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{54) Title: REEL FOR SUPPORTING COMPOSITE COILED TUBING

o

(57) Abstract: This invention relates to two apparatus and one method for use in spooling composite coiled tubing onto a coiled
~ tubing resl. One apparatus includes the modification of tubing reel cores currently in comumon use by the direct adhesion of a com-
pliant material to the hub. Another apparatus modifies the commonly used tubing reel bub by affixing several panels concentric to
the hub and mounted on compression springs. The method entails the pressurization of the composite coiled tubing prior to spooling
onto the tubing reel, and subsequently releasing the pressure within the composite tubing after it has been spooled onto the tubing
reel. Both apparatus and the method protect the reel core by absorbing or eliminating the radially inward forces of the composite
¥ tubing resulting from the pressurization and corresponding contraction in length of the spooled composite coifed tubing.
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('57) .,Abstract: This invention relates to two apparatus and 1@iday2edaod f or
use in spooling conposite coiled tubing onto a coiled tubing reel. One
appar at uswig\glsdekgs t he nodification of tubing reel cores cugramobmzigs
common use by the direct adhesion of a com pliant material to the hub.
Anot her apparatus nodifies the comonly, used tubing reel hub by affixing
several panels concentric to the hub and mounted on conpr essi on springs.
The nethod entails the pressuti e} [ ' tubi ng prior
to spooling O ont MﬂeFE{%EHEEJPQ&LI[NQE@Mgg’géﬁgﬁﬁgﬁﬁgﬁg%éf&g the pressure
Wi thin the conposite tubing after it has been spooled onto the tubing O
reel. Both ARPAl A U d,the method protect the reel core by absorbing or
elimnati ng—lgfre—r‘adrzrﬂﬁy'i nward forces of the composite tubing resulting
fromthe pressurTiativomimndlacsieesplhneirmgs Gostpmecingomdi trankpngid cofiedt he

spool ed co site coiled tubjng. ,19 y 2004 WO 01/ 44088 PCT/ US0Q/ 42185 -1
REEL FCR SUPPBIPHCHOBRISEoHS (R LT FORP G BEUO0T o REPIESRITSR Thi s~
invention rglipliesigensird 4 wbin@ ré@ebg. for supporting and transporting coiled
tubi ng and. nore specifically, to tubing reel cores and nethods for

wr appi ng conposite 5 coiled tubing around a tubing reel core. Background

of the Invegti,on I Led . tubi. has been used successfully in the oil and
. ackgrou ﬁle lnven{lg .
gas industr —1he devel opnent of new technol ogy has expanded

the role of coilggiddulbing haibechispd Sidcedsfulan kieveil anddgdslihdusgy dodmpiyoduct i on
applications. The vast majority of 10 technol ogy and appli C,Flt I ons have
focused on Kearml Thecdeygippmentalpendechnelogy hghctpealedstge rolgRf spifqdulige feq

tubulars hayg, ket idafleYadingd 6A8 fbdub SpPRstiodseThy Whdkajorily B ati ons

are experienced on occasion Wt I c tubulars, including tensile
strengt ho | i rchatiégyrmd aphpizatiansdtave figusedioghetahd calpdtdshnpnABosebpisésdpd ity
frominhospitable copdjtions. Technol o advancenents in non-metallic,
conposi . pESEINCONFUUPHEBPAL S SEU R S CHPat b A B JBR R PBhS t o
many of the,li.md4RhlaRe &NsBH M@ Edalit fuBulkB Abludhg tdidht Angammesiche t ubi ng
I's commonly conposed of a conbi ned resinous-fibrous outer tube

concent ri catlhetoshognpags iand) cerrqsianstuseeptibitisy frembehospiabie ¢wditionper t ube
substantially providing the desire r - ot hve: I es.
When nanuf act ur eﬁ?c\ﬁf‘%lgg. i r?ﬁg?me%%%% ‘go‘?ﬁ‘%‘o‘ﬁ%ﬁ?ge?@ﬂ%@é‘? nl?a(e%é é:?l_im ? Lﬁﬁ'ﬁe% to the
outer tlbe. prduetohyrafecilitaigd seludonstiopigny pEthe limitations encountéred with metalic

tubing. Composite tubing is commonly composed of a combined resinous-fibrous outer
tube concentrically encompassing a plastic inner tube, with the inner tube substantially
providing the desired strength and protective properties. When manufactured, the iner
tube commonly becomes integrally fixed to the outer tube. As compared to steel tubulars

20 of like size. composite tubulars tend to have lower weight, superior bursl properties,
improved flow coefficients and increased fatigue resistance, while steel tends to exhibit
more favorable collapse, compressive and tensile properties. Thus, in cerain
applications, composite tubulars are a direct alternative to steel while i other
applications composites are the highly preferred option.

ta
wh

The physical properties of composite coiled tubing pose challenges and
opportunities for the development of new technology to exploit its advantages compared
to metal tubulars. One significant property of composite tubing is its markedly different
Poisson’s ratio compared to steel tubulars. As a result, composite tubing at a given
pressure will undergo a contraction in length much greater than the contraction m length
30  of steel tubulars at the same pressure. One problem with coiled composite tubing arises
from the exaggerated contraction in length resulting from this difference in Poisson’s
ratios between composite and steel tubulars. When the composite tubing is spooied onto

a tubing reel and pressurized for pumping fluid into the well. the composite tubing



20 of tike size. conposite tubulars tend to have | ower wei gigtMayg2QEy i or
burst properties, inproved flow coefficients and increased fatigue

resi stancewohizdmssteel tends to exhibit nore favorable col bapg8Rusri2iss
conpressive and tensile properties. Thus, in certain applications,
conposite tubulars are a direct alternative to steel while in other
applications conposites are the highly pﬂéferred option. 25 The physi cal
properties of conposite cojled tubin%_pose chal | enges and opportunities
forthe devel SAREHES B AR HEHNBICH IRAUNS WP Bbtgired. Al dritdgudietimpisbed to
met al tubul ar LA ¢ L n i OV < b S .

Tar Kedl y i 1erent o n L o GRElna P AR e B b R
result, conposiheraclbirngrature gi ven pressure will undergo a contraction in
| engt h much great t han.the contract.i in Jength 30 of steel tubulars at
Lhe same. pressur e CEHE GMRNTE B R SO STIE SRS b P 6eT Iy o
the exagger atee ERNEACITRMrioh ah RERstFRSULbIE GickdRTedln s M t@ngnes. i n
Poi sson's ratios between conposite and steel tubulars. \Wen the composite
tubi ng i s spddped Lhht Rt Mot ulisniy X eed tharrcwicesns twlins ¢4 dticafpd nipti Ve d
into the well. C i [ 2004 oG

T/ US00/ 42185 >;Sz%f§§§ta?1§‘§%§ dg’ﬁ‘gﬁ#gg%%?ég?%@g%bﬁg‘gﬁp\éﬁc%{é‘%ﬁ%’%é} Iﬁ"'t“HEé’ 4788 ng
reel. This hifghstbeagt i@ ise ih @ilcfield mpplicationse ., tuplel NAB. Panvonbkyy?21,285.
experienced with steel tubulars, possibIY damagi ng the tubing' reel core
structure. TaEHHIFHICEEOT 24 {Palh Lt rBnstrats (b e capable gfwithganding kg hiygben

m ni nal er I: agt Sin o 1 ri ‘ NS, ) hiing

st or age %jel 454‘1(')% g,[égg *‘tﬂﬂ%ﬁﬁ&xgghg‘“i“ @F@ﬁ?ﬁ{ paﬁg I@aﬁgf) m].La@% 6%?3‘&2’, and
t her apeuti c gesohsthitasgneikodd.for BrpeRidpipelifdat.g. Nog U.S. BRONSIRYE AL, BlSO
denonstrates conposite tubin% capabl e of being spooled onto a reel for

st owage and J¥& 1P derppistrpican &&dﬁr%%tﬂqgcfﬁgzm@!“gpf?mwsgpiwnw}'srl'iﬂa@tzcs N
5,921,285,  HOWRVRBambdiGo Rid @bin@Ridk&lelrScil © denpnstrate tubing reels capable
of withstanding the high 10 | oading Tesulting from pressurizing coiled
conposi te tubi ng. IMhwlcpfir gpmpgditeaiizng talemeamenerdy escepist by dpcfibns ey ri gi d

pi peline,.e.q._la S Pat. No. 3 402 but. falls to denmonstrate a
et hod 1 a7 ot Bhime. i Fangr P peaeptdte il s o Aok B BEEMINES0

i n damage t o stdtimgt prédsogzesit @hggrile @elulars despite the high loading resulting from the
pressure-driven contraction in length of the pressurized composite tubulars, or altermately
to provide methods of using existing tubing storage reels with pressurized composile
tubing in such a manner as o subsl_anlially minimize or prevent damage to tubing storage

20 reels of current design.

