LUVPED- PARAMETER MODELS FOR COVPLETI ON OPTI M ZATI ON FI ELD OF THE | NVENTI ON
[ 0001] This invention relates, in general, to conpleting a well bore that

t raver seswoneioms29ver e subt erranean hydr ocar bon beari ng fomrmskeconssoand, in
particular, to a systemand nethod for conpletion optim zation using a
conput er inplenented system and nethod to dynam cally nodel ed the service
tool string and the downhol e envi ronment. BACKGROUND OF THE | NVENTI ON
[0002] Wthout Iimting the scope of the present invention, its background
i s described w tivreeferaMeEEER @obEIE poodvetirmmowforydraxaaobons t hr ough a
wel | bore traversing unconsolidated or | oosely consolidated formations, as

an exanple. [0003] It is well known in the subterranean well drilling and
conpletion art that particulate materials such as sand may be produced
durbng the production of hydilBERrGBHAEHINGENTIGN | traversing one or nore
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wel I, such as tubing, punps and valves. In addition, e particulate may
par t i aldognptatiopgiptignizdtion usig avedhp@ercimlemgented systana ahd methmodetopdsmainially

- wor kover . S i f. the particulat tter is produced to the surface, it
nust bénWEﬁgvgﬁqu%ﬁ?¥%§“W§anhgﬁggﬁs?#ﬁpﬁgoﬁﬁbﬁTocessing equi pment at the

sunpace. [0004] One nethod for preventing the production of such

particulate material to the surface is gravel packing the well adjacent the

unconsol i dat ed or | oosel BACKISROUND &F THoINYENIAONnt erval . In a typi cal
gravel mpl etion, conpletion string i.ncluding a packer, a .
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conpl etlo@alystonsaiglated domndtious,ds sh axaryplencl uding a liquid carrier and a
particul ate naterhf known as gravel is g&in punped t hrough the circul ation
v

allve ilPQUSTt HE1s,)8¢ in ke sphtamanegp el slilingeand-comnleion st thapastisidatand t he
per f or g geliMeblchCRSAY nRy KRASHIRAY SuRhO HACSLAREA %?-hg&z%&%]ms-rﬁgmlai %ﬁ d

carrier either flows intdo the formation or returns t0 the surface
f | owi ngraversimggbne be msem durcontalidhted crrelosclpreobsitlilatet nsubtdrinaeanc &xematibine
gravel .is deposited around the sand.control.screens to forma gravel pack,

whi ch NG ROPEMFEAE CECY 85 ¢ HeUl PIgiF BodnSin o sk anttictltys Forramplsciks t he
flow ofpabdaGaRAEfsELARESVE bh ©Lothohbifts Imiﬁ'ﬁrp%mban sk bgﬁ%bfifg? ﬁgﬂ%*; 8‘8§r avel

packs é%n successfully prevent the problens associated w r ction
of 2far tvabwas.alneaddition, 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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materials fromthe formation. [0006] During certain gravel packing
operations in well having nultiple zones, the service tool used to deliver
t he gravewo=buvasgy76ay be positioned relative to each of PChaS2anmsstd be
conpleted in a single trip. For exanple, the service tool is typically
first bt | r he first .gravel
packi ngﬁl?)(l‘é)seljflg'zg ?Oglﬁg ?Jr? Zf?]dv?/ :8¥ {hg ¥ %ﬁgﬁg?%\@({r%&?gqtég ﬁ?clirg%rgg%é&fjg}}r‘ﬁ %lrcg\/%rfw% acki ng
oper at ipadies @b fikeessfilly piphak ehe prodlanid hdsociael with thepoan@ionl & BHrAMBAte
packed. It has been found, however, that such axially novenent of the
ser vi cdnatgrigls framghe {maton.ne conpl etion string | acks precision and
certai egardi ng the e t cation of certain service tqol conponents
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rel ati par ar danding po ST W

Spesi f ivged loydelitdt@hs glvél GRirtyaRdy BeposRiosd feltive tb dith bRIhe zB8ksa He tRNREIRY t he
bl ock at the surface, which is typically thousands of feet away fromthe
downholie 4 sipgle rigppoliat exapple, e sevige deok isolypicaibe figit qoaitioned radatbicookthi s
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i s ef f grtfin RyavBDbdtkiigadpetatidfgl ofl YNNG uEhdSl@ tZofi® ahtilf QLR ©F thedfcm¥d sadrh@nal
forces, pressure forces and the like. This is particularly acute in

sl ant edaclgdy lthes becadeundohowerer.dhat weqh axially maygaient of the setvéceiten gelativefio thhe

i .. ' i 1. 3 |, eff icularly i
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met hodsofnon@miiRlaeilve Ropaatiowhd 1hatig pdiats wWithay Sk $6mpRI6n SfingD sge&ﬁk%l?,rthenean
hydr ocarbon bearing formations that enhance the precision and cerfainty

r egar dispigyiqeriaol i eposisianesk byt risingegngileweningothe blicktaf the sprface, phichiis tipaally andi ng

poi nt | angdi ints w.thin th | etion ring. A ne has al so

ari sen%%ursg%c%cq%%seggvghgmrg&ggﬁ%t OOE%Pagaggltg%glrn ¥ %fﬁtﬁ S?glcﬁ B(’r(’?'efg? dsEReSi8en t he
di st aneodkienflved kt thé siiracethoteve dosddt AaectBnehrkAtddb hedis@ndcBe SEUE Ce

t ool nmoves downhol e. Further, need has arisen for such systens and net hods

t haf areolamives dewalicde Urar ekanplehaovamantaf the éreise sood ispdfecied bgtothystaticand er vi ce

tool string i do ole envjronnments includi.ng suhsea..envitannents. SUMWARY
o e ROBKTERTED R0 SRPRTENES: RESHA S LT 1 bfsoF Remeiany ot eq
to Systagie ird)shte® UbaaSd i@l heRIBlaBWEINY IRadwlibh) HeQeddIRbS the R¥GESHS] @R iQF NOr e
subt erranean hydrocarbon bearing formations that enhance the precision and

cert ai mpyconsigat ¢iertg thavmal ftests partiedlanlhin despviate coowletions.ati ve to a
partic | andi poi nt,.or _l.andi n oints wi.thin the conpletion string.
The oy S8R HARer S oL SR bl ot Rl Shelireitat o
beppeefiratfigestinglorffre SubterbineskhydsodieboRitbeating foembtidraGRat3NBardc-Pthedirsdianse t he
service tool noves downhol e accounting for friction forces,
and certainty regarding the location of the service tool relative to a particular landing point or
landing points within the completion string. A need has also arisen for such systems and
methods that are able to correlate between the distance the block is moved at the surface and the
distance the service tool moves downhole. Further, need 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 traverses 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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gravitational force, pressure forces and the like. In addition, the systens
and net hods of the present invention are able to account for the thernal
ef fects ewpeniognsewd by the service tool string in downheCe/Uspeonesnent s
i ncl uding subsea environments. [0009] In one aspect, the present invention

di t | ud
compl orTHECE A oSt Il s PP BB AHIBR! Becolfned YoH EROT BoREET 5
| andi ngrp@atibnal ébrceigitedstierforaes all gerlikiec dn taddition Sthaxys@édlﬁy’aﬂm&i@dﬁb&s ¥ thbin the

conpletion. The service tool is coupled to a service tool string extending
from t ECSSREIREEREOR A ableite agcoye for the gwaﬁalééfeﬁy expeignesd b thsisorice dsd vieing he

surfacqnd€gﬁ¢ﬁé@&£&@ﬁgﬁgqﬁhwhﬁ%gﬂ%ggégmb a gonputer oper ably associ at ed

with the ore oper predi ct the position of the

ser gi cgo0099! Ihehabipeer, the riréb%nt&hvérﬁl@ﬁﬁs dif&teld&ﬂ dispgerh %ﬂUonﬁfletﬁl?% vGé?m‘e}@t I on
based 3pon a dynam c | unped mass nodel of the service tool ring and a

dynam dhegryen lndyles prcampletion @psiipnadoridhin ge \wﬂ:bom Tfmnoalpéﬁmanrham Aelndst

