WD 2010/ 082975PCT/ US2009/ 066043 SYSTEM AND METHOD FOR COVPLETI ON

OPTI M ZATI ON 5FI ELD OF THE | NVENTION  [0001] This inventi on reI at es,
i n general tzﬁ gﬁ%%%e“ ng a well bore that traverses one or

subt errane {P rbon bearing formations and, in parthTélﬂﬁzgqgm“i“ga
system and nethod for conpletion optim zation using a conputer

i npl ement ed system and nethod to dynam cally nodel ed the service tool
string and the downhol e environnent. 10 BACKGROUND OF THE | NVENTI ON
[0002] W thout |SYWETENDANDEMETHIOD PORIC@MPLETEON ORTMBNLZATIONI t S
background is described with reference to the production of

hydr ocar bons through a wel | bore traversing unconsolidated or |oosely
consol i dated formations, as an exanple. 15[0003] It is well known in
t he subt erranean wel | dri 11 EIELMFCI@TEJIII\BIEWH(EH that particulate
material s such_as, sand ma} duced durjng the production of

hydr ocar@8% f Hninyertion e %tF%\‘}b%ﬁ‘élP tenenritingsrvee e dind nveases exe emore

| oosel 'y s%%ﬁgﬁémy&gca&y&; BdaFiRd Etthalis Rl BNSridMHIBH AUS s ﬁlgﬁh
occur as a result” of the production of such particul a e exanp

t he par tdoowledion ()pamgésmaml@swemmr impleraemesbsystemsangi méthed tmdyrmmidauy
such as ¢ 20 v aditio the particul ate may
parti al In)}g%;e%gh? %%&JV”P togpq;ﬁ“& (g)r%‘énzlal J‘%e VR ed for an expensive
wor kigver . Al so, |f t he partlcul ate rratter is produced to the surface,
it must be renoved fromthe h drocarbon fl UI ds by processing

equi pment at the surface.B4 ROUDHS Ol il INYENTIO dventing the

product i f - -

Packi ng WP, e ARiEH, ﬁ%ﬁaﬁﬁ%ﬁé*e?énékﬁg%ﬁ% PR s NS Prvicy
product ireferanog Enrt\habroduaﬁml of hydrpparbais throagleh welbdie tavgrbing bddnsdidated or
conpl et tr| Q(gh)udl ng a packer,, a circulation valve, a fluid

| 0SS cor}??SS CSB of R5FEEnd control screens is | owered

i nt gst hgoyes | hﬂfs&vdll%r@wﬂ(iﬁ kel SOBteRER%A RRI QArill g ﬁeablﬁ?@u&{ &Qm%{ #mulate
interval. A service tool is then positioned wth he conp I on

string arterigls sugh @s sIdringy bpodired gueng theuirerlustion pia‘ehydmgrbam from a well
part i cul gl Bl e! Gl nibAOVHedASoI0ERY Sr JoBsdi SBnRHERGH LI, B1Etons.

circul ation lve into the we annul us forme
cont r ol MNuoraenprehong hay q:memfasaaaseldofmhé prodasiongf sach waptnlaleo Fer example, the

product i |pon

Gk causes abrasive wear to components within the well, such as tubing, pumps and
20 wvalves. In addition, the particulate may partially or fully clog the well creating the need for an
expensive workover. Also, if the particulate matter is produced to the surface, it must be
removed from the hydrocarbon fluids by processing equipment at the surface.
[0004] One method for preventing the production of such particulate material to the surface is
gravel packing the well adjacent the unconsolidated or loosely consolidated production interval.
25  Inatypical gravel pack completion, a completion string including a packer, a circulation valve, a
fluid loss control device and one or more sand control screens is lowered into the wellbore to a
position proximate the desired production interval. A service tool is then positioned within the
completion string and a fluid slurry including a liquid carrier and a particulate material known as
gravel is then pumped through the circulation valve into the well annulus formed between the
30  sand control screens and the perforated well casing or open hole production zone.
[0005] The liquid carrier either flows into the formation or returns to the surface by flowing
through the sand control screens or both. In either case, the gravel is deposited around the sand

control screens to form a gravel pack, which is highly permeable to the flow of hydrocarbon
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[0005] The liquid carrier either flows into the formation or returns
to the surface by flow ng through the sand control screens or both.

In either case, the gravel is deposited around the sand contral
screens to” &P%P(“é”&?av@ pack, which is highly perneabIPé:T{lBgz?ﬂr?@ﬁqﬂ%w

of hydrocarbon fluids but blocks the flow of the particulate carried
in the Huwdoodbheks th diowsef tixspastimitete eprraadein thalnkisocathon SngiseAsfuch) gravel

prevent th robl ens. associ ated wi.th the production of, partigcul ate
Peteri stk B TESRR R0 BF abtianiral el SihaRR sl ppmeioat
oper at i QAgeridls 6 lthd @vihapnmul ti pl e zones, the service tool 5 used to

deliver the gravel slurry may be positioned relative to each of the
zones t dORS]c dAingceriain gragel ppekdngoperafipns irprell basargrneltiple penes, dhoseryise tawb|

o tupi ) i ) he. | i
por t o m R el SIS HBREHal 60 Akllfid 1ok Pt R R e B et
sequent iiald singlertfipr fog raample pthe lsenvgpe apelr iattymodlyofivst pasitivexd rélghel © the

zone until each of the.zones.is gravel. packed. |t has been found,,

owever MO LAER G PO Re e R POF o fieiialy

the 10 GRABIRLIRBE Flcking Opbratiks oAMBE héit Qﬂhﬁ@goﬁe%ﬁti@ieﬁt%yoﬂtﬁ%gﬁ{ngé A% e
0

exact location of certain service tool conponents relative
par t i culraekadaHdpneep frund.dovieyari thatseh axishy meweroent of the segvicedpa csldtive &d thy

t he \gervj - | .Slg i bl oc t
the 20 ol 1L ER0ALSSARA o ReBURE AUac R W I e ool
downhol eognukintgeltiatopasiculahlendiag poigts withol the Fspletistsainge Shasfidlloake
is noved at the.surface, ,however 0€es. no i rect translated to the
i st amcaeitss 08 iebetiGied BE Moot ang IGRRinahe lobeH the s whibve el
the ser\hgRalddoF fdebavilyifReh 816 dBvnRNE mnéﬁngbbiﬁts%@%e%ﬂwwqﬂ TheHisARR! the

forces, gravitational forces, pressure forces and the like. This is
parti cul \is mevedeatithe syrfaes betvevgs voes nof diserdly tionslatodhtodthe distahe, the service

addi;ti o o] A i i t nst ant .due
o ter nat R EpEBIc ol AR iy e kribhobi Mr SR B byt pd
Ther ef ordgnamic fieednildsrcay, pmeitatfonsl feired, pressusfbroee hitbls 1ik0 rTf@ﬁﬁE&rﬁE&lﬂ% a
wel | bore that 20 téaverse one o re subterranean hydrocarbon
bear | ng SFBF A sOE AT A8 Raeata Hel, iedition hracer tarwype elgiinging
the | ocabt Qhstht duB o B8Vl efedis) hrtib@hd in\Rep-Rafr Bihilbfdakar | andi ng

