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"pay zofmejsuresindepsh' WavIEY) ik alg@inedes st drilled pistante Between Becaiiae wiifit Ps ahdr
fore consecutive points P, P2...Py. In contrast, true vertical depth (TVD) is the distance between a
point P and the surface point Po as measured on a vertical plane. Both MD and TVD are
important for proper log data correlation. Because MD provides a basis for reference points
along a drilled well bore, formation properties are often linked to accurate MD logs. With
measurement-while-drilling (MWD) instrumentation, formation data such as gamma
emissions and resistivity may be surveyed while a well bore is drilled. By logging the MD in
conjunction with MWD surveys, formation data can be given a physical location with respect
to the well bore trajectory. Once a well bore has been completed, a log for the well bore
would show the formation properties at each MD. Such formation data can be used to
determine which layers of formation are likely to hold hydrocarbon deposits. For example, it
may be that the well log indicates that a gas layer exists at point Pi.1, an oil layer exists at
point P; (a "pay zone"), and a water layer exists at point Pi.1. Because oil is far more

profitable to recover than gas, well owners often wish to drain the oil layer without disturbing
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revolutions made by a fnctlon wheel (not shown), coiled tubing length may be also measured
by other commercially available line payout devices. For example, referring to Figure 1, a
dial (not shown) on reel 22 may indicate that 3000 feet of steel coiled tubing 20 was payed
out between points P, and P;. Thus, the dial indicates a MD of 3000 feet at point Pi. In either
of the above instances, as long as the surface measurements are taken properly, the MD
should also be accurate. It should be understood that the examples discussed are merely
illustrative and to not represent expected depth values or measurement accuracy.

While these prior art MD survey techniques may be reliable for tubing formed of
metals such as steel, however, such techniques do not give accurate logs for tubulars made of
materials such as composites. Composite materials for coiled tubing are discussed in pending
application Serial No. 09/081,961, filed May 20, 1998 and entitled "Well System," which is

hereby incorporated by reference. Tubulars made of non-metals, such as composites, are
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materials such as conposites. Conposite materials for coiled tubing are
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and entitwed2/o¥®ki System " which is hereby incorporatedPoy/uset/erience.
Tubul ars made of non-netals, such as conposites, are 2 WD 02/066921

PCT/ US02/ 04 sy ihle to,sianifli ngt n e a rs
such assﬁs%er?ééga?u‘?’lgﬁ%généggrﬂﬁt% Cg%bg%.s éf;? ¥ gﬁr}%%tggi %ﬁg.a% B% gfgrt%ﬁuggt %r%%/)su 1teeﬁrttlad\aat ed
t enper axislg8adihdsg NUpREAtEINYcIBY RES thgRradids, dRFD beoratiOPRERS& aid @nthléensi on
| oadi ngs are al nost al ways present in a well bore environment. Thus, a

| engt h SIMprewHsindeteayipn depdingsi 4 2RO HEWaY$r ITatest iy Bl RALE NVIBRERaCt as
it ent a I _For . - el 22
1l 2 & 515 or 33 op 5ol R AR on e oA R TERRUIRS LRRRL I BBl

poi nt  Rivel] boiee i exhmipleC 9 sibsietrte s oiel eschgtiuln regl 22Uy lindiedte tray 3000 teeexspanded
to 3050 feet due to well bore conditions. Accordi n%ly, the, actual drilled
dept h atomResite ceiledyifing was Bosd qubat PoiRbei 380y eV e the 2empEsis coded BPing 4D

| og ca 7 ri } ] i ~ n i uch
s por rispEE by A6 B BER R B R B e A e
pay zonetad dRlled &Gpuic et polintP; equiddesdds0 feet,rmon 3000 feon An wheatdcred MD log bar
device that is not subject to the sanme type. or degree of _expansion, the
char ge RIGHNHSHIOUS @FORFMBBOIBICF QBErafiRRS WhT CRiBIBHE SHEets P%Fmafg%g 35 A ¢ hi n
the. 9asipByPho@nde ihinitidd'dRUainf kA8 £y e SHBE ALY il LRPREAS 76h 1P
tubing trips ?or tehe sanme operation, wnhol e conditions ' can vary to a

poi nt wrea evirelingray other déviidd thal 15 noo swhgeat &b Hteesameggpaodr ddpesreof exparedsithe

ot *° i e ussug BE schat opOEenaad Radtisie: et reowipagityib e e & o °°°
tubul arggpRde.ef iRt rE@céssiJeh@émgé‘sfit@réBi}@ﬁeﬁlbﬁ-%pE £810 (RN Khih© NBRR P,

factors. BRIEF SUMWARY OF SOVE OF THE PREFERRE CODI MENTS The present
i nvent i dowrfhelt comd#ticms sys tvary @rdporet whete fiomay dt ehfificnit g carrelats-1ogs pathesd engt h

f tubul mad f terials.that def wh d,t i t al
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extending fromthe surface to a bottomhole assenbly in a well bore, an
enbodi ntbat defdrmawhereéposattospsirenméentialifacders. a surface processor, surface

sensors, d al, S ocessor

i ncl udes sof\ Pegpmfﬁit@%om%ﬁ%¥%@ﬁg@§@wﬁﬂ he tubi ng
using the enpidReieRinhdntdateanied 4 §yRxarhndymdthdd fofl evvbiathgandb sufiadength
sensors. By applying the environmental profile to the surface-neasured

| engt h @fftubklerstrogsierny roatbiials char deforre vdeRpupeseddo fenvigeranervaldiastarse sThersab-

sub- Sursfu%%ge ie%gt%t cr)]f 81f€: t'{lgll%g gteHebrhlllq)g re%?é%érkt's (El?el imeasured depth. For a well having a

composite coiled tubing umbilical extending from the surface to a bottom hole assembly in a
well bore, an embodiment of a preferred system includes a surface processor, surface sensors,
downhole sensors and a telemetry system. The surface processor includes software that
determines an environmental profile for the tubing using the environmental data retrieved by the
downhole and surface sensors. By applying the environmental profile to the surface-measured
length of the tubing umbilical, the computer software calculates the sub-surface length of the
tubing umbilical.

An embodiment of the software includes a memory module, a monitoring module, and a
calculating module. Calculated values, as well as data relating to tubing properties, well
trajectory and other constant values, are stored in the memory module. The monitoring module
receives temperature, pressure and tension information, and well surveys from downhole and

surface sensors via the telemetry system. The calculating module determines the sub-surface
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An enbodi nrent of the software includes a nenory nodul e, a nonitoring
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reference will now be made to the accompanying drawings, wherein:

Figure 1 is a schematic drawing showing a well having a deviated bore through a
subterranean formation;

Figure 2 is a schematic drawing showing a depth measurement system constructed in
accordance with a preferred embodiment of the present invention;

Figure 3 is a block diagram representing a preferred length correction method used in
conjunction with a depth measurement system constructed in accordance with a preferred
embodiment of the present invention;

Figure 4 is a block diagram representing a preferred routine for converting a surface-
measured length to a reference length as used in conjunction with the preferred length correction
method;

Figure 5 is a cross-sectional view of an exemplary section of tubing transporting drilling

fluid; and



enbodi nent of the present invention; Figure 4 is a block diagram
representing a preferred routine for converting a surface- neasured | ength
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i nher ertdibing byHet &Intiap €aaxiell defapatian doais. an' diviongienas prafitel ohthe evelaf Ty

refers to any tubular nember that is susceptible to,IengtP changes %ﬂen
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BHA 30 progresses through well b%re 32, readi n aﬂ?re t(gken to determ ne
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D, represents any poi it betweenh depth Di and depth Dn along a well bore
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approximate physical location of BHA at any time is designated as depth Dy. Thus, depth Dy
represents a current location of BHA 30, whereas depths Dithrough Dy.1 represent previous
locations of BHA 30.

