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{57) Abstract: A reel assembly (100}

32— having three ecls (104) disposed
side-by-side on a shaft (102) pays out

coiled tubing (38) to an injector (36).

A conveyor (108) is used to support

116 and guide the coiled tubing (38) during

travel from the reels {(104) 1o the injector
(36). The conveyor (108) is selectively
rotatable such that the conveyor may be
directed to the reel (104) which actively
pays out the coiled tubing (38). In another
embodiment, two reels {104) are slidably
disposed side-by-side on a shaft (102).
A conveyor (108} is used to support and
guide the coiled tubing (38) during travel
from the reels to the injector (3G). In

this embodiment, the conveyor (108) is.

directed to a specific location on the shalt
(102) and the reels (104) slid into the
specific location for coiled tubing payout.

Designated States (regional): ARIPO patent. (GH, GM,




tr?vel _ frlom t he reelbls (104%} tg thehi njector (36). The conveyor (108) is .
(104) wh ch actively  paysV 010592880 Adoi M EERGEWRMinRFY

enbodi ment, tTwo reels (104) are slldably dr sposed Side-by-side on a shaft

(102). A con E(g e ort and UI de the coiled tubing

(38) dur| n@alfn %/I}:Z f ‘iﬁ% ’lgﬂlég ; lﬂl Iéf&ii X?f%ﬁc‘"g dtm“otj% %ctober 2002, Sec-
enbodi trk 1§.t dofPma ocation on The

shaf t (10:&)3 @rthtdAeGmem}ﬂL(mgﬁi r; Tcﬁt o the speC| f| c I ocation for

coi |l ed tubi n ayOUt 10 AUQUSt 20@)&!11;5Iemc&yapd%%gbrfgtfnpg %94%;21

Mul ti - Sthup osite Coiled Tubing Syst egme RIS RERERENCERFHApREL AL begin.
APPLI CATT O\g” “‘KBNF“‘%?}I’T 4B e. STATEMENT Raaéamamgﬁmﬁwhew&mﬁ@mm *

RESEARCH48 R 2 [ fulbGRAmNT thbedrrelpierstbadl €. Fiel d of the Invention The present
invention relates to devices forl7leanmgiiosrg coil ed tubing. More particul arly,
the present invention relates to coiled tubing handling devices that hold
t least two reels of coiled




: : : : : 10 August 2004 |
10 tubing. Still nore particularly, the present invention relates to coiled

tubi ng handling systens that use a conveyor to direct coiled tubing to and
fromat least two reels. Description of the Related Art Coiled tubing, as
currently. dgp Axaehshn the oilfield industry, generally inclu <

di aneter cyli nd_rlx)?a.‘ tubi ng having a relatively thin wall mdgﬁz’%@@{daafuor
conposite material . 1WtiLS&ih¥UCBmP§sift¥@GﬂéﬂyrﬁHﬁi% seer €xi bl e and
of lighter weight than conventional drill pipe, These characteristics of

coi l ed tubing have | GROSS-REFBRENCEFORBLWEI EDOAPFIICOATIONS exanpl e,
coiled tubing is routinely utilized to inject gas or other fluids into the

wel | bore; infMNateApplicatde.i vate bridges and packers, transport well | ogging

t ool s downhol e, perfor lal _c nting .and_cl ean-_ out operations in the
wel | bore, and to déﬁﬁ%ﬁﬁﬁmm& ﬁE@EMﬁ&R@ SORHI
flexi bbe, 20 lightweight natRESEMRCH ORIDEVELOPMESTt particul arly

useful in deviated well bores. Typically, coiled tubing is introduced into
the oi | or gas N@flAppbe#tdet hr ough wel I head control equi pnent. ‘A

conventiogghd%§ﬂguigg!s¥stenlfor coiled tubing can .include a reel assenbly,
a goosen ; vrng injector head. The reel assenbly includes 'a _
rotating reel fihe piésent MYe@inl eBtestolBEVIGes Br BARIhE cbREd @BRIZO NbRDatHRUAEE the

a drive notor, and a rotary- coupling. During operation, the 25 tubin

i nj ect or RESENdpUGEIopariated te cojleddubing harfling denises that holddt leaptemogetlh e? cail¢ced
t ubi ngni nt.q.. : ri rr e reel t.0 pay.out the
coi | ego t uttt)l?or%gg'a%@h H]u) ggg%%lggﬁgg’kﬂ%? 8 Cl'%tgnv%n%éﬁ%gggt'eé P?u%ollﬁg t‘f“ﬂf‘% Bﬁfiﬂém’g ﬁ?’%ﬁ’f"(‘?r
head. O t elmt ubd sicoisvestetoplifgpecbilet nabigitd 41l fegth laeRattiliongeldur i ng

operationsg, A.rotary coupling provides an interface between the reel

assenbl y Mﬁ L 31—L"-‘&e‘g—fta froma punp. Such arrangenents and equi pnent
for coiled tubi r I | a 3Q:1 My | |or L]

t ubi ng handl i ngtgvgttg%%h%‘se@gwl f'a%élgfe f/i H)Fh echlll}'fge]g IE ﬂg{dﬁg grgradl:éﬂlg?ﬁd%P a’ims1all
such as stiaptstert dydindrical stteing heving at retativelynthihatvell ttheler 6ff mkial ef Yolmpogtespatesial.
of drill working., strings achievable with coiled tubi ng made of L
conpo % t egmi% 5@‘%@{%‘?{8’&6&8 B‘é‘ﬁ@ mpre %SH’EB?S‘F{%Of lsghitr eeightdhamny caventinnal drill pipe.
possi bl e hBealSRARIRES dfofel LNEH ISirsShh b Gis. €

steel 1 10 August 2004 WO 81/ o%%%%%%u@ﬁ%%ﬁwg‘g%ﬁ% |6r3?(?:15'. Pt&g@%(%rgfﬂ,e’
conposi t e ceidéd wbtingub royginchmtidigedremimiest pasr @dbthay fhadseintvethe vadll toueiafiaty o activate

10 S TR b

frictionabuf §p&@SorisNn Wél YiellltRdrd, A tth BeBRIRR ShiriRve BHIIRE hHBIRUmhbRI OB &k ible,
wel | bore. This characteristic of conposites markedly i ncreases the

oper a2 ondigheighi naturesofcoitpd sibing maics édartidulanky. usalin deyiatnolozdlt koreni | ed
t ubi ng may -wel I..al Low wel L. conpl etions t.o depths of 20,000,feet o re,
dept ne provi oudifreat: Bk i trBloil st R o s el bor tafoth v e

equipment. A conventional handling system for coiled tubing can include a reel assembly, a

gooseneck, and a tubing injector head. The reel assembly includes a rotating reel for storing coiled

tubing, a cradle for supporting the reel, a drive motor, and a rotary coupling. During operation, the

25 tubing injector head draws coiled tubing stored on the reel and injects the coiled tubing into a

wellhead. The drive motor rotates the reel to pay out the coiledltubin_g and the gooseneck directs

the coil tubing into the injector head. Often, fluids are pumped through the coiled tubing during

| _operations. A rotary coupling provides an interface between the reel assembly and to a fluid line
from a pump. Such arrangements and equipment for coiled tubing are well known in the art.

30 ~ While prior art coiled tubing handling systems are satisfactory for coiled tubing made of

metals such as steel, these systems do not accommodate the relatively long spans of drill or working

strings achievable with coiled tubing made of composites. Such extended spans of composite

coiled tubing strings are possible because composite coiled tubing is significantly lighter than steel

-1-



Mor eover, conposites are highly resistant to fatigue fail uﬂ%AggﬁSstézgoﬁy
"bendi ng events,"” a node of failure that is often a concern with steel
coi | ed wobimg2soAt | east three bending events may occur before nevdyusei4ss

f . i| bi nt Il b X di wh th | ed
T0" Ui rEpieS T, o SO BOP P O LR 670 b BRI TAVAPEVFR LY it
g0o0s eneckiliRd fud "AERURDok &)il%g ttﬁﬁfn% gﬁ%ﬁgay!ﬂyaﬁrgé ?{13/1 %Pﬁgxlgg@?df C@g{;vﬁ%%g Bod,

bendi ng events can seriously underm inte 5
t ubi ng aswh psdmctary hesbonly overeome frietionahfbredsgn opder 3 ko she AegR&iH beled, tubing

steel ¢ |I%gtubﬂ [ _usgally,reti ed fromservice after only a few trips
into a wEFfqueEpsrwe B&ﬁe Charaefrnis Qf{eCO@mOﬁléw pykedly inaeasey Gelopentional seach of
b h ' : LD ' ch, l.onger

o) o FAARGHENSng oSBT Lol 0 S LA ke DY e o

saf el y ani20¢d08 fectdif ractej depthy presidislydot esily dchiznel exghamneetddeper and | onger
oil wells than previously possible with conventional drilling systens.
Mor eover, conmpl¥ERELOPMAHERS sue Aighlrerepisianitonfaiigysetatluigmansed hyo "tiending wwents,” a

hydr ocar i I} e il i n stens .can allo
drilli ngﬁg%heggﬁggeréfg&?{nl -cl)slﬁ era rcl%fl %?3‘? .ﬁ.%e? cﬁﬁ%@\gggbgéi tn € eb§§$%$ gv?% M
past andodchebefoye fawly hemufakired Zaladeabingreytedd a W@H Voke: uBérRling WR¥WENR coilbdese
dramatic jnproyenents in drilling operations cannot be realized w thout

haridl i nguBipgieHist ipspooled Aroat the seed handingwhengmvelbing ey er a/gdopenssls) oy uokensting d

| engt hs Lte. .coll t Ul .Priqr art coiled tubi and| i

systens (S) n%'g?? rﬁgggﬁn é:cgdg b%%m}rlt? géjf“gﬁ? tﬁée% ?ﬁ’ee&%% £ Venltsecéxf1 S%%ﬁﬁgl"gﬁ?@“%@‘gd ed
when i nj mtkiitypfskousietiabag ahepéscalthesith peksérinbl 41 rpOpBRAALE. ABr@hgld! dieel 5

coi l ed tubing handli n? systens require a work stoppage to change out an
enpty re@ﬂﬂeﬁg}bl%g isysyallyagtired fgarserdee afterionly afcuctainsingo & wellbefe Howewer, t her e

