v
;e3e,y <RZ6T{ Lr ~f | NTERNAL CONNECTI ON OF TREE TO WELLHEAD ROUSI NG Thi s
application clains priority fromthe provisional application S N 5
601 332, 116, filed Novenber 21, 2001 and to provisional application S N
60/ 425,377, filed Novenber 12, 2002, entitled Drilling and P
Water Subsea Wells. Field of the Invention This invention re mm mmlmm
general . to subsea wel |l head systens and in particular 10 to a pro uctl
tree with an internal connector for connecting to a well head houdi
Background of the Invention A typical subsea well head assenbly has a hi gh
pressure wel | head hoyNrEENAIPCONNETIONOF TREE TO SPEILLBEXNBIHBESNdousi ng
and secured to casing that extends into the well. One or nore casing
bangers |land mthe well head housing, the casing 15 hanger being | ocated at

t he upper end of a sui n mam@ epen’
depth. A string of tubrjl’;}gg%gg(t't«cend thﬂah ﬁﬁ%he casl :?9 ‘?or dlﬁ%:tl on Fl ui ds.

A Christnas or Spr 60/332,116n ﬁlererothISZLOZt)Oie ang pler pmmﬂloozﬂ amcmm fdbd

ot ge. “heavy asseRB a0 Sexenhhroond a2l AR Ahee D N ¥ °

t hereon. 20 One t gieOWells.€ee, sonetines called "conventional"”, has two
bores through "it, one of which is the production bore and the other is the

t ubi ng annul us ac§e§§ ﬁﬁrﬁ. un this type of well head assenbly, the tubing
hanger |ands in t usi ng. The tubing hanger has two passages
through it, one being the production passage and the other being an annul us

Cibi ng. Accese to tho TImTaptshisfes bt iR @ Ak Soupane B Bl o,

t he productiongt uhimo@nﬁbnmem@mgioemdheoﬂnmrrfgmmmlmgso aoxllhdad Rousimgsa, to

either kill the well or circulate out heavy fluid during conpletion After

t he tubi ng hanger ,i nst%rh i Eg before the drilling riser is renoved fox
instal l ation of tH& ‘uc, pitrg terrporarl ly placed in the passages of

t he tubi ng hanger. The tree has |, r isolation tubes that stab into

ensagerer? Ry A S B B RES on
riser that has twaupgériedrigs lofer prssais wellhbal haousinglanclsaenwergtoouasmgémﬁmnds ser,
Dacsel " vt t o st el B S booilk REHE R Mt MR el
vesse ile ire
tree to the sgsf aﬁ@gbfﬂﬁﬁlgllocaﬂé& ati the figpeitend @ & sttihg ungsmmumendstmmam@ml e and
oDl ot 1o 11 ser evaAten| depth ok airiog a6 e pienis Mstugl e (ot 1 Frafieifn Do <.
ITi another type pfigd [ €hiRRRPS %remﬁad tr8¢mothis koZ @dtuper anﬂe)e)thothameads only
a 10 single bore jit, the tree, is beln&hthe product ] on pass‘a The tree

i s |anded bef ore haysing f%lcﬁémﬂﬁlﬂ desrwallstluidy e produetion Fesds Hpisally blares: Iedher i s
| owered and | andegl, éﬂb*hﬁﬁné%ﬁ&be?&ﬁaﬁ%ﬂ%ﬂﬁ[&%@h@ﬂie%@r ed t hr ough the
riser, which is typica rilling riser. Access to the tubing annulus is

avallable thzoug~. choke and kill lines of the drilling riser. The tubing
hanger does né? have &M tensefirers sqmelizes ealled r'eonwamtipyal, Bagitwe bangs fhyavgha i

extends through the JrGacntome fbﬁﬁéiﬁoﬁﬁ ﬁ%dﬁeameﬁsaﬁ%éﬁﬁuwmcéb@bmngef

TItis void space communi cates oke and kill |71 nes when the
bl owout prevent erInithis &ipe séwelivad ssenilyitheiubing hungerlendaimie Sellhead housinet hi s

system the tree {5 g, gf},&g,;ﬁdg' rp%a of BiiGugh'i i€ 680 belnd. 43,@ gﬁadhﬁiow}ﬁssa &

derrick of the floating ormtromd®ei ng enpl oye not her “wel ile
the tree is bei nganduthe otBér being ametrvirs pamedth@ts‘»omommﬂeswxﬂ\eth@mbmlméw

t t t L d th
Sutt1 e manner T Sminrblpd Srne i 2 B tubilk o § bl B BaAOLE, | ﬁas
a producti on passagm ma@nﬂmuoanubiﬁgjmdp@smmggh tﬂdauhnpaunutuls,eorpnadum?a;hmw

an

Co t f th
G T antry of st ashpil thenvall i Brsie Pisginty S e Somgton At el naye

hanger is installed and before the drilling riser is removed for installation of the tres,

plugs are temporarily placed in the passages of the tubing hanger. The tree has
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25, vertjcal tubing annulus passage through it, thus a conpletion riser is
not required, Consequently the tree may be run on a nonobore riser. A
tubi ng annulus valve is located in the tubing hanger since a plug cannot be
teanporarily installed and retrieved $omthe tubing annul us passage with
this type of tree. -2 r, Summary ofthe IriveritAOn The subsea wel | head
assenbly of this invention utilizes au essentially coxtcentric tubing
hanger anal a |ightweight tree, thus does not require xunning of a dual
stung conpl etion iser woaend <88 ilBYknRgeattiwitete pyssigen inthesuling bangene or

cable, 5 although 1t may also be run on ,a siugll dianpete I (gt

riser. 'The tree wirsdhefere landyen g§ @BHQ‘F“@O%EM&(’?&%%{SnP%%aggwgg?r ee to

an exterior profil %E’%%‘E R6er ok B,f,},et% shiigs bNéndin Sneadhal stieg tampdetionsiser, | ower
i'n

portion that extef o0 the bore of the wellhead housjng. Aclocking

el ement on the | owerstyngrdaxtends fromtthe prodwriien PRASRES %ﬁﬁ%ﬁ‘éﬁﬁr@n‘gc e g{csﬁélbfi | e

formed in the bore of the tr b SusthaSRAORARE fred vavthegurface
R

annul us passag% t¥ s vertirc rough it, Rather,  annul access
is pnrridcd by a pRssays tinxadonhesios howeventossseablegad ﬂ"deg]“ﬁ](rﬁ"ﬂgd’ﬁthéa?‘he tree
for connection to an external line. Th i o8 Ler haanshle, réquirng onel | head
housing in the pr’é’reérﬁ’*éﬂ BfTH E‘ﬁlﬂ%Yrﬂ°.th’§éﬁ‘#%3ﬁ‘8ﬂﬁangé’F has a %lr oducti on
passage that regi gb%rpﬁwy&eabnamtapbaaﬁucti on passage of the tree when the 15
tree lands. An isolation tube extends fromthe tree into the tubing hanger

for communi cating the production.. tubing,. €k thePARSaleai n the
tree. The tubing bangdh a&?tg‘ﬁ tﬂee?feqegbﬁoﬁﬁggg ghflllugﬁog%%ubi ng. annul ys

passage. The tybi Qg%@ﬂ&ek;%wmé&mbeiﬁg)mrdduaimw&sm- Theireryis Jandest BTG t h a
ng

voi d space surround the isolatjon tube above t tubi Ban@ed in the t Ubi Ng

annul us val ve is ﬂ'@tuh}'éﬁ'ahaé&efilﬁ1@Hh¢£ﬂ9@2heeaﬁn%$m{gﬁemtlu I ng a;]atrlul téswggassage

for selectively blocki A% A is16wérbdthrdugh teariset, ndichds typisplite dBWas t he
k8 TR BR AR

t ubi ng annul us passag SCRI PTI ON Ok, ~" HEE i §6thb - A
axed 1B conprise sseredichesato the HOINGAAMVIYS 18 {Y bl‘ét%"r%\g u%‘s‘@n‘%ﬁ%

constructed in acgo .dangeg %é@bﬁagih&ée ¢ ghtihave an2bnluspassagthionglan, ke | ar ged
sectional view of Brtion of tre wel l head assenble%d f Ei g@@gé&@ﬁpnd 1B)
t he seeti ozt ali5pl apgsbeitengs dtirduizrtha tree; 9o vaid sEACE IpoREd p ve iy B PG e 3 i s
az~ enl arged sectiponal .yiew [ bee WRi Lilldads adee ol hlowéut
Figures |.A and 1BMS.%* SW%%%&ﬂﬁ%&aﬁ%ag{gt%ef sectional viewof, a portion
of the wel | head agpsefuryis olbselioythesibing harsr ng)é'%’ﬂghg\/\ﬁ"‘;isﬁ“% ° ¥%Fi onal

plane as in Figure Z to.jl.lusgtrat I i4Sof Vb VIBating phtiodmofied
position. Figuxe W@%ﬂlﬂm’ﬁpégf?‘e’%ngsc%?gﬁrl}gﬁg ﬁg%f the tubing annul us val ve

of >Jigure 5 4, ShWp anploy@bnepetherpeilivthile themdisdrigag®d by an engagi ng
menber of tl~e production tree. Figure 6 is an enlarged soctional view of

t he tubi ng annul us val ye of, Fi e 'ﬁalhgddog@gmpgsd;ﬂcém wihinige a
t ubi ng hanger #unni ng ¥“o?ﬂ° °’sa‘g{(;%shse°§)f e?i %&t%e tubing hanger. 10 Eigure 7

is a sectional Vi g laes iheiwehen hoksing iw e vunemampioARA oPFY R G S ut
shown in an open position. Figure 8 is a ' A dnhus\pdskdpead
housi ngs of the wesserb e E%es@g’ﬂgsl rii’sgﬁig’gﬁcl[uﬁﬂg’hﬁx%?ga#after runr]imr}? casi ng
and ~ the process ﬁgw&%g{e\grmcﬁn%agdambmenwic with the axis of the tubing er,

rather than slightly offset as in conventional tubing hangers. The tree does not have

25  vertical tubing annulus passage through it, thus a completion riset is not required.
Consequently the tree may be run on 2 monobore tiser. A tubing anpulus valve is

located in the tubing hanger since a plug cannot be temporarily installed and

retrieved from the tubing annulus passage with this type of tree.



