Sy
;e3eDM: $6ZTQSP ~ya~ r niinwe~a~ |'120pUCTION TREE WTI'i MJ LTr PEE SA, ~ET
BAR~: | F~RS Thi s application clains priority fromthe provisional
application Serial No. 601308, 343, filed 3uly 27, 2001 entitled "Production
Tree Wth Gas Injection Feature". BACKGRQJN[ﬂmm"mmmmml‘fl\ﬂ'l ON Field of the
I nvention This invention relates in general assexxtblies, and
in particular to a production tree with nultiple;g@f.ety barriers agai nst
excessive pressure. Description of the Prior Art One type of well head
assenbly particularly nn a subsea well includes a wehhead housi ng | ocat ed
at the upper end of conductor pipe. Casing hangers for supporting the

casing Land it USsi t drilled to
total depth, a%&éﬁﬁ#ﬁwy¥ o mﬁWSﬁﬁﬁﬁmQ?o t he wehhead
housi ng. A tubing hanger lands in the tree in one type, called a horizontal
tree. The tubi ngThiargplication Hfuime §iiokity froni thengroefsidnabapmdicatiat Sexidlends i nto
the well for producing well fluids. The tubi ng hanger has an axi al passage
for product Nen doy30ecs43, aited Auly@ 9! 2o0Pasialke PiberdioRITHOWitH Gahat
registers Wth a lateral passage in the tree. t n~r~~~~~ f During
installatio i&dtio &# i ng and tubi ng hanger and ot her opexations, it may
be necessary“to circulate well fluid between the interiox of the tubing and
t he tubl z~g annul us. The horizontal tree has a first tubing annul us passage

t hat extendﬁgmbgﬁ.ﬂagi%w oNC @ port on the exterior of the tree.
ubimng an

A, second t nul"us passage exte~ads fromthe exterior port back into
the bore of the tree above the tubiuttg hanger seals. Aflowline is
connect ed t Higldof the Iaventiomort fox delivery of fluids to and fromthe
tubi ng annulus. Both the first and second tubi xi g annul us passages in the

tree have hydrauphigalnhintddréitfel O \sRhMRP th Ove 3! BSorBles! B8 A the

t ubi ng annul us passage. A internal free cap is typically installed in the

bore of the fXeR,2ROY $riditbl Med 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 hangers
for supporting the casing land in the wellhead housing. After the well has been
drilled to total depth, a christinas tree is lowered onto and connected to the

wellhead housing.

A tubing hanger fands in the tree in one type, called a horizontal tree.
The tubing hanger is secured 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.
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hanger. The upper end of the second tubing annul us passage utay join the
bere of the tree between the tubing hanger and the internal tree cap) or it
may |ead into the tree bore above the internal tree cap. The junction of

t he second tubi ng annul us passage with the tree bore allows comunication
with a rises during installation and workover. Normally, the riser connects
to an exterior profile on the tree. After renoval 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~umuni cate w t h~he

interior of the plitihBinseiaBonbeeld ABink!ih Mbing Bader Bd GinBIGmIRAS Sa0E

comuni cates witlx ae annu space ore surroundi ng the
inner riser.. A choke and kjll. line allo ide the,outer. riser t2 .. normally
provi des a fit BRY PStIFCrISBR, {%8"‘%‘1“?%‘3 ﬁ&igtl?egwﬁm chtlﬂgngﬁﬂﬁﬁlﬁ WihZke in the
tree bore. To neet safety re two safety barriers are required

ui renents
for each pa#sddhke tuhing %v@lulqﬁegﬂiﬂah@i%%@tf?ﬁh%s Friipstiubipg gapulpg passafiee. For t he
t ubi ng hanger production passage, a renovable plug is instaXled in the

axi al passaghkataktaniie fitomb irgtubinggamuhisotoca pore ohahe eateripnef thgetreco Ar ovi de
ozte safety bazrier. In the prior art) typically the internal tree cap

provi ded th%e&ﬁa(tﬂﬂng anfilis Pasagedxtendd flof M8ekRBbEpord Badkih®y thebofd €€ cap
requires a large seal that is fairly expensive. Also, if the second tubing

| ' t Wal; I h
annul us pasggqf. a o?é;tﬂgeaiﬁb%eé’%&%éﬂﬁ A"ef}]dvl? ifrleie cog%&?e@ﬁpthet ere

woul d be only one sate rri t he tubi ng annul us ove the | ateral
producti ozt rt. |Lf, gas .S Dbei .Lnj ect into,.t.he externa ot of the
t ubi ng annuleggnf%rmﬁ I?FFY%LH%‘Z%{P %{‘dgggl&r%?&lpfl%ém Hﬁ'dblpghfhere au
additional safety, bazxier. ~T.K patent application B 2343%30 i scl oses
two renovabifiEstypigdysepond: tubipg UsaRgssREcS By &he (iese) Bgver Bydgulically, © The
upper plug could conprise a second safety barrier, elimnating the need for
an internal contelledaprlyesaforsepening prd dlesing they Bhing aanyys Pasweeesed a t est
port that |leads fromthe space bctween~ the plugs for nonitoring |eakage
past the | ousternal trge cdjuisnypicatlyy instslledainche bonofTthe tiwelabbeatheatubingbl y of
this invention has a production tree or well head with a bore into which a
t ubi ng hang@apgepnds and is sealed by a tubing
The upper end of the second tubing annulus passage may join the bore

of the tree between the tubing hanger and the intemal 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 riser during

installation and workover. Normally, the riser connects to an exterior profile

on the tree. After removal of the internal tree ¢ap, an inner riser, such as a drill

string or tubing, will be run through the outer riser and stabbed into the tubing

hanger to communicate with#e interior of the string of production tubing. The

tubing annulus passage communicates with the annular space in the tree bore

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



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 amaul us. A second portion
of the tubing annulus passage extends upward fromtlae exterior port into
the bore of the tree. Avalve is located in the first portion of the tubing
annul us passage. Two cl osure nenbers are |located in the second passage,
providing two safety barriers for the exterior port if used to unject gas.
At | east one of the closure nenbers is a valve, preferably the | ower one.
The upper clisiaRy FRo¥EEs d fovd phBTRMA BheCsipfabg platfoti o iR RRdIA8pce id he Pl ug
extends into tlxe portion of Fhe second tubi ng annul us passage where it
entexs the R éﬁtcEPﬁ:pluQ xnay be accessible by an ROV through a coxrosion
cap that | ands on e production tree. Alternately, the upper closure
menber may be a shuttle type valve that is located in an axial portion of

t he second t ubi zi it I I . tr mandr el .
I n one enbodi ment'lg %é#%y&%ﬁﬁ%@n@hﬁg@s%ﬂ@%%ﬁ%}“ﬁ%geﬁﬁx&%&éﬁm&s%rd to a
cl osed position. Tn the cl gsed paqsijion, stem of the val ve praqtrudes
above a ri mwwssénawaubﬁdﬁswﬁ&tﬁaw%a q“ﬁ&’e?”é%ﬁe %'rtﬁF;S‘l"h!%g on and
connects to the tree, the riser connector will nnove the stem downward,
openi ng t he leegenprodudtionpassagelaremosatia plig isinstalled i theeaxidl pabsage ofe. Tite

internal tree cap nay be elimnated as a second safety barrier for the

producti on phsahity hangehsbdve lthelgterdl pasvage I wroside ond safefychatribarkites coul d be
4 provi ded by a renovable plug located in the axial passage of the tubing

hanger. Ventgridg drg I&)ﬂ'lﬁ%ﬁb Biterdal/ 886 cRA16Eed BR sdRAE Ssalfy Hangest eri or of
t he tubi ng hanger. mat’l ng passage ext'ends through the tree and nates with

the vent pa bj a (o jre C oLy, ki aig
mechani sm masvgﬂ.gg ‘r%un eﬂtagbgl%%lhg&fequpnéeqﬂg%ggrQ{%@ﬁggvg{r%?a%nfaﬁ war d
nov~et nent of the tubjng | er in the event the tuhing hanger  primry
oekdon 1 aikeEnsTRe AIBE 0 Sreanl A s REsteBclsh i MR F58 81 T o
sealing to the born of the tree. The secondary |oclcdown may al so be
utilized to abevmthetiniemal trge cem there womld e only oae sefetyrhasdier inthe tuhinge| i ne

ri ser engages a neck on the secondary | oclcdown a~od has a stuager that
ext onds i nt anselakiabgve tiga tpteraleprioduitidn pdre d6ghs [ beiageinjastadhinta tig ng
hanger. 1&-rxef DescrlptKOn of brawxues Figure 1 is an enlarged soctional

view of a heitez@dlipalt 4ffthe tibingtaRRiud oL gay lifh piuposes] 2'gobd Practice woald ¥
one-half of an internal trey cap shown. Figure 2 Is an enlarged sectional

view of a CepiiRl alP@ditidhal Sfet) BRndapr i zontal tree of Figure 1. Figure 3 is
cn enl arged sectional view of"the horizontal tree of Figure 1, showing a

W ser engagi ng a secondary | ockdown to enable wreline access. 5
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 internal tree cap that seals.
The patent application discloses a test port that leads from the space between

the plugs for monitoring leakage past the lower plug.