The disadvantagcs of the prior art are overcome by the present invention. and an
improved reel for supporting coiled tubing, and particularly composite bing, is
hereinafter disclosed. Also disclosed is a method of winding coiled tubing onto a rech to
minimize forces on the tubing recl core when the tubing is substantially pressurized while

25 coiled onto the reel.



I'n order for conposite tubing to be commonly accepted by op@risp?®4 or use
as* 15 production tubing, it is highly desirable to either provide tubing
st orage rwa&l @Mgeg8abl e of storing pressurized conposite tubifiTaYHESHit e
the high loading resulting fromthe pressure-driven contraction in length
of the pressurized conposite tubulars, gr alternately to provide nethods
of using existing tubing storage reels with pressurized conposite. tubing
in such a nner__as ntially mnimze or prevent damage to tubing
st orage 23% 4 tth IE\%RE r{adesi gn. The di sadvantages of the prior art are
overcone by the pygpRELsvsRMERE b 0silcdatisingbperatigtpinovieds & aetier fow lsnygipof t i ng
coiled tubing, and particularly conposite tubing, i.s hereinafter

di scl osed. Apisst sapaleblo sbéng. &t sieal KORPET L ABFHEAIERH) BN GBIORGCIEREY a reel

to mnimz e LI I [ LN Gicli Sstaliatic
Substant | af 19 breesi 2ed iR A e GEe g e Fe PP S0 wo

colled onto the reel.
01/ 44088:1" GTkikchSOMEd b8, -B/pRuattyethy tubingt ik eoilavvents therfubing yqsi eradpoglyfst em f or
a coiled tubing operation invalves a rather |ong |eng of cqi | ed. spool

abl e t ubi ng SWOEFEERRII0 tRENUESSUTZSHBHEY tp s a&s%‘“éﬁhcﬁg?f PeaRoNREH nf *6%?% 2
relatively r T ShinB AR d LdaStubRigtHae ikcRk&l @AnmAUAL Yy used
to store or ‘%?J&’g?%ﬁss{%f Il:(zjalﬁaolﬁbl%:‘(ﬁgluioﬁﬁbcogﬁ Egliautbigné. Typically, the tubing
i s coil ed ontdustrhexistibg deyigne &ir tubinggpalotr spenls hayebeegpadeawade nNEMsBREBR ur i zed
prior to installatjion at th ksite..Ho [ e to replace
steel coil ed™ @R r@ﬁsﬂ‘ﬁp%ﬁﬂ’\é\’g{‘? Rt e\ég‘ilbr%rég ﬁ%éscr})?%sg'ﬁ%g'ed within the

i ndustryy existi NGeqRsdelNmvémion!pidiag dppalatisihdwPmelnsd lHavigctsedring nadequat e
in withstanding the radial forces inparted by the conposjte coil ed tubing
once pressurspedhg coOnppisie pﬁléﬂﬁefr#bmgn%‘gﬂﬁff@ﬁs sRovPERY BiSFArRENgss 8h4S'EE net hod
for pressurizing.and . spooling. .comnosi - COI L NGpy.: , 0

sol uti ons t&om851§eh&cri}e n‘é‘ggbo "}hgmr%gﬁé té‘@”#%é‘{’e?gdeg%ﬁfeg”‘%‘ﬁgﬁﬁgﬁ% §tafri]h%(s-:-,xi sting
t ubi ng reel JdegigRs ovdhibe cijﬁbvaﬂtihoﬁntﬁﬂ‘ f2etlgaten dndBh@yegeoerinsthdatipniofr art
in that it facilitates and encourages the insch, | ation ?f S0 osite coiled
tubing at t Fempesikesotied whingal the WaEis P g me 364@ A8 TE6's WO CHAREFng 1 5

:Bgi ﬁgm‘i‘ﬁn RREOEGHMGE Drévsalel Sasikr ditfhg|iRShibhibAldraRe BdmpdaRe eoTRIAEbig COi | ed

down the wellbore.

A compliant material or an assembly of springs and moveable pancls located on
tﬁe exterior surface of the tubing reel core may absorb the radially inward forces exerted
by the pressurized coiled composite tubing on the tubing-reel core. This allows the

20 existing tubing spooling proceduresto beexercised. In the alternative, this invention also
offcrs advantages over the prior art in that it facilitates and encourages the use of
composite coiled tubing by using modified coiled tubing spooling procedures without
changes to the commonly utilize tubing reel cores for storage and installation of the
composite coiled tubing. The modified coiled composite tubing spooling procedure may
substantially reduce or eliminate the radially inward forces exerted by the pressurized
coiled composite tubing on the tubing reel core, thereby allowing the use of existing

3
in

tubing reel cores.
A primary objective of this invention is to alleviate or compensatc for the radially

inward forces exerted by the pressurized coiled composite tubing on the tubing reel core.
30  Three embodiments are disclosed in detail which afford this characteristic. The first
embodiment utilizes a specially designed tubing reel core with a compliant material, such
as rubber, applied to the spooling surface prior to spooling the coilcd tubing. The
compliant material provides compliance of the tubing reel core structure. A second

embodiment preferably utilizes springs or other biasing members placed between the



down the wel |l bore. A conpliant material or an assenbly of sigrMag30GINd
noveabl e panels |located on the exterior surface of the tubing reel core
may absorb the radially inward forces exerted by the pressurized coiled
conposite tubing on the tubing reel core. This allows the 20 existing

t ubi ng spooling procedures to be exerciged. In the alternative, this

i nvention also offers advantages over the prior art in that it facilitates

and encouyBigsedl raereum taé tuwmssﬁo@m@sdmetw élgo bmvidmgrt@mmdh&é &dnheoi | ed

tubing s I|n pr o nly utilize tubing
reel cor d4bngea PBWa%%‘C W}?stF i F@P%wegfr s tuewms%@% Pea egnvestiondlbi ng.

The nodi fdeatyne ﬁe\h@d eﬁ@ﬁnyom 1uBingUBAIB 8 BRI dHBight Qe RIBtIBedBYovE3 This thlrd
substantlaJIg uce or, mnate the radially inward forces exerted by the

pressur i Z8EPodIgen éﬁe%%%% p&o qgjoqq%oo&ﬁe fuhing RYiF fRySRaoling thstdbing pRicdRG

al | owisng tubieg vee?, Md rBAy BicluaE relealing e PPEYsUROERE:- thé\ttmmglmwmpiateqsﬁépdwedof
this invention is to alleviate or conpensate for the radial I nwar d

forces exerted by the pressurized coil ed conposite tubing on the tubing

r ﬁel core. 3Qn'6hé%\ep@¢1hﬁéllrﬂ,©ﬁﬁtﬁ1 @rbeidés §%é)$&(i;upﬁorﬁ@é abrhpadite &Bilef uBing t hi s
char act e

