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a column of fluid with predetermined fluid density inside the well that is circulated
down into the well through the inside of the drill string and back up the annulus
around the drill string to the surface. This column of density-controlled fluid balances
the downhole pressure in the well. A biowout preventer system (BOP) is also used to
as a safety system to ensure that the operator maintains pressure control of the well.
The BOP is located above the wellhead housing and is capable of shutting in the
pressure of the well, such as in an emergency pressure control situation.

[0004] After drilling and installation of the casing strings, the well is completed for



[0004] After drilling and installation of the casing
strings, the well is conpleted for WO
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the BRIEF DESCRIPTION OF THE DRAWINGS
[0010] For a more detailed description of the embodiments, reference will now be
made to the following accompanying drawings:
[0011] FIG. 1 is an embodiment of a function spool installed on a well; and
3.



function spool. DETAILED DESCRI PTI ON OF THE
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surrounds the production tubing 22 and is held in
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When connected, the hydraulic control |ine 46 enables
surface control of the SCSSV for well operations.
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housi ng an electrical line 50 for powering an ESP (not
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or optica I Oha

tublngnmibgemao isiiaitlye pot pssitisn.a gi ven functi on nmandr el 30
| ow. Because the functi on mandrel 30 i.s no
00190} r?gs a@@aafrtp %Jbgcfwﬂctt%snml it ingtudesearp Al Rﬁ?sage 32 for

housrﬁﬂl]:%' ﬂg% ic AR fit%6! Pt BRAMHE! ddf hi96 S0 tStﬁ)’%\)//r(ﬁot shown).

Structural Integrity a suppor

The 3083 Wnﬂnolehthecﬁmwldtﬂwd ﬁmbugh hl&evmfbtiuclmﬁ ¢atolpigf2@ from the
production. To create a barrier to fl UI rom escatl?1 ]% ]
f[ygf e function

produpig 7ot hae NS 438 ixiRNAS TREN tt*aﬁo%% Hea@%ntﬁg
mandPA LA PoutBs HA8 2 Easlie HlplehUD. CaRdsBLRURY whiPiife Edupler 40

riser y th
in thetfhaclmml hzadral 30 rtbe fusctord speol 1@wedudéds angrtited coupler 42 that

draulic contr line 3 aIch e used
can et< ngp ﬂ}ntH@ ﬂm'@oetégvng%ale#méw w'fﬁtg ﬁﬁa&m lfwdre' 30
coupiéP4g'fBWJ QQHbEP%&dgf ggHﬁeﬁt% éé‘@ %n?zrr}ea%fjati Eéﬁné&%n forms a
production port ow fo e surtface or any
fluid tghtecorestiordvherc dhe dublr@OBﬁﬁgeﬁt 24i lbhds entthei In(mzumal tree 14.

e life of the well, th [ need _addj ti onal ,

From Py G ol (A GHAHR fPodh 6r Tuaia 8bogl 10 and is
n e

acces G R e, I BT SRl CptiHline 46 that

extendmeetd the Iserfadelewmm qmogotdd, othei hydtaeli€ utantel line 46 enables

e TR
electrRBA HQ A0 RE* BCHoWAAORS/ 186FE “submersible pump (ESP) (not

shown).

[0020] Also shown in FIG.1 is an example of another auxiliary passage 32 for

housing an electrical line 50 for powering an ESP (not shown). The ESP is used to
-6-



managenent. Wth the function spool 10 and function

mandrel 30, the horizontal tree 14 and the tubing
whanwgere62d need be desi gned for connecting andPCT/US2008/086627

supporting the production tubing 22. The various

increddéNetid PIORI pREYBNRS tfo O PPoRIctioROfIlies dRfoutfhdthd Brddiftion tubing 22
t ubi ng hanger 20 _but are instead made using passages

from the prce:!ucm:mm e @featrico lneddd @ﬁt&ﬂd@nfr@moﬁme EBP am@ into the

ronctf e oCke Fifebi > nBERRaothud R o2k lsibanging witn the

functiddmhasdieh 80l dduplér 52 e avidnzontd| aiipldrard featt carpexiehdsitom the
an entirely new horizontal tree 14, resulting in

funcu@ar@omr%llr&%@@gag@venbwtm Hhen gnaissivencoumer Bar faroat hgrizontal

stabbllet BntioBRispt 1 IRoUEF Tha B HallieTBRE IR o luc tiont

conngdidhesdtivean, thée@lubmbalglmm 50Rf apasiéSricalUine 86 166sted in a port
savings result froma smaller horizontal tree 14 and