In order to better describe the utility of the preferred embodiments, a depth point is
designated as depth D;. Depth D; represents any point between depth D1 and depth D; along
a well bore trajectory. The surface-measured length of tubing umbilical 34 payed out at depth
Di is designated as Li. Length L;is usually determined by a friction wheel (not shown) that
spins when engaging coiled tubing that is being injected downhole. However, the surface-
measured length Li may not be the true drilled depth at depth Di. The environmental profile
of the well may have caused tubing umbilical 34 to elongate or shrink. Thus, the sub-surface
length of tubing umbilical 34 is the surface-measured length Li plus the amount of shrinkage
or elongation.

Referring still to Figure 2, a preferred system 26 for correcting the measured depth to
reflect the actual drilled depth includes a computer 40, surface sensors generally designated as

numeral 42, downhole sensors generally designated as numeral 44, and a downhole telemetry
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D eptdePlIDyD). 4 P Wi Tipatge. ShEIinaan 1A (R Poh ETHET TS ki &
tenper astuyvcfg/ 1%?9 %regel?a?ol %l’ﬁia}{f%d td §Brel (§dt2p2ri eﬁ[)@llaldég@ygé?vazfse(je 4.0\ dpfv‘f‘en@?‘t a at

periodic terva e.g., every t ut®er 40 receives
dat a thbaugh manual entry or by commrunication |inks to downhol e and

surface sensgors. Downhol e tel emetr (not shown connunrca
readi ngs fr cRYABWANAP eresaingp Adta i? ‘%/”tgﬁ ﬁ‘ﬂi{r}’]tl &ty oor %ﬁ “)fo Eﬁks to
paramet ar@ﬂa{c Iﬂnf%nrf@dé”@enseﬁvw HoBnhBidMRIRHRSS Wsfom THE Qﬁﬂvﬁi t%rﬁr'r'l{ﬂ{gates

wei ght " surface tenperature may be manudlly read and entered into
conput eradifigs Abmedavathioleesensors difpot@mphr My Sefate mecasiingd paramedets tsochs ey f ac e

s i t POl b B SRS LS. St ST REORAERY SLpRE BTy e oo ey
manual | yah 3§19 regcpamaﬁtereﬁqmﬂ&%ﬁn@xbhy Areewveryeesﬁ 6@t abing be daeeny hol e

di aneter are’entered automatica In either i nstance conputer 40 wites
t he acdunkeddo dlafza:etsmsptsemn@nnngthese parameters. Other parameters such as drilling mud

density, well bore geometry and tubing geometry are preferably entered manually into
computer 40. Preferably, measurements relating to open hole diameter are entered
automatically. In either instance, computer 40 writes the acquired data to the memory
module.

Referring now to Figures 2 and 3, to find a measured depth (MD) at depth Dj, the
calculating module of computer 40 includes a preferred correction method 100 that accounts
for length changes due to one or more of the following factors: thermal expansion, differential
pressure, hydraulic flow and tension/compression (i.e., axial loadings). Method 100 uses a
first routine 110 for calculating a reference length RL; and a second routine 120 for
determining correction length to determine MD. Reference length RL;, a theoretical "base
line" length discussed below, is preferably calculated at pre-determined time intervals (e.g.,
every 30 seconds). Depth Dj, which is a specific location along the well bore trajectory, is

preferably calculated at pre-determined distances (e.g., every twenty feet).
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nodul e. Referring now to Figures 2 and 3, to find a nmeasured depth (MD) at
depth Di, the calculating nodule of conputer 40 includes a preferred
correcti owometbedl 100 t hat accounts for |ength changes deeTisopndie©r nore
of the following factors: thermal expansion, differential pressure,

hydraulic fl and tensign/conpression (i.e. . axial.loadi.ngs). M 100
uses a fi rs‘%?l?f&nﬁ t‘?é‘g%lgﬂf B’i"%? @uﬁ)rg;[dleﬁérnglepeapér%hlggr}’ K ngl?ﬂ?mégrg%a
second Rkl ik@isdR8 depth cABLIBHMHsNEMIbE AadeCt Coiled Bibaighat thedQirRics] pRoMid
Reference length RLj, a theoretical "base Iline" |ength discussed below, is

pr ef er ahjeytionlicalkeaty dxpasep tefadwresueh me gmbians tenneeatyigl (6 g(, dhgytempeajiyres 0530

seconds).. t.h Di., . whi i pecific l.ocati on .al | r

trai ectis it gy Angity BufulRGRbabE orSFEE R R SblP e O o,
every tpeedXpysddastakial Gort¥e @hs106Phdlcd@y LURRb&4E temdnef iatkidig theogirhtida L
provides a pre-determned and arbitrary reference point from which neasured

dept h cafltbeinaciasnsirippan, 4nsl tragths andsibingrnd b Agvaight; Haesa grvaioamepial Betory
. H t H ., H d - d t ) . . t - .
et e st SURGR SR SREC o il bR I R, A ETRCE, o S 2

an hydraul'1 ¢ pressute of

drilli ngubduded.intbhie Gaill Béte! This)gwo abdetidns ®f dodle@xynng dwhite axviag tHeosames
(tension) induced by a nunber of elenents including the gperation . of the
i nj ect dength twhep saposed ie ther watesnviAymenip) pgtiken WilBraUsa8; dsRth Wherd 4@ 1ndicate
environ [ o n g I¥cl I i Gl i ons
and 1 orgRRieht siRER 3l oty ELuCRBRORS AHALER AR f SR ACRER O
two seovhéinfeftwoeolled tubily segtionstird @jdeaed ing thhieeH divee. Rengieh 10heinirsizeosed
to the sane environnmental profile, wll cause a depth wheel to indicate

di f f er ¢he egpmroaBEdiaReEan iefglace epyironmental factor byfonyertiag ldhg surfage:
envi roqﬂga(%h%:d li@gﬁsqf%thmgcaiﬁ&%nw@nggg Red tubing sections are injected
e. es

into the we out | ne mnim the errors caused by variation
in surface emafermgnen & Figned o thetryiscshowerd prefereddl routiee 3 U0 ffarceonvermgur ed

|l engths L to theoretical _reference |engths RL. Re i ow to Figyre 4,
t here i%‘f@fﬁjma%‘“iﬁr iﬁ"é?hr Eing ap jassocipdest fekre n]\fiBg‘[’ieé‘J; glgefg’iﬁ"??ea 28ihe Ur ed
| engt h Ile{xegéth%so (AD ARIREERUSDH feaggfv@n!mahm%g RefRéfngeal analibreRtd

represents e calculated hgt h of "a given coil éd tubing segnent S at a
r ef er enawiroementaloproilet (@lg. ,lofeigtees FengaxiallBadiegy, eedhydiaukiopresiuat indoeati byys, no

hydr aul i g,. i d by, drilLing,f!uid). h ch , ,
ona AL PR FRE FehB Gk NLn Kl hAR1 't Chewigd R AR b
sunmed Ifeﬁpeemay An&lshmnftdCOr SRah /6L enratbodh idngieasRert, &t &8 116. THeese

| ength changes” are attributable to the differences in tenperatures,
pr essurlesgthretiamges ale httangabld e theediffeicacesunftemperaesy pfessusps encepnik loadent al

profil ebse'twelzze%r thset %tﬁ)rfg'c]éz ’anc-lr J retrg?%cg eenvironmental profiles. For step 112, T; may be
temperature of air, drilling fluid or any other heat/cooling source that may affect the coiled
tubing. For step 113, Pj is the total pressure differential seen by the tubing; i.e, the. system
pressure drop below the measuring point. For step 114, F; represents the axial force imposed
on the coiled tubing as measured by a surface tension meter. Reference length RL; is
calculated at step 118 by summing the length difference CL, the reference length of the
previous segment (RLj.1), and the difference between the surface-measured lengths of two
successive coiled tubing segments (L; — Lj.1). The other aspects of the Figure 3 calculations,
such as the material constants (e.g., E) are discussed in detail below.
Referring back to Figure 3, preferred correction method 100 calculates the collective
length changes caused by temperature ALre, pressure ALp and axial loading ALF in routine

