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? D 1R A and
secured to casing t%ﬁg‘n sTornto Ve One or nor e casrﬂg;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 ﬁrbﬁsmmbeﬁpphd*ﬂiomfs Nhe

wel | head housing fo contr ol ing the well l#&ﬁ%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%Qea gt ype of tree, sonetines called "conventl onal ", 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 | aFighd of therIn¥endial | head housing.  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 8 annul u . 25 SLim;oundl ng
the tubing. Access ta‘htsn@etlmrﬁg%wm%t? T‘Féc‘ﬁ‘@ Yoo §Y5°8158F | ui ds

down the pr oghictf Qi dibio koSt PinkeltPbilecdd SorctseBthgaswbllipad s c o
|

versa, to her e well or circulate out heavy fluid during
conpl eti on. After the tubing_ hanger is installed and before the drilling
riser is renove Hf the tree, plugs are tenporarily

placed in the passages of the tubing hanger. The tree has
A typical subsea wellhead 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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-1. 11 MARCH 2005 isol ation tubes that stab into engagenent with the
passages in the tubing hanger when the tree |lands on the welinMARCHISO5J.
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 tinme consuni ng, however to assenble and run a dual string
conpletion  risef . A:Sfie tﬂﬁr%ﬁbofn Q:Et Qﬁl‘(%ﬁﬁ%ﬁ@ﬂg@ 1BOHP hblng MangdrS €T
avai | abl e, requiring one rovi basi s. In ano her type
of tree, soneti mhem&bhmﬂaﬂdﬁwnlthmﬁwl&lbaﬂhoﬂﬁw Thf\%‘f}’ﬁeﬁ?@fﬁérlﬁ%ﬂﬂa VIt 8 Agl e

bore in the tree, .S _bei t ded

bef ore the tubi n@oquﬁﬁgrm?r%tr%ﬂ? tvﬁ ‘%gﬁt% Rent gg?aril-gmﬁgtﬁgg%@eﬁ& 5%p\/ver ed
and | anded in thegne étfigeextdide ﬁbmbnhag;rddﬂctgmrpasssgd ofvihe do th thgsytiacetisssel, ser |
which is typically a.drilli rise Access to th upi I LS

avai l abl e thr%ugﬁ @Ré‘ﬂ%ﬁ’g%df {rop ‘ﬁ%&‘hlﬂg ?f“ﬁ‘g @f’ssa%? ?nnée%esgop&g‘?#gac%ubi ng
hanger does not Rawt AR @RSYIHENIRAISRER: tdWssaible dnfl rubaiduabstify dynpidion ext ends

through the tree to a void space |ocated above the.tub [, ThIS
voi d space conmu¥iesatise. dRpEioTs THEY Tah B suFhp copppigtiop F‘?Fég‘m%ﬁgﬁ r?q%gmgl

preventer is cloggd g)qmtﬁhugng{.mtapgas{ganger running string. In this system
the tree is run on

pl pe, thus prevents the dr|II|ng rig derrick of
the floating .platformfrom bein | oyed o other V\/mle hetree
is being run. 20 In dneueiks APl =s°E¥9 °@9§2‘1 é]&msﬁﬁs

concentric tybi nﬁn%\eﬁ}ﬁg{ﬂlj:&géjgngm E@hﬁaﬁe@gﬁb@usmmﬂdﬁ&mme rranner

as a conventiona

assenb é?éli'/ t ubj ng han a odtgctlon
passage and an aﬂmttnbclg tpggagag@s‘saﬂqdo é}em@%hﬂg@dﬁé‘{ "&§§ 8{9
concentric with %h&n & Mm ARNPEthe ristAWARE 1§ﬂﬁaa1@|a&!iﬂ;hg of f set
| ng han

as in convention ers. e tree does not have 25 vert|

t ubi ng annul us passagescesmahagﬂubmz amtuluass avaeip eyl ghoke gud K ﬂém%?ftﬁ%qw r ed
Consequent Iy the, tree. mayLbe rum 00 & EBNP AR Gn Whiftfls pakadettiiofigh BG4 US

vave s 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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| ocated in the tubing hanger since a plug cannot be tenporarily installed
and retrieved fromthe tubing annulus passage with this type{ MARCPE2002
11 MARCH 2005 Summary of the Invention The subsea wel | head assenbly of this
invention utilizes an essentially concentric tubing hanger and a

| i ghtwei ght tree, thus does not require running of a dual string
conpletion riser. The tree may be efficiently run on a lift line or cable,
5 although it nay also be run on a snall dianeter, |ightweight riser. The

tree does not h of bt édagopnnect or that locks the tree to an
exterior profile housi ng. Instead, the tree has a | ower
portion that extends into the bore of the wellhead housing. A | ooking

el ement. on the | ower gy i, wibANsEBAY of 169 inRAGAOAABAS bl kbencaly of 1 @

formed in the bore of 'the tree e tree is a nonobore, _having no
annul us passage tcbmtenmwumEﬁrtméalhgbtwetEh?Wgﬁ“? does paf IRgTe TUHINE 9f* access

I s provided by a ﬁlﬂd&] t he
tree for connectl P%Arﬁ?e? Fﬁ rh'fiﬁ)ﬁe “i?ér’]‘él ange%%ﬁgﬁle't he
wel | head housisng a!tﬂoughﬁlﬁn@rﬁ;é:bmnbnmmuﬂldmter, HEhwetgbbllﬂqg TuitgedoRast a
producti on passage that I sters duct i tree
when the 15 tree%a F%“(S‘Fﬁ?l ﬁtl? &f)gl é%%fg '%h@?%%%g?ggx(l]%%@the
tubi ng hanger forhou&,pg]’[ﬁy@tje@@tmgtgedh@ mro@dupmmantﬂaﬂmmgs\ﬁtbhhetMe pf duct i on
passage in the tree he t.ubi ng bﬁﬂg SO H’Eﬁ erabl n {, se%o t ubi ng
annul us passage. Welbeadthpnsing, &g E?H?Eta ‘t“e’g mpYTH;

annulus with a V%h%aﬁ%?%%lﬂl% ngl@gnm@@oﬂeiﬁﬂﬁﬁzb@n t ube above the t ubi ng
hanger. A tubing a us valve is 20 located in the upper end of the tubing

annul us passage for selectlvely bl ockj co nicatio t.he. void
space and t hd ubi ng &pmiscuis ajaLIME, i]aﬁ%ﬁ %nE@ b%épwgﬁw NGS
Figures JA and 1B, GoNN. | Rfhed ARilhd #8dss ﬁsﬁﬁ&w&ﬂ&y a\phﬁﬁgeaﬁat&?eameﬂulaheﬂdmr
assenbly. constructed I n accordance With this i rllvent,i,h
side portion of the tree for counnection to an extern e tubing hapger lands 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 tubiltg 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-



25 Figure 2 is an enlarged sectional view of a portion of the well head
assenbly of Figures IA and 1B, the sectional plane being di {{ MARCH Pegs ' n
Figures 1A and 1B. Figure 3 is an enlarged sectional view of a portion of
the wel | head assenbly of Figures IA and 1B. -3 11 MARCH 2005 Figure 4 is
an anot her sectional view of a portion of the well head assenbly of Figures
1A and 1B, but shown in sanme sectional plane as in Figure 2 to illustrate
a tubing annulus valve in a closed position. Figure 5 is an enl arged

P e o o o4 30 Qlelt? S RbE Bl o B P e Asdellv) OPE"

position and engaged by an ‘engagl ng duetivon i gure
6 is an enl arged eéEﬂgumeaAauddaB;ImtsltommsﬂmemgctmmiplausaaﬂalF\@rmtoﬁllgamm 4,

shown in a cl osed Siti i on ctuaﬁl n%%hanger runni ng tool is connected
to the tubing haRg&re st "5 gahj‘?eén Tofed QoW Snal view of the tubing

annul us val ve as shown in Figure 6, but shown in an open position. Figure
8 is a secti onal vi ew Fifurt Bds mwhmeWinmfaﬁembmgmmmMeoé&WI y of

Figures I A and fter runnln ca5| in the. egeiving a
BCP- adapt or 15 FgPYS & Fng BREREb] BeRE by B ere BEBARER af Lo PERRoN, e
wel | head hou5| ngstréa‘_ Fi gure 8, the dotted lines showing a flowine
connector am being rotated. Figure 10 is a perspective view of the well head

assenbly of Figures 1A.,and_.1B, after the . BOP adapter of Figure 8 .has
anded.  Figur e 11 1 s BN e sl St 4 Hhoits Sl YHkeofaRR ead
assenbl y of Fi gurgsshowinldcleed pdsition vitile witkiingtangsEMmeling kady Bbofiie@d oot

nmounted on the tree, Figure 12 is a schematic side view of the pl ug tool of
Figure 11, with atubﬂné&m‘%"’éttl ng attachnent.

