will then pull lower cmwn plug
assembly 49 with a wireline tool {or other commercially available means). A
port (not shown) at flue lower end of tubing 35 will be opened to
communicate the interior of tubing 35 with tubing annulus 89. This may be
done remotely through a hydraulic line or with a wireline tool in a
conventional manner. With the production valve 41 closed and lower tubing
annulus valve 99 open, the operator can pump down the inner riser) down
tubing 35 and back up tubing annulus 89. The a~ulus fluid circulates
through lower annulus passage 9 t and upper annulus passage 95, up tree
bore 13 and through the choke and kill lines to the surface. The
circulation could also be in reverse. Aiiter the kill fluid has been placed
in the well, the operator may pull production tubing 35. The operator will
lower a drill string with a running tool into engagement with tubing hanger
lockdown assembly 23 and retrieve it (if configured with secondary lockdown
assembly 33, removal is 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 flue well under flowing conditions as shown in Fig. 3. A
small diameter light weight riser 106 has a connector 107 on its lower end.
because secondary lookdown 33 is located 13   with its upper end
substantially flush with tree mandrel 14, riser 106 and portions of
connector 107 may have diameters greater than the diameter of tree bore 13.
Connector l07 lands on secondary lockdown 33 and may be similar to a
conventional tubing hanger running tool. Connector 107 has a stinger 109
that extends through loekdown 33 and sealingly engages a counterboxe 111 in
tubing hanger 21. Connector 107 has a collet 117 that slides over and
engages flange or profile 30 on the neck of secondary Ioakdown 33. A sleeve
113 is hydraulically moved downward around collet 117 to Iock collet 117 to
flange 30. Conrxector 107 is shown landed but not locked to locl~down 33.
Other types of connectors 107 are workable. ~e operator can then use a
wirelZne tool to engage upper crown plug assembly 47. The operator will
retrieve both upper and lower crown plug assemblies 47, 49, in a
conventional zttanner to perform the wireliuoe or coiled tubing
intervention. Upper and lower drown plug assemblies 47) 49 may be
reinstalled conventionally. Crown plug vent circuit 65 (Fig. 1) avoids
hydraulic Iock when lazlding upper crown plug assembly 47. figure 4 shows
another embodiment of the invention, including a firee I2S having a tree
mandrel l26 on its upper end attd a tubing hanger l27 located within its
bore 129. 'Il~bing hanger 127 has a lateral production passage 131 as 14
in the other embodiment. A single retrievable plug 133 locates within the
axial passage 134 otubing hanger l27, rather than two as in the
embodiments. An internal tree cap 135 is employed in this embodiment as a
second safety barrier to plug 133. rnternal tree cap 135 is locked in free
bore I29 above tubing hanger 127 and sealed by a seal 137. Tree cap I35
rnay be a solid member or it may have an axial passage 139, as shown. In
the embodiixtent shovirn, tree cap 135 ~octay be the same as secondary
lockdown 33 (Fig. 1) except that it has it is sealed to tree bore l29 by
seal 137. A retrievable plug 141 is sealingly landed within passage 139 of
tree cap 135. To avoid hydraulic lock while installing tree cap 135 while
containing plug I41, a vent port 142 leads from tubing hanger axial passage
134 above plug 133 to a seal l44 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 internal tree
cap 135. Furthermore, vent port 142 enables pressure testing of primary
crown plug 133. Tubing annulus 143 communicates with a lower or first
passage 145 that leads upward in the body of tree lZ5 to a port 149 on the
exterior. First tubing annulus passage 14S has a hydraulically actuated
valve 147 therein. A second or upper tubing annulus passage l51 joins first
passage 145 at port 149 and 15   leads upward within tree 125. In this
embodiment, second tubing annulus passage 15I bas two hydraulicaXly
actuated valves 153 in series. Second tubing annulus passage 1.5I has an
upper axial portion 1.55 that extends upward within the side wall of lass
mandrel l26 parallel with an axis of tree bore 129. Upper portion 155 has a
lateral port at its upper end that leads into ixee bore 129 above internal
tree cap seal 137. An external valve 157 is connected to external port 149.
A gas source I59 may optionally be connected to valve 157. If a gas source
159 is not to be utilized, one of the valves 153 in second tubing annulus
passage 1 S 1 rnay be omitted. Access from a workover riser to tubing
amlulus 143 is though tubing 



