11 MARCH 2005 | NTERNAL CONNECTI ON OF TREE TO WELLHEAD HOUSI NG Thi s
application claims priority fromthe provisional applicationifMARCH 2005
60/ 332 ‘16, filed November 21, 2001 and to provi si onal application S.N.

60/ 425, 377, ‘filed Novenber 12, 2002, entitled Drilling and Produci ng Deep
Water Subsea Wlls. Field of the Invention This invention relates in
general to subsea well head systens and in particular 10 to a production
tree with an internal connector for connecting to a well head housi ng. Back
and of the Invention A typical subsea well head asserrbly has a high pressure

wel [ 'head housi ng @@Ebm fﬁ? Ve 1R A and
secured to casing t%ﬁg‘n sTornto Ve One or nor e casrpg;g hangers

land in the wellhead housing, the casing 15 hanger bei ng | ocated at the
upper end of a string_ of casin that ex S o th I i per
depth. A string of t&l’ﬂsnﬁpp t a‘élalt“ﬁr Eﬁ'%‘? sPhog% \{\Iﬁ %P éagigﬁ gﬂe
fluids. A Chryg Stmms p'ﬁ%U%tr&ﬁbei'rﬂe mmnmi tto ﬁrbﬁsmtrhbeﬁpphd*ﬂiomfs Nhe

wel | head housing fo contr ol ing the well t#&ﬂ%ng roduc ree i s
typically a lar g@/@ﬁéﬂ/ﬁl%@@‘@ﬁ’é‘ﬁyl Ra%% ﬁ’&‘ﬂ&d f ‘\515?% Aontrol s

nount ed t her eon u%gea gt ype of tree, sonetines called "conventlonal ", has
two bores throug% one of which is the production bore and the other
is the tubing annulus access bore. In this type of well head assenbly, the

t ubi ng hanger | aKighd of therInvengian | head housi ng.  The tubi ng hanger has two
passages through it, one being the production passage and the other being
an annul us passage that conmruni cates with t e tuﬂfé annul u 25.s oundi ng
the tubing. Access ta‘htsn@etlmrﬁg%wm%tt T‘Féc‘ﬁ‘@ e&?fﬁs‘?alsétl Limgl ui ds

down_the_pr oghict, gl dailic e Pin Mmm%rwmmwwemdmmce
|

versa, to her e well or circulate out heavy fluid during
conpl eti on. After t he tubi ng hanger Is installed and before the dr|II|ng
riser is renove f the tree,

A typical subsea wellhcad assembly has & high pressure wellhead housing
supported in a lower pressure wellnead housing and secured to casing that extends
into the well. One or more casing bangers land in the wellhead housing, the casing

15  hanger being located at the upper end of a string of casing fhat extends into the well
to a deeper depth. A string of tubing cxtends through the casing for production
fluids. A Christras or production tree mounts fo the upper end of the wellhead
housing for controlling the well fluid. The production trec is typically a large, heavy
assembly, having a number of valves and controls mounted thereon.

20 One type of tree, sometimes called “conventional”, has two bores through it,
one of which is the production bore and the othet is the tubing anulus access bore.
In this type of wellhoad assembly, the tubing hanger lands in the wellhead housing.
The tubing hanger has two passages through it, one being the Itroduction passage
and the other being an annulus passage that communicates with the tubing anpulus

25  swrounding the tubing. Access to the tubing annulus is necessary to circulate fluids
down the production tubing and up throtigh the tubing annulus, or vice versa, to
eifher kill the well or circulate out heavy fluid during completion. Afler the tubing
hanger is installed and before the drilling riser is removed for installation of the tree, '
plugs arc temporarily placed in the passages of the tubing hanger. The tree has
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plugs are tenporarily placed in the passages of the tubing hanger. The tree
has -1. 111 MARCH 2005 isol ation tubes that stab into engagemgntARCHM 2065
pasSages in the t ubi ng hanger when the tree |ands on the wellhead housing.
This type of tree is normally ran, on a conpletion riser that has two
strings of conduit. In a dual string conpletion riser, one string extends
fromthe production passage of the tree to the surface vessel, 5 while the
ot her extends fromthe tubing annulus passage in the tree to the surface

vessel It is ting oﬁ%hslﬁgés”ﬁat HDOVWEVELn ﬁaﬁéﬂﬁﬁ%@% ﬁ)ggggésqg tRe ﬂﬂ;ﬁll hgdrng

conpletion riser operators not have such a conpl et fon Tiser
avai | abl e, requi whegthotres lamb Gnéhqudlhﬁ@éwuﬁm alhistypeef teg d§ rormplly HhERRer type

of tree, sometines Hi‘%gln%lg?f" Z%%&n ot ESudult NRE € dhal s ﬁfﬂ]ﬁmﬂ%le&& gl e

bore in the tree®™® ng t e pr tion passage. etr aﬁded
bef ore the tubi nm&mﬂ@ﬁxt&nﬂs t&ﬁmtmblpe:dncttohqnssagﬂwﬁﬂlbltqﬁgtmﬁngm*faqes‘feﬁaghered

and landed in_the  tree, r hr ser,
which is typi¢al Fj GathﬁPfheTF @ds%ogegq:egﬂg)@e@gtﬁ% ggl {l)ll r%y%gﬁgpﬁggck

avai | abl e t hr oughessdn ok ¢s @fidlcdsiirhing iboRsvepfo atskaﬁablwhnﬂlnhn adpat stswy completiot ubi ng
hanger does not have an annul us@passage t hr bypass _ext ends

through the treetises AlsQoPEoFIRY B%hBaospch %‘%Jfg’gﬂﬂ%ﬁfﬁam'aﬁgblﬁén JERE % 5

voi d space commugiy ggfmﬁgrehg@b&{goke and. kill lines when the bl owout
preventer is closed on the tubing hanger running string. In this system

the tree is run-on drill_ pipe, thus preven drillin derrick of
the floating platfor fnfreher thsi fdreeniomsia B“i} %ﬁ&’t"'ﬁ V\EF‘?qﬂ\]ﬁ'ﬁg’rse $he tree
i's being rung, 2059 ﬁ‘&@ﬁﬂ“ﬁétx@é‘%& Qﬁi‘mﬁbﬁbﬂ?ﬁs@ méirhﬁathnaeaslieﬁm a
concentric tu%l ng anger lands in the wel | head housin tI '?l manner
as a conventlonaihewﬂﬂi@a@rl%@é@m {hen thecubing W&Hﬁ‘é’g&d t7ad lag ﬁf’é‘gtﬁ ttion
passage and an nul 'T@Vﬁéﬁetﬁm ed Which YMtypRABOLeri

concentric with 15% S o%‘s %“tsu I ng n ﬁmFHsr a;*ﬁigr than sJ [ ghtd]y of f set
as in conventi onaéertﬂbaesnjom@nsﬂnﬂﬁh@ma‘@g lines”of

drilling riser. The tubing hanger does pot have an annulus passage thmugh it,buta
15 bypass extends through the tree to a void space located above the tubing hanger.
This void space communicates with the choke and kill lines when the blowout
preventer is closed on the tubing banger running string. In this system, the tree is
vun on drill pipe, thus prevents the drilling rig derrick of the floating platform from

being employed on another well while the tree is being run.

20 Tn another and less common type of wellhead system, a concentric tubing
hanger lands in the wellhead housing in the same manner as a conventional wellhead
assembly. The tubing hangcr has a production passage and an annulus passage.
However, the production passage is concentric with the axis of the tubing hanger,
rather than slightly offset as in conventional tubing hangers. The tree does not have

25  vertical tubing snnulus passage through it, thus a completion riser is mot required.
Consequently the tree may be run on a monobore riser. A tubibg sunulus valve is
located in the fubing hanger since a plug cannot be temportarily mstalled and
retrieved from the tubing annulus passage with this type of free.
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25 vertical tubing annulus passage through it, thus a conpletion riser is
not required Consequently the tree may be run on a nonobor eq1iIMRRCHA2005
t ubl ng annulus valve is located in the t ubi ng hanger since a plug cannot
be tenporarily installed and retrieved fromthe tubing annul us passage
with this type of tree. -2 11 MARCH 2005 Sunmary of the Invention The
subsea wel | head assenbly of this invention utilizes an essentially
concentric tubing hanger and a |ightweight tree, thus does not require

runni ng of a duaéll g aBhon riser. The tree may be efficiently run
onalift line o ) h it my also be run on a snmall dianeter,
| i ghtwei ght riser. The tree does not have an external connector that |ocks

the tree to an exteri e REnkd |v§:]19é31dt Q@eﬂ\m} lopemd inhaus] dlizek NGt @fgtallyhe tree

has a | ower portion that extends Into the bore of the wellhead housing. A

| ooki ng el enment  aondehisic tebing hapgortaod g Lightweighhtraro g deon opf reggBErE?t 4 th a
profile fornmed in the. bore of t hLirea : ' RROEEan1RAVI NG
no annul us passa@@%%%@%&%ﬁsﬁ%&?lﬁca f‘@aﬁ@ﬁﬁf‘é{ﬁﬁﬂﬁ’ﬁ%er, annul us
access i s prow dedihdugh it npeysdeade rirhat a dnedldenteter, dighteeighitisor. Theitwedgssnet on of
the tree for connpection to,an exte | L Lne. Th i ; in
the wel | head houdP¥s s¥tera o ?retﬁ#lg%ck%%gr&f F?e%t ot !i H‘gﬂ[@%:&%g{[ﬁh‘g‘%&g&? has a
production passagﬁugﬂ}at TrisR6H, Sheetree Wist dhlobae pationl et bxiendp dsts dlgebaré of e tr ee
when the 15 tree | ands. An i sol t{dﬁ@ ube ext.ends froomth éreevintp t he

t ubi ng hanger f orvellbesdrHoNFRH ﬁﬂg"" "’L?F’(_"!'Bﬁ??{ OV R (A eSrlS uction
passage in the tr.ﬁ%1 eﬁg}gvﬁﬂgbﬂm@ﬁmﬁng{eg@mme&mbl y has an offset tubing
annul us passage. g t ubi ng annul us passage communi cates the tubing

annulus with a void space  surrounding the isolation tub bave t.he. tubing
hanger. A tubifng annulthesieeis Rgmprobog, %t%ﬂﬂ“§W%ﬁMe§ﬁ§5§Fh?%§ t ubi ng
annul us passage fty Gt Cidher Sinull Redsk RGroGRADY RipaRideatnt kaldsween stiadorvoi d
space and the tubing annul us passage. . , . .

side portion of the tree for cotnection to an external line. The tubing hanger Jands in

the wellhead housing in the preferred embodiment. The tubing hanger has a

production passage that registers with the production passage of the tree when the

15 ireo lands. An isolation tube extends from the tree into the tubing hanger for

compunicating the production tubing with the production passage in the tree.

The tubing hanger also preferably has an offset tubilig annulus passage. The
fubing annulus passage commumicates the tubing anmulus with a void space
surtounding the isolation tube above the tubing hanger. A tubing annmulus valve is

20 located in the upper end of the tubing annvlus passage for selectively blocking
| communicatiors between the void space and the tubing annulus passage.

BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1A and 1B comprise a vertical sectiopal view of a wellhoad

assembly constructed in accordance with this invention,

25 Figure 2 is an enlarged sectional view of a portion of the welihead assembly
of Figures 1A and 1B, the sectional plane being different than in Figutes 1A. and 1B.

_ | Figure 3 is an enlarged sectional view of a portion of the wellhead assembly
of Figures 1A and 1B.