001071 | .h b f 1 b d
L onn L chB B be PR e RN AR A TR o bFe ISR g ton: The O

subsur fsé\&/ﬁ:en’iﬁéleis ¢o's1p1e|adtatae§erwcte hoBll @ekg @Qt?éﬁ@iﬁgtfrdn@ftﬁ’é VRIS rhna”éélehﬂﬁéiy | oad
information. In one enbodi nent, the dynam c | unped nmass nodel

servi ceuppssied by aingay ab]@fhlmsdbav?ﬁha saifacey Aofubawifask nyweict is daBnak 1n1aherr$arem ce

to strln and r axi.al section nass, h|s
endBar sRrAty R RL FRE IS o B SR ERT 4 SReeBle FuteEt Pupmotion ddhds
spri ng saRitedasinektivd b Mo at kes mehediEint dfike MGG bEPs ?0 éfn %m&iel of
the service tool string includes frictional forces, gravitational forces

and pr é@gmden@ﬁsgnqslﬁl ofghe wrdestoo} gunandy dysamiclypdil pamatitanch thedyalanode! | urped

capaci t ance Hh eﬁﬂ%w gE%]h of the wellbore environnent includes a bottom
hol e t &nperature an ehperature profile between the bottom hol e

t enper q@mrof qﬂdn@exﬁwdm@ﬁ {he SRREh &Y Boddl Thelulies weIRRE IR eoné}ﬂéﬂdﬂ%%g&r ofile
may be icable in onshore wel | bores and for offshore well'bore in“the

re¢gdona swwn ted glegign.t branethes embadinipat, dbeysybisedacevinode] tlmlqada@dpfaﬂablucle

Ferper HUPBCRrBRTELST S AR R yofbng oh of EnBOH R e DRune, i
| unped neRPAGHIJNER sERRLIBII sﬁﬂ?@%ﬁﬁgs alpheralig ol BARRe&BHs LPMHEREick R Hﬂﬁ fluid

circulation rate and return uid tenperature. In one enbodi nent,
dynani end tappesdnts gphcaxialseesiontrsranangleroded. Tofhis erebadimiehio aeomtmmbmén

deflnesda luralit OL aX|g " ctlon%,of t wel | hor e ach axi al

sect | ofBEM A o RSB A PEPEP L ORSr ToHeder Fropdment the

embedi apiimic h@ped MmaRTh&Tel BEIHARBRIice 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.



adj acent annul ar nodes may be represented as resistance.[0012] In one
enbodi nent, the subsurface nodel includes an auto calibration function that
correl at esot2hw/g3eEdi ct ed position of the service tool reCattise@onesoahe at
| east one | anding point of the conpletion with the actual position of the
servic | relatl] t 1 andi n i nt.,.of. the co tion
when tﬁgbs rvlﬁlcoél%teén\&%d}s@%ntstng%\?\]lsqbslhﬁg% gﬁe iléﬁ%“ pegiantaa%l ??thg%lloﬂancg‘ﬁBng{Eﬁ nent ,
t he subgefaasehdmetticdpbdii@soaha@pacobolentiveRNECa YRR AMItRiRISiHEI on of
the service tool relative to the at |east one |anding point of the
conpl etdogpledioneyithghpactiend pesiiomeldhpsaryiegitoe} refative tofthe atdedshopedarpliegiadistrafi ned
event. [0013], I n apother aspect, the present.invention is directed to a
et nod (PoronlapiT T, PE S RREG eob R aRhER Rt neRORT do dRplhls mimghtaine
congl etgyBdurité Mobeltdefindvel AoRObLsontilence ddgakEh @R phAMbAES Bt sér@i%_é%oon&?aqv@”d' ng
poi nt defined therein, and disposing an axially novable service tool within
t he coripthstat lsast onplandiwmgppinéof the roruplappdreafier o peedsierninee peéral of tinrel fafjoveimpendi ng
fromthe surface and sel ectively supported by a novabl e bl ock above the
sur f acé PRFETENSISI®™ so i ncl udes defining a subsurface nodel in a conputer
oper abl[goes}s o ol Whpdet, the pPREADIRAVEiohNE HRERH tBaeskbhbi or &@ﬁ 1&8@ hion of
the service tool relative to the at |east one | anding point o PRe
conpl etwalhotrasBw mgbed mcliyias positiéning e domplstomwithin the wehiborsethe icompletioh

[ urrpedrﬁggga i.fance thernmal node] of the wel|bore

tring.,and a nam ¢ | |
onuor S iRl RES R Faningt GIFIR, poelisnosg AP axRUBAIOVBe Farvigp el ed t o

a syst aiiRtheeoMplctbhtBe fri¥Bé loBPERIpIcdNSa SHsTbEMo| ffh dﬁlg%mhg %ﬁr?%e
positioned within the well bore. The conpletion has at |east one [andi ng

poi nt defliseledivehesuwipnrted\by emrdeble otk alovaxhakirfacenVidk|methdd hiiso indh@les
completjan. The service tpol is coupled.to a service tool string extending
{rom t HefBeraubSe SEdsbth 3 BIYP SO g s At e 15 Bete. Hveda e
sur f ac§redietfiRMhe PYobRion! of AP RERRCobOrEARE ! v - k such
t hat tﬁ}ée setﬁ%i CqutOOOl| rlmaly be rai sed gnd%gget%%?}ég&tﬁ{e@%fl@%o&rogﬁ (ﬁlt%

subl§ur fcauwlation dhscdgipde f idpreainic durapalongs nerdebpldhe biryica swbstriap eod aidyriantibe
controller., The .nodel is.opeyab to,predict the position of the service

t ool ré?@??%‘_@p?%%ﬁeeéhgvmﬂé‘goé{e?%#tge I‘Ngﬂg‘?rﬁﬁmﬁ‘ﬁ?we“&f the conpl etion based
upon a |gyPRNIIR dndiiRe dspiRe Sthéf%?e%%antoﬁwéﬂif%nsﬁIrd{%%dttQOJ sydtenl &k @d&ﬁé%?tfé%y jam ¢

| unped capacitance thernmal nodel of the wellbore environnent.
DESCRI PG O h biSteDRAINGS: ¢ Sif orfpersiti@nedwithio drepldibereu Mdecahpladtinigs of t he
features and adyant ages of esent, i nvent| op\i,ﬁ reference i s now nmade to

h
the. derhlfaHoBeLERIT PURL BFHHelFIRTEne} SVARGRG! i FHATHEIEEspaRp i he
Fi gbr e2omBictiBh Ch& Qriies RRNMY BAplRY 4 &lrsick Dol Bfinf bt ERIiAN frohd @YLETL8hE" O

selectively supported by a movable block above the surface. A controller is operable to control

the movement of the block such that the service tool may be raised and lowered in the wellbore.
A subsurface model is defined in a computer operably associated with the controller. The model
is operable to predict the position of the service tool relative to the at least one landing point of
25  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.

