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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
WQ@9IN66614PCT/ US2008/ 086627 producti on by i nBCHIUB2008/086627
a string of production tubing that extends to the
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[0007] A disadvantage of the conventional type of subsea wellhead assembly is
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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.



[0012] FIG 2 shows exanple auxiliary port connections
that nmay be used in the function spool. DETAILED
wOEBORIdeT4 ON OF THE EMBODI MENTS [0013] I n t he drEmMURZPS8/086627
and description that follows, |ike parts are marked
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inventigacd that illustrdted Redi desmrlaedlmnem ltdisrtedie fullyatesdniead that the
bet ween .t he el enents and rm{ﬁsallso i ncl ude indirect

differgntt deaghingh elettieefmndimeatfe fiscursedr ingieyy MRy be employed

[ I
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skilled in the art upon reading the follow ng

etail ed .
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t O l|
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betwezmbtheacleatdrite albstabedblng eﬂal:rloustdmearéa:tansmamrrmmdxohed(hbove as
ite the vvellhead 12, FIG 1

well agopihasriealures ainc ghatasdsristice %‘-’rqﬂ%ﬁg 8r mqr%diae&ﬁ'a bely will be
readllkoéprfeﬁﬁm &5 PBsel Qﬁllé&qﬁtﬂh%nagpeﬁen %aagﬁ ihe followmlg];edetalled

orizontal tree 14 are | owere I nst onto
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nect or used | st ead of the colle
the fRghNeaPaPs 1gnd e Betemitel Fend% i vied 256 Inptpllsdpnto the
wellneef 12 85 o AficAly 5B ?@‘1 PO EBRAaHBIS T kPR being formed
by a;zmppmﬂel gbiekgibugs ainceNisetAltdnowghohet shown, appropnate valves for

O76614P / 86627 from.the |l head 12t
controfie Gl PRETHATAN SRS 0 BON sl SRa g erpiarrir 4 of aished to the
honzo%'t’él tFéeSG?EL %altibhﬁl’y faﬁ{Pé‘nﬁiféH‘lé %Hth&oV?H f@é’ usédaAstead of the
function spool and horizontal treé 14 are
collet cosmedtbw aall-'tdn@mamplg dpafunatiosepoobh@ and hovizontaktree drsmay be
tijme. The BOP and riser are then

at, the s
attaChfeéidfst'rég:ﬁi’nﬁ?gﬂ?ﬂgehorl zontal tree 14 and the plugs
[001 5! e”WﬁantlﬁQWéllh§ ré&d fd#%dﬁ%léﬂoﬁ%&@ﬁh@ﬂe%lh@@bré g6t ddiwnhole
hrough the riser. installed, the function spool
10 and hori zont al tree 14 mayt -t hen be pressure tested
to confirmpressure integrity. [0016] A tubi ng hanger
running tool (THRT) is then used to |ower a
conpl eti on,



i ncluding a tubing hanger 20 and a string of
production tubing 22, through the riser and |l and the

wo amogeenanger 20 in the horizontal tree 14. VWETNUS2008/086627
| anded, the THRT actuates a lock ring 21 at the top of

from fHeewenhbag 1RaeoeRIAgint ad (RBEAGESs ThBehBAbUE prévIntér ﬁﬁ)P) and
14 and | ocks the tubing hanger 20 in place. It shou

riser jgee ribeadramevemh fromt t%y\f&”@@ﬁﬂn@zaQB@nﬂhleyflﬂfH?ﬁlOBeSQ@@d10 and

v FHAFRIRE0HRat 7 SoBBHAO SRS BRI JRSons a e

samettﬁﬁe "gh@ BOR @kidssdrelre théh eeattdined toahgeioridntaitied 14 and the
wel | and the tubi ng hanger 20 includes an internal

plugsw@fr@vgd feam dhe well Hishiae e@pipRIiate feolgbndn garopgh the riser. When

stalR S roh SHARR Eiand BEHEMOEI 158 £ el Fehhet Pifyapr tosted

to corﬁﬁlﬁt@fessu@mtégr port 26 in the horizontal tree 14
roduci ng fluids to the surface. Although not