poi nt or |anding points within the conpletion string. A heed has al so

ari sen fl¢07%udheriose.amsedhas arserhivd systemstand methads éricompletingd atitbore that
bet ween i t j V. the surface and the ..
di s \tﬁg nc é}a th %£§ Zi% % gretsggtlem“rr%\ﬁ/[g Is&dg(())wn Ogl%gfgﬁq‘—gu#g%azlro ns %gee s Mg ArEsyen

for suclndyatadirg rgadiZShekcatsof thdenddesoslatiatitotoaqreivitar f28ink ?Qilnt or
ol e

t hermal _ef fects experienced ~the, service ool string in down
envi r ontARANS PRI U@&Wgﬁ?dﬁé@g _ Ritingn it meed ﬁmﬂﬁs@ r{yeh [SKEERSTATON
[0008] Fiendas finedb abloNaRHERR Wiwieh ﬂtligﬁgtiﬁ@% fhlBlocR isthdveg hefe SuPta8/ably AP

and net hods for 30 conpleting a wellbore at traverses one or
subt er r distange Fheoteoaes leohmivees davghplsr niurthen mieed has arisen for such systems and

25 methods that are able to account for the thermal effects experienced by the service tool string in

downhole environments including subsea environments.

SUMMARY OF THE INVENTION

[0008] The present invention disclosed herein is directed to systems and methods for
30  completing a wellbore that fraverses one or more subterranean hydrocarbon bearing formations
that enhance the precision and certainty regarding the location of the service tool relative to a
particular landing point or landing points within the completion string. The systems and methods

of the present invention are able to correlate between the distance the block is moved at the
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t hat enhance the precision and certainty regarding the |ocation of
the service tool relative to a particular |anding point or |anding
points within the conpletion string. The systens and nethods of the

h
present i nY@P1%8R23r e able to correl ate between the di SEAEIIPHE43

block is noved at the surface and the distance the service tool
moves dowfhel andathe alisitnicaghd egrvice itedli rooves glogmbole greenuinting ifernfctidro feress,

pressure forces.and the like. |In.addi.tion he stens an t hods, of
e or oL e et Kfies o Belngunt 2adifoh, R DERs A mrbel the
exper i engaentivention SEEBE RRCERRL fobihe tHREmAIRFEAYEH G AT HRABARR string

i ncl udi ng subsea environnents. 5[0009] In one aspect, 'the present

i nvent i 3R dpnhgle epirapmenss lckiding shbsepenvitenrsi ng a wel | bore. The

systgm i d conpl.et | It on e | 1 bgre. Th
compiet {00055 gl FER; b bAToE Sl REhblel £ o Eermiifig aspre
t ool i s Txispdtéry invhadabd eonmplétiinrpotiiencionitie tHeorllbdiee ThEEothsletidnaRl atlSast
coupled to a,servjc ool string extending fromthe surface and
sel ect i V8F {Anding poinf G g iBracoae Vieoveblg vy iheeompletion. The

subsur f aegidrngal isi Suled g dehvibeoBIONTRbE Bodlind BB kuARROGIALREM N
the wel I bore. The nodel is operable to predict the position of the
ser vi ce stppsirted by anioyeble blockhaboxe tHestidaceo Assubamidcaugodedisttefioéd nlreomputer

co eti S . C_ | ed ss _model, of servj ce tool
SOTRRS" oRBab SR BX IR MRSl PRAERR o Bhedie] ind R gt
envi r onemice i¢d@dAvel to tiene leastoeilamitig, poih ef tishatibletse based apor NERES

wel | bore desjgn, c l.etion design 15 and service tool  design. In
anot her ?@Wﬁﬁﬁp,ggpﬂﬁg‘%%‘é’ﬁ F‘F’g angye dypamig yaped sapgeitpnos thsekal model
novenmentyr iafvRiBBlclcafiréiitnfi 00k | 0ad information. In one enbodi nent,

t he dynam c | unped mass nodel of the service tool string defines a
pl ural i {4018 dixprad endwdinienh shesibsubfacesnedel imelutiesovelboreidegiern cepleion desat S

each.axi al sectio s a,sinale ss... I n this epbodi nent on tion
ot o o saTER b aBfal 1R s el AN Ba FREBMRTS e SBE 6K

anot her pgveentRdmaticnend ool vadifornaipe din G enifedicnd thd (YRR hE&
tool string includes frictjonal_ forces, %avi tational forces and
1!

pr essur @355 Bpdsl pHge syieeteol strngielings phRaling phspal pastions af s senyisatpobstring

| unped ' : . Lro ni. 1ncludes
2 Dot t ot P PRe Cuch AR R oS e LS, Pl BRI, (OB Boes

bot t om adjacent masses may be represented as a spring and damper. In another embodiment, the

20  dynamic lumped mass model of the service tool string includes frictional forces, gravitational
forces and pressure pistoning forces.

[0011] In one embodiment, the dynamic lumped capacitance thermal model of the wellbore

environment includes a bottom hole temperature and a temperature profile between the bottom

hole temperature and a surface temperature. In this embodiment, a linear profile may be

25  applicable in onshore wellbores and for offshore wellbore in the region between the bottom hole

and the sea floor with the temperature profile between the sea floor and the rig floor being based

upon known temperature profiles for sea water. In another embodiment, the dynamic lumped

capacitance thermal model of the wellbore environment includes fluid circulation rate and return

fluid temperature. In one embodiment, the dynamic lumped capacitance thermal model of the

30  wellbore environment defines a plurality of axial sections of the wellbore with each axial section

being divided into a plurality of annular nodes. In this embodiment, heat transfer between

adjacent annular nodes may be represented as resistance.



hol e tenperature and a surface tenperature. In this enbodinment, a
l'inear profile may be 25 applicable in onshore wellbores and'for

of fshore well bore in the regi on between the bottom hole a

floor with %m{"é?ﬁ;grat ure profile between the sea fl O&C%(}@W&Ggf‘? g
fl oor being based upon known tenperature profiles for sea water. In
anot her [B12]di iImemt embhéinuiyn e mbunfapethodd frautides ac euth kelibrationnfseion afiat

t he wel | bore environne includes fluid cjrcul ati rate and return

1o o et Aemre e sttan gb e seres toplelafyeia diast el e

thermal gggdioaivithie ar§dstiRaoeing B icORBERIat febh Res zeastehyraﬁélgé %01% of
e

axi al sections of the wellbore with each axial section bein
into a pheeanplefonophenthesearichiogkssts dopyntimg bnémmmhémnotheeambmdmnm ihe

bet n esi st anc
201070520 BB 9T B R R BB R o R R BT e
nodel i I‘lolthﬁdaekaabnﬁlah@ngﬁdmﬂﬂf&iﬂcﬁmpfedﬁmiﬁe@Elpiebétémﬁﬁ)&’drf%ha& 88irbdBllowing
predi ct ed pé)ﬂ%ltloeg of the service tool relative to the at | east one
| andi ng PP F¥Honpl etion with the actual position of the
service rel t I 0,