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 13 is a schematic sectional view of a plug retrieving attachment for

the plug tool of Figure 11, shown in a disengaged position w{MAREH'9005
illUstrated by 25 the dotted lines. .4 11 MARCH 2005 Figure 14 is a nore
detail ed sectional view of the plug retrieving attachnment of Figure 13,
shown in an engaged position. Figure 15 is a schematic view of a drilling
platformin engagenent with one subsea well head assenbly, while a |ift
line on the platformis in engagenent with 5 another subsea wel | head

assenbly:. Figure 16 is_a vert.ical sectional view of,ap alternat nbodi ment
of the portion of the & 46“&"5%@%% ?&gtﬁ’ﬁﬁl‘ﬁﬁv?%%?&él R aﬁ%ﬁﬁ?gfii nner
wel | head housi ng, oPEEAtclIBRIDESGRInFEhELgh fdsitibhiE | NVENTI ON Overal | Structure

of Subsea Wl | head Assenbly 10 Referring to Figure 1B, a | ower portion of a

wel | head assenbly 11 ipcludes. an qutet or. | ow. pressure wellhe using 13
that locates on the se {g“?ﬁgéﬁaa“ﬁa‘g‘ﬁsﬁ“?e" ar%gﬁq%ﬁ%%%i%algﬁmfeiggggaﬁwaneter
conduct or pi pe 15siiiad welliead akaermibly,ovtiilea lfelite od the plakfen Brthedgapement vt i r St
string of casing 17 js suspended on | ower end of outer well head housing
13 by a hanger519?”#5%@@%?[”@&@*Hﬁ5 Yand hanger 19 are not 15 al ways
suspended fromthe outer well head housing 13 and can be elimnated in many
cases. An inner or hi gRige€i$siyracvertival hedshahoie®i sfthnditetraedgnbodingsne of the
supported wthin the bore of outer | | head housjng. 13. |nner | I.head
housing 21 i's | ocReEERO ewfg‘@w&ﬁ&lgﬁ%at@ww F gy lpeasoupg
extends through casing 17 to a greater 20 depth, Inner wellhead housing 21
has a bore 25 wth at | easpriASLEDDENCRIRTION OF/ THE ONVENTIONer ei n, Casi ng
hanger 27 is sealed within bore 25 and secured to the upper end of a

string of casing 29 thederdkSiartse sfSulsagWeliivad AgedBlyt 0 a greater depth,
Casi ng hanger 27 has a | oad shoul der 28 | ocated within its bore or bow .

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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In this enbodi ment, a tubing hanger 31 is |anded, |ocked, and sealed within
25 the bore of casing hanger 27. Referring to Figure 2, tubingMARCH 2605

has’a | ower end that |ands on | oad shoul der 28. A seal 30 seals between the
exterior of tubing hanger 31 and the bore of casing hanger 27 above | oad

shoul der 28. A split lock ring 34 noves froma retracted position radially
outward to | ock tubing hanger 31 to -5 11 MARCH 2005 an internal profile in
casi ng hanger 27. A sleeve 36, when noved axially downward, energizes seal

30 as well as pushes. | | 4 .t0 t cked pasition, Tubin hanger 31
is secured to th:agg'%%%a?%}éor%a %g asgngsﬂm?geﬁg%o‘%‘%ﬁ?%ggﬂ eBFQtVEﬂ)‘?WElyﬁg‘gn"‘l“lﬁ%i ng
hanger 31 has a pnagiet sesn3(paswelyas ashbh ek ring Gaay iRl loskddpokiibh. NEL3Z. 5
Referring to Fi gﬁé[re 3 g Lnner \éel | head h g’?l ng. bore %5 has a | ower portion
25a_thf1t has a Fhmmag t’td P there ‘ﬁf aﬁg;giic‘éﬁm %Pﬂg’r‘i’i@l d3r3e§ligi5m1§| in ? ;
conical  genera a pRdhdiign pdsadpe B2 tHafl al @it @bigg AU der c locate
bet ween portions 25a and 25b. V\éPI ﬁdeﬁgd hougi ng bore ulg%er portion 25b has
a grooved profile 35 _fornmed therein above tubing hanger 31. Profile 35 is
| ocated a sho%t di stﬁ]%@”%?“o%/bg“rié’ Wﬁ@#ﬁewm%ws bore Ha hgppdawes Rertion i nner
wel | head housi ng2%lihaifies $haller] danfdt@Uhi® dpPer fortfoRrdss! Mhs: QR 5P uGhiPn tree

39 has a lower =~ portion that inserts into well head housi ng 21. Production
L4

tree 39 has a pr&dGElly Bpvard feiug franutiondertion ar shyuldprr25a desated betwean petionsin
tlet t 41 ' '
ot no 13 g g et i BT SRE h

i sol ation tube 43 that depends downward =
seal ingly into pfooaekiherein abeys debine [BagS 1t BiviikgShalegued Bdort difkrecd lekmr end of
production tgge ' laé iﬂﬂﬁ . | head housing 21 to
bore transitlw(;n %@g?ﬁlﬁg}gggﬂe?#é%‘% e?%urhrl ngESé |I|‘1 to Figure 3, an
orientation sleeve 44 is a part of and extends wupward from tubing hanger
31. Oientation sleevs shawh dn Fimreol At alsibgistrmesint ppduaion hee 29 ey tadbwar of t he
body of tubing r | ' £ j cal ¢ our
R etlézg dosef¥ BN AL KRLELIE 40850 Bed B hSA rERAAY

formed on its u mati1ng orien I on sl eeve 4 % cal
contour on 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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its lower edge is secured to the | ower end of production tree 39. Wen tree
39 is lowered into wellhead housing 21, orientation sleeve 44 MABEH200He
helical contour of orientation sleeve 46 to rotate production tree 39 and
orient it in the desired 25 position relative to tubing hanger 31. Tree
and Wl | head Housing Internal Connector Referring to Figures 1A and 3, tree
39 includes a connector assenbly for securing it to well head housing 21.
The connector assenbly includes a connector body 45 that has a downward

faci ng shoul der 47, t | N« ri.m 3¢, [ 1. 1. 0 body 45
isrigidly att acﬁoedg thgg Fé‘ gﬁq@gﬁe‘% ostreeg%;ﬂ@%é%qg@ gste%%%@ee% ﬂﬁ% Sﬁ?\"ﬁg,%houl der
47. Connector bod¥y 4bnadcto tedy @b ddsodatunda dowiwerd ime | wdllbead Hoosisg 1. 24. A
| ocki ng el enent 1S Jocated at the |ower en f copnecto ody 45 for
engagi ng profi Ig’%‘%g "”4‘3’5‘ is‘ridS &%t ﬁttth%ﬁfﬁﬁ?‘ﬂmﬁ%mbercgég@@r{se@f/ e‘éﬂgPﬁpes, In
thi s enbodi ment , pibfileG6KiLBEkisy et 5BlonlibgufiaS@fetfdf Hpdse n G¥ doibolindat, t hat

has a mating profile to groove 35. A pluraljty of dogs, 53 | ocated on the
i nner di anet eg o@ck%ﬂﬁgltéré?%?ﬂs&%@ ﬁPMF’&E\F@?aﬁgaSeﬂ gProdile to gmoxe | y

out ward when novesl DyludiisAsNdsEeBMecaRa on G Thisdr GRMRer ofSckiiR\eRncaké 1 ghkly and i s
hydraulically driven by hydraulic fluid supplied to a piston 57. 10 The

connect or assenblogkingelemgnt 81 radipdii quigiard whemimeyed by p i slegsy 55h Hamestacends
downward from co : | Q! Wi . . 59 is
| ocat ed above anﬁg%gr%g t%ﬁdg%&edﬁatugﬁ]%#ﬁs e v%@gﬁggﬁﬁggd%%{éli‘t%hr eaded

to the outer didketer of extended portion 59 for retaining |ocking el enent
51 and dogs 53 w th connector body 45. Alternately dogs 53 could be used

to engage prgfile 35 | SBREndRH oP FRdidf Hortid 54 ,
wi ndows coul d be pr oﬁggﬂﬂ]%‘%ﬁﬁ%uﬂ%o%g I n Ettlzdgnﬁect or g%rt&y 45{,ﬁgttaar)l‘gﬁg§tended

portion 59 and olwhnerrdeonnveorndctebadsit4dginahis yembpdimentd Butended pertiert 691s body

a5 Referring t 9okl @'4hbve di sehufth blbudtolt'sfloRPRE AR Bafid 68'H ERHUSBIAYHON 11 ee