IS a nee . 0] -ubj |.J syst:em.t hat  nore efficientl
changes- %ll}ip% Elltjég%og%&sl :t@gn lg ga[r geq%{l&g% qug gyts U%II 55 8@“‘%81(7?&&&??‘1&“ ﬁ%’“ﬁ%ﬁ#ﬁ for
| NMENTI CGimilich baganpdfodef whé.h one aspect of the present invention, there is

provided a reel systemused 30 with an injector positioned over a
vel | bore, conpiguss. systerss Wilizing camppsiercoilest tabia cgn brxafel eehdmstseffedtivelapsed to

first ang. ' . sal d shaft d wor ki n Li.n
formed oS E 8 e B AR BTGB brosEy R el i8E 1 ng
bei ng s postens. Moresedrpednipléiéd e @hprodsttide SRUOREY Be A ofd s ImpORh MR AR 59250
PCT/ US01/ 04541 portion of said working string being spooled on said second

reel , whEPQeRy. Jhby cpmpatiteseiled whingsystenn pataliow drilisgonratins indo fotitorienthat
befgre t | | IS, .C l.etel,y dnjected into the | L.bore. In
ac czgr dan}%ge&méénﬁhgz%g%%’geﬁﬂ _&gespﬁgtcr%dgkfer %ﬁ%WﬁV&Yﬁﬂ%fﬂgﬁ@&i s provided
a reel systemHgwevey gRseMriviatic iiphdvehehR]i€EEI0hg BRTAtlond BRAOMSEaIFIRithHR! €
conprising, a base, a shaft rotatably nounted
handling systems that can efficiently and cost-effectively deploy extended lengths of composite
coiled tubing. Prior art coiled tubing handling systems do not readily accommodate the frequent
reel change-outs needed when injecting thousands of feet of coiled tubing downhole. Prior art
25 coiled tubing handling systems require a work stoppage to change out an empty reel for a full reel.
Because such a procedure is inefficient, there is a need for a coiled tybing handling system that
more efficiently changes-out successive reels of coiled tubing,

SUMMARY OF THE PRESENT INVENTION
In accordance with one aspect of the present invention, there is provided a reel system used
30 with an injector positioned over a wellbore, comprising, a base, a shaft rotatably mounted on said
base, first and second reels disposed along said shaft, and a working string formed of composite

coiled tubing, a first portion of said working string being spooled on said first reel and a second
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5 on said base, first and second reels disposed al ong said sﬁag?smgo%rkl ng
string fornmed of conposite coiled tubing, a first portion of said working
string weiggsepeol ed on said first reel and a second portion of éﬁhéjolmseu

wor ki ng stri n% bej ng ﬁ%r?Ol ed on said second reel, wherein said f| rs
port i on Rth pf sardeForking siringskeing apprded on rsaidesaspd reeh Whersin -'iaubﬁrsg pogion is

conpl et eéogn d a sel ively.r conveyor
associ at : ﬁséﬁgaé@%@gé&%n%%géj g%s% Ve OOT{??GE‘%\' "‘g‘i’)&‘ﬁé’v ell PBer mi t

t he injector tIﬂ acm@ntt@wﬁﬁa@edmﬂ kdpagt of tHel pR&ehtliAEnEAM, %ef:é irs?) Fovidid a369 Mem for
reels in a eSI red angul ar orientation. In accordance with a third aspect

of the pFEsEhta I)’énfljeéﬁﬁ’f Pegiiered; oy epﬂ (W:ﬁb@r@h eompesing pdagp shaforopmtitdy ngmnted

b | b id sh h
navitng a hiCPRRR R D RHANE ety e song Y sbel i b kommalting dorsRd of
Wi th sai corhpdsite dqodled tutsing, 4 SikstRefiobf Bﬁﬁ%rﬁﬁlgls?n bgmﬁggf)&led dnSHEP A é@él

di sposed on said _shaft next to said first reel |ve tor assocl ate
with saftfl &peeond pedion ersﬁlﬁewmltgstpn@bmdgrsgomiembn emkiesdcamitlaell, oherin sad dirst
| d.wor ki ng

shaft, r e | t oi | ed tubing,

string ﬁ%vilﬁglg‘g’s@‘%?‘e@ b i 55 S?Cr?n IPartb‘mc rfie 6 SFPTOE fcomilateapioctad it Fthe
a first wellbire) afd aObdectRRlys dbtatabled 88nve§6l asBc ?eglo hPELd iRRcRPOMi§ ofi¥eyor
said second reel, and a second end, whérein sal rst portion is

contlect e¥ptatingssgiag te pemmitithgdnierion torskeive saif @vdr]qmgtstﬁngbﬁrmg shigl {6t aungetaidetegls
I nj ect ed. I I bor and a pivotable track adapted to guide said
wor Ki ng d:‘?e%lgr%&gngu gr m ned | ocati on said track having a first

position for rki r|n omsaid.first and. a
second positi on(%!I‘e':‘L'o\rf T ecel Vi éﬁj\ﬂo %ﬁ@ IF’é’ﬁ’i‘ ton; &‘egee‘édﬁ@’l&"é’e reel system,
wher ei n somystisingas basesa siafiaeRe8ly Aowmtdd @fﬂﬁn%ﬂ@%aéessaﬂi stah alike H@&%tlﬁ%%ﬁnﬁﬂet

ri g deck. In accordance with a fourth aspect of the present-inventio
there i sPPF & aeantlgt posiep Pyytiafluid peammwmeeticn wigh sadba]stepora sfiaf teel dispdsatlon

moupt ed yid B Qi"%c%ng 358 alsggseﬂﬂ%[‘?%{ﬁf soaf reRde 2a%0:5 BaVS 3. 2 Iqoﬁc}r;{sgﬁﬁgé with
f irst resdid sldalfs B@lﬂeﬂﬂféﬂnﬁﬁt Prehid@hg coftr ARAVBEHEBF sl §ﬁﬂs§ %ogﬂn% §t%r1ﬂg ot egl of

next to said first reel, a drive notor associated with sai
drive nD?QS?P%F?)WllﬂdrFleé&rﬁaﬂbWDd@ng griag hevingh seefact eatiaf flpidaconemisiication siithi saig

formed o [ I d. working strin surfac end
in flui d&,g%?@&? m%‘ruﬁhﬁ OE&IMH ”s%dotﬁgtﬂf’?le? se6gpq portiop;s g%qqe%% 3ith §ecopd &¢
sai d firsseconeknd aﬁr@eeaﬁrssidrméttﬂdfﬂ’bnfsraemc%féd%sa%@h of® BOEEn bERYe m@@ﬂst%bmg is

second end, and a track adapted to guide said working string to
pr ddet efommetalyiiniceied o thervestlbom, adiacpivstable tiack hdapeed ® gdasdid pmrkmg Btrirg to

t 10 2004 01/ 059250 PCT/.US01/ 045
of I set poE)H gér}eéﬁ;gfxg Bty ?aé@%u‘ithﬁ&n&as B QU oHOR reATiRE etk EfPﬂiSQﬂ Eirig,
and sai dfreecaid fir@abel #idspesRmdidsition ®airteeal twdtkfngedtriR® Hdr?Raid second reel,

wherein said track is attached to a frame that is pivotably mounted on a rig deck.