stic., The T nmpbodi nent specl al | y desi ned t ubi ng
Feel cor dhiepry e &g fiihe BRREAAUEH onif b S and apkermoca It FEBPLG THie
spool i ng tatdmf;ﬁ@&a Euiled tubing mmbumgrédwnwnl e réélbbﬁ@nsﬁﬁ@&a P& byt a
mat er,i.al EPVllgs conpl.i ance of tubln% Eeel core ructure.. A second
ebodPmeriUPRINF BF e RasFiapd ot b7 Db ee: 81 5t faroeeiierat acheu
bet ween tdfr{eldofﬂ?d\h}b ﬁeﬁauﬁmg ld:bi!é’cgtubihg |onQI@? ﬁulﬁéﬁld bé‘tEJebhl mwdfﬂﬁbe§@h@|d ng
surface, and .also klan e of the | re structure.
The ot T OBRIBR MaBieh Ve i VR P RGPS o BroBOTRBER o BRAVE esi gn. new
or exi st idngagemnentuinnge lteﬁdstub:ﬁgtsh.%h wl é@lﬁalygmaras:ompgéfésn@ef&cabey@tedw |S
third e ress L0l ed co Ite tubing prior to spooling
t he tubi HBGSW[%[} Wngret%hﬁoﬁbe & camgliapt {nat n%@lfude rel easi ng the pressure
once 16he tubing is conpletely spooled In one aspect, the |nvent|on
provides a reel for supporting c osite coil t ubi t here e coiled
t ubi ng bei ng aﬂﬁﬁa{“%?gf’%?ﬁih% lgngn(%%d)r%vgcgesss%qepgfgasy%o E‘? 9189 t hr ough
t he coi | edbihg tiengori, tieocailed ll;lhiir&j themewounebito thdieel arel pr@@sume@ intgthally fBer t agl e
]? ?Zﬁ g ea aé:}%ggoir?ﬁ iR iﬂﬁed Otﬁfe :’?er t%gmg in g ars%f%trr%%aGn v%el?ltlhe reercomp?r?(slinsg’: aan en
portable base; a hub mounted on the base and rotated about a hub axis, the hub having a
20  cylindrical configuration; an end flange adjacent each axial end of the hub for retaining
coiled tubing on the hub and between the end flange; and a compliant material covering at
least a portion of the exterior surface of the hub for engagement with the coiled tubing, such
that radiaily inward compressive forces exerted by the coiled tubing are absorbed by the
compliant material having a radial depth of from 1/4 inch to 7/8 inch (6.4mm to 22.2mm).
25
In yet another aspect, the invention provides a reel for supporting composite coiled
tubing thereon, the coiled tubing being wound onto the reel and pressurized for pumping
fluid through the coiled tubing and into a subterranean well, the reel comprising; a portable
base; a hub mounted on the base and rotatable about a hub axis; an end flange adjacent
30 each axial end of the hub for retaining coiled tubing on the hub and between the end
flanges; and a rubber material covering at least a portion of an exterior surface of the hub
for engagement with the coiled tubing, such that radially inward compressive forces
exerted by the coiled tubing are absorbed by the rubber material, the rubber material having



end of the hub for retaining coiled tubing on the hub and bxMeep00she end
flanges; and a conpliant nmaterial covering at |east a portion of an
exterior surface of the hub for engagenent with the coiled tubing, such
that radially inward conpressive forces exerted by the coiled tubing are
absorbed by the conpliant material. 15 |n4&nother aspect, the invention
provides a reel for supporting conposite coiled tubing thereon, the coiled
t ubi ng bej o o | ' ik ng
{101 -t r GoaaeASe plindsh REwh oFs AT bETOILATE Ll g fthe nb AR
conpri si niie radialfysruterplost istairing aurfase afeach end Bangehe base and rotated about a
hub axis, the hub having a 20 cylindrical configuration; an end fl ange

adj acent each axial end of the hub for retaining coiled tubing on the hub
and between t hi@ teafirst erahegdimenin thedubibepea! aay beegomipirised obw pertatie base, Rdubt a

portian Orfotaﬁg’(ﬁ(ta ﬁﬁuﬁp i .“;Eﬁ*{?t Iﬁﬁ\%ggfcqartégat% Efs (?WQL%:’%HH a"&@oh%gme coi | ed

tubi ng, such adi : npressive torces exerte y the coiled
t ubi ng ar@aieiglnbied spoolingsurfaeme| thehub.nidedwibairefaeablyipse substantialyept h of
from1/4 éﬂﬂﬁ&}i({apcrzég—séd%ﬁ 4!..@ d ShérdgetMBiric %PEQ 'pﬁ%tﬁoﬂ'@%r“‘?ﬁat@ﬁ&% the
i nvention provides a reel for supportihg conposite coiled tubing thereon,
t he coi | elP rubbehubliemptivelv meydst woad plaste Iglasadcapetsenntherapvieo textitaspThey

fluid thrégﬁg(_n- Lils ' ' : e reel
conpri si ng; a’a_%{}??%g?lelggﬁggw%‘eﬁgg O‘r’r%fjér)l?gjgﬁ %&[ﬁ%&g}gﬂ@b %c# F 'O%Lgt abl e about
a_hub Oaxi alternasiveliaan berappliedijndesssubstangaloiaaticsiin each ofthe faair HuAsraos of

ret ai ni Nong R RodiGisNac) ThiBofibhark AbieH W3R Bretdby SiHbred 13RIET0IAGY. @

rubber material covéring at |eas portion of an‘exterior surface” of the
hub for WHgasuitehigharade epexycbitineay baipesiipned o seerged imaplace byotherar d

conpr essi ydhekRES K t t i | rubber
mat eri al , tﬁe rubbecr %ﬁgtélefgggﬁé/rﬁ,a%m%@%@ﬁ}a%%ﬁﬁeﬁ%ﬁeﬁ@?ﬁtﬂ%%g?ﬁe%? &'ferd om1
%to 4% otbingeadihg tugiagiree! seelversugdace Jihecoaplianimaierel ofaythage Bulsptind  t he

radi algl y guEEPBlindeARS Ninke g%%ﬁ%%ﬁfmrﬁﬂ% d?fé#e#a%%’?ﬁ@ 3 raBial @%)ﬂfl gf %t

enbodi nent, the tubing reel be conprise a rtable b ub 5
r ot at abl deastdihich(héBmixi s, an end flange at both ends of the hub, and a
conpliant material on the spooling surface of the hub. The hub preferably

has a substantially ) ] o )
As the’composite coiled tubing is pressurized, the increase in cross-sectional

diameter drives a contraction in the overall tubing length such that the coiled tubing cinches

20 around the hub. The compliant material absorbs the resulting radially inward forces of the
pressurized coiled tubing and reduces the forces imparted on the tubing reel structure. This
reduces the likelihood of premature damage to the tubing reel and prolongs its useful
operating life. In addition, this embodiment is relatively simple in design and operation. The
compliant material may be applied in the field using common hand tools and/or an

25  adhesive. This embodiment will not require amended or additional procedures for utilizing
the tubing reel for coiled tubing storage or installation, and may be utilized with the
commonly used procedures in the industry.

The second embodiment of a composite coiled tubing reel may be comprised of a
30  portable base, a hub rotatable about a hub axis, an end flange at both ends of the hub, and

panels or moveable supports fastened to the exterior surface of the hub by



cylindrical cross-section, but may be other geometric shapeg.Mayhgooonpl i ant
material may be rubber, but alternatively may be wood, plastic, glass,

car pet, onvobhesosswoven textiles. The conpliant material i srgresarabsy

pl aced over a majority of the spooling surface, but 10 alternatively may be
applied in | ess substantial quantities |5n each of the four quadrants of
the reel spooli ng surface The conpliant” material is preferably adhered to
tsggu?ggol :']ng(foé‘??% smnoipﬂgns E&hllnsge:nlgeduﬁglglﬁﬁie leltI)t m]gg% SQ%‘IQQS" Stu|b9[[‘},ﬁﬂl]|@nd

the interf er@mmanaﬂetsmemn hevaacobmer gdinleatt- shhpﬁnil angssesndnmlhe mu bmmg, (freel
spool ing surface. The conpli ant material may have a depth 15 between 1/8
inch and 1 iWerFPE. Ippeio ity pipodimgat b‘l“’éfbérsab‘w zlﬁ%‘g‘da“‘f‘dﬁ‘lbaf‘ GEPEH of at
lleast 1/4 ingh. (8 am'aayﬁ B@fs‘.lﬁ)?t'mt?ﬁfv c?lc&ﬂlclc%qaf[sﬂgblﬂﬂ., s €SGHEsRRd, the
I ncrease in cross-secti'dnal dianmeter “drives a contraction in the overall

t ubi ng | ehgt fubBgedcankeat, bmfnehm:embecﬁmtuﬂsmgunhmfh\eapZﬁblammmdlcudﬁend]uml The