-3-



BRI EF DESCRI PTI ONS OF THE DRAW NGS Figures JA and 1B conprise a vertical
sectional view of a wellhead assenbly. constructed in accor@gm&RUHQo@j@l S
invention, 25 Figure 2 is an enlarged sectional view of a portion of the
wel | head assenbly of Figures | A and 1B, the sectional plane being
different than in Figures I A and 1B. Figure 3 is an enlarged sectional view
of a portion of the well head assenbly of Figures A and 1B. -3 11 MARCH
2005 Figure 4 is an another sectional view of a portion of the well head

assenbly of Figures ﬁg@gq %Qnaﬁ’dﬂﬁ §<%]:ﬁ¥‘ﬁ]al bﬁéw%?gﬁoﬁ%ﬁkfﬁgg%ﬂﬁéaﬁ%e

Figure 2 to illustrate ing annulus va 05|t|on§lyF|gure
5 is an enl arged eéEﬂgumeaAauddaB;ImtsltommsﬂmemgctmmiplausaaﬂalF\@rmtoﬁllgamm 5 4,

shown in an open Ltion.and.en e an engagi ng nmenber of the
product i on tree.ggﬁﬁWHQFW¥ﬁ §15ﬁ9%%P§§8é $'%ectional view of the tubing
annul us valve of Figure 4, shown in a closed position while a tubing
hanger running tool iQﬁgﬂﬂﬁammgdﬂm@w&dmﬁumHWEMHgﬂhan@ggmmmnmﬁﬁgubﬁﬁ@mbs a

sectional view.of ;the tubing annulus valve.as shown in E Ut shown
in an open pos?ti &flO¥R @p@@nﬂ%ﬁqgﬁgﬁyﬁgﬁz\%‘agp f’%@?&’ﬁ@?&“‘%ﬁﬁsi ngs
of the well head g&senbly of Figures A and | B after running casing and in
the process of ‘receiving a BOP adapter 15 Figure 9 is a schematic

hori zontal sectional view of the,wel.l head hou5| S Fi he dotted
lines showing a flow i 8%%@%@%%8 3?“38" ’i"ljﬂﬁ‘ %&5 e pH
per spective view mfshbxh@wuadld»da@p@bﬂaﬁaﬂmblammig Hiu@plﬁmmﬂgt‘aoaﬁd:ounh&ed&fmer t he

BOP adapter of Figure_ 8 has | anded.
ing hanger.

10 Figurs 7 is a sectional view of the tubing annulus valve as shown in Figure 6,

but shown in an open position.

Figure 8 is a sectional view of the wellhead housings of the wellhead
assemnbly of Figures 1A and 1B after running casing and in the process of receiving
a BOF adapter,

15 Figure 9 is 2 schematic horizontal sectional view of the wellhead housings of
Figure 8, the dotted lines showing a flowline cotmector arm being rotated.

Figure 10 is a perspective view of the wellhead assembly of Figures 1A and
1B, after the BOP adapter of Figure 8 has landed.

Figure 11 is a schematic vertical sectional view of the wellhead assembly of Figures
20 1A and 1B, showing an ROV deployed plug tool mounted on the tree.

Figure 12 is a schematic side view of the plug tool of Figwre 11, with a plug
setting attachment.

Figure 13 is a schematic sectional view of a plug refrieving afiachment for
the plug tool of Figure 11, shown in a disengaged position with a plug, illustrated by
25  the dotted lines.



Figure 11 is a schematic vertical sectional view of the wellhead assenbly
of Fi gures 20 1A and 113, show ng an ROV depl oyed pl ug tool 1ypaResy o6os he
treb. Filgure 12 is a schematic side view of the plug tool of Figure 11,
with a plug setting attachnent. Figure 13 is a schematic sectional view of
a plug retrieving attachnent for the plug tool of Figure 11, shown in a

di sengaged position with a plug, illustrated by 25 the dotted lines. .4 11
MARCH 2005 Figure 14 is a nore detailed sectional view of the plug

retrieving attachnent of Fi ure 13 aged position.. Figure
15 is a schematic vi ew SFed4dF # AT ndﬁta%f’&)ﬁe%orn%‘g é@%@gﬁé quég[aﬁmg’r%eng
subsea wel | head as§Bighiey13, sbhwhmzmehgafgbdpdshﬁn.on the platformis in
engagenent with 5 anot her subsea wel | head assenbly. Fi gure 16 is a

vertical sectional vie n alternate e of the
tree of Figures I A and Wt ﬁé?a?‘,co”' TS ¢ cr}bat%eﬁ'egr?iat% eﬂt g‘i‘

DETAI LED DESCRI PTkﬁWeﬁcﬂHdEi hsbAT, Iwmc(a/]ﬂ’c Hid orSthe pAfoimeisch Gﬁg&gSﬁant\Mthl head
Assenbly 10 Referrin féé”é{?fﬂg | ower portion of a well head assenbly
11 includes aR od® SF% li%‘F Yoel | head housing 13 that |ocates on
the sea, floor and is secured to a suing of |arge diameter conductor plpe
15 that extends into thgumellﬁl is dvbmdahsﬁnmaboﬂwrm‘ruu al@rofier piibodinidnh of de
casing 17 is suspended o a Io eigd%‘l gm wel | head hoysing 13 by a
hanger 19. HovevoPomengttherast iiges 15 hatfoancss o His HReL B Fheted
fromthe outer well head hou5| ng 13 and can be elimnated in nmany cases. An

i nner or high pressure wel bEgadiip DESTRIPTION OISTHE INVENTSORUpPpPOr t ed
within the bore of outer wellhead housing 13. Inner well head housing 21 is

| ocat ed Overall Structure of Subsea Wellhead Assembly

_)—

10 Referring to Figure 1B, a lower portion of a wellhoad assembly 11 includes
an outer or low pressure wellhead housing 13 that locates on the sea floor and is
secured to a string of large diameter conductor pipe 15 that extends info the well. In
this embodiment, a first string of casing 17 is suspended on a lower end of outer
wellhead housing 13 by a hanger 19. However, casing 17 and hanger 19 are not

15  always suspended from the oﬁter wellhead housing 13 and can be eliminated in

mAny cases.

An igner or high pressure wellhead housing 21 lands in and is supported
within the bore of outer wellhiead housing 13. Inner wellhead housing 21 is located
at the upper end of 2 string of casing 23 that extends through casing 17 to a greafer

20  depth. Inner welthead housing 21 has a bore 25 with at least one casing hanger 27
located therein, Casing hanger 27 is sealed within bore 25 and secured to the upper
end of a strng of casing 29 that extends through casing 23 to a greater depth.
Casing hanger 27 has a load shoulder 28 Jocated within its bore or bowl.

In this embodiment, a tubing hanger 31 is landed, locked, and sealed within

25  the bore of casing hanger 27. Referring to Figure 2, tubing hanger 31 has a lower
end that lands on load shoulder 28. A sesl 30 seals between the exterior of tubing
hanger 31 and the bore of casing hanger 27 above load shoulder 28. A eplit lock

ring 34 moves from a retracted position radially outward to lock tubing hanger 31 fo
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at the upper end of a string of casing 23 that extends through casing 17 to
a greater 20 depth, Inner well head housing 21 has a bore 25 i tNMRCH 2665
one casi ng hanger 27 |ocated therein, Casing hanger 27 is sealed within
bore 25 and secured to the upper end of a string of casing 29 that extends
t hrough casing 23 to a greater depth, Casing hanger 27 has a | oad shoul der
28 located within its bore or bow. In this enbodi nent, a tubing hanger 31
is landed, |ocked, and sealed within 25 the bore of casing hanger 27.

Referring to Figufe W g _hanger 31.h a | r end fhat |ands on | oad
shoul der 28. A sé%ﬁl%ﬂdiﬁe@;leslgﬁaesﬁj\%gﬂyf%% %glf@”i?’g’r%n%oﬁ ey dawread,31 and
the bore of casi rgetpiassgenl AV asawell as pudhes Rob g s t28khe Besddl pokitibiD Chibidel N 34
noves froma retract eﬂl {)osition radi al | yogutvvard to |l ock tﬁubilng ha_ngger 31
to -5 11 MARCH 2688ehAl {S5preddp e ypppy @idiof a it of predvctier tubme 33, Jlubwge 36,
when noved axi al uamgemmmaﬁmduﬁa@p@&a@esz&ﬁﬁhc@agejaaﬁrﬁmbiggéﬁ pushes | ock ring

34 to the | ocked position. Tubing hanger 31 is secured 'to the upper end of
a string of producti t ubi ng_.33. Tubi ng _hanger, 31 has a production
passage 32 th_ét i s cotsfmme Wgrf‘lﬁurf’éb?’%‘f&' ‘§§¥h°aﬂ housiag ot 35 thes fileyiek @omtion | nner
wel | head housi ngzhome: 125 :haslia di@edr RN k& bortRatsh N athhasind i Fabdi

di aneter than upper portion 25b. This results in a conical generally

upwar d faci ng t r &hematly Bpved facing frapyitionpgttion or shpalden 256 dacatgd beswommanrtivos t i ons
25a and 25b. Wel USK ‘ ' d.,profile
50" Tormed i her or i e 2901 M Med oSt S pBRY Dy I0RA0 e fo i BENFE S

) a short
di stance bel ow fomed therain abevsitating hangdsd1.uBréle Brislloodied whert disebateha housi ng

21. As shovvnld,n Eﬁ@‘?,rv?hiéﬁsﬂﬁu e%‘?ﬁ o epﬁﬁg%&%ﬂé%étree 39 has a | ower

portion that iInserts i1nto wel si ng tion tree 39 has a
production passage 41 extending through it that has an outlet port 4la
extending |lateral |y Asuthoem do Fiemesd Ust & Giiristmes oB Brotiugionirep 81 Imb iadnweiube 43

1, e SOuDa S8t B MR A LI B
passage 41 extending through it that has an outlet port 4la extending laterally
outward. Production tree 39 has an isolation tube 43 that depends downward from

15  its Jower ond and stabs sealingly info production passage 32 of tubing hanger 31.
The lower end of production tree 39 extends into bare 25 of inner wellhead housing

21 to bore transition section 25¢ (Fig. 3).

Referring again to Figure 3, an orientation sleeve 44 is a patt of and extends
upwatd from tubing hapnger 31. Orientation sleeve 44 is nomrotatably mounted to the
20 exteror of the body of tubing hanger 31. Orientation sleeve 44 has a helical contour
formed on its upper edge. A inating orientation sleeve 46 with a helical contour on
its lower edge is secured to the lower end of production tree 39. When tree 39 is
lowered inte wellhead housing 21, orientation sleeve 44 engages the helical contour
of orientation slesve 46 to rotate production tree 39 and otient it in the desired
25  position relative to tubing hanger 31.