15 Figure 9 is a schematic horizontal sectional view of the wellhead

housi ngs of Figure 8, the dotted |ines showing a bowine connector arm
being rotated. Figure 10 is a perspective view of the well head assenbly of
Figures | A and 1B, after the BOp adapter of Figure 8 has | anded. Figure 11
is a schematic vettical sectional view of the well head assenbly of Figures
20 | A and 1B, showi ng an ROV depl oyed plug tool nounted on the tree. Figure
12 is a schematic side ~riaw of the plug tool of Figure 11, with a plug
setting attachmentSurmngiirof thelnventipuschenati c sectional view of a plug
retrieving attach: naent for the plug tool oP figure |l I, shown in a

di sengaged position with a plug, illustrated by 25 the dotted lines. _el.
Figure 14 is a nore detThi|subses aedlihaidahssethtstyy of f this hieventiory utibizes i anv esseptially

attachnment of Figure 13, sho in a ngage osi,tiqn. Fjgure 15.is
Schommt | ¢ view of SoRERE IGE BIRAFh B HEA L e Ehe Soge ot BEegtpagols

wel | head assembly, guahithis @mbldtibn Hide TRErédaydberdthicéntly irén bra BRGAHEI®RBl, W t h

5 anot her subsea wel | head asserably. Figuxe 16 is a vertical sectional view

of an al ternate e~aihewahitmey also bherrud ek amalldiasetarJightweight dyer. FThgires dogsAohind 1B
that connects to t ' L Ag. TA SteriePoiERGhlthd WellhddON OF
TR | ENT O Orer aiip b Rsmithiraast %%gﬂﬁ%f‘:%h?aé‘%s%’ﬁm y 10 Referring
to Figure 1B, a | dwasinpofnstead; thé trge hed & faveed postion bk pxternds|into| theibere of teut ex
or | ow pressure well in . h% S IS
secured to a stri nﬁe@?ﬁ%ﬁ%@g@ 'dijgrlr%cglél% corfhﬁgfgﬁrae lgf&%eﬁé%gofﬁg?édegl?gegg@% nto
the well. In this englgeohentarith a peofflefirmet inithedorefof fmdieang 17 i s suspended oz~ a
| ower end of outer well head housing 13 by a hatager 19. However, casing 17

and can-be of i M nated e Ret P LuBiRRRL AR dPERiF pRURE 0GR ey 10 17

and can be elimnated i cases. pressuxe we
housi ng 21 | ands ithroagtditi Ratherppmulue atcods i providdddylaqrssage thatu¢ads tovaslekteterd

housi ng 13. I nner | | head_.housi 21 is located at the end of.a
string o~ casing ZESRIHon Q{%@%B%P"?ﬁ?”& ntoa@ieﬁgmf%ebﬁgtg@gﬁa@ﬁagﬂgﬂ@pth,
Xnner wel | head hougé R@llRshd MRgsisg hotle Fofowbd bmbsdihanst Tenmbing Hanger Danger 27
| ocated therein, Casing hanger 27 is seal.ed wi thin bore 25 and secured to

t he upper end of an%‘%“F%‘H’d’aéﬁ%g‘?:g‘éﬁ T5gsleTy ‘YIT]I’a'geB’S? %“1‘}8&%%%83@“&?&%“% to a
greater depth, 5CasidQakBNaLN idtatibasubd dxteads fhautheete ao kpchbiag hahdehiftr its
bore or bow. Xn this enbodi nent, a tubing, hanger, 31 is Iandtg?d, | ocked, and

seal ed within 25 tosenpsicaingfthessedustiontubipgwitpthe prodyelipn passpee i the Tegr e 2,
t ubi ng hanger 31 has a | ower end that |auds on | oad sho~tlde~r 28. A seal

30 seal s between the exhembig ha:f8gext ﬂiﬂﬂ&gﬂﬁﬁfﬂﬂm&gﬁs&mﬂwiﬂg@nﬂwlﬁsﬂﬁe.Cﬂ'&,i ng
hanger 27 above | oad shoul der 2 A split Lock ring 34 noves frqma

retracted positi orfubigg Mwwpw%m@%ﬂhﬁ Hbingg anuig oV it £ f"ﬂfi-sga"e an.
internal profile 'sﬁ:r&ﬁﬁg@%é"@&&%lt%%éab&%@%ﬁﬁmngwﬁﬂuﬁi%’%uﬁ%'vﬁ’vé ¥
S

downwar d, energizes seal 30 as we pushes ["ock rln? 34 to the | ocl ~ed
position. Tubi%y Hegatpdrin3he nepes end of thet whing) annyis srassepry fog rselgetively; blepking

product fon L ubl ng (33 Tyl A8 NRRARL vild ofiSSmARIAb kihupRBRREe 32 Lhal 1S

coaxial with tubing :

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A and 1B comprise a vertical sectional view of a wellhead
assembly constructed in accordance with this invention.

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

Figure 3 is an enlatged sectional view of a portion of the wellhead assembly
of Figures 1A and 1B.
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5 Referring to Figure 3, inner well head housing bore 25 has a | ower portion
25a that has a snaller dianeter than upper portion 25b. This results in a
coni cal generally upward Facing transition portion or shoul der ZSc | ocated
bet ween portions 25a and 25b. Wl | head housing bore upper portion 25b has a
grooved proixle 35 forned therein above tubing hanger 31. Profile 35 is

| ocated a short distance below 10 x~im~ 37, which is the upper end of inner
wel | head housing 21, As shown in Figure 1A, a Christmas or production tree

39 hoe a | ower portion Fhate 4 398 ahdthdr Rcliondt vleWeT ahoRtH BF 3 wilihedd'2HBl ON
tree 39 has a production passgge 41 extending through it that has an outl et

port 41 a extendi ngt Frguess diypng Byl shownyip sasee Seetionsl piaae soinfimire A tq Wodteste on
tube 43 that depenqsuilepiwahdviiveaanh dosddpssitioper end axtd stabs sealingly
into production passage 32 of tubing hanger 31. The | ower end of production
tree 39 extends into bore 25 of inner wellhead housing 21 to bore

transition section 25c {iBNg.S ispn enlgreed septiogalyigw of thetubing gnnulus valyg of Figure
orientation slegve glghown$n & sich afdéh 8098 f ' nger
31l. Oientation sleeve 44 | sﬂ%gh(r) ot at abl fg%{ggognt g@%@égﬁé %Oryfgeﬂé?%(;ehrqft%?l of
t he body of tubi ngtk@&nger 31. Orientation sleeve 44 has a helical contour
formed on its upper edge. A mating orientation sleeve 46 with a helical

contour on its | ower edgeul% i t M8 j ree
39. When tree 39 is IodV%g?fgﬁ 1?%?%&& Isﬁcet%gﬁgj.i ousi negﬁgﬁ%%%%?ﬁ%%%@#eeve
44. engages the heMishawndomelosed potitian whiletadubinghapper evmingGodl ¢s conhested to the
production tree 39@51%11%. nt it in the desired 25 position relative to

t ubi ng hanger 31. Tre€ and T~eddheac~ Housdng Internal Connector Referring
to Figures 1A and 3, tree 39 includes a connector assenbly for securing it
to wel | head hod8i ng 21.Figwe 7 éorneetionaviessof dhesihing anphlusivadvess slvwisie Figwaiody 45
that has a downwar ¢ faci I . 47 that |ands on rim 37. Connector -6~
body 45 is rigidl yglgtsﬁ@é%(?ﬁtlag& (r3§£é°D39, A seal 49 seals betweea rim 37 and
shoul der 47. Connector body QL5 al so extends downward into well head housi ng
21. A locking el ement Slgure 8 iscasetonsl vidwe of Sweweltheal béusings oé dhowelimdy 45

ypes, o i o ombarnt of AEERE S SAETE Moc mofing b, 1 Ce Bk 5 bl

ring that has a nase BOH agmxtdri | e to groove 35, A plurality of dogs 53 | ocated
on the inner dianeter of |ocking elenent 51 push | ocking elern,ez~t 51

radi al |y outwaged when Y, i ey noves
axially and i s'iﬁydr aul :@%ﬁ?gﬂ rslﬁl\l/egﬁq%)gdrﬁ%}?fﬁéuﬁ%%@eﬁi%h% J‘E@%‘?@é‘“&‘%ﬂgﬁ%i ston
57. 10 The coxanecFignre&sthedditey lihashawinex flewlite domectorimaibeiag rqisted.i on 59 t hat
ext ends downward from connector body 45 in this enbodi nent. Extended

portion 59 is |ocated ed . I i I 4 col | ar
60 is threaded to the ?ﬂflﬂﬁgﬁeﬁ#ﬁ%&%‘gggﬁé%ﬁ%%&r %%@blggyﬁiw ?%{Q.m}. ng
| ocki ng el enent SllBnfierdheBOE 2dapict 6f Kipmenkbdsdandsbdy 45. Alternately dogs 53
coul d be used to engage profile 35 and 15 | ocking elenment 51 omtted. rn

t hat case, w ndowsg: P | ;Qle i n t b 45, and
ext ended porti On"‘%@ﬁ%ﬁégésgﬁng{nﬂé%gﬁﬁ %Fra%e I n%%f%%ﬂﬁ@%@%%ﬁl\x?ﬂﬂ%%ﬁsnector
body 4.5. Refe2qi nlA amd 1B, shoming ad ROV dapivyedplug dooli mbunted sade ted. ext ends
through tree 39 to ara exterior side portion for supplying control fluid.