120. Exemplary summation equations for changes in length due to temperature, pressure and

axial loading (tension) are shown at blocks 122, 124 and 126, respectively. As can be
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tenperature of air, drilling fluid or any other heat/cooling source that

may affect the coiled tubing. For step 113, P} is the total pressure

di f f erentwalo2@e®nl by the tubing; i.e, the system pressurecdrusp2/baieow t he
measuring point. For step 114, Fj represents the axial force inposed on

the coiled tubjng as neasured by a surface tension neter. ference |ength
RLL i o SPBEetiih e SErEp Tvu s Wl oc HEMpLn gl 19 FRrRRe el e

ref er eng@nRFtlbifg ubidicaPBLV TAkSIs SRBTRNImHi Rl 34)is naftidledhs cdhdtfuRtcdnste

bet ween the surface-neasured | engths of two successive coiled tubing
segmentmingtier of sqgimanys defined by Hierdegpeaees Iyfin theesuryayfile. Thuslte detsrmigadhe such

as the materi.al constants (e. G., ar I.SC B N

Ref err ilﬁlbgtﬁé’é K"t BRI ?{ée%r,gcnﬁr éfbggrzv%eee CIggérillrs ?"tja ?@ﬁﬂfﬁa? %%131%%18 %g‘%rgﬁgfs%tthees t he
col I ectguyreey flig a@thh vahigRELRs @aﬂés?dndﬂﬁg teMpsy pdibis €c. AL D, afdf Bsgune sdpR3and
axial loading ALF in routine 120. Exenplary summation equations for

changeshese leegihichanfige arepaddefpe the tefaengsrlengih Rl rdeterminafhe) measiisd dephsi on)
are sh% at bl ocks 122, 124 and 126, respectively. As can be 7 WO

02/ 066 ! 1US02/ 04116 appreci ated, the exenplary equations use a finite
el enent anal g&bsingatillabdigiras, baktlD2 ikisange anakemphiryn gumnbiidi talfintdng That
is, tubing unbilical 34 is nodel ed as constructed of a nunber of segnents
def i nedheyotalndermegiahongatioeALpi atj depthni.s Jihg symmatign inglpdes the, lefgthashanges t he

| ength of an r : j n Di ' ' 110
rof or orites B elb SRS nBERTRE o el ERE S LGRS, T A Mcipiely St e

POi Nt's Jemath.chaklie ADG B chlula®dd wigpa lidBperatufese depthgDhdeshangdsasale, alstded t o
the reference length RL to determ ne the neasured depth N Dn, Pr Dn.

Ref er r iTREprefce | anvirenippifal Brofile fereeaeatyrer Teq (484 r/dt 43 Hif E9HEFRY 91 iFmat i on
for findibBkiod SEht AltAlg hR@HAEY, aﬁa%qeﬁgtpefﬂgﬁﬁnag,@pm)m The summati on
includes the |ength changes due to tenperature differentials for segnents
Si through Shhe fherm&xdomiadoy cakeghmnhs &e, botherglt time hiargandAtidteistored daltiul at ed
using a tenperature at depth D designated as Tei, the _r rence

envi r orfERPR MPAYe; RO segpt astﬂuﬁi‘éwﬁ*é)?? &engors “?‘zprﬁﬂm%tﬁ & @5@4 PPaTEHe e

t her mal i L N@iof 131 B RlElcbbn®; tcAfpEratltes hiRmt POfhroggBNt S
(Di der_n??@ﬁi]}ﬁgpﬁ?g{r 1r?ta'l %8f g%grat |alon gi%?cu? at tiegd%srause bot h I‘g]a)J time dlfat a
and datae sta@eddn ithe shevey fdefytheookerhery foduls egpdemrtrieSad diovvgHehgh sdasgy s 44
proxi mate to BHA 30 provide the tenperature at depth Dn. For the remnaining
sggrrent“é‘,lcutl%ﬁ?ﬁ%ratures at points Pi through P._1 are stored in the survey
file of the pRpBLY SREUR ARGl 8O iaBuRHHUF iROfabeRat theCddRiTlSent GRiGiHAL | ONS.

Preferred correction nethod 100 accounts for the fact that the coefficient
of t hergx@insion o for composite materials changes with temperature. The relationship between o

and temperature is usually provided by the manufacturer of the tubing material and, in any
case, can be determined using empirical data found experimentally using methods well
known in the art. Preferably, the computer memory module includes a look-up table that
correlates temperature Te to a corresponding coefficient of thermal expansion a. It should be
noted that block 22 uses a survey file entry for Da. The depth for this entry is not available.
Accordingly, this depth may be estimated by reference to the previous depth reading.
Referring still to Figure 3, block 124 illustrates an exemplary summation for finding
the total elongation ALp at depth Dn due to pressure differentials. Differential pressure in
tubing umbilical 34 induces an axial strain that causes a change in tubing length. Referring
now to Figure 5, drilling fluid 142 is shown flowing downhole through tubing 34, and
flowing uphole in an annulus 144 defined by tubing umbilical 34 and bore hole wall 146.
Typically, pressure Py in the tubing umbilical 34 is greater than pressure P, in annulus 144.

Pressure differential AP is the difference between the pressure inside the tubing umbilical 34
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expansion a for conposite materials changes wth tenperature. The

rel ati onship between a and tenperature is usually provided by the

manuf act uwero2mbesehe tubi ng material and, in any case, cardraSizb4anei ned
usi ng errpi rical data found experinmentally using nethods well known in the
art. fera t he .conput er nory dul e incl S I -up tabl e that
Cor i ol B0l Hiss ST 6 HoLagus Bor PBORg Mg tbed PEgndat R teid ab apthd
expansi t99m§ urﬁﬁmeSJI' auldaibgy. Rali@fetpaadion loi)ﬁlbu?gZuMEEﬁala3éﬁ BiuéeYa fdduetientn y for
Dn. The depth for this entry is not available. Accordingly, this depth may

be est ilmegtednbybingf lanbuhcé 34 tRrecodnreyifousalgulating fendingth clhrunizes rCiﬂ'#ﬁgds‘?t)i Il to

FLoUre ORI LUShLELoac a0 XGRL AT VST an o oLLadh 08,

Differ edalldu@gluoag B&SHP&] b8 mdrtIRiiMestdfiid bf malge&éalloadsia@auars 1a>peﬁbrrﬁ1h 3u¢h t hat
causes a change in tubing length. Referring nowto Figure 5, drilling

fluid leekulaioshown flowi ng downhol e through tubing 34, and flow ng uphol e
I 144 d b | | .146.
Typi cal Iy, resel SiseR B Db g fikerd, BNfe SBhmd iy ulekl,

Pa in agagdulic fﬁﬂ&lmodaﬁ@gs@ppnea@tiﬁsiseftmtel RefAAngsovhe Fphkesands, betiotien t he
pressure inside the tubing unbilical 34 8 WD 02/066921 PCT/ US02/ 04116 Pt

and t heprp?ﬁésﬁsilfférerlhaltd?ecaéﬂmilmig ipglveshe Bpsurecbdansisy afithe daillirecilud (kngwnap
tends tQ . d Lj cal
o i ¢ TR ek Pl o Bleb i g WnB Abink B, Me SEARRG LPtheBhitfilP! N0