annulus passages 155, I5I and 145. Gas rnay be injected froth gas source
159 in the same manner as in the outer embodiments. If so, both valves 153
will be closed to pmvide dual pressure bazziers. Valves 157 and 147 are
opened to flow gas through lower tubing annulus passage 145 into tubing
annulus 143. Figure S shows another embodiment of the invention, including
a tree 161 that has a mandrel 163 on its upper ettd with a bore 16S. A
tubing hanger assembly 167 is landed and sealed within bore l65 in the same
manner as tubing hanger assembly 21 of Figure 1. Although not shown, a
lower or first tubir4g 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 arid has an upper portion I69
that extends within tho 16   cylindrical sidewall of mandrel 163 parallel
with the longitudinal axis of bore 165. Annulus passage 169 Ieads to the
upper end or rim of tree 161, but is plugged at the upper end by a
permanent plug 171. A lateral poxt I73 Ieads from the axial portion of
tubing annulus passage 169 into bore 165 a short distance below the upper
end of tree 161. Lateral portion 173 has an axis that is ax an acute angle
relative to a plane perpendicular to the longitudinal axis of bore 165. A
plug 175 has a lower ettd that selectively closes lateral part 173, and
thtas the upper end of tubing annulus passage 169. Plug 175 is removable in
this embodiment and installed by an 1ZOV. Plug I75 has a threaded stem 177
on its lower end that engages mating threads in lateral port 173. A scat
l79 is located on the lower eyed of plug 175 for sealing plug 175 within
lateral portion 173. Plug 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 fret mandrel 163 ixa the installed
position. Upper end I80, which is shown schematically, preferably has a
profile for gripping by a conventional rtOV. The length of plug I75 Exam
upper end 180 to threaded stem 177 is greater than the inner diameter of
tree mandrel 163 in this exnbodinaent. A corrosion cap 181 lands on mandrel
163 and is secured by lock 183 as in the other embodiments. As in the other
embodizr~ents, corrosion cap 181 17   does not seal the interior of bore
165 from e~te~xtal pressure, but provides 