conpliant material absorbs th d.f
pr reTTs)surl zed BEferadly iﬂﬂﬁ%ﬂiwe%é‘gab‘ggh‘{] rfargfz%‘?yﬁ *H@?frl{r%%”g EIP 'E“ﬁ’ﬂl ng
reel struct upe ecldibSiar SGHUECBS “tcmifd ﬂladé%mehg&%emc REFIBIHE farRTRGEIdobet he

tubing reel and prolongs its useful operating life. In addition, this
enbodi nent | soveedatithvisd gongiliaml reatene! disslioggd 1aﬁr¢ fmﬁemwmnt 'ﬂHe Splcmﬁfllamnt
‘material may bFﬁE@d mtheﬂelﬁ%uswgl tt ls and/ or @an 25
adhesi ve. Thp&ias P8R EXERPT hyloturiags &7 eéWE‘ﬁ%féﬁmS Su&&&ﬁs Dol procedur es
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and may e ut| | ze comonly used procedures in the industry. The -
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ends of the FRISES WRATRENEFRIessAD C"éeﬁ‘r?[)%'lr && AR SRR I HEDYE S e r | or
surface of thaiRur Qﬁ‘lné@ td¥an S20ds MRyAARLAGOBIB ddrs LTH PRt dRdiB&siobsprings
conpressi on springs. t hi s enbodi ment, the hub may al so have a

substanti al | tp prexmr rlparracb@umwd;fercemﬁthﬁrasﬁswaw wtilse Fubg%%mrqd@agwaﬂé@d
Cross-segtio gnels or noveable supports in this enbodi ment may be
spaced aroun at constant intervals and may provide a

substanti al 'y ci rthyddeseades af thegaohd sugbwlimémare sdtstantibldy Smithadthose of the

first embodiment. As the coiled tubing is pressurized and the increase in cross-sectional

By o

diameter drives a contraction in overall length such that the coiled tubing cinches around

the panels. the springs beneath the panels absorb the radially inward forces of the

20 pressurized coiled tubing. Asthe springs absorb these radially inward forces, they reduce

the forces imparted on the tubing reel structure. This reduces the likelihood of premature

damage to the tubing recl and prolongs its useful operating life. In addition, this

embodiment is relatively simple in design and operation. This embodiment will not

require amended or additional procedures for utilizing the tubing reel for coiled tubing

25  storage or installation, and may be utilized with the procedures commonly used today in
the industry. |

The third embodiment of this invention comprises a method for pressurizing the

composite coiled tubing prior to spooling the tubing onto the tubing reel and the

subsequent relief of this pressure once the tubing is completely spooled. A preferred

embodiment pressurizes the composite coiled tubing to 5000 psi prior to spooling, but
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other embodiments mayv pressurize the tubing from as low as 1000 psi up to the



5 tubing to contact, but other embodinments may utilize f ewerg Mapnedess with
at "l east one panel preferably spaced in each quadrant of the hub. The
panel s i n whaigssBerred embodi nent are rectangul ar shaped, YWat/Vi¥i4have
ot her geonetric shapes. The panels may al so be covered with the conpli ant
material disclosed in the first enbodimegt. The springs may be fastened to
the exterior hub surface and the interior panel surfaces by nechanical 10

fasteners, blﬁ%%&n %E'MS’JSXNWLI)IQQH gdeém%l: ARG n%qtsv"!nt.lb P fe18dade

epoxy. O her penings 1 n the exterior hub surface
to aIIom1thesm@e@kelamdtmnnusmmnmgﬁnumspaMUimbhg depress i nsi de the hub
exterior surface. O her enbod1 ' t or si on

utjlize
springs or hydrauﬂ“é W e s e @ngmg%gmnﬂﬁ : h%§?%ﬁ”%“# %h%“m?BiBFevent

the radial i r\mmu&o&qﬁ@,m AL HBwRaSRYE bEHd pﬁgl.dreddtzbﬁhndngmfummumarmgung t he
15 tubing reel "hub. The advantages of the second enbodi nent

ar e
substant i &l | yeai Fitd ramatlpam\hos@r@s cermonkyjexpericapgsd thraRdus IREra HEs iR iy
tubing is pressurized

ncre Loy i ves
a contracti of FSATHIRPLLY! P‘f Y ‘[“"ﬁ"cc lagf%é{ét{"ﬁg‘ﬁi%ﬁ%q‘gj I?!Slglllll’llmgl(lll nc gé)"g'r ound
the panels, ﬁﬁ@r&pﬁl'ﬂﬂﬁelp%ﬁﬁ%rb heapaiepisssatisaion .-Iflhﬁs;f(ﬁ)dihallhg/luhln\muhdl
forces of the 10 pressurized coiled tubing. As the springs absorb these

radially i nmnﬁulf&ﬂﬁ@éb ingrigasgd Flwﬁée‘F*@‘*W@é’@sﬁt?ﬁb‘ﬁ%éBd B‘r‘r”f e HLEPHY 1 eel
structure. fb‘%&liyeg#lgl%%gt Pc cl)llnggéxfehﬂgglgl()&‘p{?ﬂia? g’;lg H:@fm%u:[ enbh@nicHPi ng

reel and prol eratin tion, this enbodi nent
i.s rel atiygel liflinaeshe rbr@kesmFmanm thp ertard @ol. asﬂmmlmﬂlbﬂplmm qumo!rnm
require anended or additiona rocedures for utilizing the tuP e for
coi | ed t ubi ngutisg an@*rlegetacbhaumh@t%hﬁHPW@CHC léﬁap%éwgé@ Cgf'ﬁl’r‘?'k“e‘tl ’gH“’

Procedures. CRRIY VBBl Revhin ddngﬁleﬁaaxcrra@%ﬁmxﬁtcennoqmm,i of

this inventi pressuri conposi te col

t ubi ng prior i isREDY pudl bhe thaitubhig roclt buttwid :bubm;mgt Ingleiddaﬂlld itfyerd forces
subsequent relief of this pressure once the tubln s CO%P et el led. A

preferred 30 biitvhing resh edddippaly, PH?‘B%HﬁS%??& Bigithed U%“hdgfﬁgégbo psi

prior to spoolln tiub Beuckt om as
low as 1000 p&™ 5""t‘%'t“r‘n‘q”qg{‘ﬂi§m§’gﬂ(5‘ﬂmbs Yol SBRAHE lubflrDe, NSjll[i%l—lI)/AfL2185 6

the likelihood of premature damage to the lubmg, reel and prolongs ll.‘: m(,tui operating
life. In addition, the embodiment is relalivcly simple in design and operation. This
embodiment will not requirc additional stmctiu‘c,fmrdwarc or tools, and the apparatuy
required to pressurize composile coiled tubing may be the same apparatus currently
>0 required and in common use in the indusiry during coiled tubing siowage and wellbore

installation procedures.

It is an objcct of the present invention Lo provide an improved recl [or supporting

coiled tubing thereon, with the reel minimizing or eliminating radially  tnward

25 compressivc forces exerted on the coiled tubing. It is a related object of this mvention

1o provide an improved method of supporting coiled tubing on a4 portable recl. with the

method including winding the coiled tubing on the hub and between end fanges while

the coiled wbing is internally pressurized with fluid, and therealter releasing the fluid

pressure on the coiled tubing such that the release of fluid pressure substantially

30 minimizes the radially compressive forces subscqucntly cxcrtcd by the coiled tubing on
1he hub.