Procedumas, th@rchahaét@tdfawngoréga (D%I]gh&o@tbﬁmgmﬁteﬁaﬂafbdngﬂlymb]ﬂhbﬂ%{’mn) and
differentials in tubular menbers are well known in the art. Accordi ngly,

the cabeinngt dismstated suhinggmbilicahdd @) 1| hould: be nased Hiat Dvemgebrepigier the
consi de&%%t%g?f %vgll gg{ ‘(‘:ﬁl’ I RY iR R Hiarfi@L LA aa&«élf pére cPﬁﬁs Eﬁﬁuﬁhgg&gﬁp%ﬁ

for segmen ated using conmerciall'y aval rc fluid

nodel i n@napRidi iaavdDbsres3. t aheuld Rédoete nated dewvatlmekil§hirmay Be anthilbd inside
typicall pressure differential OP cal cul ations_ i nvol ve t he rreasur ed

densi t y‘uglingt ikigal Pt Ingueh isnggsnBinouldsbe: th annge diggeter of thignpermeshisur e,
downhol 'Phe%a?c?ﬁ# 0?1 f@xt %Ilég{@ %re\ﬁ'tlalctﬁéé hMldC}éeéhgl%ngdlht#dr{gg%hlgﬂ Hﬂeﬂ%el{ K é&lln 34

di ameter o e outer di aneter ubing u

(Doc), iante at'thEMDfeloeér @ofama’eemogrﬁmt pbifogninghidh catul@donsDir¢ pyailablesfiomlad be
noted that DWmay be either the diameter of well bore 32 or the inside
di anet eYargty ¢f cREIMergal UESH DI eti on tubi ng (not shown) cemented in well

bore 32. It sha lebg%aal cfl?fe&ﬂtl %reQuteRhs (hétrbﬁf)w{]lfét BEX feisi 3ed & birdiiopsi de

t ubi ng unbilica n suc I nstances, Dt wou be the inner dianeter of
t he i nnecamsy of |therpressﬂ'ﬂaedldifafemuhlatalclﬂaticm pr esB Lbeeapprédleueérthatatheume-fl ui d
mechani ¢s sol utions, whic wel | kno

reover e
pr ogr antespEedorals “llﬂjloé‘ﬁud’ﬁnc%{P HCRTSRE %?fsreav% Yag‘f)‘?segof F%% segment of Qohé"

tubing umbilical 34, including the segment S, adjacent to BHA 30. Thus, the pressure drop
for segment S, may be compared with the BHA differential pressure sensor reading. If the
actual and calculated pressure differential values are within a prescribed tolerance, then it is
likely that the hydraulic fluid modeling equations reliably predict the fluid flow within the
coiled tubing umbilical 34. If there is considerable variance between the calculated and
measured values, then a different set of fluid flow modeling equations (e.g., Power law,
Bingham, Herschel-Buckley, Newtonian) may be used to calculate pressure differentials.

Indeed, the calculating model may be programmed to sequence through a number of hydraulic
modeling programs in order to find the modeling program that provides calculated pressure
differential value for segment Sn that best approximates the measured pressure differential for

segment S;.



variety of comrercial sources. Preferably, a differential pressure sensor

(not shown) at BHA 30 is used to check the accuracy of the pressure

di f f er entwalo2oedseul ation. It will be appreciated that thepPabasez/odescri bed
calculations will produce pressure differential values for each segnent of

iled tubi il 4, includi t t dj t tq. B 30.
Thus. the. priofubiee GrERlaedopresui S 5 T, Sl i PR enr diggad
differ e[;}t-,g'éa}e QHERFHI QSRR §@gmernesﬂisn&hpréé‘suﬁeftﬂffe@ﬁﬁm@ bk Gebab@gcan

pressure differential values are within a prescribed tolerance, then it is
| i kel y tehfatind:he hydraulic fluid nodeling equations reliably predict the
fluid floww thin the coiled tubing u@i;liiial 34. |If there is considerable
vari ance between the calculated ang, ’ d values, then a different set

of fluid flow nodeling equations (e.g., Z¥wer |aw, Bi ngham

Her schel,.- Buckl ey, oni an .be used to l.cu R\l ur .

differ iﬁﬂ‘%ﬁg’. t%}ISI %Eg‘gﬁ‘f’ ng ?f’é’_zrg gﬁ%”dpréetr ;éhaéner%%r o I(Elﬂ?’r%%/ gﬁﬁﬂ ) gr%ﬁaenyrvrglclj thigkng gquence
t hr oughyaupiB®TL,. Ofh& At isCinstRStEIniside t@iag LaBlidan 38] Defwdutd bé itk inher

nodel i ng program that provides cal cul ated pressure differential value for

segnentdi8netehaf thseignemmst bréralkasealise sneadalr Sehip e ds salcvlatpds yseieethe Boorr or
segnment_Sn. 9 WD 02/ 066921 PCT/ US02/ 04116 Using the cal cul ated pressure

di f f er et9S8F AP, a Hoop Stress 6 corresponding to pressure differential AP
for segnent Si using pressure differential AP and tubing geonmetry can be
found: (Du)AP 6HOOP = 2Wh Typi&aH-w fs cal cul ati on requires the inner
di aneter of tubing 34 (Dit) and the wall thickness of tubing Wh. Wen a

liner igyij.ngtahl.ad chRRlafR P by WEd EGRU t3ing Préperesl dit hekhdien tHAD @ie

diameter of the innernost liner. "Thereafter, an axial strain is calculated
usi ng tmetetialquopesticsesfscompobi@SRan <hange=with (enfperatiral Bstause terBpearafursanovalhat ed,

in part, by usin i | ed.tubi tiges. |t.] hat the .materi al
b oper 14968 3t Caso s Bt R PSRV hF Singt MetilB 4. R ter's Ba R s &
in vellgeiglifedt tl?@&lé@ﬁﬁﬂan%i@rm&h?&htlul/e. B xRAbLE thef @mpYesgEnsorlyRsbduis and

Poi sson's Ratio are determ ned at the rel evant anbient tenperature. For
exanpl emay Heclodsputledk-wertably thadgbeelates Young’s Modulus and Poisson Ratio to

temperature. With these factors considered, the change in length due to pressure differential
is determined by a summation of the individual changes in length for segments Si to Ss.

Referring now to Figure 6, there are several factors that affect the tension in
exemplary tubing segment S;: the mass of tubing segment S;; the flow of drilling fluid in
tubing segment S;; sliding frictional force Fs, skin frictional forces Fin, Fann, and the loadings
caused by the tractor or injector. Preferred method 100 calculates the tension caused by the
various factors for the coiled tubing segment closest to the surface and then calculates
changes in the tension for each successive segment.

The mass of tubing defined by exemplary segment S; has a buoyant weight Wb that
induces a change in tension in tubing umbilical 34. Weight Wy, of tubing is calculated for the
volume of tubing segment S;. Buoyancy must be considered because tubing umbilical 34 is
immersed in drilling fluid. An exemplary equation for determining the force Fy attributable
to Wy is as follows:

inc; +inc,_,

—W, cos( )

Fw= - -
inc; —inc,

)

cos(
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may include a | ook-up table that correl ates Young's Mddul us and Poi sson
Ratio to tenperature. Wth these factors considered, the change in length
due to prwegnmessdi fferential s determ ned by a summati orCofusphies116

i ndi vidual changes in length for segnents Si to Sn. Referring now to Figure

6, therge are several factors that affect ¢ tension in_  ex | ar y..,t.ubi ng
segment Ya‘?‘fqﬁefoﬁHécsarSfta eﬂb&?’fﬂ%‘éé‘f%’ﬁ’f (ﬁg ?nnﬁﬁsemf Sw oo i &‘iqg'gﬁf lll.lli% in
tubi ng BRI Bht ths hbdlieReutidnGlct U fof A6E@ertidal vk Borky.i ctional forces
Fir,, Fann, and the |oadings caused by the tractor or injector. Preferred

nmet hod 100 Refewingtsed toHagure fs idoHingaflig@ dlomyng Hewnhele ityguglh abing smpdicak he

coi |l ed } ubi S nt .closest _to the nges
o the Tomd GRRoMaianBREs cudRol MGk OF AL oAb FhSRerhEaEy
exenpl arpe 8RYMRGedShy dafing huidyBeWingeth@agh \Wbih B aimbilicwd Be tends chamdyeeian

tension in tubing unmbilical 34. Weight Wb of tubing is calculated for the

vol une torsienbn whingegnbitical 4 arglisydssignated, 3% Fiye cloisiras caep dyidhng figidg

ooilical 34 . L dridLi fLuid. .
ot er miwide phrBugt FEERAAGS LRacbihblcs LiidicheRaes ARbRRiHER iRl 8 |
+ 1 NC; _desjgnatbV ad Find. NBluid didpClorces B@s and Flun ch BAOCAAUIX66 AR ingPGiowdSHiRI4116