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




an exterior side portion for supplying control fluid. Al though not shown,
there are a 20 nunber of these passages, and they | ead to conmefARCH 2065
on the lower end of tree 39. The connector tubes stab into nmating passages
on the upper end of tubing hanger 31, These passages |ead to hydraulic
control lines that are not shown but extend bel ow tubing hanger 31 on the
out si de of production tubing 33. These <control lines |ead to downhol e

equi pnent in the string of tubing 33, such as a 25 downhol e safety val ve

and downhol e presgur nd_. rat.une m oring,devices. At |east one
val ve i s nounted o%*’%ﬁu%{ufgrgﬁ%ﬁ@gﬂjggm % h

hl—

od 5 TGy o (PEHIY BY n t he
preferred enbodi re@V). the val ves includes a naster valve 63 and a swab
valve 65 located in production passage 41. A safety shutoff valve 67 is

nounted to port 41 a he hydraulJ c tuator. 68 for safety shutoff valve
67 i s shown. Val ves 63‘%%13- mﬁl" k’ﬁﬁéﬁ!ﬁzg‘%ﬁég’;mﬂ%@l i‘lnﬂérupﬂ‘ihf?%mﬂ? cally
actuat ed or nechamétndbd ypvacd.uaNemdrd] t81 pis abitaly Rized R deceifigs @F dontr 8 N t O

Figure 1A, tree 39 has a mandrel .81 on its upper end that protrudes
upwar d. Mandrel SPUIeEHqH g %é@ﬁ@ digmeger, Kgtwolght disen ﬁ@’%aasc@ﬁr?éfé%ﬁ"c’ﬂ‘&"f%

connection t0 a giifobesdiNUTBEEES alkd RIMAIE b intsWalio@s for certain
wor kover purposes. Mandrel 81 al so enabl es ot her nmethods of intervention,

Tubi ng Annul us Access_Figure 4 illustrates a tubing annulus passage 83,
which is not shown i nl“i&sinus 4628y 3 pecause tubi ng annul us passage 83 is
located in a different vertical 10 sectional plane than that shown in

Figures IB and 3. Tubkiggeanillukiifiesnasbagemtithe pxkRBE3, Walchiis abl Mokaraugh

t ubi ng hanger 31_from_an per end portion to a_lower _ead, where it
conmuni cat es wi t FEHre JBiR %S?ﬁ’féﬂ‘ﬂ QWPWigﬁgsﬁe%Ma@ﬁb@ﬁ@m%per and

| oner ends ofipt UicHEnaRPIAE thin BRAS HRASA i§3?iAg%¥ 1Beand3 ofViblng dhﬁﬂh@%isé’a giggset
fromeach other, as shown in Figure 4. An annul ar void space 87 Eurrounds

15 i sol ati on t ubextersls yextigly fhiopgh tbive harger 3 b from i unper|eid gewtion to afnver he

I over end of end, where it conmummicates with a tubing annulus 85 snrrounding 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




tree 39. A tubing annulus valve 89 is nounted in tubing annul us passage 83
to bl ock tubing annulus passage 83 fromflow in either dire¢tiMARGHERIOS
closed. Referri ng to Figure 5, tubing annulus valve 89 has a stem base 91
that is secured by threads 93 to 20 tubi ng annul us passage 83. A stem 95
extends upward from stem base 91 along the axis of tubing annul us passage
83. An enlarged val ve bead 97 forns the upper end of stem 95. Val ve head
97 has a secondary resilient seal as well as a primary lip seal 99 that is

made of netal in & BregLapnt t esleev lis remprocally
carried in tubing I;altirlmul us arg}s?a Sgac@ﬁ%'}éjéegbw ﬁb[ﬁ@  asoellsas the
positi on shown i rteﬁh@u$eels0f4?alatﬂﬂeaﬂ97maeslapewlemdltﬁélo$zleﬁﬂiéﬁm&.01 is a short

di stance bel ow an upper end portion of tubing hanger 31. While in the
101 is in a | ower

| ower open position, e

position relative tog\ggw %ggggg@ﬁ%g?e%gﬁméﬁg% 8 opigpidigaeternt sleeteer port

or seat 103 -8 110MARCs BABE efidorSpditlrinn105tas mmeﬁwmtaf;&e@hpp%paufa&éﬁa‘l i ngly
of val ve

engaged by lip s t.he reS|I|ent sea
while sloeve 1%9"'?"?‘%@%%“\%8\}%? %48 Aplayr Perpendicalan for the Brin gbtbing lmulusi ng 105

is mounted to thpasagess. Aurﬂﬂhggfooeé 109li@en¢Reed b9 dp1Rt BiRE lﬁiﬁhﬂbl%fb@{?eﬁ)“?s Split
ring 105 has a d vmvvard#u er e r%{‘ surface and a 5 | ower surface that
is [ocated in a pi°dRE&%pé ff’g PHOTRENEa50pRs 1Bt grenvierky7aometding apassage

83. A mating gr Odbtﬁ:tla@x%tair&r Wohﬂwﬁ-ﬂm VerhdaP S @5, #i | € sleeve 101 is it
t he upper, closed position. Split ring 1050 ?snaps s?‘%t oﬁgroove 107, operating

as a detent or retaiger gh revent downward novenent of sleeve 101. Figure

5 shows an engagi ng tC&A™ fuagiee ool eraemlr il mmpdheumﬁrend of

tubing annul 8 pesSTEBIEInTEHSRSASEIR bbb WG o eve 101.
Engagi ng nenber %09 _|s a dommrd ext endi ng corrponenltqﬁﬁofcﬁ(?gfesg %(ﬁ . 1A
and is used forEnBenggeubedfd isprdoviraiherisedinggemponant ofiteec 38 L. lpk)and i on A

second identi Cais BA0RM NS IRIRIE 1608om RO 1 af BWLSsfioldNh Loold

nmounted to a running
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 om 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.




tool 111 used to run tubing hanger 31. Engagi ng nenber 109 has a lip 113 on
its 15 lower end that mates with the upward facing taper on 4pIMARCHQ0055.
Lip 113 slides over and causes split ring 105 to contract, enabling

engagi ng nmenber 109 to push sleeve 101 downward to the open position. A
spring 115, which maybe a plurality of Belleville washers, is |ocated

bet ween stem base 91 and the |lower end of sleeve 101. Spring 115 urges

sl eeve 101 to the upper closed position. Any pressure in 20 passage 83
woul d assi st spring B BBV | 1395 I b

Engagi ng nenber 109 i;ﬁ?é‘slecur edl%?h%g?l%m%rg}%ﬁegpg%m%ﬁeg%ﬁ% ?Ig@b%ii)éb whi ch
is nmounted in trcegaeed and\pndhas sleove1101i Boma theo klossd, pasiion| fartherepdsepositionh open
ends reciprocald.y: ' ' : [ b intr 39 (Fig.
. Act uat or - 1TRREE S ol bl BTN WA RREERE: bl lOPRIEY | o
sel ectivel y supphd edrksiit the 2&mduypsimendsi actufitbrl 1. Eike actwaiorrig7,aotatat bY7° hds/

‘bet ween upper. and.l ower..posi t.ions.,.Tuli . annul.us sage. 118 extends
through tree~39 atpéswo&q%etﬁftﬁ °§€‘%‘é’163\!’3§‘6‘f¥a@+‘&1{"}%’£’%§@f ’F%’fmg%]?fﬂﬁ’gﬁdie on to a
t ubi ng annul us e dévitrvard RrRAEndnY RIrespbhsy té Bydaudit! PRERrdTEEdagd U1 8 lleaddto
unbilical that serves the tree. Tubin anngl UF passage in tree 118 does not
extend axi al | y 2B GXERE Wﬁﬁe?“%"fg‘fm‘iﬁ%@"h 11 fog dely BHBBLHHPHEact uat or
117 is noved t o ghiuslfpyer position, engagi ng menber 109 engages and pushes
sl eeve 101 fromthe closed position to the open position. Figures 6 and 7

show a simlar actuator 117' fhat forns, a part of runpning tool 1.11 and
works in the sane rra‘?’\%ingdg"la’étla‘&f B?HVE@*PF’RILf?%e%@FW ‘%‘il#g g%H’?F‘[J%}eor 117

has 5 a pisygn Hﬁtﬁdj’n@@e&igga séabb&Réchithifing KhngerdY Ghdbibrb 05 boF whlthesd BoRRE f OF
causi ng the upward and downward novement I'n response to hydraulic

pressure. Passagb(Fizd) Rumdpg toe] 11} hasadpek membey hifdhatintadiainangrogwaidly ng t ool
111

111 for deli ver}aa;gnmg 5t6 GEnMr30erbdVR! Bfinedn Ml iforiby Mivéhed @et@ﬁ&mggfm&el
has conventional *features for running tubing hanger 31, 10 including
setting a seal betiomeffubinghimgehtinderk gemherd 1D geaares Sunging\ied! 1A E tdtubiBESsi ng
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,

-10-




21 (Fig. 4). Running tool 111 has a | ock nenber 119 that is radially and
outwardly expansible into a mating groove fornmed in an inteli MARGK2005
extendi ng sl eeve portion of tubing hanger 31. Lock nenber 119 secures
running tool 111 to tubing hanger 31 while tubing 33 is being |owered into
the well. Lock nenber 119 is 15 energi zed and rel eased by a | ock nmenber
actuator 121, which is also hydraulically driven. Running tool 111 has a
sl eeve 123 that slides sealingly into the bore 32 of tubing hanger 31.