In accordance with a fourth aspect of the present invention, there is provided a reel system,

25 comprising, a base, a shaft rotatably mounted within said base, said shaft having a bore having an
inlet port and an outlet port, a pump in fluid communication with said inlet port, a first reel
disposed on said shaft, a second reel disposed on said shaft next to said first reel, a drive motor
associated with said shaft, said drive motor providing controlled rotation of said shaft, a working

string formed of composite coiled tubing, said working string having a surface end in fluid

30 communication with said outlet port, a first portion spooled on said first reel, a second portion
spooled on said second reel, and a second end, and a track adapted to guide said working string

to a pre-determined location, wherein said shaft includes a vacant portion, a center portion and an
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In accordance with a fifth aspect of the present inventi on?ofa\H Lrlsetziog4
provided a nethod for injecting a length of coiled tubing into a well, the

nmet hod woopesessong, providing a shaft, a fluid 5 supply and a welpchaadi04541
posi tioni a first reel in a first position on the shaft, the first reel
havi ng P PEHIORe iRy Hifgi regh Priag 1%&98%@ %B%ﬁg%ﬁ CRUFRBRTtiOphaNg sRidiscegsld sl
t ubi ng Icﬁﬂg,ggugﬁﬁjnrgidashgﬁro e ggamend and a first downstream end,
positioning a second reel in second position on the shaft, the second

reel having a second |length of coiled tubing spooled thereon, the second

coi |l ed tubing Ieng& h havihng 1t%ﬂsecond upstream end and a second downstream
end, connecti HYy2¢REdanee Eith afitth asnech of bR ppressnt inuertion; theqis providedm methodnigr

the fi : he . t . LnLect i t ]
st aayeSnatEBamEaidbig 360P AL i heRG ShilprBRS prbPlfEld aaL §uia
connect isnpplytaag s welitea@epokivionbg afbioreel Bad flrst posiitonl AOths tsBah, thefiRE fRI HAMGELa

wth a %xth asp?ct. of the present invention, there is provided a nethod of

depl oyi Agstdengta @t coilsdiybingspoeledutharess dhe finskcoiadrivling dength baviag a fiwsiunseamg

a first e8] e . the fir nd _second reels s (L
Firot anitnd AP Bolnfrtal 60 bob R8Tk CorobIE sl B » SERP Pt P otk B
first coetad tesbhigng &netondt lengtheofsasleddubial| peoledbhditod, aRgtsbednd doMed tabing
continuqus length of coiled tubing, rotating the first and second reels so

as to suppatyhafing ajecond upsiram epdcanstd saeeud dowestigem enfl, eamngeting thie ifimsf, upsineam

i nj,ecti i i i nt . wel | hor e usi the jnjgctar. The present
Bt i a8 e 4R et Bob Uit 15C NP Iital o B 58, stbong P RERTSRY and
provi di rigjeetirytht €ist tahi@ sedohd bi@iStubiltbdties i@Pthe IrcHREAA, WhSrel@fid BERLE steps
enhanced operational efficiencies with respect to prior art reel

assenbl isperiRrped beipresaid dpipctisgsterbl y made in  accordance with the present

i nvention includes a coaxial arrangenent of nultiple reels arranged side-
by-si de on a déoromndapbatfithrasixthnaspent ofahe areseam deveation, there lie drovided rgmethiod
injected, fromtwo .ar, .nore reels successfully wthout requjring a rk .

st oppagdlPIsms sl LR dlo i pellporEo s apehod Somprsing depstfmine e Brst 165 A @

2004 WO Ld4{a5384 7tk fMStndSeHnd %—bfs]sug{?%l]gﬁ% g{ét' Qﬁcf‘&c&ﬁﬁ%%}#eof c%ﬁ!eclf tsui)gllg?rgspcctively,

gooseneck or injector head. In on Iment, a spe ree

axi al | y eandedtiag tedast doiledtubingddngtletel the secondécmiled ndbirgi lamgth fo folra acontimpos length
remai ns neral |y statjonary I n, anot her enbodi nent, the reels’ remain
gener al |‘3E ofled Jolating ﬁﬁeﬁfébmﬁew%ﬁﬁ& £ apto sPPbhHAR dRiEor With eheongnwgys
directi qengh of &flch k@RS aRd iridfing il Rchid D) : t invention
5 conpri se%ﬁg combi nat1 on g‘?&%gt ulrig‘gn%%%kg%\?éﬂr?éﬁg%%’sus{nﬁg%aq{e‘ﬁgﬁpe it to
over cone vari dike preszok émeentibn gqyercmeadehe afsrembhtonal defiserctiay af ther pridd o by
descri bed ove as.other features, wil|l be readily _.apparent to

, | | ! .
thoSe sKIPYEPS A ﬁ@mﬂgﬁﬂ uptirer eadfing fask avmdies dgetaBioide gizpssed ioperabANY
the prefgricRdcRiNoth TRt @b it LAVRRE Q8mid. Y AQtigld 188 I9ehbBf made in

acconpanyi ng draw ngs.
accordance with the present invention includes a coaxial arrangement of multiple reels arranged side-

by-side on a common platform. In such an arrangement, coiled tubing can be injected from two
or more reels successfully without requiring a work stoppage for a reel change-out. A conveyor is

" 25 used to direct
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BRI EF DESCRI PTI ON OF THE DRAW NGS 10 For a nore detailed deSérPpiad%of the

preferred enbwéiones2sef the present invention, reference wl lpaQUsdifssmde

to the acc \.ng draw n wherein: Figure 1 is a side viewof an i :
embodi ment %gﬁ w%‘éu%rfgoé%me rig‘?j%?rﬁ BQsencgk gLingec r%‘%fida In pa¢ empbedimgnt, a spentt sgel is slid
preferred ehidian@adplRbd be fREESANT L] b@Rent | = ' f

an enbodi nent gf a é)onve_y%r used \r/]m'I'?rt]m%l%gb?@?lg?fgg;&?g‘rle}gdPen%gﬁe%g%réillﬁgﬁﬁog?xy'
the presentin Avether embodiment,ethd jeslsarenmind gehemilyfstaioneybad Mrntconfeydr pivots to
conveyor u wth-the first preferr embodi nent, of the present

i nven%/i on; SZ'E‘?OW édzge E@ C&%‘%B%?Cé'gﬁffgﬁ t@%%‘vﬁ%ﬁ]be %legw.aizl}usg Begresgnignvention
reel s oft o camptikdta MhiRiHo8GF f&ﬂf&@sdéﬂa%ﬁvarﬁ%geg Bfe Brlia‘r?])ge%mc 6%}‘@0%@' \%Bi}bg%ﬁi}d?é&:@g of

Figure 6 is an exenpl ary deployment of coil®ed tu by a Tirst
enmbodi ment RSIT deidcesp s eatiousrpharatiestics dasribedjabiose, 7asiveslbaspither fotitees, ofillde readily

second pref o odi pent . of, the present i|n ti.on., DETAI LED DESCRI PTI ON
OF THE IF:)’RI:IEWE'& D@%ﬁ@ﬁﬁ%&ﬁ% ‘lPﬁB fﬁ%@aﬁﬁ vare fetailes desenption;of tegprederred
may be applentd dm;im){h@nt,é;ﬁwnpﬂmby éﬁnﬁ{maﬁﬁf%géﬁP@&@e}??‘%lg&em i nvention

will be discussed with the respect 'to oil pplications.

Referring initially to Fi BRIEMDESCRIPOHONOF PHEDRAWINGS system 20 is

shown Hnunted on a rig deck 24 disposed over a well head 26 and a wel | bore
28. Ri §¥deck 24 highyr mergdetpiledydesgription bf the piefertsd senbagimentnel the, present invention,

al ternatively ' Llbing ship.or,offshore platform Further,
vel | head 26 and we|lllg%¥‘e)é]§1§g%r{é)yth%3 -gmr%gﬁ‘?ggr&ﬁ@gsu‘gﬁ% el | or an existing
structure 30 rediigure hds awidk viewest agRaiballintnsof thélpiesent @Rlendst €m 20 is

depl oyed in conhynct'on ith a hydraulic - drive 30, a nud punp 32, a
gooseneck 34 and'&H¢7nf BB Meysof adiyskirpierrd smbodimaey of thepresst mybatiog; 38

fromthe nmulti- s t Lt o LN 6 [ the unspool i
process, coil ed t%ulg? n%éfsﬁmdﬁglg‘?aﬁn&{;gﬁsgﬁ@c@h?gg&ghp‘%ﬁf 615?%“@% %F’ t%gt preferred
whi ch fl&r c embedintentiof thbiprager@8nventiontgh a bl owout 3 10 August 2004 WO

01/ 059250 PCT/ USQ1/ 04541 g{;{ﬁvente stack .39 and ultimately into well bor e
28. Hydraulic drig¥e Zolspiotidide™ peansmbodimest af poraresosused withgthgyfirst preferred

mul ti-reel eﬁmaﬁ[enzgfﬂgb}égg“timnﬁ&gol I ng -and unspool i ng process. Mid punp
32 can be used to punp drilling fldids such as drilling nud through coil ed

tubing 38 and diigurendtielaysifinelovatisnl shoming2s exenuiliry doadinteuf ceels ot st preferred
level -w nd%mb%a%?e%?bft {alpx(‘:éts{ﬂ%rllnygﬁ 8:'1; counters,