(00163 ovdh I NEGBT eeming o) RS T 5is et iesichlo lawaj AsApletion,
mcluc{ﬁ&f%ﬁtgﬁ@ h?*%%tapa 4 Qﬁlr@gﬁ)iﬁm Et[%rﬁ]) t’[l\é\fglhg i‘igthougﬁl the riser

and Ia\md lthé¢ hebipydstiejera20 protiie 2oriasntahgreiculdd Ngy e gerde’ the THRT
| owered into the set position. [0017] The conpl etion

actuatgssy lagkcingéd ah theiam @fdhertﬂhwgé?arm@r 2t thatieAgageone rizontal
r upi
tree 191 qud‘%(%k%nth%b{ﬁé JF rgééﬁ i @gcé.uﬁrsggH@gﬂgﬁ@tg@ thdih that any
Iocklnlr egehibdn tali me 2Bedndsich had dexparplshie bag@n‘;hat engage a
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correspgisling: PEORIRrBaEdheHAek TBR th ke dﬂrﬁ‘auctl%?%@g &2 extends
0)
belompméqgu@ﬁt’;@%%é}egﬁgpfguFHoca aQﬁﬁrtpé tuPH%gs Hﬁbrrg%%ﬁludes an

internaDbbre Ratadigaet o bhetdmel Withdhée dors pddhe mod&tlﬂ‘m tubing 22. The
auxj liary function pas [

sages nmay be located in a )
other ;251 o 4 iIRerTRl PR e et BIDT haRgerep Maligerent with 2
mast 95RO 26 T TR e B o bR s t tre
surfadey Altlp 2R nat shavin, dhe aoodmetigrowerudisaa rotational abgmmanhmeans
that aj\s a surface-contraqll ed sub face saf ei%{ val y

lSrs g kBRI WlindBe doraRdTee of deF Aligning the internal

bore ?%E\Fe]ﬁ{ ﬁiebb%ﬂg’gtg@ P%ES%% Esg?}éﬁg%‘@ 8!?%@%%5%(9 fs |0\n?é?'gdt it® the set

positipmssi bl y pr ovi de for chem cal reagent injecti on O her

[0017&1yp gorfn,p Soln:]g Sgdhglg.l%gﬁl | tec{. e %ld“?g! I%( extendmg from the

produkﬁ%%?ﬁ@ %Bﬂ'tﬂs nﬁ&n Spg;%kféb' a@@howwg@c%%n%sndre: 30

rts 447 e functio 0 that provi access
surrowmdst thee proceiction tpbisgdtfeands fnedﬂnmpta@edw ahg suitablef ernnection

with 16 RiheoBTE 22, SERT o Akeis EEBRT o enWabi, nstead of
bemng%%BtlﬁrtﬁettLtRﬁh W%r?@b)’?b}’t éu;ﬂ'ﬁ‘é Spoﬁ@?éééég%"syar%qbbated in

connectors |l oca n t he unctio 0 and
the funatien amgndsel IGitn mteractwithribé ddnctprvepadl d&l Soich auxiliary function

sl A ORISR RSB St8e  L LBy o
passa%ggo'?&r ®r WhdtribAcas Jﬂ@aﬁugﬁéahﬁ’(ﬂra@m& e UhbBCStend downhole

itionally, although the tub hanger 20 may
alongmdedhaq]rodmttort ’tlm@wlg)ﬂ i@m)atrotare@’orlpower dowphotehealves such as

radi al _an of t t ubi han er thus th
a sufeippRofht Sunduface;Rafdyh RRE! (ST e Miiinbliye sensors,
downﬁaedé@btné%mnéraﬁn@bgmﬂ‘stcEHP)t leul@wmo?@ P&Sés@@rsd%ﬁidgﬂh%chke as

[ow a certain anount of function nandre

vertlcal and rotational novefent. The ability of t he

function mandrel 30 to nove allows for a certain

amount of tol erance should the connectors not be

perfectly aligned when the tubing hanger 20 is in the

set position. [0019] As an exanple, the function spoo

10 |ncludes an aUX|I|ary passage 32 for hou3|ng a

e o oy o



[ 0020] Al so shown in FIG 1 is an exanple of another
auxi | iary passage 32 for housing an electrical line 50

wo e00opmeses | Ng an ESP (not shown). The ESP i s URETUSIORMB6627
2009/ 076614PCT/ US2008/ 086627 i ncrease the fluid

well 4 %fé%ing besvids GeeChieiicdllrehgéntliRfeetion. OigePbieCbf GRes than
tubing 22 fromthe producing zone. The electrical |ine