Itisa feawrc of the present invention that the portable reci for supporting coiled

may include a compliant material covering at lcast a portion of an exterior surface of the

hub for engagement of the coiled tubing to minimize the radially mward [orces. The hub



maxi mum rated pressure of the tubing. O her enbodi ments n) a9 May 2060¢c!| ude
the subsequent relief Al pressure within the spool ed tubing, The advant age
of the thiwdogwdoesli mrent is the substantial reduction in thepcmagoi/suee of
the radially inward forces of the pressurized coiled tubing on the
lul)iilt; reel. The radi aI ly inward for_?_es comonly experienced in the

I ndustry al-Ca result of "the pressurization of the conposite coiled tubing

1L T B ey R 2

It was this ously
i ncreased theer’ﬂfbadﬂmaﬂclofnQUhé‘L@MﬁbGBMF@“tolﬁﬁierﬁgbﬁﬁal geyleuksisd lwbs | engt h,

t hereby cinching TIth?f&@HPQ%duP@oﬁtM.@im@m@anHﬂdhé &tﬁnﬁlmht r'ﬂﬁlteﬁﬂ%ay hEle%cted
enbodi nent 1Q el i m.nates as..a resul t

e
o the o essdPryantgn gret O ol R ins TR fopE” plasfe R’ T o il
wel | bor e. 3By feypwebf thg ptasentemepisi tﬂlecqmwmgm@m@ mpehave glidig dﬁi@élof Mul¢e t he
tubing is pra%yfh%;ﬁﬁlal ?mt mgaqf:h@@xﬁeﬁbxeﬁﬁfaeg omab @ﬁ@ﬂﬁ:ura@mu; BEtckdd NQ

~wWi || |
T h U o el s e AR gl e, 1n AR bPPEfingMs e

pressure wt komplae nta@ahgmwsmveﬁ_sds@dc;pthI@éﬁﬂntb’ﬂpm tod neibiand) prddribly npar t
substanti al | . LEFS uflcqlrtgq,g)mgg the tubing reel. This reduces the |ikelihood

i e 1 m a1 on it hEr DRGSR ber SR B RO R TR T MU gAY
operati on. Tl‘of snovebib adppant eash Istppoeted paghe heb,aohdi 4 powaity sf sprofgecesh foar dwar e
or stools, angiLhe 308 tﬂte%%eofl{hgﬂfﬁﬂlﬁ ofﬂ?fgaﬁﬁ%ﬁﬁﬁcﬁ'g ERIRARI G GR B8

t ubi ng may be' sal n gl S curren comon us
t he i ndust ry htbr Eagh @fdhe @ rqlmbpﬁ@ogqabwesg@pwmkbq Hoslangalg Wl&lel’%ﬂﬁhﬁ&

procedures. lakiall$ aRRg Qb.h@&ﬁm@f drh@h O iSR! sﬂ)&@:‘x/rﬁgﬂidt@ébntlﬁe aquwnges @i thepr oved

reel for supportin cai l I.ng. t hereo reel or
el i mi nat i'Ag tpg'ﬁ?léﬂ" PHitEY H“%gm lg%)srpgggf VZP hFVpFch >?Ies‘r)t"édu oanl ur:%l %f
tubing. It i speiured sat:ledxaoemcbofthgrnlutahltssofmnblﬁ@upport@rrpvmnvaéadmlyuméved
met hod of Su&gﬁ)lrlieéﬂ& Hhd {?ﬂ) zﬁMl?htBQ r eéh\Qanfe%lPlttﬁ: ﬁl@f@ilty O\MBQ‘EL&&G net hod

I ncl udi ng Wi ndi ng t ec0| tub | ?‘gg bef ween Ianges
while the coiled ¥ A fsaturesoliths v 'I°P)9 %FES’EEI‘ Pg8 S‘W’?W"H‘"’?ﬁ l”[éfﬂfelo
thereafter r eéaaﬁawglctdde pfréydtluﬁtmg)t}esmuled? tuiting kwhile dielngdwduidi mgthsumh afat t he

rel ease O’B fl léﬁ\geeH b eElH angdd E{gséu?é .l.lry e%gssrgf N bﬁﬂ) Ffs gﬁ@ ﬂgld%%sﬁlrlz )éxeh“ted

conpr essi ve OFCGS supsequ exert he co %
on the coiled tubmg dunng thls step is preferably is an excess of 60% of the maximum

rated pressure of the coiled tubing.

It is an advantage of the present invention that the coiled tubing reel is relalive]'y
simply in design and construction, and is highly reliable. A related advantage of the
25 invention is that the coiled tubing reel utilizes conventional components so that it may
be reliably nsed by field personnel who have little experience with coiled tubing recls.
It is a further advantage of the method according to the present invention that
conventional tubing reels may be utilized to substantially reduce or minimize the radially

inward compressive forces on the coiled tubing hub. '
These and further objects, features and advantages of the present invention will

LS}
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become apparent from the following detailed description, wherein references made to the
figures in the accompanying drawings.

The foregoing and the following disclosure and description of the reel for
supporting coiled tubing as well as the disclosed method are illustrative and explanatory
thereof, This invention is not intended to be limited to the illustrated and discussed

(W9
Ln

embodiments, as

one skilled in the art will appreciate that various changes in the size, shape and materials,
as well as in the details of the construction or combination of features of the tubing reel
and the disclosed method may be made without departing from the spirit of the invention.



It is a feature of the present invention that the portabl e 19agdy 2d04
supporting coiled may include a conpliant material covering at |east a
portion 0\V3@”§§&§r|0r surface of the hub for engagenent of(tthaueeiiked
tubing to ninimze the radially inward threes. The hub 19 May 2004 WO
01/44088 i ' CTfUSOQ 42185 -7 may have substantlally cylindrical
configuration and the conpli ant mat eri ar® “may be prOV|ded on each

circunferential quadrant of the substantially cyélndrlc hub.

further feat\iagousfembodmeris e Mot AlEEALY HBCRigHPS SRAPLIHE bf“?‘éﬂ’”%)}"ﬁ‘él
selected fro@a Wit ¥ahigidorcstt@igy thakubing el udi ng rubber, plastic, and
wood. As a further 5 feature of the present invention the conpllant
material may have a radial depth of 1'% to 4% of a radial depth between
the exterior surface of hub and the radially outernbpst retaining surface
of the end flanges of the coiled tubing. In nost enbodi nents, the

conpliant material may have a radial depth of from1/8 inch to 1 inch, and
preferably from1/4 inch to 7/8 inch. 10 It is a further feature of the
invention that the portable reel may include a plurality of novable
supports each supported on the hub, and a plurality of springs each for

bi asing a respective one of the plurality of noveabl e supports radially
outward fromthe hub. Each of the plurality of noveabl e supports may be an
el ongate panels extending axially along a substantial portion of an axi al
spaci ng between the end flanges, and the 15 plurality of springs may be

| eaf springs. The hub may al so include a plurality of apertures such that
each of the plurality of noveabl e supports may nove radially inward wth
respect to the hub and into a respective one of the plurality of apertures.
It is a feature of the invention that the nethod of supporting coiled
tubing on a reel may include pressurizing the coiled tubing while being
wound on the hub and 20 between the end flanges at a pressure an excess of
1000 psi. The fluid pressure exerted on the coiled tubing during this step
is preferably is an excess of 60% of the maxi num rated pressure of the
coiled tubing. It is an advantage of the present invention that the coiled
tubing reel is relatively sinply in design and construction, and is highly
reliable. A related advantage of the



25 invention is that the coiled tubing reel utilizes conventiaatoos
conponents so that it nay be reliably used by field personnel who have
little expayghengssy th coiled tubing reels. It is a further pagdyailages of
the nethod according to the present invention that conventional tubing
reels may be utilized to substantially reduce or mnimze the radially

i nward conpressive forces on the coiled t¥bing hub. 30 These and further

obj ects, features and advantages of the present invention will becone
appar ent fronﬂm@éﬂm&_ﬁg_ﬁg@_ﬂw description, wherein references made
to the figures ingth [ T g

foll ow ng disclos u?é gﬁ%gg%@ﬁ%tsﬂgn‘qé?%ﬁgﬁﬂed P‘g*né‘%asﬁ,ug[garup{é‘r]cog}gmme

tubi ng as wel {ubfg spbsledlbs dleasd method are illustrative and explanatory 35

thereof. This invention is not intended to be linted to the il]ustrated

and di scussed enbOdi Aeht STOSESCYIEASKFY U PHIFIRE HPLIRRIPL Oa st BEPHIo8: t hat
various changggstfinkA&oftipfisnt nSRGRE s ®RAIRLSOY & the &acmlrfldc@émnb.w?een

details of the consfruction or combination of features of the tubi ng reel
and the di sclb’@ed met hod may be nade wi t hout departing fromthe sp| r|t of

the invention. %ﬁ 2004 1VO 41/(:%?? }cr% b/%18000/ g]CI 2 @ )

enbodi nent s exi st £t S AFEOSF HAPPT & Aser spbadimepiol ](':’8% & rt“l'—lngcm | ed
t ubi ng w t hout plieakigigoigoabid espposydnd gpiitgasseibliey eacéxesuppomdmw:zg@ng wel