Tree and Wellhead Housing Internal Connecior

Referring to Figures LA and 3, tree 39 includes a connector assembly for
securing it to wellhead housing 21. The connector assembly iticludes a connector
body 45 that has a downward facing shoulder 47 that lands on rim 37, Connector
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The | ower end of production tree 39 extends into bore 25 of inner well head
housing =21 to bore transition section 25c (Fig. 3). Referrifng MARCH 2005
Figure 3, an orientation sleeve 44 is a part of and extends upward from
tubi ng hanger 31. Orientation sleeve 44 is nonrotatably nounted to the 20
exterior of the body of tubing hanger 31. Orientation sleeve 44 has a
helical contour formed on its upper edge. A nating orientation sleeve 46
with a helical contour on its |lower edge is secured to the |ower end of

production tree : | I r ' I ng,21,
orientation sl ee@‘gdyf%ﬂ gf glga%%ie{oﬁreelei?’ggﬁ %%njtggtﬁgs ﬁ%e%ﬁﬁg%?gq%is%%ﬁgqreeve 46
to rotate product#i.oComeer3Bdadd awi etids dowmwdrd éntd esdllhexd hodSingQ$i tAon
relative to tubi Jhanger .. Jree | | head. Housj n n nal Connect or
et or 1 ng. to i oWRESE ot g s IRELA3e I RUCS SRBlon Beboh BE Sospidhg 1 or
securing it to wbfikkesd Lbekisy digneal 51 doak xodMmieatiay of§p&N o this edtHodidRat, a-
connector body 45 that has,a dowward facin shogl der 47 that lands on rim
37, Connect or? - elogn Rﬁﬁtébe@nﬂf&w@&l}tif@%‘w Heragine groily ogeveg, A
seal 49 seals bejsveepluflifp of Qo ¥ 160aRH lofl e indbf diafeRRPEAbMngRRhEndS ALE O

extends downward into wel'l head, housing 21. A 1locking elenent 51 s |ocated

at the |ower endlogkingelemet 6bradiply putysrd wlenapeysd bng carp slspyel 38 $Bm glesEki ng

el ement 51 coul Paﬁ' i LGS LS8 ' Ls0eking

el enment 51 conp?fl’gs)lgg&gﬁﬁgyt erdqésp)fc?gtuh%i ﬁgﬁmﬂa%%ﬁg ﬂngtgghn%mg%tgfﬁléeﬁtfo
groove 35. A pl¥kality of dogs 53 located on the inner dianeter of |ooking
el ement 51 push |locking elenent 51 radially outward when noved by a cam

sl eeve 55. Cgyn sl eev Y 1k by HSr RYEHADAGRSd Hhattlid by
hydraulic fluid suppﬁ%&éﬁgé@ag%gjtayn@%l eﬁkglm%ﬂer.conne trgr asguel_nﬁﬁéﬁas an
ext ended or r et alowewapdoireni gonnggor bady 49xindhid smbddimentar Bkidndethpertiom2 icor body

45 in this enbod) IEatpofedha HGHaRE blibilioR YUcbfe 46. A collar 60 is threaded to the

outer diameter of extended portion 59 for retaining locking element 51 and dogs 53

with connector body 45. Alternately dogs 53 could be used to engage profile 35 and

15  locking element 51 omitted. Iu that case, windows could be provided for the dogs in
connector body 45, and extended portion 59 and collar 60 would be integrally
formed with connector body 45. '

Referring to Figare 1A, a control fluid passage 61 oxtends through tree 39 to
an exterior side portion for supplying control fluid. Although not shown, there are a
20  number of these passages, and they lead to connector tubes on the lower end of tree
39. The connector tubes stab into mating passages on the upper end of tubing
hanger 31, These passages lead to hydraulic control lines that are not shown but
extend below tubing hanger 31 on the outside of production tubing 33. These
conitol lines lead to downhiole equipment in the string of tubing 33, such as a

25 downhole safety valve and downhele pressure and temperature monitoring devices.

At least one valve is mounted to production tree 39 for controlling fluid flow.
In the preferred embodiment, the valves ittcludes a master valve 63 and a swab valve
65 located in production passage 41. A safety shutoff valve 67 is mounted to port
41a. The hydraulic actustor 68 for safety shutoff valve 67 is shown. Valves 63 and




| ocat ed above and secured to orientation sleeve 46. A collar 60 is threaded
to the outer dianmeter of extended portion 59 for retaining ho@kARCHLEOS N
51 ‘and dogs 53 with connector body 45. Alternately dogs 53 could be used
to engage profile 35 and 15 |l ocking elenent Si omtted. In that case,
wi ndows coul d be provided for the dogs in connector body 45, and extended
portion 59 and collar 60 would be integrally forned with connector body
45. Referring to Figure A, a control fluid passage 61 extends through tree
39 to an exterio i pPoLt i far .supplyi.ng control fluid, Although not
shown, there are éf %’Gg%ﬁn%%%r g’f%"ﬁ%@ %‘;E“’a sn,mﬁ?’l]dcahﬁé’?mﬁté%é@’(ﬁ“lb’o ect or
tubes on the | oweO¥pd of tree 39. The connector tubes stab into mating
passages on the upper end of tubing hanger 31, These passages lead to
hydraulic control lings_that ar To) o] t ext bel.ow t ubi ng hanger
31 on the outside of &’%ﬂl’@t%ﬁﬁ?ﬁﬁﬁma_%%& #%@ma&%ﬁtdqloqu&i“ﬁ%r "'P%g’dtto
downhol e equi pnefiotiuded pwad.r iMghded 81URIthecaBS . siZel G REcIvng 2 ddaMihelmr safety
val ve and downhol e pressure and tenpergture nonitoring devices. At |east
one valve is HE Br 't‘)dﬁ'éﬁ'déﬂ‘fg?ﬁr:e 1Y isely §WGhoRs| for gortainiwetkavesy, | n
the preferred e lobER N IMankiRE 8V ko/éEblbd Wik BRM0d: JFRRL RNl Ve 63 and a swab
val ve 65 |l ocated in production passage 41. A safety shutoff valve 67 is
nounted to port 41 a, The H%Pr ulic actuator 68 for safety shutoff valve
67 is shown. Valves 68/ iwHs4oqgrcH 2005 65 may be either hydraulically
actuated or mechanically actuated (typically by ROy). Referring again to
Figure 1A, tree 39 hagigarenpillitedtesSel tudihgi mfukip pkags '3, Whith is REOLHOWASS
upwar d. Mandr el %1 is_typically s{),zed r receiving a connector for 5
connection to a SHES 1Hi% So @ﬁ?ﬁ%‘i‘ﬁlﬂ?ﬁﬂ“%ﬁ% oggled in aliffesent vertieali n
wor kover — purpos & tioddB PRASHas thaflRenSh ¥hAs 1805873, MRbRedsnitls pdatdps ¥ent i on,
Tubi ng Annul us Access - )

extends vertically through tubing hanger 31 from an upper etd portion to a lower

end, where it commumicates with a tubing annulus 85 surrounding tubing 33. The

upper and lower ends of tubing annulus passage 83 may be slightly radially offset

from each other, as shown in Figwre 4. An ammular void space 87 sutrounds
15  isolation tube 43 between the upper end of tubing hanger 31 and the Jower end of
tree 39.

A tybing annulus valve 89 ig mounted in tubing annulus passage 83 to block
tubing annulus passage 83 from flow in cither direction when closed. Referring to
Figure 5, tubing annulus valve §9 has a stem base 91 that is seoured by threads 93 to
20 tubing annulus passage 83, A stem 95 extends upward from stem base 91 along the
- axis of tubing amulus passage 83. An enlatged valve head 97 forms the upper end
of stem 95, Valve hiead 97 has a secondary resilient seal as well as a primary lip seal

99 that is made of metal in this embodiment.

A shuttle sleeve 101 is reciprocally carried in tubing attmjus passage 83.
25  While in the upper closed position shown in Figures 4 and 6, the upper end of sleeve
101 ig a short distance below an upper end portion of tubing hanger 31. While in the
lower open position, shown in Figures 5 and 7, sleeve 101 is in g lower position
relative to valve head 97. Sleeve 101 has a reduced diameter port or seat 103




Figure 4 illustrates a tubing annulus passage 83, which is not shown in

Fi gures 1B or 3 because tubing annul us passage 83 I s | ocat ed11 MARGH Peomnt
vertical® 10 sectional pl ane than that shown in Figures IB and 3. Tubing
annul us passage 83 extends vertically through tubing hanger 31 from an
upper end portion to a lower ead, where it communicates with a tubing
annul us 85 surroundi ng tubing 33. The wupper and | ower ends of tubing
annul us passage 83 may be slightly radi ally offset fron1each ot her, as

shown in Figure 4g 7 syrrou .15 |solat|ontube 43
bet ween the upper en g o?’@ egtn%g?bc fé“%%lm{g B seah 9 asrwelk asghe 39. A
t ubi ng annul us vamleens&al@vmmhwadmmaeslhnvugommhmwpq&ﬁﬁqﬁﬁ 83 to bl ock

t ubi ng annul us passage 83 from flowin either direction when closed.

Referring to Figure ve 89 has.,a stem base 91 that is
secured by threads 93%10&I B‘%Egb{ann %’éé‘&%ﬁgg ‘é‘%"utﬂr@‘f‘%ﬁi”ggs@?‘feends

upward from st emlﬂéwmuajemn@ﬂ tSpdltn@(l(Ei taf a dowrivrgd &8&5&5@ ag3. An
| ve head 97 has a

enl ar ged vaIv e end of_ s
secondary resi I i g@v?er%égarc Ta"egs‘gg plar pegpsndic E"e‘BF axip of fuhing apulygade of
metal in this en*@amgmatAzﬂmggfdobemlw@igegea@}sﬁlﬁnﬁgmﬂ&mié&eﬁﬁ‘&sf ed in

t ubi ng annul us passage VWiile . in the u osed position shown in

Figures 4 and 6, Efpﬁ@?ecleﬂ?amﬁ? SPECHRE !LQ§1511FI§ igtosgienve 1@V seneratiog bekow an

upper end portlOﬂe:eﬁtofu&magtofﬁﬁgﬁrdoﬁﬁwarMOb&nénﬂoésikﬁve foVer open position,
shown in Figures 5 and 7, sleeve 101 is in a lower position relative to

val ve head 97. Sl eev 101 %ﬁs a reduced dj aneter port or seat 103 -8 11
MARCH 2005 formed in | gare 5 §Hosys ¥y engaging tophar memles 409 FRfPndingnigbecfbel upper | i p

seal 99 as wab| aaldReing@ithd g Serhtolhaltahif WiE B wforthh bfual effe 101 Ts

in the | ower position. An outward biased Split ring 1 I'S rmunte to the
outer diameter oftg2gEgyEmbedP9 jradovnward sstsedivgonnpospt ofitrec3A Fig03) hab a

downwar d taper edisUBaPfor Shtvind o0 4oL from the upper to the lower position, A second
identical engaging member 109*, shown in Figures 6 and 7, is mounted to a rupring
tool 111 wsed to run tubing hanger 31. Engaging member 109 has a lip 113 on its
15 Jower end that mates with the upward facing taper on split ring 105. Lip 113 slides
over and causes split ring 105 to contract, enabling engaging member 109 to push
sleeve 101 downward to the open position. A spring 115, which may be a plurality
of Belleville washers, is located between stem base 91 and the lower end of sleeve
101. Spring 115 wrges sleeve 101 to the upper closed position. Any pressure in
20 passage 83 would assist spring 155 in moving sleeve 101 to the closed position.

Engaging member 109 is secured to the lower end of an actuator 117, which
is mounted in tree 39. Actuator 117 is a hollow, tubular member with open ends
reciprocally camried in a tubing annulus passage 118 in tree 39 (Fig. 3). Actuator
117 has a pisten portion on its exterior side wall that is selectively supplied with

25  hydraulic fluid for moving actuator 117 between upper and lower positions. Tubing
annulus passage 118 extends through tree 39 to an extetior side pottion of tree 39 for
connection te 4 fubing annulus line that leads typically to a subsea manifold or an
umbilical that serves the tree. Tubing antiulus passage in tree 118 does not extend
axially to the upper end of tree 39.