Al t hough not shown, th Eg% :Ff oy S th | ead
to connector tubes on f%e gag?s%%xagﬁé;@tﬁ%eg%ﬁ?ﬁﬁg%@o %}ﬂ%‘%g@% ab

into mating passageingattachieentpper end of tubi ng hanger 31, 'phese passages
| ead to hydraulic control lines that are not shown but extend bel ow t ubi ng
hanger 31 on the outsi f o j le : . llnes | ead
t o dawnhol e equi pne~at g|Fgrl11%t]h3|[e)i5g'?r| ngeé;?&?u |ﬁ§§§§?-52%§§m§‘2£%5%%{3ﬁ?rhol e
safety val ve and dbapihtoel fiFisnsulieshawd int edipmpaped pesitivowitharplupg illiewstaldy. At

| east one val va i to production tree 39 for controlling fluid
flow 1In the pi?ef ?P%%ﬁﬁ%g'di ment, the valves includes a master valve 63
and a swab valve 65 | ocated in production passage 41. A safety shutoff
valve 67 is nou~ated to port 41 a. The hydraulic actuator 68 for safety
shutoff valve 67 is shown. Valves 63 and




65 ey be either hydraulically actuated or nmechanically actuated (typically
by RO V). Refernng again. to Figure |A tree 39 has a rn~andrel 81 on its
upper end that protrudes upward. Mandrel 81 is typically sized for

receiving a connector :for 5 connection to a snmall diameter, |ightv~reight
riser, such as for certain workover proposes. Mandrel 81 al so enabl es ot her
nmet hods of intervention. Tubing Annul us Access Figure 4 illustrates a

t ubi ng annul us passage 83, which is not shown in Figures 1B ox 3 because
tubing annul us passage Bfuiesi4liog alofcHetalloBsclidubBA&NbS HEPILE Fedtheviy HEGlepNa!
pl ane tb~an that shqg=ovn in Figures 1B and 3. Tubhxg annul us passage 83

e: ~tet ~ds verti cal 19 FigHrddohovn i anpneagadasition. f r om an upper and portion to
a lower end, whexe it comunicates with a tubi pg annul us 85 surroundi ng
tubi ng 33. The uppex angiglRWWSlis £Edismaic vtié*bgﬂgd,ﬁm# e
slightly radially offset g}‘u?om each other, as shown% ?Hﬁéfg%?%n%a‘gﬁy%%nul ar
voi d space 87 sur r Suiers Welthepd aysemblywhilgiselify Bnagyen the aietformeisup sagagement ofith

t ubi ng hanger 3% apgytheudsVeLmeRths@hpiy €6 39. A tubi:ug annulus valve 89
I

is nounted in tubing annul us passage 83 to bl ock tubing annul us passage 83
fromflowin either direction when closed. Referring to Figure 5, tubing
annul us val ve 89 has a Bt 18ai§e ertioahsactionsl viswefcan Yipmeterasthodingst pHtte0

t ubi ng annul us pas 'F?g%} Hﬁ’%ﬁr .

al ong the axis of ?ﬁ‘gﬁﬂgég%‘ﬁfﬁﬁs paaggégé& ga‘q%r? en é‘?gé%ﬁ%@@%@
forms the upper end of stem 95, Valve head 97 has a secondary resili atxt
seal as well as a pritn~ar yDETAIGERDESCRIREION OFHIE INVENFION in this
enbodi ment. A shuttle sleeve 101 is reciprocally carried in tubing annul us
passage 83. ZS Wil e i rOverdl Sipusture ofiSubseq) Welbend disembown in Figures 4 and 6)
t he upper end of sleeve 10l is a short distance bel ow an upper end portion
of tubing hangep 31. 3 thdtol ftal Q@éﬁ v 1 s S
and 7, sleeve 101 is mkégﬁlr%év]\grm%gt%lgggﬁbgﬁﬁ?gtat@m\}?lgve gg’glﬁégwg eeve
101 has a reduced # 8¥et @rloypxessuse welherd boBingd3 that docates ¢n ithe deg dlopmandris or .
Seat 103 is sealin Rﬁ?&%% ' I : . )4, ent._ seal
of val ve head 97 vngic?&g&sl eev J%efééi ds}a?ﬁ&tcﬂrgﬁftgév%&ip%ﬂs@? ?‘%ﬁﬁ lﬁﬁﬁ%ud{e\%arl%

bi ased split ring thiFembodimnh adistsingrod casingel” iisuspended onfa leivercand of @itenear
its upper end, Spl| i r er per rf and a 5
| ower surface that {vlaus}{ef‘d;g%'%%g l??lt’?'aaa];l)aﬂg%ﬂ;‘ggelgopg&ecg%i (c:agg?'ﬁﬁgta%d E‘%era%; gwo Ei

t ubi ng annul us1pasawge SBpendednfuern i grtarowallhddi7hausing 18 and darbye sihinhted img 105
while sleeve 101 is _in_the upper, closed position. Split ring 105 snaps
into groove 107, o‘B actafeﬁ'g as a detest or retainer to prevent downward
novenent of sleeve 101. Figure 5 shows ate engagi ng tool or nenber 109
extendi ng i nto the uppem beremrchigh presstuienvgellhend Housing) 25 daadeinBahdi is tsapported

e~tgagenment with the.u r end of eeve 101 aqi nber .1Q9.i s
downwar d ext endi tﬁ@m&ﬁﬁ%é)ﬁee {utsr vy 13?@3"(‘3:}39%%?&) eﬁﬁ"ﬁﬁ%‘”ﬂ’@@é 'y @Fat?fﬁvi ng
sl eeve 101 from t he theppper cnd of Detrih®wixasip® 33 thaDsxtends BiRAEHEhsing@Mité & pleater
engagi ng nmenbe is. mounted to a runnin

109’ hown 1n Flgure and 7 g
tool 111 used é% r%ﬂﬂ‘t h%&ehﬁ_ﬂgb&w%il%ﬁb% YR ﬁ@ﬁﬁ%ﬂ@@%&gsaﬂgﬁfﬁm on
its 15 | ower ex~d foéwbdd theREiRsS Cidirghaher 27 RVdR4lel WillGh Béte DS RS seBltedd! thd uppkid
105. Lip 113 slides over and causeszfggl it ori ng@lOS to contract, enabling

engagi ng menber 1099taf B3Eps of easipg atorFidm Feough cpting &hém 2 eeeater idepth. A

spring 115, which @@ingRthgdr 1 1S 8ldall ¥hoRidBEI8 1634lel iy, | ocat ed
bet ween stem base 91 gnd g?rm | ower er?d of slﬁée{levgﬁdlﬁg%é%s%?ir?%ﬁlw ur ges

sl eeve 101 to the upper closed position. ressure in 20 passage, 83

, A |
woul d assi st spring 15@1@?Wﬂ‘ﬁlﬁn%thmn}/?glstlﬁﬂe‘bﬂ%@H apshepled gathin

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 seal 30 seals between the exterior of tubing
hanger 31 and the bore of casing hanger 27 above load shoulder 28. A gplit lock

ring 34 moves from a retracted position radially outward to lock tubing hanger 31 to
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Engagi ng nenber 109 is secured to the |ower end of an actuator 117, which
is mounted in tree 39. Actuator 117 is a hollow, tubular nmenber with open
ends reciprocally carried in a tubuag annul us passage 118 in tree 39 (Fig.
3). Actuator 117 has a piston portion on its exterior side wall that is
selectively supplied with 25 hydraulic Fluid for noving actuator 117

bet ween upper and | ower positions. Tubing annul us passage 118 extends

t bxough tree 39 to an exterior side portion of tree 39 for connection to a
tubi ng annul us i i i

unbi li cal that setral\glglé t ro??ﬁ%%é%%}%%r%ﬁﬁfeg%?@ggg%%@ggd%n@mdoes
not extend axi al | ynargizasiseal Bfpasrwelhes pshesr loek gog 34 townlogked pasition. Tubing s
noved to the | owe ot [ ! shes..sl eeve
101 from t he cl oo tegot 3RO ARt TR AP lp oF ARG, ABRRMTG0RE TF7
simlar actuator hdnger 3@ a produtiompaasage 3D thatrisi pakiabwittolobing 33.1 arid works in
t he sane manner as actuator 117, Like actuator 117, actuator 117' has S a
pi ston portion.that i ar.r | i i i f ing the
upward and dowhwazd ms)%%“ L ?oﬁﬁg&ggpkdwnlg{e@%ugkﬁy%%ghﬁ Pg@gﬁ@gg;&;&@g@gg@
118' |l eads to an @54 thati lew auspple damdtérahanofppengortinnrizybt dhis redults firoa codéal ver i ng

and receiving tubin nnul us fluid. .Runni ng taol,.1l has vent i gnal

features for ni rrﬁ;‘ﬁg“ﬁﬂﬂi“ﬁﬁa fpsing drnsifion &@ﬁ&?&?&"ﬂ?%é?ﬂﬁeﬁg" SR PR ¢ ween
tubi ng hanger 31 agiarfdacyse. Afeibbaduking 8ord ubpst Poition 23b bs Pgrodyed préfile@Bsg t ool
11 I has a lock nenber 119 that is Ladl al ly and ou xpansi ple into a

; . wardly e
mating groove f or fasered thergin aboye tubing banger i, %’@?Mﬁ%@“ﬁ?é@?ﬁ%? %??"of
tubi ng hanger_lél-rih@_(?kwﬁiaﬁffe% per 2nd BGHAR Wollhtadhdiging 20! 111 to tubing
hanger 31 ~rhile tubing 33 is being |lowered into the well. Lock menmber 119

i5 15 energized and rel eased by .a | ock nenper actuator 121, ich is also
hydraul i cal |y driven. AusisPRgDREgIe 149 agsinag | of predudivy ‘F‘?‘?a%s’mg 8 3 lgver

sealingly into thg, ol @adigsent irdtd! ReMtad 8BAERE 231 ProdusRr Sred 38 hhsHprol@tiod he
upper end of tubihg annul us passage 83 from production passage 32 (Fig. 4)

in tubing hanger Basagprdlesrtending Jhropgh fethetrhiop 99 qubetrpogudla extenging;latgrally S j o
mounted to the exgeriar b NEAd. RN T3 bt daPeRss doWnRafdaEbni 0 as a
conduct or housi ng?&% ng P?szg&%tggfcg‘ﬁgé%ﬂﬁﬁgﬁ ng ?u_nnel [ 27€ﬂand is selectively
rotatabl e on afit eits owtet brebahdratabs seadinglg itfto prodrdtion pPrssege’ 2utfi twioshbanger3131 and
tree 39 (Fig. 3) i Ay 41 j 2 t 641 rughd s and
equi pnent, A Iocklrg? ﬁ?vglgér%dé)g g@ﬁlg@&%ﬁﬁ@ el\é?ibbglig#%eﬁggglgﬁﬂs i%} ~t ha
25 desired positi 2hto boAutraasiionzectvl@be 34 3).s nounted to ring 125 for
rotation therewith, Arm bracket 13l cantilever supports a horizontally
extending arm 133. Arm | : [ kel ; loF aftdednagnd
13I. Also, a guide pi :R‘/ef%é#] %‘3%; es ﬂgnwg%h?rg%é%?arﬁgﬁ#s%#o?l 0 Il?ll ng 12S
is normal |y inst alpved from dubfirgrhaneer B h eQuientations slenye 44isapuviatblymouniedtoibe or e

outer wel | head_ housin [ S, | [ i N the tached
to arm brac ke:20 133’%@9 8&%? h%dygg\q@pggﬁmqgﬁgl-a netnﬁaggﬂssdfé% g%%&ai,&%%%l %&Eog%

wel | head housi ng fdmedon ifsSipped edgle. 2A nidifg satatibdecve U6 with adsbal gonteanomROV may
be enpl oyed later 5 in the subsea cqgnstructio hase o te.rung.l25 to
a different orienithld¥she ﬁlﬁﬁgmfglt%%ﬁa?wﬁr égﬂ?@?‘j&%kﬁ %ér)% tfegr}'ge]flng
shown | ower ed oV e{syehRa it Yelititad BouRing 23 LdrRntaiussdlddvedLehgaddOhie helial @mtoliB9 i s

