I nvention Background traditionally, a subsea christmas tree provides
presuure control of a well conpletion systemthat conprise a centrally

| ocated well bore and a surroundi ng annul us conduit. The centrally | ocated
well bore is typically used for the extraction of reservoir hydrocarbons
and is referred to as the production bore. The annulus conduit is typically
used to service the well, for exanple allowing the circulation of fluids.

El ectrical, optical and hydraulic service line are also typically routed
thriugh the annulus for powering and control of downhol e sensors. Chem cal
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enpl oy the annulus for gas |lift. Gas is punped down the annulus and enters

the production bore at specific locations thereby regigiigad;}e Mewaidy and
viscosity of the produced fluids. Electrical, optical and hydraulic
service lines are also typically routed through t he annul us for powering

and coptrpl of downhol e ewui rnment such as_valves a@% Q&H¥EM’ G”ég&]agtajse

transm ssion from downhol e sensors. Chenical inje I Nes are
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t he present |nvent|on there is prOV|ded a conpletlon system conprising a
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bei ng suspended within the casing string froma tubing hanger; wherein a
second tubing string is expanded into sealing engagenent with the casing
string over at last a portion of their |lengths, the annulus defined between
the first and second tubing strings serving as a production bore for
conveyi ng produced fluids out of the well, and the first tubing string
servging as a well service conduit, characterised in that a christmas ~
tree is nounted on the well head housing, the first tubing string being
connected to a service/circulation conduit in the christmas tree; the

t ubi ng hanger being | anded and sealed in a certically extendi ng through
bore in the christmas trR@smAohPfMsdisains AR fre KE\HSRS] B4 idhsidunergh
bore and arranged to convéy produced fluids fromthé conpletion when in
product i on AWJE.SIUSIHPRSIIE Gl PUP HEMAS, ‘PEUIS PEAs O UHEIR P18 TbPHY) ISR $L1
surroundi ng that suspended fromthe [tubj nger. m heref ore be
expanded to contact the production c&%%%%ﬁg%ﬂéﬁa9ggngé% -%8WS%P?%E§331
between these two tubulars, thereby elimnating the annul us condui gy The
annul us conduit may only be absent at_ the base of the well in the case of a
t aper ed weBP WOHHE PHIE PP DARW SHHTNS AT P LTS B SIUASAIUADBY HAvgUWER P die al so
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and the central tubing string suspended f3ugsafubgejaxi Gguiangeys ‘peydsanns t he

function that th% gpnulus tr ditiﬁnallg perforns. Jhe annul _us condglt
defined bet weePHSHE POGIH® {HRAFAT FOBRIANNY 451F & JA RMBRI44 PHRHFEREREM BT Sthi s

has a signaficant inpact on the configurationsgﬁmhgﬁﬁuﬁggghﬁghgﬁq%gﬁgﬁnent,
especially the tree. Further preferred feastures and advantages of " the

invention are in the dependent clains and the follow ng description of
preferred enbodi nents, made with refgrence to the drawings. . Briefs
Description of the Drawings Fig. 1 PEUARH %@Pé?ﬁ?é’fgﬁ%l ‘P%g%egéﬁl“é’ﬁ?%%uﬁ a
first compl eti onpsivesaperhadiopGuitiior bilVRlsidflo npasBPYY! iy uoguorw
installation/testing; Fig. 2 correigonds to fig. 1 but shows the systemin
product i ¢ FYPSEIURARE PUB SEITaRMT RAFHRICFCRINNG reepads Sitiacdse Hupdgbhuaeigeduieuch as
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Figs. 6, 8 10 and 12 are diagrans of second, third, fourth and fifth
enbodi nents of the conpletion systemrepectively, all shown during

instal lation/testing; Fig. 7, 9, 11 2a Figs. 7, 9, 11 and 13
correspond to figs. 6, 8,10 and 12 respectively, but show the systemin
production node; Fig.14 shows a nodification of the enbodient of fig. 183;
Fig. 15 is a diagramof a first casing programthat may be used in
conjuction with the conpletion systemof the invention; Fig. 16 corresponds
to fig. 15 but diagrammatically indicates a liner, an outer tubing string
and conpletion riser run into the casing; 3 Fig. 17 is a diagramof the
interface between the tree, well head housing and outer tubing hanger of the
conpl etion systemof fig.16; Fig. 18 corresponds to fig.17 but
diagrammatically indicates a central circulation tubing string and liner
top isolation valve installed in the well; Fig.19 is a diagrammtic
cross-section through the central circulation tubing; Fig. 20 is a diagram
of a second casing programthat may be used in conje=unction with the

conpl eti on systemof the invention; Fig.21 corresponds to fig. 20 but
fiagrammatically indicates a liner and outer tubing run into the well;

Fi gs. 22 and 23 show t ubi ng expansi on operations; Fig. 24 is a diagram of
the interface between the tree, well head housing and outer tubing of the
conpl etion systemof fig.21; Figs.25 to 27 show nodificatins of fig.24;
Fig.28 is a diagramof the third casing programthat nay be used in
conjuction with the conpletion system of the invention;
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Fig.29 corresponds to fig.28 but diagrammatically indicates a |iner,
production casing and outer tubing run into the well, and Fig. 30 is a

di agram of the interface between the tree, well head housi ng and outer

t ubi ng hanger of the conpletion systemof fig.22. Description of the
preferred Enbodi nents The preferred conpletion systemincludes a subsea
christmas tree configuration that will allow the installation of the
centrally | oscated service conduit. The preferred n @l so
conprises the follow ng saﬁmﬂ)a@ml%dtt‘%ﬂm S ‘géi*’c%??}@‘g&% r[}§ZQIBH‘(é}ISér)r%I eﬂ?l ons
and accordingly the subsea tree design provides the apprsppueat giiseDer f aci ng
equi pnent: - SCSSV or functional equivalent - Downhol e cheimcal injection -
Gas |lift mandrels -Downhol e i nstrumentation, e. goppEeeRTEREAAOHBMBE at ur e

gauges 4 The central service condU|t provid at oi |l ed
tubing string is preferably repla ceable wth‘fﬂﬁ?@u%&%ﬁ%ﬂ%@[ gﬁ%??