Sl eeve 123 isolates thg, u r. end of . tuping annul assage 83 from

production passage 32 81%45 ﬂ?ﬁ“ﬁ%ﬁﬁﬁﬁ“ﬁ%@@@ﬂﬁﬂ%@%ﬁ%ﬁhmfm

Refer ring {0 Fi guibefof ouferficllesd Bbusiy IVOMIBHRAA o IR Ses ol 150NwiRho QULEL:
ng as

wel | head housing 13, also referred to, as a_conductor housi ng.

a dependi ng f|anﬁ%m%¢°%%d3glsbel§@l e s a0y bepelathe sheécenA et ier welllhbelad
housing 13 for orh@ﬁﬁﬂmiswanmthﬁ@mmﬁ%f&e%@,gﬁ%ég%& ol idler, i n
’ An

desired position relative to other subsea we men
or screw 129 whl | isilip edbseasensiruptingiphpse tarotefsiriod 25 tver dierels stiertatioposi t i on.
arm bracket 131 is nounted to ring 125 for rotation therewith. Arm bracket

131 cantil ever supportgwm[d%g%@ehﬁ?%;ﬁﬁlqgg%% lﬁ%znbﬁ'%‘@fﬁg has an

upward facing socket on its outer en rpnr"%) rudes
upwar d from ar m 18shigh pEssime hangicei2p.0 BOPRidayer 1133 i§ wsoh 6 onidnt (ubing diager 861 on

outer wel | head hoys] - r (m% e | | head sing 13
is lowered into t@'gé‘%ﬁtﬁ# %%glﬁflﬁéggdag%?g%%gd) 0 lﬁzj\%eﬁellﬁg%aepgiﬁi bel ow
the rig floor butafi thetreclhbasf e drillédt sand cositgehange! 27Hegsdled h Qs iding Jisks
instal |l ed at e OQL o el necessar an be .oyed later 5
in the subs eai‘sc]onéﬁrri’a%i&f %FEB %3@@%"8?’?“5‘%5‘{‘%‘"’?% @gépﬂﬂf)“ﬁr@‘?‘%’éﬁ@ﬁh&af
orientation. A BQRuking atwprivr RrleweipgcBOP adipfi @89 Bflades HOP BdpeR 99N pisoner ed
over inner or hi hq_éprekseg ‘{Se hqusi n 1. BOP, adapter 139 is used to orient
t ubi ng hanger 31 gq'(l Aol ;] r@ﬁ“dﬁ’\? A5 fxtarips at &ﬁﬂtefﬂéi‘%‘?ﬂgi@bpmslm-
preferably | ower e fiamela 4t lofi thel IbW& end of BOP adapter 139 assists in Jowering BOP adapier

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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after the well has been drilled and casing hanger 27 installed. The
drilling riser, 10 along with the BOP, will have been renoved1fMARCHZ2005
upper end of inner wellhead housing 21 prior to |owering BOF adapter 139
in place. BOP adapter 139 has a guide socket 143 that is nmounted to its
exterior at a point for aligning wwth pin 137. A funnel 141 on the | ower
end of BOP adapter 139 assists in |lowering BOP adapter 139 over inner

wel | head housing 21. Socket 143 will orient BOP adapter 139 to a 15

position dependi ng upon ion o 133 7. . An._ROV
(not shown) will Rﬂg’ggﬁ?a@g g ﬁ% m‘i‘&%&%ﬂb 3ﬁn(ﬂ€£ l%gﬁ%eﬁ?u\ﬂf‘%lh gui de
pin 137. dBOtD adafgpmﬂy]lﬁ&:eif;ﬁatcaanﬂ togtal. |'I|tuy1nghaﬂgezgﬂi M?%imhﬁaﬁaamwﬁglll cglalay
energi ze 0 engage,.an externa e I nner ead housin

adap?er 139 al so‘gmﬁg'? Bﬁr&}“? ‘E‘?‘FH’% E‘hé(ﬁﬁ“} ‘f“ﬁzﬁ.‘gs@af’ fubingbanger; 3l PPB?’V@GQS of
wel | head housi ngratatidh agick 88,/ as Sbvaih BighieN A ShOIB. Wesg%ak%@éﬁﬂnwmﬁﬂ n the
bore of BOP adapter 139. Slot 147 |s p03|t|oned to be engaged by a mating

pin or Jug or r Bk PES%'IM@&YEI{JF@GWE s itig igpdingy hanger 31. This

engagenment causes running tool 111 to orient tubing hanger 31 in a desired

orientation relativeThesiféip shith®RiIA 606F 8% 38Mohdeotedto QWIS Rk Josp 349
perspective view show ng BOP adapter 139 in ggm tion on 25 inner well head

housi ng 21, whi é@tﬂ@dﬁﬁ?“@WS’ fha fipvy lineoomaecios & Bluarsthe pppogite sideaas showdl t hi n
the bore of BOPja B. ]ﬁ&vh%nﬁ@ﬁ;?tlﬂwﬁﬁ%nﬁk%ﬁto%rﬂo%&%ﬁ fﬂﬂteyg f

mandrel 146. The dr| ling riser and BOP connect to t e ex
profile on mandeads tolaqgarafoﬂcbi’r st;Baamqssleg e@amenaslnﬁbennmwmm i nner

wel | head ho in ‘}\éﬁ% 1@ r| ent ed

t ubi ng hanger% 3% |g?‘m}%t& t he %ET Tglﬁ% ypl ca ﬁlgp%e %&%ﬂgﬁéﬁg‘ and
tested. Tubing ﬂaﬁgmﬁeaﬂiomm&) @hmtypmf@dnmaiwstmtbmlmstcbmm: bf1idgldbecause
orientation sl eeye,.4 han vi.des orientation to
tree 39, as sho Obaéﬂg’ftres %e%gen%ly,ﬁ?g% regég %ﬁ 0“{11’188 I*“ﬁfﬁ’lre 148 5

that slides ovemﬂmgstermhﬂhﬁﬁmbﬂsﬁua ng 21 as it is |landing,
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-




The safety shutoff valve 67 of tree 39 is connected to a flow |ine | oop 149
tha’g | eads around tree 39 to a flow |line connector 151 on theq10pAREH 2065 de
as shown in Figure IB. Flow line connector 151 will connect to a flow line
153 that typically leads to a nmanifold or subsea processing equi pr?e\nt, In
this enbodiment, flow line 10 153 is nounted to a vertical guide pin or
mandrel 155 that stabs into guide funnel 135 to orient to tree 39. O her
types of connections to flow line connector 151 could also be enpl oyed.
Consequently, tree.,is oriented so that its flowine connector 151 will
register with flo 19 geticgspr, 47 Ineaty be fafifactedh &y | lodtaulis ardsoire 05 nélagicalt r e€