The values for inc are taken fromthe survey file entries in the nenory
modul e. mgghapjcs maglelings pExaaplaryeiquiations fy delraening dengi forres dasd finspregsure

non- ver t.i wel ] r rr i ' ihd bip@rdnkidis et
fl ow ng&dgg[\%nh%%}?élofl E(raéu?\%ﬁ S@S%%n%ldgﬂ%%fla%%f&g%@ g’ﬁ%ﬁdg%‘éﬁ@éguir ‘lh!rhg%(rgr? 1ar? ntCJI us
i nducesaréagfplibasces on the surfaces of tubing unbilical 34. The drag
caused by drilling fluid flowi ng through tubing unbilical 34 tends to

induce a tension in tubi{ag J_Jrﬂ)g?bi(ggi{wy_@gd igapesj gnated as Fbore. The
drag caused by drilling f11id4 flow ng throlf§h th& annul us tends to induce

a conpressive force in tubing unbilical 34 and is designated as Fan..
Fluid drag forces Fbore and Fafn c_,a{ﬁlmApal cuhated using known fluid

tubingbore

nmechani cs nodel i ng. Exenpl ary c&Fcw ati on§™‘6f deternining drag forces
based on pressure

differentials . along a given surface d the surface
areas on whi oA fBFCé‘rsF‘gﬂ?SéStsd&‘FﬁB&@ﬁf‘?%ﬁog%iéPmpa?E%‘P efiglﬁl%\g. bilicat 3
In addition to the normal component of Wy, the tension applied to the coiled tubing segment
and effect of differential pressure also contribute to the normal force, or side force (RSF),
related to frictional force Fr. Side force RSF has an inclination component, SFI, and an

azimuth component, SFA. Exemplary calculations are as follows:

i TWC,

SFI =W, *sin(inc) — 2(F,_, —%IDQ (dP)) *sin(&c"_?mcf—-l) ~ AF,_ *sin(2= )

SFA=(2*(F,, —%ID2 (dP)) *sin(Ci ity 4 AF, * sin(m%%)) *sin(inc, )

RSF =+/SFI* + SFA®
As can be seen, SFI accounts for the weight of the coiled tubing (Wy), the pressure
differential (dP) and the change in tension (AF;,;). SFA accounts for the pressure differential
(dP) and the change in tension (AF, ). Frictional force Fyis simply the RSF multiplied by the
coefficient of friction y:
F, =mmf * u* RSF
Because the direction of frictional force Fr depends on motion of composite coiled tubing, a
trip mode factor (tmf) is used to assign the proper positive or negative value to Fr. If coiled
tubing umbilical 34 is being pulled downhole, then tmf is assigned a positive value (i.e., +1)

to denote that the frictional force tends to mitigate tension. If coiled tubing umbilical 34 is
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F,r,n = 4 OD(Hol eOD - ODl ubing) (AP nn ) D Fbore = ~ I D 2(AF ubi ngbore )
Frictional force Ff resists the sliding notion of conposite coiled tubing
unbi | i calwdd2/6dorl addition to the normal conponent of W, PCh@ShBadION
applied to the coiled tubing segrrent and effect of differential pressure

also cqntribute t he. nor i d F | . t
fricti divdle pH quu%fo ¢, dhefpim n%‘tsc?é“ﬁé %gigaglﬁe sﬂgglr(lﬁeg’t il ﬁ @8%%ﬁba§{fgg’§ﬁ% and
an a2|fm;geherp(grw V%;te cothfressiorenmpl ary cal culations are as fol lows: TG . -
inc - inc_ *S|n|nc - 2(F141D2 (dPi )) * sin( inc 2 \F,._,

* sin( inc ']Zhe tens@n v4lugs (n;ap be) ysed tgjdgieamine the gotal ehagge jin fgnsjonjfor cailed az;j
2a2||-é%%*5|n CI ) SFA (2 * (F. ,_, ID=- RSF = SFI2 + SFA2 As can be
seen, SEYMASHU “for the wei ght of the coiled tubing (W), the pressure
differential (dP) and thchhqqux,epwqpfenﬁl OlJ,l}(ﬂAF 1). SFA accounts for the
pressure differential (dP) and the change in‘tension (AF;-1). Frictional

force Ff is HidmoretaguRBbnnate bgkdre@dd oir teheh sepaint %1 efdr oF ihitaCtetonf : F
j, =tnf * 'u *RSF Because the direction of frictional force Ff_ depends on

ot i on efculasiapodha @oeémﬁréd)ftfumwgu i preferally b desumsh wlue efnthy cpeffigicaiiot o
assign 4. &gﬁ OFaqerwBﬁs'Ah%’r th? Qr%}a;n&? %’ %B}ﬁﬁ e&ﬁ, tﬁé calk m@ﬁ' hr?sgon RBL 8

unbi i cal ern a positive

val ue (degment Stlle., Fn@thé&egm@utohamleﬁhanﬁg cloﬁdsomahe BHW;& doaqﬂ&dtto the tbnsj@t e
tension. |f coiled tubi ng unmbilical 34 is_ 11 WD 02/066921 PCT/ USOZ/ 04116
bei ng p@iseas maapspe by thedensiarrsup adigecnt fsdtHA ﬁfe@aﬁﬂ@éa%ﬁmme?%e tensign ¢
denot e Jaﬂ%& af'er \kfﬁl’ilh%gasbe ii{i&f oferd dtﬁer{ ﬂ:édsﬁi@f&:ﬂ SR &5IS & fnatd laﬁthteev[‘/'ecﬂ on
val ues may be use ordet er m ne tal ¢ nemtensmn? coi |

t ubi ng }ﬁﬂ@mﬁfﬁm&lt of Frictien FIf tHeF&Md%ﬂat&bﬁnﬁoﬁFzﬂMm'ﬁbEa@bpmlﬂe ah¢ puﬂ El\/lseahsndar e

performed for each segnent Si. For the initial set of calculations, the
coef fi dherensigm F%l?‘éﬁti%‘ﬁ arg gepsatefl fiog silly thg neoled fHge \Fﬁg‘ﬂémﬁf ﬂH% RIOREPS i%i ent

of continued until the calculated and measured tension values are reasonably close.

Finally, the calculated F; is then used to calculate ALg.:

D,-D,
ALy =—2F + i = D) 5 )
=1

Thus, during operation, the first routine of the calculating module of the computer
periodically a calculates reference lengths RL as BHA and connected coiled tubing umbilical
34 traverse a well bore. When the BHA reaches a pre-determined depth interval, the second
routine of the calculating module performs a finite element model analysis of the coiled
tubing umbilical 34 in the well bore. Using measured and calculated environmental factors,
the second routine calculates the measured depth of the BHA. The calculating module reports
the measured depth and updates the survey file in the memory module with depth,
temperature and well bore orientation data.

System 100 may be adapted to receive data either through manual entry or by direct
communication links with surface and downhole sensors. Surface sensors measuring
parameters such as surface-measured length of tubing, pump flowrate, pump pressure, hook
load and surface temperature may be directly fed into a computer using known
communication means. The viscosity and "mud weight" of the drilling fluid may be varied to
accommodate drilling operations. While viscosity and "mud weight" may be directly fed into
the computer, such variances are expected to be infrequent and may be better suited for

manual entry. In addition, downhole sensors measuring tension, temperature and pressure
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friction in the well. After this first iteration is conplete, the

cal cul ated tension value for segnent Sn (i.e., F') the segnent of coiled

t ubi ng clweagteddol t he BHA, is conpared to the tension valpaa/ae2/mmasured by
the tension sub adjacent the BHA. If the cal cul ated and neasured tension

values are w.thin an specified tolerance, then i.s considered reasopabl e
ot mavegpe fingrdlathe SEEFuer G arPeRERY SBrerh P e rufinE BRORRECE B PSS
tensi onpy albigs. | PardfleteRC GRALRABNA b&ﬂe%eoinét_rY aMd $61-tatifly gbhifethe @i RBferably
calculations are repeated for all the coiled tubing segnments. This process

i s coranteredtchannallyl intchtheccpimpykeat dbishawdd he agdaratgod dras ingrpaytigulps seqpaace is
reasonabl y cl ase, Finall. t he cal cul at Fi . . u