Summary of the Invention

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



r Figure 4 is another enbodi nent of a horizontal tree constntcted in
accordance with this inveuntion. Figure 5 is an enlarged sectional view of
a~ upper portion of another enbodinent of a tree in accordance with this

i nvention, showi ng a renxovable plug as a second safety barrier for tl-~e
second tubing annul us passage. Figure 6 is an enlarged partial sectional
view of still another e~tbodincnt of a tree in accordance with this

i nvention, showi ng a check valve in the upper end ofthe second tubing
annul us passage. Retail ed Descxfntion of the Preferred Enbodi ment of the

Prese=al i nvahians el CATARO phftioi 6f almbRIEOMFHLOPalshBe cltchdd TR { yPE

known as a horizontal tree. The word "tre€e" iIs used broadly hefein to

i ncl ude ot her, vari ations. of 1 r LS Ol | hea )Ca t the
upper end. of (Beh Siq B8 can EHEHb o™ TRE bR alined IFES cofielielled

wel | head nenber through whi.ch at, | east some of, the drilling, may_.qccur,

Whi ch has o GG IEERGE IR JHtorBR SHRIoE AR, T SEoae! ESORBE BB 1 | ow
passage. In this enbodinent, tree 11 is xK rounted to a well head housing
(not shown) Aweing gunylps passnge ¢xtends upsard frony theirxtegior porfdatothe horerof | ed and
cased. Tree 11 has a vertical or axial tree bore 13 extending conpletely
through it. Thetre@pdrvalve isilocstedin thedrstifortion af tyd tubilrg amblurgakege.or
mandrel 14 with a set of grooves 15 | ocated on the exterior for connection
to a dri || nervig slekurb hbmistio wdlocdied e GRRUENBsail] pRVidailg 630 sifsyennbl ¥
17 is installed on the upper end of tree 11 af erggtéfé ri?égr is removed. A
| ockdowz~ | e : RAPHES @ : re corrosion cap assenbly 17
to tree 11. kﬁ{’h%ﬁg’ corr%%#gﬁﬁéggseﬁﬁoﬁgeﬁ?{g&seal ed to tree 11, for safety)
a maztual ly operable vent apparatus 18 may be nounted to corrosion cap 17

hanger  assenl y. 24 PP ot Wt Aokl lenkbrd & oA frofBHBl i oy 1)

hanger assenbly 21 sin S securé y a tubing

| ockdown nechani sm 23. Lockdgwn. mechani 3 i.ncl ude | ockdown, split ring
25 Wh ch' | < IHRARRH TR STIR f K ERuapie e A Proofmedf ARG5S
grooved prohlc for_ engagi ng mating grooves in tree bore 13. Cam nenber 27
has a profil @xtzgd%mtv%sem’gev of e sespnd Hibing Aumlup passageWherAdt e, Care
menber 27 noves between a | ower | ocked position shown and an upper rel eased
posi tion, fr ¢esbagesgheplud may b8 aceessiblerbyon ROV traighay c@tosiommapdhatt o t he
upper end of tubing hanger assenbly 21 to retain canrx nenber 27. In the
confi gur at i olarslsewnhe protitngtionitglet hal f of Figure 1, tubing hanger assenbly
21 is al so secured agai nst upward novenent by a secondary tubi ng hanger

| ockdawn assenbly 33 that is actuated iri the sane manner as the prinmary

| ockdown 23_ SecoAttamgtelyo thel apper ehsereangmBéer inag lbe desbuttlcdigpy valve thdti ch has
an extended shoul der that |ands ozt a shoulder in bore 13. Neither body 32

nor any ot heijs RRited 9 af faxlal pEARWLIARS Sedohl tbing Bnhdlas pakshge Wahm hd. Body 32
carries a camsleeve 34 and a split ring 36. Split ring 36 engages a 7

sidewall of the free mandrel. In one embodiment, this valve is a check valve

that is biased npward 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 conpects to the tree, the riser connector will move the stem

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

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

4



grooved profile in bore 13 when cam sl eeve 34 is noved downward. An axi al
bote 38'extends through body 32. A flange 30 is rigidly nounted on the
upwar d ext endi ung neck of body 32, defining an exterior profile for the
neck. Secondary | ockdown assenbly 33 is optional, as indicated in the |eft
side of 1~iaure 1. Referring to Fig. |, a string of production tubing 35
extends from tubi ng hanger 21 through the casing hangers (riot shown) into
the well for the flow of production fluid Production tubing 35

oonn~zrauni cates with a vertical passage 37 extending conpletely through

t ubi h i t ' ; |
o) DSt o PR CamhRE oo 8y W 1 R0 A B RERHE )

hori zontal | y through tubi ng ha al i gns

with a tree | . 40 t 41 controls fl t hr.ough
product i on pa‘ggag 158&8 iatg%ibﬁ’ga ﬁéﬁg‘gﬁs&gg@#ﬁﬁ/&ﬂ Wa%xq?fr\c’ru‘)p(gtg?“é $ 43

| ocat ed above | ater gl ssage 39 and,a | ower ;seal 45 Iocat}%ﬁ1 bel ow | at er al
passage 39. SMREET 42 WARDE PIssage cxtends twanshothe fraeand mates theovemy hanger
21 and seal to bore 13 of tree 11. Refer to Fig. 2, tubing hanger assenbly
21 contains d’%smccﬂf&ﬂf“bmdla%@errbl ies 47, 49 installed above | ateral
passage 39. Crown plug assenblies 47, 49 provide two safety barriers for
tubi ng hanger axial passage 37. Gown plug assenblies 47, 49 are run by
wireline, coiled Hfifesigd, aseennidaty locking racobanismnmeay be imounéedbatioabltes and
insert into ta.rbing hanger assenbly passage 37. A crown plus vent passage
65 in tubi ng thhingdhangas trrptevetl alh apward novemeiabf the tdiigchanger i Mege hanger
passage 37 between crown plugs 47, 49. 'Vent passage 65 extends laterally
t hrough t ubi ngehafi@ctubik hn lﬁfﬁﬁgl efahigal i f j de wal |
of tubing hanger 21. Vglrj%t pagé%gage 6 ltg‘gkrdrs}lg%a{agg iﬁ%%dgrﬁt hlg%lt@(ﬁ{t ains a

metal seal 67 . C hewn [N, U S . Pat. 5 865, 250.

O her types O‘Y‘t)@gg‘log&ﬁélfpgggggaé%,&‘&astncgﬁi?ﬁol ‘Z“‘ﬁ’SF ééfgggﬁ’icﬁ'al'ﬁfﬁg?or\fléﬁ't passage
65 term nate ,0 spherical | ater ortion, of tufing hanger 21. The
preferred mtlg%‘g’g'é’lm%ﬁaﬁgbﬁ'@@‘ﬁ%hﬁgwt%%éﬁméﬁ €% WHENRe Hsfint ed in
vent passager,ﬁse for. sealingly engaging tree bore 13 around a mating vent
passage 71 i rgrelipg risge pagageea Regkyoth ks sacandarydockdoya adchasgptingeronce
engagenent is made. When upper crown plug assenbly 47 is being installed,
fluid trappedh¥ieextensds intmeealingoonzagbmentawith rbe yaxid passhgepimethectubing pl ug
assenbly 47 may flow out crown plug vent passage 65, through |ateral seal
67, and intohangew. passage 71. Tree passage 71 |leads fromthe exterior of
txee 11 to the control systemfor tree 11 and al so may be used for applying
test pressure to crown plug assenblies 47, 49. Tubing hanger assenbly 21

has an upper Bridflibssyriptioh of Prawimpidi ng around it above |ateral seal 67.
Lower gallery seal 43 is |located below | ateral seal 67. Seals 79 and 43

extend around t ubj h er 21 and seal, to bare 13 of tree 11. A tubing
annul us 89 surrougié@mt ﬁ%beéggﬁif@8ﬂﬂﬁ¥ﬁga§8"ﬁ?fgﬂt% Baggrdace i anet er
string of casi.&ﬂg&nof shown) . ubi&glgnnul us ~89 comuni cates with a | ower
or fiurst an Javation wyth ey onechplf pfian intenalires£ap s 3 t hr ough t he
wal | of tree 11 bel ow tubi ng hanger seal 45. The |ower 9 annul us passage
91 comunicates w,th a_second or upper annulus passage 95 that extends into
tree bore 13 abovBEHfoZnl§ Whshlarged sectipnal wew X tae pentral portion @d tha t he si de
of tree 11 is |located at the junction of first and second tubi ng annul us
passages 91, horizontd dsa@fBigwedkdown assermbly 33 does not contain a seat,

t hus any pressure fxom tubing annulus 89 conmuni cated to bore 13 by upper
annul us passage 95 woul d communi cate with the entire portion of the iree
bore 13 above sedigrs hiscuapirrgedsestionagdiviay df7the horibgrdakimdd afflipyredst uat ed
valve 99 is located in | ower annulus passage 91, and a pair of

hydr aul i cal | shawingatiser enghgiag akddondansleckdosvmto@nhlsie &tifdinb AedeBher annul us
passage 95 in t hi s enbodi nent.