thosedigtaskimaydisd eviendriovagmle ffem Heofunetion nrartdrehd3andr el

o015}, RSN B RED Y SRS 2 GBES AP AEle nctor
spool N tHRPravide ARt t64hé FahctiAnNpaxdRed 82 o Ritside the tree for
function spool 10 into engagenent wth the passive

contrajlingy| and/ep  pa@wernt othez avnponsdd bloggtash giywmale. akhe auxiliary

passelighin P LRt EORIC BB, A Db SvER, R gl P dxiiary por

conneRit@et [dcagdd lihnghedfuhatioat egdobn 1@ ALt ik tdias =t e0lable form,
t hrough the function spool 10 and is accessible from

including wedieat prchorirantaliengestars.1bhe pors 44 iadheifdastian srog@dd 0 also

nolucy GG B dne HRLIEN & 2o bR TAIE Hfeq siBspa greon the
surfadeSRAdditiorsly| abiReuid trentubiy hengat 20 ehay intéret Jbthnhg gizontal
a hydraulic line that extends downhole to an SCSSV

tree {hée aligowine radiekanplenef dRanpbly SRBGRA" 2Pea8d Ly tgofunction
mandf¥ 36 108 AoBBPLH of RETGALRIT o RelER O T B R WBing 22

may 166 Chssiiribce td ratiowt becérkiat aipouspodlfudétion makdrel d0beertical and
appreci ated that other pes of connectigns may

t be

rotatiGrghanavement. i aBHRY of e dURAN insardrehefinio; Ravgeallows for a
certaift SRR B Ao Seslib ?ﬁ%%%?&%l@ nb¥ B?@e?ffeFtl% gligned when the

conmuni catron Iines; Such as for ‘exanpl &~ electrycal,
tubinghiyaliger 2Cis inthopet paditioddi tional |y, there may be as

many auxiliary ports as a given funpction mandrel 30
[0019}my Af AR RXam I58 TR Heaql i) inghiles| arsaUxkangassage 32 for

e e " ! .
rousiHE 3G IR YRR 10 & o dBR0nAP4EEtS oot shown)
The SO8SNobostrolst thecliowadf flmiderotigh dhe predpetion tltlwdy .22 from the

e b TR D ST oo ect, &5 e oo
mandd1 80 é‘ﬁc%&ﬂb? mbe%ééséi{?é eHEPIek B, t‘b‘i’re%hohgl‘ﬁgt\hf@ﬁ tHb Soupler 40
, P | bore 24

anger ugs are run into the it ntern
in thedodckat martre BEP, theduncien speyl 1hémclbdes ammrichlfaompler 42 that

can eGP TGoRToUPn (591 38, Infy BGINBE! Ptk HErkpClRn gaanirel 30
COUpIéIO4?%P a% U@rti‘éawgfé@ Bomieet¥n?ad Mo fHe! b%lbOESHHéﬂlo‘?Pforms a
to flow e an t he

rom-t production tubing 22, Into
fluid tight cdearirieatiop oxther? @hé dubinigohangert B land$ aneher hangontal tree 14.

ot her desired | ocati . [0023]At djfferent tinmes in ,
From She Fosoh 42 e Mgl 142 e hiwshn ey Tditor Saael 4P and is

i t wWRh@-e [ i £ . ey 18
accesglElé HRR o HER GIcCrlélth' SRR 10 B5; a TRurfif pAipEine 46 that
extendsldqutitee shidacé. iVidemraxhnettan thet hadcholio hadrardESPendy enables

surtaCRIRT Il 1, ool Heminsr et iinafvely dings 3G ipay be an

electri'gﬁg e fort PobRrRgdad dbanheRd UIe& e’ MRk BOHP(ERP) (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-