39 is installed, %&bﬂ&t&@ﬁli&cﬁi&nRé%)quSt be renoved froma plug profile
157 | ocated within tubing hanger 31, as shown in Figure 11. Plug 159

mai ntains pressure that is wthin tubing 33 after BOP adapter 139 (Fig. 10)
is removed and prior K182 fork1651bes mymiistlyanayeble plem. LTAYhat B aperated By hgdravlic
conventional and BRSureOdiBplRE 16 HOGSQR t .ﬁﬁﬁl i t-hi. N, production
passage 41 of tublbng hanﬁ%r 31. 20 %Fusgabi@é k{ggéué p t?%rllf??f 18?”70 tﬁ"ﬁg

el enents 163 t hat lower endipd wetmr 1A feriretyieieg plag 159. Hmitmtyn 2 acttind el (VR ehapBg an

ext ended positi onglogki g . 8) age a ting grooye in.profile
157. Preferably, rather tﬁlgﬁfﬁﬁﬁeﬁnﬁ ﬁ‘\ﬁlﬁrr}gllﬂgﬁg ?vﬁlgﬁjéé‘gorgﬁyﬁ%%téﬂ eSer, as
is typical, an Rowowdpfuseid. [Seitis toobl77 My e uirinfidtz eftypePhatifot Makirak&d does
not have a riser : | ng,to the surface, rather if is |lowered on a
lilt line. Plug tool gﬁ‘%@ﬂ‘ﬁ%é %ommﬁﬁb%}e , Hgfﬁi%af“gslé%bowﬂw@g
engagenment by ROwldfifts 188 bgvd @ghged Groflia 055 an afwird pul fon tst-RE1 73 lheBd- A
seal retai nedeMn ;ﬁxll t qol kgS. e agggs, a pocket in nmandrel 81 of ‘tree 39.
When suppl i ed it h&cf?gllﬂaﬁ'? B%&g% 8Pl chani cal novement from ROV 1609,
a connector 171 will engage mandrel 81 of tree 39. -12 11 MARCH 2005
Simlarly, connector Reéttiedagtobil7spdhors ieRigitys 15y4hddY) sy MioARDEE Sarlly of
Mechani cal nobvenent upp ied from R%)\/ 169. . .
conventio €s. ¢ embodiment, retrieving tool 175 has 2 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,

-13-




Plug tool 165 has an axially novable stem 173 that is operated by hydraulic
pressure, supplied to a hydraulic stab 174. A retrieving tool 11 TWAREH 206% ed
on the 5 I ower end of stem 173 for retrieving plug 159. Simlarly, a
setting tool 177 may be attached to stem 173 for setting plug 159 in the
event of a workover that requires renoval of tree 39. Setting tool 177 may
be of a variety of types and for illustration of the principle, is shown
connected by shear pin 179 to plug 159. Once |locking elenments 163 have
engaged profile 157, pward pull on stem 173 causes shear 10 pin 179 to
shear, |eaving plug f%%d‘ﬁﬁ"%ﬁ’é'@. Retrieving tool 175, shown in Figures 13
and 14, may also be of a variety of conventional types. In this

enbodi ment, retrievi Rputcrs schokutibdly iBuey a 3forled flethod BS A5 g |y into
a receptacle 183 in plu 71#59. é@l cator sl eéve 185 on Fﬁe Je_%)??‘graiﬁg?d of body
181 will land or®H8 & PR Pl fF?JééP@BC!LS‘@Hh%dcmeD@h%lH? iThis| methoceds 15

wi thin |ocator SjeaRMEHySRAARWREQh: SOGHASHOWA s5b L3 LAREE oo en

| ocator sl eeve$185 haﬂs:-l anded on the_rﬁ?m o? ﬁﬁlﬁg&fﬁa&?ﬁg@ﬁﬁﬁ“ ?nglilg\ﬁi Il be
aligned with?3 wWishbyatilisd Rlathorm 105 avilhba gnaiBgisedGo|fogition 87%r findwallsdgve 185

are joined to a i u [ plied. wth hydraulic

f1uid. from ROV f%%é%%a’g‘%g%”o‘ﬁf\ﬁﬁ%%ﬁbﬁ;e“ﬂé’f‘ tRauR ek oy ritoringy at;f%‘?i ﬂ‘é kpyg o0 i s
conpressed whi | detrigk A9EWiting drapwiorks 189 ifor dritfing lad peforsiag coriaSopbdatidhs oNOWN i N
Figure 13. Spri 3 i 191.t0.a [, posjtion. Wen hydraulic
pressure is relﬂ%gp\v/%] %?&%%?ggﬁaﬁ%i&@&%wgﬁgﬁ%mﬁe&%‘s@% 781 to
move upwar d t]? tchmgb d thowelisi Ic'E?lllﬂigcnmar Y ngs ﬁio@ﬂ{cénnk&edbﬁiéh@r@mwg&ﬁ?gmlf wal |
ortion 194 1 Wi ate, di rect radi a i nward_of "col | et
287, pr eventllﬁn_gog%’?él“é@ﬁ?g‘?”s?wgﬁgi b@ﬁ@g@sﬁ&f) Bas g bloway preventer 2@iwithinc e
retrieving tool itl I theafticilaCsiRektib® sivida 48iflg of XM %iﬁ@zo&iiﬁ bhovi iffe ONE Of
the hydraulic sggbs ar %]%g%n%é:‘%l I nterfaces 174 10 cause stem

(Fig.11) to novEreRghary 97 causes dogs 163 to be radially
retractable during this upward novenent as plug 159 is di sengaged. Once

plug 159 is above (MlaRnuabyssdfrefeizblydhay @bes GTiAEN WARhS0PERdep1GRRP! | Ng the
entire assenbly ﬁﬁhﬁl E&tfﬁl %) 195 teﬁ be retrieved to the surface with a
lift |ine, a ¢ 203. Lift line 207 1s located near one side of platform 195 while degrick
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
conductor 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,

-14-




-13 11 MARCH 2005 Fi el d . Devel opnent Figure 15 schematically illustrates a
preferred method for developing a field having a plurality ¢f MAREH 2005
spaced wel | head assenblies 11. This nethod is particularly useful in water
that is sufficiently deep such that a floating platform 195 5 nust be
utilized. Platform 195 WII| be maintained in position over the wells by
various conventional neans, such as thrusters or noorings. Platform 195 has
a derrick 197 with a drawworks 199 for drilling and perform ng certain

e enpl oyed Tor dril 111G caersr GRS eI eyt s s 6 imag 37158 o own
connected to hi ghsupl b isbelRUEIRG. Z:asiﬂ@qugiggeoqﬁtﬁhiemﬁﬂ_ﬂ?ﬂgfefﬂtalﬁ}se&%r
W I N | n e

Drilling riser 20% hdarg_ﬁa blowog{eq%re nter 2 V ] ]
particular oper atfehdEhdna decgordepiagd verscasing 35 iple thesell Lagingah erddigindi ng
through riser 201w vidlBeatohsindhatatedful) hORIIPHHO bl SRRl iN JIRAS, T ane
or lift line winch 207 for deploying a lift line 209. Lift [ine 207 is

| ocat ed near one Sicaletiafris peeded Br imnarowlheadhausing2li dhe asratemay shengererd y

| ocated in the cqpl gk, b ERAP bYmore lafibicehi 9815 ; : gcated on
anot her vessel that t‘;ps%al 'y wou (gkr?ol%whave s\gygl@raﬁll %ﬁngitgk;m}]ﬁggfgure 14,

a tree 39 is shod®SEzAG)-l owered on lift line 209. Drilling and Conpl etion
Qperation In operation,, referring to Figure 8, outer housing 13 along with

ring 125 and 20 arm ¢g3 | puereds ér"%)? 881 58 $fnn ls 13 4 S
| ocated at the upper %ﬁdo%‘ (():ron%%gtors 15, (%I?\l:g‘l cﬁz S jgéie?ﬁel ﬁlﬁ;ﬁéo 1eglé:larth to
formthe first pddils gmough risse2Wetol the tafal depthd UBtecopes®r tlearissttllseasinnB®d, t he

entire assemnhl.y 5 ﬁy\qltﬂﬁﬁsgl the esire i ti,on. This

position w Fﬁobe%&shgﬁhglé{lgé’% ase% on | ﬁ%yﬂt%?qfﬁﬂeeﬁ’a&i WSL%e&'@e el oped
in regard to ot hesasingstdudd beninstalled with theswiibemg drilbeids @i even gmaterpiepiht and t he 25
| i ke. Once conductor 15 has been jetted into place and later in the subsea

f?ﬂ;t rlggt 't 8“ Progr am f NG AR iPha mP¥iub L3R A hRGE nRiRS1 18R, 88 Atate
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.