protection against the entry of debris. Corrosion cap 181 has an aperture
185 for the entry of plug 17S. If desired) an inclined guide 187 may be
formed on the lower side of corrosion cap 181 at the same angle of
inclination as tubing annulus passage lateral portion 173. Corrosion cap
181 may have a key 189 for orienting guide I87 and aperture 185 with tubing
annulus lateral port 173. In this embodiment, permanent plug 171 is
installed slightly below the upper end of tree mandrel 163, providing a
recess 194 for receiving key 189. So as to provide clearance for plug 175,
the embodiment of Figure 5 does not show a lockdown assembly such as
secondary loekdown 33 of Figure 1 or an internal tree cap, such as
xz~ternal tree cap 135 of Figure 4. The embodiment of Figure 5 would not
need two hydraulically actuated valves 153 (Figure 4) because plug I7~
serves as a second safety barrier for second tubing passage 169.
Furthermore, 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 ftrst
tubing annulus passage 145 and the second safety barrier would be provided
by plug l75. 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 18   passed through aperture 185 along guide 187 into
engagement with I~teral port 173. The ROV rotates plug 175 to secure
threads 177 within tubing annulus passage lateral pozt l73. Figure 6 shows
still another e~nnbodiment of the invention, including a tree 19t with a
mandrel 193 and bore 195_ A loekdown assembly 197 is shown engaging an
internal profile 199 in bore 195. Lockdown assembly 197 could be omitted,
if desired. The axial upper portion of a tubing annulus passage 201 extends
within the sidewall of mandrel 193 parallel to its axis. A lateral port 203
leads $om annulus passage 201 to tree bore 195. The axis of lateral port
203 is at an acute angle relative to a plane perpendicular to the
longitudinal 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. 1?fhile
in the upper position, which is shown on the right side of valve 205, seals
209 will enbage and seal against the annulus passage 201 _ Both seals 209
seal against tubing annulus passage 201 below the junction with lateral
port 203, thus blocking communication between port 203 and the lower
portion of tubing annulus passage 201. While in the lower position, shown
on the left, seals 209 will locate within an enlarged recess 211 of annulus
passage 201 _ Fluid is allowed to flow around seals 209 while ins the 19
lower position, thereby communicating the lower portion of tubing annulus
passage 201 with lateral port Z03. The movement between the upper and lower
positions of valve 205 could be operated hydraulically, however preferably
valve 205 is biased to the upper closed position by a coil spring 213. Stem
207 slides through a passage 219 in a bushing 215 in tubing annulus passage
201 at the upper end of tree mandrel 193. Bushing 2 Z5 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 hts over mandrel 193 as ini the other embodiments.
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. Corrosion cap 223
thus is oriented while beiu~g installer!. Tubing annulus passage 201 leads
downward to an exten~al 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 Iower tubing annulus passage will have a
hydraulically actuated valve, such as valve 147 of Figure 4. If gas
injection is desired, the lower portion of upper tub~g annulus passage 201
will preferably have one hydraulically actuated valve, such as valve 153
(FigWre 4). Shuttle valve 205 serves as a second closure ox safety barrier
when the lower tubing annulus passage valve, such as valve 147 is z0
open. _ If gas injection is not to be used, the valve in the lower portion
of upper tubing annulus passage 24l (valve 153 in Figure 4) will not be
needed. In the operation of the embodi~nnent of Figure 6, valve 205 will be
installed with tree 191 prior to lowering tree 191 onto the wellhead
housing. The riser connector (not shown) that connects to tree 191 for
lowezing it will engage stem 207 and push valve 205 to the lornrer
position. Consequently, during the installation and completion process,
tubing annulus passage 201 will be open to bore 195 through lateral port
203. Conaznunication is achievable between the tubing annulus passage 201
and the surface by means of a choke and 1d11 lute previously discussed.
After the well is completed, the riser connector is disconnected, resulting
in spring 2l3 pushing stem 20'l back to the upper closed position. This
closes the upper end of tubing annulus passage 201, providiztg a safety
barrier. Corrosion cap 223 is installed with hole 225 registering over
steQt 207, allowing value 205 to remain in the upper closed position. The
invention has significant advantages. Gras lift injection may be performed
witty dual safety barriers and without the use of an internal tree cap.
Using a plug as a tubing annulus safety burner 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 tubing 2i
hanger into a vent passage in the hree provides an effective way to avoid
hydraulic lock and test a crown plug in the tubing hanger. The secondary
lockdown provides au additional safety as well as pmvidim~g a landing for a
wixeline riser. While i3~.e invention has been shown in oniy a few of its
forn~s, it should be apparent to those slCihed in the art that it xs not so
limited but susceptible to various chaltges without departing from the
scope of the invention. 22   We claim: I . Tn a wellhead assembly having a
production tree with a bore into which a tubing hanger lands and is sealed
by tubing hanger seals, the tubing hanger adapted to be connected to a
string of tubiag, defining a tubing annulus) 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 fluid frog the
tubing, the in?provernent comprising: a first portion of a tubing annulus
passage extending upward thmugh a 