5 lower surface that is located in a plane perpendicular to the axis of
tubi ng annul us passage 83. A mating groove 107 is engaged by1$MARCH 200505
whife sleeve 101 is it the upper, closed position. Split ring 105 snaps
into groove 107, operating as a detent or retainer to prevent downward
novenent of sleeve 101. Figure 5 shows an engagi ng tool or nenber 109
extending into the upper 10 end of tubing annulus passage 83 into
engagenment with the upper end of sleeve 101. Engagi ng nenber 109 is a

downwar d ext endi ng cfRANERE0r E{'; i%rnﬂﬁ/eé% ﬁlg'lcgverlp@'&hse Y a'gﬁng e géa% movi ng

sl eeve 101 fromthe upper to t ower position
engagi ng nenber engages anh pwihes nleﬁreglﬂrieﬁom then dloged P@ltm;lmttb@ opan nos:tmnl ng

tool 111 used t i 3‘&“ 113 on
its 15 | ower en atéan@tﬂ%oaaz{]ﬁ'ﬁ{lﬁe uﬁ\i\%gr agf"?% per %ﬂ’g@% ng 105.
Lip 113 slides m&mrkamdtheammpﬂ astactuatng! 1706ike echmﬁmtm%,cmtuatenatﬂ’ hmsg
-enainneer to .Sl eeve 101.daown tteonositin.A
S ane o st i efedin 3 dp e B FheirBsl O R BEE B R,

bet ween stem baa@d Qdwibnld o eenhedV R regpBsbe O hﬁrﬁﬁ&’@ress’h&l Pa&ragcb IIIB’léb.Es tar ges

sl eeve 101 to the upper closed iti.on, ressure in age 83
woul d assi st spAiFYFHYVBPH FﬁS@‘?rﬁ@fS E’Oﬁb ! E’Bd?lﬁ’én’(’ﬂ B%deﬁc Bg %

Engagi ng nmenber Q@sifmigecured to the | ower end of an actuator 117, “whi ch
is mounted in tree 39 Actuator 117 is a hollow, tubular nmenber with open

ends reciprocally carrledlnatubln an ulus sage 1 intree 39 (Fig.
3). Actuator 117 haRunging el 1d@s penykntis r‘?”g'fngs‘?’gég%é‘fgfﬂ' gh is

sel ecti vel y 15 UPRicinathg Whilihg 3§eahuamulwmng*wg& 3f1<a£m BB RPOF A6litiead Réusi

bet ween upper and | ower positio ing annulus passage. 118 ex ends

t hrough tree 3921 6’1&:4)&9@1&1:&6@0%1.1&83%%&%@@ 15t i and yHEdYi on to a
tubi ng annul us Hgﬁmtl &linth GO SirleY, b&%lfbﬁﬁléd%aanslﬂﬁﬁ&auﬂmgﬂkﬂiﬂ%’ sléve

unbilical that sérves the tree.” Tubi ng annul us passage in tree 118 does not
extend axi al | yperon pistubipp bingentl. diock pisebgdl 19 sepues rypningtipgd ddb to tubing

hanger 31 while tubing 33 is being lowered into the well. Lock mermber 119 ig

15 energized and released by a lock member actuator 121, which is also hydraulically
driven. Running tool 111 has a sleeve 123 that slides sealingly into the bore 32 of
tubing hanger 31. Sleeve 123 isolates the upper end of tubing annulus passage 83
from production passage 32 (Fig. 4) in tubing hanger 31.

Orientation

20 Referring to Figare 8, a ring 125 is mounted to the exterior of outer wellhead
housing 13, also referred to as a conductor housing. Ring 125 has a depending
funnel 127 and is selectively rotatable on outer wellhead housing 13 for orienting
tubing hanger 31 and tree 39 (Fig. 3) in a desired position relative to other subsea
wells and equipment. A lock pin or screw 129 will selectively lock ring 125 in the

25  desired position. An axm bracket 131 is mounted to ring 125 for rotation therewith,
Arm bracket 131 cantilever supports a horizontally extending ann 133. Arm 133
has an npward facing socket on its outer end 131, Also, 2 guide pin 137 protrudes
upward from arm 133,
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When actuator 117 is noved to the | ower position, engaging nenber 109
engages and pushes sleeve 101 fromthe closed position to théi®eRCH 2005
p05|t|on Figures 6 and 7 show a simlar actuator 117" that forns a part
of running tool 1.11 and works in the sanme manner as actuator 117. Like
actuator 117, actuator 117" has 5 a piston portion that is carried in a
hydraul ic fluid chanmber for causing the upward and downward novenent in
response to hydraulic pressure. Passage 118" |eads to an exterior upper

portion of running too r deliverjng and. receiving tubin annul us
flui d. Running tool E‘“ﬁiés HQTE]I# ﬁiledfqé‘a‘t“ﬁﬁré’ée S bpysing Hgatghﬂﬁurfgcmanger
31, 10 including bsﬂ.tdm@ v&nﬁ@alho@aigvmeqmowﬂaﬂﬁoﬂz@@&emﬁl13§@ﬁngo Bt%fée%t

mellhead housi ng 21 Lg..4) ning tool 111 has a
is radially and of® \%E?&F"fl‘etelﬁbéﬁg’wb% q%ﬂwréuhﬂtﬁh@u%o&ﬁmwmﬂhmdan

| nteri or upwer d exhangh £o: stRRI 1A AR 1Pleol il 10 HERPBBY bt fy BETOC

119 secures running tool 111 to tubing Hhan bei ng
| owered into thAe WHethesubsecrnsimptingphasedo jofterBigd AS togi difdetndentaiorased by a
| ock nmenber actuator 121, which is also hydraulically driven. Runni ng t ool

111 has a sl eeve 123 t)ﬁjo}jﬁ LHR% ﬁ%@%ﬁéé&qgglgﬂ%ﬂéﬁ%ﬁzdovérlg% e 83

t
hanger 31. Sl eeve 123 isolates the u%@ annul’us pass
from producti on peshigleregpre irugng 2). BOPtadhitergi3h dnused t@&nenmbmgt}mngeom 20

Referring to Figu S rior, of ‘
wel | head housi ng&%,%)a astg)erqg ?géjd ??%@%ﬂé%%gﬁffg DJgelreﬁlgon ﬁeﬁa’mi% has
a depending flI anct’a‘ tieOFelbhad besn dulieicanid \cading knpat2¥hheaited. qhe deillisglrshead
housi ng 13fo and tree 39 (Fi
desi red pOS|t %‘@F%W%’e?@iomﬁa@ﬁﬁ?é D‘(ﬁg%l"’ ﬁwpgﬁ%}ddﬁé‘?ﬂ"zwﬂﬂ}e@@)k pi n
or screw 129 wi I Ihmhgallpmeho lbw&Mger fer 199 ihslact> BO bdBeir 9B hid KN. AN
arm bracket 131 'S%Dgcegij tg? ﬁg for rotatlontherevmth Armbracket
131 cantilever s P ot Ll By fqrpdieming with gty 137as an
upwar d faci ng sock@nneln4i bos teUbvér eﬁ@dfﬂ@liadaﬁéeﬁpw Asiddindewding BEP adafef r udes

139 over inner wellhead housing 21. Socket 143 will orient BOP adapter 139 to a

15  position depending upon the orientation of ann 133 and pin 137. An ROV (not
shown) will be used to assist guide socket 143 in aligning with guide pin 137

BOP adapter 139 has a plurality of dogs 145 that are hydraulically energized
te engage an external profile on inper wellhead housing 21. BOP adapter 139 also
has seals (not shown) that seal its bore to bore 25 of wellhead housing 21. A helical

20 orienting slot 147 is located within the bore of BOP adupter 139. Slot 147 is
positioned to be engaged by a mating pin or lug on running tool 111 (Fig. 6) for
tubing hanger 31. This engagement causes runming tool 111 to orient tubing hanger
31 in a desired orientation relative to the orfentation of arm 133,

Figure 10 is a perspective view showing BOP adapter 139 in position on
25  inner wellhead housing 21, which is not shown in Figure 10 becanse it is located
' within the bore of BOP adapter 139, BOP adapter 139 has an upper end with a
mandrel 146. The drilling riser and BOP will connect to the external profile on
mandrel 146 after BOP adapter 139 has been conneoted 1o inmer wellhead housing

21. '
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upward fromarm 133, -10 11 MARCH 2005 Ring 125 is normally installed on
outer well head housing 13 at the surface before outer well h¢hdIARCH 20053
is | owered jnto the sea. Arm 133 will be attached to arm bracket 131 bel ow
the rig floor but at the surface. After outer wellhead housing 13 is
installed at the sea floor, if necessary, an ROV may be enployed later 5

I n the subsea constractiort phase to rotate ring 125 to a different
orientation. A BOP (bl ovvout preventer) adapter 139 is being shown | owered

over inner or high adapt er 9 | sed tq _orient
tubi ng hanger 31 (Fig ?)WP aélea?rl IBQH%SOOH?\? ﬁ salééﬁt ﬁ)’%g"ep?ﬂ
preferably | ower@;iwﬂlyt&pleﬁ%ﬂatcﬂambtestat {Tabing hhgeed 1| miebe dRaRd §litvk esmgnd

casi ng hanger 27 installed. The dril]ing long with the BOP, wll
have been renpvet®f f:%}w!b‘f%}éseu f"*g Je ‘f"{ﬂﬂé %Pﬁoﬁg gﬁﬂéﬂs?h@’mzfld%rlor to
| owering BOF ad&meﬁﬁua@&ueesmlaammamgaﬁam@ﬁd ﬂﬁ%&@ﬁnﬁsa%ﬂﬁnﬁq&@t 143
that is m)untedtoiisexterlor at ap0|nt for aligning with pin 137 A

funnel 141 or t Haatplides ovadgnes welbeadheuyped! 253ds 4adingts in | oweri ng BOP
adapter 139 over inner well head housing 21. Socket 143 will orient BOP

adapter 139 to a 15 [pskifbpRhdePeat SRR Eonn&tdda tadddwd Bndhoof i 9 133 and
pin 137. An ROV ( not shown) will be used to assist guide socket 143 in

al i gning with gdfieddeads grounsitee Boyo el lies conpgton A5 en the opnesitagdeo siogs 145
that are hydraulg F%MMBHI%Q 'lxﬁ@&bnn&%r%‘ﬂ@ﬂleco%c%taeﬂo%cﬁgﬁ’ﬁﬂa V\ﬁ?ﬁﬂhjanner

wel | head housin . BOP adapter 139 also has seals (not s t seal
its bore to bor deadgtons mmfoﬂmmbma@mgngzgqmnmenbllnm clabofhnmrﬂqvnlymsl ot 147

| ocated wigt h fy dt
be engaged By a it AguRidtod el @AM Ehe el B yerdehe i BB L D

hanger 31. Thi sléﬁgagﬁndnmaﬂlﬁmrtymmfmgnnewhstblﬂbmlme@nhMWrlﬂbuonlji hanger

10 19 4 por specPRobs ShERYER CEe@husly i f el 5B Aol oo 7 O €

will register w1ﬂ1 flowline 153.

Plug Retrieval and Installation

15 After tree 39 is installed, a plug 159 (Fig. 12) must be removed from a plug
profile 157 looated within fubing hanger 31, as shown in Figure 11. Plug 159
maintaing pressure that is within tubing 33 after BOP adapter 139 (Fig. 10) is
removed and prior to installing tree 39 (Fig.1A). Plug 159 is conventional and hag
one or more seals 161 that seal within production passage 41 of tubing hanger 31.

20 Plug 159 has a plurality of locking eletents 163 that will move radially outward
between a retracted and an extended position. Locking elements 163 engage 3
mating groove in profile 157.

Preferably, rather than utilizing wireline inside a wotkover riser, as is typical,

an ROV deployed plug tool 165 is utilized. Plug tool 165 does not have a riser

25  extending to the surface, rather it is lowered on a Iift line, Plug tool 165 has a
hydraulic or mechanical stab 167 for engagement by ROV 169. Plug tool 165 lands

on top of trec mandrel 81, A seal retained in plug tool 165 engages a pocket in
mandrel 81 of tree 39. When supplied with hydtaulic pressure or mechanical
movement from ROV 169, a connector 171 will engage mandrel 81 of tree 39.