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:



correspondi ng parts and in which:[0016] Figure 1 is a schematic
illustration of an offshore oil and gas platform operating a systemfor
conpl et i myoaowalskwsr e i ncl udi ng a conputer inplenmented EORAISR0.066043
optim zation tool according to an enbodi ment of the present invention;

0017] Fj 2 at | f a.dynamic | d del qof
servi cd 0Bl Tigpier ERERRRE M B B P el B eeO B pherafing &
opt i M zg§tk@Tot QhplSind HRcICIPiRhidaTy SHHRMARHRIHR cfoﬁlp?éiiof%%gh%% of

the present invention; [0018] Figure 3A-3B depict aspects of a dynamc
| unped teelpaedrdmgde an pabpdimenbefdhe pfesqtiénvgalionsor e envi ronnment i ncl udi ng a

resi st representation used dn the co ter inpl nted conpl.etion

opti m 2001 n KIBHE 2t ePIrEe IR ol oty SHaRRamss piids PR seraive BREVERBERE of

t he 5pr g efetcohipulp &m%ler;ne{n@@ sSthpleti@é Rirfli zhtorAo BN FURSSnHIAIMATHEh 2088 din

i npl ementation of the conputer inplenmented conpletion optimzation t%ol of

t he cortphetinbadimest efthapeserdiimgntion;an enbodi ment of the present invention;
[ 0020] Figure.5 is a,process diagram of .one inplenentation of the conputer
ot e MOB e cv s BT Rsti Pbh Sy uBC SmPHECoBBHNGR ORMS b @eor di ng
to an gupdid@RirofthelthfclRAifS & Msidthe Ripr@BataliQPEdh ifr WO Btc: SnPleRREESS

di agram of one inplenentation of the conputer inplenent e&) conpl eti on

opt i m zamplation aptinvatiochgoelovfpibe tcompletips tspstemcarooinggtot am embediinenti afiethe  of

the present, . nvng.nt_i on; [0022] Figure 7 is a process di agram of one

i n‘Spené’ﬁ?sﬁ?'ilBﬁe "the conputer inplenented conpletion optinization tool of
the conpymyi UMY RM F66A8 Giagfhlﬁ of 8 BRNGHLNERN Of b *asm@{n%? fiftpledien: | o7

[ 0023] 'Fi gure is a process di agram of ‘one 1 nplenmentation o Re conput er
i mpl enentmetttioomptietization dpoli ofi thatcompletion|sysiémt deeordmgploetn @nbsistanofageor di ng
to an enbodi.nent. of the present invention; and [0024] Figure 9 is a process
di agr afrSFUGRETIRB enent ati on of the conputer inplemented conpl etion

Che pr do e e A e o B R R b P B PR OB E | ¢

t héSmakbmglesiod opimzption tearefaths cemiplrtionepitemafccordmgpioemesthbddimventt éfafe ar e

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;

[0023] 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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di scussed in detail below, it should be appreciated that the present

i nvention provides many applicable inventive concepts, which can be
enbodi ed wo 2a1vi8egsvari ety of specific contexts. ThespeecTius2egiodiient s
di scussed herein are nerely illustrative of specific ways to make and use

i scussed | erely i1 c vays to make_
rot er 0 1or PR a AR Pl Fhuart R el ook T R kT e

opt i m zh¢ inganticmo hnd ds netsielimit the scpplbéthednvenyish.em i s depl oyed from an
offshore oil or gas platformis schematically illustrated and generally
desi gndP8¥l1 oRefairinganitisiindigaied) acqmpitierdmpieniznied corapleioreaptiovestion tashforged

il f i ! 16, b duit 18
oxt endasf PR e cBRHLE Sysdehn SRR B BBt 8 or b8 pRYBITERRDSRAFAY i ng
bl owoutillpsteavainiey gerddallyRledichaed 102 Aasnd-sibinsisibhg pRpPBah AUE @Rfiterdd §&5T 1 CK

28, a travel block 30, a hook 32 and a swivel 34 for raising and |owering
pi pe stsubmgeged oil @nd gas wragtien hidcated pelowgh dloor 1 ondisubsta sandujt Bexendisng

service. t oogl i ] 7 l. . 38,ext ends rough the varjous
cart h il Dl hi b PRl st Rfisnr” ShORiEs b PregrerSt

i ncl udegat€@si 1ohA4Q Hohdibhg bfpLR0EeDs,edlewidknsNa Wald BRycR 388 hddkSROsad swivdn open
hol e portion of wellbore 38 is a conpletion 42 that includes various tools

such asdacising and lowggingpgpe stingsweh py ppbgantallydnbularoloagitehindliyrextending
prqduct i QFr rbons in certain zones of interest within well bore 38.
V%gg sé?smxgé%§%§{4 , 46, 48, 50 isolate zones of the annul us between

vel | bor[e0B8 amdvetiborl 3 éxaendd Zhroligh tHei wirivBn Bt stfa@d Tefudem fokHiwks 14 ORY
formation 14 enter the annulus between well bore 38 and conpletion 42

bet weePpeidIesian ofavellbgre Ifdnglades casing 4P thay i cemgnted Mithireweolthone PhdRiepeseds, 50.
Addi ti I . f a [ Y] r other treatnment fluids
may be Damsgen ARSI S SRR B el BE Vasoh Rt o

Conpl etpaciterd®4, ab S48, 50 tlay pesideandal¢Mtionl foshE Pﬁﬂu@cmba@@aégns iRdertalf- AS
shown, packers 44, 46, 48, 50 are respectively |ocated above and bel ow each

of 18he zenetdolciatereshwithin welibate $8nWhens s opackers 49646,GHa0dsdlain zoges off thher

i ncl udes. gl 0si | e ,..60, 62 that, provj.ded a h t Qrou
conple@?g%uﬁ%egg?ﬁﬁﬁgﬁﬁg ?gé?§‘§FW5“PPu%% g?J&VQnFHFE%®H£g§ﬁhHPﬁ§%ﬂ“n
sur r ounginiioh N8 eN@f fhe uinulShetivesh WslibotdTBandlcomPramba b BEtwhen kbR Y446
treat ment process. Closggg sl eeves 58, 60, 62 each include one or hore

i nt er i detweghdrelgrph. iiSsanfbldtyprsdpackers d8edl eAdditiprally, pawveli ook and findpacker vi ce

tool c i.ed . servi.ce tool string 36, .which is disposed
i n Bt 1S A H &P MRS RS0 ks PRk ety Kot e <
reber s [0628NYCdrasiatiorDm wish idludes R EEINA0B] d2esthBE@nbltes m@?fsb,%d e84 SiRiE 1O
| ocate the service tool. As an exanple, the service tool includes a cross

over adaeieri 4 S, athate rpwesiivpliclorated pioveead belowesdchpefshe swmidyonirdliscreach of
assemblies 52, 54, 56. Completion 42 further includes closing sleeves 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 58, 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 cach 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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closing sl eeves 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 rai swe andskoders service tool string 36. Unfortuna&Celus2omieesods st ance
travel block 30 is noved is not directly related to the distance t he

servi ce, fogl ﬂlgom%?&cg%%&aﬁf&@gs' Hl¥nOtikt 264 s %ﬂe&%k Hﬂ)eﬁ@ tfe;)ggg's and

forces, gravitationa rces, pressure pistoning rces
the |i kebsurfacé heddr&$iesd in avenputenis operwblean ,pr@hauhespkssﬁtaﬁﬁoﬂmd@érviéeftéd]ed in
a conputer is op er%ble to predict the position of the service tool relative