WD 2009/ 076614PCT/ US2008/ 086627 managenent. Wth the
function spool 10 and function mandrel 30, the

whorwaomtal tree 14 and the tubi ng hanger 20 nP€URM08/086627
desi gned for connecting and supporting the production

increddebtitd fldi pldwsurarfoepfodustiohi Mnas tRRIRMCHeO BRodiictioAOtubing 22
| onger nmade in the tubing hanger 20 but are instead

from thedpragkicing persabike elacticw Im@n%@ iestenesnigewl theoE&Rdand into the

et bR 08 el 5Lt SR R0 B2 HASERRIRT i e

functiéf rAgndee deccdipierss 2l antbrizadtall dotiphir 3 ehateddn kichaUrom the
having to purchase an entirely new horizontal_ tree 14,

functipasspaal it iimtoc eReagRiMant wittodte Paseivgscoupenddi faroa, horizontal

stabblf eNBRPRE ot Bl TGS B ROIHIER vl Mg e tiont

connddiioat hetaalencianglettrieasling 66Wrid ag elélcth@weltnsﬁsstlﬁcated in a port
Furt her cost savin s result froma smaller horizontal

44 that estendsathsoudivihey Tungliger spap! bk atgelscacaassible fiosa suiside the

Jmbi Lty kN i 0 h z
runct bk g6 | AUl Tk 80 P FBL A, 0l race, When
conndoiéd! ihenekpaial lide Shehl®enabisabuifdace cdAtrandf thmESRor well
sp ool 10 may now be transported and installed on the

operan@ns hfé%rn@nv@gdmﬁ%mam%e AysRRic inglet extendgtiawnhole to an
uiring as robust equi pnment as trees that
SCSS&Lse%ZHOIm@T t he functional connections. Further cost

[0021§ aviTHgs erapadss shden aarbi skl itwo naossiiae ttypen of keraastons that
I nstead of each horizontal tree 14 being custom zed

may heymasiecthrauah a%h@vmﬂ%ﬁhsﬁuww mengesl Hhanadecessible from
e B S5 ATV Bl B4 bt B B G0 9 Bnions

be mz[adﬁ)&é]\#eil addithaibotihel cdreteetions ahewnain thesexampieelrhay tleatised 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‘é?’@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



communi cating with any type of downhol e el ectronic

devi ce (not shown), such as a downhol e processor. The
web@enrdeeal |ine 76 extends fromthe el ectroni BCHES1008086627

and into a passage 32 of the function nandrel 30 and

managBftferit VRitls e gGh&tiorP 85601990 drét RIMEKBE hEAEdIBD, the horizontal
connector base 90 is an electrical contact 92 that

tree ekaeddbegubingahangared) peed insndesignee feiaennemingeait eupporting

the pieQyeiSA Gid 7% Pk B LR, PO T PP aR 2Rk Ot hace i

the tubiThbhyed201Re e ndtBad Meadébeingopasseek iddhéfdnction mandrel
flushing ports 96 in the function spool 10 are used to

30 and dignctiaie speli §0+ Tappwell iaparalersimae dhipd chesge skt e Aunction

mandBAREP BRiFhReET ShooIH) ofahas edist vis iy the s gf the well
witho@nthaving® ©l enirchal aPné@irblywindiv aheriptingglt tidend 4Q8rédulting in
lete the electrical connection. The contact ri ng}anger 20

consi@ér%%@pa@ga\&ng%rlgea%mfg Hharhatizantaldtee Ad anckihing
may @%m@%c{e %ﬂ%\lﬁ?t bE&ATe %égerﬁgangér tn%%de!tfcﬁ cé?gh% oftunc’[ional

h~réspect cont act” ring

conndwtions s aesultindus , loivee qety. aklirttiemgoSBsavings netult dmrhr& smaller
exact placenment of the function mandrel 30 with

horizardah &fee {14 aRe fubing ihangspodfl besauaet pblle iRsieasrgwmobility in

ot AEH b SRR O B REToha o 3¢ an
separatelfuritionepesl O ethierfrizonts itde 1heantifonttiomspesiol0 ARy now be

by an electrical |ine that extends to the surface.
transpgitasl apdesiaker onRae yrellbear clx sepataters Usingslowigs sARECty cranes

witho@f\é%uiﬁﬁ aékd/r%u&tog%i@hﬁbg\gi%@&?@ tl‘rf‘atdﬂéﬂ\ﬁéwlaeﬂ of the functional

ront c devi ce, ownhole processor.

connddliong] Phirther spsicsdvingse magdalge nics ablaieecd de maneaotusing because
] descri bed, nodifications can be made by one skilled in,
insteachef gachwiarizental dephndi AYNEr Satemizeshiar eady wWeda@RpigPrizontal

tree % Qaﬁ%%ﬁé&%@ﬁéﬁ@%?ﬁﬁﬁgg 8B0R4E ith thé ?Nrﬁrflyngﬁ%ool 10 and

ments as éd are exenplary o
functian enavedrel 3drintaynige clvstoynized irstéahs and nodi fi cati ons
are possihble ndrtﬁa%,re W thin