portion of the tree from the tubing annulus to an exterior port, the port
adapted to be connected to a source of gas for injection into the tubing
annulus; a second portion of the tubing annulus passage extending upward
through a portion of the tree from the external port to the bore of the
production tree above the tubing hanger seals; a Iowet valve in the first
portion of the tubing annulus passage for selectively opening and closing
the first portion of the tubing annulus passage; the bore above the tubiu~g
hanger being free of any seals, exposing the tubing hanger above the tubing
hanger seals to ambient pressure that exists externally of the tree; and zs
two closure members located i~u the second portion of the tubing annulus
passage in series with each other, for selectively opening and closing the
second portion of the tubing annulus passage. 2. The wehhead assembly
according to claim 1, wherein at least ore of the closure members comprises
a valve. 3. The wellhead assembly according to claim l) wherein both of the
closure members comprise valves. 4. The wellhead assembly according to
clai~nn 3, wherein: the tree has a tubular mandrel that extends above the
tubing hanger; the second portion of the tubiu~g annulus passage has an
axial portion that extends upward within a sidewall of the mandrel and a
lateral portion that leads from the axial portion to the bore of the tree
adjacent err upper end of the tree; and one o~ the valves is mounted in the
axial portion and movable between a 



closed position, blocking flow between the axial and lateral portions, and
an open position, allowing flow between the axial and lateral portions. 5.
Tho wellhead assembly according to claim 1, wherein ono of the closure
members comprises a valve and the other comprises a removable plug. 6. The
wellhead assembly according to claim 5, wherein: 24   the tree has a
tubular mandrel that extends above the tubing hanger; the second portion of
the tubing annulus passage has an axial portion that extends upward within
a sidewall of the mandrel and a lateral portion that leads from the axial
portion to the bore of the tree adjacent an uppex end of the tree; and the
plug is located in the lateral portion. 7. 'fhe wellhead assembly of claim
1, further comprisi:ag: a pair of removable plugs landed within the axial
passage of the tubing hanger above the lateral production port; a tubing
hanger vent passage extending from the axial passage of the tubing hanger
between the plugs to an exterior portion of the tubing hanger; and a tree
vent passage registering with the tubi~d~g hanger vent passage for venting
trapped fluid between the plugs. 8. The wellhead assembly of claim 1,
further comprising: a secondary lockdown assembly secured to a profile in
the bore of the free above the tubing hanger, the lockdown asserably having
an axial passage therethrough and an upward p~atruding neck with an
exteriox profile on the neck, and 25 



a riser connector selectively coupled to the exterior profile on the neck
for providing access to the axial passage of the tubing hanger. 9. in a
wellhead assembly having a production tree with a mandrel having a bore
into which a tubing hanger lands and is sealed by tubing haager seals) the
tubing hanger adapted to be connected to a suing of tubi~ag, 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 txec
for the flow of production fluid from the tubing, the improvement
comprising: a tubing annulus passage extending upward through a portion of
the tree fironn the tubing azuxulus, the tubing annulus passage having an
upper portion that is located within a sidewall of the mandrel and leads
i~ato the bore adjacent an upper and of the mandrel; and a closure member
located xn the upper portion of the tubing annulus passage adjacent the
upper end of the mandrel for selectively opening 2uad closing the upper
portion of the tubing anulus passage. 10. The wellhead assembly of claim 9,
wherein the closure member comprises a valve. 11. The wcllhead assembly of
claim 9) wherein the closure member comprises a removable plug. i2. The
wellhead assembly of claim 9, wherein: 26   the upper portion of the tubing
annulus passage has an axial portion parallel to an axis of the bore and a
lateral portion that is inclined upward relati~'e to a plane perpendicular
to the axis of the bore) the lateral poxtion leading into the bore; and the
closure member comprises a removable plug located with the lateral portion.
13. The wehhead assembly o~claim 12) furthex comprising a corrosion cap 