-]12-




25 inner well head housing 21, which is not shown in Figure 10 because it is
|l ocated within the bore of BCP adapter 139. BOP adapter 139 BaMARCHR605
end'with'a mandrel 146. The drilling riser and BOP will connect to the
external profile on mandrel 146 after BOP adapter 139 has been connected
to inner well head housing 21. -11 11 MARCH 2005 Once BOP adapter 139 has
oriented tubing hanger 31 (Fig. 1B), the well will typically be perforated
and tested. Tubing hanger 31 nust be oriented relative to the arm 133

because orientati Ieeve 44 (Fig 2’ of tubing ha zyger 31 provides
orientation to tr &%ﬂﬂéﬁ%ﬂl FAnEDe Rtaeped Ay Atdrauli@ preFree o3 Mettasical tr ee

funnel 148 5 thatmosbﬂlgﬁgg,?ggfﬁdnpﬁgv 14®! | head housing 21 as it is |anding,
The safety shutoff val ve of tree 39 is connected to a flow line |oop 149

that | eads around tree 39 to a flow |ine connector 151 on the opposite side
as shown in Figure | é’luﬁ%wqﬁ%mt@%ﬂ’éfé@%’ﬁblimmvimIthaétcsmpaaﬂadb}nhﬁiridhew line

153 that typicall resduﬁaéﬁﬁpﬁe@t@amg&}hﬁlﬁlﬁb(’{ S%?&%@%ﬁ&%ﬁ?& F@e‘é}f% t, In

this enmbodi nent, flowline 'S nmoun to a i'ca
mandrel 155 t hat &q“ﬁbmq{ﬁ@mdaﬁd@wmﬂugw t&:mﬂaﬂ;emscmgmae'i aﬁyb@t her

types of connecti gpsndiQq bl 'f@xese Cgtl%fug% 3 'ggn%ogﬁ tﬁ&tg%p“l%{

Consequently, tree I's oriented so
regi ster with fl otemowd of 83 39PISaty'nR&m1IEMybemdahrﬁtidtﬁbﬂt?ﬁebﬁtﬁuf&ﬁﬂﬁéﬁaﬁEn tree

39 is installed, Ei t b I fil

157" Tocat ed it hi o B elie it o spitlea &y e{»ﬁri‘r’z% e 5. pherodts

mai ntai'ns pressurderdatt 168 have ddgaged tproflle 9573 3n fﬁﬁn%ﬂﬁpiﬁ%ﬂs@?s}feﬁ’ g. 10)
|g A

is renoved a pr.i tallln 39 ( Plug 159 is
conventi onal ﬁd 259t881éa gééf{lgp]fﬁfl that seal wi thin production

passage 41 of tubing hanger 31. 20 Plug 159 has a plurality of | ocking
elements 163 that w | Refoiowieg toalli74) shywo i Mgurek 13 and 14, may also be of a variety of

conventional types. In this embodiment, retrieving too! 175 has  body 181 that
inserts pattially info 2 receptacle 183 in plug 159. A locator sleeve 185 on the
exterior of body 181 will land on the rim of receptacle 183. A collet 187 is located

15  within locator sleeve 185 and protrudes below a selected distance. When locator
sleeve 185 has landed on the rim of plug 159, collet 187 will be aligned with a
groove 189 within the plug 159.

Collet 187 and sleeve 185 are joined to a piston 191, Piston 191 is supplied
with hydcaulic fluid from ROV 169 (Fig. 10) via one of the stabs 174. A spring 193
20 is compressed while refrieving tool 175 is in the released position, shown in Fignre
13. Spring 193 urges piston 191 to a lower position. When hydraulic pressure i
relieved af passage 192, spring 193 will cause body 181 to move upward to the
position shown in Figure 14. In this position, a wall portion 194 of body 181 wﬂl
locate ditectly radially inward of collet 187, preventing collet 187 from disengaging
25 from profile 189. Once refricving tool 175 is attached to plug 159, ROV 169 will
actuate one of the hydraulic stabs or mechanical interfaces 174 to cause stem 173
(Fig.11) to move upward. Collet 187 causes dogs 163 to be radially retractable
during this upward movement as plug 159 is disengaged. Once plug 159 is above
tree valve 65, tree valve 65 may be closed, enabling the entire assembly of plug tool

30 165 to beretrieved to the swrface with a Lift line,
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between a retracted and an extended position. Locking elenments 163 engage a
mating groove in profile 157. Preferably, rather than utilizif@ARCH 2065

i nsi de a workover riser, as is typical, an ROV deployed plug tool 165 is
utilized. Plug tool 165 does not have a riser 25 extending to the surface,
rather it is lowered on a lilt line. Plug tool 165 has a hydraulic or

mechani cal stab 167 for engagenent by ROV 169. Plug tool 165 |lands on top
of tree mandrel 81. A seal retained in plug tool 165 engages a pocket in
mandrel 81 of tree 3 %% supplied with hydraulic pressure or nechani cal
movenent from ROV 1697 fAR@e¥or 171 will engage mandrel 81 of tree 39.
-12 11 MARCH 2005 Si m | arly, connector 171 can be retracted by hydraulic
pressure or I\/Echanl cﬁW@H@ﬁheﬁWHﬁdﬁ%ﬁb&f@u@@ﬁeﬂa@@ rﬁé%ﬁph@%lﬁ o> has

an axi al l'y novahl e, ste 3 that iis operated by hyd rau
supplied to a h %IWB E’bOtEL‘?]@SGJASPﬂml wellhaed asgablis7H. | Shisomehediion the 5

| ower end of st%ﬁﬁr@ﬁy&ﬁﬂﬁmﬁw% ﬁm&ﬂ&?%ep%ﬁ'@ﬁh&npggﬁ%m t ool

177 may be attached to stem 173 for settin ent”"of a
wor kover that? r dBfst P%ghhﬁéné’\lﬂéﬁon@ﬂ%mlébs@nm@mgmmm oviei’mcnmllsbg of a

variety of types,ahd °f°9“m§‘lgdgyﬂ%q Iq{rj]réxgtg:g R nﬁusé)j_&-}at 1tg,g\rl]%ﬁconnect ed

by shear pin 179 to elemen
profile 157, an d@mhﬂwmadmmﬂ@dﬂiﬁﬁduﬁmgaﬁdpdﬂbmmg &@tamjd’peﬁﬁ&mm shear,

| | 15 | h i 13 d 14
may a1 50" be of - SR Pifm R Bk MR s o R B Red s,
retrievi Ing t ool c&sﬁ@lthrawelh Mﬂbﬂglr&%rzﬂ‘l&t Thown%eﬁﬂggte@ﬁflﬁ %éséhréﬁ&ﬁmg ¢ bod

t t
PSRRI R e e e e eev%lx%ﬁ@miwqﬁﬁer?é%@&mg T

wi thin |ocator ﬁl qeﬂﬁp&ﬂiﬁulaﬂ‘l&beﬂheﬁ EReRARS a bﬁh%ﬁf&ﬂﬁﬁii@fdﬁﬂ \hen
| ocator sl eeve 185 has bla lge rhthe rim pl ug I et 1 111 be
aligned with a froughiiser2 we

Platform 195 aiso preferably has a crane or lift line winch 207 for deploying
a lift line 209. Lift line 207 is located near one side of platform 195 while derrick
15 197 is normally located in the center. Optionally, Lift line winch 207 could be
located on another vessel that typically would not have a derrick 197, In Figure 14,
a tree 39 is shown being lowered on lift line 209.

Drilling and Completion Operation

In operation, referring to Figure 8, outer housing 13 along with ring 125 and
20 atm 133 are lowered info the sea. Outer housing 13 is located at the upper end of
coniductor 15, which is jetted info the earth to form the first portion of the well. As
conductor 15 nears the seabed, the entire assembly and arm 133 will be set in the
desired position. This position will be selected based on which way the ﬂcl& isto be
developed in regard to other wells, manifolds, subsea processing equipment and the
25 like. Once conductor 15 has been jetted into place and later in the subsea
construction program, the operator may release lock pins 129 and rotate ring 125 to
position arm 133 in a different orientation. This subsoquent repositioning of arm
133 is performed as necessary or as field development needs change to optimize
connection points for the well flowline jumpers,
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groove 189 within the plug 159. Collet 187 and sleeve 185 are joined to a
pi ston 191. Pzstou 191 is supplied wth hydraulic fluid.from MARCEP2¢0S 0.
10)" vi a ‘'one of the stabs 174. A spring 193 20 is conpressed while
retrieving tool 175 is in the rel eased position, shown in Figure 13.
Spring 193 urges piston 191 to a | ower position. Wen hydraulic pressure is
relieved at passage 192, spring 193 will cause body 181 to nove upward to
the position shown in. Figure 14, In this position, a mall portion 194 of

body 181 will locate. .directly,radial i.hward of ,call et 7 preventing
collet 187 from di senﬁﬁ?ﬂﬁa%mﬂgqﬁﬁ#%ﬁlr af%@p_er g’e“‘ﬁ éWSHJg WHédf 175
is attached to p'ﬂ@l&@ﬁgl%glﬁﬂzéﬂd Uasmg’im?bbﬁﬂﬁcéﬁﬁfén@ﬂnitﬁ@wmdfﬁélébéxﬁtoﬁt abs
or mechani cal int ﬁrf ) 174 to stem 173 G t 0. move upward.

Col | et 187 causest 5153 ‘EC‘B%P éﬂ lowers Wﬁ%"dﬂ@ﬁ’{‘%“’e} Sraping 23 hﬁdshlgipward
moverment as pl ug pkaSurb %eﬂh&ﬂrlﬂﬁﬂ%?ﬂ @Re R InUdHIll pie lafd QQﬂ’éﬁ%d ih 63% eValye 65,
na ug

tree val ve 65 may be cl osed ing the entire assenbly of tool 30
165 to be retri evasigniggon ipgoeded fopimpeniyallhcad hpysing 21 The opetator mey KwROEH2005

Fiel d . Devel oprmeny, & ﬁ@gm Al wlils! g t hod
for devel oping a #1? ealllx%%eﬁaw ng a plur g’l | tywo]%bg%%?epﬁ%s%mggﬁhﬁéﬁﬁﬁ(ggg
assenbl ies 11.  TH9S (Figtldd is particularly useful in water that is
sufficiently deep such that a floating platform 195 5 nust be utilized.

Platform 195 Wil b
attorm esg‘ﬁi e?alxé}ecgnﬁe\?tsm&lio'l yﬁﬁ%&g%l%orm én%“s

conventi onal neans, as thrusters or as a
derrick 197 wit h dsillsi faowgbriiesr 2010%of e totall depﬂhnng&ndJeprthmrms@lswmgﬂm

oper ations ong t I I | e t hat

i s enpl oyed for gﬁl‘%ﬁﬁg %’Pa%‘%%aa %&ﬁﬁ%%ﬂ@%‘% ’iir?g t{?garﬁ%’f(f]fs shown
connected to hi glasigeesili ¥ ihaalkd mith i vl boing driledie bl dvemgrestaciepthl y 11.
Drilling riser 201 has a bl owout preventer 203 within it, In the

particul ar operation mo%mt)@igélgd ﬁ%o&ﬁmﬂoiiﬁtﬁlﬂiﬂﬁﬁg Ea%éeﬂﬁ @@9\1@). %}sgndi ng
the operator disconnects drilling riser 201 (Fig. 15) and BOP 203 and suspends it off
to one side of welthead assembly 11. The operator lowers BOP adapter 139 on lift
15  line 209 over inner weilhead housing 21, as illustrated in Figure 8, With the aid of
an ROV, socket 143 is positioned to align with pin 137. BOP adapter 139 is locked
and sealed to inper wellhead housing 21. BOP adapter 139 may have been
previously installed on an adjacent well left temporarily abandoned.