to t he 'Fighes Rdhglen %PPlﬁtSdB RpPBIeTio 4basgdupan eub@amep lgwgdm)@sq medsdaf thass
del h I
el Shrife S e shaol ShENOIARRGEAYARLE LURREERRoH LT SRNL0R! T

sl ast e¢dnvebih@ite, it shoul d be understood by those skllled in the art that
t he systen1of coqg eting a well bore according to the géesent invention is

equal 1 OOl Byant au&hoﬁgurgé depichep sketed wellhory ibshnaid be nadarstoedhy thase! udi ng
t] | 1l at | |
ke © A i BRTE o RE LERM B M AR SIS Adch B Gund Waar o emeons t na

t he uS%qﬁillydWEIGQﬁltddrfaf udedin Rﬁell%td@hla&ﬁlg&ﬂmtﬁmebﬁh@ﬁ% indRBRf vel QB el IbiEr d,
downward and the like are used in relation to the illustrative enbodi nents

as t heﬁxan@lt@é)mlkbp@@, mpltilaieralwellhoges or thedikapheasardiglyeit shad braindgrstoddy d t he

to e figure ownwar.d di.rection beln toward t he
boltqp om® ?Se S‘Eq{e 01? E@es%%n il Slegotﬁgcﬁx?%aéger@véﬁcq ARt #’%ﬁ‘?’e“ﬂ?& dP¥EL an

of f shorgwank daivh@id dntl (59K e AU AERESORARONIUERABRR oBltolilniGhied 4 théiearar t

that the system of co Ietlngéa wel | bore according to the present ‘i nvention

is equdllepbyteﬂélll the igiea dhe epway lrﬁﬁloérbﬁmﬁ@\@‘ééheé@p‘@ﬁ’ibeCO[f@GlXﬁ]imBéifgererandlg next

to figyre n di rent of,. a_.dyna ed

rodel QR Tt BeBERM S et R TR Pur e R R Cattgh ot on
opt i m ZRfuteoNddpis arDéffshbes dpergplos] it sHouklis @ideRe0a bl itnGe SIAIIER (K £88B the
invention. To accurately nodel the position and notion of the service tool

wi A n Syviem ebsrsnpletings welltioss scsarding th dhedirescakinyention inaqualbewelbsiated forhse
dynam (e sthio? %%5%0519 bl ock movenent as well as |ength changes of the
service B ng due to factors such as factional forces, graV|tat| onal

f or ces [00B0¢S SREfETiAL Skt Tgufe?, GRSeintib @égigtbd bR &RBodMENt It dynk i
consi dered. [0031] To nodel these forces, the service tool strl ng, Fromthe

travel npsprodel of Beeinepodsiring usedinghg ¢Qmpu’fi¢r0malepiemedlcptryolemlbnspnmlzatmn wi th
t he rna%sol%f ; ac(tl ggl on eas%ucor L at the m 0| t of that s
i o 8o P FpP R, SR ol o 0 Bhackl SBHERY B Rewielmofcbes | o
then apssiiBmlaidmbEoorit &vitotRRhAThACHMIHES SofbiYe@o BBlcE ANHfaRper . AS
depi ct (rar(ljodleln t}]:el ylrjlglr(ranczmotlon due to block movement as well as length changes of the service tool
string due to factors such as frictional forces, gravitational forces, pressure pistoning forces,
thermal forces and the like must be considered.
[0031] Tomodel these forces, the service tool string, from the travel hook to the completion, is
25 split into a plurality of sections with the mass of each section assumed to be at the midpoint of
that section, which is referred to herein as a lumped mass model. Each of the masses is then
assumed to be coupled to each adjacent mass by a spring and damper. As depicted in figure 2,
five such sections or masses are shown, each coupled to the adjacent masses with a spring and
damper. It should be understood by those skilled in the art that the five mass illustration of figure
30  2isrepresentative of a short section of the service tool string. The actual number of masses will

typically be in the hundreds or thousands depending upon the length of the service tool string, the

desired precision of the model and the computational power available. This lumped mass model



five such sections or masses are shown, each coupled to the adjacent nmasses
with a spring and danper. It should be understood by those skilled in the
art that wbeofoose7sass illustration of figure 2 is repr@seEniSawowesoss a
short section of the service tool string. The actual nunber of nasses wll

typi cal; ' . : i engt h.of the
LU0, ot A5l G PURESRAS, SERop ORI 09\
conput aptingfrcgzand dampaiih@bfdrees. Thi s | unped mass nodel i s operabl e to account
for transitional inertial forces, static and dynamc frictional forces,

axi al dB032g Inspesrictngitha mpraditgs modelad thesenacy toplstringnan avetiomig crened | unped
MasSS oF | ach fmatsgl %ua}eglst%gvﬁgij%\ﬁﬁlch éér{)léen%dfn%gede A4 a%éﬁ%hdnéodﬁrg(ﬁﬁ%%g 3(;1?4’%5? ?SE as

mass, such as HEssS can presse

fol bows: mMX s =b/-¥i(-% Fi+ bl -x0) - HE ki )-x3 K/ X ] -X O+ + 1(X +1
-X1) - Ff - Fg - éJ-JIPfcl &‘Fl)xfmg %ﬁg}ga(ﬁ'l?gfiﬁ ?J?I\Hl Where, b is the axial
danpi ng coef ficifents dtudH el pikpet(M i ¥+t he spring coefficient of the pipe,

or essur'Lrgeut SN ghpie cobclche ot HRR R Bl Bk ol Bt s ¢ ne
change théfriceioime fatel Feisaherivisationsl fbRBI s the ptebRirdpiRening edrtQ is thGEmdre

equation of notion is created for each nass, the equations can be converted
to a ficxpansgmgoeilicient.eAk poibe chageds tmperateis apg |istheilengtly pEthe ping spotion. The

e tiqQns i rder..differential uat.ions in
a0 oty g BFbEBY FRHRE PRkt Y AbEh SR8 b Tip e most

nass i Rrddrstatmpale ropenatdiide bh @tind Yadand y3=RNThé S8R TaA iHelBe RiprdLted Unped
mass nodel, the dynamic A natrix and input B matrix are discritized to get

di f f er @adiest orflendi tieheayagensdn thedpro XivetiBirand sobved hoaeatrixDvith the Sorce
(A2t2) /21 + (A3t3)/31 + (A4t4)/4) + .} BD= [t + (At2)/2 + (A)/31 +
ot 4) B theupperihsit s ih I tdingne hacke 1B th bhe frattéth ik rallhimpeq |

masses fA9myatieihs daraiic A hieixtahdpoeBRaerit@¥ dierifized (9 gQliFaeRRdguARs t he
approxi mati on nmay be truncated at the 4th power oft. %he position and

velldci tthrovgh amanpreramgtienmss folewsbe cal cul ated recursively at every tinme step

k+1f rom t he tArr:eg's&jt%% @zﬁg&@%{&ﬁg}%&g{%ﬁ%pﬂ gg equation: [0033] Referring

next to figuréd rei d oné' enbodi nent of a dynam c

| unped capacisanger (Aéy et (A9t +eh e mel {ipore environment used in the
conmput er inplenmented conpletion optimzation tool of the conpletion system
accor difegcertin eplerpenaiinns; sygl at medels wib theypassescl 00ungiend aparp dled timesanpléier mal

el g RO BT o L B R BB ORGP i
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:

Xi+1 = ApXi + BpUg

[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 slurry down the service tool
string and circulating the return fluids up the annulus as well as residual thermal effects. As the
30 service tool 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



changes al ong the service tool string due to punping of the treatnent
slurry down the service tool string and circulating the return fluids up

t he annulwe 2am/08e475 as residual thermal effects. As thePs&mse@e/ot@e string
will reach a thermal equilibriumw th the surrounding formation after being
in place for a.giyen peri of. t] most _of the.theryml changes.of concern
vt nipeuBionBasts (FRaRSE e hoRind b Bum PR Ry e R By HABRE] wPmias ¢ he
f1ui ds diRve odcdiak tiRreRlicd tooRRIEL Hhend BDané RabRT eRPBALRE of BE WRLI ON.