conpl et [ggpjv\he]% @B@%ﬁa&ﬁ;@ftc gﬁ t ]%%ﬁehggﬁém g\f\insﬁ dﬁﬁ&%&"%aggﬁe%od ifor tc?:‘ﬁp ]thg a
anot her ‘estibocti rﬁntrnethcnbmaué@b@ammmogameplletwiemmastheawzlmu& dfe completion

conflde nce. re t he posjti.on t he rvi.ce tool relatjve to the
10 S e SRR P BIRk deFE Sy G ipobife al SatyTsordblervisatpol

per i od okithih the cb@pletivm, rﬂg:sawwe@aﬂb@ipmdn@aseweabol sh&%&%&n&:ﬁg RARHA Sl ace

aspect, the present invention is directed to a nethod for conpleting

a wel | bowd sereetivelyesunpertadriy 4 mexabie ok abave ghasieban| Sha wathes! alsp inciuves
wel | bor int .defined
ther oi . CCinE SABRERLS RiRad e AT retcFbo ke iied AR RERRGR, oo dl®
conpl et |mcdlcttnlgeths @psitice of dwl secacpioetirdlaiva te ehey hicleast @at lem‘dingnlgamt of the

et e e e S AR R e

SUbSUFf&lﬁlﬁpM@éclﬂaﬁbe&h@rﬁﬁpmb@é‘l ofemallbdre 3sdERBRAEd W th the wel | bore,
the nodel predicting the position of the service tool relative to the

at | eastl0 |Iar@apﬁh@r popstt therpreseat msentionp dieded bas stistemdor aomlglctam T

| unped uap@ n C

capaci t ?@@ﬁgﬁﬁﬁ%‘g‘g}’&g? %lﬁgj e{\}\gﬁobgf?{éédéﬁw r on?ﬁgjn O.rg%ﬁ ’EFth has

anot her aasepm:tme tahédinprede nielinal drtdion A serdice GtGGle!d ainllg BySbRMVINEh the

letin bore.. Th i ncl udes I et,j on, positigned

TR B bieeforod i iR s o ol it Bismenedin g Sprgrengnd

def i ned sElQ&fv%lyrbup]ﬁ»r&ﬂ by b @RVEIIE blobB alfovk BelshrAoRY ARloRrdie: 'iydf)efaiaﬁ t@QOmrol

conpl etion. The service tool is coupled to a service tool

ext endi e mewmentef thahlpekcuchihat theseavies toel mpayheppisadiand Idwered mﬁmmucbore

bl ock abg, r con

moverents P e BE BEanf GRIbhB Al By ARRE AR SRR ipppe

| ower ed i3 opetdbie M/epl'ddbm the. positiem bithe farciee wolielanmtodbé atm@dt a1l ldd R PBiH 6f
asso is operable to

oper. i.at th th cont oller. The
or edp ot Yo E it e hete s birnearest ardfl vl oSS g Fingsndone
| andi ng dpuntit 1@hped capacitance thermal model of the wellbore environment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015} For a more complete understanding of the features and advantages of the present
30  invention, reference is now made to the detailed description of the invention along with the
accompanying figures in which corresponding numerals in the different figures refer to

corresponding parts and in which:



25 the conpl etion based upon a dynam c | unped mass nodel of the
service tool string and a dynam c | unped capacitance thermal nodel of
the well bore environnent. BRI EF DESCRI PTI ON OF THE DRAWNGS [ 0015
For a norewf:)&ﬂlé’(oé%ggsunderstandi ng of the features and dETEREYGaLeo

the present 30 invention, reference is now nade to the detail ed
descri pt[oors]of Fipire 1i is\aexhdnmaticdllastgtion dfhart difshamcsinmaingds Patfolrd Whedtinda
whi ch corresg_ondi r})g numer 1e different figures refer to

S i.n.t
cor r espoRdFRdopsRieling g » eﬂLWi‘%.A?HWW@SE]WS@WWGW@%@@ﬁOH

[0016] Rh@lukEordink o #h GEBVATRL 6f thk biSddt Afve@iyndf an of fshore oil and
gas platformoperating a systemfor conpleting a wellbore including a

conput er[00K| drigwre é i repragshatipoef asfynimic umped maspobde clrserioadpd sirisgused

enbodi nent, of i o] T 7 hgure 2.is .
repr gser% té chﬁﬁagtgr gﬁp g@ﬁ%tﬁdccgﬁﬁ%égg%%hg%ﬁ%%l quhg Sompletigrisystpiggpoording
string usef embodimbeief dieepesearinvetiibgment ed conpl eti on optim zation
tool of the canpletion system accqording . to an _enbodi nent of the

present PRANdGigHe 3poth dipigtipgnerts obadgmmie Biugred sappstanse rermal agarighofithe
| unped C@&?l%fete%!@ﬁ@nnﬁéﬁ? H{fﬁlldir%‘&qgéistﬁi(ce E‘éﬁ?esgﬁliﬁ(‘plqsﬁd fad éo(fttmﬁ?é? l’impIel:nnented

I ncluding a resistance representation used I n the conputer

i mpl emervoaygletionpptimizaiion ol of et dogplation|sysiém tabewrdiognyd et emhodimshtesti the
accolrodi n totigl‘pe Eg@odi ment of the 10present invention; [0019] Figure
4 is a process I'agram of one inplenmentation of the conputer

i npl eneroew] c diglretiion paRtisrdidgiirn 0N ohdBhpl&theridivn &P M @hipRttr SHFIEERted
according to an enbodinment of the present invention;
completion optimization tool of the completion system according to an embodiment of the
present invention,;
[0020] Figure 5 is a process diagram of one implementation of the computer implemented

15  completion optimization tool of the completion system according to an embodiment of the
present invention;

[0021] Figure 6 is a process diagram of one implementation of the computer implemented
completion optimization tool of the completion system according to an embodiment of the
present invention;

20 [0022] Figure 7 is a process diagram of one implementation of the computer implemented
completion optimization tool of the completion system according to an embodiment of the
present invention;

[0623] Figure 8 is a process diagram of one implementation of the computer implemented
completion optimization tool of the completion system according to an embodiment of the

25  present invention; and
[0024] Figure 9 is a process diagram of one implementation of the computer implemented
completion optimization tool of the completion system according to an embodiment of the

present invention.

30 DETAILED DESCRIPTION OF THE INVENTION

[0025] While the making and using of various embodiments of the present invention are
discussed in detail below, it should be appreciated that the present invention provides many

applicable inventive concepts, which can be embodied in a wide variety of specific contexts. The
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[0020] Figure 5 is a process diagram of one inplenentation of the
conput er inplenented 15 conpletion optim zation tool of the

conpletio cording to an enbodi nent of the pres

i nventi on?wfy(%@%i&%ggure 6 is a process diagram of oneelT BREMEDE on
of the conputer inplenented conpletion optimzation tool of the
conpl et i ¥acifly smbedimen's disruseedihgraimare mesddy Hstrative of dpecific wewto make and use
Lnvent i ofy ek O%ﬁ]doFﬁo%éiﬁa[uZtﬁeiﬁ%e%%ﬂl%Q%nﬁ'brﬂgram. of one

i mpl enen alTon' o e conputer i enent ed cornpl eti on optim zation

t ool of [b26)coREeing Mitidlysd Ryural; aosdpuig ithplembnteddmpbldiion bptihizite tool for
present inyention; . [0023], Figure 8 is_a process diagram of one

i npl emeniSiiR 8 5oBplelipR sysiRhdEPloy s Feman o8 shas pib PEgas et i ierschampidnally
t ool pf ; efd ; capr di ;1 '