instal |l ed second or outer production tubing and subsea chri sjuasimicee
equi prent. the outer tubing string is termnated at the well head housing
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ciculatio/service valve 20 is situated in the coiled tubing hanger 12 for
controlling fluid flows fromto the coiled tubing 14. the coiled tubing
hanger 12 is landed in a vertically extending through bore 15 in the tree
10. the tubing hanger 12 is sealed and | ocked to the tree as schematically
i ndi cated, by annular seal 22 and lock profile 24. Renpte wet mat
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contai ning a workover valve 64 extends fromthecircul ation/service conduit
48 to the tree through bore 15 at a point above the installation test tool
upper seal 52. the other end of the installation test tool 18 conprises
.an upwardly extendi ng spool 66 through which runs the conduit 56. A BOP 68
Is attached to the upper end of the tree 10. Pipe rans 70 in the BOP 68
can be clﬁ)%z‘g &%ﬂb@s@p gbigkorkd 8oj @@gdlﬂamsl[mrqom{e\siogt@ﬁ?HO@pwil g@ % her eby
seal i ng confrect i n% e wor kover conduit 62 to a choke/Kkill goéém% Ehe
BOP. t henivestald g8 o 430 prosiddakdnopIBHET Britl BFE S‘c‘?}l%%m??o g Up o
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base of the installation string 32. The installation string 32 is |atached -

and sealed to the top of the installation tgsi&gnne Sujcﬁgﬁéis ﬁﬂ'@%@iy’-{l

oper abl e connector 76 providing energency dis ct Capabi'lity.
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the conpletion systemillustrated in fugres 1 and 2 satisfies accepted
doubl e barrier pressure contai nnent philosophy/industry practice. It
provi des conmuni cation to multiple down-hole ele ' yaraul i c.
service 'Lﬂ%&;g&%ﬁ} SoyyiiRe Aeontued|ss 36 BN BH° gﬂgélsrn\l?\n%{ eqlhnst al | ation
st PR 8PPV a ‘control s cap and 'quﬁlg . gqpqlgﬂg@iﬂoommm@wdmc@ntraj;
COHDE'&{ oy sy el Byrqre 19180 %‘Bs‘%‘&ﬁpé”e‘%?-l n ?Ee well, to_proyide a means of
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mat ures, by increasing the diameter of the coiled tubing, or a velocity
string can be fitted. The conpletion systemoffers inproved control of well

circulation via the subsea tree for 20 well kill or gas lift applications.
Figures 3-5 illustrate various alternatives for the coiled tubing hanger

configuration. Figure 3 shows a single body coiled tubing hanger 12 with an
integral ball valve 20 and hydraulic actuator. Down hole control |ines 102

pass through the hanger body and are 25 connected j 8]
ext ernal SAILHEST BYPOP &H E?Glbqgﬁ S AP IHES SUPY S%TG. gérgngé%g%%%[ﬁgﬁng? %g %t fog l's

lines are_ih for QS Qr BI-aaku ofth o€l Sr@umehuires Bas ecaloysl greagBa dur i ng
the trip P%Gilﬁgoﬂgﬁlg_ ihe?%gﬁntesﬁat eabl e glgupl'er's 26 must be nade very
small. Figure 4 shows a single, nult-pin, self orienting subsea nateable

connector 108 instead 30 of the nultiple conn : TS S %S RMab S
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central circul ation/service valve 20 has been noved fromthe ccg' | ed_t ubi ng
hanger 12 ifjaetithesqisr apleat kamiroap o ago (omRQippsRgul FOPRauPFE IR YL

wor kover 15 conduit 62 still joips the central .citcul aklhQol.sariieemegnduit

48 bet weerP¥HSYVEH L 51’?&?‘&4% %ﬁ’ﬁ&* Rf’é‘%f/g‘sls‘ﬁfeﬁjﬁle& (;L\’;\ler' seal’ 54 on the

installati ol hasshesmal kdtionsdid dansican; pdubhimd| oloppeIP seal
114 provi (ﬁ@% %)Lﬁss%kéag g%ﬁlljgg‘d tubzi'ng 'ﬁange’r ?621 A side outlet 116 in tghed
t ubi ng hangeto Escanaboygeusiop Guatmdiepseus| [BRR Brict 85154 58} 1EPES! JEFTPE 61 in

figure 1, communi cates with the cigcul atjon/ j i t-o48, redaBE By t he
...... t ubi ng hafbFPULpRAOIIW BRHYHRHEY Y& @%ﬁg@%ﬁfﬁeﬁger o egpgéf%%_

-figure 6 Woﬁgg&nmq&éﬁ bbbl Ghdsakdrym@Rdsey oon eyl -Sutns Suiqny.pafioo OG TA

pop1a0ad SI $59008 ISACIOM pue Sug_'qs TOTRIEISII S} BIA PRJOBPU0O oq AeT §359) 0L