=2Q0)




External port 100 leads to a flow |line having an external valve 102. A, ,as
source 104) such as a tank of conpressed gas at the surface platform may
be connected to valve 102. The gas nmay be of a variety of types that are
used for stinmulating production by injecting the gas into tubing annul us
89. One type of aas utilized is nitxogea Wien tubing 2utnulus valves 101

i on upper tubing annul us passage 95 are closed and val ves 99 and 102 open,
the gas flows thmugh | ower tubing annul us passage 91 into tubing annul us
89. Valves 101 provide two separate safety pressure barriers while pressure

exists at port 10QFigme #nistarotiieg cibodinient8X a Torzenml tRer éshsiaed gl Y one
shown) extend through tubing haanger 21 to comruni cate hydraulic fluid

pressure from&bﬁaﬁ@@qﬂl%gﬁv&,ﬁ&g 11 to a 10 downhol e safety val ve (not
showtz) and for delivering flurds for other purpose. A tubiztg hanger
hydraulic fluid passage 105 extends from port 103 through tubi ng hanger

assenbly Z1 for c t4 %ﬁﬁmﬁ! . Ref tg Figs 1
and 2, in operati gjrll,gﬁgf% gs':a:][i %‘é&%ﬂl as glee?féfﬁfluégleﬁéﬁ?fhggsoe&noﬁwg
operat or | owe ti: ll.opnto.the | | he pusi ng. (nqt shown). free 11 wll
normal |y be I%Peordé%%gtng%a E‘Ffluf W&%ﬁ%?&gﬁg‘? %ﬁ%\%ﬁ%” f(i’r?é{‘fm%(ﬁ f’%bei?o
grooves 15 of .tree mandrel x4. The operator then may install production
tubi ng 35. TUPHS Aasreed safotbasricr fon the saepnd;tubing panulus passage. t s | at er al
passage 39 aligning with tree |ateral passage 40. Tubi ng hanger | ockdown
mechani sm 23 | ocks tubi ng hanger assenbly 21 to tree 11. Vent passages 65,
71 register seali Kggurewpt fis cunclenlargesr partial esestibnalt wiwigofirstill wmother i s
provi ded t hrough the upper end of tree bore 13, and passages 95, 91. Once
t ubi ng hangerenttidiracntruftactrdecitl aacutdins twith thisinesntivhOsMowihs'd chsgevdivey 49 nmay
then be installed with a wireline tool. Upper crown plug assenbly 47 w ||
then be instahltl&cilpﬁewn@ome%doastﬁméaiﬁ&ldsgﬂk&ge.hanger assenbly 21. Fluid
trapped between | ower crown plug assenbly 49 and upper crown plug assenbly
47 may flow out vent passage 65 into tree passage 71. The operator xnay
test plug 49 DutaRep! BeRigthl of #RS WRReP UBMDGE RO GIA968 PrestneNd 65.
Secondary | eckdown 11 used, e fter the
i nstal | ati onInvemtiomn plugs 47, 49. rf installed, preferably the upper end
of secondary | ockdown 33 is substantially flush with or |ower than the 11

S

t

f
upper end of txee _qulég . NN EJ be di sconnect.ed from
tree 11 attd rerm&ggr. #Or%l?i %}I}%%%EI%HF q}éﬁf%gp”gﬁn%\gpﬁﬁg%gﬁao cured to
tree mandrel .14 w4t h_the .assi stan of ,an ROV. \\ll|  prqduction is through
| ateral pass ge‘s% wggg %8% fsn}‘%gt %?ﬂlyﬁ?ﬂ%éﬂ,‘“?lgd‘{jﬂﬁ'ﬁﬁdﬁnm %0 from
gas source 13@5 Tf g@g injection i.s not to be used, oz~e of the tubing
annul us val v&bulay F5or gaqls lpoatedoatithe wpnesend ok the wel. Theawerdh t ubi ng
35 needs to be pulled, a drilling riser can be enployed. After renoval of
corrosi on captregsisneant 19 alsotracempasataowelihead ahdtsbea thiongh iwigch asleastont o t xee
mandrel 14 by connecting it to grooves 15, the drilling riser having a

bl owout pr evsethenf tetdillingiman becirf Which hed & tbingWanpel Yah@dddherein ik fluid to
kill the well. To do so, the operator installs ao inner riser string or

dui t that i f !
condui at 1a¥raPsrodatifort h@w%@%e.elhdthlﬁé; ﬂg@%ﬁ%ﬁ‘fﬁql ﬁ%b grgex

assenbly 21 above crown plugs 47, 49. ockdown s used, it

may be renov lg ¢ ect ~.the in riser string
to secondary%g{é% Ov\oﬁlsg@@%ﬂ?@gg%ﬁ%@&éﬁﬁ%aﬁﬁ%@gﬁa e\/ﬁ’%lﬁﬁ%fmnger as
suggested in,F.gure,3. P r not sho inthe drilljng riser are
cl osed ar ounang‘%}leapﬂnﬁe@?@r@?aﬁfhgﬁ& VWF%QD%TO?’H s Rprankurtendingves 101
open, upper tubi nm nul us_ passage 95 now conununi cates with an annul us
sur roundi ng wahat. The ppperipartion of tresrbrhuis iacylindriedl mrembresioe and ki | |
|l i nes | eading al ongside the d~ihing riser back to the platform 12

mandrel 14 with a set of grooves 15 Jocated on the exterior for connection to a

drilling riser (not shown).



"f he operator will pull upper crown plug assenbly 47 with a wreline tool
(or other cornrnercially avail able means). Vacuum pressure nmay be relieved
via crown plug vent passage 65. The operator will then pull |ower cmwm plug
assenbly 49 with a wireline tool {or other commercially avail able neans). A
port (not shown) at flue |lower end of tubing 35 will be opened to

comuni cate the interior of tubing 35 with tubing annulus 89. This nay be
done renotely through a hydraulic line or with a wireline tool in a
conventional manner. Wth the production valve 41 cl osed and | ower tubing

annul us val ve 99 OpgfbvableSoPidSion dap aSRRLDY TP ifiRsalled on ithe@iper ef®6l down
tubing 35 and back up tubing annulus 89. The a~ulus fluid circul ates

through |l o n and tree
bor e 13 and 155 Dk PHERSR I forbrea I SRR RV 2nBARE BRECLS P
circulation could also be in reyerse. Ajter.the kill fluid s been pl aced
in the wel | SCPHE SGPEFIGR 57 ﬁﬁﬁ"‘% {?B’r%?fuﬁ'i P FRyroston GPRe‘h'g‘ﬁé‘Pgt or will
|lower a drill string with a running tool into engagenment with tubi ng hanger
| ockdown asssealelyto 2Bealq forsafeyy e manvaily apsrable wertdepparatuss b8 s1¥ae | ockdown
assenbly 33, renoval is simlar). Under some circunstances, an operator may
wi sh to achiravented teetomsionrcapdi7l tagréveht mgy presarey buildunpriortto réledsimyy 35 (Fi g.
1) without killing the well and without using a drilling riser. Access is
achi evabl e Wetd} 1ol ue well under flow ng conditions as shown in Fig. 3. A
smal | diameter light weight riser 106 has a connector 107 on its | ower end.
because secondary | ookdown 33 is | ocated 13 with its upper end

substantial ly fl l&ﬁ%ﬁg%@ﬁi@s&ﬁ "Rl 1ahds ixlhﬂo%srwja@i\ﬁ.iéle&u%&it%suof

]
connector 107 may ers greater than the dianeter of tree bore 13.
Connector 1Q7 | gnds qn,secondarny | ockdo and e sinil to a
convent i onal °% a%&q?fagﬂ gpn, 1 I} ggl %ﬁ%&r‘ﬂ?ﬁ%ﬁ%gﬁs l%chg‘{&fﬁger 109

t hat extends thyough_ | oekdown 33 and sealingly engages a counterpoxe 111 in
t ubi ng hangdpckdpwncsplib HEE g9, Yb‘Phﬁﬁﬁu@éGPW@rdi/’lﬁ 3%%5%4!9&1@ @P‘ and
engages flange or profile 30 on the neck of secondary Ioakdown 33. A sleeve
113 is hydr &litciag|2) hase goavedprafilel forrengaging oiating giaoves in weghoredBl et 117 to
flange 30. Conrxector 107 is shown | anded but not |ocked to | ocl~down 33.