BT es et B AE 0 o s BRI o & cohllfe e
i mpl emersubitmiergad ofl andh gascformeaiioa rl 4ilonated elotvesda floompléetA subseatondiiz B8 éx¢nds
tool of the et.i on. s m_accor.di to e di rent of the
present ﬁg% éﬁ%ng{lu .Otf ® g’&?ﬁﬁééﬁ) @gﬁl © TWEP"I%W@H‘V@Q Prevgaists) 24-
Whi | e t hRlatida 120ha8 B Goldtihdgppaatid 26] Dlesri kB0 8RN biSc1050, b MBI ESR M swivel
invention are discyussed in detail below it should be appreciated
that t heldJPredisie and, PSPIPRFHOET B Atspbetppially ftbular, longendinally extending
CONCRPT Syeryidi 166} s Jp¢ embodied in a wide variety of specific
contexts. The specific enbodi ments di scussed herein are nerely

i 11 ustra0d¥d ob wspbekB8exitagsthraghtiieevaainus emth sttt incinding fommati@ny. dan

o el SR RGBS 3PP SBe Fke RaR . D2
in a corplagtop@nhely pbigioh iof weRiro 38tk 4 soviplatbnofRitBAaR@udRl harfius 96b%s such as
platfor n};alclﬁerss &E ?IgﬁltSI, SC[Sle 1|h|aty provide zonal isolation for the production of hydrocarbons in certain
15  zones of interest within wellbore 38. When set, packers 44, 46, 48, 50 isolate zones of the
annulus between wellbore 38 and completion 42. In this manner, formation fluids from
formation 14 enter the annulus between wellbore 38 and completion 42 between packers 44, 46,
between packers 46, 48, and between packers 48, 50. Additionally, gravel pack and fracpack
slurries or other treatment fluids may be pumped into the isolated zones provided therebetween.
20  [0028] Completion 42 also includes sand control screen assemblies 52, 54, 56. As shown,
packers 44, 46, 48, 50 are respectively located above and below each of the sand control screen
assemblies 52, 54, 56. Completion 42 further includes closing slecves 58, 60, 62 that provided a
pathway through completion 42 for the delivery of a fluid slurry into the annulus surrounding the
various isolated portions of completion 42 during a treatment process. Closing sleeves 38, 60, 62
25  each include one or more interior landing points designed to receive various portions of the
service tool carried on the lower end of service tool string 36, which is disposed within
completion 42 in figure 1. As used herein, the term landing points refers to any location within
completion 42 where it may be desirable to locate the service tool. As an example, the service
tool includes a cross over assembly that must be sequentially positioned precisely within each of
30 closing sleeves 58, 60, 62 in order to treat each of the zones. This positioning is achieved by
raising or lowering travel block 30 which in turn raises and lowers service tool string 36.
Unfortunately, the distance travel block 30 is moved is not directly related to the distance the

service tool is moved due to a variety of factors including frictional forces, gravitational forces,
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5 illustrated and generally designated 10. A sem -subnersible
platform 12 is centered over subnerged oil and gas formation 14

| ocated b W S floor 16. A subsea conduit 18 extends from deck 20
of platfor f%oﬁgzgﬁkl | head installation 22, including HICI3R0°/066043
preventers 24. Platform 12 has a hoisting apparatus 26, a derrick 28,
a travelpréssee pigoning farenskthgmmad perces andi the k@41 be presergiimepntiony hovwesrj mg

pi pe strjpgs. such.as-a .subs tial ly tubylar...|engitud nall .
bk endi g bes 5t 2R AR RGN PabBI Yo vt P Spets Ee donige oo
t hr ough relatverathedasdigpgdints Bitcomphetibme? budedighoh@dfikdnie Nirdfbd mBs M&E:?Bfthe

portion of well Eore 38 jncludes casing 40 that is cenented within

wel | bor eeBiee 50 ﬁBgD@dalidn aofyapEn lyened  wrtitanse drermall medeleof3thei wellbore
conplset i B0 dandpat i ncludes various tools such as packers 44, 46, 48,
50 that provide zonal isolation for the production of hydrocarbons in
cert ai n [0829 ordezn dlioughtfgueest depicthiprslanesid| vpdlbere3 8. shiikie ive amtlerstpad ke ise

44, 46, 48, ,50.1sqgl.a zones of the.annulus between | | bore, 38 and
conp! ot isbited 3ok A ¢ Bre R oPecregp i TP GG 8 6 PR BNemipn i
enter t hquagnudilsiibe Redinwiies RviE g ofienidh iffhdh REIWE§RIbores,
packers 44, 46, between packers 46, 48, and between packers 48, 50.

Addi t i ofgripgntal gyefiberes, mudtdatgralivelihorgs e the diker Aqeerdingly, itsheyld be walensond by

fl uigs i j . i er ebet ween.

20" 100201 eARIPA P b8 b GALAF RRAS SRHRK B8R, bR Uheimirves

52, 54, upGardAdowsiveant andthe kike sredided id Gelatith, to B iHnwrati aspeRidin@lyasiagaked
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enbodi nents_as they are depicted in the figures, the upward direction
desired precision of the model and the computational power available. This lumped mass model



[ 0030] Referring next to figure 2, therein is depicted one enbodi nent
of a dynam c |unped nmass nodel of a service tool string used in the

conputer i rrBI enent ed conpl etion optimzation tool of the corr&get I on
system acc¥ &PW&'S%g&Sthe present invention. To accurateIPme? 898e 20
position and notion of the service tool within the conpletion,

ref er r eds pperétde i accaust for Sahiinribivertinbideks, statie antl dyanmic frictidnahfoews, aikial
bl ock nmovenent as Ifeng:;th changes of the service tool string

as I
due to fsggF%fogceguc(ﬁﬁamspefmlgc?l “Bhal forces, gravitational forces,

pressur qopszt aRicoprheipe luinped wEds rfodElee theatdich bRl Miike 1&@15 created
considered. [0031] To nodel these forces, the service too string

f r om t hefor ¢ag maswwkl ag alaswewewhﬁ%bq @mreswgl ag gn sglatien pfmeticn 3s Ileicws; ty
of sactions pess ;of. d to be at the

i dp0| nt of \t%#at sect 1 0?1 o X’” @b% rejai?d erein as a | unped
rrg_ss nodel . Eali‘;hFafl*,,t—hg(dnﬁ}iﬁg]&m(sﬂthn assuned tg be coupl ed to]c each
adj acent spring an e icted in figure 2, five
such secWH%ﬁ’} lgﬁwﬁﬁgﬁg %@ﬁ%@ﬁ%@ﬁ%ﬂ%%ﬁ%@%% cigp of derpipe, Fris
Masses Whd ﬁ‘lcﬁoﬁﬂ)fdr@gFgﬁlec darM@ional fores [TQW tHe Iaessu@g@,foiin%@&c@& 15ttﬁ@tﬁ§rmal

skilled in the art that the five mass illustration of ?ure 30
r epr eserfiBrsigs copfligicnt drliis Siechprge i fenmeeatge pyd bis thebl@ngthp thqupeTsh@mn

t SToHt
?ﬁousanzpﬁ%epe |t% upon %1 o éféﬁ t@ﬁé ynﬁgéh{s%eehgeﬁlggy%oq%%?mnﬁ% o 4 first
desired cpul@sﬂamlspaceﬁépntshﬂamdlylletangiy thendyenhullrtcgoniahs @a\W&h bd Yapkdsaltt® .