-o1qssod opew s1 Aj1oedeo 1] 104407 YA S[Q"SSQA 1809 191&\.0{ JO osn oY) pUE
PasSIYor 9q Ueo sojel uoyeneuad ([P 19158 "WISISAS UOLURATONIT 1S1oaySY € 03 e[S 01
Ao 51 n 2107019 T, "JoSHI suo;ﬁ,:;[dtﬂo.o ® 0] IE[IUIIS 210q B Spadu ATUO UOTIB]{BISUL j& Pasil
Jyorls JOF /WRISAS IOSII _:_;ug.mui oyl ‘sjsoo Jeuoyeredo paonpal pue sSurses S[RLIOjEI
Swiald “pdop jusfeamba Jo s[[eat [BUOHUSAUOD O} peredurod TySlom pur SZIS Ponpal
Jo are jucwrdmbs wopsrduios pue sIE[nqW] ddn o) snyl, C[[eA ‘IO1OWIBIP ULIOIIUN

woAd 10 ‘Surrode) ATjenpeid SIOUL B UL S}USST OS[E SIE[OGM ToM s]qepuedxs Jo 9sn oYy S

-uqm 00 pio sy sptsui 99gid opul papuedxe oq ueo Surqu) 1oul] ([fes UTI}) A9U
® ‘SIN000 TOTSOLIOD SuIqn] J] 991} oY) JO A19A0031 B (noLpyIp o3jew IS8 Je I0) juoaoid

9I0JoIaTf) PINoMm (] S9N o ur IoFuey SuIqn) 19jn0 Sy} SUIPURT "PIASINSI 9q J0UUED PUE

L

8¢10-60-dd

¢ :

700¢ L30 L ¢



functionallu simlar to that of figure 1. Figure 7 shows the system of
figure 6 i.n production node. It is analogous to figure 2, but having a
sinplified internal tree cap 86, as the bore 60 and side outlet 61 are
elimnated 25 A controls cap 92 and a controls junper 96 are again

provi ded. Figure 8 shows a third enbodinent, simlar to figure 6, ex(g_ept
that a segopd PnoduEbivpiyfasesedswepdBsepg] prageisted oh A PEE Y MEHTH O N
bypass conduit 4{4, “in series with the valve 46. This en%glagsmghﬁ M@g cap
86 to be ®hiwimaioecdalss PhoHE SIRHT HOABTEATYERE RPO%E °F 0 vathve can
serve as a second pressure barrier. i i 1 ¥al #0,s egyt he
product i ot ﬁﬁg&e?mg%ﬂ %Quégoﬁl%pg'lbd:{é{ ﬁ%tﬁ%ggﬁﬁggb% Iggésg?i)n aﬁq I’ocﬁ%vﬁvdevi ce
118 can bg e, oq s sShehu@Wydadubessetibeuopinbed subi prpiirad geey 2des A58dAq
production nmode. The controls cap 92 and couplers 94 int erfacéte[S gl @%y
Wi th the weoichpodipioosrye brihder¥a D S1RREE Op FEUHET HEFRIPET™T? PYH BEY YRR 2 ey be
nodified in simlar manner. 5 Figures 10 shows a further nodification of
the figure 6 enbodi nent. Thw production bypass conduit 44 and bypass val ve
46 have been elimnated, |ikewioedtibse sidg mmindlefoniono ¢ pee T69eIPRIION Kest
tool 18 below the seal 52. instead, the cojled tubing hangers 12 iﬁﬁmeq
provi ded whtehruftioeelp 191 ePIBPUR 0P PHR B 5T G8SHP P4 W REHARG" FPom the

annul us defined bet we t he t uhi L NG mg@ O aloows b ddiei; ngndranger
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installation test tool 18 no |longer interfaces with the tubing-hanger |ock
profile 16. Instead, a separate tubing hanger running tool (n ) is
used to install the tubing hanger 12. Upper éﬁﬁwgéﬁé%lg}/\ﬁguésa’%eeu%g%%@, 124
(e.g. large dianeter gate walye &R QWad g dadptdie b €61 i ugko ezl 5
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condui t 6RMBHWNESSHROPRIE 991 6P} ERUFHPIEHE 81 CEREEH kA dTT 5t hé Fr oudht bor e
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downhol e seeMaR kdof @8y 28 168 12y uoBERSUDEYNONISZEAR BICpEREt DaetBt W1 The
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20 hanger 12. The coil ed tubing hanger 12 is effectively pressure bal anced

and theoretically needs no | ock down. The |ower end of the coiled tubing

string 14 is not fixed so thermal expansion does not provide an upthrust.

Notional |ock down is provided by the horizontal penetrators 126 fromthe

tree 10. 25 Figure 12 shows a nodification of the figure 10 enbodi nent, for

whi ch the hln%l%d tub @R BS Q6 €T idGegiedi bar 000@ITOHY 66T I1MEP EhOlsPias
ol , mes |

tree, int a B stack is not used on the tree. T rine
riser aregs enmpyedpicoomeienss) PR 2108 PRSI flov &l %O@Iﬁ ?ﬁlg tg:;}l %‘{ﬁ% é\g%d&g |