O her types ©dm aaenitee 2P has 4 piofile 29 vnlitsalpper endefop prgazpmentina nimainguse a

wi rel Zne tool to engage upper crown plug assenbly 47. The operator w ||

retrieve bot,LRRG midhfbet 2Pehovel Béhvdeh Wlowet 581ed Gosition shdwni dhdaan

conventional zttanner to performthe wireliuoe or "coiled tubing
interventio [ -k ' sg@%.gm
reinstall ed rhcpg %%ﬁ%@f%sftgo‘_ﬁ?g%%%%%ﬁ%@%ﬂuﬂ%e@e{ élqg avoi ds
hydraul ic I gk when La i ng upper cr | ug .assenhl v, 47,, figure 4 shows
anot her enbgg?weﬁ °f+l‘g“15?ﬂ?3§ iﬁ?ﬁmﬁqi\gﬂgﬁf‘%ﬂne?ﬂmgéb?fg'havi ng a tree
mandrel 126 on its upper end attd a tubing hanger 127 |ocated within its
bore 129. "Il ~bi hanger 127 has a.l ateral duction, passage 131 as 14
in the other enbg‘gl"‘r?e"rﬁ’?lggwgﬁgﬁ%“’?é‘e eevg‘wg’r‘ﬁ?ﬁg‘%‘d%‘ e % hin the
axi al passage 134 otubing hanger |27, rather than two as in the

enbodi ment s.asgambly 2dris alsotscered againg Ipward msivement by atseeandapbwdingent as a
second safety barrier to plug 133. rnternal tree cap 135 is |locked in free
bore 129 abdasgérulpckdpviraagsembly B3athdt §e adtaated yinathe esainel Sidnnéir ssetieap | 35
rnay be a solid nmenber or it may have an axial passage 139, as shown. In

the enbodi i Xrihdry 36kdbii 23! I S&condiryl186kdonal @¥eriblyt 3BinsRides abodgspndar y
| ockdown 33 (Fig. 1) except that it has it is sealed to tree bore |29 by

seal 137. A [ i kgl bt RRagade 139 of
tree cap 13§?ﬁbl'%h%§?5ﬁﬁ%érdgsﬁﬁlg ?ﬁ%%%ﬁi@%%&ﬁéﬁ cap 135 while

contai ni ng Rl V, | f [ r } al passage
134 above pﬁ’@égf?ngggoggilp%%il %?h@@fﬁé%%%@%&g@ﬁg%ﬁé%%r 127.

Seal 144 has_.a check valve and may be the. sane as seal, 67 of Figure 1. Sea
144 engages '?dé’e”o‘b?"@ﬁlég"‘&rﬂf’eé’ﬁr?\ée"é‘ésa ﬂg’r‘it““&o?‘g PRbt ¥ige 36.9BEM2DEr t 146

| eadi ng through tree 125 to the exterior. Vent port 142 al so avoids
hydraul i c Lock while | anding plug 141 %n previously installed internal tree
cap 135. Furthernore, vent port 142 enables pressure testing of primary
crown plug 133. Tubing annulus 143 comunicates with a | ower or first
passage 145 that |eads upward in the body of tree |1Z5 to a port 149 on the
exterior. First tubing annulus passage 14S has a hydraulically actuated

val ve 147 therein. A second or upper tubing annulus passage |51 joins first
passage 145 at port 149 and 15 | eads upward within tree 125. In this
enbodi nent, second tubing annul us passage 151 bas two hydraulicaXy
actuated valves 153 in series. Second tubing annul us passage 1.5 has an

..... a o 1 . T




annul us passages 155, 151 and 145. Gas rnay be injected froth gas source
159 in,the sane manner as in the outer enbodi nents. If so, both val ves 153
will be closed to pnvide dual pressure bazziers. Valves 157 and 147 are
opened to fl ow gas through | ower tubing annul us passage 145 into tubing
annul us 143. Figure S shows anot her enbodi nent of the invention, including
a tree 161 that has a mandrel 163 on its upper ettd with a bore 16S. A

t ubi ng hanger assenbly 167 is | anded and sealed within bore 165 in the sane
manner as tubing hanger assenbly 21 of Figure 1. Al though not shown, a

lower or firgtodvidlipkdhilc 2BUS WASS &R sle3V6 B4 aSmBRsHddenw4d. ofn Mligur e 4,
will lead to an exterior port, such as port 149 in Figure 4. A second

t ubi ng annul ys sage ,l fr t il . f jon |69

t hat ext ends%ﬂe{)#r?x%%s ?@r%ﬁg%ﬁ%ﬁk%'cd%@g‘[é\%gl'P%gql&&aﬁ%ggm%gémﬁar al | el
with the |longitudjnal axis qf r 5 nnul us passage..169 leads, to the
upper end or YPWAT F’“‘E‘F‘g’ég ?8‘% °gﬁ?g¥ i‘g’pﬁ?}gﬁ% a1, £XEeHar B%’ﬁﬂ? ‘érné“lﬂ?d&
permanent plug 171. A lateral poxt 173 leads fromthe axial portion of

t ubi ng annul Sscqualeryalpskd®on jasscmbly 38 is @ptionalhag mdma&daﬁc@%eg sidetafe upper
end of tree 161. Lateral portion 173 has an axis that is ax an acute angle
relative to Figurebe perpendicular to the longitudinal axis of bore 165. A
plug 175 has a |l ower ettd that selectively closes lateral part 173, and
thtas the upper end of tubing annulus passage 169. Plug 175 is renovable in

this enmbodi ment aRefehrisy @/ Hi .dl,l&\’shﬁﬁgéiﬁddudﬂdﬁgulbiﬁ 3haxtends fropawbingst em 177
on its |ower end that engaggs mating threads in Igteral port 173. A scat

179 is locat ﬁ%ﬁ;@%@%@%@ g s (ot ShowhPInnd AR WADfdh!HORdN B LNE N

| ateral portio exten lagonally across tree bore 165 from

end 150 pr ot PLEASRE SHE fs’eﬁé‘f‘*%'ﬁéai@%ﬁ% 53?%}*2@%‘%%% ”%8%%%12%# inif Al 1 ed
ition. U | 80, [ [ ' ,
broiile i or 87 RARRp P EER BRI P RE BEer e 4 AN PBREATO NS Exam

upper end 180 to threaded stem 177 is greater than the inner di ameter of
tree nandrel pasage 39t trtondsx generallya barizontall threugty tubing hrggen ZhdEomn mandr el
163 and is secured by lock 183 as in the other enbodinents. As in the other

enbodi zr ~ent sertical pssiger87can dlighs With adeedatend passage 40ie A treevalye 40f bore
165 from e~te~xtal pressure, but provides

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
assemblies 47, 49 installed above lateral passage 39. Crown plug assemblies
47, 49 provide two safety barriers for tubing hanger axial passage 37. Crown
plug assemblies 47, 49 are run by wireline, coiled tubing, or drill pipe, are
commercially available, and insert into tubing hanger assembly passage 37. A

crown plug vent passage 65 in tubing hanger assembly 21 has one end that



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 | ower side of corrosion cap 181 at the sanme angl e of
inclination as tubing annul us passage |ateral portion 173. Corrosion cap
181 may have a key 189 for orienting guide 187 and aperture 185 wi th tubing
annulus lateral port 173. In this enbodi nent, pernmanent plug 171 is
installed slightly bel ow the upper end of tree mandrel 163, providing a
recess 194 for receiving key 189. So as to provide clearance for plug 175,

the embodi NMegte égiuﬁ%%gg?cﬁrgggsge PPbetvBQY R WY 4gssﬁémbxssa%erbs as

secondary | oek gure or an |nterna tfee cap, suc

xz~ternal tr qi F | d not
need two hycf gtﬂ%?g%t%%ﬁy déﬁligﬁn v él&@ @gﬁr@;é”% ecatfﬁ] ‘)(Qg | 7~
serves as a eco ty.barrier forg,s cond t age 16

Fur t her mor e 10§ $* a‘gilfﬁﬁ‘ﬁ{m agget 2 e‘é?’gd’afﬁg% ﬂwﬁa‘% t"gtarﬁﬂr?%’;t such
as port 149 of Figure 4, there would be no need for either of the valves
153 of Fi gurcentainsOaemstal aegl B rthate mayobe ¢onsrystedy ptislowy ipalls® By in ftrst
t ubi ng annul us passage 145 and the second safety barrier would be provided
by plug |75.5,365,25(k Quher gipboof edald may dehodd,nard it df nét epsemtid thatlwegt 175 i s
installed after the well has been conpleted and the riser renoved. First

COrrosi on Cafsdh3é §5Stermfdatd b @ PRericl 186fP Pomioh biapihEhdnger 2¢Fhe 190.
Then, plug 175 i's 18 passed through aperture 185 al ong guide 187 into

engagenent 7 nﬂ(;g] gyre

t hr eads 177%@%’%%%“85’0%%%s“‘%gé;"éage ater%ﬁtr%lglz!? 3téd?;iln aﬁ?e 6 shows
still another e~n t of the i nt i | udi.n ree with a
mandr el 193%3839331 mgmﬁccaegcggﬂg g‘?‘?% 9.?lng an
internal profile 199 in bore 195. Lockdown assenbly 197 coul d be omtted,

i f desired. inreeeald.aMeiphusal §3hap anchsek FalveoAGORAIR ANGS epgaEeRat 301 ext ends
within the sidewall of mandrel 193 parallel to its axis. A lateral port 203
| eads $om anmadeuWVias spypr @0Wn tplug assembly 47 i9beinglinstalleds fhfid itzappedal port
203 is at an acute angle relative to a plane perpendicular to the

| ongi t udi nalbefwécn llsfwdﬂQ:rrGwﬂgﬁxg ahsembBC49 dnd aippény cloany pleyg assertibliys47 nst ance
conprises a shuttle valve 205 that is located in the axial portion of

tubing annulyg, ﬂa@meﬁ&iﬂ%mg%m ©BS) thediiEh Qhtes P 56hl 67, #RPintoée/e 205 has
em

an upward protrud| ng s ower portion with seals 209. 1?fhile

th iy 05, I
209 wi 11 endagae rsl[e‘r%aga %Zﬁ%ﬁ‘wﬁann ué‘%r%%i“afg'ééez ¥ e Tafol 0L 200
| t t b 201 b t h t th | at I