position arm133 in a different orientation. This subsequent repositioning
of arm 133 is performed as necessary or as field devel opnent1mAREH bopge
to optimze connection points for the well flowine junpers, -14 11 MARCH
2005 The operator then drills the well to a deeper depth and installs

casing 117, if such casing is being utilized. Casing 117 will be cenented
in the well. The operator then drills to a deeper depth and | owers casing
23 into the well. Casing 23 and high pressure well head housing 21 are rim

oel L head housi ng 21 FRa SR ST e el i s PRl 2w g5 Beamsp@leor tvio
(ﬂ‘)) m)_rl_ﬁ adj ace?t 89wyl strobipg repatsi tlil'Unmpig.rd, hﬁeﬁ@ag![nlgldﬁga@igainfeﬁlbér? 10(?9%01(1':' g. )1
e operator, co rlse o0 i nner_ wel ea ousl! ng
and drills thr oalgweﬂﬂﬁe%s BRI é {SH?ISHHJ@BWS siqve 18h oy the Bepet elased
installs casing g&itich0 mlﬁrpomﬁo@wanerhteﬂdsebwy:m Bgfﬁ%?ﬁgrsle%% sdaf 1GDE

cases, an addltlonal string casi ng woul d be ins vmtht e well

being drilled’to 8?@%&/@%“’@?@&'&@@%%’(@ orAemyyed diresfion.s Whilenini the Bmtt ion to
tall tubi h [
medhs Fiser 1 | 8%1& %Pﬂt nﬁ§)105 dn%:%&s groWé? 1@?%@@@%@ to one side

drilling riser BOP 2 and suspe
of wel | head assemvﬁjﬂeﬂﬁ The operator | oners BOP adapter 139 on lift 15

l'ine 209 over inner wellhead housing 21, as illustrated in Fi gure 8, Wth
the aid of an ROV, sggl érat&n"ﬁcd RQskd Béiﬁ!re ﬁ&
adapter 139 is |ocked aﬁd seal e pto |nn15e}r we ea h%)%mg%]n adapter

139 nmay have beehl. Fhiswiaybs|dgng mlqmgé@mmmmmmmﬂlungmserwlwme
tenporarily ngﬁm gﬂ’?ﬁﬂ’g %{51;1
I ncl udi ng BﬁZO , (@%&%&PEE%MH relﬁg4 | &J &oﬁés%’% légépt er
139. The oper at cwoninunisates with emapnglar spack suummdiyglﬂmmgmh d&inetehnm@biomﬂid l i ng
riser 201 on runpin 111 at.ta hed to a.t
hanger running squ%é?l%v\%l &gﬁﬁmng%m Eﬂa sqafesl&a il alox ma i {i:qnng t ool
|11 i s connect edmﬂnoﬁawlﬁﬂmg;hbl@myéhlﬂines@drﬂlﬁgmmml The opsrtbepuidps Yiuid

‘ down the choke and kill lins, which flows down passage 118" and acts against sleeve

15 10l 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-




stroked to nove engagi ng nenber 109' downward, thereby causing shuttle

sl eeve 25 101 to nove downward. This opens tubing annul us pas$aJARREH 2005
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 tubing hanger 31 to the desired position as it |lands within casing
hanger 27. 11 MARCH 2005 After tubing banger 31 has been set, the operator
may test the annulus valve 89 by stroking actuator 117" upward,

di sengagi ng engagi ﬂﬁ%ﬂ? Ot L.n_Fi qur

Spring 115 pusheshg?eeve %eﬁ?lo g%‘mﬁ&%ﬁd’ﬁgéﬁ% ﬁ%g%?ﬁymu}l?u Ifm"ﬁ%lsfbe
position, valve hpedbrmedl 99 mﬁll be engagi ng sl eeve seat 103, 5 bl ocking
flowin either the upward or downward direction. Wiile in the upper

position, detent splitgi g 0 e .any..downwar d
noverment. The operatorA{hﬁ«I}sr%"fi’iﬁ(c%gﬁl‘%eglgfj1 e Eh% g’grgﬂo%“g% tp%ﬁg&w%pﬁ Yz)vﬂlthi n
(rjrarlr: ng tool 1%(1)proﬁlﬂi ﬁ?rﬁgbbl)dxﬂulbinbhaugbtqmdugldnmassbgecﬂmmubhg.amﬂus%ﬁve211
rilling riser t SNB er nni n too. :
The upper end of a%ss%g%giol@epo%%o gi'y\ﬁ#?%‘ﬂpgawgﬁ%ﬁ& PSRN gAUSILL
surroundi ng the sspming ld‘;Fﬁnfﬁﬁve&leWeS.GI uﬁ»ﬁr@ﬂﬂehperatbfmmﬁwws&wﬁﬁﬁg&éolllml

drilling riser 201. This anu r C s al.so in co |cat|on vmthone
of the choke and % fie fues &hr?quﬁ tﬁ‘b*"f’?"%ﬁ‘?’@’f” H8e5 20LudBe 11 uid

down the choke anahkable shfcﬂevalwmthshhwﬁ (I 39 A5 ARYE thblfifoRAchs Akl s

agai nst sleeve 15 101. Split ring 105 prevents shutt|le sleeve 101 from
movi ng downwar d, larpfe@mn‘@}osc@ e Peyideas @FSHPEFB%‘& batrierh ploghkPriartaking hanges eal s

99 on val ve hgpd Sdqaien ﬁﬁ@a@e mpmﬁhﬁg\a@édm@ﬁxssﬁm&n&e EI%@L Gt

conpleted in a conventional "manner. “I'n one techni que, I's 1s done prior

to installing tres st byrisconcfpmation prrssureorelitivn ¢ ﬂ’glfvﬂbl(ls raumﬂlshdlm)ubuﬂg ough
the smal| di amet %Pfl@ﬁdndrﬁaﬁmoﬂﬂbi\)enﬁgrééu&eﬁndzntgﬂlflé .nc‘F'u be §Pp@hfled MM OUG

tubi ng 33. The sma aneter riser y opti
tree that extends: tempaeyyfatrioeinde dvbnt thy it berier ledks.desi red, the operat or may

circulate out heavy fluid contained in the well
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 adjacent 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
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before perforating. This may be done by opening tubing annul us val ve 89 by
stroking actuator 117" and engagi ng menber 109" downward. EndadlABCKH2065
25 109' releases split ring 105 from groove 107 and pushes sl eeve 101
downward to the open position of Figure 7. A port such as a sliding sleeve
(not shown) at the lower end of tubing 33 is conventionally opened and the
bl owout preventer in drilling riser 201 is closed around the tubing hanger
running string. The operator may circulate down the running string and

tubing 33, with th et tHanch tt‘wgl‘;@gmﬁl’gﬁyhﬁ@ fauctibf paskagdadd 2005
into drilling ri Seﬁw%%% gﬂ £Hac11 cﬁ%t%g and kill Ii nep Rgverge E(I'JI rcul ation

coul d al so be p&tbﬁrgrhmﬂ3hf Ieb@mbwmmwntwheh@ cHgpAges SpeHaionr wi | |
set plug 159 (Fi n :Ht)ing; n

producti on passaglg"‘@?s tﬂ'ﬁ%’?m ‘gﬂnehﬁ tl%Eg&vtg l've &ltgg g)ngge &, thLte he
position of Fi guaparaﬁortsyp;ﬂias ln_skirm@;cﬂmdmwemﬂm slepviatSe canging oa5g3 tﬂ BRI ng 115

to nove sl eev 1 .u i 111 on
the running stri ﬂ’ﬁhf‘g SIRE‘%@%“ eﬂﬁm %%ge%ed}%&ggé‘ggh?#ﬁ%ﬁzﬁ L;%@{{:BZM

The downhol e sat@inyctoral 5t g Slmwﬁ al twith sanedivie 3t he
perforations a?\del ) " fgf?b & any lgnsr QVi dgw first b ESSULe. har rier,
plug 159 in tubi Y 3-&’6’2 ﬂ%??/(B E‘E r'fl'ﬁeﬁ gésg“é’ %F%%Pﬁmﬁg % dREGHd

pressure barrierﬁmﬂﬂplng and a packer act as first barrier to formation
pressure relative to the tubing annulus, thus tubing annulus 85 normally

S R TN e 8 e
arrier in the even e i eves
rulnnl ng tgol 1;1115 yFind- th@}ésos;fangeg&B%ogllgggth? éxﬁiiér cd:ﬁgdfts tplag;iﬁ%sgg@mag;)r .
rel eases r| ingriser an rqm atgp er an
retri eves BOP admplndﬁl Blagdtﬁmowsrﬂlua 15960 Spins (iﬁl%f B%Se
adapter 139 on ap, EedV&ﬁll:é lug?@ %ﬁéﬁtxﬂmﬁg&yoltmmymb@buﬁévaaﬁmun 195
sequentially over the ot er wel ?