44 thabaxi@@dﬁathg@igmmaémga gipoal O ianerisaacagsale fiony quiside the
functlgﬁaﬁcg(;i' 20 8 Kl %l@&?.@é@h@' 6t 5t %&t{eﬁ&%t& W (S Rce  When

hor Py and separate unc o "spool

connddied ! the Brctrivantiat 50 ¢gud €nablksf sndacooAobbf itk IBBP for well
now be transported_and installed on the well head 12

opera@@par%kt@mtw@n/ni@q shanaybp acidradicalingsthat extands downhole to an
r s robust equi pnent as trees that house all
SCSSV\fﬂJ{qqt éh? r@TI onal connections. Further cost savings

[0021]ay THes exhephshclemed are siply aed moss@l@&ymsafldm&heaﬁbns that
of each horizontal tree 14 being custom zed for ea

may Rgemadegtheoydh augiiany parfsla the fH’ﬁW%“‘I@ﬁ'@l’@'f?& and Iaﬁﬁﬁ%‘i‘me from
the fuﬂdnc T ﬁf)lrrﬁﬁldit %hwgyjbé té%géé'(g%l;e'tdgfﬁlag Qg‘fér tipeég‘f’l connections may

be mz[adﬁ)&é]\#eil addithaiotinal cdlmm:ftlbhs alhewnaini hesexamplee!rhay tieatised for
do not require any dovvnhol e functl onallty to be built

differgriityp@s Pl kEMrewNIsEd) lines, ruans iHeiamprlpar qﬂra‘@ucmrctrﬁuhc or
f I 0 e r i,0 t

ophca‘? A?i dn nlglily ﬂ'llénrtgoﬁﬁ)éﬁgu ?n@gngna%%" %‘ftj%h%aa BRleht Yunction

mandﬁeﬂnB@ omaf/oalicwn BEB&Vse ahd funetitior mandteil 30 rieendtdbeimy used to
be installed on the well head 12 directl Later in t

he
suppqrf fhe yrelghcoludla prachistied tHaMG ?3n£ﬂe iy @andrel 30 does not

I spool 10 and
roquirg g rb B BBl AR of B AR, 20T e,

[0022% esWVithnihei oompm:tnoaasem dhefwell tibaeady | fopgroduction. rboncreate a
. able to continue u i gi nal, hori zont al ,
barief igcllyd G RetMHAYithE lﬂfﬁmggbarq %é gnrpvgl? Je: 0Bnof it tubing
hangefroﬁotfi‘lﬁ 5 b rl]ﬁq’rﬁ %H%b%t%rhgpgéﬂe“ﬁﬂi'édgp@?ﬂ TRABRIFE SN riser

conn ctlons t hrough the tunction nman are
may tbbnm reméved frant tret hotimomtalt thee fldrarid mirlemdjrmm@@he hydraulic

contrg I i® DGOy e s eddoriaoe HewpBag S GRSV and allow
fluid ﬂgﬁa‘@t]ﬁﬁin %%ofﬁbﬁ?mé“;grdfdukﬁoﬁ%t%g bl g m! iMBSthaFFoddctioh port 26

ectric [ine 7 ower |
forflomdmthmsmﬂanag)r\anymthedmmﬂ leca‘amssor (not shown), such

1002355 MEHBE R0 88 G b Hrunel dhe wal Wﬁ‘éﬂ@dd't'ona' or
d:ffer?rﬁ%r}]ﬂmé/ﬂﬂﬁ: I%H'aﬁﬁ’ég ‘For% I€CAd bﬁ‘@éd} tlﬁﬁe gjﬁessure

e sensor I nto the nction nandre
may initialy det daleqdstd fooﬁnmlcpmduwon ot & Howabsle ESE’ may need to be

addecioflégggl“tgaug aric’ ﬁg7 HFurr 3&(%5{" ?ﬁ\e@r@@; dgvvg'ﬁlh%!e sensors or
a 0 I f£sSpon n a