port 205, ¢ MANOR @?amg RS 25 e o AP ot M Bbeier

portion of tublng annul us passage 201. Wile in the | ower pgsition, shown
on the | eft plug.agssmblics fﬂ-vf 9. 'ybmechaneeasseably Wm@e&gmﬁlsfa‘of annul us
passage 201 Fluid is allowed to flow around seals 209 while ins the 19

| ower posi t i7Grextertdingarpund itraboive latérabseah67.) bawer galary seald3 sdesated annul us
passage 201 with lateral port Z03. The novenent between the upper and | ower
posi ti ons ofbeload lateraDseal 61| Sdalke7oamd 43t excbnid\atigumdl tubiag hpngdr@ieardrsepl ef er abl y
val ve 205 is biased to the upper closed position by a coil spring 213. Stem
207 slides 4Hperols éfthasgage 219 in a bushing 215 in tubing annul us passage
201 at the upper end of tree nmandrel 193. Bushing 2 Z5 is secured by
threads 217 to the upper end of tubing annulus passage 201. A seal 221 in

passage 219 seal 3 fiviMg aftfulhd 89 Ushbils2iBing 35 between tubing 35 and the

smallest diameter string of casing (mot shown). Tubing annulus '89

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
9



A corrosion cap 223 hts over mandrel 193 as ini the other enbodi nents.
Corrosi‘on cap 223, however, has a hole 225 to all ow 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 | eads
downward to an exten~al port, such as port 149 of Figure 4. A |ower tubing
annul us passage, such as passage 145 of Figure 4, |eads fromthe tubing
annulus to the external port. The Iower tubing annulus passage will have a
hydraulically ac‘tut;at ed vgllve, such as\ﬁi;\é?l ve 147 of Figure 4. If gas

i nj ection is apEvius Passagn el comaumgstesi afseeqndeor Ynporguniuapassagese®sage 201
w | preferably have one hydraulically actuated val ve, such as valve 153
(FigWe 4). Shaitdxtendedhtocréd(iors d8\abevasubing hanged seAloBUr Anaxtaadlgioyt barri er
when the | ower tubing annul us passage val ve, such as valve 147 is z0

open. _ If ga90idh elsiderof tfeeDll ist1cdi@d SRE jurdfi®n \6T! fitSt 4 eB6nd QORI POrtion
of upper tubing annul us passage 24|l (valve 153 in Figure 4) wll not be
needed. In t ' f okh Faﬁgl o) Hi e Lve .205 will be
installed wt ?lrﬂgéﬁfgg&p%, 8? %6:% 0 I‘ll ngg?’%‘eaggeﬂtilgo%r?t%&? Ilnlé?f’/\(/’eq &ad

housi ng. The ri]s r_connector (not shown) fh%t connecfs to tree_ 191 for

| onezing it WP VIMS Y PTessurn Bom whins aaphy £9, commynicated Ha bogs 43 &y
position. Consequently, during the installation and conpletion process,

t ubi ng annul Wpgatilis prasagei 93 woeldogearmunicato rwith 8% entire pyttidvaoethel por t
203. Conaznuni cation is achi evabl e between the tubi ng annul us passage 201
and the surf aee boye IRalveakalarddndkgppanciokaiplug 47 e Ahpdraclically adivatedssed.
After the well is conpleted, the riser connector is disconnected, resulting
in spring 2| 3aResgY RAos4tEdNP BowerMhlilut Dabdipe AP Shd & PCHF BPSbbli@y Thi s

cl oses the upper end of tubing annul us(i)pasgggepZOl, provi B??tag %ﬂ afety
barrier. Corrasi J4 5. Lnstal 4§ I reqi I over
Steq 207, affaad yiflRs 167 h3ehlohE toied i Wpl? B a® seBdkE S dutvon.  he

invention has significant advantages. Gras lift injection may be perforned
w tty dual §F’§P€‘nﬁ?ﬁ'ri ers 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_|l ess expensive. The plug is renoved and installed by an
ROV. Furt her mor e, Extaabpert 100 jeads &y a flow; ine hvdag s etemal yalyei 1021 14 opens
and cl oses when engaged by a riser connector. Venting through the tubing 2i
hanger into 8as/samrceptds suph 4sm tank of compressedi ghe sit the sirfage platformamay o avoi d
hydraulic |l ock and test a crown plug in the tubing hanger. The secondary

| ockdown pr obe demeatedao dalved02) Thafgas yagbevef d vaiety 67 typesrtiat ardwedi ng for a
w xeline riser. Wiile i3~. e invention has been shown in oniy a fewof its

forn-s, it ShedlithRingPRRieNtn bPirjGARE Y SlsAA diDink Bn@Lk 80 e dyhe XS NoL SO

limted but susceptiblé to vari'ous chaltgées w thoul departing ffomthe

scope of the,p 0. e || .v_having a
producti on t?gﬁyﬁ%%ﬁ 15??&60%%\.?8@\5& 'gh’“a "%nl‘:l%l rslg a%g@%a‘%%?%%&s seal ed
by tubi ng hapger seal s e _tupi ng hanger apt o0 be connected to a
string of tu%’%’é‘é}’fs PRIES é.%aée f’ﬁ’ﬁ?‘ﬂ@“‘gr’(ﬁﬁ'ﬁug g‘ﬁﬁqp%tﬂpﬁﬁr ﬁ‘&n%@r Wi ng an
axi al passage w a lateral production port that registers with a |ateral
production p oWAr fubing gnpylus passage 91 (e, tubing agawles 88n Yelves10k og t he
tubi ng, the in?provernent conprising: a first portion of a tubing annulus
passage ext epdvidg twovesparaternafeyy prossure barriers while pressure exists at port 100

and in tubing annulus 89.

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

communicate hydraulic fluid pressure from the exterior of tree 11 to a

10



portion of the tree fromthe tubing annulus to an exterior port, the port
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 extendi ng upward
through a portion of the tree fromthe external port to the bore of the
production tree above the tubing hanger seals; a lowet valve in the first
portion of the tubing annul us passage for selectively opening and cl osing
the first portion of the tubing annul us passage; the bore above the tubiu~g
hanger being free of any seals, exposing the tubing hanger above the tubing
hanger seal sdvenholbisefety pales énot ehovwn) arekios idelieetringr thads forafthdriparposee; and zs
two cl osure nenbers | ocated i ~u the second portion of the tubing annul us

passage in s¢y hingvhipef 3&hradtlib gluid patsaEe 106 texyRldy FRIBE PO B@NrdlphSi Ng t he
second portion of the tubing annulus passage. 2. The wehhead assenbly

2 val ve, 3. iR oo MRERElYR Dlor bBRREGE & B doR R S IR both of the

cl osure nenbers conprise valves. 4. The wellhead assenbly according to

Cub g nanger . ¢ ke ORI 3y ki, i oS B0,

axi al portion tg ‘h extendi upward within a de of , the mandrel and a

| ateral port P59t e CPPRRI oV eig feg Hd ongg the W °'fsb“&(i’é’t siava)ofreehe tree
adj acent err upper end of the tree; and one o~ the valves is nmounted in the
axi al porti oAl avill mesvaly & betlowseadnom a drilling riser (not shown) that connects to

grooves 15 of tree mandrel 14. 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, 71 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 tested, 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 t901 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 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. If installed, preferably the upper

end of secondary lockdown 33 is substantially flush with or lower than the

11



cl osed position, blocking flow between the axial and | ateral portions, and
an open position, allow ng flow between the axial and |lateral portions. 5.
Tho wel | head assenbly according to claim 1, wherein ono of the closure
menbers conprises a valve and the other conprises a renovable plug. 6. The
wel | head assenbly according to claim5, wherein: 24 the tree has a

tubul ar mandrel that extends above the tubing hanger; the second portion of
t he tubi ng annul us passage has an axial portion that extends upward within
a sidewall of the mandrel and a |ateral portion that |eads fromthe axial
portion to tuppeherdobireq mandrehi4.shedriling Hperappehe dissongecied from ge and t he
plug is located in the lateral portion. 7. 'fhe well head assenbly of claim
1, further cdnmd simagd. aCpaosiowtay dfdy ddwered bngslihanud deanirechintredqe axi al
passage of the tubing hanger above the lateral production port; a tubing

hanger vent pagkaor ¥hthaldiafdsthicRBitAAROY. WelPpodadforOis thivtgh Mdtefdy hanger
between the plugs to an exterior portion of the tubing hanger; and a tree

vent passage &gl r kg Wet:h; ted . ~d q@@ﬁqﬁﬁ Jdreé venting
trapped fl uiep ?g%?mgghh?'hg%llgb%&&é.m%%g\}\% asﬁoégsem y g?gg? aim1l,
further co |,Si.ng: a.secondar ockdown a Ly secuted to rofile in
the bore O][rp]i[’ el? "‘éﬁgi\?ﬂlﬁﬂ%%?bﬁi“ﬁ ’h%ﬂ?g‘éﬁﬁ%qmvmi‘fﬁgg?éﬁl y havi ng
an axi al passage therethrough and an upward p~atrudi ng neck with an

ext eri ox prdiotpeedsd. t he neck, and 25

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
opetator installs a drilling riser onto free mandre]l 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 do so, the operator
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. If secondary
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 inner riser string. With both tubing annulus valves 101
open, upper tubing annulus passage 95 now communicates with an annulus
surrounding the inner riser, which in turn communicates with choke and kill

lines leading alongside the drilling riser back to the platform.