located on an upper end of the mandrel, the corrosion cap having am
aperture and an inclined guide aligned wig the lateral portion; and wherein
the plug extends through the aperture and along the guide for insertion and
removal from the lateral portion while the corrosion cap remains on the
upper end of the mandrel. 14. The wellhead assembly of claim 9, wherein the
closure member comprises an upward-biased valve that has a stem that
protrudes above a rim of the mandrel while the valve is in a closed
position, the stem adapted to be contacted by a riser connector to move the
valve downward tv an open position. 1 S. The wellhead assembly of elairn
14, further comprising a corrosion cap that fits over the mandrel) the
corrosion cap having a hole thcrethrough for receiving the stem. 16. The
wellhead assembly of claim 9, wherein: 27   the tubing annulus passage has
a first portion leading from the tubing annulus to an external port, the
extexxlal port adapted to be connected to a source of injection gas; a
lower end ofthe upper portion of the tubing annulus passage joins the
external port; and a valve is located in the upper portion of the tubing
annulus passage adjacent the lower end. 17. The wellhead assembly of claim
9, further comprising: a pair of removable plugs landed within the axial
passage of the tubing hanger above the lateral production port; a tubing
hanger vent passage extending from the axial passage of the tubing hanger
between the plugs to a lateral exterior portion of the tubing hanger; and a
tree vent passage registering with the tubuag hanger vent passage in the
bore of the tree. 



18. The wellhead assembly of claim 9, further comprising: a loekdown
assembly seoured without seals to a profile in the bore of the tree above
the tubing hanger, the locldown assembly hawing an axial passage
therethrough and an upward protruding neck with an exterior profile on the
exterior of the heck; and 28   a riser connector selectively coupled to the
exterior profile on the lockdown assembly for providing workove~r access to
the axial passage of the tubing hanger. 19. In a wellhead assembly barring
a production tree with a mandrel having a bore into which a tubing hanger
lands and is sealed by tubing hanger seals, the tubing hanger adapted to be
w~nnected 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 improvement comprising: at least one plug landed
within the axial passage of the t~xbing hanger above the lateral production
port; a closure member located above said at least one plug for providing a
second safety barrier for the axial passage of the tubing hanger; a tubing
hanger vent passage extcttding from the axial passage of the tubing hanger
between the plug and the closure member through the tubing hanger to an
exterior portion of the tubing hanger; and a tree vent passage registering
with the tubiu~g hanger vent passage in the bore of the tree. 29   20. The
wellhead assembly according to claim 19, fmthcr comprising a seal extending
ooncentrieally around the tubing hander vent passage on the exterior
portion of the tubing hanger for sealing around the tree vent passage. 



Z 1. The wellhead assembly according to claim 19) wherein the closure
member comprises a second plug sealingly landed in the axial passage of the
tubing hanger above said first mentioned plug; and wherein the wellhead
assembly further comprises a tubing annulus passage extending through a
portion of the tree fmm the tubing annulus to the bore of the tree above
the tubing hanger seals, the bore of the tree above the tubiutg hanger
seals being open to ambient pressilre existing on the exterior of the tree)
22. The wellhead asserr~bly according to claim 19, wherein: the closure
member comprises an internal tree cap located in the bore of the tree above
the tubing hanger and sealed to the bore of the tree by an internal tree
cap seal; and the wellhead assembly furthu comprises a tubing annulus
passage extending through a portion of the tree from the tubing annulus to
the bore of the tree above the internal tree cap seal, the bore of the tree
above the internal tree cap seal beiztg open to ambient pressure existing
on the exterior of the tree. 23. 1n 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 seals) the 30   tubing hanger having an axial
passage and a lateral passage leading therefrom for production flow, the
improvement wmprisiz~g: a secondary lockdown assembly secured to a profile
in the bore of the tree above the tubing hanger for preventing upward
movement of the tubing haqger, the lockdorrm assenctbly having an axial
passage therethrough that aligns with the axial passage of the tubing
hanger, the lockdown assembly having an upward protruding neck with an
e~cterior pxofile on the exterior of the neck; 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 free of any seals so as to expose the
tubing hanger above the tubing hanger seals to ambient pressure that exists
on the exterior of the tree. 24. The wellhead assembly according to claim
23 wherein the riser eon~nector has a 