R0k h R Ef bt PSP R, ST el BBt Rl
rout i ngnGhe thiRuRAbSEUbREIbIGITHBE tiEn®ienkihe. CruTHet @ltentpBat @@bsrainformation is
cal cul ates reference Il engths RL as BHA and connected coil ed tubing

umbi | i cdifectigdied ingay the compuigs| the semputeymay ikpledegHmonigarg gogduls thatystrienss ned

depth interval, the sec i of the cal culating nodule perforns a
finite eala%ﬁ%lﬁlttherr%ud‘g e%‘h@?@‘é‘?‘{s"%é‘l & coiled tubing unbilical 34 in the

wel | bore. UsehgredBagerneidoangy eib doldepleged mithrheradepel meawiranant devices. second
routine cal cul ates the neasured depth of the BHA. The cal cul ati ng nodul e

r epor t sFortaempisaslayiees teptasanigintpeheirs Hecassd vl Peree Cith PEH &GS
modul & Pk 00 Bnend CTREGA UbRuAlia B had Qs AhAR BLHAR HR! el §M 100
may be agap e rou B

0 receive ta either t gh manual entry or by direct
comuni geatingn Alpphidasion Sérid UNba®e/286cB6dofitedobr Aprik &, s1998urwhicke isehsebys
measuri ng paraneters such as surface-neasured | ength of ﬁ i ng, un?

f I owr ati@corpeisedgpasierinee foradlourpessst BHANE WOFkQVEr SRFH N & y 6‘3"%1 Gectly

f1 ow _ S U L <
fed int, fﬁapg&or@yé{ﬁ{veﬁ%bﬁgbéf&%%m@gm%ﬂap&mm%r WBE bBESHOS kick- !

e drilling fl e varied to acconmodate drilling
oper at i mist. AMbasing collachsatoy, oasnilandeviosingdytbe usag tddefidiiti ey measusel thersub- t he

conput er, such variances are expected to i.nf requent d . be better
sui t ed fushace lepsthaf therippipg bFH"‘?fHE’i“W ce Gﬁﬁ’ﬁé‘l‘cé"%fgﬁg’é‘tt's%ﬁ’éégm{‘i“ﬁﬁ lenghki on,

| ubliag/ rs - d
tenper aﬁqlhj'*’ Be %Qﬁg%gﬁg% £ callflatd® l%tlpgp%lt E%ty%gg%g%\ggé sERYrsst Ihbdlﬁk)e to

t he conputer vi metry systemusing wring e in the wall's of
t he tubihagalciHatieneteéodolegeh as wel | bore geonetry and coil -tubi ng geonetry

SELRECTN TEE N TP AR CR S T AN R e
Pr ocessy,sNRlen! dilleler Borde RRTHIE Cldl REy BEWRRGMARRSAAYcarbon deposits exist at
measured depth Di. In order to perform operations such as perforation at measured depth D,
composite coiled tubing may be tripped downhole to convey the implements needed to
perforate the well bore at depth i. Composite coiled tubing that is tripped downhole may be
subject to the same well bore conditions and operating parameters that cause elongation
during drilling. Thus, the preferred system could be employed to correct the surface
measured length L in order to convey implements to depth Di. In this embodiment, the
preferred system is used as a guidance tool.

In still another embodiment, the present length correction system or method may be
utilized in a three dimensional (3D) steering system. Prior to well construction activities,
operators typically conduct numerous geological studies of prospective subterranean
formations. Seismic testing, well logging, and other reservoir description techniques are used
to identify and define hydrocarbon reservoirs. Such testing may suggest that a 3D well bore
trajectory can maximize exposure of a well bore to a hydrocarbon deposit and/or intersect two

or more hydrocarbon deposits or layers. To implement a 3D well bore, a 3D well bore
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in the cal cul ati ons of sub-surface tubing I engths. To the extent that
sensor information is directly fed into the conputer, the conputer nay

i ncl ude awomonioteei ng nmodul e that retrieves data fromthepearfsazetiand
downhol e sensors. Preferred system 100 may al so be depl oyed with ot her

dept h neasurenent device For .exanpl e.. i.ces that |ocate.|olnts,.

col | ar stri’?‘fttj%é%ﬁr ?Weﬁci?SﬁggsegéWt ?3‘\% Sangggﬁdrvg(?eéi by epe r(rérgeégod}r gésrrgﬁﬁté(%

Casi ng e@ridifes.! TRABDIHelRB6ke taltRlors igthbmdi gitaNy ﬁngar@ddhpmwsm d mempgndi ng
Application Serial No. 09/286,362 filed on April 5, 1999, which is hereby

i ncor ponedue obg geedral purpesefeompatdr. RHingsEElingapsraiongo heduer measarostdepls, a
BHA may_ traver an of cased hor e. . form latera

dr ai e B asgry Beyeih hritaR o B SRR e & AR I BRI

si mi | arregl@NEsCrovidBY bY BHIS 8chsbR, eaf beddnipeeddywitk asaudigitiliemapgied Akl derd engt h
of the tubing between the surface and the kick-off point. This definitive

| engt h traiesjorye HithenBate arightatpnandd peation dsretcengstentoyith Hig desigidtP Pelld2rs br at e
well s (o) i fy i.on met hodol ogy. | n another enbodi nent,
t he pr e?ai%t(zr&’ t@f?s %Cﬁﬁa%%%nq@%ﬁg%é%ﬁ be used after a well has been
drilled. Forprefealplssteint 100 yabalsdebee addpueiltd badvidey dif andicdion ofefhesslidingxi st
at neasured depth Di. In order to performoperations such a erforation
at nmeastPeen e As cxpaingd icpdics dracky af @H‘géoﬁﬁvs Bebing iﬂHB‘éé‘ §8 H-e to
convey i [Weyell 1.6, r (N t &

Compos T B L i B Ay R S o E PG
sane weddiled arbéngbapdhst todnsklant a oyaee at singsopdel &rshioar If hdtatmediad ecodkd ngeng on
during drilling. Thus, the preferred system coul d be eppl oyed to correct

t he surBugkles halicadlyr %H’WCEP@YEF “Loqdﬁloé‘rtaégm%re&liﬁ?/é Sitar?ﬂlaggévﬁ%llg 1} gPrEEht F‘P Di .
In this ) Lo : f.eh i i I n

S 11 o B e T e o
may be Ond inettreldof nbiairtidy e edilpendicatival of 8b)ngstleckupiginsglyeemonipiing tho wel |

construction activities, operators typjcally conduct nunerous geol ogi cal
StUdi oot ob B gr BElPE RaETd Y e; AnGmesBTas o RSt ganger]
| 0991 NGy %Qﬁfi?i%ﬁ%f fR36K YOty Ql,%ﬁ%'o%hfcaﬁd} JFREONESHIBSORIA tSGEll bbee. IBIRRL i Ty

and define hydrocarbon reservoirs. testing nmay suggest that a 3D well
bore thyjaataing adioggng thezwetfiopos of &iafonaamepdratoohes & ccad timgdrowar treh

deposit and/or intersect two or.nore hydrgcarbon deposi o | s. To
ol emiite medisddionipras oAt i niserl . Macorsos) seeeRetsa RS 16
traj ectQrypd ficfddedin ME¥ELRRSA dRARRH RN bPRickiBh @k &BREL £ PrePddthiigs udnown
reservoir’ description techniques. The 3D well bore trajectory is then

di gi tal |y nelppeoldbeundepuoaddiai the dessribedhequations and calculations are intended only
to be exemplary. These equations, and accompanying descriptions, are merely intended to
illustrate some considerations in deriving solutions for predicting the tension in tubular
umbilical 34. One of ordinary skill in the art would readily understand the fluid and solid
body mechanics associated with determining tension calculations. Moreover, one skilled in
the art will appreciate that certain aspects of the described calculation may involve
approximation or extrapolation of calculated or measured data.