12



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
wel | head assenbly having a production tree with a mandrel having a bore
into which a tubing hanger |ands and is seal ed by tubing haager seals) the
t ubi ng hanger adapted to be connected to a suing of tubi~ag, defining a
tubi ng annul us) the tubing hanger having an axial passage and a | ateral
production port that registers with a |ateral production port in the txec
for the flow of production fluid fromthe tubing, the inprovenent

conprising: a tuly I ' t iralieor t i on of
np g ?hg% 8 fut! Wil E@ﬁlﬁgg@r QWA AsseRAY 47t WRiR AOWiralinko

the tree fironn I ng az t he tubi ng annul us passage having an

upper portign,that js | ocated: W, thig Sj I h r | eads

i ~ato the bg?"el g%j SRt ﬂ%‘ﬁ@? ar?g,a%‘l]p h%nlvcﬁ%é\u% glﬁg agcﬁg}"saﬁrkg menber

| ocated xn the upper portion of the tubing,annul ys e adj.acent the
upper end ofHsY: M%GFQ?Y“P&E g@té??ﬁ?aﬁéléﬁ'g%@rﬁﬂ’?&%%g'gﬁiﬁ%’sﬁg IP¥er pper
portion of the tubing anulus passage. 10. The wel | head a_ssenbl_?/ of claim9,
wher ei n t he ceavos plug asserbly 490With aoiseline\tgpl/@r other comancrgipily exailablesenbl y of
claim9) wherein the closure nenber conprises a renovable plug. i2. The

wel | head assggab)y A port!(otslidwnMaetlss lowe2@nd dftebing (35 wilb bt iopened tot he t ubi ng
annul us passage has an axial portion parallel to an axis of the bore and a

| at eral por %%ﬁr#i&%e j58 i'nﬂ&lc}rQﬁ%biﬂp@sdwit_ﬁhﬁ&ihg'a%nhﬁhsawp'ﬁﬁ@nﬁ rgeendi cul ar
e

to the axis of t ore) the lateral poxtion |eading into the bore; and the

cl osure merrﬁ§é %1(_:0 e@@“@é?&?ﬁﬁ%ﬁ”?h‘fﬁd‘Qwqu“%m“ta%“{’%w portion.

e
13. The weh ass ex conprising a corrosion cap

manner. With the production valve 41 closed and lower tubing annulus valve
99 open, the operator ¢an pump down the inner riser, down tubing 35 and back
up tubing annulus 89. The anpulus flnid circulates through lower annulus
passage 91 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.

After the kill fluid has been placed in the well, the opetrator may pull
production tubing 35, The operator will lower a drill string with a nnning 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 achiove wireline or
coiled tubing intervention into tubing 35 (Fig. 1) without killing the well and
without using a drilling riser. Access is achicvable with the 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 lockdown 33 is located

13



| ocated on an upper end of the mandrel, the corrosion cap having am
aperture and an inclined guide aligned wig the lateral portion; and wherein
t he plug extends through the aperture and along the guide for insertion and
renoval fromthe lateral portion while the corrosion cap remains on the
upper end of the mandrel. 14. The wel | head assenbly of claim9, wherein the
cl osure nenber conprises an upward-bi ased val ve that has a stemthat
protrudes above a rimof the nandrel while the valve is in a closed
position, the stem adapted to be contacted by a riser connector to nove the
val ve downwawiitht its appepend sobstantiatly flusB. withetrewe hiandill 1ds visab|196 aindel ai rn
14, further conprising a corrosion cap that fits over the mandrel) the

corrosi on caportiaws Bfcenn2olo 107 612§ HavE diinctars gfedfed ithdnttie diBndtérdnuek6. The

wel | head assenbly of claim9, wherein: 27 the tubi ng annul us passage has

2 FLrst PO UhitR Jehiiecldr 9B AR DI R0 WolSoll bk BRluRl P

extexxlal port a to be conne source of 'Injectron gas; a

| ower end of{ he upper i.on of the tuhing annulus passage joins the

ext er nal por{";a #ﬁ%f@ﬂ%’é"?@‘%&?‘@ﬂmﬁ%@he upper portion of the tubing
annul us passage adjacent the |lower end. 17. The wel |l head assenbly of claim
9, further conprising., a ir of .re b] e pl ugs | ande i,t hin the axial
passage of the tu@?ﬂ%"ﬁ‘?ﬁﬂgz:h"%ﬁﬁv’ége{;ﬁgﬁl ‘Eté’lxéqn%‘b#gﬁﬂgt F‘t‘}wd‘b‘ﬁ?& aagtubi ng
hanger vent passage extending fromthe axial passai;e of the tubing hanger
bet ween t he ¥falipslyicngagesa equaterkoredil dn tybing hangen2 1t Gennegior 187 hanger ; and a

tree vent passage registering with the tubuag hanger vent passage in the
bore of the tollet.117 that slides over and engages flange or profile 30 on the neck of

secondary lockdown 33. A sleeve 113 is hydraulically moved downward
around collet 117 to lock collet 117 to flange 30. Connector 107 is shown
landed but not locked to lockdown 33. Other types of connectors 107 are

workable.

The operator can then use a wireline tool to engage upper crown plug
assembly 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 hydraulic

fock when landing upper crown plug assembly 47,

Figure 4 shows another embodiment of the invention, including a tree
125 having a trec 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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18. The wel | head assenbly of claim9, further conprising: a | oekdown
assenbly seoured without seals to a profile in the bore of the tree above

t he tubi ng hanger, the | ocldown assenbly hawi ng an axi al passage

t her et hrough 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 | ockdown assenbly for providi ng workove~r access to
t he axi al passage of the tubing hanger. 19. In a well head assenbly barring
a production tree with a mandrel having a bore into which a tubing hanger
l'ands and i §p IRAGREF GibddiRENY A SRGRS refRehle plipel 33Ubk4tes Withitathe agiabt ed to be

w~nnected to a string of tubing, defining a tubing annulus, the tubing
hanger havin n h a e L Ao diehtst hat registers
with a | at erpgféﬁ?g% h‘%ﬁ%?gaggﬂﬁmfﬂaetﬂ%r ee %ﬁﬁg%f‘%ow&g@ ptrsoduct ion fluid
fromthe tubing, the inprovenent conprising: at |east one plug | anded

within the axial ,pas of the,isxbl ef . ; I Bbndr oducti on
port; a closure ﬁé’r%‘g%gffqo%%ct%a&’ %\%%ée S |°g&{]a?i fhéigé%g%e p G‘Sta?"f)r %drjovi ding a
second safety_barrier for t axi al passage Qf. the &ubing hangef,, a tubing
hanger vent Sﬁ%&é@’@‘%)@?dﬂ%ﬁﬁ% ﬁf‘{?ﬁ‘}aﬁ)ﬁ’?eé%?a S8 Blfgﬁgoﬁ:ugs’ng hanger
bet ween the plug and the closure nmenber through the tubing hanger,to an
exterior porabpentubingheagel Tandsenlgd by asedl 137¢ laes epk35Ba%hga sl steri ng
wi th the tubiu~g hanger vent passage in the bore of the tree. 29 20. The

wel | head asgaetbar drcit aiiadi havet an akial paskspe 138, hasrshownpin ghengmbodimeht ext endi ng
ooncentrieally around the tubing hander vent passage on the exterior

POFti 0N Of  teiByh Ui \Ghp PRy bthe 387 bSboBF R fbokiEwh IBKFIL ) eRAPSage.

that it has it is sealed to tree bore 129 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 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 communicates 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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Z 1. The wel | head assenbly according to claim19) wherein the closure
menber. conpri ses a second plug sealingly landed in the axial passage of the
t ubi ng hanger above said first nmentioned plug; and wherein the well head
assenbly further conprises a tubing annul us passage extendi ng through a
portion of the tree frrmthe tubing annulus to the bore of the tree above

t he tubi ng hanger seals, the bore of the tree above the tubiutg hanger
seal s being open to anbient pressilre existing on the exterior of the tree)
22.,The wel | head asserr~bly according to claim 19, wherein: the closure
nmenber conpr leads upwaidwdthimltret r1@8, chp this eatbediments becobdrtubing anmulusr ee above
the tubi ng hanger and sealed to the bore of the tree by an internal tree

cap seal; angadshie Y8 NAReRE hyaRan&IlYy detiatddyvat eS8 98 Seres! Botaid tabing! us
passage extending through a portion of the tree fromthe tubing annulus to