20 Figure 6 is an exemplary deployment of coiled tubing by a first preferred embodiment of the
present invention; and

Figure 7 is a plan view of a second preferred embodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
While the advantages of the present invention may be applied to many situations,
25  embodiments of the j)resent invention will be discussed with the respect to oil and gas recovery
applications. Referring initfally to Figure 1, an embodiment of a multi-reel system 20 is shown
mounted on arig deck 24 disposed over a wellhead 26 and a wellbore 28. Rig deck 24 may be part
of a drilling rig‘ based on land or, alternatively, part of the dri-iling ship or offshore platform.
Further, wellhead 26 and wellbore 28 may be a newly constructed well or an existing structure
30 requiring work-over operations. Multi-reel system 20 is deployed in conjunction with a hydraulic
drive 30, a mud pump 32, a gooseneck 34 and an injector 36. Gooseneck 34 funnels coiled tubing
38 from the multi-reel system 20 into injector 36. During the unspooling process, coilca tubing 38

is drawn out and threaded into injector 36, which forces coiled tubing 38 through a blowout

-3-



5 and power sources are not shown, for sinplicity. Furthermé"%ﬂ&g%nts

for intredoeimxwoi l ed tubing into a well bore are well art and
will not be discussed in detail hereinafter. For purposes ; ?%1}05}&1

~ di scusRFbiter Sggop? and vidmetsh igo Wféberﬁs 280 Hbiéradmdass 36f provikles ithegrativeel
to dr s" refers to a |l ength
of co?wgéﬁ? ﬁlgioh'%% %&I % I%BYBEAX Stgin 5P egg‘an%ﬂw Spr°8 qlg PB%HQP(‘%PWSF hé\’ll?‘éel

Addi t i map BY can:d»ﬂmsd tcepm |dedtint ﬂmag,s @S2 @illinA SuuPiE ADUCIRE
handl ||§? c0| | ed tubing rradg of cggrrpo& ltles arlemgl sucuss&%'@ U .&I:T!I?gr?’g and

Appl i cafimgishseto WeNapre 8%/ églﬁﬂlgmdevmes seah asevdl-veyds, erames, ﬁlldt@d viltey] @nters,

- 1998, ted It shoul d be under st ood
tnar Aorae SRELERY b POLACER el PR ESonectust B werbrge qoded

t ubul etublngante aokellborqos WeBSmoﬁh e ttglagsahiwil rno%é"cﬁﬁcd?%deih 'd@ﬂaﬁ nbiRglnas e
f1exible, ght - wei ght and adapted to oil and gas related applications.

15 Ref erri ngPTidWases tb@r‘%SCESSI%!laf spost” 1" spanting( referk to mewces%/dtremlﬂ@@ reel

inclu Y els, 1 as d a conveyor
108. qﬁwﬁ{&%gg Ed%ng? 3 relékf“%dff@ °5n‘éim§%5t ??e"l‘% “‘QE’thB?éﬂ’Sby
hydr aubdes ditspeseel @D we ecatby of #leabtl. 104t ’ h

y ing an inl e}ofr%agg{i 1%0 andlygn outl et (;rl?ﬁlufdgé?ﬁ]osgtg ngéc?{%mg Rk as

pgbl t | PrEgeRents ]"’érﬁ’ﬁl qd btz @#@qu@@@os@ﬁdarﬂ disaekspd H‘(ZUISOApphIBiIUE Ser.

fluid n t t. s. 20 posi}ioned
cl ose Tt]&c)) ??/?3%?9‘21%&@4 %ﬁlo@ggﬁ\é&“{ go?g?b g WB‘E’E} s eé?l?yowc?’lpﬁﬁaéedt E’
conmmuniefeatricen It sheiﬂvl&e nmtzimsh:oﬂ Itigat Shibirig” 1o F‘&n&sﬂ@uﬁﬁg’* A \Ghell YOS RS HORIEL ON
reels 104 Under rmal qperations shaft 102 is rotated by drive 30 and

mud pd lcpmppﬁ s¢ Fibpiglas™, car ofher senterjeds that e flexpladight-weight, angh
coi l eohda ur&gO@gﬂ i&%l‘?n{e ag lidai§nd Nt erface between inlet port 110 and fluid
line 11 preferaby I nc gs a rotary coupling 118 adapted to maintain a

f 113 dSt i ght Rsf@a'lngctww togFrgnreaE,l ® first PpefE@hmUifs k@ Systire 108 |ihcldbaWnshiaR 2€ 2
art.

af ther i ncl udes l1lour nal surfaces &not shown
that of }“&‘ rgﬁ@ié,‘g g’é%%l d agonyeyor1 §98.i Shaft L wippets epls| 104 suhrotatesongelso
hydr aul G4cwhgr ééﬁlate%l%af @%Pcﬁﬂ"ig'd?lge 90 ﬁ’ﬂi?er?@gt §h%'&| E i ERY e ﬂ{olt %(ﬁaowurﬁ Ellg?mgoz

shaft 102 may incl ude ‘geared teéth nachi ned o
or ot Harinktippr I8 ahd ee phideteori 1. ﬂ;ddt patt 1 b0 tkrposmoﬁélzl apihfitse e;sdmﬂt oftshbft €02

ot ar e oisr AR Braspehi Scalifiing. 116 SrSadlRd ommgmic: pume. a3 OWRY B dPelsy
i rpoor psysttondd RYosk 86 ST:QNGRL 154 of |SH§I? 308 aﬂﬁ ul¥ %Of]ﬁé‘lﬁ‘&(? B LRgl AR aCtoﬁ‘ﬁ‘laL[rﬁ?e]aél,?)nVI a

an engagenment with the .reel's flanges. be understoo
the s eqfy Witk theashaft |bp@cand9codn'@mblngd8lspbmlsﬂ oatréole lmaﬁadﬁfnoﬁuﬂnqrefduﬂﬁs and

rotatlﬂgﬁr d ent, invention is mted to enbodi nents
i ncor porat I ng' s%g;#%d’igy Agtr %&ﬁ@ﬁ‘i KBy 011‘7“8359%@1“9 1 1sieyated 1hydsaidic1 06
IITB 3 In ;J ggﬁsl;sarepmrdu@f cosle® b 38.2 0 hRrebore Ih8 e AR her AP RidtSHoH20 (Parkd R line

116 pre&:rably includes a rotary coupling 118 adapted to maintain a fluid tight seal dunng rotation.

25 Such designs are well known in the art. Shaft 102 preferably further includés journal surfaces (not

shown) that slidably engage base 106. Shaft 102 is also operatively connected to hydraulic drive

30. Depending on the particular hydraulic drive used, shaft 102 may include geared teeth, a flat or
key machined onto shaft 102 or other suitable interface with hydraulic drive 30. While shaft driven
reels are prevalent, other reels drives may also be used to support and rotate reels 104. For
30  example, U.S. Patent No. 4,945,938, which hereby incorporated by reference, discloses a drive
system that rotates reels via an engagement with the reel’s flanges. Thus, it will be understood that
the shaft drive described is merely an illustrative means of supporting and rotating reels 104 and the

present invention is not limited to embodiments incorporating shafts.
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paral | el fashi omn on the ri g deck, or platform (not shown), 1%@39%?’(30%26(1 to

carry at | easwadmnssxsonbi ned wei ght of shaft 102, reels 104. apdrpsaagigt ed
2

coi l ed tubing 38$ Sﬁ@gor s,120 a,h include axially aligned bores 12
havi ng surfaces T8Frea Hudes 3P sHeports 1P adeRrefradnagupportsol 20@steare mdvatdd & o

of support SpatAR] FadBidH ' er sl.ide.reels 4
onto shaft sp12102._ For 1_ eﬁlggg?gr,ag g‘ﬁ’ggﬁ? T’Ji%éo(f;&q éhl?(r%&enq'\%f‘n&na%? ﬁé?fgt%c?ﬂynéége“’t the
| ower por t i @mMBEL weiglffehsl) 162, resly | Gearfdushogiatadedoteh alig 19, Osnéjgbﬁs P2Pd. b HidThde
Wen one or, iore .su%ggrtsl;#éo a, b are disengaged fromshaft 102, one or

nor e terrpora?yysathﬁﬂ B '1@’ﬂff*ges‘!§§3°?§af§’ 956t | eramalysorfacss o f shad 1021 02¢e oA both
third sgppajft sred 13dhawny; ' -t hat , t combin

wei ght of shaﬁ‘u%)bloz re’\glngm%ggﬁrgﬂg%?a?le}j@l&h&d%ﬁvﬁggg%e ?eglsngtﬁeo&ﬂa?haﬁgrqzbe%r
saf el y hand*aaplsy senportsizfp ¢Figsre1d) anay, lnve klhéiped levayoticss1e@iduds) or HBAbS fully
and | ubricapis reﬁgro i dglq@as necessary to allow efficient rotation of

shaft 102 on sﬂ?a%% 41 1§ PFRUQTR. VR Qe1q5AngsE SNRPQES 42€ aas Hisenzaged fiord shéft 102,
storing coidneGrtimdit RbnmBar : [ i ndi . fer, , A first
second and t hi rr d reel S@%@%@%gggg‘f%ﬁ ?Iil/aya djrﬂlllg“g%gptf@%fﬁﬁ@%a‘&i%‘fﬁ‘?@‘m
15 t he i nt dPelothawsl man borddeshigtthscweht tei the dombibedwedht shaatiad2orels 194 and coiled
separ ayg i ncl ude slots 124 or conduits