used to orient tubing hanger 31 (Fig, 3) relative to am 133. BOP adapter
139 is preferabl yof eRgsalion sisevs 46 oy rofafe prodyction treg,39 waf’“%énﬁ S 961 | ed

and casi ng hagpger H‘I?)s?ﬁohtrélﬁtfv@kdﬁﬁngﬂ_ﬁﬁer@rﬂ Iling riser, 10 along with the BOP,
f

wi || have been rehbved fromthe Upper end of inner wellhead housing Z
prior to | oworing BOP adapter 139 in place. [BéCP adapter 139 has a guide
socket 143 that is noufreesndifelihead Hausing rigrnalComnegigt nt for al i gning with
pint 137. A funnel 141 on the |lower end of BOP adaptex 139 assists in

| owering BOP adapter l@3.-Axefo FBMey 1AGhE REask SOMSMIG 2donnét kesdemblySfowi | |
orient BOP adapter 139 to a 156{)08i tion dependi ng upon_the ‘?ri ent atjon of

arm 133 and pin 1Suringnit ROyelfhsest haysigad)- Ve ponpectersssmply igeludes @ coRegRr socket
43 11 alloning Wdhsallhdgs Rlbvilvitd 1R RUARE @7 thBHndiash 1o B Chcotér Of
dogs 145 that are draulically energized to engage an e7cternal profile on
inzter well head housing 21. BOP adapter 139 also |ass seals (not shown)
that seal its bore to bore 25 of well head qusing 21. A helical ZzO
orienting slot 147 is located within the bore of BOP adapter 139. Slot 147
is positioned to be engaged by a mating pin or lug oa running tool 11

(Fxg. 6) for tubing hanger 31. This engagenent causes running tool 111 to
orient tubing hanger 31 ixt a desired orientation relative to the
orientation of arm 133. Figure 10 is a perspective view show ng BOP adapter
139 in position on 25 itwer wellhead housing 21, which is not shown in
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Once BOR adapter 139 has oriented tubing hanger 31 (Fig. 1B), the well wll
typically be perforated and tested. Tubing hanger 31 trust be oriented
rekative to the arm 133 because orientation sleeve 44 (Fig. 3) of tubing
hanger 31 provides orientation to tree 39, as shown in Figures | A and 1B.
Tree 39 has a tree funnel 1~8 5 that slides over inner wehhead housing 21
as it is Landing. The safety shutoff valve 67 of tree 39 is connected to a
flowline | oop 149 that |eads around tree 39 to a flow |line connector 151
on the opposite sj i i 1R. o5l id > r wil |
connect to a flowbthﬁn%qigg hgﬁdﬁfﬂ??t% ?yaﬁsggd?@te%é%éﬁneaeﬁ?@;?ﬁdhgrs@g Sea
processi ng equi prtht .Coppectonibedys B cdonaxtands flowvward rino Melliead Howsimp@ht el to a
vertical guide pi L : t i ' n 35 to
orient to tree 39&%‘ g?raﬂt%gés}}g’? at%&(;%eﬂé |I°g‘}r%§midr(;&%og[v&gcﬁfpﬁed&contl%%‘}ggglw 51
coul d al so be enpprofileds. Cockimgpiemint §] cautdtee dfs variete nf ypess in thivambodisnehd, owl i ne

connector 151 wil egi,ster W th flowine 3. Pl Retrieval. arid

Tnatal | ation 15 RPEEPEREL sttt ofF o Pps e PRApEPRAITD e be
renoved fiom a plig pphtalityeofibgs I3dcaited dn el ifthen diathdieNEr 16ukingalenZat 51g5Msts hown
in Figure 11. Plug 159 mai ntains,pressure that is wthin tuhing 33 after
BOP adapter 139 (]%Flfjl.‘g ?WWE?F‘@WB@@HW&%WWiWW‘?Eyflﬁ%’?é]ﬁvlerfé' 9%@@?@3@
(Fig.1A). Plug 158 hves aivibyindqshytiaufitdy d@seob\chydfaulic R seiRfbSto kst at

seal within production pag%gge 413&%‘} tugi ng hangyealr; 31. 20 Plug jlag% has a
plurality of lockilng el enents 163 that will nmove radially outward between a
retracted and an extended position. Locking elenents 163 engage a nmating

groove in profgle 1571115’6@{:1@&&%5&:11%:@% cktbiad f fetdirel Pttt $PIhbixtndd S1 de a
wor kover riser, as is typical, an depl oyed pkug tool 165 1s utilized,

Plug tool 16S doelowswerdfigre cannepterpodysiSeir;thin embgdiment; Héxtended nertion pdsner it
is lowered on a Lbdged dbbs anfflskiirddQe oritioRaRott 48/ IK b G0 U nFRERAR R St ab
167 for engagenent by ROV 169. Plug tool 165 |ands on top of tree mandrel
81, A seal ret ai rster dismsienef extrafediegionrdgdeorarstamingdedking elementiicknd|dogslS3of tree
39. When supplied,;w icC r L = rom ROV
169, a connectorWléo\?ﬁa?sggn éfgé%’Z‘%ﬁ%@%ﬁgl@%pggg%@%ﬁ%ﬁw? Er'f‘lIdI arly,
connect or 171l arodiingredementiiauhitied. B thdt casd, windpweemild e provided ddraind dogh in

novenent supplie Vas 189. . Pl ug t ool g{l axi .novapl e stem
| 73 that is opergcpéﬁcfg%%%fd#%{uﬁ%?cc D %%s It e°“s%9g 4@@‘1&?505" y L%mq?%ﬁ tab
174. A retrievi ngomediwith ébnnestod mdpted on the 5 | ower end of stem 173 or
retrieving plug 159. Simlarly, a setting tool 177 nay be attached to stem

173 for setting plug L59 in. t n rltoyv hat . ire enoval

of tree 39. Setting tgggmﬁjf ﬁéyg\t{)g’ %?0%%06%W%?§/8‘%85{ f’éﬁ@%mﬁ%#ﬁ% to

i : | ustration of tahiextpnidrmfﬂepbm'pn fos suipbymy am‘utmehﬁded&lthyggxlhﬁeihowh,.thére iréQ tg

plug 159. Oncg I ocl dn enents 16 ave .engage r.of i 57, a war

DT o st em 7 Hoae s ik eges. it 0 fepei SEEctn i o P i o6 B,

pl ace. Retrievi ngst orfle doﬂﬁecto‘ihﬁbwlatair)] fintb i gt Paskaged o tﬂélppmysn@bsmlbh%gf ha
n i,S e iment, retrievi n(% 00 as

§

variety of convention es. | 0
a body 181 that NAREEF ?L B’é iPAﬁlS?%‘F‘»'ﬁ%‘éO Byrqz%&éﬁf"&a‘ém%ﬁ tigfe Bt GROVISYE A
| ocator sleeve 183kcRbiIoW tEbiAL hAaEr Of oR AL oukfide W plodhoibh! nfbingt $52 MheeOf

receptacle 183. A collet 187 1s located 15 within | ocator sleeve 185 and

protrudes bel ow &) daesoleadito; dewnbele emipmentoiathe strigg of ebing333,1fiek BaAded on
the rimof plug j i 1 ) ithin
t he pl ug 159.2%Co|;l.1 et 0%#621" @é&dﬂggp%%%?#gﬁ to aﬂ%@g’ﬁ%&él%fw Pi st on

191 is supplied with hé{-dxauuc fluid fromRO V 169 S;F' ig.10) via one o the
stabs 174. A spring 188castoteyalypipmangtsd o mpduction tererdp &ricpryrolleng fluidApw. s x~
the rel eased pos'h‘]ih@Bﬁf&ﬂé@\éﬁbdd'fhnﬁh,gl‘rbrﬁlv%@mcﬁ@és'a_’i!&sﬂ:?v'%l\}ér@‘%ﬁd PiwdQRIk91 to a
| ower position. Wen hydxau~lic pressure is relieved at passage 19z, spring
193 will cause b68yocaied irt prodnstien passege dl.t & wfety showffvialyn 63 iromennited iFipgtir e 14,

il cause b6djetld ik bt .
radi ahy | nvar o of 1Bty bARalH ol el il Rl s 9ASE Talll B

from profile 189. Once retrieving fool 1'15 is attached to plug 1S9, ROV
169 will actuate one of the hydraulic stabs or nechanical interfaces 174 to
cause stern 173 (Fig.11 ) to nove upward. Collet 187 causes dogs 163 to be
radially retractable during this upward nmoyement as plug 1S9 is di sengaged.
Once plug 159 is above tree valve 65, tree valve 65 may be cl osed, enabling
the entire assenbly of plug tool 30 165 to be retrieved to the surface with
alift line, -13




Fi el d Devel opnent p'igure 15 schematically illustrates a preferred nethod
for developing a field having a plurality of closely spaced wel | head
assenblies 11. This method is particularly useful in water that is
sufficiently deep such that a Floating platform 195 5 zuust be utilized.
Platform 195 well be maintained in position over the wells by various
conventional tneatls, such as tbnsters or noorings, Platform 195 has a

dernck 197 with a drawworks 199 for drilling and performng certain _
operations on theF%&a&%e Bkt hpdrnt AR @Am@hdh@smachﬁmmb'de&afeu i b hat is
enpl oyed for dril and ca5|aag the wells. I'1ing riser is s
connected to hi ghRBV@ssure housing 21 10 of vne wel | head assenbly 11.
Drilling riser 201 has a bl owout preventer 203 within it, In the particular

operat]on shown, a StIRAGHAY sl th FighteR), 230 ﬁ?%*]ﬂéﬂﬂrc%lté‘ﬂ'ﬁd el G g

riser 201 into the well a so preferably has a crane or |ift
| i ne wi nch 207 f oprottedes aipivargl. aMaidrel 81 isctypioglly sizeft fof iraseiving 72 F@DPQS@afﬁéd near

one side of pl tform 95 vvhlle r I

center. Option II %PP t?lansemV\ll n%ﬁﬂ%oi couﬂglc’itsgﬁgl%gﬂaf%é‘lg on ang%' er vessel
that typically vvopﬁrﬁosamt Muangdte)] 84 atie ensblek oth&inethads 6f igisrventivd, a tree 39 is
shown being lowered on Ii$ line 209. Drilling and Conpletion Operation In

operation, referring tQ,Fi outer housing 13 along with ring 125 and
20 arm 133 are | ower eciqo"?wg%u{"ﬁ%mcg Quter housing 13 is |ocated at the