| ower riser package 128, ener Ve Qi - Ofe et apdn wat er
ri ser 1327 aise? G@Edpqgoqo??ﬂgs%oﬁg—g%gl q‘ﬁ%lﬁ%ﬁﬁﬁ%ér ?ér?gt al I%g?i on and flow test.
A 30 Seaggd]ft&@@ﬂfsﬁéq%d L 86 RoubBhuiesgpT oFuxpied! sy el S| PFYUPHRIEREY kover
condui t n e tree 10 to a port 136in the | ower ri ser @%c ge 428, of
equi val enyfanotilqy) peyEes o EOICBANERE PHNEF PBHRY FFSEF pddkagt annul us
port. An installation test tool IS . Lr Bhudos bpteltiigsiansboid ow
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PROCEDURE COM m.ﬁ.m...H.HMA.UZ. TYPE COMMENTS
Tigs. 6 and 7 Figs. 8 and. 9 Figs. 10-and 11 Figs. 12, 13 and 14
1" Barxier | 2 Barrier |i* Barrier 74 Bdrrier (% Barrler | 2 Barrier |I* Barrier | 2 Barrier
- [Foundation . . .
Dirill 36" hole IV/A MN/A IN/A IN/A .., N/A IN/A INZA:
Run and cement 30" conductor /A N/ A /A T NA IN/A N/A N/A A ssuming that well
lind LP housing - : foundation is needed as per .
Fig 15
Dritf 12-1/4" hole A wa i v A hua A N/
Drilling . C N/A /A
: 1 .
Run and cement 6" casing and /A NfA WA N/A . IN/A . “INFA v HP housing has 5-8%4" nom.
hwelthead housing : bore and ho casing hanger
) landing shoulder.H-4 profile
as per 18%"system to allow
- wide range of BOP stacks.
Run BOP stack and marine riser VA N/A NfA ' NIA - IN/A NFA INVA 18%" system or smaller 6”
, ’ minimum 1D
Dril] 8* hole \BOP Fluid BOP Fluid ° BOP [Fluid WO@ )
un §" liner BOP Fluid BOP Fiuid i |BOP Eluid BOP
Drill 8" hole BOP Fluid W.DPU Fluid - BOL Fluid BOP
Run 6" tine BOP Fluid ___|BOP lelyid _|BOP Flyid. _|BOP
Drill 8" hole Flid _[poP Fluid 0P Fluid BOP Fiuid BOP
Run 6" liner, BOP, Fluid BOP. Fluid oP Fluid: QP
Drilt 8" hole {A IN/A N/ A [N/A IN/A, 3_.._5 BOF:
_w.s 6" liner and lower N/A N/A, /A WA VA Eluid BOP
completion with LTIV ' :
Run 5" upper completion and A NiA NTA A NA LTIV Fluid/BOP
expand onto the 6" liner :
Set casing plugs Casing plug |[Fliid asingplu 7 fuid Casing plug |Fluid Casin \Fiuid.
ITree Installation i ' . Adternatively, install the tree at the
, - kame time as the WH housing and
. | irilh thra tée,
Retrieve BOP E@F{Emacn _EE.% e OE \Fluid Casing plug Fluid
Run HXT Casing plug [Fluid Casing plug wﬂ:m v “Ycasing phug |[Fluid Casing plug [Fluid
Run BOP/LRP, Casing piug [Fluid Casing plug |Flul asing plug [Fluid Casing plug [Fluid RP used in figs 12-14
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PROCEDURE COMPLETION TYXTE COMMENTS
Figs. 1 m,nm 2 Figs. 6 and 7 Tigs. 8 and 9; Tigs. 10 and 11 Figs. 12, 13 and 14
(* Baryler | 2™ Barrfer |1 Bareier | 2™ Barvier 1% Barrier | 27 wmn:.s, 1t Bariier | 2 Barrier {1* Barrier | 2 Barrier
[
iCompletion i
Drill outfremove casing plugs (N/A WA NIA /A /A /A .ZDP IN/A Gluid LRP
Dirill 8" hole Fluid BOP Fluid BOP Fluid Lield Fluid BOP N/A NiA Drill into formation
Run 6" liner and lower Fluid BOP Fluid noP Fluid BOP Fluid oP N/A INVA Assumes LTIV That can be
completion with LTIV lopened by overpressure or
leyclic pressure
Pull HXT bore protector IV Fluid/BOP LTIV Fluid/BOP LTIV B.:Eﬁow LTIV Ez_.m\.acw INFA [AA
Run 5" upper completion LTIV Finid/BOP LTIV Fluid/BOP LTV Fluid/BOP LTIV Fluid/BOP {NIA IN/A ﬁ?mmcanm that no packer is
louter tubing) and expand used
lonto the 6" liner
3
Run CTH, lock and test LTIV \Fiuid/BOP! LTIV Finid/BOP/ LTIV \Flesicl/. _OW\ LTIV \Fluid/BOP/  [LTHY Fiuid/LRP/  {Assumes no SSTT needed.
CTH CTH CTH | CTH ClCTH ICTH run on CT installation
. : string, figs. 1,6, 8
Flow Test
Circulate to lighter fluid LTIV CSV LTIV CSV LTIV CSV LTIV CSV LTIV CSV Open CSV. Close when
corplete
Overpressure the LTIV and  [PWV \Pressure Cap PWV Pressure cap  PWV .u%&.:wm Cap |PMY PV PMV PV Elow test via PBV and ITT,
flow test the well - ; igs. 1-11. Disconnect/drive
’ lcsv wov covV oV CSV WOV CSV. wov sy WOV pifby closing HXT valves =
- : _ 0 SSTT needed
[TT BOP ITT BOP T BOP . [TT BOP USY LSV
Isolate well at HXT PMVY PV PhY. PRV PMV PRV ___ SV LSV (N5 SV IClose PMV and PRV
Run ITC CTH ITC and BOP (CTH (IC and BOF  [N/A N7 N/A IN/A INZA INVA
Rup, CTH 2ary lockdowm N/A /A /A i CTH BOP A N/A, N/A . N4 Maybe unnecessary
Pult BOP/ LRP CTH TC CTH ITC ICTH upper |[CTH lower |USV LSV usv LSV Assurned acceptable as seals
scal Iseal , independently teslable and on
’ different seal bores. LRP
4 uesd for fieg [2-14
[nstali controls cap by ROV [CTH rc ICTH TC CTH upper |CTH lower [N - N/ N/A /A
[seal seal
Produce to flow lines ICTH C ICTH 1TC CTH upper |[CTH lpwer  |USV SV sV LSV Open PMV and PWV
seal 'l I
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PROCEDURE COMMENTS
Figs.  and 2 Tigs. 6 and 7 Figs. 8and 9 Figs. 10 and 11 Figs. 12, 13 and 14
£ Barvier | 2 Barsier 1% Barcier | 2" Barrier  |I** Bavrier 2" Barrier |I'' Barrier 2" Barrier |1 Barrier | 2°¢ Barrier
|
[Tubing access workover with BOP ) A
Pull controls cap Csv rrc CTH 1rC CTH upper. |CTH lower  [NIA /A N/A /A
: seal " lseal 1
- T
Pull ITC CSY BOP CTH BOP CTIL pop ¢ N/A i/ N/A N/A
Run LRY/ /A /A N/A INZA N/A. N/A d sV, LSV UsV LSV BOP figs 10, 11 18%"or
BOP + marine riser : raaller. 9" min. ID.
LRP figs 12-14
Run I'TT CSY BOP ICTH BOP CTH BOP USY. " LSV - |N/A N/A
Circulate the well to kill weight Fluid CsV + BOP  [Fluid i+ BOP [Fluid CTH + mcm Fluid lBoPr Fluid ILRP Open CSV. Close BOP rams
! lon the T and circulate via
i choke/kilt, figs 1-11
A ,
Pull CTH Fluid iBOP Fluid BoP Fluid el M luid BopP Fluid ILRP Open USY, LSV, figs. 10-14
Replace CTH Fluid BoP Fluid BOP Fluid H.«Qu Fluid BOP Fluid LRP
Circulate the welt to light weight  ICSV csv+poP CTH Ccs¥+gor [CTH iBOP USY LSV sy LSV
Puil ITT SV csy+poP  CTH CSV + BOP CTH BOP sy L3V N/A N/
Run ITC CSV rC ICTH ITC CTH BOP N/A N/A N/A /A
Pull BOP stack + marine riser/ sy i - CTH H1c CTH upper |[CTH au,:.ﬁ. USY LSV Dw< LSV
- . LRP scal sen!
’ |
[nstall controls cap Csv ITC CTLH [rC CTH _._Eum_. CTH _.a_,,suﬁ N/A N/ N/A N/A
ol : eaal .
Tubing access werkover with LWI _
Vessel
Similar to above i
. . 1
Quter tubing retrieval workover
with BOT
Assumed 10 be impossible due (o tubing 1
being expanded onto previous casing i