< 104, 104, pr ef er ab
o a8, bifie 28 s mofthin Sy Rl by SHaeats HDebs. Elvent: oy breaings,
to shaft 1G2alsued lubadanisth@blditiealastdetesshatd %lgo]gf ei?%i&g?](ﬁétﬂnaéf;s%%jh togesggports

reels 104. A_nechanical interface between s ree ma
acconpl i sh B*yb-any sui tabl e means. For exanple, shaft 102 may include one

flat . t t i t di 20. f1 at s. machi ned
o A bore thr ougtel P Phovibh R coReea S ok RRORRGotaiy bae uifoinh Tvsipd hedical
is recei vedndingn Prefdraiily, fhehicaest il thi@ rd2 Qa5 dik]ﬁbsi‘%gﬁci%ly{ﬂﬁné aehs 0%.0 ;1"{) &'}%ésﬁitate

be helq int&he é)roper .axial |ocation al ong shaft e use o
or col Hars thgat reprancsion oh lenghssafr endled dubing 38 spbaled @t ths sepahte TkeloWO4,i leelshE)4

art and w | j [ tail . Referrin tiLll, to Figure 2,

conveyor 1 ée%flaﬁ)g?tﬂ glq&é%lglp&tsl ?gioﬁgogc@n?}lgﬂﬁlghe‘g‘i%gh %gnr? Ptcotﬂﬁé ‘?“'32%893%6% Rawsk Regls

and i nj ect di0436c affabéto shadk TOVEUED thait Gathttonof tEOSHABY TR c%%siraﬁ{i&sisﬁhg r&di9%t4. A
and a

136 and a frcj\ma é38. rel;‘erabl % track 136 includes a cage 139 ar
plurality JFCFBMFERieHacs bepyesnshalh (2 andygels 4 04 fmay becaceomplishied by adyiQiitable means.

~ provi ded atpg I it j f 1 ddist.ji Qnal. "~ stacked .
pairs of rol Irgér%s 47 S}f{r%fsmg%ﬁ%m{l/@g%%&% %nr&&t%%gats} %F‘@%"Hf’éﬂ‘%‘ P T COrEERADGIRS
the enify dhes maghinedin edgee HRBugn rqat d0eNtAlunaeivelve dhafp1erRiMy REMEDS &9 fhadis

tubing 38 ag it ~travels f s 104 30 t k 34 (Fi 2) and
| njector saeRegre S ol mp R TS ot B askishotsess | mey sniheldigribepeper axal

rotatably noeHlos dlRBIsRaE 30L by 82 usE8F étslgss-orjcéﬁarg‘f¥4.i T‘ﬁ+ E&%r#?{&fnggt%#ﬁﬂgne?%gél% ?gg is

generally conforming to the circular tross-sectional “pro co
coi | ed t ubiWe}! B®wimipgheart fyd willmot be disatssehinafetaileel s 104 and the inj ection

tubi g 36 AccordTEOIg “Pbi Bitika 20 Sameyiiot ThatEre olrubErD Fomoraiel oo the
coi | ed 26ubi gegseneck 34 and injector 36. Referring now to Figure 3, conveyor 108 includes a track 136 and a
frame 138. Preferably, track 136 includes a cage 139 and a plurality of rollers 140. Preferably,

pairs of stacked rollers 142 are provided at the entry and exit points of cage 139. Additional

stacked pairs of rollers 142 may be provided along the intermediate portion between the entry and

exit of cage 138 to prevent undesired movement of the coiled tubing 38 as it travels from reels 104

30 to gooseneck 34 (Figure 2) and injector 36 (Figure 2). Rollers 140 are elongated cylindrical
members rotatably mounted onto cage 139. Rollers 140 may include an arcuate surface generally

conforming to the circular cross-sectional profile of compbsite coiled tubing 38. Typically, the

rotation of'reels 104 and the injection force provided by injector 36 will provide adequate force to

move coiled tubing 38. Accordingly, rollers 140 are not powered and simply rotate as coiled tubing
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-5 10 August 2004 WD 01/059250 PCT/ US01/04541 38 travels 0VEMIYSRAP8s 140,
I f, however ,y@gidishignal force is required to transport coil ed"‘%‘?ﬁ#@% 38,
i ' f%ﬁor

rollers 140 may be provided with a notive force such as an ele
(not showd)travelstdver rallees 14Q. olfabewarek,yaddioaslefordeds rajuired & fraGpandoflaciubingaie,
t he rmverret?t ﬂf coi l.ed tugigt?g"tg\& 1, V\%H be unde[?st,ood that there are
many var "8t 78n80 PRXeRIGVIGRd BifA MYt ioreFurh ps fp slekirgapotorgot 108 thes like,
track 13 | t FealeR ri r . ur

o MBRYVAD FBMateS Erelrdiélsl 40 DAY 0hidd (4B inb@iich: T doACE (Hin® 3BT KR e

coated with a slip ancing materi suc rame provi de
vertical wdpgsteotl thatrthére ack mhBy vantationk st atdydwsedually auigd|far trackallqnRendxanfsle,

track_136, Fr i ncl udes a beam 143, a post 144, a forward support 146 and
a pivot maag o Spamay COMPBIS) (AW ie] A1Ving %é@mcéieé THELIAt Q8 20HiECE icgatgdoMitina sl

I ncl udes eﬂh%lggtrﬂétgﬁél%ulﬁgs iFsd to 10 receive post 144. Preferably, post
| on '

144 is an e ated nenber having a bottomend 152 that pivotably engages
pi vot pl ate cdiamerlB8mpeoviids. veRidabsnppog foowatlo1 36 gnd aselallowes for @hgilmealignment
enbodi megt of f]g}rvv%rd supFor-t é46 iggl udes 4wo wheel s 154, a | ockrod 156,
a crossbaf” 43 L FEme rciHdss 2 Beaml 456 Pasel 4 e dPrmedippay 146 and apigplate, 148.
downwar dl I.Ciade . i : S | : .
Plvd‘ceé/lﬁt\e QBaﬂsas%Em‘g@a{r#%&%eéégdeigﬁ SPInchREs hToafeHotd Y50 sized to

connected to vertic or casters or other suita
novable [reivebpest ildg. derefaraly, pose 1¢4 df anadddngatedi mpmbadhaving piostbinceeNds2 ahat

crossbar 158.. Referring nqw to Figures 3 and 4, |ockrod 156 is slidably
| at ched tpbvq}@t}lypr&ggge%@gm@gtg_courttg%ﬂeo 0156 preferably engages one of

I hol i t ' i
several- hol es Rfferking ¢ ko ?&uf]e%, @bf@éﬂéﬂe%xﬂbodlﬁﬁﬁtrﬁgfgﬁwg’%ﬁ SHERorP 148 Yl dles two

counterbore in a plate (not 'shown) secured on rig ,
conveyor VE8ls2iB4; aleckes] hifoatergrshast 158l aatle veaial beane 459. Béerticat beamilif ds mounted

Figur -2 Ao ERDY el trBR TG B HEORT L RREBFE sorBeetR ey rial

al t enpat ibsgs 1992t WREEINT154} rogkteds36r StRerdititdfie GRaBE 155@5%@81&{&:@@&@%&&%@
104 to the .injector head 36. For exanple, beam 143 may be adapted to pivo

about a sKspop gpposite endsHf crosshar 868 el i ni nating the pivot plate 148.

Al t tively,ptdack 136 i vot abl b 3, . .25 thereby, furthe
i nat i g+ IRSTHEEE 3 TR AR oA 548 Wbl inccted ap Feteabbeas, 435"
di st ance Iekitderset freferR8Y sn anél of bveB BERE %kn('jéﬂeo?{nﬂ. | Altebbeld Godlirbl 156

dictate the actual design of track 136. If the distance is substa ntial,
t hen tradReYISEaERG cRUNierhos ime plago (et showwlateawred ontrig decligido Mhusras caovéyoe| P8

cona, ORI REAERLDIOR 58 B RILEE oo Mk Db ool Pl
need to pockrodi¢se Befdriifig heth MMige Dind)8) MakeSsthidtiod 8LEoiveyéeRi} &Unledble 10
tubing 38 fromreels 104 to gooseneck 34 and .
numerous alternatives that permit track 136 to guide coiled tubing 38 from the reels 104 to the
“injector head 36. For example, beam 143 may be adapted to pivot about a statidnary post 144,
tilereby eliminating the pivot plate- 148, Alternatively, track 136 may pivotably engage beam 143,
25  thereby further eliminating the need for the forward support 146 to have wheels 155.
The distance between the reels 104 and the gooseneck 34 and injector 36 will dictate the
actual design of track 136. - If the distance is ‘subs_tahtial, then track 136 may have to‘incorporate
features that support and actively convey composite coiled tubing 38 from reels 104 to injector 36.
On the other hand, if this distance is relatively small, then track 136 may simply need to provide a
30 limited amount of guidance in order to feed coiled tubing 38 from reels 104 to gooseneck 34 and
mjector 36. Indeed, if reels 104 are sufficiently close to gooseneck 34 and injector 36, then the

track 136 may be eliminated. Alternatively, the conveyor may be eliminated by having gooseneck