Fol  ow ng the punping process, residual effects or transient therm

ef f ect 40@%4 urSinslar teghsdmamiclumped messmotgl, inthe dyrentiolutdped eapaciemte themmeer at ur e

f th 0034] .Si m | t h ic | d | . in_th
dynam S TiGHped Dk kel ¢ HErE oA HE oo TEF PSR S Fev Abgnd
pl usal igdeyerffly addigHatedEIOD! AME aRIAC BeclEnd 418 khedepiitinaritldr s8¥oRs BALARE: the
generally designated 100. The axial sections are then split into annul ar

sect i ofbud wthundhegbingat 102 itk twhingil B4, ttheetlwid iwithin tht ai0dys at A66.tthiiasipg 108, t he

fluid within th | t 106, th i ng.,108 (i d wel]), t

cenment U prELE R B e whR MBS st of ek R Eer Seh hwehe 1 ock

layer 1h2r 11DekK 18y@" 14, 6ck Fa Iqllsaﬁ@foclklaﬁ/eanpk.mfekmhﬁ%%fﬁ%éiglayé apygber of
e

rock layers may be sel ected based upon factors such as t ype of "rock in
t he f orselectiedhasgdupon Bctorsesuplnis thoepe pEioek inghe fommatiesindgts thoreel gictliviofs, t he
nodel d,t he conput at..onal . pa avai | abl e. The outerno, rock |ayer, in
ThiD  JBec g BRERE Y 1 Rpuk BN e RRebARy B o0 B SHRERT Theiterirey ek
const andyet, SiAP@IsAEA4E Qoc 930114, Ms @BAsidFRd @TBBIaAL Ao bduR8ary UWRE Bonstant
capaci tance nodel, once the well bore environnment is divided into sections,

t he sed¢mhpmstueg: e coupl ed toget her through the input and output of the fluid
flowt hrough. .1 n, this approach, each section that is |unped together
i's assﬁﬁ@gﬁt&nhQW%lgmkﬁﬁﬁﬁgﬂg ?§3$%§g?ﬂ?gcgﬁﬁ“@5Fmﬁg’e%dﬁﬁesgftﬁﬁ boge

resi st aRGRoder 8Adivided b Qbctichs ME8&@Rnt Gre! @RPRE Hetdd ehBRLD @_fif'rl];ﬁﬁ agéft ween
the | unped capacitances, as best seen in figure 3B. The nodel includes

equat i ontpuodf thadluahBeyyhdsethrongk frothisegptvaglydact sectibethhoisiumped ogétherdf
energy storage,in the node] = [rate,of ener ain fromflowin - flow out]
TEr oY S Dbty R ho e G R S sy st e st Fapstaia. of
ener gy ngfichtdis R GARIMOSJABaris bBrvadh ARemh : - re
assumed to bé g?}the cengérmbﬁ t he conp%ngﬁgggéﬁg?ggggékﬁggghg%%g%?ng

t hr oug hleanddebinclubes aumeiéonsaif thefenetge belongdieerchnode mdbhforhef fartcfendugt be
taken i pto account,. . The del may. he represented n electrical circuit
uai g CREsaS BReH PRt Enwe Bndrvs iBY TET Honeo ] i HRisasenpiey &0 figpey v
whepe, cBhvdcfioh AFIRERSbdvhdafies] ReradtdYRiere chih ¥ ceiRIBEidd &itlh&ﬂ&ceﬁﬂ?od\%].' s the
volume within the layer. In addition, the resistance of the’ it ayer is

i nver sdlhy tgmpgsaitites aradssumed trebdaidhe condgrafighe eamprinent, Herefodeheatdsontibeed

gover nithr}gugel‘%Ja (;f?l{]esmgt];rigtl%?tlfe%glrngglllenr{r?odr%éch%flee center lrriugﬁaaertak%lrjl?nto 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, p; is the density of the layer, ¢; is the specific heat and V;is the

25 volume within the layer. Inaddition, 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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to changi ng paranmeters with velocity and tenperature, it is assuned that
the paraneters only change every step. The application of a zero order hold
bet ween tWwe 2vioms2%5eps all ows for the construction of aPESTAPS20000y60n3 St at e
space nodel with the nonlinear behavior captured by recal cul ati ng t he

of 1 ne MERTdr@rERbpboRRRe T ctndid it AR P el sBRer i el for

i nput 04 & eDQIREWAE@PE s %\vﬁé}fthé 82vicsTREH RS & BN 1oddtioANGthin the
enmbodi nent, each Section in't mass nodel is broken into two
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di aneters an d len tion i andi n oi nt | ocations,
bot 1 om G OB RSara s oA FioRReL Rt SR be ks FEarodhil e nRGar  n
of f shorgnRRR¢ keddrh PAS Ihis RIFGRSAohER b@ﬁdg he dilyéd n‘inef bpﬂféssemcé%opyr% d or
circulated, estimated frictional coefficients and ke are provided to

t he systyammc@w&he theemal yeadehsiakes autei Wit aidois md:tullonvery tlmbum ik ds tbhecalinsfor et e

| Lh | h de] is al t
puilPy awalingr Famee o b Giaet | tpher PR, e LSO eR TSk TEar hanges
of t he gx@dRbonds i@k luHRJeQ Uﬁﬁcﬁéﬂc@ ﬂlenhﬁl%édé'ﬂ%gﬂ%ﬁ%r{m%l 50 iferdildfls QYA Y

0.01 seconds with apaci tance thermal nodel rebuilt and
every 3be femperatire nbangm hl uded tnethp dmapedrmaass memige® dalvolatibed themmah‘ﬁardeslrrped

mass to.cal gle t he t | forces. 037] ,Once. the subsurface
rodet MO G st dsEhiEest BUTE Fim ekl & Slimice sxhedhaie
associ afsﬁdlsyucu%dwnﬁ eHRrdiRERhRdRn dpRRkidhd %vﬁmﬁle%aqh%ﬁbgé lehenfiEi6n
i npl enentation depicted in figure 4, the hook |oad require Fo mal ntain a

spééi f idepictedtimtgure 4y the helginhdiequitied o mgmaalp@mpcm@c opeacafdiranddvenhdktdering ned.
As illustrated an desarlbedcfo&/ﬁ%%%glou n uts are fed into the | unped

capaci ORI IRETARIP deirimyng Tla‘? ¥ Varpeinpwte areredii o,

Pr eSsUhigs, thé WihA&E cApatRalka bRl JMIudiRe nlohK e Ih%lerﬁlﬁﬂl!) d
capaci tlance rmdgfaegrpgl fed into the dtijgrrped maess nodel édso t‘%‘lﬁbged ket

i nf or naréseures, utaetieraperatnrmuand ﬂ@dmec fl bdreaslt@fﬁtd)umm caphbmnca': sofléldraved h t he