The operator then aftaches drilling riser 201, including BOP 203, (Fig. 15) to

20 mandrel 146 (Fig. 10) of BOP adapter 139. The operator lowers tubing 33 and

tubing hanger 31 through drilling niser 201 on running tool 111 (Fig. 6), which is

attached to a tubing hanger running string, which is a small diameter riser. Once

running tool 111 is connected to tubing hanger 31, actuator 117" is preferably

stroked to move engaging member 109" downward, thereby cansing shuttle slesve

25 101 to move downward. This opens tubing annuylus passage 83 for upward and

downward flow, Running tool 111 has a retractable pin (not shown) that engages

BOP adapter guide slot 147 (Fig, 8), causing it to rotate wbing hanger 31 to the
desired position s it lands within casitig hanger 27.




through riser 201 into the well. Platform 195 al so preferably has a crane
or lift Jine winch 207 for deploying a lift line 209. Lift HimnARCH 2605
| ocat ed near one side of platform 195 while derrick 15 197 is normally

| ocated in the center. Optionally, lift Iine winch 207 could be |ocated on
anot her vessel that typically would not have a derrick 197. In Figure 14,
atree 39 is shown being lowered on lift line 209. Drilling and Conpl etion

Operation In operation,, referring to Figure 8, outer housing 13 along with
ring 125 and 20 arm 133 .ar.e 1 ower it o sea. Quter housi 13 is

| ocated at the upper éﬁ%}'“g‘?m%%ﬁéﬁéﬁgﬁf’s%“ S%ﬁ%wefaéorjn@?te%%gﬂeﬁ@&n‘@”éarth to
formthe first p@ythyostrokingtdemator|ll7 devard; alisduekie chpspigafsmbiiei®eabad, the
entire assenbly a]gd 3@{1 1:}13 Wlli? be\ms]%t .n the desire osition. This

position will beSEBPL BYRAT L EHE R SEREky PFes flreye 401 o thpupper clawdel oped
in regard to ot hgssitwal | B, thidgakilied, deilve RelSRAl 97 QALSS chrBg WdreRa: a the 25
| i ke. Once conductor 15 has been jetted into place and |l ater in the subsea

construction Pr o_BIPéﬁﬁlg flpg ip sitho e upwyd pbAevyend Siretiph.nSVhileoinathel uptst at e
g 125 (o DOShisR, G Tabt il 209 e Bhotl 0N bkt Y Semifhagaven
er or a I"el d

repositioning of arm 133 iS p ornmed” as necessar evel opnent
needs change to @pvemke connection points for the well flowine junpers,
-14 11 MARCH 2005 The operator then drills the well to a deeper depth and

install's casing 117, guf opéhtethbPiiphés dudd el tdhdshd » v %gm-g,% i1l be
cemented in the well. Tﬁlé oper at or t1enﬁ§rﬂ|ﬂﬁl sﬁtodgg?ggeeper ept Zoglr,\\nd ‘

| owers casing 23Liln{Tyistmay brane bycdesingghetdowovtipievagter imdrilinaniser 9l anithad
necded for | Wher i BRddl tisk BfcBibE R 15F, TheBilend O Budlp ot 0
sane steps for tosoummicates withe} annulat spasd sugotingding dipcsiall idmieteg risdrdeldwithd | ng
platform 195 ( FI;IQWoqugx)eVenter in drilling riser 201. This annular space is also in communication
with one of the choke and kill lines of drilling riser 201, The operator pumps flnid
‘ down the choke and kill lins, which flows down passage 118" and acts against sleeve
15 101 Split ring 105 prevents shutile sleeve 101 from moving downward, allowing

the operator to defermine whether or hot seals 99 on valve head 97 are leaking.

The well may then be perforated and corupleted in a conventional manner.

In one technique, this is done prior to installing tree 39 by lowering a perforating

gun (not shown) through the small diameter riser in the drifling riser 201 (Fig. 15)

20  and through tubing 33, The smaller diameter riser may optionally include a subsea
test tree that extends through the drilling riser. .

If desired, the operator may circulate ouf heavy fluid contained in the well
before perforating, This may be done by opening tubing apsnulus valve 89 by
stroking actuator 117’ and engaging member 109’ downward. Engaging member

25 109" releases split ring 105 from groove 107 and pushes sleeve 101 downward to the
open position of Figure 7. A port such as a sliding sleeve (not shown) af the lower
end of tubing 33 is conventionally opened and the blowout preventer in drilling riser
201 is closed around the tubing hanger running string. The operator may circulate
down the numing string and tubing 33, with the flow returning up tubing anuulus 85 -

~-16-




The operator connects riser 201 (Fig. 15) to inner well head housing 21 and
drills through riser 201 to the total depth. The operator theh MARCH 2605
casing 29, 10 which is supported by casing hanger 27. In sonme cases, an
additional string of casing would be installed with the well being drilled
to an even greater depth. The operator is then in position to install
tubing hanger 31 (Fig. 1B). First, the operator disconnects drilling riser
201 (Fig. 15) and BOP 203 and suspends it off to one side of wellhead

assenbly 11. The alqﬁlg% r L £t n over
i nner wel | head ho%g:&ng ée?%i %Id%gg ﬁlﬁéﬁﬂfﬁuéﬁguﬁ%@%am&%ﬁ%&aﬁ%ﬁ%ﬁ
ROV, socket 143 i penfumied.i oned to align with pin 137. BOP adapter 139 is

| ocked and sealed to inner well head housing 21. BOP adapter 139 may have

been previously insta \ ndoned.
The operator then atta‘é‘h%gp ari g!gdr%lgs f@egfmﬁg% &g‘%ﬁéwé%% P‘? . 15)
to 20 mandrel 14ﬁro€iﬁ|1@7(ng)llamﬁﬁﬁghmmmduﬂtﬁﬁpaéﬁh@m@ﬁmgmnﬂmwaubi ng
CFi g o) wnich i 8 i B A0 i b i aeivies 127 PAate e s a
snal | d| anet er r|s;ﬁing1(l’l:;mﬂ:muvtt‘alalmswrerlgltxpmird‘éE gl I'Dhbopa-atﬁﬂmmﬁﬁdest nb d191hanger
31, actuator 117 pref.era t 0 _nove engag menber 109
downwar d, thereby°’b§1? b& P’é"‘?ﬁ’ A 0‘2@1‘&1@%’%@@\@3@%&%
opens tubing annudldmhaﬁ i ﬁﬁ‘ sheRpinCluitig! 33 doxmave fi ﬁekfa%oxﬁ%ﬂ £'9 t ool
no

111 has a retractable t hat engages BOP adapter g e sl ot

147 (Fig. 8), cau@?ﬁ&b thi?sédrt@)tpa@éi@m@ﬁﬁgr%b%mmptua }59ein iabsg

position as i £ I5hiBG Shn BCIijI% i ng
banger 31 has1 been set x%yﬁée;]go eirjat g‘rﬁéﬁgy t%%rfss%%g annul us %ﬁgﬁgﬁg
st roki ng act uat orasifirgt H@ﬁ%rﬁ@?&%gh&m&g theghubingrisumuli) thus twbing sI eeve

101 as shown in E éﬁﬁﬁ 4 closed
position. In thi sdng%igﬁf%on jaﬁ%&&%aguigﬁﬁ%% ?P&g@ engglg‘?n%ﬁg c8ve seat
103, 5 bl ocki ng fd tompéraydanriein theroveni hedird baorierdealmwar d direction. Wile in

t he upper

The operator then rettieves rumning tool 111 (Fig. 6) on the small diameter

15 riser. The operator releases drilling riser 201 and BOP 203 from BOP adapter 139

(Fig. 8) and rofrisves BOP adapter 139 on lift line 209 (Fig. 15) or deploys BOP

adapter 139 on an adjacenf well. The operator may then skid platform 195

sequentially over the other wells for performing the same functions with BOP

adapter 139 and drilling riser 201 for a different well. Once tubing 29 has been run

20  and perforated, there is no mere need for drilling riser 201 or derrick 197 (Fig. 15).

Even though platform 195 may have skidded out of alignment with the particular

well, an ROV can guide lift line 209 dowr to engage and retrieve or move BOP
adapter 139,

The operator is how in position for running tree 39 on lift line 209 (Fig. 15).

25 Tree 39 orients to the desired position by the engagement of the orienting members
44 and 46 (Fig. 3). This positions ftee connector 151 in alignment with flowline
connector 153, if such had already been installed, or at least in alignment with
socket 127. Flowline connector 153 could be installed after installation of tree 39,

or much earlier, even before the running of high pressure wellhead housing 21, As

30 free 39 Jands in wellhead housing 21, its lower end will move into bore 25 of

-17-




position, detent split ring 105 engages groove 107, preventing any downward
movenment,. The operator then applies fluid pressure to passagél MARCH 205
marring tool 111. This naybe done by closing the bl owout preventer in
drilling riser 201 on the 10 small dianeter riser above running tool 111.
The upper end of passage 118 communicates wth an annul ar space
surrounding the small dianmeter riser below the blowut preventer in
drilling riser 201. This annular space is also in communication wth one

of the choke andkj ! f arfd fkd1htioR Juel 438¥i1l 288 intd PRIOARE Phfigaisrgrs 1 uid
down t he choke aﬁgh%??lb‘ﬁﬁ%g?’ ?ﬂlqh fol owg d_omn_paslgage 1181%an ,eac;s

agai nst sl eeve 18ibighangppl.t Whilebeinpoweied naiontationpambesdd engages ongpfationom

movi ng downward, all gw.n tQyr A t Ofpeseal s
99 on val ve head Slﬁe)wg\reneto greogérpﬁ%r%g%% jvg\'/e %%ﬁaqg%ﬁugnﬁ%%wggr ?%? %F‘Eel é{rlllg

conpl eted in a coperaotsappliat hydeaulie fluid pressuwnte crcteavetfesanging dogs$3 dopsbpr i or

to installing tree, .39 by | J a.herfo i . OW)W rough
the small di afet hpgglgﬁe?t%%@n%rt? i“%réq%é%e?%ﬁﬂg {EI %ﬁi%}ﬂf)%% ar%%lgthrough
t ubi ngh33. The Ze@nﬁmr mrlla(m'%t qg) roFm 39ra$igm3pﬁriﬂo]|cﬂaglige qugtqtmtelsa. subfea test
tree that extends_ throu t he illing.riser. | Lred. . Qperakor may
circul ate out he&‘bkﬂg%%& Péﬁﬁﬁe;éﬁéh("ﬁ”ﬂ"f‘ﬁe@%\%éﬁ ‘fonn%:ge?(ﬁ %mb%xgo?cg?raatr?lﬁfg' Thi s
may be done by 28‘@;15@9 t ubi ng annul us val ve 89 by stroking actuator 117
and engagi ng nenber 109' downward. Engagi ng nenber 25 109' rel eases split

ring 105 from groove 107 and pushe eeve 101 downwar d..t .he n
position of Figure 7.Refwsggto g’ﬁE‘ﬁs i’s'ﬂa“%? prgtegd gefolé“éw Yﬁ%ﬁﬁiﬂ%%@gﬁ' t he
! OWSr | le”d Of g t UbdNGId 3Re hﬁis'faﬁébv%rmd)vm@g,l mﬁ@pamgﬂ cmﬁctﬁ plag ibadViGA tto pre@vent er
indrilling riser” 201 is closed _around the tubing hanger yunnj string.
The oper at or rrayméﬁdfdgﬁllatl@fe%ﬁph&ﬂwggrlﬁ Hﬁ’i‘%d"a%ﬁefi?'ﬂ& “Eﬁ%“?"&{ﬁ"\gﬁ@%?mw th the
flow returning “wEahPeU@.i' 8010 Yt 59 hGbdvh iVRREH0AG8S miapthe rélfidved mithia r i ser
201 and up a choke and kill line. "Reverse circulation (r:c%HI 9 al so be
trec cap installed, typically using ROV 169. Tree 39 should be ready for production.
Refarring to Figure 5, during production, tubing anmulus vaive 89 may

15 romain closed, but is typically held open for monitoring the pressure in tubing

apnutus 85. If fubing amwlus valve 89 is closed, it can be opened at any time by

stroking actustor 117 (Fig, 5) of tree 39 downward. Any pressute within tubing

anmulys 85 is communicated through tubing annulus passage 118 intree 3% and to a

monitoring and bleedoff facility.