[0024] n din peditiongldanalt glsp, atises loE g ggﬁaefp&gntegfe%wei anydgwnhole
bt} S b 8 AR PP nBUhehoplon o  wol
In thoskatdsas)tloudceahimas qunotadratitys nafy béduiitbjtedbe tabingr hariger 20,
such %\E&pﬂtr%)il @W,@B_%ﬁlﬂ/\iﬁlégg/,g/891216@1%94#%2/0%%!0’(9% QI§16r%Za§/ %ﬁs'\t/e?lled 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.

-8 -



1. A production assenbly for controlling production

from production tubing supported by a tubing hanger in
wa@2emlotesincl udi ng a wel | head, the assenbly i ncP@MURYNS/EB6627

function spool engaged with the well head, the function

HowevBPny 86\WHEbBG:cmsbP hidy Be sURBbIENTRG sdeatiitHl IiMee76 extends from
function spool, the tree including a bore; the tubing

the sment%féeﬁgnpm ansirein3@ ﬁ@dt&r@es Wéh @ t@t@aﬁ%mnmeﬁor 77 that
threa$$ i@ﬂcé c?:%&e#fﬁ ée 7?”%@ &ﬁ%dtc"?orl BEsdeld P %Iijh‘ﬁ place by an

nand separaefromthetu

insuldiéd gieg, 7Ea6d ¢esudéd 8 pifmeontact SODCQﬂ‘@GFGmﬁng wﬁtmme @mﬂ1ector a
positionable inside the function spool bore; and th

powef |GRtiesiPTRABEEALONNBE Ui AyteadaRles dren cthien denction: épaol 10 into
enga%érﬂ?n?%ﬁﬁ?ﬁé LWt 88 s hoﬁ%@qtﬁpﬁﬁﬁﬁm r?gca‘gﬂta%rﬂ as shown.

unction spool

The stalh boAndstivnhorescofipidtiiht cohnecth bdisvddmigel @ectrlcal line 76 and
al | owabl e fromoutside the function spool.

an elgetggaktine i ke aast ¢4 dhat extends, thmmfe‘tmﬁ tfwéc’flqrhé@ool 10 and is

acces%gﬁ%nq%uwaé)ﬁg]ﬁm%bh s'p'88| H‘ﬁi%yeér?tgfe e in@Bidt@Btends to the
ydr aull

surface. When connected, the electrical line 76 thus enables power of and/or
communication with a downhole electronic device, such 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

-0-



3. The production assenbly of claim1l1l, wherein the
downhol e conponent is selected fromat |east one of a
waloamindees val ve such as a surface-control |l ed sedBURIta%E86627
safety valve (SCSSV), a tenperature sensor, a downhol e
this irfeRBéM.| The oRBBE NGNS e clib&Phre 8REMPIAAPORARARI are not limiting.
processor. 4. The production assenbly of claim1,
Manyr vatiationsi aed vapdicaliens @ne thassible rice iare avitiyn nibeesprre of the

e AEEORGBECS 5 B AR RR°Rubd b cmoociments
describedi, Buflis drifglifnited blyahe BRINAE ehatf fulldvethel stobs &f MhidPskall include
t han one ﬂassage connected to a line extending into

all equinalents of thesuhigshaiigs of iendeim®dl e with a port in the
function spool such that comunication with the
downhol e conponents is all owable from outside the
function spool. 6. The production assenbly of claiml,
wherein the function nmandrel passage is -11 - WO
2009/ 076614PCT/ US2008/ 086627 connectable with the
function spool port using a coupler selected from at
| east one of a vertical stab wet nate coupler and a
hori zontal stab wet nmate coupler. 7. The production
assenbly of claim1, wherein the function mandrel is
renovabl e from and repl aceabl e onto the production
tubi ng. 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:

-10 -



t he tubi ng hanger including a passage connecting a
port in the tree with a second downhol e conponent
wao booondsia |ine; and the size and/or wei ght of P€TYES1008686627
and the tubing hanger being mnimzed by allow ng
comuni cations wth the ¢dQuims e conponents through
both the tubing hanger and the function mandrel. 10.
A nmet hod of communicating with a conponent downhole in