desired d hol e, | oad a |ct d downhole |o ch is used to

ot er G B ORE TR oA G AR SR80 A5 Hal Ao SPigtGl aredi Ptnedimnol e

load. Thirg WihohoRksiRA IRYNHRE Rfa@vdnqeﬂe {Redict¥® |dbw9ff@ﬂé ab! whitndsVilssd3b

representation of the subsurface environnment and recommendati ons regardi ng

adj ust wetermineghe hnenimum rpgaiedi lmokalnad ve lneditay the desiiadt dnwnltolteldidm Tigel

cont act tforce downg At ernat i vell¥i the s }em nma ptart of a_closed

ormation may be prov1 ed to a well operator in a visual represe tatlon 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 desctibe 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 into 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
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| oop conpl etion control system as descri be bel ow wherein the output of the
systemincludes information directed to a controller that operates the
posi ti on wodowaisewsty of the hook. [0038] | n another i mpCErsaaaos@n3 of t he
subsurface nodel as depicted in figure 5, the static and dynam c
coefficients of fricti,on and a.t.hermal corre tlon fact durin
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conditions. [O In a’further inplenmentation of e subsurface model as

depbct eldsdribed amjvreevaiouls apuisrage fpodl ntto thwllimped ¢apacithcd medcﬂymlmhng fowcitt eved

using K | andi n ints.. As illustrated and descr ove, |ous
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i ke. The results of the lunped capacitance nodel as well as iInfornation

such agnglebsWithdys arernfagidn, mtroheputmmdmgé)lﬁwdmmllemﬁs fedtwtithshook load

i nformati,on tro i d.as a.PID contrqller, is fed with

ook 1 aatt aerdisd Pt g BiiemeiER L A8 fomereh Ssamasiblags ropiinn
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information is fed into t | unped nmass nodel to determne an

esti natrmdeuwtmmnmepmssmmmd dFwnlwlppesttess Thoryirpeasesontintied uritihtheestimaed ed

o 0l oS Pt hESer H Rl B SRS TR Raoh may be providedio ™ | ©"
a well operator in a visual representation of the subsurface environment. In addition, this

implementation may provide the operator with information indicating the position of the service
25  toolin the completion including whether the service tool is in the vicinity of a landing point in
the completion and whether the service tool has located in a landing point in the completion. In
certain cases, this information can be used to inform the operator of a recommended course of
action regarding adjustments to the hook position and velocity or may be part of a closed loop
completion control system as described below wherein the output of the system includes
30  information directed to a controller that operates the position and velocity of the hook.
[0040] In yetanother 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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a well operator in a visual representation of the subsurface environnent.
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verlflcatlop dfh ng for t | On. Eﬂﬁ nf or ntcan rov i ded o t he
opdobt Fhs SR aS R BB bisPhon e S RG IRy PR o A R BRE PRl e, | of -
downhol @nGRARintnhbeldb@iming. ASaGRIrAEd hﬂitedé@éi%dlaﬁgvé RaRSR YphiQke feﬂﬁltéﬁevl ce

tool string as well as confirmthe presence of buckllng The nodel
oper abllemped pmdxtance whrasdeb inchusling GRvi rﬁ@ Hebe @u@md ed ciaqdated @uuiu rpmsurest ate

of the s ice to [0041 dj t|o | enen n of he
subsur B Gerfe e’ Th byt e Spape TRass FBods Pl i

regar dijpg &&‘ﬁlam%b&él(&[br@fwﬁ}hﬁlf&ﬂ{a‘ﬁbﬁ eelﬁﬂa@ tor‘t%éktIbdéﬁmhopl%ssj.u%ddnﬁgh@ﬁké"t in
t he conpletlon may be détermne. As illustrated and descri bed above,

varlSousWith phis mfarmatipadhé ok ledseand gstpaaied hgnkdpadare &drinidah adapuwphmgethb ow
rate of t or .circul at d flui res ures, surface t erature and
he 1 e PREG ity Gt Biven ool £ 28 SR nsSitetar Eonislleh 5 ke

| unped JEBssTkreddeblic| §MigzZ¥ilbsic icoh@sIEL 4 edmpaisdhitd JefeRnB 08KePASIHE 1R 10
pressures and the like. Wth this information, the hook |oad and esti nated

hook | clgteraing thwtuahﬁt@tlwdmagmc\ﬁee@&reamf fiiietiondhrongousthe systeint Hikewishe use
error ntroller, such, a controller.,. a neural network
cont orthe ity RG8 shp it &l Anfia RUETERID lenfRBH R B fuh b e or
theol i @r&ﬁbtlﬁ’@é(ﬁﬁrﬁllé}ewhﬁﬁ n#tbhdake @ri’(ﬂzfdh%@&ﬂﬂéldé‘@dﬁbﬁa%%{e%ﬁ{& Bdrtro@br, a

friction throughout the system Likewi se, the return fluid tenperature and
est i matneurat eatwprk qomrplélertze o lagigcentzolier fagnipatisoretn refctaptei vakeparrthaiterto c

ggm : g:d:egrrh \M%fdec t%errrrr?éi deflgoerreec 101 facgors ?onug 81r1]tttflg ls}lfs?r such as an integrator

[0042] Using the rate of change of adaptation of the model, the estimated error associated with
the parameters of the model are determined, thereby providing a confidence level for the model.
25  For example, following a treatment operation in a first zone, the service tool is reposition in a
second zone. Due to the length of time for repositioning the service tool and the length of time
between treatment operations, residual thermal effects may cause the service tool string to change
in length. The present subsurface model will predict the length change but also predict the
potential error in this calculation. In certain critical operations, this zone of confidence
30 determination may indicate that service tool should be moved to a known landing point which
will auto calibrate the system and provide improved confidence as to the position of the service

tool relative the desired landing point.
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neural network controller, a fuzzy logic controller, a conparison to
reference values or the like to determ ne the thermal nodel correction

fact ors twocoaghset7st he system [0042] Using the rate of PChAISQ@9066043
adaptation of the nodel, the estimated error associated with the pararret ers
of the e ence,l evel t he
nodel . ‘For exlgglﬁ¥ et ?Jal%}lgﬁﬁarahﬁﬁ § pﬁ}t&ﬁlg{hgb@%gﬁlvgﬁplhﬁ gmlpeﬁi LHass éio 1”t he

servi cefaétmlsuﬂﬁasmamadadblocfk mﬁvﬂn@‘ﬂiﬁl@ﬂﬂteﬂi@nﬁt ofthiecdlulithms] Ba@kImpE, ifihae for
repositioning the service tool and the |length of tine between treatnent
oper at ih9ak load @epsd an upleadadonditippdndicaipng thed thescrvigs tea siying és heinglsugpariedg t o

change i t del .wi | |ct the len

change bB'Q]t]e ﬁﬂ;@ alﬁdt Hﬁ "?J ? ﬁe?&taget% ?ﬁ %d%ﬁ] o FgyiRg %tngq eaglleé?fvwleﬁ&ger tain
Cri i c3yosiibaI s Qﬂﬁ chdnié.S M&Bﬂhﬁgly,ctﬁﬂfsyﬁ@fﬁ%c&ﬁh@fdﬁ ﬂﬂ@t\ﬂaﬁﬂuﬁﬁﬁfmisnglo%ﬁt €
that service tool should be noved to a known | anding point which will auto

cal i br anevenieat W}}hﬂl@ﬂifpdﬁhl)aéart@@P@éninﬁﬁima@gﬂwlﬂlthi@%‘eceﬁgot locathve spodidbeon of
t he serV|1 dl%@l%eesglm d \/Sewthe 0e5|{ti%(rjl | andi ng point.[0043] Using the
adaptl\}]éc'ﬁe Control P d580C M ated with the | unped mass nodel ,

fact or Jog4i5h Asmuti@RdaBLR! BE kul¥aMerERbdeRbBhE probcdl Bdeftivh npdfy bk BSupled to a

cal cul ations. For exanple, if the hook | oad goes to an unl oaded condltl on,

i ndi catconigolishistemeproperating the hoels position fﬂ@ vielpelie hydypéntgshio figers %yxsulhstrsﬂed ps,