It will also be understood that the correction method and system reflect a preferred
engineering model of well bore conditions and drilling parameters. Other modeling methods
utilizing different hydraulics and physics modeling may prove equally satisfactory. For
example, for certain applications, it may be determined that length changes due to one or
more factors such as temperature are sufficiently minimal as to be negligible. Moreover,

advancements in downhole sensors may replace some calculated values with actual readings
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nodul e of a general purpose conputer. During drilling operations, the true
nmeasured depth as provided by the Iength correction nmethod, in conjunction
wi t h azi nwol2aead2i nclination readi ngs provi ded by BHA semsarssp2/cans be
conpared with the digitally mapped 3D well bore trajectory. If the BHA

orientation and | cation i S..p0t _cORnsi st en e. de5|re ore
traj ec?@rgy re?‘?f@ﬁs rPrgﬁstuFe(/zlfgeé?r]Ugﬁs? géc&g&f‘w%e& g &% e I&i&sl)s/rg t(ﬁég can
al so bede@,g%gdqﬂodegng(&“mqgemmam)Mglw of the sliding notion of tubing.
As expl ained earlier, tractor at BHA 30 tows tublng t hrough wel |l bore.

£

" Lockup" of t While qrefemedvrarbodisngnts @bithly wwension heyves @eslgqmtanﬂydw@tyﬁdn vel |
b | ) kled tub t. |
fg;ﬁi on I¥18ﬁ11fla § hé?ﬁeé)dlcagn dbe r?glgc:ieing)ag Hﬁ?ed 1861360%(Lv?th c@g%f{% fI%é‘l % g E\?\ng

condi t It@ﬁbhﬁr{gaéf tABYnVeRHon." €hé a:lﬂsbcﬂﬂfehtaldef.oei\bedi kertin GOEX@aplarylonly adchae not
i nstances, coiled tubing may hang up on a dogl eg or other restrlctlon in
the wel impigee Marm@nmw&dlddm%@a&pm ﬁ@thﬁr@}’%%fflla?d iBRPATRLE ArSHPOssible A ige

"l ockup? Sth i (o) 0 t.ubi ng
and vl Vg 66 Yeibe TS BbAfhn, "Repcl @RI ik REipetle bl ncf RGO Y
fricti ogmbdtiyerats eléicrlbéd ﬂ@eihabm isadnlys liglted (biydhé chiss whidhhfelles] thebseppe offhus,
by cal cul ating and | ogging the coefficient of friction, an operator has a
r eal t|W@CBﬁhar%‘éa?luﬁi%%?equt‘ia@tsrfgtﬂ??oﬂlbwt et ebIMe Sy | ed tubing integrity.
Mor eover, an aut omated safety shutdown nmay be included in the event that
the coefficient of friction exceeds a pre-determ ned value. It should be
under st ood that the described equations and cal cul ations are intended only
to be exenplary. These equations, and acconpanyi ng descriptions, are nmerely
intended to illustrate some considerations in deriving solutions for
predicting the tension in tubular wunbilical 34. One of ordinary skill in
the art would readily understand the fluid and solid body nechanics
associated with determ ning tension cal cul ati ons. Mreover, one skilled in
the art will appreciate that certain aspects of the described cal cul ation
may involve approxinmation or extrapol ation of cal cul ated or neasured dat a.
It will also be understood that the correction nmethod and systemreflect a
preferred engineering nodel of well bore conditions and drilling
paraneters. O her nodeling nmethods wutilizing different hydraulics and
physi cs nodeling may prove equally satisfactory. For exanple, for certain
applications, it may be determ ned that |ength changes due to one or nore
factors such as tenperature are sufficiently mnimal as to be negligible.
Mor eover, advancenents in downhol e sensors nay replace sone cal cul at ed
values wth actual readings 14 WO 02/066921 PCT/US02/ 04116 (e.qg.

readi ngs for pressure differentials). Accordingly, the clainms are not
limted to the
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descri bed nodeling techni ques or methodol ogies. Wiile preferred enbodi nents
of this invention have been shown and described, nodifications thereof can
be made bwoanme®killed in the art wi thout departing from tlaa/sp2/odlte or
teaching of this invention. The enbodi ments descri bed herein are exenplary
only and are not [|imting. Many va{:mns and nodifications of the system
and apparatus are possible and are n the scope of the invention.
Accor di wai A 19 beApaePasof protection is not limted to the enbodinents
described herein, but is only limted by the clains which follow, the scope
of which shal | iAchatiel ofl detespiningd subrsirfoge iepgthofi phieg injastaddptogs barghwle
claims. 15, 02/%6&921 PCT/ US02/ 04116 CLAIMS WHAT IS CLAIMED IS 1. A
met hod WRerHiB G PRPAGOEPH- surface | ength of tubing injected into a

borehol e  wh@y ei netf8ingRts0FaeCAMRNIE Eigth ¢T)hd @BREPribPtodnfbtidrace- measur ed
| ength of the tubing prior to injection; b) determ ning an environnent al

oI . L
profile; andbjc) Mrnnmagamqwun@emgmmyeﬁlﬁa tubing length by correcting

h f - d. tubj h f -
prof e, 2. @he: nebingrng pub e feg b Pn e by P bl SR M BPE e i cp

(b) i nclubileSerth tolaB@suint fou tHeameiramfersd praflle.f ace tenperature data. 3. The
nmet hod of claim 1 wherein the environnmental profile of step gb). i_ncl udes at

least drillikhg flTheampthed efi¢laing4vheren thegavigenmeate! grofde af sien (haprgledes at he
envi ronnent a rofile hncludes at least drilling fluid
e LR b tlle b v

hydr aul | ow of claim 1 wherein the environnental
profile of siep (e mBbddeslamt 1 whessi theravir@msinai pfafile of stpplt) enkltdes ahe
tubing. 6. The nethod of claim5 wherein step (c) is acconplished by first

det er ni ladsigritling fluidprgssyre dak- t he tubing and then deternining the change in
length due tp thel’ttleex'ﬁéfhfgfg 0¥ Qaf® q‘é}%%ﬁ‘ﬂle enVirordnntdl h&%fﬁ@oﬁ&gﬁggfin&%@u al
t, a nmeth of

t hat def orns 'when expose 0 a we ore environnme
det er mi lastdriRing Whidhydiadie floenditdr of tubing injected into a borehole,
conpri si ng: a surface-neasured | ength of t i.n rior to

col _ {)a) recor di n& ! \ Pe t
injection; (b) dethemetipdgt elaine hwhersimieayi A @ratfaer stpr (Y desuaes Shr f ace
tenper aii: Gne Rndhi torce applied to the tubing.

6. The method of claim 5 wherein step (c) is accomplished by first determining the
tension in the tubing and then determining the change in length due to the tension in the tubing.

7. For tubing made of material that deforms when exposed to a well bore
environment, a method of determining a sub-surface length of tubing injected into a borehole,
comprising:

(a) recording a surface-measured length of the tubing prior to injection;

(b) determining an environmental profile that includes a surface temperature, a well
bore temperature, a hydraulic pressure and flow data for drilling fluid flowing inside the tubing,

a hydraulic pressure and flow data for drilling fluid flowing outside the tubing, a tension in the
tubing, and frictional forces acting on the tubing;

(c) calculating a first length change using the surface temperature, the well bore
temperature, and a coefficient of thermal expansion for the tubing material at the well bore
temperature;