erform the sa unctions with
BOP adapter 139treurvdp thelalled; fypicaliyusing *@r%é&?‘?&“@ﬁf%&wm@f@@“t ubi ng
29 has been run
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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20 and perforated, there is no nore need for drilling riser 201 or derrick
197 (Fig. 15). Even though platform 195 may have ski dded outi1 MARCHR0®Ht
with the particular well, an ROV can guide lift line 209 down to engage
and retrieve or nove BOP adapter 139. The operator is now in position for
running tree 39 on lift he 209 (Fig. 15). 25 Tree 39 orients to the
desired position by the engagenent of the orienting nenbers 44 and 46 (Fig.
3), This positions tree connector 151 in alignment with flowine connector

153, if such had alre i nstal | | [ Lt h
socket 127. Flowine ?é)‘%ﬂf%%?%?r 3%%818355&3’; géém?% %“g%;tgughgvgf u?%??a lfsgntbfgon of
tr ﬂahgga hor muc hrepired Bom v&ﬂflhmdhmﬁslinﬁﬁl. ha lightmlrelighgrim r\;&hhumopbemuirﬁ if I

wel | head housing 21, As 30 fr s inp. e ing 21, it ower
end wi 1| move | ot Btipetensseelye 153 He i esd oo R CHBRE et toh o

i sol ation tube 43pfkdol S655(FId. M) The @Pstarbi D&alSEAG6! 168 usihg tift Uk 709 (FRNger

31. Wiile being lowered, orientation rrencgﬁer 44 nﬁa es grg'lident ation ,lsjl eeve
46 to properly ori@_rﬂldwel% P_rl’éﬂ %ﬁ%‘_v“r@’ﬂ X%Pl?‘?gt gfgi‘@elﬁ | sepyg dool 17 ed,
the operator Supw"é]ﬁ&phwfg%a l&veféd%t&’gﬂ%ﬁ!%slgﬂr@n&%dkﬁ@e&hﬁﬂy%ﬁ%h fi@disi ng
dogs 53 to push 57 ooki'ng element 51 (Fi 2) to the outer englaged osition

with profile 35. mofilklShahe epseterands upwd, retpaging pesfing,fook 17 drognplag 13h&y wi t h

flowirie connect ; d i ; Rl | N
tree 39 is connec%yee#n?i)ma%rrérﬁl g?“cri&hgr s%?ﬁlﬁ&j’tﬁb@%@?ﬁﬁ%ﬁ_ _RedeJr%ri ng to
Figures 11-13, i ndwingthifaperaoh. (Teestiiiepgisiovadionif ing 209 wilethe goisiamegf ROV 15)

and the assi stance,.of 9. th t, 9y ;.C t. | k69, .10 tree
mandrel 81 an&ﬂre vegﬁ%ﬂéﬁﬁgj??ﬁzﬁﬁ(ﬁﬁé g‘nfég'rgr%gfﬁt\?\npé‘t Fggrmrgtgﬂr%i"g\}?hg'"".lool
175. Tree valve whiheai idusing d1.0Theoyetainy rdifidves Bibiig@3emd perfuping the tvattovéi65 may
be retrieved and o tree.,c I nstalled, typically using ROV 169. Tree 39
shoul d be ready f’SraGB’P"(‘?HtEP@f‘aﬁB??WReferri ng to Figure 5, during production,
t ubi ng annulus valve 89 may 15 remain closed, but is typically held open

for monitoring the prestne Bmbodinbiing

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.
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annulus 85. If tubing annulus valve 89 is closed, it can be opened at any
tinme by ,6 stroking actuator 117 (Fig, 5) of tree 39 downward. 1AMARCEE2005
wi thin, tubing annulus 85 is comuni cated through tubi ng annul us passage
118 in tree 39 and to a nonitoring and bl eedoff facility. 20 For a

wor kover operation that does not involve pulling tubing 33, a light weight
riser wiwth bl owout preventer may be secured to tree mandrel 81. An
unbilical line would typically connect the tubing annul us passage on tree

39 to the surfagf ¥Esa [ i Re: . | 0 ed through the riser,
tree passage 41 and tug#ﬁa%gégh?ﬁ%ﬁ%gfkﬁﬂg§¥%£ﬁﬁ$F%%%Sﬂ§m 3gﬁﬁ@aﬁctuator
117 (Fig. 5) dovimetngdypitle defick ferworkim agtienwell.us val ve 89. Circul ation can
be made by punpi ng down the riser, through tubing 33, and froma | ower
port in tubing 33 to 1400: The . fluid returns throu t ubi ng
annul us passage 83 ar‘f@ﬂgatg%‘élg%%ﬂ% ?e%nts?aggl BSPPIRE 1 SRy ’Fé@ﬂ %he. -18
11 MARCH 2005 Fappasertko\ese elilledain the sirtt thatt it isexpiise dimted buniy sustaptitge B3, tree
39 nust be %ended fromweld h &d 0”3%“ 21, Aih¥ghtmejgh riser ul d not
be required if P’a%‘fsr?é%&%‘?"“g ﬁ’@R’fﬁ °P%h§.*’°oﬁ"2? nvetigh. The Bog5o8idi | e 157
of tubing hangerbeathwﬁﬂsexﬁkh«agthhﬂ@kiﬂm&iﬁﬂhﬂ:hcisé)the%h/@ Rl pigat al | s
plug tool 165 usjng . lift |ine 209 &gig. 5.15) and, 169. Plug 159 is
typically attacﬁlé“tfglflﬁg fhpiofuction passage wowld besgpventonallyspinioved.on Wirehina 79 and

| owered into pr qﬁdneonlgzjsm’q;mr Q0 lkbilg bglaggggi?‘ il it ofile
157, the operator pulls upma[dfhggleasing se ??ﬁ%“ggé*@?%gmfgéﬁfﬁﬁ g 159 by
shearing pin 17%wepng thegerfprptngsun draneh thedisetent fe ubi ng 33 typically woul d
be closed during this operation. Tree 39 is retrieved on lift |line 209
with the asgpstance of ROV 10 169. Then drilling riser 201 (Fig. 15) is

| owered i nto engagenent with inner wellhead housing 21. The operator

retrieves tubing 33 and perfornms the workover in a conventional manner.
Al t er nat e Enbodi ment '

)
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" Figure 16 shows an alternate enbodi nent for the internal connector portions
15 of a tree 210. Tree 210 is the same as tree 39, but for it$MARCH 2005
mechani sm Tree 210 has a plurality of dogs 211 that nove radially inward
and outward between retracted and extended positions. Dogs 211 engage an
internal profile 213 located wthin the bore of wellhead housing 214. A
cam 215 when noved axially upward, causes dogs 211 to nove radially
outward. 20 Cam 215 is secured to a plurality of rods 217, Rods 217 lead to
an annul ar  pistogy2dd Piston 219 has a | ock chanmber 22 that causes it to
nove upward when —sup%P?ed mﬁth hydraulic fluid pressure, noving cam 215 to
t he upper positio P ston I as an unl ocki ng chanmber 223. Wen
supplied with hyd?aulr ﬁﬁﬁ? “Pﬁﬁmﬂﬁessure i n unl ocki ng chanber
223 ford piston 219 downward to free 25 dogs 211 to retract. Preferably the

t aper between cam 215 s 211 l.ooki n taper o .that cam 21.5
will not rmove downwar d | é[j[h @g}(’gﬂﬁ%&ajﬂf@@ g Seritred fq & string-of casinaenisndiag e

significant advan ecting t e tr e to the wellhead housing with
an i nternal conne%l?%reﬁ'rt@aﬁ%@’?‘}ah Pmé‘ﬁ@lﬁﬁint?ﬁ BrSjogee profily dpcated MARCH
2005 Thi s allg%/s he, tree to be effrcrently run on a lift line, which saves
time as well ?%’@r‘ﬁ’g up the derrick for work on another well. Wile the
i nvention has been-shown in onIy two of its forms, it should be apparent
to those shed in the art hs not .so Irmted but is susceptible to 5
vari ous changes wit hoﬁtprﬂ‘ié’ﬁg‘ﬂ ey 3%nent daveer gewign e lochiss ith fembaroref tithe tree
could be nun on a riser rather. than a lift line, in which case . the
tenporary wirel i riéellpaddronsing wmdds saqpied bp theprgéle, tbﬁ@mwmrrephm uwpped d be

- conventionally retrieved on wireline. If run on a riser, perforate g could

be acconplished &Ptisnprotading sbove eiwelligadbensivg. | owering the perforating gun
t hrough the user and tree. 10 -20