upper end of conductor 15) which is jetted into the earth to formthe first
portion of the well. Algwoddiliustwtes BStubiopagniiscpastaah 83, whibk irneti shawade enbl y

d 133 will
26l ect od based onRAFGIPGh] PR TRUEAPRAT b0 g2 FlbAulith didbbablortial® |
wel s, nanifollgls, sestidiabplagpys thae thai shgwmunqgnmmﬂBandiBI Iabidg ahm!ha pagiages3

co~tductor 15 has be ce d.later in t u

construction prog? f'JFfE %‘ﬁéﬂ'ﬁ? WB%%F@S@‘”PS’&WWR R O%ﬁda O&méte
ring 12S to posi téfaNwhérk i chfsnuinidatds With b Gubiy-dnmlnd Endubroineiing fibing 35.ulfBequent
repositioning of arm 133 i s peroz~oaed as necess ield de opmnent
needs change to opPehinddowen et whiRs muﬁggaqsgﬁe @Hé“y\?\‘kﬁﬁ%g‘?‘i i’f ers.
-14  The_oper at Ofoh NGBy didet, |48 sh&ﬁl \iY?IFi%uﬁc%a Aeentlar deft Q)aadﬂdﬂsﬁﬁf&tﬁlﬁé s
casing 117, if suc% casing is being utilized. Casing 117 w.ll be cgggnt ed

in the wel|. The isplation tbe ¢hbeiwepnithe wpeioend of oibing hapgss 1, andh the loygead 0L s ng
23 into the well. h.%@l ng 23 and hi gh pressure wel | head housing 21 are run
on drill pipe and cenented in place. No S orientation is needed for inner

wel | head housing 21. The operator % t hen performthe save S:ﬁ% lfor t wo
or nore adj scent wel A ubingaepdsivelve &P ifgn W@déRWP‘F‘BPH‘“BFWW 1oBlogit g,

~S). The operatorg, gﬁﬁ B Se)é;a%%%gﬁ@ﬁggwgn elﬁeﬁlluécﬁoﬂ WRE cloved. | Reeslinh@dIsi ng

21 and drills throu to e total depth. The operator tlae~a

installs casing ZEigurE(S.mhinehnn@wgalmﬁﬂhaédswwlﬁ@tﬁéﬁwwew 93 dhre
cases) an addhél O@ﬁiﬂé%ﬁdl’tﬂg} %GC@SlAaﬁﬂn@?%gldp vlra‘?éf:@h' Bisd o b the! |

being drilled ven gre & dépt ne o ator 'S en in 03|t|on to

instal | tubing hamgess tdding ﬁmglusﬂmd}ageﬂsrénenhizedmmw ME%NEN@C‘

drilling riser 20x an i de of
wel | head assenbl y° em%ne&%%?&’%\fgcﬁmf B%gsﬁg&}%ﬁap ex“)fgggé)%@%tﬁp%gfl i ne
209 over inner wedd fhadsimadesfinieehl Akhis ambddithenst rated in Figure 8, Wth the
aid o~ an ROV, socket 143 is positioned to align with pin 137. BOP adapter

139 is | ocked atzd N 139
Ty have been pr evi oud g eP aft ISRy Bt 15 Sk aobls BRARTE, 7
gggnd?ged 1;;12? opw(l)gaa Mtgémaﬁﬁ%&ap&mnddemms $end 6 €, uppﬂ@hd.ldf dﬁgVHODt

i ) mandr e rat or
| ower s tgbi ng 33 ﬁ \ ?nglupi’ﬂ)"&gﬁ?'}ﬁm?&?d&%ghﬁgéé? g’yl]ggﬁﬂéraunm ng
tool 111 (Fig, - 8.%* 'p%slﬁsﬂ,%ﬁmﬂmtmg\ﬁesw%m MRRIL0 & 4 i loGerPokitiog

which is a snall ane riser. Once running tool 111 is connecte %
t ubi ng hanger 3l )rekéltv'%uéﬂ @alvelmqad 97s Pleeecl0hpny a§F¢"6?@e6‘“¥“8‘%%°’éﬁ?jﬁSP

menber 149" downward, thereby causing shuttle sleeve

8-



25,101 to nove downward. This opens tubing annul us 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 'tubing
hanger 31 to the desired position as it lands within casing banger 27. -15
After tubing hanger 31 has been set, the operator may test the annul us

val ve 89 by stroking actuator 117" upward, disexl gagi ng engagi ng nenber 109
from sl eeve 101 as shown in Figure 6. Spring 115 pushes sleeve 101 to the

upper cl osed posi fyr@ed inl ifs ihfdfisr. Bg 10308 seakAIY | %g@db RRkeaPsy W Wéll Bethe

engagi ng sl eeve seat, 103, 5 blocking |low in either the upward or downward
direction. While fesi lﬁlﬁéeallb@@%"eﬁ%% |“8ﬁle slaed At 1S§Ipthi°Weme1t!995 engages
groove 107, preventing any downward tx~.ovement. The operator then applies

fluid pressure to passgosutdds bla\éudtsbhfhﬂgwtogxa R6urkAcb ﬂaelohterﬁmn%ten@ysxéeeedozt c
by cl osing the bl owout preventer _in drilli riser 201 on the 10 snall

di aneter riser ab¥laeay @WngnﬂogphtmE msl'h@ ﬂtﬂ?ﬂé}‘méﬁﬁ’e@ﬂ UPBE Surdase anda
conzuuni cat 0s tf&w@ﬁsﬁﬂ%ﬁﬁs Qtlﬁﬂ %1 eﬂ(ﬂc&lﬁ% {s ittt Swlbd Ser

bel ow t he bl owout preventer in r 201 is annul ar space is
al so in communi capassage 3.t A matieg goove 87 @mm@bswpmmng 1I0i5mé)$16§i¢e‘fdﬂ01 iimg

riser 201. The op d

fl ows down passag@1E %&%‘r abggﬁic{l{ééﬂagaﬁ ns :agesgfggﬁ %o%vgéb‘% OP r%gggn%)
prevents shuttle @Itmemecﬁﬁartbpmmmm&hnwmnmfshwedm ng the oper ator to
det erm ne whether or not seals 99 on valve head 97 are | eaking. The well

Loehni que, this is dontEi s Siovhcis el el GOt 10 BleslRIAG o Gl

perforating gbh (enﬂant‘mbhxg\m)umstpanugpkmtmm esgagéﬂaendwmﬂxempcrnn&drslwve 10e

i amotor i o moPRAR BRAPEOf e SHEing Pttt orr R DR ATk

through the drillinged fosezromlgfslaesnmpﬁomtmeumemﬂﬁrlowypo@inmuIpaseeomt
heavy fluid contained iua the tin Thi s nay be done by

Qggf re ., rfor 9
openi ng t ubi ng anfey %,IGGW\PS“E@ tsS éﬁl‘Fﬁ 15 71§ mountpd o YRR

member 109 domwaéldmlﬁea&emngmﬁﬁgmr o231, |]§x%ag1ﬁ§in9ﬂ§&&0§ﬂihd£hﬁlf@on1@s5 from
groove 107 and pushes sl eeve 10| domnmard to the positiagn of Figure 7.

A, port such Hs doweread H&tgmfewﬁh(mowglﬁcfwtéaertnh@lqta%?%er{dpblf fliges ng 33
I's conventional | y,gpgaed,ap m%ﬁ%lib9vxoaah&£&%ﬁ%hg@ﬁgagaﬁ%mbum@tslpﬁﬁlr 201

is closed around the tubing hang runti|z~g string e operator nma
circul ate down t redeeveitHi dogmwdmgw@n@n pasitiomgAIBrngy lﬁhWhlPJemFYbWP‘étaﬂFYm ng up

fubi ng_annul us 8% hfevind Msfladfh byl aS A bhso Shaihe ufh Blirang ok |

line. Reverse circ I'on cou ter ating and
testing, the operJzDﬂorSpmg 115 wigespsleeye 169t0(tﬁ¢ QPPGLZDDSQdmOpmml lAgy pEFsufeFing, 11)

Lo the posi 11 dRerg il APRIRRRIHE i M e I Belipatal] 2 ¢! 0o

spring 115 to nove sl eeve 101 upward. The operator then retrieves running
tool 111 on the nam n@nmnlgm@mbhrm?ghsebured !mltbmbwprqmd@ﬁema@amﬂw,mth ing

riser 201. The dawnhol.e et ( ve t he
perforations and I gio B?tgq glr %I%? é‘?%‘@& ltﬁlztlspafg?/ & aa]fnlt rs %r%@s@?%%gda%r rier;
pl ug 159 |bn t ubi rrgmﬂi\-adsmb 9rcaﬁ;19dhrﬁdlbﬁiglmmlumsagelwmgrw\ﬂi%(ﬁggﬂa Adiuatord
pressure barrier in acker t baryier or, A
pressure rel ati veu}- °Btﬁ°ﬁ5’geﬂl?rfﬁfl TIOf ﬂges ﬁ‘\ﬂh %FRYF{’! g!g!} ﬂ&l{lr‘al ly
woul d have noysr Q@ﬂl\aﬁlﬁhﬂlﬁd‘ﬂ)fhtébin@@ctﬁﬂmhmsawaénwpp&&n@lmrﬁ@ﬁloﬂs tRutsrgr ary

barrier in the event the fi barrjer | ea The qper at or., th retri eves
running tool 111 %H gspaggfgq){.}Steﬁfgnéﬁlgpyghd{ea E°é‘|“°'8“$” |P°mﬂ‘|8 é?i‘f

rel eases drillingophesdn 4 QhuBing aBilts 286 thal Ris Bigficatt acpﬁeﬁbsé@ﬁmﬁﬂcgor &) and
retrieves BOP adapter 139 on lift line 209 (Fig. 15) or deploys BOP
umbilical that serves the tree. Tubing annulus passage in tree 118 does not extend

S_

axially to the upper end of tree 39.



adapter 139 on an adjacent well. The operator may then skid platfol xxx 195
sequentially over the other wells fox perform ng the satzxe functions with
BOP adapter 139 and drilling riser 201 for a different vu' ell, Once tubing