20 For a workover operation that does tiot involve pulling tubing 33, a light
weight riser with blowout preventer may be secured fo tree mandrel 81. An
umbilical line would typically connect the tubing annulus passage on free 39 to the
surface vessel. Wireline tools may be lowered through the riser, tree passage 41 and
tubing 33. The well may be killed by stroking actuator 117 (Fig. 5) downward to

25  open tubing annulus valve 89. Circulation can be made by puniping down the riser,
through tubing 33, and from a lower port in tybing 33 to tubing annulus 85. The
fluid retumns through tubing annulus passage 83 and passage 118 in tree 39 o the

umbilical line.
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performed. After perforating and testing, the operator will set plug 159
(Fig. 12) in profile 157 (Fig, 11) in tubing hanger producti®MAREHRE0S2,
Tubi ng annulus[tlus valve 5 89 is closed to the position of Figure 6 by
stroking actuator 117" upward, causing -spring 115 to nove sl eeve 101
upward. The operator then retrieves running tool 111 on the running string
t hrough the bl owout preventer and drilling riser 201. The downhole safety
val ve, (not shown) in tubing 33 is above the perforations and is

preferably closed to ovi fir [ ' ' bi ng
hanger 10 production ;F)i"ao s?’?g’%“@°%?§‘f%§?‘§gﬁ°§“§"eg% gbgggéu#gre%gfgrdﬁ@ l.ingubi ng
and a packer act raavéd fich weliheaddousing 2or Adightweight Bss woeldrmt bt feqeirddaift he

t ubi ng annul us, thus tubin .U 5 noyrnal | d Ve, no essure,
and tubi ng annul ugxbg%h%gegglugﬁggkj%géﬁg TP%%#@@@SJM@WWH@% Bt the
first barrier |eakgg tobheso@as 210 Ths bpatatheinithlBVMRg: toolI6E REng BOHlind 20 (Fgl 9. 6)
on the small dianeter _15 riser. The operator rcgl eases gri l'in rii% 201
and BC)? 203 f¥om-Bend ROYpiadr PluplPps gpicafy sizeher de firmié a'BJdS_“’é‘gé‘iﬂ‘ 139 on
lift line 209 (Fi gy guba iIPfJSJ%@lo%é@ed% toBRABY.COncbIStKB eRihes il 6501010k i | | -
The operator may then skid platform 155 sequentially over the other wells

for perforning t herofilerks7.fthmenarasorauils vrwasbpeleaging setire tpglol 71 fepuuiplig 135 ri ser

201 for a differe I ielTY glqgﬂnémﬁ@ uhelcsad ed,
there is no nore *EryéﬂéréE (li)nr”%iq?flang refgssé?wg}%?epr' errick 197 (Fi 5." fS :
Even though pl at f durig f$Sopemsion Zves 391 wiievedontifidine 203 withtinessigiange of RO

particul ar l,.an | i l4i

retrieve or \rlr\ﬁ{)/e }5%0 %a&%%%&ﬁh@i%dggtég%%%w ?‘F%%%g%tﬁf%ﬁﬂ or
running tree 39 oOwelilieid hougin? 0P, Thé gperatds retriovab tibing3338d performs the tvorkaver
desired position py the en enent of the orienting nmenbers 44 and 46 (Fig.
3), This positi on’é‘“tcP’éV?“%gﬁgWr 151 in alignment with flowine connector
153, if such had already been installed, or at least in alignment with
socket 127. Fl ow i ne ciramesetBabodimdnzcoul d be installed aver installation of
tree 39,

Figure 16 shows an altemate embodiment for the jnternal conmector portions

15 of a tree 210. Tree 210 is the same as tree 39, but for its connecting mechanistu.

Tree 210 has a plurality of dogs 211 that move radially inward and outward befween

retracted and extended positions. Dogs 211 engage an internal profile 213 located

within the bore of wellhead housing 214. A cam 215 when moved axially upward,
causes dogs 211 to move radially ontward.

20 Cam 215 is secured to a plurality of rods 217, Rods 217 lead to an annular
piston 219. Piston 219 has a lock chamber 22 that causes it to move upward when
supplied with hydraulic fluid pressure, moving cam 215 to the upper position,
Piston 219 also hag an vnlocking chamber 223, When supplied with hydreulic fluid
ptessure, the pressure in unlocking chamber 223 forces piston 219 downward fo froo

25  dogs 211 to retract. Preferably the taper between cam 215 and dogs 211 is a locking
taper so that cam 215 witl not move downward if hydraulic pressure fails.

The invention has significant advantages. Comnecting the tree to the
welthead honsing with an internal connector reduces a significant amount of weight.

19




or nmuch earlier, even before the running of high pressure well head housing
21.,As 30 tree 39 lands in wellhead housing 21, its |ower end1MARCKZ2805
into bore 25 of -17 11 MARCH 2005 wel | head housing 21, and isol ation tube
43 wi'll stab into production passage 32 of tubing hanger 31. While being

| owered, orientation nenber 44 engages orientation sleeve 46 to properly
orient tree 39 relative to tubing hanger 31. Once | anded, the operator
supplies hydraulic fluid pressure to cam sl eeve 55, causing dogs 53 to push

5 |l ooki ng el ementy . i o r_e d position with profile
35. Flowine cgmgéi%oé‘rg tg%‘i["%%‘%?’g"" H%@flﬁ%bﬁtop eagl@g%apvﬁlgﬁgav\ﬁ ?Wef"‘F 3’&# Btie
connect or 153, afmstingg thetdebrich doraromibnimofieswelje (not shown) in tree 39 is
connected to a manifold or a related facility. Referring to Figures 11-13,

in a preferred techni i M o | 9. (Fi.g. Q_15) and t

assi stance of ROV 16%@%%%%?&%%% ‘%:égﬁ%]é%&sm(ﬁlglggw%%lﬁ%%t@tl&%ﬂ”se]d‘eeberrandr el
81 and renpves pippayert30 thase skitkdhiy themgethat3dq ismd Iso lietied duals sugeptiblefo.  Tr ee
valve 65 is ¢l osed once plug 1 i S. abhove it. Pl tool., 165 may be
retrieved an aVa‘_t‘?“é‘ec%é“ﬁgsWﬁ&?@g%m%amcﬁ@ﬁﬁﬁwm’ﬂ e rg¢ qould3g
shoul d be ready be@in ¢ OHke falRNthaine i€ Hine, 18 whtthchd WieGeBporily MiRAndPIRSMCt | ON,

t ubi ng annul us "val ve ngygaly 15 remain clgsed, but is ;lg%'pi cally held open
for monitoring RS ?Mﬂﬁ%@#ﬁ@%ﬁﬂ@fh&c%@nﬁwﬂx aved ar¥iealine val ve
89 is closed, Iufﬁﬁrbnb@ﬁ@@,eﬁmmﬁhgaam%r@co%ﬁsh%_&m&'tﬂau«a&iﬁﬁgﬂe{cg%w (Fig,
5) of tree 39 downward. Any pressure within, tubing annulus 85 is

conmuni cat ed t hiwtrgne theperetng sun thsoygh dipilser epdBed. n tree 39 and to a
nonitoring and bl eedoff facility. 20 For a workover operation that does not
i nvol ve pul ljpng tubing 33, a light weight riser with bl owout preventer may
be secured to tree mandrel 81. An wunbilical line would typically connect

t he tubi ng annul us passage on tree 39 to the surface vessel. Wreline
tools nmay be lowered through the riser, tree passage 41 and
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“tubing 33. The well may be killed by stroking actuator 117 (Fig. 5)
downward, to 25 open tubing annulus valve 89. G rcul ation can1hy®ARCH 2905
punpi ng down the riser, through tubing 33, and froma |ower port in tubing
33 to tubing annulus 85. The fluid returns through tubing annul us passage
83 and passage. 118 in tree 39 to the wunbilical line. -18 11 MARCH 2005
For wor kover operations that require pulling tubing 33, tree 39 nust be
renoved from wel | head housing 21. A lightweight riser would not be required
i f tubing hanger VPAH:%mng (Fig. 12) is reset into profile 157 of tubing
hanger 31 with Fog—tool 165 (Fig. 11). The operator installs plug tool

165 using lift lipe 20 Fi g. 5) a ROV 169. Plug 159 is typically
attached to stem 173 dgaﬁbégﬁ?lﬁﬁa%t%ﬁngg?%’mW@hear pin 179 and | ower ed
into profile 157. Once |l ooking elenents 1 63 latch into profile 157, the
operator pulls upward,_ releasing settli tool 177 from plug 159 by
shearing pin 179. The,a‘&fg@@ﬁa@}(’ ?@@&8’%5@“{ 1q 3 $inngPiTasig axteading jatooul d
be cl osed during,thi eratiogn. ,-Tree 39 .is retrieved on lift line 209

Wi th the assi st ante W Eevheedlisusing Frineabprorifign i emoved mos lovsyd | s

| owered into eﬂga@enﬁxpt wi th inner wellhead housing 21. The operator
retrieves tubing %’e’gn@dperforrrs t he workover in a conventional manner.

Al ternate Enbodi nreat Figure 16 shows an alternate enbodi nent for the

i nternal connector portiops, 15 0{1 a tree 210. Tree 210 is the sane as tree
39, but for its conneltRPCHEL Fembavie anlover povsion dkat Jooates im the Yorefof dys 211

that nove radially _inward and outward between retracted and extended
positions. Dogs Mellheaddioysing end if pesnigdfo ihe pofilepthe pdpsion tree haviig 4 uppethe bor e

- of wellhead housing, 214. A cam 215 when noved axially upward, causes dogs

211 to nove radi &oTtipnptgding aborg theavellend housingecured to a plurality of rods
217, Rods 217 lead to an annul ar

10 2 The assembly according fo claim 1, wherein the wellhead housing has a rim
on an, upper end, and the production tree has a downward facing shoulder that lands

on the rim to support the weight of the tree,

3. The assembly according to claim 1, further comprising:
15 a radially expansible lock member mounted to an exterior of the lower

portion of the tres; and

an axially movable cam sleeve mounted to an exterior of the lower portion of
the tree in engagement with the lock member, the cam sleeve, when moved axially,

causing the lock member to move radially outward into engagement with the profile

20 inthe wellhead housing,
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pi ston 219. Piston 219 has a | ock chanber 22 that causes it to nove upward
when supplied with hydraulic fluid pressure, noving cam 21511 MARECH R0E5
position, Piston. 219 also has an unl ocki ng chanber 223. Wen supplied
with hydraulic fluid pressure, the pressure in unlocking chanber 223 ford
pi ston 219 downward to free 25 dogs 211 to retract. Preferably the taper
bet ween cam 215 and dogs 211 is a |ooking taper so that cam?21.5 wll not
nove downward if hydraulic pressure fails. The invention has significant

advant ages. Conngct i Nhel RGentble SechQidtNE 1!l lﬁﬁﬁ@r ch%@ ' ROt er nal
connector reduces a si Jni fi ca}ﬁt armtgﬁt %f V\Iléi ght. - s@g %ﬁa‘g{bg@mi S
allows the tree bl | i L Gy SaV. I me as
well as freei ngﬁﬁ?)%?ﬁg %dél%rtlﬁlg&é%ﬁgé H%t’)%g p%ﬁh%ﬁk%@hgﬂs%\ﬁg’%ﬂ? &W%a aeﬁi%ﬁ Y

i nvention has beggi S (WY I , It should be apparent
to those shed in the gﬁ‘?ﬁgﬂgﬁgﬁ%‘%@gﬁﬁ%wgat{lﬁ%‘éd but is susceptible to 5

various changes w thout departing fromthe scope of the invention. The tree

could be nun ong a riﬁgﬁss&ﬁﬁ?ﬁgoﬁd%q%gla#{tﬁujtﬂep%m InQi#\/ﬂl ch case the

tenporary wireline plug In ariger productrton passage woul d be

[ | [ kel I ; [ f | d
e acoonpl i sibd af t e e Pt R tedibdBo e wblok HeneBSEafbBR & Png gun

wel | haad assendl P omsHsEfo Fie of Wyl NER Bapr YLk e BissBEB8ELY ed 1o
a string of casing extending int | | head housj ng%l having a

the well, the
bore with an int® CHHE PR B’fog'l“i“f"é PpsSegs R he W\Eﬁg‘?"&f’ﬁ progpgiion '~_Ud
from the well into the production passage.