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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11 MARCH 2005 W claim 1. A subsea well head assenbly, conprising: a

wel | head, housi ng adapted to be secured to a string of casing1¢MARCH'@00Ht O
the well, the well head housing having a bore with an internal grooved
profile located 5. therein; and a production tree hang a | ower portion
that | ocates in the bore of the wellhead housing and is secured to the
profile, the production tree having an upper portion protrudi ng above the
wel | head housing. 10 2. The assenbly according to claim 1, wherein the

wel | head housi ng4has ﬁergsganbgna@&dﬁeggrdaggq,’ Hae: %@@gﬁu&%ﬁﬂoﬁ hg‘ﬁt has a

downward facing shoul der that" lands™ on the rimto sup e wei'g of

the tree. 3. The ﬁﬁggﬁiﬁm@ﬁéﬂtﬂgﬂe?g@%ﬁjdmﬁ%n ﬂ%{gtrp%%ggteo‘-%g@eé E}S%%PYB a

radially expansi%l e loc r~ nount e 0 an ex

portion of the t%%ﬁleﬂ?ﬁggﬁwdﬁﬁh@d#ﬁ?a%%gﬁ&%gl eeve nounted to an

exterior of the ortron”o reein engagenment with the | ock
menber, the cam sl eeve, when noved axially, causing the | ook nenber to

e o oY, S AR i Ll B 20,11 (1 v e
bRV e S e

o ouah & o0 sl B P e A A0 e
D113 e, SRS T B i SR "0

passage 11 the troc oty LhOM RbaBiaZHSiLen 1 uid

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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fromthe well into the production passage. 10 6. The assenbly according to
clajm1,, further conprising: a tubing hanger |anded in the wdilMARCH 2005
housi ng, the tubing hanger adapted to be connected to a string of tubing

extending into the well, the tubing hanger having a production passage in
comuni cation with a production passage in the tree for flow ng production
fluid ftmthe well into the production passage; and 15 a tubing annul us

passage in the tubing hanger adapted to be in comunication with a tubing

annul us surroundi ng tg%ﬁi{%@aﬂ&rlaﬁdeﬁn%‘?@oﬁﬁé %Elﬁ:@%ﬁoﬁﬁﬁg‘?drxecﬁgrgef%g sing::

a wel | head housi ng adap {0 be secured to a string of casing eifendi ng

o ooved prof i 1o ISeatne e LAF Ao UEhoR e b B dpB b i, et | anded

in the bore of the well head housing for securing to a string of casing

t hat extends throughfggﬁg,fgikéﬁeﬁgﬁ&gdiiﬂﬁgqmg 'ﬂ;bgwaﬁwm%fogs&g%ﬁqﬁgahanger

| anded in the bore o ead housing tor securing of

Ranger  bei no. | ooSTEA BT uHaeHifk BUOBlF AR RS «Bhe G0l ki [ Re o
an upper end ol HEHE yeRERA CHBNA BRIl w0l R RO B oBme nas i o

the bore of the wellhead housing, the production tree having an upper
ti t rudi b h h i RQg; d.10 K nb
mount od fo the | over  SBE 6Tk 2R3 Bling 300 B o8 b ov e
file. 8. Th I d I di t im7, .wh int t
Ras & product | ofieh GAYEIERT Ertiiedof AT TPEite b ategds A gk o10h, ¢ he

passage’ bet 1. 15 4l AESLIE e SRS L 0B SRS el DS 800"

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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further conprises: an isolation tube extending fromthe | ower end of the
tree into sealing engagement with the production passage in fth®&IARCH2005
hanger; and at | east one production valve nounted to the tree for
controlling well fluid 20 flow through the production passage. -23 11 MARCH
2005 9. The wel | head assenbly according to claim7, wherein the | ock nenber
conprises a radially expansible el enent and an axially novabl e cam sl eeve
for expanding the expansible elenment into engagenent with the grooved

profile. 10. The [ ﬁi@ [ dil to,claim?7,. further
conprising: a tublwﬁg ﬁ%ﬁ%@gpaséﬁﬁfﬁ%"{ ggtt‘ﬂﬁll% h%ﬁ’é‘?‘,tﬁﬁi?ﬁ%ﬂae"&bqomr
end adapted to be_in.co ni.cation.w th a tubing apnul us surroundi ng the
tubi ng and an upp&lRRKa gg%l%lﬁ C&Bﬁﬁbygpﬂﬂ‘%ﬁ“ Fntgﬂﬁgﬂx govehle ramglerve Bnd a

t ubi ng annul us val ve jn the tubing annul us passage for selectively opening
10 and cl osi ng th‘@‘PF%éb‘lﬁth%e"g?ﬁfﬂ’hﬂge%w&fﬂmmwmvﬁp@ﬁhpl eting a

subsea wel |, conprising: (a) providing a well head housi ng at an upper end

of a well with a bore having an internal grooved profile |ocated therein;
15 (b) lowering a production tree into engagenment with the well head

housi ng, and | audj ng | ower, portion of the tree in the bore of the

wel | head housigng,ul%t heﬁ?gﬁm %F‘?ﬁ‘ﬂ’%??%ﬂﬁ'ﬁ@ﬂﬂiﬂ%ﬁﬁﬁlﬁ'ﬂ@mpmg above the
wel | head housing after it has |anded in the wellhead housing; (c) seem ng
the lower portion of EfbIsaERINsPassage igthriyking hanger hasivg g lowrs civbadapted to 20 t he
wel | head housing to prevent upward novenent of the tree; and (d) installing
a string of tubi rkgip eprupenicatien with ptubing apiRG2en8ing the tubing and an upper end

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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12. The method according to claim 11, wherein step (c) conprises nounting
an axially novabl e cam sl eeve and a radially novable | ocking1MMARSH 2005
the | ower portion of the tree, and noving the cam sl eeve downward after
the tree has engaged the wel | head housing to push the locking 5 elenent
outward into engagenent with the grooved profile, 13. The nethod according
to claim11l, wherein step (d) conprises: securing a tubing hanger to the
upper end of the string of tubing and Ianding the tubing hanger in the

wel | head housi ng.,,10 thod to claim1l, wherein step (d)
conpri ses: securll%g a u’%‘lﬂ m%ga%ﬁhg“f%uﬁfnhg, t he tub| ng hanger havi ng
a tubing annulus pas ther =throu h that onmunj cates with, a tubi ng
annul us surroundi ng %ﬁ’gf% 5 ?Iﬁ'em?ﬁ‘gi ?’?ﬁfﬁ’édf)

havi ng a tubi ng ann s val nnectln he tubi g hanger to a runm ng
tool, and with tﬁ’é"'#’é‘?n‘ﬁ? %{%ﬁf rtg'?/]f’ﬁﬁfpf’ﬁ’@ P HeP %EF%S lgggean open
positlon, then | Qwerin the tub| ng into the well wth the runni ng tool, and
| andi ng t he tubi WWFgéﬂﬂltﬁeﬂ?%%Fqﬂq@Q&hh@ﬁghﬁé -hopsingh tonpph e faging ubi ng
annul us valve to an upper closed position, and applying 20 test pressure
fromthe surf%tceclﬁl@eﬁtﬁmtﬁgn@sﬁtﬂﬁm%ﬁ@wg@d@@@ the tubing annul us
val ve while retaining the valve in the upper closed position. -25 11 MARCH
2005 15. The method according to claim 11, wherein step (d) conprises:
securing a tubing hanger to the tubing, the tubing hanger having a tubing
annul us passage therethrough that conmuni cates with a tubing annul us
surroundi ng t hel%t r iThgmethod atsionsling te plaint Ubivhegein stepi(d) somprissge havi ng a

t ubi ng annul us valve; lowering the tubing into the well and | anding the
tubi ng hanger in t he setihhe tubiing dangenty: 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 tubhtg 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

lowmng the tubing inte the well with the runnmg tool, and landmg 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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performng step (c); then 10 to obtain access to the tubing annulus,

ext ending an engagi ng tool fromthe tree into engagenent mﬁtm1mmHRCHb20Q5
annul us ‘val ve to open the tubing annulus valve. 16. The method according to
claim11l, wherein step (b) 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 well head

housi ng.. The tree has a | ower end that has a | ock nenmber that is noved

radially outward jqt Oﬁe%%ggrer%gcwfp%&gmcﬁ’m%oa . 8.-0f the well head

housing. The tree is nono ving a produ Sage but no tubing
annul us passage exte in $aBnt U

annul us passage and a@g!gﬁg%ugﬁh?% érs%gqge B vg‘%ﬂ%eﬁr%% hted r ﬁbrf‘l?‘r“ggtubi ng
hanger for controll Qgpgséa(f),rgvthere Ouljggrgha&gcaemntallljn%apegmatﬂ L{u %nﬁlﬁé"&m Hi GURE 1A

the string of tubing, the tubing annulus passage having a tubing annulus valve;

5 lowering the tubing info the well and landing the tubing hanger in the

wellhead housing; then

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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