29 has been run 20 and perforated, there is no nore need for drilling riser
201 or derrick 197 (P'ig. 15). Even though platform 195 may have ski dded
out of alignnment 'with the particular well, an ROV can guide |ift line 209

down to engage and retrieve or nove $OP adapter 139, The operator is now
tux position for runniwigntdcRetoB910R théved td ih8 Q0w Pokifibr) endeding RGubEF 260 39
orients to the desi rEd'Fﬁé)Siti on b%/;nihe engagenpent of the orienting nenbers
4.4. and 46 (Fi g.ong3ees AT PuihssisteptinlOl; frera the loaed: Besitipgto; the aperyperitian. wi t h
flowine connect Figk836 ad 7 S1ooa HRdarHchuBBAY1 2 AP fril§ b Bhtt B8 runf st in
alignment with socﬁet 127. |al owine connector 153 cogl d be |%§?éé)llllgg after
instal | ation of tdudavods in fhe spme marngr a3 sspiatoplidnLike nesnaton 1@, actwater bl dis hi gh
pressure wel | hea Wi that i r ; j I ousjing 21,
its lower end w ﬁﬁlﬂovg&?%%oatﬁg?aerﬁ%sﬁlg?@ 51%81@ ﬂlﬂmg?ﬁldﬁﬁe'sg}é\ﬁkg&l}gﬁgg@ czl%ﬁ}aﬁd

i sol ati on tube 43ndidptnward movernent pr weponseito hydradic poesid? Pdssagebl3ideddanger 31.
VWi | e being | ower [ I mher 44 .orientatian sleeve 46 to
properly orient tarﬁgeé(teg’g)} ?%tcg%":’r@% ?P(;"‘f'" 37 Iyt ﬁgﬁg’gﬁﬁ’%‘?ﬂ" C@‘ef%{ﬂa%&{eb"{%e
oper at or suppl i esmndmpabrfiid.i ¢ fluid pz' essure to cam sl eeve SS, causi ng dogs
53 to push 5 locking elenent 51 (Fig. 2) to the outer engaged position with

profile 35. Flowine C ~i . f tree 39 aligns w
fl ow i ne connector 15@?&@%&?{@%%%@3%}?% eastgrﬁség%m@[’mgﬁ’mgnn tree
39 is connectl®d tmchalingessttihg bdead beteveenathisitge anfercd1l dntl Yore RS foff weillegd hous@igi gur es
11-13, in a preferred techni.que ,th lift |ine (Fig. .10 15) and the
assi st ance of RO%E@Q',‘{)t ﬁ@“’ﬂ’kﬁ”&é‘tm%&#‘i@%’?‘?"?ﬁrﬁgga‘ﬁwr yf“&fl?‘&%@' ndr el
81 and renoves pleggméiaa ihtd d waiing0goanoRmellindd fitekitt hwardlexleBhe Hecte. Tree
val ve 65 is cl ose ,oncg g] ug@:ﬁLﬂSQ I's above it. plug tool 165 may be
retrieved and a PPRIEH CHEOINgSnget 3y, Lack srembpy 119 sequing rrying tpgid 11T Bibingg
shoul d be ready haMgeP80MMAL ufbihe T30k Defuh Movdr&Y HloOME el wdkhr&albe{]f’fwﬁ“ on.,
I d y hel d open

tubi ng annul us val ve 89 may 15 renmi n Cl osed, but is typicall _
for nonitorirdg tHeergiredsmdrdleased bydlogky mamher| agiratgs121) which iy dlsp hydraulieslyval ve

89 is closed, it gfe BEnARERRH 1 Al hadQ¥lebde B3 Rt Flide@kd He(Fi g.
5) of tree 39 downward. Ang pressure v?n teﬂlﬁn tattjgl? r?g aag%%?ﬁltst&l@%%rg% of
communi cat ed t hr 8'ifig heogsr A4,  Steaveul 23 dsobutes Shayepperl @ud of tubingeanBdusipadsage 8%
nonitoring and b il : : v/r operation that does not
i nvol ve pulling u’%ﬁ%‘%ﬁgﬁq’l&l’sﬁ%ﬁﬁt&%@gS’L?&Pg\ggen:é&vaqt h bl owout prevexlter
tray be secured to tree nandrel 81. An unbilical line would typically
connect the tubing arPgmmiopassage on tree 39 to the surface vessel.
Wretine tools may be |owered through the riser) tree passage 41 and tubing
33. The wel | ogmy be kltéférﬁg%@i?i [ ki _12’§its%hﬂ%déolt1¥eéx'é€@roﬁo‘me9® dto 25
open tubing annul us val ve 389. rculation can be made by punping down the
ri ser, through tbdising 133alse raderfed donas 2| comdiciop bpusinign Riapilaf) haGa dependibg ng
annul us 85, The LUl ' : passage
118 in tree 39 t%]kl:lll%gzz %#’fs{%%}t%&#g@taﬁﬁf%h%te?%fﬂeﬁ h&ﬁﬁ:%algefo? §ne%ﬂgg

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 arm bracket 131 is mounted to ring 125 for rotation therewith,
Arm bracket 131 cantilever supports a horizontally extending arm 133. Arm 133
has an upward facing socket on its outer end 131, Also, a gnide pin 137 protrudes

upward from arm 133,
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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 hauger plug 159 (Fig. 12) is reset into proi"xle 157 of tubing
hanger 31 with plug tool 165 (Fig. 11 ). The operator installs plug tool
165 using lift line 209 (Fig. 5 15) and ROV 169. Plug 159 is typically
attached to stem 173 and setting tool 177 by shear pin 179 and | owered into
pnfcle 157. Once locking elenents 163 latch into pnfile 157, the operator

pul I's upward) rel easi ngrigelsg E%gfxﬁig?ﬂyéés?%l;/a{ljbﬁ’ﬂﬁgﬂH&lh@?ﬁh&%ﬁm@@?%ﬂgggmﬂn@ 179.

The downhol e safety valve iu t ] typically wou | osed during
this operation. Trbeorsouieswelliiead kopsits dhisilowared infodhowa. Hm A3 Wil bessitachedince
oROV 10 169. Then drjl]i [ ' ' QUEE { leprent
with inner well heag’ %%J(I)Augl:a%(ﬁ{ ﬁﬂ)eilﬁvg]%{ogkgloglgﬁ%tedttr%lléeves "‘fﬂﬁ"ﬁé’%’g@gﬁn‘%@&m
perfornms the wor kok@siogn3 ds insiailed at the sealflonm ifinecessanyl, me ROVt maythelzoghlayediiateEi gur e

16 shows an al ternate enbodi nt. for the inte cO ctor.por.tions 15 of a
tree 210. Tree 10mit§e‘i %°a§%‘ﬁ§“°§‘§ﬂﬁ“é%n’§@t?{36‘&mo‘?a{&%” g?l'ﬁwlfnhg

mechani sm Tree 210 has a plurality of dogs 211 that nove radially inward
and outward between r etA 830Pgllosout preverte) adappp 489 isdemg shogslo@éred eveyaurer at a
internal pmtZe 213

l.ocated within,th or,e . of | | head housing.21 d.. A cam
215 when noved axi‘érllF‘gh Brﬁﬁﬁgwm"“ﬂ%gtsﬁgggagapﬁlm 65??8@@0 ?%Bféi’ﬁnghﬁﬁerv\glrd. 20
Cam 215223 SleD_CUF ed(%%gﬁﬁﬂét%aélo hﬂmlélna B;T%Piadaggﬂli%tiﬁef&éﬁly levatbdton mlift dineul a(r]I
pi ston . Piston as. a |lock g r at causes.it.tq.mpve, upwar
when suppl i ed wit haftf deaviell Basihogn é“ﬁe’é‘glﬁ‘%‘?g ?rr?é ‘E‘I’i‘ﬁf"él@?%"‘ﬁﬁg TPper
poSi tion. Pisteg 248nAfpths BOR Willifdve bldn'tembvia HAR1 the dgper MHBEST ifdepRbiliRad Wi t h

hydraulic fluid pressure, the pressure in u~dloclang chanber 223 forces

pi ston 219 downwar bpusiag 2 qsiopty leweringyBQP adapter 439 incplacep BOR pdaptey 139 bas per
b Vi 215 | | i : : ; of VA il
etvVeen catty %?%f‘}a‘%% s guﬁedﬁﬁtg!eftgn&%ﬁﬁﬁqﬁt%fﬂﬁﬁmﬁha%}bﬁﬂﬁ.W

not nmove downward ul'i o pr@sure i e’ 1 nvention

signiiycant advantAdemel 133rmdlt lowe @ﬂefBQB@d@iﬁrﬂw imleweringdi3R sgpter t h an
internal connect ory g&}g{;ﬁﬁw ?lh&'alhfoll tl49£vily\§j]elg§%01;?aa ter lI@'toSa

allows the tree to ~crently runo al'll t I'ine, ves tinme as
wel | as freeing5 uppdshien depeniling upar themrientativnanfcirh dB3 wed pin \Afli | An R (not

[ [ h b hown., I ' f.Qr ' l.d .
hose ki1 i ed in. PRI Pua o eslenllsondd 143l Piaptok P eEpRIaFPPE] 7 '

various changes w thout departing fromthe scope of the i~ver~tion. The
tree coul d be run on aBOBsiapten}3édas 1 planlity of dégs 145 thet are hylravlially energizged he

tenporary wireline _plug in the tubin naehu.pr | &N be
conventional Iy ret®i% agﬁx%n?léir?tﬂg_gn ihﬁexgsﬁ%uhgagﬁl%gﬁ% glér?é%g@%}-gﬁiﬂgog

coul d be acconpl i siedeahf (netrshowas) that sl ftssborato pbr@s obwelllmadhdusige 2heA helical
perforating gun thropugh the rjser dtree. 10 - ' Ve [ ,

subsea wel | heat? as %/Flmcb‘wp'rsi lg¢ ;“’@’%@H %‘“é%&gﬁé’ﬁs‘r"ﬁ&‘e’aﬁ%?gt g]d)t 3[37 ﬁée
secured to a stri nghsifonsioBiREngagtEbylb RktihdHif ok ey oke inkonirighteolvig L Iigad) faousi ng

having a bore with an internal rooved pmile | qcate t herej n. nd
J tubing hanger 31. Th?s engagemcrﬁ causes rum?mg tooldl 1? o onent {ugmg %anger

D

31 in a desired orientation relative to the orientation of arm 133.