34 and injector 36 mounted on a rotatable table (not shown). A gooseneck and injector having a
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I njector 36. Indeed, if reels 104 are, sufficiently close E%AS%%Sstgggdék 34

and injector 36 then the track 136 may be elimnated. -Alternatively, the
conveyGQYogRysoksy €l i m nated by having gooseneck 34 and injector

on a rotatable tabl e (not shown). A gooseneck and injector havi r%@;ﬁ%&'@%ﬁ?
- August MBMaB}b/@Wﬁ&n Gl be)Efiated dlpdibcessaiy atrhieo tredebve thé cilledttlitafigniromnthbe

rotated the nec am) t to receive the coiled tubing fromthe reels
in a sub$f HH‘%‘ 54 on. Referring nowto Figure 5, three full
reels 104 afeRéfQHiﬂgrl%% * §Oh1fé@tfﬁllsr9 104 9% Hdwn e%%‘o%ﬁécp&ltf)% g o

conposite coiled tubing de One %gr nore st gng[; £ are use 2 m

up 5 shereparaiicn fnrlcompofﬂterc@nibd/ ltlﬂagng)dqaldnja:s@ltsﬁ)p@or mofe29ands TR areebes td)(ptolalup
i ncrenentall yv.slid.onto t.he cantil eve ngd,of th haft 102. ur se
o 0T RD 2 ansR BBl e Bl TpE T2 ne et o M hersnenaly off Shiihe
are pl acegltileRerel @ndl 08 tHeaHa@N 02 Of &add, 9BAd 500 Hadhive RfbAdRReSigl B Préoess.
hold reels 104 in place. Thereafter, the coiled tubing connectlons bet ween

reel s ar@nerdberegl Wiarqplecedia ﬁ@(ﬁeﬁlmﬁl %fclsztl iledatipnss cotlags Héglmmsmbediz‘@f}@ldr Iienlg 184w
to Fi t f
0 A AL 0 S0 Bl

and int oadtlmtlesmayb@n. The coiled tub| ng on first reel has a second end
604 that connects.with a Jrst end 606 of the cojl tub| n pool onto
seddnd reel % fte@iqﬁ TO3Y FQk lgares% g@ﬁeraee% the coilgd @@Pgmagﬁt Al Bigé%%cﬁﬁ%l

reel R2 &H‘G@thﬁt W tbféa@e& &gt hvEdG Qs @Rﬁ i éhécﬁ ﬁ%ﬂ(ﬁﬂ c&ﬁ . 9ied

on a third reel . second end” 612 03|te col ubi ng
st ored o@lteﬁutulmng @elﬁrmefclsRldlaa asctand end &OHéhambnmas with & fIrSIZmdrﬁ% hﬁfdne dgﬁtbd

chart 1050 shliR Es RN BitfePlia By o bl O FREBIEA Brufg 08 ona
third remebRandnnettowithe fvel énd 810/ 6% thétb@posild collbe nmﬁglg@fdm;l efird fo6l R3. A

conmposi te coi Igg i}ij g have been_nade up, injection coi |l ed tubing
i ntd t heSerand epdp %lglmﬁ)sﬂ%m@@n%%rstqre@ opdhirchreel B3| iy comtectad todbe ordet

A. Thus, pat §{ 12U NI F0£ AMROSHE Brif Akl ik HsbiRSe®By nfid h
ﬁO lL uséao congeyor

di rect aFl gnnent W th the goosenec and I'nj ectory
provi desslslrﬁnliﬂhthm@hsthe cmnptﬁmarmﬂed wibimgemi thRIﬁrst,osebbm:l gudthird eedls artna thaevell

supply o t ree een, exhaust e conve 8
"o o 1 ¢ b ARGou] R teethops o o chiEboufing RS rlges i berusredy vBrimietnat e
reel R2 t@ddnu]ﬁﬁggﬁomtwéum@mergﬁg R2 i s exhausted. Thereafter, the

conveyor is 25 set at Egosmlon C, Wwhich is directed towards third reel R3.

Thu®d, it can benwwenle @tlnﬁﬁllﬂﬁﬁtelﬁd@élflOne%dEh’@S:oﬁlﬂl@t}gh the qommiosife eeitedgubing on

Lo ect e 5 6 b MRGE AR R AL 80 P, 405D 10

provides smooth transition from first reel Rl to the gooseneck. Once the supply of coiled tubing on

first reel R1 has been exhausted, conveyor 108 is shifted to position B, Again, the supply of coiled

tubing on second reel R2 is injected until second reel R2 is exhausted. Thereafter, the conveyor is

25 set at position C, which is directed towards third reel R3. Thus, it can be seen that an extended

length of coiled tubing can be injected into the well bore without intermittent stops to make up the
connections between spans of coiled tubing or move reels into position.

Referring now to Figure 7, a second embodiment of a multi-reel system 200 in accordance

with the present invention includes a stationary conveyor 210, a shaft 212, reels 214, and a base

30 216. Conveyor 210 is permanently directed to the center of shaft 212. Shaft 212 includes a center

portion 218, a first adjacent portion 220 and second adjacent portion 222. Center portion 218 and first

adjacent portion 220 each accommodate one reel 214, Second adjacent portion 222 is sized to accept a

reel 214 shifted from center portion 218. Shaft 212 is adapted to allow reels 214 to slide along shaft

212 and thereby be shifted from, for example, center portion 218 to second adjacent
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Referring now to Figure 7, a second enbodi nent of a rrultl-reélu%?}gt 8 200
i n accordange oikdzRe t he present i nvention includes a stati onga(ldg@m{f.ypr

b 30 216. Co
gé?mﬁeﬁ?’f"{}{"&}%ﬁctﬁe&ﬁh ¢ R efé@ﬂg é‘%t 6?35%%% ancoresls %H%@e}y gla@dy iedamprstez sliding
center pafdshiism b lo‘fi‘dif'n% ?‘%eﬁl}s % o, < é)ard{.ngor@%lg %94‘:1:{1) It %R%Za ﬁ%grtﬂechamsrn

portion 222. Center por ace on~2

accomodacea ong be ewidifEi4o aBewdndraitieacsifting of tdeBrEIZZRmhg tisd gRAlih® oﬁﬁt@s@@bhﬁg
reel 214 Shlfted fromcenter portion 218. Shaft 212 is adapted to.allow
reel s 218P8"¥) i de al ong shaft 212 and thereby be shifted from for

exa e, cent ust_ 2004 .-
01/ 3259250 PCT! @g‘gl‘?‘gg’gﬁ%ﬁ’o{fﬁ 206 g;n%bﬂ%{t éenggallgj%aéa‘g S IHOpRLES ‘\fgﬁlg‘“ﬂ%
and reel sn‘anhdmreay of kmsthane! ispstan pidoat Hoﬁe\‘aalrl €imvgyornBohgerdsibtfiaEluilO aRR8ts that
reels 214 on, or unloading reels 214 from shaft 212. Such a nechani sm

need onl §®% Gepvsyer @d0tip F&thomﬁfl‘ﬁﬂéﬁﬂﬁ bespuse Reifad; fgings travsdd elopg 4 stibstangially

t he spoo 0 n ree

Fabr cat e P bty SARRYATEL0 RE] AL rher SRS Wb oS SBUeRY B T ghlSived
rrultl-reeiovsmsmtelﬁtlid)ﬁnledl-bmm@r conveyor 210 need not include el ements that
al | ogs conveyo Addi tional ly, because coiled tubing travels

0t
al ong’ a subst EH’E T}’QISF%P“ g HTrﬁﬂtSYﬁ‘é‘Phthedﬁ‘ﬁVé%ﬁé‘Pn PIGFCREs ﬁ@(ﬁubﬂ@tfa&mc same as
I n
fﬂglp(r)ur;]t S%éstlég Fh‘s? eﬂlfs?—é{::eg Lgsterh%x!;éﬂri’gltéa}t %ﬂggas Eén‘?& g%?;ﬁxl (%ffsgé feeg %rcélo%i gacmtg dhe
are subsslzdt |Iaﬂ1riqg thbénjsatior pascesd, dre ddneeyfor uss;bem?ahént}yrmbte& ¥6 b epecific iRl 1dchfbn
only a cen and an of fset ree ér%etkloaded ontqg the shaft. Durin

the inj e8F h&f‘rf ?er S” e hefediey &reli FravRIA P@%kﬁ#@&%%ﬂl@e@ee}%m ibes
reel | ocBédrOékha@ied, Iiﬁ‘e E&Eér r@élal%fsﬁffiw 18 liﬁé‘v@c%n{ 9&389 Wf‘%ﬁ B8R an f!fsg\.e Lreel is '

supply of coiled tubing on the center reel een exhayst e
r eel lfl s shifted iip the cemfer pasisiont ItpyaH be @nd@stoom&zasmat:mlamibmg@nahé eﬁ‘tet r@d?is made

|t | | der, hat, t he coil ed
Looing ol i B Sudel Bort SRLGE HBR The® gl X shough ok ST i‘ﬁs"%ﬂﬁ’ﬂtg omllave
shoul d beecend®r@htosdlids kxialip ke Blighrhéht W hOEdnveit f’ﬂmE qt ézld i%eeﬁ e&éﬁhed