Proce e arar et [P 8064 1T SHERLRE RSk Rlin “nRAiMEfing and

function spool 10 into engagérent with the pin contact

80 for a horizontal stabbing engagenent as shown. The

stab connection fornms a fluid tight connection between

the electrical Iine 76 and an electrical line in the

port 44 that extends through the function spool 10 and

|s acceSS| bI e from outside the functl on spool 10 by an

o . T T Y N a Y



[0027] Whi | e speci fic enbodi nents have been shown and
descri bed, nodifications can be nmade by one skilled in
w0 b@oardeiwmi t hout departing fromthe spirit or PEHUKNI0NE086627

of WD 2009/ 076614PCT/ US2008/ 086627 this inventi on.

managBfetb QEitHTERS i‘ruﬁ@udﬂﬁ%édﬂbﬁ@ ahidefuheaon! meydaN 130, aRe horizontal
are not limting (%nvarlatlons and nodificati ons

tree anédbgutbb@gdmw@ eed e desigaep dobeonmreting and supporting

e o UFD 22 T DRGBSEREpRIREES B bioBPhace i

the tdb‘lriq hadgsy 20 hart Araiimgtebd dhad® Uy, péé&g@@th@ffuméﬂcﬁhmandrel

i nclude all equival ents of the subject matter of
30 andwéumtmmﬁpoolv@ 2609/weﬂs@p@@m@m@mm@@@@mg@mtme function

mandX%fAil éﬁp%ﬁ&%ﬁah@ll q fébrﬁ]r% gg'g??%%&?um hé tﬁgrllfe of the well

withoGUARSIAE dobpLrciiasy Ngh hamiely ineva heidontalclired ngt, aresulting in
consu\:ll\grlalb?ee?:gst égv?ngss Slﬁnéoclk}/ tlclmnctlhgdrllorlzontal tree 14 and tubing hanger 20
may be made smaller because they no longer need to house the functional
connections, resulting in lower costs. Further cost savings result from a smaller
horizontal tree 14 and tubing hanger 20 because of the increased mobility in
particular of the horizontal tree 14 itself. With a smaller horizontal tree 14 and
separate function spool 10, the horizontal tree 14 and function spool 10 may now be
transported and installed on the wellhead 12 separately using lower capacity cranes
without requiring as robust equipment as trees that house all of the functional
cohnections. Further cost savings may also be achieved in manufacturing because
instead of each horizontal tree 14 being customized for each well, one horizontal
tree 14 may be made for a larger number of wells with the function spool 10 and
function mandrel 30 may be customized instead.

[0024] An additional benefit also arises for wells that do not require any downhole
functionality to be built into a function spool 10 during the initial production of a well.
In those cases, no or minimal functionality may be built into the tubing hanger 20,
such as control for an SCSSV, and the horizontal tree 14 may be installed on the
wellhead 12 directly. Later in the life of the well, should additional downhole
functionality be needed, the function spool 10 and function mandrel 30 may be
added at that time, resuiting in cost savings for the weli operator from being able to
continue using the original horizontal tree 14 and not having to install a full function
tree for the initial production.

[0025] Additional examples of connections through the functicn mandrel 30 are
shown in FiG. 2 that shows the function mandrel 30 engaging a coupling coliar 70
and held in place with a capture ring bolted to the bottom of the function mandrel 30.
Extending into an auxiliary passage 32 is an electrical line 76 for powering and/or
communicating with a downhole sensor (not shown), such as a pressure transducer.
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a function spool engaged with the well head, the
function spool including a bore; a tree engaged with

w0 b@ofomses i on spool, the tree including a borePCT/lig2008/086627
t ubi ng hanger being landable in the tree bore such