14!
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851.0-60-d-4 COQ 130 Lz 15 Figures 15 - 18 are highly schematic
hal f -secti onal representations of a casing programthat may be used with
t he wel | head housing 11 of the previous figures. Figures 15 and 16 are
prior to tree installation, and figure 18 shows the tree 10 install ed.
Initially, a 5 foundation is established using conductor casing 146, f
exanpl e a 13 3/3" conductor or I@bga@u.s;iﬁhwds}m?;@ﬂmﬁdPNe'Illlg.“F?&BQi-Ff”émgﬁd

foundation is substantially independent of, the_ si f Stusabnst fie
system Auyhok eusecpiini pue (RERS PPl PHFY gf’“ “égl?lﬁlg %%ﬁlﬁs%r%% and

cemented and the wel | head_hoysi taploeheds Jhbp sraye pepuedxesmal |
di anet er S 85 SHHS ;gg;zaqldrigfsﬁ)i_éﬁ;&nlgﬂﬁfﬁgg sﬁﬁglothé SEC?ilon Fs then drilled and

an expana i b9R A8t digs Seneftien Jannd Bk PEheEd It s THES5Er e
di anet er %%‘ﬁ??@%?ﬁg{ggl ng sect i'(r)gﬁ 100. Expansion seals the casing _
section to the previously installed casing w thout the use of packers or
the like. Methods for installin I | 86,80 P5@dsn o popuetiee art
and wi |l not be further CSLECRPABEY At gﬁg%;e}“rog?&#ﬁglegpahsi%n igprTE be run
either fr Sq@g%!?%gﬁ‘oppﬁﬁym{ 861 i EA kb @oyeiberodm upul PEROgE U h <pétl U
met hod i s™:pr € ed, "as then no hangers are needed. Dri 'Jrh%ioiﬁﬁ%%ﬂkﬂ“es
and as magpy) § put ey IDASISTIPR SRFL FOHEP F5HOLPE HoRJPHh Y Hhd neé 0 reach the
reservoir 154 are istalled successively. Al casing sections are expanded
to the bore 20 dianeter of the initioal section 100 (e.g 6"), to produce a
parallel sided well. Wen needed, theBQRz6B:YsLi0Rit &fA8d8DN ‘t'he RRT | head
housing 11. All casing sections are capable of w thstanding the reservoir
pressure. Drilling is continued into thereservoir 154 as shown in figure 16
and a liner section 156 is 25 installed and expanded i sol ati caggpyiogce
installed. Also shown in figure 17 is a tree stab 158 for sealing the tree
10 to a cgg(ngg,gmgidgqmp% eip Buisherousl dfeac bousiandrud o1 FRERIET I B hows
the tree 10"attached to the wel | head housi n_g 11 i%‘c;ﬁ'ﬂ%ﬁ%ﬁ;hﬁsﬁ%@nd t he
BOP r ei nstgy ¢ edusas t9e "$HeEPTREEEHHPHFPUBIRG “Sting 14" and Zﬂm l'éd t ubing
hanger 12 is then run on the | ' Jrb#dEasgks |-amnskmad NARERE tree
10. The c8W BY* T RG ST %‘gz E%ﬁ%gﬁ ﬁ%eb%gbeg& to car'rya;(}%vmhol e