to slide axially_ into alignnment with the conveyor: . can e see
that an Ergdrefcgiled elbg'tgmaefbcamrecteréi mtulﬂwwelbbmreb'emon; emetmnttanmsmps teemaled hp the

bore wit t nt t he nnectlon bet ween t

oot ted 1 Dateetdl B fker B eoRb® Bt ulPINE v s i A0 & i, Oy Prcedize. b
wi | 12(e wiltibe aﬁdm;ﬂoamat thé BropEd e BeherhBy eeaeé@a&ﬁhgrtﬁysfo%ee during the .
process. Wil e preferred enbodi nents of this inventlon have been shown and

descri bed, it PaiPEAS coMadiments aef s niatentiyn dwec sideh| sltbvm anide dasdnbed
o out. gt AEARCLOPGRLEL b U SRS I Bhobliehe HBESER B B o
) teaching of this invention. For example, much of the above discussion involves embodiments of

the present invention that include two or three reels. It will be apparent that more than two or
25  three reels may be utilized without departing from the scope of the present invention. -
Furthermore, the present invention has been described with respect to a conventional reel system
that utilizes a solid shaft to support and rotate reels However, the-present invention may be just

as easily applied to other reel deployment systcms such as the reel assembly disclosed in U S.
Pat. No. 5,289,845, which discusses an lmpl'OVCd coiled tubmg reel and unit utilizing a system of

30 two non-continuous spindles, and U.S. Pat. No. 4,945,938, which discusses a shaftless system,
both of which are hereby incorporated by referencel. Moreover, the embodiments of the present
invention have been described primarily with respect to the injection process, which involves
unspooling the coiled tubing from the reels. However, it should be understood that the

descriptions apply also to the spooling operation when the coiled tubing is drawn out of the well
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the present invention that include two or three reels. It wll“be apparent

that nore than two or 25 three reels may be utilized w thout departing from
t he scope of_the present invention. Furthernore, the present invention has-
been descri b¥Q 4°%%5% espect to a conventional reel system tHRET/USIIHIES a
solid shafgord, OTH E}&rém@&ﬁlmé@tts Ae8eribRe |h§re1rl"91’é’ee¥£ ir?%n@r SR HOFK RN VIR,

be just as l1ed to other reel depl oyﬁe systens suc

reel assermtl?tlcmssmﬂ mhtﬁcpanlons & the Padttem Mod app2895 8#possiblecinddirs wu;hsﬂhe atope of
i mpr oved 0|Ied t ubi apd unit.utilizin stemof 30 two

non- cont i nuolls “&H %d&%@f‘ﬁaﬂ& cécoqga‘?fu PrRigetion 84’5“ Sé‘gte vtﬁu%elab%wggfésdeacnbed
shaf t| ess higyesd, e r

Mor eover, the gﬁgéé?ﬁgﬂpgﬁﬁahhpgwgggggn?ﬁgyA@gﬁﬁ|gﬁgﬁgve(ggen ggggﬁqugde all
primrdl yGWWhlenEQﬁ&cﬂsubﬁctihnetttrrqfehftwlmmspr ocess, which involves unspooling
the coiled tubing fromthe reels. However, it shoul d be understood that the
descriptions apply also to the spooling operation when the coiled tubing is
drawn out of the well _8 10 August 2004 WO 01/ 059250 PCT/ US01/ 04541 bore.
Thus, the enbodi ments described herein are exenplary only and are not
limting. Mamy variations and nodifications of the system and apparatus
are possible and are within the scope of the invention. Accordingly, the
scope of protection is not limted to the enbodi mnents descri bed herein,

but is only Iimted by the clains which follow, the scope of which shal
include all 5-equivalents of the-subject matter of the clains. 9 10 August
2004 WO 01/059250 PCT/ US01/04541. CLAIMS 1. A reel systemused with an

i njector positioned over a wellbore, 5 conprising: a base; a shaft
rotatably nmounted on said base; first and second reels di sposed along said
shaft; -and a working string formed of conposite coiled tubing, a first
portion of said working 10 string being spooled on said first reel and a
second portion of said working string being spooled on said second reel,
wherein said first portion is connected to said second portion before the
first tubing is conpletely injected into the wellbore. 2. The reel system
of claim1, further conprising a track having a plurality of rollers, said
track : : : -



bei ng adapted to guide said working string to a pre-deternﬂﬂ@HQPﬂégpﬁon. 15
3. The reel systemof claim2 wherein said track can be disposed in a first
posi ti f ceiving said working string fromsaid first reel_and a
secondqggggﬁﬁgﬁffor recei ving said working string fromsaid secdndUsdnsa
4. The reel systemof claim2 wherein said reels are adapted to slide al ong
said shaft; and said shaft includes aa ﬁﬁﬂ@? section for receiving an
enptied reel. 20 5. The reel system of L 4 further conprising a third
reel disposed along said shaft; wherein said working string further
includes a third portion spooled on said third reel, and wherein said track

i ncl udesia Mheeldystesidse®With @h ifj6&6d posHBn¥@b¥draGvdtbbieNd from said third
reel. 6. The system of claim5 wherein said track is attached to a frane

that® i s PAMBSIEBI y nounted on a rig deck. 25 7. A reel systemfor use with
a tubing inj ectorb ositioned over a wellbore, conprising: a base; a shaft
rotatably mount el >sal d base; first and second reels disposed along said

shaft; a worki ng,shdf Rl Rdn®l o5 QE¥AGsid. € coiled tubing, a first portion
of said working %0 string %g?’ng sgoggggﬁ%%ﬁ said first reel and a second

portion of said fiotkindspcend realy disposml alapoaiddhafinargiai d second reel, wherein
said first portion is C(%nnergted to said se%o d, . portion before the first
1

tubing is conpl ef ¥PIKIRES Hn?dn?f?‘r‘of‘W@SIWé’P ping A frstposianad sqig gyopking

rotat abl e cagy fdWnidfirkdYeSialnd al Bl jonSH ing Hint; O
August 2004 \/\0%1/1%%3%%0 PCT/ US01/ 84541aSrg%(?gtt‘”?ﬁb‘m:‘g{sgig%&%é?%ntg]"t%}?é
i nj ector to speeled orsaidbetombrerl, whersinrsatddirbtrporntionas corhectat toanid sead potion eel s

shatt ot SRET e U s Pt Berb86 bSUANEar 1 having a bore havi ng
o L ot P s, s TR S SRR B0,
sai d shabdingeddptddao gaidd shidrvedrking@lringk0 apreldétyenin®d REatRBsoci ated with said
S halfst ’ S?.i dTﬂ{a irc\eleq sg?t%glro glgi\g gi\nfr]l?ergi%ns:[aricf wltrlaglg can be disposed in a first position for
receiving said working string from said first rec] and a second position for receiving said working string
from said second reel.
4. The reel system of claim 2 wherein said reels are adapted to slide along said shafi; Iand said shaft
includes an empty section for receiving an emptied reel.

20 5. Thereel system of claim 4 further comprising a third reel disposed along said shaft; wherein said
working string further includes a third portion spooled on said third reel, and wherein said track
includes a third position for receiving working string from said third reel. |
6. The system of claim 5 wherein said track is attached to a frame that is pivotably mounted on a
rig deck.

25 7. Areel system for use with a tubing injector positioned over a wellbore, comprising:

a base;
a shaft rotatably mounted on said base;
first and second reels disposed along said shaft;
a working string formed of composite coiled tubing, a first portion of said working

30 string being spooled on said first reel and a second portion of said working string being

spooled on said second reel, wherein said first portion is connected to said second

portion before the first tubing is completely injected into the wellbore; and

a selectively rotatable conveyor associated with said injector, said conveyor

- 10 -



. 10A t2004
rotation of said shaft; a working string fornmed of conposite (I:Jg‘lj?eg t ubi ng,
said working string having a surface end in fluid comunication with said
outlet weyd: irst portion spooled on said first reel, a second portion
spool ed onllgggi’;l? second reel, and a second end, wherein said firstCH8501/04541
portion is CONHEME ¥as tp peinalt sew tyectpota Favriveedadd evarkimgfstrisg fitombkaig filst and
conpl etely Q-84 651 . X@rl ore:; .ahd a pivotable track adapted to
gui de said V\Drélﬁng&sl%ﬁgge%lg@da uéé_)rdderﬁeenrte?ﬁz d location, said track having
a first g_osiAir@é]g,j,gém,r&g@ﬁ/sii@ said working string fromsaid first reel
and a second positjion for receiving working string fromsaid second reel,
20 wherein said t#@K is attached to a frame that is pivotably mounted on a
rig deck. 9. Areel systemaccording to claim8 wherein a rotary coupling
provi des fl uid éo%ﬂ%ﬁ&@ablvm&%@@m@m%@ih@s%msmﬁdw@agabmlhem@mmﬂet10. A
reel system according to claim8, wherein said shaft includes a vacant
portion, a RO a8 P¥H and an offset portion, said first reel being

ang
di sposed within s ent.er portio and sai. 25 second reel disposed
within said shaft @H‘ps%iﬁ'ﬁgf?ﬁ;ﬁ'm%@éﬁ‘fﬂgﬂmaéﬂﬁPé’%tem conprising: a
base; a shaf t=r otafi@ble¥l AEPHRELE Wid Map; sai d base, said shaft having a bore
having an inlet port and an outlet port; a punp in fluid conmunication
with said inlet potecondmefdisppsed eetaidislmfiosetioanidssdedhaft; a second reel
di sposed on said shaft next to said first reel; a drive notor associ ated
wi t} said shaft, &@iive metoyassepiated vittosaidishadt, said drive metor providingennioélleslai d
shaft; -11 10 August 2004 5 WD 01/059250 PCT/US01/04541 a working string
formed of cdﬁbﬁ@ﬁ?féa@éhﬁbd t ubi ng, said working string having a surface end
in fluid comuni ' j | por t first,partion.sppol.ed on
said first reel ,Caag!?lggh on %?I??do%%g}gflged‘! Otélﬁd ggﬁ“%g’ g%%grﬁgq?%gf"}é) ﬁfﬁﬁngo\a
second end; wHdceend imbwd sompuaigation wjith el eeichonpa Kishportior spogledl on said first
pre-determ ned L 0&ahk Bbrtion spooled on said second reel, and a second end, wherein said first