R A e Rt MU

above the interna anbl ent pressure existing
on the exterior of the.tree. 23 a | | head assenbly hayj roduction
tree wWith a H’&ﬁ&fﬁe‘f"aﬁlﬁ@hﬂﬁﬂgﬂﬁﬂ ﬁ%@féﬁhﬁh%%b’?ﬁgﬁ%ﬁw)ﬁéﬁﬁé and is
seal ed by tubing hanger seals) the 30 t ubi nrgﬂqh(ﬁnger havi ng,an axi al
passage and Rottiond58hapa latergkparbatdtsigperanddha dntoresoEs IH5haoVew, t he

i nprovenent wnhprisiz~g: a secondary | ockdown assenbly secured to a profile

in the bore ifterhilctréer aap seloldd. tAm ckichiahyalvalgéis cormepled e sxieryl ppiar d
novenent of the tubing haqgger, the | ockdorrm assenctbly having an axi al

passage ther e4dir aUgky doddde FIY @RE opfidrinllyltR conddted b valge 167. t Ife atgabi ng
hanger, the | ockdown assenbly having an upward protrudi ng neck with an

eopterior PXehine 18 ap e izl Bhe fWhe RERYS 193 i REbnd ABIHYGAALTus

sel ectively coup e exterior profile on down "assenbl y for
provi di ng access tgo.the axial,K passage of the tubing hanger, and wherein the
bore above tR&P&fh dnﬁ%ﬁﬁgﬁuq%;free of any seals so as to expose the

t ubi ng hanger above the tubi ng hanger seals to anbient pressure that exists

on the exterior of the tree. 24. The | ] head asse . accordi to claim
23 wherein the ri gqes%g'ﬁgh@gfqgkowaglsg% b mg b T4 is R bl

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 153 will be

closed to provide dual pressure barriers. 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 portion 169 that extends within the
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tubul ar stinger that passes through the axial passage of the | ockdow-n
assenbly and sealingly engages the axial passage of the tubing hanger. Z5.
The wel | head assenbly according to claimZ3 whereon the riser connector has
a portion that has a dianmeter larger than a dianeter of the bore of the
tree. 26. A raethod of injecting gas into a tubing annulus of a well head
assenbly havirng a production tree with a bore into which a tubing hanger

| auds and is 31 seal ed by tubi ng hanger seals, the tubing hanger being
connected to a string of tubing, defining the tubing annulus, the method
conpri sing: éyjndpicalvsidéwall af friandrel p63 panliebwith thailbngijudinaldxisopbereage
extendi ng upward through a portion of the tree fromthe tubing annulus to

an exterior pes.t ArnRlusiPagdedi 160 RadCrO@ uppet b oPtint BE e NigNIb@BUl US
passage extendi ng upward through a portion of the tree fromthe exterior

port to the ' e A whl R als; (c)
providing a P@&Eﬁé&ﬁ’@}ﬁ?%@%@%@?@ﬁﬂ“@ tdt.!hék ﬁ%@g%&gggglliaggpassage
and openi ng the lower. .val ve: closing the se d_poytio f the tubing
annul us passJg& °t%‘?1erH?’6§g%b‘H§rﬁ5‘@Pg’sims%a§Ficlgg °tﬁ°r§aﬂq?06tsh%$; (e)
exposi ng the tubin hanger above the tubing hanger seals to anbient
pressure t hadistaree belowrihe yppanand af dreedlbln dLateralportion 173 has pp axis thay gas

t hrough t he exteanior port, which flows through the first portion of the

t ubi ng annul issat passaiganghkirelatine td¢ alplang prrpentiicalar fvthe Tomgindirabdxiaofor di ng to

claim 26, wherein step (d) coxrapriscs: providing and cl osing a val ve
adj acent a | pywenesnd of the second portion

A plug 175 has a lower end that selectively closes lateral port 173, and
thus the upper end of tubing annulus passage 169, Plug 175 is removable in
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 scal 179 is
located on the lower end 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 trec 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 diameter of tree mandrel 163 in this

embodiment,

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

in the other embodiments. As in the other embodiments, corrosion cap 181
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of the tubing annul us passage; and 32 I nse~g a plug into ata upper end of
t he second portion of the tubing annul us passage where at joins the bore.
28. The nmethod according to claim 26, wherein step (d) conprises: providing
and closing a valve adjacent a | ower end of the second portion of the

t ubi ng annul us passage; providing a check valve in an upper end of the
second portion of the tubing annul us passage; and biasing the check val ve
to a closed position. 29. A nethod of providing access to a tubing annul us
in a ve~el |l head assenbly having a production tree with a mandrel having a
bore iunto vdviesmoh seslbtheginkeaiogerf barnddSafrom ¢xtersabpredsizy, butbpreyideanger
seal s, the tubing hanger beiu~g connected to a s~ziztg of tubing, defining

the tubing -prbtecérs agdife heehtry afl deliipr Comdion ¢4 19F ba sl Berawé U85 ng
annul us passage extendi ng upward through a portion of the tree within a

Si devel | of SPBJBRG G pihf 475 HeadiBhn AEMMARiAN 7 A9 HelBred By aDOVE ¢ he

tubing | tanger sea Installing a ure ne I n the tubing
annul us pass adj ,scept an,upper,en f the ndrel ;..then) fqr. access to
t he tubing éﬁ%i‘r‘@ 51 ?;9%%%19{83%@%&@&@@ r".fei\é‘%h“‘g%.as #ret hod
according to claim29) wherein step (b) conprises nountung

anmulus passage lateral portion 173. Corrosion cap 181 may have a key 189 for

orienting guide 187 and aperture 185 with tubing annulus lateral port 173. In

this embodiment, permanent plug 171 is installed slightly below the upper end

of tree mandre] 163, providing a recess 190 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 lockdown 33 of Figure
1 or an internal tree cap, such as internal 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 batrier 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 bamier 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 rernoved. First corrosion cap

181 is installed and oriented with keyl89 in recess 190. Then, plug 175 is
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a valve in the tubing annul us passage adjacent an upper end of the tubing
annul us passage. 31. The nc~ethod according to claim 29, wherein step (b)
conprises inserting a plug into an upper end of the tubing annul us passage;
and step (c) conprises renoving the plug. 32. The nethod aceordiung to
claim?29, wherein: step (a) conprises providing the tubing annul us passage
with a lateral portion that is inclined upward relative to a pl ane

perpendi cular to the axis of the bore, the lateral portion |eading into the
bore; step (b) conprises inserting a renovable plug into the latera
portion; andpaethfaishapeped8s alanpoyiide18hinteengagtment witk ldteabpat porti on.
33. The nethod according to claim?29, wb~erein: the well head assenbly has a

corrosion capys, OpRd ROVOFoLALs PRRANTSCRfsclirel thiealR 1T lvithinlt@Bing RhnwlsPr | Ses
provi ding the corrosion cap wth an aperture and an inclined guide aligned
with the | ategr h QO d 34 step (c) conprises inserting the plug
t hrough the 1%5%4 cﬂ%ﬁ?ﬂ é%’ng the guide into the lateral portion. 34. The
met hod according to claim?29, wherein: step ('b) conprises installing in
t he tubi ng annul , d_ i Y . . st em t hat

‘W %%%gg%ﬁhsgsrhtrlrlan \rf%'r e\;ﬁyﬂ%ﬁtﬁ%ﬁ qu tﬁ? 1“1:%109,%0&&131 4

protrudes above a # _ \ ne-valve 1s T'n a sed
o eentg TP h R 155 5nd G188, A focfinat BBl o7 W i " X1

engaging an internal profile 199 in bore 195. Lockdown asserobly 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 from 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 2
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 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 in the
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the stem downward to azt open posit~vn. 35. A nethod of connooting a

wor kover riser to a welthead assenbly having a production tree with a
mandrel having a byre into which a tubing haziger | eads and is seal ed by

t ubi ng hanger seal s) the tubing hanger having an axial passage and a

| at eral passage extending therefromfor production fluid flow, the tubing
hanger having at | east one renovable plug in the axial passage above the

| at eral passage) the irnproveneat conprising: securing a | ockdown assenbly
to a profile in the bore of the tree above tlxe tubing hanger, the | ockdown
assenbly havig, sﬁ%hakh yséﬁﬁﬁmnﬁﬁf' ke Wieraptshian of ubing anhelus udi ng
neck with an ext |or bro Ie on the exterior of the neck; exposing the

t ubi ng hanger_ abov 1 gktg er seals to anbient pressure that exists
on the exterPHFESH RE ¢onnecting a riser to the exterior
profile on the | ockdown assenbly; then renoving the plug through the riser.
36 5

_Af 2. AyyR Af 2. Ay ['Eﬁ pigemstbetyeen the, upger pnd Jower pasitions of valve 205\ 0 A A |
. AY9. Ayn. Afe. A@. A, &?. Ay. A3 A@R. A 2 Al 5?7 AJ !'d"m
gTi kwyy R could be operated hy rauh)t/:a ly, howe%r prekégbl alve %DS 1L ﬁl s & fﬁ

{val gb] X] ca] ca] ca] ca] ca] ca] ca] ca] cRa] cal] ca ca]ca]ca]ca]ca ca] ca

U] c~a] ca] ca] Wcmdppaaymby@@dfsgpoapdﬁza]slc@wpea slides throu a passage

219 in a bushing 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

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 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 s

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 valve, such as valve 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). Shuttle valve 205 serves as a second closure or safety

barrier when the lower tubing annulus passage valve, such as valve 147 is
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a] ca) cal ca

aJ cal] ca]ca] ca]c cal] ca] ca] ca] ca] ca] caJ ca] ca! dY6zCv»