LAl ing a well head, the well designed for
WHA‘EJ%%IIV@ K%i ng production tubing connected to a
1. tAbpﬁm&tﬁibge@ssérhblylI%m%ntmmhgdﬁﬂmudiﬁﬁtﬂbh1 N@oduction tubing
function spool and a tree onto the well head, the

supparigaday atulype benasrdnte well ingliinga melihagd athesissembinimchgling:

BB PR R S5 5 ReRRE e MBprgg o or:
afdeaingzeRaAtAhErontidiesgodhithe tleenseudmach begaged

with the production tubing within the function spool;

chenbiing drangph Seige landaplee it #he ttiesn baengreh that Fhey production

port ip.the f Lo . 1sh conmuni cati on

with a{bggﬁlgnsgﬁﬁbgg%'ﬁg\%g\b%%Er%¥1ng%{e?gé’wi th the function

nanfiiretioh hiraumdhel aséparate asmc drentobigat hagged, t Bndgdiged with the

downhol e conponent from outside the function spoo

t hr oughrodstian Bking and rasifianeble ekiei tba furgignepool bore; and

p . , Laj ' I

cBRraRBorT rap o186 s iaefk ol et ™ i 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 -



WD 2009/ 076614PCT/ US2008/ 086627 i ncl udes at | east one

of communi cating electrical power, data, and hydraulic
wee@eduoees 12. The net hod of claim 10, wher ei PCT/US2008/086627

conmuni cating with the downhol e conponent i ncludes at

conndct@sié vamethe ffusaidinrspidol part aiskigvabolisier sdl¥Gted TRPE Iawéé@t one of a
data from a downhol e sensor, controlli ng:ba downhol e

verticg) sigh weh mate sovRlEr ARG adalantab stabpvelmeteouplaz. The
met hod of claim 10, further allow ng the function
mandrel to nove vertically and rotationally with

7. r'ER@eproduetibheaps@blt igdnclaihi Ng. whérkin Tihe M@bdtith ghandrel is
claim 10, further including; connecting nultiple

removattkeifrom pad seplaseablelonip i prstuction daliRdpassage
connected with a downhol e conponent through a |ine;
and communi cating with the downhol e conponents from

8. OUhei pledubtioh lasdenaisly spoelaimhripugherelre thgotke parid sthanflinction
the function mandrel passages. 15. The nethod of

mandggl Are installable: weing |%Bpaw1m§eﬁwﬁ&ﬁt|m8@h@c+hﬁlm égduced lifting
Crlterl$assage Wi th the spool port using a coupler selected

rom at | east one of a vertical stab wet nate coupl er

and a horizontal stab wet mate coupler.

9. The production assembly of claim 1, further including:
the tubing hanger including a passage connecting a port in 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 -



16. The nmethod of claim 10, further including renoving

the function mandrel and replacing the function
woraevdioaderwi th a different function mandrel desPQnEs2008086627

conmuni cate with a different downhol e conponent. 17.

includés %t nRishefe of cemmhuniddtingf eleétheal pd@@érudatﬁgah@ 'ﬁwrdwc"dﬁ@ssure
tubi ng hanger, production tubing, and downhol

conmponent, replacing the function nmandrel and

2. ¢ 50 nigetfifly o BF ey AL PSR ChSmERIREAR, 78 FEF quniole

compbhlé}ﬂtlh@mdﬁﬁ@@!éﬁst ond%f chheronghpdowhhelearaivd, Gécéivinghedta from
including installing the function spool and tree using

a doxanhmlgasem@rdecmr@pm av dgudholen fump ngnelegoiieding f& .d@fvnhole
eria. 19. The nmethod of claim 10, including
proceg% nicating wwth a second downhole -13- WO
2009/ 076614PCT/ US2008/ 086627 conponent from out si de
the tree throggh a connection in the tubing hanger

13. chhmenethasl #f pgaimi 0.t fisthareallawing thee furetiond n&mﬂfﬁblt@ move

vertiof R RL TR ot 6P g PRSI g or i ghe o

the tree and tubi ng hanger by communicating with the
downhol e conponents through both the tubing hanger and

14.  t Fae methed of clamdiQ 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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