This lu d s ..nodel, .
ng%rst g%%r ch%grentxal equations in the form y=Ay+Bu and solved as a matrix with the force

on the uppermost mass in the model being the hook load. In one implementation of the lumped
mass model, the dynamic A matrix and input B matrix are discritized to get difference equations
15  through an approximation as follows:
Ap= {I+AL+ (A’D)2! + (A*)31 + (A4 + ...
Bp= [t + (A)/2! + (A*)31 + (A y4l + ... 1B
For certain implementations, such as models with the masses 100 meters apart, the time sample
may be t = .01 seconds and the approximation may be truncated at the 4th power of t. The
20  position and velocity of each mass can then be calculated recursively at every time step k+1 from
the time step k data from the following equation:
Xier1 = ApXy, + BpUx
[0033] Referring next to figures 3A-3B, therein is depicted one embodiment of a dynamic
lumped capacitance thermal model of the wellbore environment used in the computer
25  implemented completion optimization tool of the completion system according to the present
invention. The dynamic lumped capacitance thermal model is used to determine AT; for input
into the equations above. More generally, the thermal model is used to determine temperature
changes along the service tool string due to pumping of the treatment sturry down the service tool
string and circulating the return fluids up the annulus as well as residual thermal effects. As the
30 servicetool string will reach a thermal equilibrium with the surrounding formation after being in
place for a given period of time, most of the thermal changes of concern are in response to

pumping and circulating fluids through the system as the fluids have a different temperature than



is operable to account for transitional inertial forces, static and
dynam c frictional forces, axial spring forces and danpeni ng forces.
[0032] In constructing the | unped mass nodel of the service tool
string, anV@fi¥YBH3i s created for each mass, such as nESEUT200(RE04
can be expressed as an equation of notion as follows: 5nalt

=+13. 0- lth¢ sdrioudfling formbktidn. iIFoHpwing dje)pumphng-prdebss; refigudl eféofsldr Hapsicnt thermal
ki +14ATi +01j +1 Where, b.is the axial dappi ng coefficient of the pipe,
K is the“gﬁ#i"ﬁﬁ”é‘%@?ﬁ?%’fc&ﬁ?o Sng FAVES [ekne Eppentiprapqratpretof iearelk or ce,

Fp ist F@oﬂnavs'ihﬂw B! dyhAhie ®umfed nlaSs thbiR], B B SHaki ﬁ:ﬁbé&?&hﬁb‘aﬁéﬂé BEemaf
is the thermal expansion coefficient, AT is the change in tenperature
and 1 i smededtheavedbdre sfsplitintogipbualés of 4xdah sections@neirastime depdeted indigueB A and
not i i S f c <Lhe equations can he converted.to a
et or by 4 fboal 168 T0IBIR bR RN b B P Rotes SRS sBikideind
equat i onduid adthinfientubiag bR ethe nibéng 184, the flwitl withibahe dinfifue hEerDb] dé casinF 108

equations in the formyi=Ay, +Bu and soJved as a matrix with the force
on the Uypes weli?a‘élg C?Iﬂer%tﬁéo g &7se Wy andibenssxies ofaack lnyerasieh as rock

| pl enenbad it 00 1k 1438 114/ FRR TyR BB aﬁag&iczla%y%pﬁ sy Hhfbe o BLE %er?ﬁ%& ke

input B matrix are ‘discritized to get difference equations
an appr oxlented basad veonifadtpns sch agthe type ofmek in thefpraytiodland it thSB) ¢@Ffictents,

cor 12 n P it helrehbieliioR h8 mesabpBlifbialbo i Skl Thodo ot ook

apart, tlheentinndissasprak layer 118, is considered to be an ambient boundary with constant
lemperature.

[0035] In one implementation of the lumped capacitance model, once the wellbore

environment is divided into sections, the sections are coupled together through the input and

15 output of the fluid flow therethrough. In this approach, each section that is lumped together is

assumed to have a constant temperature and between each section a resistance to heat transfer is

modeled to represent the boundaries between the lumped capacitances, as best seen in figure 3B.

The model includes equations of the energy balance for each node in the form of [rate of energy

storage in the node] = [rate of energy gain from flow in— flow out] + [rate of energy gain from

20 convection at flowing boundaries] + [rate of energy gain from conduction with adjacent nodes].

The temperatures are assumed to be at the center of the component, therefore heat conducted

through half of the material of the component to reach the center must be taken into account. The

model may be represented as an electrical circuit using the assumption that the capacitance of the

ith layer is C; = pic;V;, where, pi'is the density of the layer, c; is the specific heat and V;is the

25 volume within the layer. In addition, the resistance of the ith layer is inversely proportional to the

heat transfer within the node. As the governing equations of the thermal model are nonlinear due

to changing parameters with velocity and temperature, it is assumed that the parameters only

change every step. The application of a zero order hold between the time steps allows for the

construction of a step varying state space model with the nonlinear behavior captured by

30  recalculating the thermal model every time step. The state space model of each axial section of

the wellbore environment is then put in a matrix to determine AT; for input into the equations

above for the lumped mass model. Inone embodiment, each section in the lumped mass model is

broken into two sections in the lumped capacitance thermal model.
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may be t = 0.01 seconds and the approxi mati on nmay be truncated at the
4t h power oft. The 20 position and velocity of each mass can then be
cal cul ated recursively at every tine step k+1 fromthe t]
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next to figures 3A-3B, therein is depicted one enbodlnent of a
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fluids have a different tenperature than
dynamics. The thermal model is also auto built and is rebuilt every time it is run to account for

10 nonlinear changes of the model. In one implementation, the lumped mass model is run every
0.01 seconds with the lumped capacitance thermal model rebuilt and run every 50 iterations with
the temperature changes included in the lumped mass model to calculate the thermal forces.
[0037] Once the subsurface model has been built, it may be used to optimize and reduce the
risk associated with numerous completion operations and variables. In one implementation

15  depicted in figure 4, the hook load required to maintain a specific contact force downhole during
a pumping operation is determined. As illustrated and described above, various inputs are fed
into the lumped capacitance model including flow rate of the pumped or circulated fluid,
pressures, surface temperature and the like. The results of the lumped capacitance model are fed
into the lumped mass model. With this information, a control input, depicted as a PID controller

20  is fed with the desired downhole load and the predicted downhole load which is used to
determine the minimum required hook load to maintain the desired downhole load. This
information may be provided to a well operator in a visual representation of the subsurface
environment and recommendations regarding adjustments to the hook position and velocity to
maintain the desired contact force downhole. Alternatively, the system may be part of a closed

25  loop completion control system as describe below wherein the output of the system includes
information directed to a controller that operates the position and velocity of the hook.