Figure 10 is a perspective view showing BOP adapter 139 in position on
25  inmer wellhead housing 21, which is not shown in Figure 10 because 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
mandre! 146 after BOP adapter 139 has been conneoted to inner wellhead housing

21.
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a production tree having a | ower portion that |ocates in the bore of the
wel | | aead housing and is secured to tb.e profile, the production tree
havi ng an upper portiozt protrudi ng above the well head housing. 10 2. The
assenbly according to claim1) wherein the well head housing has a rimon
an, upper end, and the production tree has a downward faci ng shoul der that
| ands on tha rimto support the weight of the tree. 3. The assettably
according to claiml1, further conprising: 15 a ra.dially expansible |ock

menber nounted to an @ﬁE@BDPradébftertlﬁ‘@hisgﬁﬁfted%ﬂ% F&fsgt(ﬁﬁ fq)etﬁew@ % n

axi ally novabl e catu sl eeve nount ed an e~cte bwer i on of
the tree in engadepiefly bgpegforptadanddesed drbiog hangérd 1 amust ls:loelentpérelamm tha)ved

axi ally, causing €14+0 n(?ﬁ a y war.d i nt e enent
with the profile }jr? ?% tgg% Egéﬁlﬁg@xgﬁ OtoHﬁmz?g hlaﬂéera sB %95
accordi ng to cl aionetatiduip tiee 89, (amshowvmsnFaguras A et 1R, iTose 30/has\a pesamad 148
extendi ng thrquglx. the tree uctign fI ow assage i ncluding a

| ateral ly ext %dltﬁ"és@ger PV?EE‘SH‘B"SD’F%QH 73 of the tree. 5. The
assenbly according to elai~a 1) further corrprl sing: 5 a tubi ng hanger

| anded i n t he wel | hea@h¢safiety s@toﬂ“mlvet mfn@ehammnnmbﬂpbacﬂohohﬂmwpmmct ed

to a string of t xt e e wel l e b|n han being in
communi cation wi Eﬁ‘T’(AB H‘H’@qﬁ‘%ggt @%‘BE ‘?“r‘?n’feﬁ@rﬁ ?)?p FifS B d‘sﬁl?"é‘ﬂ‘uctl tvn
fluid fromthe wahhgmtm tl?mnﬁ@dmaécto@mﬂpﬁﬂl&a&ﬁwt t&Q fow 1T q SASEkHBAIY
according to claiim risin a tubi nglehanger | anded in the

ur
wel | head housi ng, leafif]@ Q'BWFYSJ?%H ? PopRsFiRG eAviAmIeRt G‘Hﬁ%‘?@@%f&’%‘ﬂﬂﬂl ng of

t ubi ng ext endiong 159 iPmbiliRedWs lal vertfcliSzuidd Pir 6k HABEE 1 5 e &&s%meU an
passage in comunication with, a production passage in tb ree

f1 owi ng producti das 9 QB"E”PFG"?I?’Q WWFS qf genegtiops br%d&eucemegagb’iég@uldand 15
a tubi ng annul us ,RA%S Bk o&é?l. tdb%séqﬂéﬂtlgurrmﬁtcﬂg@%ﬁ% q%lfﬂgcb}ﬁec'&or 151

commni cati on vv|t a tubing annul'us Ing t t ubi ng ubsea
wel | head assenbl Wwill eegisfsr with Algwling M8J | head housi ng adapted to be secured to
a string of cas~it~g extendi~ag into 20 the well, the well head housing

having a bore W t1Xx agy) REAERAnL5NEG, Profile | ocated therein; -22

15 After tree 39 is installed, a plug 159 (Fig. 12) must be removed from a plug
profile 157 located within tubing banger 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 has
one or more seals 161 that seal within production passage 41 of tubing hanger 31.

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

Preferably, rather than utilizing wireline inside 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 lift line, Plug tool 165 has a
hydraulic or mechanical stab 167 for engagement 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 free 39. When supplied with hydraulic pressure or mechanical
movement fom ROV 169, a connector 171 will engage mandrel 81 of tree 39.
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a casing hanger landed in the bore of the well head housing for securing to
a string of casing that extends through the first nentioned string of
casing; a tubing hanger |anded in the bore of the well head housing for
securing to a string of production tubing tbax extends through the strings
of casing, the tubing 5 hanger being |located below the internal profile in
the bore of the well head housing; a production tree having a downward
faci ng shoul der that |ands on an upper end of the well head housing and a

| ower portion thatge ' ' 3
production tree hé%mﬁéﬁgﬂﬁﬁ%%gflgg??Pg%qﬁﬁ%F?nﬁﬁﬁghgggag“ g%tgﬂ?%%gﬁl
housi ng; and 10 a inowkentsmppied fomRAPG16% the | ower portion of the tree for
engagenment with the grooved profile. 8. The wel |l head assenbly according to
claim7, wherein the tr r ' 'gg ﬁ r
end to an upper end, the tggglgggﬁbag?‘x%h%&@%ﬁ%%g?ﬁ%tﬁpgﬂcpro W&hﬁw
passage in the tubpresgurhawpdied toax bytiraulie stak (174, adsretnieVipg tapl-i Fieis lenatgponghs: an

i sol ation tube g~c~teuding fi the.l owe f the tree in eal i ng
engagenent wit o ¢ nEE B dErrd ok M ERineridS, Shlad% i A Bl 003
oEe pr ﬁduﬁt i on \éal atechet whkteel 179 férfxetting phag f169 irctheferﬁk bf & groviseirdr tﬁdtlﬂé@ir&ﬁ fl ow
t hrough the production, passage., ~23~ . The ead_ asse .accordi ng
to claim7, wherei®9pYLo %%gﬁﬁ‘ﬂ@melowgwgg °§§Y%W£?I“§P°%9‘H§Jﬁépﬁt@m§’l ement
and an axially WDV@GL@%&@@@ lihéfm coine S By BieRxIpih 129 erﬂnﬁnsé. bOceabaimRNt

I nto engagenent with t emgrooved pxo~l]le. 5 10." The wel | head assembly
according to cl ai reloments; 168 theye engagsipgafile; 157, 29 upward pull anstem 1A Sausgeshedr ¢ he

t ubi ng hanger, ld‘avﬂiﬁ'wggolsﬁé&feaeaﬁﬂg BglasY iR dako be in communication with a
ing the t0b

t ubi ng annul us surToun I'hg and an upper end on an upper portion
of the tubing hanger; and a tubing annul us val ve

| a t he tubi ng a~anul us
passage for sel ectivel ReEisERE tpgl rﬂ\qﬂné‘}@S‘Fﬁbﬁ%qﬁmﬁ‘xﬁ“;?ﬁgm@%%fsage.
conventional types. In this embodiment, retrieving tool 175 has a body 181 that
inserts partially into a receptacle 183 in plug 159. A locator sleeve 185 on the

[=y

extetior 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 hydraulic fluid from ROV 169 (Fig. 10) via one of the stabs 174. A spring 193
20  is compressed while retrieving tool 175 is in the released position, shown in Figure
13. Spring 193 urges piston 191 to a lower position. When hydraulic pressure is
relieved at 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 will
locate ditectly radially inward of collet 187, preventing collet 187 from disengaging
25  from profile 189. Once retrieving 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 be retrieved to the surface with a lift line,
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1 x. A nethod of conpleting a subsea well, conprising. (a) providing a
wel | head housing at any upper end of a well wth a bore having an internal
grooved profile located therein; 15 (b) lowering a production tree into
engagenment with the well head housing, and | auding a | ower portion of the
tree in the boxe of the wellhead housing, the tree having att uppex portion
protrudi ng above the wel |l head housing after it has landed in the well head
housi ng; (c) securing the |ower portion of the tree to the grooved profile
in the bore of 20 th%ﬁ&ﬁ%ﬁhﬂ npousing to prevent upward novenent of the
tree; and (d) installing a string of tubing in the well. -24 12. The

met hod according to clai~aa 11, wherein step (c) conprilses nounting an
axi ally movabl e cam dligaw &5 sphematicaliytillugtiates ppreftyied methok iforgleedlapingd fidld t he

| ower portion of 1k I : ' R M S d L. ter. the
tree has engagedh%‘}%% %@ﬁﬁﬁl@i&%ﬁﬁé& %a"{%%@gﬁadt %2%28??%®£P§%§t15 out war d
i nto engagenent partidularlyasafulon wetdr thatds sufficiently deéphsacintbithdbatpqdafbiimd9i o cl ai m
11, wherein step ). C ~ses:.. soguring a t.ubi ng. hanger to fhe er end
of "the. stringd or mptire i TafEy o vl e e HaRE R RPRER ob ot SefthRE

housi ng. 10 14. V¥hpusresmRedionsandads, Rgck & thhierd drlmoodngs. e PRtfoime P9y His a
conprises: securing.a tuhing, hanger to. the tubing, the tubing hanger having

g

a tubi ng annul us‘_il ‘é‘s’z?aé"‘ihf?quéw %b??_ft”n%ﬂ _@5‘5‘@&%’-’9 cgatiofifethg _
annul us sur r oundiygerefid) Pldfokh 195 ko Hay RdANing Fikke 20 LR PeriIyel &k dRARSARE havi ng
a tubing annulus valve; 15 connecti ng t he tubing han‘?ig];l to a runnxug tool,
and Wi th the runefsisg theovslls. Relling giser 281 isshowyconneptad e high preesuechogsingdlen
position; th I ' ' NOf:0, b \ iy ool , and
| andi ng t he f"ﬁbi%ﬁh?ﬁ%@?@?ﬁﬁ%@%ﬁ’%@%ﬂ“ﬁ%ﬁ%*’?‘-”%‘e“t Geht ng?’?ﬁg_ﬁét)ubi ng
annul us val ve t oitain thp paticdérewperdtignoshiowin,onstringef dai%migni 20§ izhowa sxtepdings sur e

fromthe surface | | us passage above the tubing annul us
el Ay 2T AR

val ve while retaini In"the upper closed position.

Platform 195 also 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  arm 133 are lowered into the sea. Outer housing 13 is located at the upper end of
conductor 15, which is jetted into the earth to form the first portion of the well. As
conductor 15 neats 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 field is to 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 subsequent repositioning of arm

133 is performed as necessary or as field development needs change to optimize

connection points for the well flowline jumpers.