S0 gt o R PRSP R e BTN ek P B "o

the varheus thapsthfed & QkilatdVEMENbreWWutd, Q100 Wmpepabie nd HETRE B RR1ItEe Nno
change in the service tool |ocation should be included in the estinated

ser vi cdeqdback f5erianiadaptieopmaetig leﬁbh@@l%mvfé of mt@mélm tenfrecaturendel  of

t he pr e t stem ting the
ook pastarish A Tya R G BBl iR 1iRR Are TR e il
descri heep @ebmu@,mo/@n aleﬁg:mnm%ﬁn@mﬁl réRfng ﬂmoél{}ﬁ) tuﬂgﬁéss%?e@%ﬁa tR14R agmde'

i ncludin eS.er | ow rate of the punped or circulated fl ui pressures, surface

t ertper arairas fepdbackifeom piedagtvepdrametsic tertblachavingomussofadelploadandeatianted r i c

o a veblardy TPl B g el HnbBiR st e o it ierdrared 1 nt o
the | unpedibsmsse wRdel arakdng reWFédilvb Rb@FITREY M coibaicdRetH Be BLACK dBRFRSIE ON.
pressures and the |ike as as feedback from an adaptive paranetric

contro IVIe@ﬁl‘fhmd dfglrf:(h@ﬂwlﬁlodﬁ PR infordatiomd Ths pommlbds usodkis infarchatiFielong

det er mi_ned city and e ted hol ositjon from
the sutuiisaRbl TR ER ORI ARY FlSh Bk e RS o PiF BT dRE wBisBPretdesi «
thgodesﬁdtmtngmke veI ocity and desired downhol e position information.

The controllers use this information along with estimted gravitational

i nf or ma0045h t Whidethis inwentien das been Hescribegl with wsferenck taeilludtiative gniondinderss, this

description is not intended to be construed in a limiting sense. Various modifications and
combinations of the illustrative embodiments as well as other embodiments of the invention, will
be apparent to persons skilled in the art upon reference to the description. It is, therefore,

25  intended that the appended claims encompass any such modifications or embodiments.
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notion to the hook. [0045] Wile this invention has been described with
reference to illustrative enbodinents, this description is not intended to
be const rmeadoioms2975i m ting sense. Various nodi fi cati onspramaSeaniosevat i ons of
t he iIIustrative enbodi nents as well as other enbodi ments of the invention,
wil | gwﬁ%par o persons skilled in the art upon reference to the
descrip i3 © “therefore, intended that the appended cl ai ns enconpass

any such nodi, fl C%h}%lfb?n &r cBAPRAINERRISFIbYRAthel s§stéh@bMPising: 1. A system for
conpl eting a wellbore, the sy sten1coaﬁmm5|ng a conpl etion positioned

wi thin the welonipbetion pphlélomﬂmﬂemuthmw G thegronmpdetion heviag latleakt nge boding
defi ned HggFF a service tool axially novable within the conpletion, the
servi c@% IH%UBPSH’to a service tool string extending fromthe surface

and ssel ect i ki &UBHIAK Y nttyaBle WHHADIHE cOhpllioR @W&M&ﬁo&‘éﬁﬁﬁ@cﬁw a%&qlc@

subsurface nodel defined in a conputer operably associated wth

wel | borteg! stiireg exerslingolpem alid sarfaoe prdesglastivelhsupposted bpa nufvablhé)kmkrabmcethbool
relatlveiio %ﬂf at | east one | anding point of the conpletion based upon a
dynam mass nodel of the service tool string and a dynamc Iunped

capaci t ance at NP5 ce Rl dofinding avwxﬂdwr%p@ﬁmyr z%@é@ﬁ&d whth tROGeANSE

recited in claimilwherein the subsurface nodel” further conprises we bore
desi gn,medvippesblom medicighe prsdiemet dicservicdboldelsiigrio ti3: at Wast oy ddndinggwinteci t ed

| ai wher.ei.n i he. subsurface deI d Wt h block novenent
| 118y et BRI HBL RS 28O A CRRc wnpedzlmaﬁsh@ @{l@? ths ssevisetopt gEng andpai m 1

wher ei nyhAgicAyR3E Gaﬂaé'i'fﬂ?n%g (HORRS ARREbe ﬂafe WeiBoRVIrGnd RO String further
conprisés defining a plurality of axial sections of the service tool string

and representing each axi al sectlon as a S|ngle mass. 5. The system as
recited in ¢Jaim4 wherein t anlc ss. nodel t he service
ool Stri ng 2t art e SESp A webst ORI B cBREReT Bl RO s on
masses @alb@rédysigagc@we@&fwrgn aﬁd sdRe3VAldegpRs recited in claim4 wherein
the dynam c | unped nass nodel  of the service tool string further conprises

friléti onal forces, graV|tat|onaI forces and pressure pistoning forces. 7.

Iﬂgr rsrg‘ist em a3s ' ecllheesgstérrr} a(s: ré'a'c:llt@d %I\ll\gg{n‘? |1 r\lzvlfepeem % [;nsurfacé:J Iq:l%%dl is uﬁﬁl \azv{][ﬁe

block movement information and hook load information.

4, The system as recited in claim 1 wherein the dynamic lumped mass model of the
20 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.

5. The system as recited in claim 4 wherein the dynamic lumped mass model of the
service tool string further comprises representing a connection between adjacent masses as a

25  spring and damper.

6. The system as recited in claim 4 wherein the dynamic lumped mass model of the
service tool string further comprises frictional forces, gravitational forces and pressure pistoning
forces.

30

7. The system as recited in claim 1 wherein the dynamic lumped capacitance thermal

model of the wellbore environment further comprises a bottom hole temperature and a

temperature profile between the bottom hole temperature and a surface temperature.
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nodel of the wellbore environnment further conprises a bottom hole
tenperature and a tenperature profile between the bottom hol e tenperature
and a surweaceiwmsapsér at ure. 8. The system as recited in clarmsishes@ih t he
dynam ¢ | unped capaci tance thermal nodel of the well bore environment

f h [ £l U ' I : ' ! . 9.
The systom o 1 oot ar iy m ol S Rnd MRS TMI ik o SEREL R

t her malmegtef tigf weligorevehtibgineen fivitticd RoBPE sdsUlkib RircGIaA®H kA€ Sndl efthii MPda
plurality of axial sections of the wellbore, each axial section including a
pl ur al iteRPFRUERNUl ar nodes. 10. The systemas recited in claim9 wherein
the dynam c | unped capacitance thernal nodel of the well bore environnent
further conprises representing heat transfer between adjacent annul ar nodes
as iesi stance. 1IXThekirgersyisicetdia clagail tw@rdimthe Upiamid Wagiee bapatit@icsthemulf ace
model further conprises an auto calibration function that correlates the

pr edi ctreefehekthe Wby enHwnsentiugtberopiprisey definipg amburaliy ofaxiplsgstionswétheandi ng