01/ 44088 PCT/M@@Q{%@&%M &hdBidngts. Description of the Drawings Fig. 1is a

S lified side oi | ed t.ubi r eel |1 ting conposite
tL}anlg Isng)I Ied oxl ‘ﬁegfseaesl‘g ‘Ilif"ﬁ 0“% %“%%er'&?lbéléolv@e'g?%ﬁ | 8| ewméf :a

preferred enmbodi mefilg. bis 4 dressisactémal Gow ofénmthctrwstbloémemgofalhcdmphiitant mat eri al
substantially coveg; n@zs ak@%ég%te@tﬁon%l‘wfa@%?y@tfangthtePQhMIrﬁ@rﬁloft}m’iﬁverﬁog 3is a

Cross-section view anot her enbodi nment the invention, illustrating



a pI ural ity of noveable support and spring assenblies each 19upppeded or the
tubing reel hub and between the end flanges. 10 Fig. 4 is a side view of

t he embodi nent shown in Fig. 3. Fig. 5is a cross-sectional view of another
enbodi ment Y? 0OU#H@88 nvention. Fig. 6 is a cross-sectional vidfigfS0dgIts
anot her enbodi nent of the invention. 19 May 2004 WO 01/ 44088

11CTItJSCx 1/ 42185 -10 Detail ed Descriptig@n of Preferred Enbodi nents

Ref erence is nade to the attached drawings only forthe purpose of

dermonstrati ”%cta@fe@f[f‘és&%ﬂmﬁ”ﬁP‘P?’dr&Wé?iténB&ﬁ:n@ﬁ’Js for the pr pose of limting
the same. |15 T Tustrates ener "E‘IEJ%" a. reel 05| ng

and/ or t ransport i rﬁ{é [CHHE SIS 1@ GE pkRE aW&’ESS“]T‘I%%”ﬁ fl’%ﬁﬂl@*‘f‘v‘ﬁ'ﬁ 1l y
transport ed *fs)éuafrw‘hmmmgﬁx aQF u@hPehc Wubddsd Qﬁluﬁmn't,rtﬁc package |0f11u12|hﬁ5L reel
and coiled tubing commonly referred to as a coiled tubing unit. Fig 1
further il gsteralhesreche spondddot wpparbiggnd e tbmsm;uunméhwuanwléxblemded

f I d 10 f
oL oo OB AR BRE R Pl B TIER g

i | lustrates genehaldojed@thSanS@6kiQBlefkd thas hailcOtutsROohil 10ilQ Turther

il lustrated |n Fig. | with the conposite tubing 18 renoved for clarity. Iii
addi tion, Fid! “S“ZIEFF’P%Fé’!‘ﬂ’&’é‘é‘s‘“étﬁ‘&ﬂéﬁéﬁ’t“s!m&?e]c& %F&PEPS H“é‘ﬂr‘b'bdt”h‘ﬁ‘l’\i“h““’
|nclud|ngth r. I Xt rfa f the
b 20, 'n a per el aimeRbe dsor SR e e B 2% Dse 14
and rotat abldewahﬁiutsearidwub" iaxl ﬁllﬂsﬁdled\ﬂcr&mdlvfd angescbldon sl Hdjradentsped Kach
axi al end of ﬁ e )5_ i rﬁo and retai Ef oilgg t glb.i ng, 18|Ion the hub
20 and befwed USETHE?df”I‘ Hges™! ‘z‘l‘cﬁ\("ﬂl’%ﬁ‘ﬁl‘? ‘93 reTRRE LT " iy R B B o

i nt er connect “ﬁh@slﬁ%cgﬁpm&ﬂ &%EP&T@%M@JO@HQ&H 1ﬁtlﬁ&ﬁ$lh‘c@m1)lhﬂﬁhf&‘tl’dl@l 2022,
such as rubber, 1s applied to the exterior surface of the |tub 20. A
preferred erubplﬂadmntthucwnsmsﬁlsiagcfOf'ilhehulub%er 22 substantially covering the

f f the h h f
of the hub 20 rmy thé PR ApgosEn B SRRy 0% Mosh DA Gk Lo ab T ace

m ni mal |y appbia@@iedboli Dhueashs 1. ravedenant iials adiastadfaxtibnd exbehilor
surface of the hub 20. A preferred enbodi ment depicts the hub 20 as_havi ng

a subst arit i al0lapd egpainnide ceilad taliap &S omibe huhk 0 padbopgeqvdle Brgss taKeP it or t h
of ot her georg?fts;gél\%s 19 may be used to interconnect the hub 20 with central shaft 15. A coinpliant

nlmlcrial 22, such as rubber, is applicd to the exterior surface of the hub 20. A preferred
embodiment consists of the rubber 22 substantially covering the exlerior surlace of the
hub 20, aithough portions of the exterior surface of the hub 20 may be lelt uncovered,
20 suchthat the rubber 22 is minimally applied within each circumferential quadrant of the
extenior surface of the hub 20. A preferred cimbodiment depicts the hub 20 as having u
substantialty cyliiulrical shape, but the hub 20 may also take the forn of other geomeiric
shapes. The rubber 22 may be fixed to the exterior surfacc ol the hub 20 by a
conventional bonding material, such as a high-grade epoxy. Other methods of
‘25 engagement are also possible, or the rubber 22 may be held in place merely be the
interference or friction fit between the coiled tubing 18 and the exterior surfacce ol the b
20. The material 22 applicd to the exterior surface of the hub 20 may be furmed from
other materials. including but not limited to plastic, wood, carpet or [abric. Other woven
textile materials may be used for the compliant material. The rubber 22 apphed Lo the
30 exterior surface of the hub 20 has a radial depth of 1/4 inch, but may have a radial depth
of either from 1/8 inch to 1 inch. or from 1% to 4% of a radial depth between the exterior

surface of the hub 20 and the radially outermost retaining surface ol cach flange 12, The



sﬁapes. The rubber 22 may be fixed to the exterior surface 1gfMahgodaul a 20
by it conventional bonding material, such as a high-grade epoxy. O her

met hods tin' 23 engagenent are al so possible. or the rubber hel d
in place MEP&IA%8_ tine interference or friction tit bet \Aeéé‘?/tuﬁgm‘gg% ed
tubing 18 and the exterior surface of the lath 20. The material 22 applied
to the exterior surface of the hub 20 may- be fornmed from other materials.
including but not limted to plastic, wood, carpet or fabric.Qher woven
textil e mat efatnl Seprmyf the meseerl! 2(ois ptdferalypiiohi HAtname &B8iiadh, athemubiers 2' -)
applied 10 the ,0 exterior surface of the hub 20 has a radial depth of 1/4
i nch, but ned leasyd4dnetllickl depth of either fromUS inch to 1 inch, or

from1%to 4%of g Jn%q{c?t{emtjr}nﬁ%amﬂ tlﬁéﬂ'&n%%aﬁf i erialSU if 8GR0l widie hub 20

and the radially outerno retaining surface ol " each Ilange 12. The 19 My
2004 WD 01/ 440880f pERUSDDpaR 8 Brs-shown adfigs. 3dagtih petels Heuguectyighlar 20 i s
preferably from1/4 inch to 7/8 inch ommonly is .at |east 3/4 inch
DIt ok, 1t andoRees BraRHE S Ergd fub S 36 Sbma st bt ikt

repl aced wi tfyaso $YShaF&Eios RpiiNESanthe@nels26 Hshs Bas@ddrenfticdmend apnd 4,
panels 20 are rectangular in 5 shape, have the sane axial |ength as the
hub 20, and eremsappbaityeshbabsd Ardngfttiixedalsoanch@an st MPSEPRLRBHRERESS PHh
springs 24. The panels 26 in.the preferr e L ggn . : "

ci rcunf er ent F‘%ﬂﬂi“{}) S é'%yéﬁgﬁf“ %‘glncsopﬁ’ﬁfssﬁﬁtoggl\}%g%?’”g23‘ Er)ntal}f%Ir r%lélg?dlg GBSt Bnti al 1y
agai nst one ;RAQPLIRE aStdembyusSheRcatvifidh thecubmgessicomaat byhmespsinggise 24.