UFE| wr mhc” alcal,cal c a c ca] cal] ca
cal cal ca] ca] EEIE] SR BYE 3P E ROPEAT RAf A o (T bR MaheR, polL T oLl ¢
2] cal cal cal cap cal cal cal cal el il oa) al sahaah 8ked) 1 ARhsaksql fdigal oal cal
& =FC}xsnid_Z]]]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] Ct?] ca] cal ca]
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"s16UEKAG yD~h| wmhc”Y] ]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calc

a] ca] ca] ca] calis@ihedhstalltivhaad Ifion pestkes ubii g aririnbid paisierz6 20V Wilini d_7] ] ] ]

] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca

] ca] ca] ca] Cai,g%},%g%g])g}ﬁ%g@g%ﬁ&%Qﬂi.diﬁﬁ&hiﬁﬁlcﬁﬂiscﬁhfo&ma] ca] ca] ca

] ca] ca]ca]caJc al ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca

I C=9N 8w@u{\ } xsnid Z .}10%% Fa%%% C%}d } &ldkal cal ca] ca
] ca] ca] ca] ca Eté‘jcgﬁﬁb';a}t%é & ‘§ L Bsgane 01 gtg gg']fgll%]lbf %%%7';@( S& 109%& () -
109&' ()- 109&. ()-YF10%& ().-f109%&. ()-t0(109%& ()-F 'd"i H* "10%& ()- f
- 1098 () - s 109 KjLImepuegiopsly discusssth () - 100 () - y&10%&' ()-"m
gi ki J+s9" 109&' () - LO910%& () -
C109%& () - F+10%& ()-)9109&' ()-' 9109%&' ().- $910%&' ()- Ktuvwy ..
bCs9 10%&, 109& ()Afen dbg wﬁ is> qqmpletesl,. e iissk: (Opnestor 1 disconnected,
resulting 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. Corrosion 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 annulus 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 tubing
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hanger into a vent passage in the tree provides an effective way to avoid
hydraulic lock and test a crown plug in the tubing hanger. The secondary
lockdown provides an additional safety as well as providing a landing for a

wireline riser.

While the invention has been shown in only a few of its forms, it should
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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10% & ()-Sf, 10% & ()- f)10% & ()-S9' 10% & () - SMLO% & () -
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$ dEbCs9 10% 10% & () -
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10% & ()-310% & () -

I SI'1 dEbCs9" 109% ' "Ih@wellhepd hsgnbly leaving a pretiootion troe-vaith ab%e&n(O)whis;b% & ()-

a tubing hanger lands and is sealed by tubing hanger seals, the tubing hanger

adapted to be connected to a siring of tubing, 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 from the tubing, the improvement comprising:

a first portion of a tubing annulus passage extending upward through 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 seoond portion of the tubing annulus passage extending upward

through a portion of the tree from the extemal port to the bore of the production

tree above the tubing hanger scals;

a lower 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 tubing hanger being free of any seals, exposing the

tubing hanger above the tubing hanger seals to ambient pressure that exists

extemnally of the tree; and
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passage in series with each other, for selectively opening and closing the

second portion of the tubing annulus passage.

2. The wellhead assembly according to claim 1, wherein at least one of the

closure members comprises a valve.

3. The wellhead assembly according to claim 1, wherein both of the

closure members comprise valves.
4, The wellhead assembly according to claim 3, wherein:
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 upper end of the

tree; and

one of 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.

S. The wellhead assembly according to claim 1, wherein one of the closure

members comprises a valve and the other comprises a removable plug.

6. The wellhead assembly according to claim 5, wherein;
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the tree has a tubular mandre] 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 upper end of the

tree; and
the plug is located in the lateral portion.
7. The wellhead assembly of claim 1, further comprising:

a pair of removable plugs landed within the axial passage of the tubing

hanger above the lateral production pott;

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 tubing 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 tree
above the tubing hanger, the lockdown assembly having an axial passage
therethrough and an upward protruding neck with an exterior profile on the

neck; and
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providing access to the axial passage of the tubing hanger.

9. In a wellhead assembly having a production tree with 2 mandrel having
a bore into which a tubing hanger lands and is sealed by fubing hanger seals,
the tubing hanger adapted to be conmected 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 corprising:

a tubing annulus passage extending upward through a portion of the tree
from the tubing annulus, the tubing annulus passage having an upper portion
that is located within a sidewall of the mandrel and leads into the bore adjacent

an upper end of the mandrel; and

a closure member located in the upper portion of the tubing annulus
passage adjacent the upper end of the mandrel for selectively opening and

closing the upper portion of the tubing annulus passage.

10.  The wellhead assembly of claim 9, wherein the closure member

comprises a valve.

11.  The wellhead assembly of claim 9, wherein the closure member

comprises a removable plug.

12, The wellhead assembly of olaim 9, wherein:
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the upper portion of the tubing annulus passage has an axial portion
patallel 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 into the bore; and

the closure member comprises a removable plug located with the lateral

portion.

13.  The wellhead assembly of claim 12, further comprising a corrosion cap
located on an upper end of the mandrel, the corrosion cap having an aperture

and an inclined guide aligned with 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 wollhead assembly of claim 9, wherein the closure member comprises an
upward-biased valve that has a stem that protrudes above a rim of the mandre] while
the valve is in a closed position, the stem adapted to be contacted by a riser connector

to move the valve downward to an open position.

15.  The wellhead assembly of claim 14, further comprising a corrosion cap that
fits over the mandrel, the cottrosion cap having a hole therethrough for receiving the

stem.

16. The wellhead assembly of claim 9, wherein:
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the tubing annulus passage has a first pottion leading from the tubing

annulus to an external port, 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 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 1o a lateral exterior portion of the tubing hanger; and

a tree vent passage registering with the tubing hanger vent passage in the

bore of the tree.

18. The wellhead assembly of claim 9, further comprising:

a lockdown assetnbly secured without seals to a profile in the bore of the

tree above the tubing hanger, the lockdown assembly having an axial passage

therethrough and an upward protruding neck with an exterior profile on the

exterior of the neck; and
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a riser connector selectively coupled to the exterior profile on the lockdown

assembly for providing workover access to the axial passage of the tubing

hanger.

19. In a wellhead assembly having a production tree with a mandrel baving 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 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 tubing 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 extending 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 tre¢ vent passage registering with the tubing hanger vent passage in the

bore of the tree,
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extending concentrically around the tubing hanger vent passage on the exterior

portion of the tubing hanger for sealing around the trec vent passage.

21. 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 from the tubing annulus to the bore of the tree above the tubing banger
seals, the bore of the tree above the tubing hanger seals being open to ambient

pressure existing on the exterior of the tree.
22. The wellhead assembly 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 further 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 being open to ambient pressure existing on the exterior of the tree.

23. In a wellhead assembly baving a production tree with a mandrel having a

bore into which a tubing hanger lands and is sealed by tubing hanger seals, the
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tubing hanger having an axial passage and a lateral passage leading therefrom

for production flow, the improvement comprising:

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
hanger, the lockdown assembly 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 exterior profile 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 haunger; 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 connector has a
tubular stinger that passes through the axial passage of the lockdown assembly and

sealingly engages the axial passage of the tubing hanger.

25. The wellhead assembly according to claim 23 wherein the riser connector

has a portion that has a diameter larger than a diameter of the bore of the tree.

26. A method of injecting gas into a tubing annulus of a wellhead assembly
having a production tree with a bore into which a tubing hanger lands and is
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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 first portion of the tubing annulus

passage and opening the lower valve;

(d) clesing 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 of the tree; and

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

portion of the tubing annulus passage into the tubing annulus.
27.  Themethod according to claim 26, wherein step (d) comprises:

providing and closing a valve adjacent a lower end of the second portion
of the tubing annulus passage; and
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inserting a plug into an upper end of the second portion of the tubing

annulus passage where it joins the bore.
28. The method according to ¢laim 26, wherein step (d) comprises:

providing and closing a valve adjacent a lower end of the scoond pertion

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 wellhead
assembly having a production tree with 2 mandrel having a bore into which a
tubing hanger lands and is 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 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; and

(b) installing a closure member in the tubing annulus passage adjacent

an upper end of the mandrel; then, for access to the tubing annulus,

(c) opening the closure member.
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30. The method according to claim 29, wherein step (b) comprises mounting
a valve in the tubing annulus passage adjacent an upper end of the tubing

annulus passage.

31.  The method 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 acoording 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
step (¢) comprises removing the plug from the lateral portion.
33. The method according to claim 29, wherein:

the wellhead assembly has a comrosion 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
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guide into the lateral portion.

34.  The method according to claim 29, wherein:

step (b) comprises 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 in a closed position; and

step (¢) comprises landing a riser connector on the rim, thereby pressing

the stem downward to an open position.

35. A method of connecting a workover riser 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 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 improvement comprising:

securing a lockdown assembly to a profile in the bore of the tree above
the tubing hanger, the lockdown assembly having an axial passage
therethrough and an upward protruding neck with an exterior profile on the

exterior of the neck;

exposing the tubing banger above the tubing hanger seals to ambient

pressure that exists on the exterior of the tree;
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connecting a riser to the exterior profile on the lockdown assembly; then

removing the plug through the riser.
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