10 6. The assembly according to claim 1, further comprising:
a tubing hanger landed in the wellhead housing, the tubing hanger adapted to
be connected fo a string of tubing extending info the well, the tubing hanger having a
production passage in communication with a production passage in the tres for

flowing proditction fluid from the well ito the production passage; and

15 a tubing atmulus passage in the tubing hanger adapted to be in

communication with a tubing annulus surrounding the tubing,

7 A subsea wellhead assembly, comprising:
a wellhead housing adapfed to he secured to a string of casing extending info
20  the well, the wellhead housing having a bore with an internal grooved profile located

therein;
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a production tree hang a | ower portion that |ocates in the bore of the
wel | head, housing and is secured to the profile, the productidid MARECH 20059
an upper portion protrudi ng above the well head housing. 10 2. The assenbly
according to claim1l1, wherein the well head housing has a rim on an upper
end, and the production tree has a downward facing shoul der that |ands on
the rimto support the weight of the tree. 3. The assenbly according to
claim1l1, further conprising: 15 a radially expansible | ock nmenber nounted

to an exterior of the,lauRihunARNRElinte Sol e FoIBAIARE K ShhpfRYED! ©

cam sl eeve nounted to an exterior of the |ower portion o t he e’ln

engagenent with t I : : axi ally,
causi ng the | ook Slrerfeﬁlﬁtgg‘rg&gl m%%@%ﬁ?eﬁﬁ%@fn%%%%m with the
profile 20 in the wellhead housing. 11 MARCH 2005 5 4. The assenbly
according to claim1, 1:Si I I . a

g a Eﬂ[ng !?1@1%%5'39 D c]% ('t:HEQJo?e c# ﬁ%ﬁﬁ%ﬁhoﬁlﬂ%’gﬂf g%;ﬁ%gggtg a

extendi ng through the tre e pro ion Tl ow passage |

ateral v oxtenduig 5kl ML OHGD, BoslslSutObbetle LB e Gpus, T
L7 Lo el hegd ok nc RO RS ASERAEe Sn aBBDRR S, °

comuni cation with a production passage in the tree for flow ng production
[luid fromthe uel | | ik lFuB 0 BB AR ot BRI OB
Lubi g ext endi ng ThPEnt HETRR Poistieaaf BFHG MuRy i (EGPRga tioghthbron —
Passage i n commILl faL) Riui i froBloRS E4 2R 3 RARE pbrod Petridiiiob e

welthead housing; and

10 a lock member mounted to the lower portion of the iree for engagement with

the grooved profile.

8. The wellhead assembly according to claim 7, wherein the tree has a
production passage extending fiom a lower end to an upper end, the passage being
15 aligned with a production passage in the tubing hanger; and the well assembly

further comprises:

an isolation tube extending from the lower end of the free into sealing

engagement with the production passage in the fubing hanger; and

at least one production valve mounted to the tree for controlling well flnid

20 flow through the production passage.
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flow ng production fluid ftmthe well into the production passage; and 15 a
t ubj ng annul us passage in the tubing hanger adapted to be i n1¢WMARCH200%n
wi th a tubing annul us surrounding the tubing. 7. A subsea well head
assenbly, conprising:: a well head housing adapted to be secured to a string
of casing enending into 20 the well, the well head housing having a bore
with an internal grooved profile located therein; -22 11 MARCH 2005 a
casi ng hanger |anded in the bore of the well head housing for securing to a

2 tubing hanger I Snded e, apay ool s el ' aferhge ek Satthang 1o
a string of production tubj t hat.. ext.ends through the strings of casing,
the tubing 5 hang(_éormprg‘gi&n% f%éﬂrcﬂgtcé‘amﬁ@ eﬂ?"é‘ﬂ’i_ﬂfl&ﬁ%ﬁ%ﬁﬂy H%"B‘ﬁlqgaﬁlﬁlﬁﬁ‘ﬁefobore of
that 1 ands on an GRS BhGoBRN Heri EHARETOuS G TR aed DR por 11 on
that |ands on an iH e - portion
that extends into the bore of the wellhead housing, the production tree

havi ng an upper portion protrudi ng above the wellhead housing; and 10 a
| ack nmenber nounted to the | ower portion of the tree for engagenent wth

t he grooved profi]e. Th | | head assenbly according to claim7, wherein
the tree has & pﬂﬂodui?‘FHﬁ&ﬁ\ggﬁ%@g’?&WﬂH‘Eﬁ‘géWWﬁﬁmﬁ@%@ﬂW to an upper
end, the passage being 15 aligned with a production passage in the tubing
hanger; and the well a&&wy'ﬂuwﬁ%agrem%%‘ﬂsm@nlmnggwmmm@m
extending fromthe lower end of the tree into-sealing engagenent with the
producti on passade i pprrpetication Yith htwhigs apnuusdumennipg the tubirg aod enjuppet @d val ve

nounted to the tree for controlling well fluid
on an, upper portion of the tubing hanger; and

a tubing anmilus valve in the tubing annulus passage for selectively opening

10  and closing the tubing annulus passage.

11. A method of completing a subsea well, comprising:
(a) providing a wellhead housing at an upper end of a well with a bore

having an internal grooved profile located therein;

15 (b) loweting a production tree into engagement with the wellhead housing,
and landing a lower portion of the tree in the bore of the wellhead housing, the tree
having an upper portion protruding above the wellhead housing after it has landed in

the welthead housing;

(c) securing the lower portion of the tree to the grooved profile in the bore of

20 the welihead housing to prevent upward movement of the tree; and

(d) installing a string of tubing in the well.
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20 flow through the production passage. -23 11 MARCH 2005 9. The wel | head
assenbly according to claim?7, wherein the | ock nenber conpiildAREH 2005
radi al |y expansi bl e el enent and an axially novabl e cam sl eeve for
expandi ng the expansi bl e el ement into engagenent with the grooved profile.
10. The wel | head assenbly according to claim?7, further conprising: a
tubi ng annul us passage in the tubing hanger, having a | ower end adapted to
be in comunication with a tubing annul us surroundi ng the tubing and an

upper end on an.yppe rfion of. the i ng _hanger; and a tubing annul us
valve in the tubilg'g amet%ﬁ%téoc’gaﬁ%og&alﬁ%%f%aﬁ#lsi)g?lvglgfefl\/eI y opening 10 and cl osing

t he tabbi ng annul us passage. 11. A nethod af, co ting.a subsea wel |, _
conprising: (a) provi n@Pﬁ‘)%sF%@glgl%ﬁ%ﬂ%f”ﬁ@uya’fl‘r’%hﬁﬁﬁ’eﬁfleegﬁﬂmﬁ? radiaflg| | with
a bore having an internal grooved profile, |ocated therein; 15 (h) |owering
a production treB“’i"a’ﬁ 03%%‘8%%9 1?W°’t"ﬁ’§‘°9\/@?$ﬁ€%\%l“i‘f’0‘ﬂ%‘ﬂ%@e cgmEeqvgudi ng a
| ower portion of the tree in the bore of the wellhead housing, the tree
havi ng an upper POVRYagh afierdhs Gge has W@%@%aﬁﬁ@m@uEWhghﬁlqc@ﬂgit has
| anded in the well head housing; (c) seemng the | ogwer portion of the tree
to the groovedl prlomenteutwardipte cpgngemept witp the groevedarofilead housing to prevent
upward novenent: of the tree; and (d) installing a string of tubing in the
“well. -24 11 MARCH 2005 12. The nethod according to claim 11, wherein step
(c) conprises nounting an axially novable cam sl eeve and a radially

novabl e | ocking el ement to the |ower portion of the tree, and noving the
cam sl eeve 13,  The method according to claim 11, wherein step (d) comprises:

Semﬁing a tubing hanger to the upper end of the string of tubing and landing

the tubiug hanger in the wellhead housing.

10
14.  Themethod according to claim 11, wherein step (d} comprises:
secnring a tubing hanger to the tubing, the tubiﬁg hanger having a tubing
annulus passage therethrough that communicates with a tubing anmulus surrounding
the string of tubing, the tubing annulus passage having a tubing annulus valve:
15 conpecting the tubing hanger to & nmning tool, and with the running tool,

moving the tubing annulus valve to an open position; then

lowering the tubing into the well with the rmnning tool, and landing the
‘tubing hanger in the wellhead hovsing; then

moving the fubing annulns valve to an upper closed position, and applying
20 test pressure from the surface to the tubing annulus passage above the tubing

antlus valve while retaining the valve in the upper closed position.

-25-
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downward after the tree has engaged the wel | head housing to push the

|l ocking . 5 el ement outward i'nto engagement with the grooved pt MAREH 2005
The net hod according to claim 11, wherein step (d) conprises: securing a

t ubi ng hanger to the upper end of the string of tubing and | anding the
tubi ng hanger in the well head housing. 10 14. The nethod according to claim
11, wherein step (d) conprises: securing a tubing hanger to the tubing, the
t ubi ng hanger having a tubing annulus passage therethrough that

. it h . . ) . ; bing, th
comuni cates w thg tgﬁhggﬁﬁgQﬁ%#%ﬁﬁyEﬁﬂyﬂp“ﬂ&ﬂﬂ%F§S§E§ ﬁ%m@ tubi ng, the

t ubi ng annul us passag ng annul us va connecting the
tubi ng hanger to a ru QQH% . it r M| ... DV 1 he

t ubi ng annul us val ve Eo a %g@%”%%@%?ﬂ%&gsﬁﬁgﬁ’#@%%F%Héggﬁém Enght o t he
TP e U a8k R D bt e Bl 20
and applying 20 test pressure framthe surface to the tubi nnul us
passage above thé£?§%ﬂ§§%laﬁhSPUEQW%FgﬁwaﬁﬁﬁgﬁﬂﬁwﬁﬁﬂWEﬁ?%%Q§E§V@ in the
upper closed position. -25 11 MARCH 2005 15. The nethod according to claim
ubi g hanger havi ng SVERDE A CREIH0-ORICL- i FRURCER Babh awar 1 e 0 |1
comuni cates with t ybi ng apnul us surrounding the string of tubing, the

t ubi ng annul us pé@@%ﬁa2ﬂ§$¥hgw% t ubi ng annul us val ve; |owering the tubing
into the well and | anding the tubing hanger in the well head housing; then

performng step (c); then 10 to obtain access to the tubing annul us,
extendi ng an engagi ng tool fromthe

|

performing step (c); then

10 to obtain access to the tubing annufus, extending an engaging tool from the

{ree into engagement with the tubing armulug valve to open the fubing annulus valve.
16.  The method according to claim 11, wherein step (b) comprises lowering the

tree on a lift line.

15
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tree into engagenent with the tubing annulus valve to open the tubing

annul us valve. 16. The nethod according to claim1ll, wherein1$NeBRRECH 2005
conprises lowering the tree on a lift luxe. 15 ABSTRACT | NTERNAL

CONNECTI ON OF TREE TO WELLHEAD HOUSI NG A subsea wel | head assenbly has a
tree that connects internally to the bore of wellhead housing.. The tree
has a | ower end that has a | ock mABB&RACHat is noved radially outward into
engagenment with a profile in the bore of the well head housing. The tree is

a nonobore, having a L 3 no.tubi ng annul us passage

ext endi ng t hrough it ]E?Le Hﬁ)I; %Iﬁgmiﬁt é“%olﬂzbi% ‘&?HLHW ﬁﬁgbﬂd‘@ and a
production passage. A valve is nounted in the tubing hanger for controlling
flow through the tubing annul us passage. FI GURE 1A '

A subsea wellhead assembly has a tree that conneots internally fo the bore of
wellhead housing. The tree has a fower end that has & lock member that is moved
5 radially outward into engagement with a profile in the bore of the wellhead housing.
The tree is a monobore, having a production passage but no fubing annulus passage
extending through it. The tubing hanger has a tubing aunulus passage and =
production passage. A valve is mounted in the tubing hanger for controlling flow
through the tubing annulus passage.

FIGURE 1A