i NSt UMeNntj 08upElsHEab diBidotdamuand Sgae gpeeeDERa i dr BIOU) BPUIIE4°F E8ps

seperation equi pnent and the |ike, as di scusse a8z &Sy s1
required. pennkics erelsefuey STRRSE! WESY b@?@&%ﬂ%ﬁ?ﬁgﬁgﬁgﬁ:ﬁff\gﬁ%gb;é.zng ‘exterior.
.as shown in : : : - '
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figs 3 and 4. Preferably however they are enclosed within the coiled tubing
bore as indicated in figs 1, 2, and 5 - 14. Figure 19 is diagrammtic
cross-section through the coiled tubing showing two fulied containing
servoce lines 166, 168 and electrical or optional service |ine 170. Figure
20- 22 show an alternative casing program  Again no casing hanger are
required at the wellhead housing 11 and each casing dianeter (expanded) as

fol | ows: referring to figure 21, the final well _sect Sirciakd |nto
the reservoir 154 and a ( for exanple) B@lgﬂ‘B’S‘PlSh’@ﬁsefé@\glﬁﬁq I|k9ner JnitAo % )

I sol ation valve are 160 install|led. The e deghel; Bogqea og
Cont act witd el a0 HosIEREIR I EectbAY 500 LA Rl Ty

shown in'fiqure 21, the
out er tub| ng stri n 98 | @gmnrgqieuuslﬂa@mﬂ%?ﬁ%mﬂ at its
| oner enePESHRICAWE '6135% &F{pq#lq)l nergéj)_[Sr%hse[

conpl eti 8{1 eg&g%s Ifhdasreboestippnden ogt 1g BSIQEQ\?IE;S% B b ?‘%@g&r %%&@%jf?oolnl ﬁef
156. The t1i

Ing string 98 is sus ended fr t. ﬂ@[ﬁ geqnyl72
| anded, S@ajceablam:tpllaww Iﬁ‘é@ﬂﬂgﬂln H%pm%eﬁ?ﬁbgg ﬁoug?rngw{il Noqp%g%u%leon
packer is needed A8 e Weos @afy) Bs.masae‘etsmwgsrb@t
out er tub?'v'ﬁ@“ﬁaﬁ’l@m%?ouﬂﬁi dé%gcllﬁ?l tati n\g@tshe Ergoanm on of ﬁ)o,%her
tubi ng 9§ p(&g_ig g&dkdqﬁlafoglﬁﬁseﬁ'ﬂm oT BEOFr@ @R SRR BN 84

"t op- down lon ‘pri nciple. This is be dolfb Sndradat 416 bhaay wel |
constructagoplmjypﬁmaﬂqm@%ﬁ%‘é?ﬂhﬁggé“é%q THERLT {ngml%se gut her  tubing 98 only
t he

elimnate t ubi ng/ producti on casing annul us at the | ower section. A

bottom up approach is only readily usable if a corres ondi n d
outer tubing 98 is used. This is i medmwiEhp0q SuqM P ‘oogql&eys‘%%%ia
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due to the nunber of trips required to set the different sizes of pig and

i ncreased tubing costs at the top sections. figure 22 shows a first
setting nethod. the bores of the THRT 174 and of the rumm ng striing 176
are made | arge enough to drift the pic 178. the pig is easier to instal

as the coiled tubing 180 can be run after the tubing hanger 172 has | anded.
The coil ed tubing annul us again provides the pressureised fluid fl ow path

for expansion of the outer tubing 98, and_the cail i bj ya@shbE§ ok et ur n
path. these gy e; Smsioousonneed Fid) PaIves 1136 PUE) Ig}nﬁtpgwgggbg‘g% vvielren'tﬁg vel |

housing 11 and the tree '10. e gconsd L@R, | SoFube SarEy oOPUEDIREE® t he VX
gasket s PEEHPAHRY S STFRCER™S PUFT s?CQﬁl%%*‘gﬁ‘Zﬁ?gﬁéLom a wel | head/tree seal

arrange r.a. Sitd &R dbnelkrc seggean SouerEFonRIST He 88 FGHSTHIRE
interf agglr}%}ﬂsega?@s%g[gplﬁ%l N The t

on the tree. The correc ' LRyt he
figure lFpanednoent eotr tdRePeidctD SBH P%Ftuﬁ‘g‘gl%@ ﬁ‘a@ﬁogﬁgﬁ?ﬁ\é\?gﬁr&t er qt aht

al Il ow passage of the tubing ha gq%glgﬁo theowslgl ur thogs a¥guabl y |
is a sinGManbE &F PF%‘“PH‘e?"ﬂn‘%ié%ﬁéﬁngisg gghe‘ ‘gasket is di scounted. :