HowelvBatariyhg@owhBelecddredr i bg suRalslePTREtagctibaltiite Y@lelxtemds from
the tree; a function mandrel separate fromthe tubing

the sepgejdnto hedugeiommandrale30 and ermswmtautbfﬁadﬁﬂ G@j’m%{-‘ﬁ@r 77 that
threatﬁ’%mtb %%ﬁgﬁa O’}%QS% t7§e'l'fh%n86ﬁr%?:tc§rp88ée bey R h%@dmt Qféce by an

i'ncl Uding & passage“connect e

insuldteéd eingxteand ﬂgzludéSJatdchﬁldct aodccﬂ@ap@mhgwm tHae @onnector, a
port in the function_ spool such that communicatio

powe e ciRiwRRBE Al NP nenexientiabien fiare thendunaion spool 10 into

enga@érrjggﬁ‘?ﬂt@ rt]itnéé g nggﬁtﬁbtd@) ?é}ea EHEIférﬂv\%PstﬁBBﬁlg q%qgm@nt as shown.

The stath Gﬁdhé@ldrﬂio@mb@ﬂMﬁHtgm rohodetic betwderathe él@t.trlcal line 76 and
and it;fﬁ/draul ic lines. 3. The production assenbly of
an elestdcal tine \imdpeinert Ad Halwents Sc'iﬁ\ﬁ%‘dﬁ‘hame [ lén@lél”eél?‘é@ 10 and is

acceds) tﬁ%nﬁ%tm o6 ﬁﬁ > filhicti n%ﬁﬁgh%% faﬂ ¥|%Cﬁ' %\P[u?%@é xtends to the

surrace-co ce S Yy va
surfade NPt woﬁnaet@prtheaemvmﬂwl [heel76C thusc siaibhey $:olw@ of and/or

commpuunqgatl(oisvsl)th aadnoo\lfvﬁhoqg \gﬂ}gc?go%mp{ig\%gg Sé)ljch as a downhole sensor.
[0026] FIG. 2 also shows another electrical line 76 for powering and/or
communicating with any type of downhole electronic device (not shown), such as a
downhole processor. The electrical line 76 extends from the electronic device and
into a passage 32 of the function mandrel 30 and ends in a connector base 90.
Extending from the connector base 90 is an electrical contact 92 that extends past a
milled portion of the function mandrel 30. Seals 94 are located in the function
mandrel 30 to isolate the milled portion of the function mandrel 30 from fluid
pressure in the function spool 10 and flushing ports 96 in the function spool 10 are
used to flush the fluid trapped in the milled portion out with appropriate electrical
connection fluid. The electrical contact 92 extends into the milled portion and into
electrical contact with a contact ring 98 to complete the electrical connection. The
contact ring 98 provides a large enough area around the electrical contact 92 that
exact placement of the electrical contact 92 with respect to the contact ring 98 is not
necessary. Thus, the contact ring 98 does not require exact placement of the
function mandrel 30 with respect to the function spool 10. Although not shown, an
electrical line extends from the contact ring 98 in the port 44 that extends through
the function spool 10 and is accessible from outside the function spool 10 by an
electrical line that extends to the surface. When connected, the electrical line 76
thus enables power of and/or communication with a downhole electronic device,
such as a downhole processor.

[0027]1 While specific embodiments have been shown and described, modifications
can be made by one skilled in the art without departing from the spirit or teaching of
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4. The production assenbly of claim1, further
i ncludi ng the function mandrel being noveabl e
waeerwioomhd y and rotationally with respect to tPET/US2008/086627
production tubing. 5. The production assenbly of
this invetioh.1Thd 8mbbdMeénte msrRixdrieéd b ER@hplang bHI 411 SRF Bot limiting.
than one passage connected to a |ine extending into
Manyt wariatiging, aedonogiiisatigns eomraaskte and e avigirtthenseore of the

evenlfch B RRAE LS B, L AR 8", omorimens

describeds bLPi diphited by The clime Wisdt follova stherdebpe of vﬁu@h shdll include
wherein the function mandrel passage is -11 -

all equiyalentsrefding sapjeobrwiier o8tiwodaisinect abl e with t he
function spool port using a coupler selected from at
| east one of a vertical stab wet nmate coupler and a
hori zontal stab wet nmate coupler. 7. The production
assenbly of claim1l, wherein the function mandrel is
renmovabl e from and repl aceabl e onto the production
tubing. 8. The production assenbly of claim1l, wherein
the tree and the function mandrel are installable
using a floating depl oynent vessel including reduced
lifting criteria. 9. The production assenbly of claim
1, further including: the tubing hanger including a
passage connecting a port in the tree with a second
downhol e conponent through a line; and