tubular stinger that passes through the axial passage of the lockdow~n
assembly and sealingly engages the axial passage of the tubing hanger. Z5.
The wellhead assembly according to claim Z3 whereon the riser connector has
a portion that has a diameter larger than a diameter of the bore of the
tree. 26. A raethod of injecting gas into a tubing annulus of a wellhead
assembly havirng a production tree with a bore into which a tubing hanger
lauds and is 31   sealed by tubing hanger seals, the tubing hanger being
connected to a string of tubing, defining the tubing annulus, the method
comprising: (a) providing a first portion of a tubing annulus passage
extending upward through a portion of the tree from the tubing annulus to
an exterior port; {b) providing a second portion of the tubing annulus
passage extending upward through a portion of the tree from the exterior
port to the bore of the production tree above the tubing hanger seals; (c)
providing a lower valve in the fast portion of the tubiag annulus passage
and opening the lower valve; (d) closing the second portion of the tubing
annulus passage with two closure members in series with each other; (e)
exposing the tubing hanger above the tubing hanger seals to ambient
pressure that exists on the exterior o~the tree; and (f) injecting gas
through the exteanior port, which flows through the first portion of the
tubing annulus passage into the tubing annulus. 27. The method according to
claim 26, wherein step (d) coxrapriscs: providing and closing a valve
adjacent a lower end of the second portion 



of the tubing annulus passage; and 32   inse~g a plug into ata upper end of
the second portion of the tubing annulus passage where at joins the bore.
28. The method according to claim 26, wherein step (d) comprises: providing
amd closing a valve adjacent a lower end of the second portion of the
tubing annulus passage; providing a check valve in an upper end of the
second portion of the tubing annulus passage; and biasing the check valve
to a closed position. 29. A method of providing access to a tubing annulus
in a ve~ellhead assembly having a production tree with a mandrel having a
bore iunto which a tubing hanger lands atxd is sealed by tubing hanger
seals, the tubing hanger beiu~g connected to a s~ziztg of tubing, defining
the tubing ~riulets, the raetltod comprising: (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 ltanger seals; and (b) installing a closure member in the tubing
annulus passage adj scent an upper end of the mandrel; then) for access to
the tubing annulus, (c) opening the closure member. 33   30. The method
according to claim 29) wherein step (b) comprises mountung 



a valve in the tubing annulus passage adjacent an upper end of the tubing
annulus passage. 31. The nc~ethod according to claim 29, wherein step (b)
comprises inserting a plug into an upper end of the tubing annulus passage;
and step (c) comprises removing the plug. 32. The method aceordiung to
claim 29, wherein: step (a) comprises 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; step (b) comprises inserting a removable plug into the lateral
portion; and stop (c) comprises removing the plug from the lateral portion.
33. The method according to claim 29, wb~erein: the wellhead assembly has a
corrosion cap located on an upper end of the mandrel; step (b) comprises
providing the corrosion cap with an aperture and an inclined guide aligned
with the lateral portion; and 34   step (c) comprises inserting the plug
through the aperture and along the guide into the lateral portion. 34. The
method according to claim 29, wherein: step ('b) comprises installing in
the tubing annulus passage art upward biased valve that has a stem that
protrudes above a rim of the mandrel while the valve is in a closed
position; and step (c) comprises landing a riser connector on the rixn,
thereby pressing 



the stem downward to azt open posit~vn. 35. A method of connooting a
workover riser to a welthead assembly having a production tree with a
mandrel having a byre into which a tubing haziger leads and is sealed by
tubing hanger seals) the tubing hanger having an axial passage and a
lateral passage extending therefrom for production fluid flow, the tubing
hanger having at least one removable plug in the axial passage above the
lateral passage) the irnprovemeat comprising: securing a lockdown assembly
to a profile in the bore of the tree above tlxe tubing hanger, the lockdown
assembly having an axial p2~ssage therethcough and an upward protruding
neck with an exterior profile on the exterior of the neck; exposing the
tubing hanger above the tubing hanger seals to ambient pressure that exists
on the exterior of the tree; 35   connecting a riser to the exterior
profile on the lockdown assembly; then removing the plug through the riser.
36
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