[0038] Inanother implementation of the subsurface model as depicted in figure 5, the static and
dynamic coefficients of friction and a thermal model correction factor during pumping may be
determined, As illustrated and described above, various inputs are fed info the lumped

30  capacitance model including flow rate of the pumped or circulated fluid, pressures, surface
temperature and the like. The results of the lumped capacitance model are fed into the lumped
mass model along with information relating to block position, pressures and the like. With this

information, the hook load and estimated hook load are fed into an adaptive parametric

10



t he surrounding formation. Foll ow ng the punping process, residual
effects or transient thermal effects occur as the service tool string
returns to nt tenperature of the well. [0034] 5 t
dynam c |qug§1°ﬂ§g9§gmde| in the dynam c | unped capac&%@%f%@
nodel the well bore is spllt into a plurality of axial sections such
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[0040] In yet another implementation of the subsurface model as depicted in figure 7, detection

of buckling and buckling location may be determine. As illustrated and described above, various

inputs are feed into the lumped capacitance model including flow rate of the pumped or
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5 lengths, conpletion information for |anding point |ocations, bottom
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15 descri bed above, various inputs are feed into the | unped
capaci tance nodel including flow rate of the punped or circul ated

fluid, pr rface tenperature and the like. Th f
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esti mat ed dommholi pgg{kion. t%hf process continues until the

est i mat & ok apdthsslack isgalogater dug & adding ar remonmEsIstang aknips, the seraice tol
Thi s 4 nf i Y, r QN t N8 Vi

opr csorltarTh o FHifed AUABTL LR shEm sPRRHA' AL eyl fk. blook

i npl enmentertenent waly nghapkilokl, todstenpa shogro ohinge in thesenvit iahlocatilinghsild e

t he posLtiq? of th%.s%r ice 5 toql in the conpletion including

whet her PHEIGIP e cSipaias ssecs 9Ot BS™MPPci nity of a | anding point in the
conpl et i jpe4nAvhetianEd 2080e, BRlsUbsueratdbdel6iEhd REBAS) chifbrindydREbupd 10 a

point in the conpletion. In certain cases, this information can be
used t o RTYsHeREr eprptingshe ok positennndualaeily asdapisied bffiguea 9. dv illustrated
r egafpdi i it 0G| . . b
par0or 4 BHCHEETRRLS vhflols pItER (Rl AR kL RGE ol iR
wher ei n rataef thet purped for chenlayd fleid presduredesir3é: fempermtvnd aminthe likead ed] 1o
a contrqller ,that operates the .positi.on and.velocity of .the hook.
ooao] | mreiisi B R BFRRYE ParviRr P iel G hePe Th by fapoesaune and
depi ct eGsfiMattd @i flidid t€lepestie0 Thofesiid okihi NGnRAdafavRdtké RBdd1 aatd AR thaY
be determne, As illustrated and described above, various inputs are
f eed i ntlempesanass model densaath infraatinsgelptingle bipek pesition wresaires apd thetike as
pu d L |yl d: . r nd.t he
a3 hot o8 ioAcR 5k v B REUA EeoRUAT A Cinp GEBAY B 0 el

i nf or mathoolnloadicThealstepninsd estiemteinidwhhale kel pityiahd estinarted dbethdlopdittioadom

| unped mass. nodel . W ith Is information, the actual. hook | oad and
est i mat & %‘B%}EP&F%%‘_\-(%E@ f%%ﬁ%ss}vsﬂwﬁmr Wi5tsid Grrebined wih Dadssiren gownhole

i nf or matyeRB;tR&H MSiFddidoGahé10 PoddibikhioRSationl ThéEnkBMlers I&%iéiﬂf&%ﬁ{'&gélbr?g"
can be provided to the operator as a visual representation and be
used t o Withfestimpteharapiirtionsl dnformatian frgad ensirpansidn therigamptortbitve which paeideng
t he shuckl 1 | d of the service tool string as well as confirm
thezgregg%@gu%?&%ggﬁling. The nodel is operable to predict where the
buckl i n§0044% OFluierthie thvantibrtbaebeeudeeribedstititreferhed th Alusedtive abddaénts, this

string. ;000411 An additjgnal inplenentatiqn of the_ subsurface nodel

is depi dE¥GPHOP 15T »%erg!e% i Eilﬁetl?ﬁ SeUghf ¥ aReRsamedifieatignhignd

t he posichinBiatiinsbf@e ARE¥ARR efnBBdimelks ad \;vé’lﬁastoﬂleﬁeﬂﬂﬁﬂﬂﬁé}&bd? g‘ie Avehdbnl D
e

conpletion may be determ ne. As illustrated and descri above,
var i ous bp apparent 4p gemerp skilled inHbe pub wperd referpeceite dincdespmpoh. iInis) tdtafige,

R e S T e g

are fed into the |unped nmass nodel along with information relating to
bl ock position, pressures and the like. 15 Wth this infornmation, the
hook | oad and estimated hook | oad are fed into an adaptive paranetric
controller, which may be use error driven controller such as an
integrator controller, a neural network controller, a fuzzy logic
controller, a conparison to reference values or thc like to determ ne
the actual static and dynam c coefficients of friction throughout the
system Likew se, the return fluid tenperature and estimated return
fluid tenperature are fed into an adaptive 20 paranetric controller,
whi ch may be use error driven controller such as an integrator
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25 For exanple, following a treatnment operation in a first zone, the
service tool is reposition in a second zone. Due to the | ength of

time for repositioning the service tool and the length of tine

bet ween treatment operations, residual thermal effects nmay cause the
service tool string to change in length. The present subsurface nodel
will predict the I ength change but also predict the potential error
inthis calculation. In certain critical operations, this zone of
confi d&4<M8) det erminati on may indicate that service tool should be
noved to a known | anding point which will auto calibrate the system
and provide inproved confidence as to the position of the service

tool rel ati Vet systeendier paaplptiech Wellhoss tlike sysemoesprisideng t he adapti ve
parametric i with the |unped mass nodel, factors
such as unIgggéggﬁ%gﬁwﬁﬁggéﬁgﬁﬁgare filtered out of the calcul ations.
For exanpl ep cofapietien pootodedaxitigods welltare, wind oadetiondradintgi adkgast one landing
indicatingd%haa the service tool string is being supported by the

sli ps, PAWGIEHRSd ieSEh i's rel ocated due to adding or removing a stand

of pipe, thegs&QIckite? akiall novEKIS inkiththel 6GEpIBAdn, BtARBEce tHEICRLFleA S ¥service
the system accounts for the various inputs, block novenent wth no
hook | & string cytanding; frum theesurigce prchepdectinely paprosted by mawabls blogk paye the
shoul d jhg.J.nglquded in the estinmated service tool position. [0044] As
menti oned above, the subsurface nodel of the present invention may be
coupl ed to asuomtfect meyelt defméd nsipg ercatarmuytiernmodromk qpemblyi assocaatetl with the

bove, P B8l edrlieutePdh Brelie Wk E st RANLdSRE GRS reas

i ncl udiohg ldnkip poariterfahe thiBplpticioBste® ipé b Ayhahieduihbed thassInessE WEelses service
surface tenperature and the like as well as %Segggck from an adaptive
-p