-10 -



the size and/or weight of the tree and the tubing
hanger being m nim zed by allow ng communi cations with
wo b@ogdoesmhol e conponents through bot h the tubi POI/HS20g®086627
and the function mandrel. 10. A nethod of
communi cating with a compupms downhole in a well
i ncluding a well head, the well designed for production
usi ng production tubing connected to a tubing hanger,

idcl uding: installing a function spool and
VVHAEE?F%?“&&ﬂ%F%he wel | head, the function spool and tree

1. eAChrod\tiodi ags@mblr ¢or lcantbiiagt produshbnafrbangeodudtion tubing
the tree bore to support the production tubing in the

suppagisd by adding banaer 8 & wak incbiinga arelihege fheassembbnrinchgling:

t ubi ng. | t: .
uf CuRol 8P, A BT Vel B h PRGN sBlofHALORg e bore
f ekl driyaged Wit theiftiRctibripgidol,ithe tilee iﬁclu@ih'gcmb@né@ol to

est abl i sh comuni cation with a conmponent downhol e

cliyentiingl NANgAN Deind iancapts initeitae barosYeh dhat ifig production
and comﬁ?syhggﬂ%wthter\ﬁelfﬁwbo{qg?.conponent from

outsid I'0h 'Spoo ough”"t’he spool port and

t defunetich i prandedidseparats Sagn. tHel .tulling mahbed ehgadetl nwith the
10, wherein _comunicating with the downhol e conponent

- 12- pedugtioiupies erdedsiiisyebls bgisighe function spool bore; and

the function mandrel including a passage connected to a line extending into the
well and connectable with a port in the function spool such that
communication with a downhole component through the line is allowable

from outside the function spool.

2. The production assembly of claim 1, wherein the lines extending into the well

include electrical, optical, and hydraulic lines.

3. The production assembly of claim 1, wherein the downhole component is
selected from at least one of a downhole valve such as a surface-controlled
subsurface safety valve (SCSSV), a temperature sensor, a downhole electric

submersible pump (ESP), and a downhole processor.

4. The production assembly of claim 1, further including the function mandrel

being moveable vertically and rotationally with respect to the production tubing.

5. The production assembly of claim 1, the function mandrel further including
more than one passage connected to a line exiending into the well, each passage
connectable with a port in the function spool such that communication with the

downhole components is allowable from outside the function spool.

6. The production assembly of claim 1, wherein the function mandre! passage is
-11 -



i ncludes at |east one of communicating electrical

power, data, and hydraulic pressure. 12. The nethod
w@oogloaiemd 10, wherei n conmuni cati ng with the dpUTS1008/086627

conponent includes at |east one of controlling a

connetPama Yl tha lfiiestiohesprioV pod Lerigaa &tblsﬂiﬂéxasélémhqkﬁfn aeRRRtone of a
control ling a downhol e punp, and controlling a

vertical sigih wiek mste eeurler and aiorimetakstaioueiomnats epunlen,

further allowi ng the function mandrel to nove
vertically and rotationally with respect to the

7. pTﬁéupt'ddDmtlbhbaﬁgembM of Thigirfrett hoghefeit | thiemidction mandrel is
further including; connecting mul ti pl e mandr el

remowggﬂg&amﬁtrﬁplgg%biem@ &he @Mcﬁaaga@egconnect ed with

a downhol e conmponent through a Iine; and comruni cati ng
Wi th the downhol e conponents from outside the function

