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Field of the Invention This invention relates generally to reels for
supporting and transporting coiled tubing and, nore spec

t ubi ng r%’&mlc‘%(fsés and net hods for w apping conposite 18#@35‘%%?

around a tubing reel core. Background of the Invention Coi | ed tublng has
been used successfully in the oil and-lgas industry for many vyears. The
devel opnment of new technol ogy has expanded the role of coiled tubing in
conpl eti on, wor kREHL, FOR $UPRQRINFGHEOMBOSEFE 6JLEIRTUBANG The vast
majority of 10 technol ogy and applications have focused on netallic coiled

tubi ng. Although uses for netallic coiled tubulars have significantly
i ncr eased iﬁm#%§3§§§¥lﬁﬁenty years, limtations are experienced on
occasion wth nﬁﬁ@lnlvbrﬁlotrlqgl‘d!e@géqerdlﬂ/ctb W@y E@?&tﬂng afd (r8NGbRinki dPik@t i ons
due to string weight and corrosion’susceptibility frominhospitable

condi tion stubfﬁg ehd ajrmgypeatﬂ’walﬂm ecmyhtng r¢qh corenangdencihdds dor vwieppog rerepdsdsed coi | ed
tublng 15 F cts a%etf %ated solutions to many of the limtations
encountere et A au’T%H? §” “Conposite tubing is comonly conposed of
a conbi ned resinous-fibrous outer tube concentrically enconpassing a

pl astic inner tube, with the inner tube substantially providing the
desired sti@ﬁgﬁﬁ_éﬁﬂ;ﬁbbﬁéﬁﬂlve properties. Wien manufactured, the inner

t ube conmonly t{%ﬁfg lﬁilhghgsgge@h lu}!edf gu)égé;sf{lﬁ)yg eQHtaﬁ{i tgééé@ﬂustf%‘/sfop ar ed to

steel tubul ars e sl ze, nposite tubulars ave ower
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i ncreased fathue reS|sta%F§ Igge st eel tepds to hi bi t nDre f.avor abl e
col | apse, COMIIO8s OB EMS 1 PRARRIR; BRlIcaHRES, st mgiqry of

appl i caf | 0RGInoRRYRES hfpfichtRNhAeSfo@lsBd 8n Rlefafificontd @bMAL IVBolh &kegt While in
other applications conposites are the highly preferred option. 25 The

physi cal pnepkictoiés! tuifularehveslgme”lcemly iagreasgidimpe msseveetyai eprénlgesat@ml

opportunities faor the devel o ew techn to exploit its
advant ages* € GHEFES OQ%xﬁ%?%ﬁqﬁ Wﬁgtgj ém%?g %%%ﬁrﬂ) bHBRgeS ¢
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steel tubulars. As a result, conposite tubing at a give
Technology advancements in non-metallic, composite based coiled tubing

15  products have facilitated solutions to many of the limitations encountered with metallic
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 inner
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 burst properties,
improved flow coefficients and increased fatigue resistance, while steel tends to exhibit
more favorable collapse, compressive and tensile properties. Thus, in certain
applications, composite tubulars are a direct alternative to steel while in other
applications composites are the highly preferred option.

25 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 in 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 spooled onto

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



pressure will undergo a contraction in |length much greater than the
contraction in length 30 of steel tubulars at the same pressure. One
problemw th coiled conposite tubing arises fromthe exa

contract YN ¥H%¥8%ngth resulting fromthis difference in Pg%glfgl?%qﬁﬂzlg ati os
bet ween conposite and steel tubulars. Wen the conposite tubing is spool ed
onto a tubing reel and pressurized fo2- punping fluid into the well. the
conposite tubing WO 01/44088 PCT/ US00/ 42185 -2 contracts and results in
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denonstrate tubing reels capable of w thst andllt}r}:)g€i t he high 10 | oadi ng
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3,982. 402, to denonstrate a netho or storing conposite tubing

in such a rruwweer, thla@hoda)eﬁlmmtdenfoaswtettubmgd@ﬁ&gﬁaw@oﬂm&lstaubmggieimghr age