-25 15. The method according to claim11l, wherein step (d) conprises:
securing a tubing hanger to the tubing, the tubing hanger having a tubing
annul us passage thexet hrough that commounicates with a tubing annul us
surroundi ng the string of tubing, the tubing annul us passage having a

t ubung annul us valve; 5 lowering the tubing into the well and | anding the
tubi ng hanger in the well head housing; then pe~forxtting step (c); then 10
to obtain access to the tubing annul us, extending an engaging tool fromthe

txee into engagenent mﬁ%ﬁgﬁ%&idﬁﬂsﬁa@%ﬂ&ﬁ&b&e@ﬁﬂa&fﬁﬁ&aﬂéﬁsiﬁg’gi?%

annul us valve. 16. ~7~e nethod according to claim1l, wherein ste
conpri ses | ower i nguehrasing s deipg utilized.f €asingr &7 wilbbe ceented in the well. The operator
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U c~a] ca] ca] ca] ca] ca] crlcakftk trthanigakiial @ahaai fbihg tdpal s1aFRRIBR] Kial,ca] cal

calcaV]ca] ca]calca!' Q
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ca] ca] ca] ca] cal]Sc a]]map%?\@aingﬁ] \(élpgad!hopsmg 21, as illustrated in Figure 8, “With the aid of
[ TONFQS- i mheX 0 ; .aal
ga] ca] 2a] Ic!a}Ntr:a] ga&%ﬁ%}@g}’ gfdgf @gﬁ]&fgﬁ%ﬁlﬁgg?ﬂ u%i%?h?%ﬁ%ﬂ fﬁ:
a] ca] ca] ca] ca] ca] aad cedlaia}c ajnen relhed | waking |28 a BOX] edipten]182 e8] bafjecksdera] ca] ¢
I 1\ j ko :
Ch] oh] ca] oh] ob] capeasy DR & b agpthl defilh ok iR O51 ) C1 07 02
rPk$' , 1\ _<]$jr}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]lcalcalcalc

a] ca] ca] ca] ca] ca] ca] calleaipemior tien afachdsch]ling rigx]26h including BOP 203, (Fig. 15) to
6%} 1?1 10%& (2)0_ f %Lag%iefg‘ll{& ('FflgI ':10}98/ %6? a(ilﬁt&'zlw. The operator lowers tubing 33 and
tubing hanger 31 through drilling riser 201 on running tool 111 (Fig. 6), which is

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

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

gtroked to move engaging member 109" downward, thereby causing shuttle sleeve

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

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

BOP adapter guide slot 147 (Fig, B), causing it to rotate tubing hanger 31 to the

desired position as it lands within casing hanger 27.
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position, In this position, valve head seal 99 will be engaging sleeve seat 103,
5 blocking flow in either the upward or downward direction. While in the upper
position, detent split ring 105 engages groove 107, preventing any downward

movement,

The operator then applies fluid pressure to passage 118’ within running tool

111. This may be done by closing the blowout preventer i drilling riser 201 on the

10 small diameter riser above running tool 111. The upper end of passage 118’

communicates with an annular space surrounding the small diameter riser below the

blowout preventer in drilling riser 201. This annular space is also in communication

with onie of the choke and kill lines of drilling riser 201, The operator pumps fluid

down the choke and kill line, which flows down passage 118’ and acts against sleeve

15 101. Split ring 105 prevents shuttle sleeve 101 from moving downward, allowing
the operator to determine whether or not seals 99 on valve head 97 are leaking.

The well may then be perforated and completed 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 drilling riser 201 (Fig. 15)

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

If desired, the operator may circulate out heavy fluid contained in the well
before perforating, This may be done by opening tubing annulus valve 89 by
stroking actuator 117’ and engaging member 109’ downward. Bngaging 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) at the lower
end of tubing 33 is conventionally opened and the blowout preventer in drilling riset
201 is closed around the tubing hanger running string. The operator may circulate
down the running string and tubing 33, with the flow returning up tubing annulus 85
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After perforating and testing, the operator will set plug 159 (Fig. 12) in

profile 157 (Fig. 11) in tubing hanger production passage 32, Tubing annulus valve

5 89 is closed to the position of Figure 6 by stroking actuator 117’ upward, causing
spring 115 to move sleeve 101 upward. The operator then retrieves running tool 111

on the running string through the blowout preventer and drilling riser 201. The
downbole safety valve (not shown) in tubing 33 is above the perforations and is
preferably closed to provide a first pressure barrier; plug 159 in tubing hanger

10  production passage 32 providing a second pressure barrier. Tubing and a packer act
as first barrier to formation pressure relative to the tubing annulus, thus tubing
gnnulus 85 normally would have no pressure, and tubing annulus valve 89 provides

a temporaty barrier in the event the first barrier leaks.

The operator then retrieves running 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 retrieves 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 nmn

20  and perforated, there is no more 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 down to engage and retrieve or move BOP
adapter 139,

The operator is now 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 tree cornnector 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 tree 39 lands in wellhead housing 21, its lower end will move into bore 25 of
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operator supplies hydraulic fluid pressure to cam sleeve 55, causing dogs 53 to push
5  locking element 51 (Fig. 2) to the outer engaged position with profile 35. Flowline
connector 151 (Fig. 1B) of tree 39 aligns with flowline connector 153, and the
tubing annulus passage (not shown) in tree 39 is connected to a manifold or a related

facility.

Referring to Figutes 11-13, in a preferred technique, with lift line 209 (Fig.
10 15) and the assistance of ROV 169, the operator connects plug tool 165 to tree
mandre] 81 and removes plug 159 in tubing hanger 31 with retrieval tool 175. Tree
valve 65 is closed once plug 159 is above it. Plug tool 165 may be retrieved and a

tree cap installed, typically using ROV 163. Tree 39 should be ready for production.

Referring to Figure 5, during production, tubing annuins valve 89 may

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

apnulus 85. If tubing annulus valve 89 is closed, it can be opened at any time by

stroking actuator 117 (Fig. 5) of tree 39 downward, Any pressure within tubing

anuulus 85 is communicated through tubing annulus passage 118 in tree 39 and to a
monitoring and bleedoff facility.

20 For a workover operation that does not involve pulling fubing 33, a light
weight riser with blowout preventer may be secured to tree mandrel 81. An
umbilical line would typically connect the tubing annulus passage on tree 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 pumping down the riser,
through tubing 33, and from a lower port in tubing 33 to tubing annulus 85, The
fluid returns through tubing antnulus passage 83 and passage 118 in tree 39 to the
umbilical line.
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tubing hanger plug 159 (Fig. 12) is reset into profile 157 of tubing hanger 31 with
plug tool 165 (Fig. 11). The operator installs plug tool 165 using lifi line 209 (Fig.
5 15) and ROV 169. Plug 159 is typically attached to stem 173 and setting tool 177
by shear pin 179 and lowered into profile 157. Once locking elements 163 latch into
profile 157, the operator pulls upward, releasing setting tool 177 from plug 159 by
shearing pin 179. The downhole safety valve in tubing 33 typically would be closed
during this operation. Tree 39 is retrisved on lift line 209 with the assistance of ROV
10 169. Then drilling riser 201 (Fig. 15) is lowered into engagement with inner
wellhead housing 21. The operator retrieves tubing 33 and performs the workover

in a conventional manner.
Alternate Embodiment

Figure 16 shows an alternate embodiment for the internal connector portions

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

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

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

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

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 has an unlocking chamber 223. When supplied with hydraulic fluid
pressure, the pressure in unlocking chamber 223 forces piston 219 downward to free

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

The invention has significant advantages. Connecting the tree to the
wellhead housing with an internal connector reduces a significant amount of weight.
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While the invention has been shown in only two of its forms, it should be
apparent to those skilled in the art that it is not so limited but is susceptible to
5 varjous changes without departing from the scope of the invention. The tree could
be run on a riser rather than a lift line, in which case the temporary wireline plug in
the tubing hanger production passage would be conventionally retrieved on wireline.
If run on a riser, perforating could be accoplished after the tree is in place by

lowering the perforating gun through the riset and tree.

10
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a wellhead housing adapted to be secured to a string of casing extending into
the well, the wellhead housing having a bore with an internal grooved profile located

5  therein; and

a production tree having a lower portion thst locates in the bore of the
wellhead housing and is secured to the profile, the production tree having an upper

portion protruding above the wellhead housing.

10 2 The assembly according to 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 tree; and

an axially movable catn 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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extending port leading through a side wall of the tree.
5. The assembly according to claim 1, further comprising:

5 a tubing hanger landed in the wellhead housing, the tubing hanger adapted to
be connected to a string of tubing extending into the well, the tubing hanger being in
communication with a production passage in the tree for flowing production fluid

from the well into the production passage.

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

flowing production fluid from the well juto the production passage; and

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

commupication with a tubing annulus surrounding the tubing.

7. A subsea wellhead assembly, comprising:
a wellhead housing adapted to be secured to a string of casing extending into

20  the well, the wellhead housing having a bore with an internal grooved profile located

therein;
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a casing hanger landed in the bote of the wellhead housing for securing to a

string of casing that extends through the first mentioned string of casing;

a tubing hanger landed in the bore of the wellhead housing for securing to a
string of production tubing that extends through the strings of casing, the tubing

5  hanger being located below the internal profile in the bore of the wellhead housing;

a production tree having a downward facing shoulder that lands on an upper
end of the welthead housing and a lower portion that extends into the bore of the
wellhead housing, the production tree having an upper portion protruding above the

wellhead bousing; and

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

the grooved profile.

8. The wellhead assembly according to claim 7, wherein the tree has a
production passage extending from 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 tree into sealing

engagement with the production passage in the tubing hanger; and

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

20  flow through the production passage.
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9. The wellhead assembly according to claim 7, wherein the lock member
comprises a radially expansible element and an axially movable cam sleeve for

expanding the expatsible element into engagement with the grooved profile.

5 10. The wellhead assembly according to claim 7, further comprising;
a tubing annulus passage in the tubing hanger, having a lower end adapted to
be in communication with & tubing annylus surrounding the tubing and an upper end

on an upper portion of the tubing hanger; and

a tubing annulus 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:
(2) providing a wellhead housing at an upper end of a well with a bore

having an internal grooved profile located therein;

15 (b) lowering 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 wellhead housing;

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

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

(d) installing a string of tubing in the well.
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step (c) comprises mounting an axially movable cam sleeve and a radially

movable locking element to the lower portion of the tree, and moving the cam sleeve
downward after the tree has engaged the wellhead housing to push the locking

5  element outward into engagement with the grooved profile,

13.  The method according to claim 11, wherein step (d) comprises:
securing a tubing hanger to the upper end of the string of tubing and landing

the tubing hanger in the wellhead housing.

10
14.  The method according to claim 11, wherein step (d) comprises:
securing a tubing hanger to the tubing, the tubing hanger having a tubing
annulus passage therethrough that communicates with a tubing annulus surrounding
the string of tubing, the tubing annulus passage having a tubing annulus valve;
15 connecting the tubing hanger to a running tool, and with the running tool,

moving the tubing annulus valve to an open position; then

lowering the tubing into the well with the running tool, and landing the

tubing hanger in the wellhead housing; then

moving the tmbing apnulus valve to an upper closed position, and applying
20  test pressure from the surface to the tubing amnulus passage above the tubing

annulus valve while retaining the valve in the upper closed position.
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anmulus passage therethrough that communicates with a tubing ammulus surrounding

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

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

wellhead housing; then

petforming step (c); then

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

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

tree on a lift line.
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