Q her enbodi nents may incorporate a continuous surface which }he &ubi ng 18
cont act s 10y rinamefarsnig dimension of the genseiOeprssialy e hssHEN SR ey PKE 3B AREPS 26,
possibly to the.extent A LRE andihes. aluk Quethst 8l e
tangenti al | ya'if‘/iat“ﬁwfgst(%)élﬁ:%a{ta%éegﬁél}g‘\rﬁg% k%??&?“ﬂg Springs 24 Mrr\ﬁl;ﬂ/“"sbe ‘g{ t ached
to the hub 2@taned tohke PetnE m1d2ke fapeis @6 hameckdnidab&senar hut bther wetheds mast hods

may be used. Two gor nore springs 24 nay interconnect.the. hub .t h each

panel 26, hewseac AOF O P AR UL HES e GuRa] M hE PHE SBnt LS on

springs 24 for. D&I{AlHAGndindd Heank Oy BhffeREmbrGb %nfghwfdﬂgbﬂﬁ‘nhh@ not

limted to systens containing hydraulic cylinders, leaf spri nﬁs. or

torsion spri igsload/aiasingsfungtipesinofudbigasitmgt Henise e syRgMs HUKaINSe hydraphie

desired pur pg?l?x;defsl, ge'af ?pnqlegglo(%tlosrsigl\ll %dnlgg.pe’lagg.lsr{%]e%lo?b?d@ing%?&ﬂm'salﬁﬁglhgy a
serve the desired purpose. Fig. 5 depicts over lapping panels 26 cach biased by a
plurality of operatively controlled hydraulic cylinders 30. Other embodiments may
incorporate shorter panels 26.

20 The panels 26 may have geometric shapes other than that of the preferred
embodiment, such as circular or oval “buttons,” and may be placed at regular or random
intervals along the axial direction of the hub 20. As shown in Fig. 6, still other
embodiments may include a hub 20 with circumferentially spaced slots or apertures 32
in the exterior surface of the hub 20, such that all or a radially inward portion of the

25  panels 26 may each depress beneath the exterior surface of the hub 20.

A third embodiment includes a process for pressurizing the tubing 18 prior to

spooling the tubing 18 onto the coiled tubing recl assembly 10. By pressurizing the
tubing 18 to 5000 psi or up to the maximuin rated pressure of the tubing 18, subscquently
spooling the tubing 18 around the hub 20, and finally relieving the pressure within the
30 tubing 18, the tubing 18 will not contract in length to the extent that current procedures
aliow, and will thereby reduce or eliminate the radially inward forccs of the tubing 18
onto the hub 20. The tubing 18 may be pressurized with [uid in the preferred

embodiment. While the preferred embodiment involves pressurizing the tubing 18 to its



pl ur ality of operatively controlled hydraulic cylinders 30.19@&er004
enmbodi nents may incorporate shorter panels 26. 20 The panels 26 may have

geonetric %9§§§%8£ther than that of the preferred enbodlnenE"ARHQ,u§$

circul ar of buttons," and nmay be placed al regular or random
intervals along the axial direction of the hub 20. As shown in Fig. 6,
still other enbodinents may include a-Mtb 20 with circunferentially spaced

slots or apertures 32 in the exterior surface of the hub 20, such that al
or a radi al hyxiimuar citgdorrtison. ofmashenty 25 presselized2g P&y Obé@H“@épWé‘sEi”%‘eneat h

the exterior surface of th 0. Athird, enb ocess
for pressur|Pi?s‘ﬁ@“'t‘F‘fe"“tzﬂ"dl'h‘gv E@yﬁépgfpl‘tcgsung%dt& ﬁﬂfc{tﬁ%@%; ,n]g “HQTLS'”%SS'? }(:) t he
coiled tubi ’Iﬂa\r@@kaﬁ%@@mrméﬂbmgﬁsnaw@&wspgdiagomb@e mw,mong 18 to 5000 psi
or up to the maximumrated pressure of the tubi r:lgpa subsequent |

qugl

spool i ng the t ubiSijl diBeranbadidicntsandyibclads praviding repbavi Hy iR 0.
pressure w tslm:l?hhtap@:e%gasmé%é}ﬁje}%xcr?st&em&xldh* ng.ihai W:éd OIﬂQL slﬁﬁm(ﬂaﬁﬂiwllﬂ | engt h

to the extent current procedures g\ ﬂ ] ot

el i mi nate theus a@F%ﬂqﬂylﬁah\%Pﬂ:df‘H#b@% S@p "n‘?’mé‘“ﬁ%ﬁ‘b‘f‘ ‘Qgi‘ﬁf ”th”é'”?'K&“‘HﬂlS“’zo The
t ubi ng 18 rrﬁud@mpcsrasmumlcpﬂﬂcrvudtchlbfoumms destritedpbefee or eahmlendoditimeentl. Wi | e
t he prefe”efh 'uﬁ‘iﬁng, yﬁcpﬁtd %f%g%%éi%‘{gh bitgbid ReI &Hkhng c@lufied hﬂ;@e19 Nay

2004 \\0O 0] Xi.mum rated pressure,

only be presis mcadziydrm@pm%cof Thp scohasqorting i@ ttag mv[%@sd#é"dlw Yaq%‘r Pfat i veI y
may al sope sf?étﬁﬁﬁérr | £ efltabRedQ8 h YnohHOIE tiRfdport, $URE at hbEs3E. Mhe s Uiiigo caiyhde
relieved after t tubing 1 S has been spool ed onto the hub 20. Still other
ehbodi nent s MIFH trde providing a biasing neneber on the hub 20. such

t hat the biasi ng Owebenbeierits aa coasliabd forouis Wenedti¢mwaieh opint dpasispooned
tubing 18. -I;hilF oPru?eC@Qr‘rH \F J&ﬁ%o{?&tygﬁldolmat\}&nt:@eofsﬁﬁ&ﬁ@rs :lﬁQlti'llﬁ,dr&sHﬁliﬂg reel

in conmmbn use ust r% Hr eferre d RO 1| g?) Ssorqgvscrl bed
above, or a %‘l‘ﬂﬁ“ﬁ%ft PB’ﬁr ROfpEdHic CO*HREU‘(’:% T“&I& {EBrRgUy éSeT' “dr168%
herein i 55 a @edtiahioa theedf. whi ch, as expl ai ned above. is readl |y

transportabl e. Th@hh@g% % Rt &ﬂ'hé FUANhy QMo er RahiiNghsicaqul d he
10 stationary, i.e fached to a movab g transport, such as a vessel. The
reel aI S0 coddtdl, hds appareedhatmapli Emeons andadaptanonso the preferred cbodiments will
" oceur 1o those skilled in the art. However, it is to be expressly understood that such
modifications and adaptations arc within the spirit and scope of the prescnt invention as

20 sct forth in the following claims.



Gt her embodi ments are considered for this invention which Aayfow4ruct any
or all of the various conponents out of a variety of materials, I|ncluding
resi nous conpounds, other non-netallic conpounds, netallic conpounds,
special alloys, or any 15 conbination thereof. While preferred enbodi nents
of the present invention have been illustrated in detail, it is apparent
that nodifications and adaptations of the preferred enbodinents will occur
to those skilled in the art. However, it is to be expressly understood that
such nodifications and adaptations arc within the spirit and scope of the
present i nverWhatis elaimedds:set forth in the follow ng claims. 19 Nhy 2004 13
What is clainmed ig: 1. f or ortin Qsi coi bi ng

t hereon, the coil ed éﬁ?ﬂggﬁ%WHamﬁ% p%W?gO@%QEb@%bmgﬁﬂ rized for
punpi ng fl ui dmbﬁfg%ﬁfg\iféwdoﬁwdleﬁketﬁﬂlpi@smﬁe@f&;ﬁﬁﬁﬁﬁgﬂﬁﬂﬁﬁr&;@ﬁhé, the reel
conprising: a portable bas a hub mpunted on the base and rotatabl e about

e;
a hub axis: afPilsAdubinginia sibfcaeasan ek feassl SPMBAYNST t he hub for retai ni ng
coi l ed t ubi ng on Tagn%rt mgga@nd between the end flanges; and a conpliant
mat eri al covering f‘east A portion of an exterior surface of the hub for
engagenent with tIaémedua&dtoubhm@ﬁsesmbmtatmdzabtmd;lﬂhulb gxig;nwar d corrpr essi ve

forces exerted b c0|I 0 the l,i.ant
ot orral S She. B ARs e iRl SPH B o Mtaibidg oA G the
subst anti al | ylubﬁhdbaweeaﬂleeﬁ@ﬂm@gadnuon 3. The reel as def| ned in Caim2,

wherein the conpliant paterial is provided on the hub and within each
circunferential qé&ﬂ@ﬁh’iﬂtgﬁ@”’ﬁb@ﬁw ﬁﬂ?@h@?@f“ﬁ@?ﬁ%’ﬁt@ﬂ syfase ofithehhl 1 eel

as defined ing r 0 sal ong
2 lonst a miorpBimimt Y 6 SoPubREP e Mhar TR Bnek col RO 2
defined i n Cea¢rraddy thdesikd nuiihgareabyirbaitiy thrat@nplidnt naterjabsi t i oned al ong at

| east substantially 90% of the exterior surface of the hub.