reel . In order for corrp05| te tubin ?%(Pe comonl acc;ﬁgt ed b¥ operators
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despite the high loading resulting from the pressure-driven contraction in

length of tfhib ipdessuirie ethcbodporsidragcabpesie sibmgin siche meapeiat dess ngr ovi de
nmet hods of ushnlgdem st i ﬂ%ttUb' n astor ge reels with pressurized conposite
tubing in STEHTAIHEETLY sukf18g§ BSt &t ial Iy nininize or prevent damage to

tubi ng storage [28rdee®t SorBiost bty todR Sb@monkhe ceptaitvartage sorake 4she pri or
art are overcone by the present invention, and an i nproved reeI for

suppor tliSng peesiuréen LbBEs highdy grairehle (R AbprpPredfpyEng lofagsiTers capeble of
storing pressurized composite tubulars despite the high loading resulting from the
pressure-driven contraction in length of the pressurized composite tubulars, or alternately
to provide methods of using existing tubing storage reels with pressurized composite
tubing in such a manner as to substantially minimize or prevent damage to tubing storage

20  reels of current design.

The disadvantages of the prior art are overcome by the present invention. and an
improved reel for supporting coiled tubing, and particularly composite tubing, is
hereinafter disclosed. Also disclosed is a method of winding coiled tubing onto areel to

minimize forces on the tubing reel core when the tubing is substantially pressurized while

25  coiled onto the reel.



herei nafter disclosed. Al so disclosed is a nethod of w nding coiled tubing
onto a reel to mnimze forces on the tubing reel core when the tubing is

subst antj al ressurized while 25 coiled onto the reel. 8
PCT!USC[#%&&%Q&S-B- Summary of the Invention A typical syg¥£@$%%éﬁ%§coiled
t ubi ng operation involves a rather long | ength of coiled spoolable tubing,
either steel, conposite or other materi-al, wound onto a relatively |arge

reel. This invention pertains to the reels commonly used to store or aid
IEstalLatlﬁmgﬁﬁgbyﬁhﬂhugmkmed tubing. Typically, the tubing is coiled onto
the tubing reel ,or spool faqr storage, and then pressurized prior to
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i ndustry, eX|st|n% designs for tubing reels or spools have been inadequate
in w thst alvdsargel: tThis invediien pareing tosthe replscommobply ushétostpersiid astalatioad t ubi ng
once pressurized... 10 The pte i ton. i t a net hod
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sol utions teraghene fihpesgeedfriots ingallabipoge terieot.| Bavdvehange désih exi sting
tubing reel designs. This invention offers_ advantages over the prior art
in that it oreplars sigeleoilss qubdng Bith BB IKe o1 lRS fIMRbFSIACTEFSed ¢diiFodFt e coi | ed

tubing at fnlaﬁst% %E?tgﬁsg%egﬁn%f' tﬁ%n%ﬁgflsf& ﬁgofs'ﬁg@e{lﬁeﬁ Behuite %m%staﬁﬁ'ﬁg ging 15

t he conmon pro exercil se ring installation of the conposite coiled

tubi ng dote ridid foreks ingraged By derpinpesite coi¢detubimls oore mmssaszd@nbl y of springs
and noveabl e pa?els | ocat ed .on t&e exterio%%§urf ce f the tubing reel
core Y absor b ]?%Bref%i“é‘lewoq ARAE PREVERS Eet l”?glo b@r PWésublFlé@sa&Ei zed
coi | ed conppsiihe cbbbeig @ned ABitLRhNAORR! sof@iofs td MeScrallb®s of ieing0

exi sting tubing spooling procedures to be exercised. In the alternative,

thi s i nventdnoppsit soiledifrors willvexirtiag dubipy geelt ¢rsignsi oFhignvepton pEersi t
facilitates,and encourages the. use of. .¢ j, t i tuling. by Usi ng
modi fi ed c%‘fvlagﬁg?su hg esg el airﬁlgr]l %f%olgefa ﬁlr?tg%p\%g ﬁgﬁcﬁﬁég%gﬁgﬁe{% Ei]tl SOPRE commonl y
utilize tubimgbsiteediled@itesg dt tHe valrisitage usngimbaisiea bdbaig resls withdunehangimgposi t e

coiled tubing. The nodified coiled conposite tubing spoolin rocedure m
15 thegc’:ommon procedures exercised duﬁngm?lstallation of the %’om}?osite coi edptubing y

down the wellbore.