15 portion is connected to said second portion before the first tubing is completely injected into
the wellbore; and
a pivotable track adapted to guide said working string to a pre-determined
location, said track having a first position for receiving said working string from said
first reel and a second position for receiving working string from said second reel,
20 wherein said track is attached to a frame that is pivotably mounted on a rig deck.
9. Areel system according to claim 8 wherein a rotary coupling provides fluid
communication between said pump and said inlet port.
10. A reel system according to claim 8, wherein said shaft includes a vacant portion, a center

portion and an offset portion, said first reef being disposed within shaft center portion, and said

25 second reel disposed within said shaft offset portion.

11, Areel system, comprising:

a base;

a shaft rotatably mounted within said base, said shaft having a bore having an inlet
port and an outlet port;
30 a pump in fluid communication with said inlet port;
a first reel disposed on said shaft;
a second reel disposed on said shaft next to said first reel;

a drive motor associated with said shaft, said drive motor providing controlled

rotation of said shaft;
- 11 -



: : : . 10 August 2004
wherein said shaft includes a vacant portion, a center portlongan an

offset portion, said first reel being disposed within shaft center

portio | d second reel disposed within said shaft offset_portion. -
12. 1 an?ﬂ@%fifdor injecting a length of coiled tubing into a vveI]T(,pT’P%Pé’MS“
‘net hod conpri si ng@ Woskiagistringyfoamsé af eqmposite wotledmbplgy sad dvoaking Istrivgdriyingda
posi tioni ng @rhid Sl meRlid ' | Lok € . the hirst reel
having a first fTrenglt h 5? b%ﬁ@gg a,?i hgpﬁ% %agg%"ftfeégpéﬁ’eargg’ﬁ?%lﬁggp?orles “R8&'fed
t ubi ng | engtfhstrgel, ageeondi rostion spre edeemsaid deand reelf amdst sedomhend; @adth end:;

i tioni ' | L t he ;shaft he.. d
Feel having a  seadagk AdtpiedteORBE A0S RS sOMe38 51ehG oPRBp A %GR Cocona
coi ISed tubi ng | engthlerchiasaid ghaft intBidsee vacntipstiosaceata partibnand @aa ofiflet
d t 9 | he fir1sSt treamend to ,the fluid | y;
connect i ng. tiscior 3SR 10 bl bishier SRR S GRpradetane e SR rect
i nj ecting t hesposedswithindsagkedhafidffsei partios.ubi ng | engths into the wel | head, .

wherein said connecting steps are perforned before said injecting step. 20
13. The method according to claim 12, further conprising sliding the second

reel out1nf AhRthcReRPRfeddingiallbanh WPes1diNEhngH8d waLkhd ﬁaﬁﬁ@é&-ﬂ@ﬁé@gz' y
I econ

enpty of coiled tubing; and sliding the first ree into the s
position. 12rovf@eAshaie Heidsraplignd 8 wallhead 12, further comprising a track

having a plurality.of .rol)lers, . said track being adapted to quide the first
and®second coi | eﬁgsfti?r?i“’rgga$l§hrﬁffli4§at téoﬁFl‘éu%@’élsﬁ%ﬁa&f firsigeel faving adirst 15. The

met hod accorlengilyof vilek] dutithd oot thérod, it Sirdt cHild tibinSRGOMMLIBbadrRY
positioning the trﬁff}?}tﬁi n_a first angular orientation to direct the first
coi | ed tubi HPSYEATyF 3 it foyvestiedmendnd  positioning the track in a

second angul ar opésitiirid #Fechfid fel RGE sebORl FRABAGNIRE diadt, fdREAGA k& 8hding &
the injector. 3 hod according to claim 12 further conprisTtng:

0 .16. Tge ."TE'[ ) g . . :
posi ti oni ng S§°91; Ipreth ggroileq tabipg speplerhibereppthe seoond cailagrtubing fenetthhaving @ el
havisng a t hiseebnd-dkbRtrddin AHONE! 2 3R0A MR AMA59250 PCT/ USO1/ 04541 | ength of

coi l ed tubing spool ed thereon, the third coiled tubing length having a
third upstream ggheaith Moltitst thstoNATh EARGRG sGpiect i ng the second

downstream end to the third upstream end; an
connecting the first downstream end to the second upstream end; and

injecting the first and second coiled tubing lengths into the wellhead, wherein said

connecting steps are performed before said injecting step.

20 13.  The method according to claim 12, further comprising sliding the second reel out of the
second position when the second reel is substantially empty of coiled tubing; and sliding the first reel
into the second position.

14.  The method according to claim 12, further comprising a track having a plurality of rollers,

said track being adapted to guide the first and second coiled tubing lengths to a pre-determined
25 location.

15, The method according to claim 14 wherein the guiding is accomplished by positioning the
track in a first angular orientation to direct the first coiled tubing length to the injector; and

positioning the track in a second angular orientation to direct the second coiled tubing length to
the injector.

30 16.The method according to claim 12 further comprising:

positioning a third reel in a third position on the shaft, the third reel having a third
-12 -



injecting the third coiled tubing length into a well, wher 8Diugas$t®004
connecting step 5 is perfornmed before said injecting step. 17. The net hod
accordi ng to claim 16, further conprising positioning a track in a first
angul aMO W& Pation to direct the first coiled tubing | ength t @GHES01/04541
i nj ector; pqsgl%m enéofed hibhalshaslEd fhBredn, IRSORE coiddiitibial 1REMaRVRAkaQrd GhsBbdRCt
the second coiled tubing I'ength to the injector; poSitioning the track in
a third anguindrandp themtdewingtreamendi rect the third coiled tubing length to the

injector. 10 18. A net.h f depl oyi i | bi ng._into. |l bore, th
Imgjt ﬁgdor:orrpri Si ngczonnrr%%lgg ﬁ“le%ﬁq’oﬁg%8%%t]%g?‘ce%g§cfe%5étug{d&gggé%n‘é%&ﬁan\,\‘feeI O{ ﬁe fi rGSt
and second reel s igj¢pRas the fiard doiled tubsipdestk iisla kel H&eﬁfsmohﬁ&tﬁlgl@degg,

respectively;, connecting the first coiled tubing length to the secon
coif ed tubi nigpedergen beforg widhineciemit¥huous | ength of coil ed tubing;

15rotati t ' . | s s as.to supply an injector wiith a
conti nudte | DfegbehdtBfEdS Ptk 16 odneh St ResRathe YRt il et
wel | bor eritigthtiv tb Hiedt thediedt 0biled kSbidiRnER 1AM ifectaH FisRbnirg thd @ik Ssechid t her
conprising: providing a third reel supporting a third I'ength of coiled

t ubi ng; SBEHArDYERAtRLD idﬁgctﬁhﬁesemdrceﬂ@dﬁugw 1@11531 fiedhe iaiegion nositioniag ths track

second ¢oOj | NQ: .0 f t. of coil ed tubing
pri or t?%@%ﬁﬁﬁg‘ﬁwﬁ%‘g@%%é& ‘%R %@égﬁé?%o%ﬁggc%gg%ﬁﬁg{e%g%Pﬁi m 18 further
conpri silBg guintbtheg dfideplevink esildduibing irfte @Melibere! e hfethdd doffprisigect or using a

pivoting track. 25 =
positioning a first reel beside a second reel the first and second reels supporting

first and second lengths of coiled tubing, respectively;

connecting the first coiled tubing length to the second coiled tubing length to form
a confinuous length of coiled tubing;
15 rotating the first and second reels so as to supply an injector with a continuous
length of coiled tubing; and
injecting said tubing into the wellbore using the injector.

19.  The method according to claim 18, further comprising:
providing a third reel supporting a third length of coiled tubing; and

20 connecting the third coiled tubing length to the to the second coiled tubing
length to form a continuous length of coiled tubing prior to beginning injection.
20.  The method according to claim 18 further comprising guiding the coiled tubing from the

reels to the injector using a pivoting track,

25
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