suogoos doh QT it, MOO utgn4 poseaxnui aql puE Bid jo sous luasaJlJi pgzoq

49S 01 paai nbax sdul,lo iogTXmu a4l aup Uat U3AUONQz sj, stg. [« pasmgi 86
Bui gni no pol odEl Al Sui puOds0. uCO @ﬂﬁl'ﬁl@nsgl 'i"pdgi "'ﬁ‘l%'ég%i "??%E)(giddE , du
uio }ag" 'uoilaas xandoT 2 }E siinuuE QU SEO uoil onpoid/2uigil aip
sawEUTuiilo Stuo 86 iiuigiiT iolno ails sauWs Bui sEO $liuodE 044 01 onp g

uoi YO u4st 0O I'1a/ JEl nop-TEd step ioj iajdaq si siia 'al dpODUS*SHTTEIXa )
"unop doh" aip uo poskEq axE spoi paui pauojazd oily ' = d 5@l dnpolul0 86 .
VUi qu . 194MewGaks Boise@papumdsecudt ﬁ%ums-p%n}ep %@qbﬂ%ﬁ‘%ﬂ I?ﬁ?%;}’{? LT 91}1? gin4 pga} no

gi Il Sui 44as JO spvi pai u_olqi »Munoxaded Sm L 'Sie8f GuES HIo 6
100 LZ aIPPB?%‘a*PP\?gEI ?foxaz%e%lﬂl%gfé /él]to' gﬁ%:aoggr O\C/bi?qgied ?tl t he u%&gr i nsj de

di aneter %?&H%uglghﬁ{s dutbh Bk P @NGemel ABTeo VIR (LA BSEAFUSTER! 158 on the
tree, as’shown’in figure 25. Wth this o&tg.i}onﬁ_ _trhe&, g}fb&% ‘ggajsn_.gmgawxﬁmst be
i nst al | edgpré g 43y tr weoUsEEt TIPS ACHEH LAGHETEY T ¥ ¥angenent is arguably

closer to that found_ in a co o&@el L mgﬁggﬁummy'mméﬁﬁ%re
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the arrangenent shown in figure 26 is simlar to that shown in figure 24,
but includes a further seal pocket at the well head housing 11 inside
dianeter, to interface a further seal stab 182 fromthe coil ed tubing
hanger 12 or another conponent to be located in the bore 15 of the tree 10.
The arrangenment shown in figure 17 may be nodified |ikew se, so that the
wel | ehad housing 11 acconodates a further seal stab e.g fromthe coiled
tubi ng hanger 12. Figure 27 is simlar to figure 26, except that the pocket
for the further seal stab 182 is at the outer tubing hanger 172 upper
inside dianeter. figure 28 -30 are diagranms of a third drilling program
Casi ng hangers are used in the well head housing 11 to suspend concentric
casin strings 149, 151, 153 and production casing 157. Each string is
successi vely | anded and expanded into sealing contact with the next outer
string is successively preferebaly using a top down nethod such as shown in
figs 22 or 23. S figure 30 is a diagram show ng the outer

t ubi ng hanger 172 and casi ng hangers 186, 188, 190, 192 for succcessive
casing strings 149, 151, 153, 157 landed in th (consequently el ongated)

wel | head housing 11. an interface with the tree seal stab 158 is al so
shwon nodification is of course possible in accordance with any figure

25- 27. Clainms a conpletion system conprising a well head housi ng nount ed
on a casing string and first tubing a dtring being suspended within the
casing string froma tubi ng hanger; wherein a second tubing string is 5
expanded i nto seal i ng engagenent '
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with the casing string over the least a portion of their lengths, the
annul us defined between the first and second tubing strings serving as ap
production bore for conveying produced fulids out of the well and the
firsth tubing string serving as well service conduit, characterised in that
a christmas tree is nounted on the well head housing, the first tubing
string being connected to a service/circulation conduit in the Christnmas
terr; the tubing hanger being | anded and sealed in a vertically extending
t hrough bore in the Christmas tree, a production conduit intersecting the
t hrough bore and arranged to convey produced fluids fromthe conpl etion
when i n production node. 2. A conpletion systemas defined in claim1l
characterised in that the entire length of the second tubing string is
expanded into contact with the casing string. 3. A conpletion system as
defined in claim2 characterised in that the second tubing string is
supported without the usesefoaueAMdhYoNENGEr OIPRBAEIOd SRBRBY F1qN] 481 a

Cub ng PRt §F SRR LS Fubthel ol Bl B BEKEY (AR 7L B noust ng

5. A conpletion systemas defined in any preceeding clains characterised in
that said annulus is connected to ne or g?re production fl ow control val ves

inthe tree. 6&°BRIGIHSPUHEY GRURATRIPEEPHERMEL TP ARG PTE2ELEHNG cl ai m
char actpgési 8@ dn ipastidpieyb fteh igsdpbodid B g1 Sdukbp e LBisEOBARREdESH 3,0 ong or nore

fl ow control val ves. SIA 1VID oz 4o00zi 3oLz 7. A conpletion system
as defined in any preceeding claimchracterised in that the first tubing is
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8. A conpletion systemas defined in any preceeding claimcharacterised in
that the tubing hanger is landed in the tree. 9. a conpletion systemm as
defined in any preceeding claimcharacterised in that a production naster
val ve and a porduction wing wing valve are porvided in the production
conduit.. 10. A conpletion systemdefined in any preceeding claim
chracterised in that a production bypass conduit extends between the

t ubbi ng annul us and through bore above the tubbing hanger. 11. A

conpl etion systemas defined in claim 10 characterised in that the
production bypass conduit and/or the through bore above the tubing hanger
is closeable by at | east one renovable barrier elenment. 12. a conpletion

system as defined in claim11l character&@g&laﬂghgghfkﬁgg%%%g}Jh est one

renovabl e barrier el ement conproses a d va nplreti on system
as defySnex: $un uppeyewin ded admnpudds t24Capasatmpu®easedin ublpapoxnyl ‘optual | ati on

t est | oupled between the tubi ng hanger and.an installation
trt ngoBRY # i B e ST P B B AR BBV bt Rben ¢ ho
production bypass conduit and a riser- conduit in the installation string.