. Feriengent finipg apbureli ohexibbustionyné
Pt i wiclPdf RN AR e RN BRI BRIR T et on when 1 he

service tool sets down in a |landing point of the conpletion. 12. The system
as recited in claim1 wherein the subsurface nodel defines a zone of

confi dence rl@gar dihsgysters apissited igslagn Otvhsreinihg fxaniobimped capariance et at

| eggt aqnpe LN Lnt .of t | eti.on_ after.a.predetermned period of
g s gt re BouRE il TR R St B B RGPS G el aent

wel | borggnulbhgodee bdedistaemri sing: positioning a conpletion within the
wel | bore, the conpletion having at | east one | anding point defined therein,;
di sposing an axially novable service tool within the conpletion, the

service tool,,coupled to a service, toql ,str.i extendi ng.fromthe syrface
and select ATy SuEserTRa: B RSB BRI v ER RO b Sompes

def i ni ng agtodliBtibRRMCcHRAAA doRcRtcs AP BEL@PSARIN OF 1RSSQ e AP thiMve iy thbe
wel | bore, the nodel predicting the position of the service tool relative to

t hdSat a kagone ladingpeinkef the Feraplefion Wih theepluat nositiop et the seqyine tepl dslatavete

I d I [ | d d 1 C. | d .
capo (Opaeer g o SRR ol EBh s A R RGN | R S Rt s

reci t edfit dheletioh3 wherein defining a subsurface nmobdel in a conputer
further conprises including wellbore design, conpletion design and service
tool design in the subsurface nodel

12. The system as recited in claim 1 wherein the subsurface model defines a zone of
20  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.

13. A method for completing a wellbore, the method comprising:
positioning a completion within the wellbore, the completion having at least one landing
25  point defined therein;
disposing an axially movable service tool 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; and
defining a subsurface model in a computer operably associated with the wellbore, the
30 model predicting 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.
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15. The method as recited in claim 13 wherein defining a subsurface nodel
in a conputer further conprises updating the subsurface nodel w th bl ock
novenent woforoms2976n and hook | oad information. 16. ThePg@fUsee9assoneci t ed
in claim13 wherein defining a subsurface nodel in a conputer further
conpri ses defini ' i al L. t he.service tool string
and repres eﬁt“i ngqglgta:rﬁ&gg(li g% késc}étgﬁ%gféglg 13%@%%%183% ﬁg{sng j %ubfwgcﬁﬁﬂ%#??én Funped
nmass mMdglpulk fifrther siptiseeinchdingstdlibog dedigh, cdhpleiir fRbnatd s@eibd 861 deBigh! ai M
16 wherein defining a subsurface nodel in a conputer further conprisSes

r epr esdhtherigbarfsaAwdel on bet ween adj acent masses as a spring and danper.
18. The nmethod as recited in claim 16 wherein defining a subsurface nodel
in a conputer further conprises including frictional forces, gravitational
forges and prsessune méthod®as REitEOLE EBirh N 3tikre MR fThing! AESG R SSod@Geh Of
the service tool string. 19. The nethod as recited in claim13 wherein

def i ni rgmwuten hgther gerephssd @pdatmgdhe sisuiiace medel heth deskpnieesnt mfduditiog a
bottom h8b1e { eperat ure and a tenperature profile between the bottom hol e
tenperé?u 8°%ﬁﬁ'é Urale tenperature in the dynam c | unped capacitance

t hermal nodel of the wellbore environment. 20. The nethod as recited in
claim 13 wherein defining a subsurface nodel in a conputer further

conpri ses i & udilhg methediag racited &t ploim rldtvehesein deBningrn fubgirfact engilet &t ar e i n

t he ,dynam ¢ | clt r gl del of. th | | bor .

endr oy {URED < SABRRS YRR Ry ARl T RERLrlioh VHBF ariRE e sving ame

subsur fragesenti@tach axial ofimidsersifgld mhgin Rmphirse urfiRiinfisd fodelBF the 8oy of
axi al sections of the wellbore and defining a plurality of annular nodes in
each atpdistdigetion of the wellbore in the dynamc |unped capacitance

t hermal nodel of the wellbore environnment. 22. The nethod as recited in
claim2 1 wherein defining a subsurface nodel in a conputer further

conprises rapresamtim@hdead rdcited s aainb_%wa%me_iﬁ@ieﬁﬁiagta RBOHERE MRALS 2S
resi stance. 23. The nethod as recited in claim13 wherein defining a

suB8ur fcaspuieptisther epraprisspstasentingra deapectionpeivses adjatent massebas spnipg ahé
subsurface nodel to correlate the predicted position of the service tool
rel ati V&8 the at |east one | andi ng point of the conpletion with the
actual position of the service tool relative to the at |east one | anding

point of the conpletion when
18. The method as recited in claim 16 wherein defining a subsurface model in a

computer further comprises including frictional forces, gravitational forces and pressure

20  pistoning forces in the dynamic lumped mass model of the service tool string.

19.  The method as recited in claim 13 wherein defining a subsurface model in a
computer further comprises including a bottom hole temperature and a temperature profile
between the bottom hole temperature and a surface temperature in the dynamic lumped

25  capacitance thermal model of the wellbore environment.

20.  The method as recited in claim 13 wherein defining a subsurface model in a
computer further comprises including fluid circulation rate and return fluid temperature in the

dynamic lumped capacitance thermal model of the wellbore environment.

30
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the service tool sets down in a landing point. 24. The nethod as recited in
claim 13 further conprising defining a zone of confidence with the

subsur f ackOrrotals2976gar di ng t he position of the service troolusc@asine to the
at | east one |landing point of the conpletion after a predeterm ned period
of time fol l\qwi n ' t« . r.conpleting a

wel | bore, t hzg' sygrthgn11H %:tggr%%%%g(?%aa\égﬁgIge‘tg}?%%lﬁ\ﬁ%glﬁlingo@ngeu S%%‘rfcﬁirﬂoéehérg a

vel | bor@mplte figthept@hpirs Hefinga plurd2@st axgal@cdtng bNghe PRIIBbredall dBREng Rer ei n;
a service tool axially novable within the conpletion, the service tool

coupl edlwrality alepmuda pasdss 18tgark gxisksestinngf theorelbrae Jurthaclmamis kwipedt i vel y
supported b ¥g? I ce; a controller operable to
controlcap%cé%nn%vtggnen ln%ﬂgtﬁgﬁ%%gﬁo?eémmzﬂ%&'surface nodel defined in a
conpgut er operably associated with the controller, the nodel operable to
predict the position of the service tool relative to the at |east one

| andi ng poi &. of Thkemethboprerdcind imslem 2porhescitylelining d swbpertacrasadeiidel  of

: Eg \?\:Irc\lélﬂj%ﬁ etr ﬁ%}kﬂ%&{,‘d&&%sgsn geper‘es%}{tri]r?g gatl tl#arHs).Fe(rj benween, écﬁlgc%gt %,rli]rﬁlﬁarI'a rllo es Czlies'\l of

resistance.

10 23.  The method as recited in claim 13 wherein defining a subsurface model in a
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.

15
24.  The method as recited in claim 13 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.
20

25. A system for completing a wellbore, the system comprising:
a completion positioned within the wellbore, the completion having at least one landing
point defined therein;
a service tool axially movable within the completion, the service tool coupled to a service
25 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 in a computer operably associated with the controller, the
model operable to predict the position of the service tool relative to the at least one landing point
30  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.
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