(d) calculating a second length change using the hydraulic pressure of drilling fluid
flowing inside the tubing, the hydraulic pressure of drilling fluid flowing outside the tubing, and

a Poisson’s Ratio and Modulus of Elasticity for the tubing material at the well bore temperature;
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bore tenperature, a hydraulic pressure and flow data for drilling fluid
flowing inside the tubing, a hydraulic pressure and flow data for drilling
fluid fl omorgoe9esi de the tubing, a tension in the tubingcramsd2/b4ii€ti onal
forces acting on the tubing; (c) calculating a first |ength change using

the surface tenperature, the |1, bore te rature,.apd a, caoefficient of
t her mal expa(_f%i orf C&f‘ﬂ‘t‘{‘%ea @Hﬁﬁythﬁﬁéﬁﬁea‘f?@%ﬁﬁ@w n @Srtélbmge et atur e
(d) cal gmdigt an@ @ feafrnadiolensdtihe Ghanaabisi 4@ the hydraulic pressure of
drilling fluid flow ng inside the tubing, the hydraulic pressure of

drilling fluifd flestebhighiegithsisulesurfase tubinenlgngthusing thedissts srgand arhthirg length
Modul us ,of Elasticity for the tubing material at the well bore tenperature;
16 WO 002?5%66921 PCT/ US02/ 04116 (e) calculating a third | ength change using

the tension gn thgwellRkbAgructibesystehd, as@plignsi on, and the frictional forces
acting on the tubing, and (f) establishing the sub-surface tubing |ength
using the first, swbmggtmgdavingadermitiyerd; change. 8. A well construction

t St, SebosarRSdEACTEMIEN change. | con
ohokage mount ed pr e ERI it o lReS o' SRR BN Re.

sensor packagel asripgekagelcddigdeiies tetwa Wellboreeeironmenaleiataal data; a tubing
| engt h neasurenent counter associated with said tubing string; a plurality
of sensors on thea @hingdength mgasyregnant epuates asseepted vakhspig iHieag & Nget ect

surface envi r onmenpal.fRbAserfloR Ul A SuRIBCERP Qrr&BNLAOI EshilaBreddo ek, Sai d

well bore and surface “environnenta ata, an irst e assocl at ed
W th said suuifaceeniron@smalrdatsai d first nodule configured to calculate a

sub-surface tubing | ength based on said well bore an sul:i]f ace g{gvir nmrent al
data. 9. The wel |8 COHEES INOFSSHOTs GRRTIENSK @1 KPR reeth B ga ace

package i ncl or,for detecting a hydraulic pressure drop
pr oxi mat e toéhgg[?%ﬁ%rgglenq&%é nend of said tubing string. 10. The well

construction systerfirsf neldalemaotiatet heith couprsusfacey paocessosi end siufst ractiubt ed to
ERCE RN AR ST RN s TR R
conprising.  environmental data.
9. The well construction system of claim 8 wherein said sensor package includes a
sensor for detecting a hydraulic pressure drop proximate to said terminal end of said tubing
string.
10.  The well construction system of claim 8 further comprising a tension sub
adapted to read tension in said tubing string at a point proximate to said tubing terminal end.
11. A guidance system for conveying a downhole implement, comprising:
a tubing string having a terminal end;
a bottom hole assembly connected to said terminal end of said tubing string, said
bottom hole assembly adapted to convey the downhole implement;
a sensor package mounted proximate to said terminal end of said tubing string,
said sensor package configured to detect environmental data;
a tubing length measurement counter associated with tubing string;
a plurality of sensors on the surface, said surface sensors configured to detect
surface environmental data; and

a surface processor configured to receive said well bore and surface

environmental data, and configured to responsively determine a corrected tubing length.
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a tubing string having a termnal end; a bottom hole assenbly connected to
said term nal end of said tubing string, said bottom hole assenbly adapted
t o conveywbhe/oadeyanhol e i npl enent; a sensor package nount e®Carse2/nEte t o

said termnal end of said tubing string, said sensor package configured to

i th tubing S ri e g s Soiags (L Bherel SR OB 8408 RaaRs £

sensor s eRpfigured to detect surface environnmental data; and a surface
processor configured to receive said well bore and surface environnental
data, and col¥i gufteguidaneesysionsifeliin ldetherav prad ragerris bydredicallp petaatedngt h.

17 WO 02/ 066921 RCT/ USQ2/ 04116 ..Ih ui. dance. tem of cl i:r&é wherein
sai d bottonhdte a’ligeﬁ'ﬂgvclar?é{gtﬁ’&eéz%llm% ﬁég‘f’%err?ml@dsﬁén%ﬁ?la%%eg Sy t%erf!?of

clai m IRjuhemngigh said tractor is hydraulically actuated. 14. The guidance
system of claim 1l wherein said tubing conprises conposite coiled tubing.
15. The gui dénce Besgudanst systemnef1daind¢ Hertheropprarisinggdata tansnisHemi VE& on

P om s TR irolS Rl PRt BB Rl bl ARE otk 0720

15 furtihekurtRepPri sing el ectrical power transm ssion wire enbedded into
said conposite coiled tubing. 17. The systemof claim11 further conprising
a casing sen¥or abtheptasiflanes preomdef aclaimh gl durtber spmarispanelscticaly 8PYey in a

cased porLlon Blyif Qﬁ{eagéaiﬁg)sg@%_o\é@?%i@&i@@t) imurface processor is further

configured 10 cal'ivrate sal ace tubing length with the distance

i ndi cati ons pr oviTiedsybtgmsdicthimadi fagharenaprising 8.casihg saysit elrpet tepaivideld

wherein said environmental data is selected froma gr‘g%consi sting of
A

t enper apgicaiongladisanee tpyesssd iped casgdPRUIONCOk # HRrehplgha FRYP S4i€i YHAShd
L0119 ISR i I LAPAETUASIE o LORR oot (e
t he matigdicationp pagvededibgsaidicadigesenoorposi te coiled tubi ng, the bore hol e
geometry, anld&t heTl;[euE);strg‘r:]n% %{Zrllel‘;[l rlyl {Jv erginrrgai reri%crirlljeln%l (%ifataaiscs%i&ye%efrrém a
group consisting of temperature, hydraulic pressure, hydraulic flow, tubing compression and
tubing tension.
19. A method of determining the true length of composite coiled tubing inserted into
a bore hole, the method comprising:
storing the material properties of the composite coiled tubing, the bore hole
geometry, and the tubing geometry in a memory module of a computer;
recording a surface-measured length of the tubing prior to insertion;
storing the surface-measured length of the tubing in a memory module of a
computer,
sensing the temperatures, pressures, and forces acting on the tubing;
storing the temperature, pressure and force data in a memory module of a
computer;
calculating a first length correction using the stored material properties of the
composite coiled tubing, the bore hole geometry, and the temperature data;
calculating a second length correction using the stored material properties of the
composite coiled tubing, the bore hole geometry, and the pressure data;

calculating a third length correction using the stored material properties of the

composite coiled tubing, the bore hole geometry, and the force data;
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recording a surface-neasured |ength of the tubing prior to insertion;
storing the surface-neasured |length of the tubing in a nmenory nodul e of a
conput er ; weanms6¥g1 t he tenperatures, pressures, and forces paatisogo4anst he
tubing; storing the tenperature, pressure and force data in a nenory nodul e

of a conputer; calculati first,| th correction usi . st ored
material properti ?“6‘1‘“"?513% @6%00; tP%?L@%?a 8yng s ﬁ’&t %eﬁ%ncg%Péqﬁ’Bﬁ%iengﬁl
geonetry, angd thfnt enperature data; cal culating a second |ength correction

using the stored material properties of the conposite coiled tubi n_g?, t he
bore hol e geidret rBhe magttiod bleclpmet: whereiahamateainkcpropartiesgofathe homposite sgH

correction using . the stored terial proper.ties .the _caonposite coiled
Cubi ng, P RESEHes it eEarar e Mot BPEhie o8 S0, oss021

PCT/ US02/ 04146  drearhothbd B clalie 20 &it@tdin @e MouILsIBF BlistiGiiynghd! Péissoh’ $itio
second, and third length correction. 20. The nmethod of claim 19 wherein

t he natase iswirehiopelopk-€p tblet e lookppsrble arganizang they Masylust ofs Elagtigtyosidhg
step i rﬁIpl.ude, t he drul us of Ele"%‘zﬁﬁxi city and Poisson's ratio. 21. The nethod
of cl ai 28" WHEP &R FRECNB FITRIEF Bl asticity and Poisson's ratio are
stored in a | ook-up table, the | ook-up table organizing the Mdul us of

El asticity and Poisson's ratio wth respect to tenperature. 19
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