14. A conpletion systemas defined in claim13 characterised in that, in

production node, the producti cHPBYSHEETLRATT ¥PIE-BEAF B WPUS™ i nt er nal
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15. A conpletion systemas defined in any preceeding claimcharacterised in
that a service/circulation conduit intersects wwth the through bore and in
use the tubing interior communicates with the service/circulation conduit.
16. A compketion systemas defined in claim15 charactised in that he

t ubi ng hanger conprises a side outlt in comunication with the first tubing
string interiot and with the service/circulation conduit when the tubing
hanger is landed in the tree, so as to define a servoce/circulation flow
path extending fromthe upper end of the first tubing string interior out
of the tree. 17. A conpletion systemas defined in_claim16 characterised
in that an installation test tool may be coupl ®§UtPHER SPMPIFPLIPRNger and
conpri mg;ll, ring
interi 3*?’%%’%%%? ﬁgtb!1 %des‘gsgeir}ﬁ/tiugg/ ci ccﬁllg}aa??%ﬁ oﬁlggﬁﬁu%%%{?‘%gq%f{t}%f% hanger is
| anded ®© 1Y% HepasHaeeegn0as | SPIge i A 81 ppp ce/vedisisulcaridyres Vow pat h
extending fromthe upper end of te tubing interior out the tree. 18. A
conpl etion systemas defined in claim17 characterised in thta, i

prodcuti on node, t he9anmsBamwneommyestoseodopisu e mgpubispoarsimber nal tree
cap con*ﬁ{:isin a_side out;et in comunication with the tubing and with the
servi c&Mbi FOulht PEHORERBLIGY, WEPL & (1UHRY | ¥ JETSs SPURITEPRrYoul 96 on f1 ow
path. 19. A conpletion systemas defined in any of clainms 16-18
characterised in that the service/circulation flo ath includes a central
servi ce/ ci rcul ati on PEWEHEINFHAIAIE FRy? F HRUISYLE UGETPHYFPHAS cl ai m 19
char actogy jugeek poRubibabyd Do P eRISRY Mo Podhd0ft bW RMpubayudeg a
servicel/circulation wng valve. ~21. A conpletion systemas defined in any
claims 15-20 characterised in that a workover conduit extends fromthe

service/circulation conduit and inter§g&tSof fGefBROYILOPLE-RPPYE t he
t ubi ng hanger. ’ T '
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22. A conpletion systemas defined in claim21 characterised in that the
wor keover conduit contains a workover valve. 23. A conpletion system as
defined in claim?21 to 22 characterised in that an installation test tool
may be coupled to the tubing hanger and conprises a | ower end seable within
thr through bore bel ow t he workover conduit intersection and upwardly

ext endi ng spool engageabl e by pipe rans of a BOP to provide conmuni cation
bet ween t he wor kover conduit and choke or kill line of the BOP. 24. A
conpl etion systemas defined in any of clains 15-20 characterised in that a
wor kover conduit extends fromthe service/circul ati on conduit upwardly
through the tree for connection to a | ower riser packeage. 25. A

conpl eti on system as defined in angg&kgh S%ggﬁﬁgﬁgggaﬁﬁg&hﬁgﬁggn taht a

crosspver conduit extends betwee the producti ndur't an
servi oe/aBirresuigtpn eyl ucpeptheid 1o1eiR8sd fereampi etilonseysnenegse@figmed in claim

25 ch i i ot roSsover nt ai valve. 27 A _conpletion
syst e%r‘lgg‘*hm lg%glal"?ﬁhg% [pér.{glg S %i ’?%‘3 Lﬁlpgﬁﬁifp g:&nglr9 %é% lelé?aécggo? N th&¢ an upper
end of the tubing hnager conprises one or nore renote matable coupler parts
for connecting downhole service lines to correspondin u IerIParts in a

co
tree cap or installation test tool. 28. A conpleti &SI HAE defined in

any ofjocdudi 88l 22 ST aGERHI HOpuddRoriddaby b 4Rk NGoftAde ESur-bdhf aces with
a hroizontal penetrator provided in the trée for nmaking an ‘exter nal
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ZOOHi JOL Z29. Aconpletion systemas defined in claim27 or 28
characterised in tubing haner is fornmed from seprabl e upper and | ower

parts, downhol e service |ines being preassenbled to coupler parts provided
in the | ower tubing haber part, co- operating coupler parts being provided
in the upper tubing hanger part. 30. A conpletion systemas defined in any
preceedi ng claimcharacterised in that an annul ar stab connector extends
fromthe Christmas tree for reception in the well head housing or further

t ubi ng hanger receieved therein. 31. A conpletion systemas defined in any
preceedi ng claimcharacterised in that ana annul ar stab connector extends
frimthe tubing hanger for reception in the well head housind or a further

t ubi ng hanger received therein. 32. A conpletion system substantially as
describe eith reference to as shown in the draw ngs.
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