par ameiqol 8ridgARg & fyramip Jnneg cepgsifarcedherpal ge el iSRRI AN d
est1 mat ed rghieth {Hebﬂﬂaﬁmﬁa Uh&s nldtel besh tsvied t&cﬁ'%tﬁr}é”ﬁ?lﬂer comprises
capaci tance nodel ar€ ted into the |unped mass nodel along wth

i nf or mdefiming p elusalitngf exsaledidas pb dietseice tpolestring and represenhies ¢dck @xiabsetdon
wel | as fee%back froman adaptive paranetric controller having inputs
of hooR®f da8 “dN0 esti mat ed hook | oad. The deterni ned esti nated

downhol e velocity and estinmated downhol e position fromthe subsurface
nodel are fed to respective controllers and conpi ned wt he desired
downhol e veFoctheySYalTe Be&cHEd HERHRJI &fﬁf{s@i tmﬁ_ﬁ’qwﬁﬁ ﬁﬁ)@goﬁﬁﬁ%@mpﬂses
cont r o) fbSre d8ert, RbMipleRbR 1EREH £ sehRGoddefigest | mated gravitati onal
information to Send conmmand to the rig notor drive which provides 20

notion to the hook. [0045] Wiile this invention has been descri bed

w th referegcepd o bl Ut Lalh (€ caID SUHERRY fhe shﬁ{y§fa9§§1%ﬁé1% hé)cﬁtédswiﬂf)ﬁlock
i nt ended to be Conatrued in a Flﬁltlng sense. Various nodrflcations
and comovaatitdnfdrmitidntead hbblubad aiformeatienbodi nents as wel | as ot her
enbodi nents of the invention, will be apparent to persons skilled in
the art upon reference to the description. It is, therefore, 25

i % egded E hat tiRes8RReAIRMiE & BB CORREE ShEBYnAME MufiPE b @ 21 ke
ennodl nents.
service tool string further comprises representing a connection between adjacent masses as a

spring and damper.
5. The system as recited in claim 1 wherein the dynamic lumped mass model of the

service tool string further comprises frictional forces, gravitational forces and pressure pistoning

forces.
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CLAIMS: |. A systemfor conpleting a wellbore, the system conpri sing:

at | east one conputer processor; a conpletion positioned within
the well bore, the conpletion having at |east one | andi ng poi nt
defined therein; a service tool axially novable within the

conpl etion, the service tool coupled to a service tool string
extending fromthe surface and sel ectively supported by a novabl e

bl ock above the surface; and a subsurface npdel defined using
the conput ef- prscREEy asoiseiesbinyclaigs bavhsrear te dmamielupped isapasitagagghermal
model E:1 Qg \L&leFeegh%ol{lﬁé%t %ﬁf?ér' ﬁé]nﬂiseé he bSkém H&et@ﬁge&%@%& €a
to the at | east one ol nt conpl eti on based on a
dynamni ¢enhpenqperd prefds betoget th@fOOttm hekrtempeatugoindstsuifage tamperatudy nani ¢

| unped capacitance thermal nodel of the well bore environnent,

wherein the dynam c | unped mass nodel of the service tool string
further conprimessystei & rgtal il d:lzrlai 1 thefin & @nas@clun(Rs capacithie thermal
service tooI strrn and represe ing each axial, secti.on as a single
mass. | model o therpelture ahoneE AV COmPESES Hiog GkEIEPR rpigeand rein Huid
subsur ﬂggel further conprises wellbore design, conpletion design
and service tool design. 3. The systemas recited in claiml
wherein the subsurface nodel is updated wth bl ock novenent
|nfornat|on a for | The

ol arm 1 Sneris SoemR el B i Ebnsrein s iR SEbERaLRThGR
string n'fokiélt drfehe wollipire Sle\ﬁrdhﬁﬁheﬁﬁhén d&@p&s@amﬁaﬁigi alutabtyvefariadshcaomndf the
masses ring and. da e systemas recited in
claim T’ ﬁhf‘ élsﬁﬁltr‘fﬁlrfp u@‘ﬂ%ﬁé’&“%é’fﬁ‘ﬁ’&@rnﬁ‘%est he service tool
string further conprises frictional forces, gravitational forces and
pressure pistoning forces. 6. The systemas recited in claiml
wher ei n t he9dylheriystemuaspeeitedaipaataimah odieraire theed ynawitelumped chacitence bheraal
enviro tosf t

t erper BLPot iy AforE BTohRER, B cb RS Eork SRS Ao ferecn sdizcen
t enper afiniil@.nodes as resistance.

10. The system as recited in claim 1 wherein the subsurface model further comprises an
auto calibration function that correlates the predicted position of the service tool relative to the at
least one landing point of the completion with the actual position of the service tool relative to
the at least one landing point of the completion when the service tool sets down in a landing

point of the completion.
11. The system as recited in claim 1 wherein the subsurface model defines a zone of

confidence regarding the position of the service tool relative to the at least one landing point of

the completion after a predetermined period of time following a predetermined event.
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7. The systemas recited in claim1 wherein the dynam c | unped
capaci tance thermal nodel of the wellbore environment further
conprises fluid circulation rate and return fluid tenperature.

8. The systemas recited in claiml wherein the dynam c | unped
capaci tance thermal nodel of the well bore environment further
conprises defining a plurality of axial sections of the wellbore,
each axial section_including a plurality of annul ar nodes. 9.

The system 43 reeicthed forrogplsting wallbers; feemehedsemprieineunped

capaci tance Bﬂﬁé ﬁietl&{ whtif: tﬂ@weﬁﬂfrg tﬁ@\%rﬁﬁl@ﬁ@x{‘ﬁavﬁﬁg 31€Lst one landing
conprises r presen |ng at transfer tween ad] acent anhul ar nodes

as resipsindefencd therein; 10. The system as recited |n claim1 wherein the

subsurface del. furth i ses_an aut tlon functiqn t hat
correl ates PREHmSH EValy BOURN SiiedCofihBinff sl el doerso e
at |leassa @mlcbacﬁtﬂIsﬁ@lgp:&tdﬂtlmgffrohhﬂhe@@ﬂiﬂe&inﬂ@ﬂle&ﬁ\fel‘y duppordeit bied mposilé blesk
of the gervb‘fh oql relative to the at |east one | anding point of the
conpl efPoYr aheédervi ce tool sets down in a | anding poi nt of the
conpl eti On. gefining alshbsuie S¥ALER @%oﬁ‘lﬁﬁ'tk:lt Sbrhtly GhRkMel WRSHR Refitdfe, the
subsurface nodel ~defines a zone of confidence regarding the position
of t he nydelpredictioptherpobision vé thegervies tael tektive tothe o adi g lpulineg pwft efitbe
conplet f n

or edet erlﬁpleﬁ ggsgﬁnlt BBI? g%&rﬁe{rﬁﬂc qqrgpéﬁe&&%g'ﬁ&%l %}l{) ﬁ:l%csg%bc%e I sgru% Wedl 3 g\glamlc
t he rreﬂxhﬂlmbdo:apmﬁtaﬁambermal modelmmetw@lbbfe@nalrmnﬁ@itet ion within the

wel | bor e, 0 V|n ea Iandln pOlnt defined .