2. The reel as defined in Claim 1, wherein the hub has a
substantially cylindrical configuration.

3 The reel] as defined in Claim 2, wherein the compliant material is provided
on the hub and within each circumferential quadrant of the substantially cylindrical hub.

4, The reel as defined in Claim 1, wherein the compliant material is

positioned along at least a majority of the exterior surface of the hub.

5. The reel as defined in Claim 4, wherein the compliant material is

positioned along at least substantially 90% of the exterior surface of the hub.

6. The reel as defined in Claim 1, wherein the compliant material is selected

from a group consisting of rubber, plastic and wood.

7. The reel as defined in Claim 1, wherein the compliant material is selected
from a group consisting of carpet, fabric or woven textiles.

8. The reel as defined in Claim 1, wherein the complaint material has a radial
depth of from 1% to 4% of a radial depth between an exterior surface of the hub and the

radially outermost retaining surface of each end flange.



6. The reel as defined in Caim1, wherein the conpliant mgqﬁé@iogﬁ
selected froma group consisting of rubber, plastic and wood. 7. The reel
as defined in Claim1, wherein the conpllant material is selected froma
group consisting of carpet, fabric or wgyen textiles. 8. The reel as
defined in Caim1l, wherein the conplaint material has a radial depth of
froml%to 4% of a radial depth between an exterior surface of the hub and
the radially outernost retaining surface of each end flange. 19 May 2004
14 9. The reel as defined in daim1l, wherein the conpliant material has a
radial depth of 9.r om THeGedl asdefined ih Glaiahi, (heiithé @nzfiadtmigterial khs a Fiialr eel  as
defined in Caim9, wherein the coagyllant material has a radial depth of

from1/4 |nc¢PPEQ)°fﬁ%nllf§dH°}(@14lﬁﬁli‘f B to dRftmm)y A reel for supporting

conposite coiled tubing thereon, the c0|Ied t ubi ng being wound onto the
reel and pressurized internally fowépuml ng fluid through the coiled
tubi ng i nto a subtlrr ahegeel aeddfined indl theseompliant mppterieblisise risbide;  a

hub rmount ed guptt GFfrda 3Lt iadlor M8 aichd6.alallb 22, 2Mi). axi s, the hub having a
cylindrical configuration; an end flange adj acent each axial end of the hub

for retaining coiled tubin the hub and between the end flanges; and a
conpliant materi all- covéﬂ?qllgorévpmcé’al@ﬁ compesite pejled dubingthezepncth epiledur f ace of

the | hub for BASRIRES AN EAD DR ERI SR SHE R RBE ATl Y { ar d

conpressi ve ces~exer ubin y the

conpl i ant neghejuigh khdvavted fibang 1h®di @bteﬁaﬂéah wdll, fHeQB&ll;blﬁphﬂﬁﬁf to 7/8 inch
(6.4mmto 22.2nm). 12. The reel as defined in claim1l, wherein the

conpl i ant nateri &lpoﬁéblebam| ded on the hub and within each circunferential

quadrant of the g Ll‘@ﬁ%?d%ﬁu'ceﬁ' nyth A 'aH&th%t@Jl a%mahﬁﬁax{ghtge E\?@ha@ﬁ defined in
claim 11, wherein & conpliant teria osrtione on | east a
maj ority of ¢3,madﬂfxaﬂe0mﬁguraiomt ace of the hub.
an end flange adjacent each axial end of the hub for retaining coiled tubing on
the hub and between the end flanges; and
a compliant material covering at least a portion of the exterior surface of the
hub for engagement with the coiled tubing, such that radially inward compressive

forces exerted by the coiled tubing are absorbed by the compliant material having a

radial depth of from 1/4 inch to 7/8 inch (6.4mm to 22.2mm).

12.  The reel as defined in claim 11, wherein the compliant material is
provided on the hub and within each circumferential quadrant of the substantially

cylindrical hub.

13.  The reel as defined in claim 11, wherein the compliant material is
positioned along at least a majority of the exterior surface of the hub.

14. The reel as defined in claim 13, wherein the compliant material is
positioned along at least substantially 90% of the exterior surface of the hub.

15.  The reel as defined in claim 11, wherein the compliant material is
selected from a group consisting of rubber, plastic and wood.

16. The reel as defined in claim 11, wherein the compliant material is



14. The reel as defined in claim13, wherein the conpliant {oagg/ 2004 1S
positioned along at |east substantially 90% of the exterior surface of the
hub. 15. The reel as defined in claim1l, wherein the conpliant nmaterial is
selected froma group consisting of rugg r, plastic and wood. 16. The reel
as defined in claim1l, wherein the co iant material is 19 May 2004 15
sel ected froma group consisting of carpet, fabric or woven textiles. 17.
The reel as defined in claim 11, erein Lhe conpliant material has a

radi al dept roelseted o 2 ggouB cangising 41 Farmstal? He P WOYRBIGKERS- an ext erior surface
of the hub and the radjally outernopst retainjng surface of each end

flange. 18. A reell7f or T isshas defiged onplaun d & wherpiadhe complipnt petesighhas e
coi | ed tubimadiabdemt ofiditont 1 %oct% e arradial dsith peidesn ah 2Rribo sunfacenige f 1 ui d

t hrough t he h‘fb%'dqﬂ%{ﬂggﬁ}ggg%%ﬁ3%}91&%1@&5%‘% 5%%%@@&;& t he reel

conprising: a porta on 1 ase “and rot at abl e about
a hub axis; an end fl ange adjacent each axial end of the hub for retaining

coi | ed tubing on theg h%@ﬁﬁf&%ﬁ@gﬁ@&ﬁ@oﬁ&%ﬁmﬂ%@?@& Td HRRST

material covering at least a p n exterior acé of the hub for
engagenent witithng beng wolmstonta Bierrggl and pressumized fongumathigluid thronghrtie

conpressive forgces. exerted by .the coil tubj ng are absorbed by the rubber
ot or ot e cPREERng A5 o a et el du el BsRlstet Fr om 11961 0. 406 of
radi al depth betwegihaBleayd;eri or surface of the hub and the radially

outernost retaini ng surface of each end flange. 19. The reel as defined in
claim 8, whereina ﬁbn@@wﬂpamebm@ﬂratatabiefﬂmgahmm al ong at | east

along a majority Lar t . ) I
defined in claim %?&d\%ggée(%dﬁe{c S@ﬁp“fi&’?n‘i%ﬁafﬁ%f@gﬁmﬂég %ggf?‘?ﬁﬁgﬂ?‘% ong at
| east subst dhibiapd bytvaRfdiefentifangsst eri or surface of the hub. 21. The reel as

defined in claim 18, wherein the ruhber material has a radial depth of
from1/8 inch to and 1 Eupbenmateriak ¢pvonng alpast a portion of an exterior surface of the

hub for engagement with the coiled tubing, such that the radially inward compressive
forces exerted by the coiled tubing are absorbed by the rubber material the rubber
material having a radial depth of from 1% to 4% of a radial depth between an exterior

surface of the hub and the radially outermost retaining surface of each end flange.

19. The reel as defined in claim18, wherein the compliant material is

positioned along at least along a majority of the exterior surface of the hub.

20.  The reel as defined in claim 19, wherein the compliant material is

positioned along at least substantially 90% of the exterior surface of the hub.

21. Thereel as defined in claim 18, wherein the rubber material has a
radial depth of from 1/8 inch to 1 inch (3.2mm to 25.4mm).