A compliant material or an assembly of springs and moveable panels located on
the 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 procedures to be exercised. In the alternative, this invention also
offers 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

25  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
tubing reel cores.

A primary objective of this invention is to alleviate or compensate 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 coiled 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



25 substantially reduce or elimnate the radially inward forces exerted by
the pressurized coiled conposite tubing on the tubing reel core, thereby

al | ow ngé‘%&l/&ﬁgg of existing tubing reel cores. A prinmar éﬁq{%sﬁéﬁ}“h\ﬁg of

this inv fon'Ts to alleviate or conpensate for the radi I'nwar d
forces exerted by the pressurized coil ed conposite tubing on the tubing
reel core. 30 Three enbodi nents are disclosed in detail which afford this
characteristic. The first enbodinent utilizes a specially designed tubing
reel core wtihg @clcnpiridaht tubigeedl apqolime cirfacasandbdoerqvidipp korepliance dthe

spooling surface prior to spooli the coi]Jed tubing. The conpli.ant
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r ot at abl e aroun ub axis, an en e hub, and a
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conpl i ant matyerl al is preferably placed over a majority of the spooling
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coi | ed 16 ubithegregiinstshefacearing cl-geade epayy) huh g2y be pagidonetRad ssGHISH itplecemat er i al

may by other adhesives, mechanical fasteners, or merely by the interference between the

spooled coiled tubing and the tubing reel spooling surface. The compliant material may
have a depth between 1/8 inch and 1 inch, and preferably has a radial depth of at least
1/4 inch.

20 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 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

25  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 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.

30 The second embodiment of a composite coiled tubing reel may be comprised of
a 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



have a depth between 1/8 inch and 1 inch, and preferably has a radial depth
of at least 1 /4 inch. 20 As the conposite coiled tubing is pressuri zed,

t he incr;‘aﬁb&%{jn cross-sectional dianeter drives a contraci)tc&%ob/gzl%%e Hub.

over al | ength such that the coiled tubing cinches aro

The conpliant material absorbs the resulting radially inward forces of the
pressuri zed coil ed tubing and reduces -bhe forces inparted on the tubing
reel structure. This reduces the likelihood of premature damage to the
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exterior surfacey, ngﬂﬁtragc%%t?%gis%ﬂ& SBBHmBhSR substantially similar to those of the

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

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 reel 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

30 embodiment pressurizes the composite coiled tubing to 5000 psi prior to spooling, but

other embodiments may pressurize the tubing from as low as 1000 psi up to the



utilize leaf springs, torsion springs or hydraulic cylinders rather than
conpression springs to prevent the radial inward forces of the pressurized

coil ed tubing fromdamaging the 15 tubing reel hub. The of the
second eWoQJ?“ﬁ%%t are substantially simlar to those of t%g:\fﬂ&)&gﬁ%

enbodi ment. As the coiled tubing is pressurized and the increase in
cross-sectional dianeter drives a conéraction in overall |ength such that
the coil ed tubing cinches around the panels, the springs beneath the
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tubing. As the sprin bsorb these radially inward forces, they reduce
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after spooling the tubi nP. that sinultaneously increased the dianeter of
the conposicompesitsitijnant! wreriesbeatiplly lepiogiepnto the tubing reel. This reduces

the likelihood of premature damage to the tubing reel and prolongs its useful operating
life. In addition, the embodiment is relatively simple in design and operation. This
embodiment will not require additional structure, hardware or tools, and the apparatus
required to pressurize composite coiled tubing may be the same apparatus currently
20  required and in common use in the industry during coiled tubing stowage and wellbore

Installation procedures.