t herei n; e"eH} él“ﬁﬁ“% e a{Pfl‘Sff lﬂ%ﬁc’gﬁfghes W‘éé o sgm FinCQpygIses
conpl elye@ifing htﬁl-‘urﬁﬁf/\éf Qﬁalt Refions O¥ Hie‘:‘s@rv'i& tBolSBing £R rEﬂ@éenﬁﬁé tde axial section
extending fromthe surface and sel ectively supported by a novabl e

bl ock apadsiagkeeassur f ace; and defining a subsurface nodel in a
conput er operably associated with the well bore, the nodel predicting
the position of the service tool relative to the at | east one | anding
poi nt of the3cofipd etctod asedediporlamdihaviieid Wefisidg assbsonistel modeltinea

service tool string and a am ¢ ed c t.ance.t hermal . nod

he vietPBETE: BHYFIGReRr e EHRSTERR et Soay gt R oM ol dasen
of the;isgevhsarh@oho&lri ng further conprises defining a plurality of
axial sections of the service tool string and representing each axial

section as a single mass. 13. The method as recited in claim12
wherei n def i ngpa H{Bﬁuésf ?e%ﬁe %laxﬁ‘lnlcf_a“ﬁl%%wdgﬁmkgrt Qs &%@P@béﬁ in 2
i ncl udi ng mellbore esign, et1on design an Vi ce 100 esi gn

i n t heceupstar fiather podpdises updatmg]ﬂie sitiserfaet model asitlt 8lick etbviement mformifon
wherein fining. suEsurface nodel in a conputer further conprises
updatiﬁﬁgﬁﬁgngﬂg§§FFﬁ ®model with bl ock moverment infornation and
hook | oad information.
15. The method as recited in claim 12 wherein defining a subsurface model in a
computer further comprises representing a connection between adjacent masses as a spring and

damper.
16. The method as recited in claim 12 wherein defining a subsurface model in a

computer further comprises including frictional forces, gravitational forces and pressure

pistoning forces in the dynamic lumped mass model of the service tool string.
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15. The method as recited in claim 12 wherein defining a subsurface
nodel in a conputer further conprises representing a connection

bet ween adj acent masses as a spring and danper. 16. The net hod
as recited in claim 12 wherein defining a subsurface nodel in a
conput er further conprises including frictional forces, gravitational
forces and pressure pistoning forces in the dynam c | unped mass node
of the service tool string. 17. The nmethod as recited in claim

12 wherei n déf i Fpngpethodutss treited én glsdm) 123 wharespdpliniag & sibspdace model in a
conpri j t le r I

profi 1 SRR sepGofpRts APtiRlsts bERRE e ieARtuR, bTREARHER profic
i n t hebelymamitbe Ilmttpmd hclapwoiptmnce antiea rsatfaceo thepediutchin viel Hipeimge lumped
envi ronmen % | %%hg netngd as recited in claim12 wherein
deflnlﬁﬂ”ﬁl@ﬁﬁgﬁppﬁdgo gethe wellhore SBUTRRIENE 1 ¢ her conpri ses incl uding
fluid circulation rate and return fluid tenperature in the dynamc

| unped capacitance thermal npdel of the well bore_environnent.

19. The met hdd He Petiodeds resited i wlelp Lghatherein defimng rgsubsutiass inpddd gn 2
nodel

secti on By TRAL QU o) AP LA RSroBRH TP o R Yrfer il e
each adimdmis bunpedreapdcithing therinabmpdel iof thelveelltiyreaniicodmemed capaci t ance
t hermal nodel of the well bore environnent. 20. The nethod as
recited in claim19 wherein defining a subsurface nodel in a conputer

further conpy.i sHg ﬁﬁﬂfoﬁsﬁnfdch@i ﬁlﬁahlrhrm&ﬂleﬂ’elrbﬁéﬂﬁﬁgl aasljbameae xaadunlxara
nce. nethod as recited in ¢claiml

nodes as resi
wher ei ﬁoxa@ftfﬁrnﬁsuﬁgeracowa@a% @%f@éﬂ%a@ralﬁ% obaxig)rigeiams of dhe vie bOéf'omsir @eé‘@glg a

auto Cﬁiu‘ramtﬁtdf Nghnule RS ‘iﬁfé?lgl’? R &lecddh SPrtﬁéa |v@bt11901teh§1 H{eegﬂaféhﬁ@ lumped
position of the service tool relative to the at |east one landing

poi nt edpatitmce thephaltinedel of thh welborg enviginmsosi t i on of the service tool
relative to the at | east one | anding point of the conpletion when the
service tool sets down in a | anding point. 22. The nethod as
recited in gb.aiThelethodt &sefecR@Mp ickiif g19d @i defnid® nesubkurtsf modnaa a
with the subsurface nodel regarding. the po?ltlon of the serV|ce t ool
rel ati GEPRYeR HEthef qoEIpLisesy FRPTysgRien §eg) ofriisic roatweenc apseat japAulat padesaas
predet giadaed period of time followi ng a predeterm ned event. 23. A
system for conpleting a wellbore, the systemconprising: at |east one
conput er processor; a conpl etion positioned within the

wel | b ore, tE'F’ Cﬂ{g)klghoﬁnashl%\éftéw 11'?%la§r§a192t W%nl%l 891%{1 @ apgubrs]{[lrfa%%fmo(gel in a

t herein;
computer further comprises auto calibrating the subsurface model to correlate the predicted

position of the service tool relative to the at least one landing point of the completion with the
actual position of the service tool relative to the at least one landing point of the completion

when the service tool sets down in a landing point.

22. The method as recited in claim 12 further comprising defining a zone of confidence
with the subsurface model regarding the position of the service tool relative to the at least one
landing point of the completion after a predetermined period of time following a predetermined

event.
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a service tool axially novable within the conpletion, the service
tool coupled to a service tool string extending fromthe surface and
sel ectively supported by a novabl e bl ock above the surface; a
controller operable to control the novenent of the block; and a
subsurface nodel defined using the conputer processor operably
associated with the controller, the nodel configured to predict the
position of the service toqgl relative to the at | east one | andi ng

poi nt of t hé3cnfyrtem ighcasnrleing ABrlbere Wesstem OmpEsngass nodel of the

service t ool ghdbRPcARshtd FHyaadpc | unped capacitance thernmal nodel of
t he wel | bore environnent, wherein the dynamic |unped nmass nodel

of the ser viacemptation positipneds withihdhe welthore, sks catafletrimiavingpdtdeast peylanding
axi al S%&&h&ﬂ%ﬂ?ﬁr&ﬂe service tool string and representing each axi al
sectiofh &s a st ngl e imass.

a service tool axially movable within the completion, the service tool coupled to a service

tool string extending from the surface and selectively supported by a movable block above the
surface;

a controller operable to control the movement of the block; and

a subsurface model defined using the computer processor operably associated with the
controller, the model configured to predict the position of the service tool relative to the at least
one landing point of the completion based upon a dynamic lumped mass model of the service
tool string and a dynamic lumped capacitance thermal model of the wellbore environment,

wherein the dynamic lumped mass model of the service tool string further comprises
defining a plurality of axial sections of the service tool string and representing each axial section

as a single mass.
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