8. Svn@I productigh adwensiflpodf RS 1andhéred fthactreenamdrtteetunction
assages. ~15. The nethod of claim 10, further
mandfﬂcﬂ@dﬂﬁ@"@@ﬁn%f‘g @flﬂﬂ@‘%ﬁﬁmﬂ]%s\@%@' ctuslingseduced lifting
crlter|§p°°| port using a coupler selected fromat |east one
of a vertical stab wet mate coupler and a hori zont al
stab wet mate coupler. 16. The nethod of clai m 10,

further including renmpving the function mandrel and
9. r-EB‘P Qﬁﬂ&tpﬁéﬁsﬁﬁﬂfﬂy ShekaiA dr dyrth@riiRCINAIGE f er ent

dfﬁ%}?er Z'ﬂi 'ﬁ%ﬂ% r?e coﬁ'p%eﬁ ?ggfé’%ﬂé&ﬂ{ge %ok iR the tree with a

second downhole component through a line; and
the size and/or weight of the tree and the tubing hanger being minimized by
allowing communications with the downhole components through both

the tubing hanger and the function mandrel.

10. A method of communicating with a component downhole in a well including a
wellhead, the well designed for production using production tubing connected fo a
tubing hanger, the method including:
installing a function spool and a tree onto the wellhead, the function spool and
tree each including a bore;
landing the tubing hanger in the tree bore to support the production fubing in
the well;
positioning a function mandrel separate from the tubing hanger and engaged
with the production tubing within the function spooi;
connecting a passage in the function mandrel with a port in the function spool
to establish communication with a component downhole connected with
the function mandrel through a line; and
communicating with the downhole component from outside the function spool

through the spool port and the function mandrel passage.

11.  The method of claim 10, wherein communicating with the downhole component
-12 -



17. The method of claim 16, further including renoving

t he tubi ng hanger, production tubing, and downhol e
wa@ommponesnt , repl acing the function mandrel andPCT/US2008/086627

installing the different downhol e conponent and the

includid it Rehsh BAE OF cammuiestitet dlectritaligverntata, bAe h?ﬂ FlUfiE PRéssure.
function mandrel. 18. The nethod of clai m 101 further

including installing the function spool and tree using

12, 274 ORP8 B BUTR U alesh EAMEAMGSERL L ot
comp6REMIALIidEE 2 lodst Bnd cfeonnd kg inbekeholb3ralveeceiving data from
2009/ 076614PCT/ US2008/ 086627 conponent from out si de

a dowmfaoler sensair cggirodingogndevindala pumie eodi agntreliaera downhole
roce%% necting a port in the tree with the second downhol e
P (ﬂ:ponent using a line. 20.The nethod of claim19,

further including mnimzing the size and/or wei ght of

the tree and tubing hanger by comunicating with the

13. dbbahoethasb mhosiainm s1Qnfuther Blawinghihe: deneiprmanddrehie move
verticétlnfea\rwlJ Po%figﬁ]alwm ?éSpect to the production tubing.

14,  The method of claim 10, further including:
connecting multiple mandrel passages with spool ports, each passage
connected with a downhole component through a line; and
communicating with the downhole components from outside the function spool

through the spool ports and the function mandrel passages.

15.  The method of claim 10, further including connecting the mandrel passage with
the spool port using a coupler selected from at least one of a vertical stab wet mate

coupler and a horizontal stab wet mate coupler.

16.  The method of claim 10, further including removing the function mandrel and
replacing the function mandrel with a different function mandrel designed to

communicate with a different downhole component.

17. The method of claim 16, further including removing the tubing hanger,
production tubing, and downhole component, replacing the function mandrel and
installing the different downhole component and the tubing hanger and production

tubing with the different function mandrel.

18. The method of claim 10, further including installing the function spool and tree
using a floating deployment vessel including reduced lifting criteria.

19.  The method of claim 10, including communicating with a second downhole
-13 -
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component from outside the tree through a connection in the tubing hanger

connecting a port in the tree with the second downhole component using a line.
20. The method of claim 19, further including minimizing the size and/or weight of

the tree and tubing hanger by communicating with the downhole components

through both the tubing hanger and the function mandrel.
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