It is an object of the present invention to provide an improved reel for supporting

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

25  compressive forces exerted on the coiled tubing. It is a related object of this invention

to provide an improved method of supporting coiled tubing on a portable reel, with the

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

the coiled tubing is internally pressurized with fluid, and thereafter releasing the fluid

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

30  minimizes the radially compressive forces subsequently exerted by the coiled tubing on
the hub.

Itisa feature of the present invention that the portable reel for supporting coiled

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

hub for engagement of the coiled tubing to minimize the radially inward forces. The hub



thereby cinching the conposite tubing around the tubing reel. This
enbodi nent 10 eI imnates the forces inparted on the tubing reel as a result

of the PL&S atlon of the tubing prior to installatio
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tubing is pressurized and thereafter releasing the pressure, the tubing
will initially spool onto the tubing reel, but will not inpart high
radially inward forces onto the tubing reel. Additionally, once the
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of premature danmage to t hetug@r‘ﬁ ree prol o i eful ratlng
life. In additi olrﬁ Is {uBerd RGO lnY?th%%‘éﬁf\?éP?‘pE%ﬁﬂla@rﬁa DATES

operation. Thinsa WmMenyeaﬁ mutetibls,notludieguulster.qaektit] anavost rAstiqumher har dwar e
or tool S%eaféqmw@ftﬁ@g@ge% Hentlof e Joﬁ%hm PhESS UL H6 COTBARIChE £ 94160 L ubing

n'ay be t sane appar at us current UI red comobn use in the

i ndustry dufforRf %Eﬁdlaééeﬁtbﬁ’ieﬁtfeétﬂ%fvﬁ‘é"é"oéﬁ %‘@I ‘be‘B‘lbeand tﬂ%faélainéitoiuﬁﬁno“
procedures. reltatlmhg s&ffa@bnbfetﬁé ed flidyes pf éreadiled mbaiy | HMMbD epfbod!mdetsaﬂhel npr oved

reel Tor SupROUINhatetial kEenbi &alt&g{heaf%ﬁwm&m [ figh AuBkAZDI. OF

el imnating o g Ssive forces exerte oil ed
tubing. It frgmal/ﬁ‘mc tedSdrjhect of th| s invention to provide an inproved

nmet hod of supportt hs"ﬁuﬁﬁ’ér'fﬁihr& shh&@vehioa totht pbhsbl¢ @el mayihdlidetapduralivgt hod

i ncludi ng wi_ndi ng.the coi t ubi ng on .t h

while the gtgfnlog%ﬂ? u‘Eﬁpﬁ)&S e%C | FPRYRA 1 theﬁglg’sgrrlc} ggﬂ;@ﬁ%%g&&g%& g)rpges

t her eaf t er bie$ings rqspective ofid afitlef plmﬁb@sﬁﬁ FI@VQ%WQ sweperss edidlly esvarg fometet hat t he
rel ease of flyli @acaro@%wlﬁraﬁwmteméé p&Qs mawbalaﬂeﬁmgﬁepmm ea{ehymg

conpressi ve fo c ue hub.
It is a feaf"ﬂ?liey png %é‘%ﬁg‘&*ﬂﬁf’xioﬁ\?ﬁﬁ? RE %ﬁcéflg P?{‘éve%notgl uthann% éfmc% e M
suppor t ifhg plafdlied of seyngsnoiubie laf spimesi ahite hwtt ey allsociovledd hg)ha@htb’é)ést a
portion of Qﬂ%rﬁﬁs@ﬁéhQBat%Qé}I(ﬁ@% p@tﬁraltltg)%f mbb@ibf&hp S RIVe rafialfhevaai | ed

MRERUTG R M LR R T
conpl i ant nat eri alisadyative of pedwiedich that tasiethoid of surpertmgtcpadd weagerant of t he
substanti al le%l ﬁ%&iiggﬁﬁé;gllesgﬁﬁgng 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 maximum
rated pressure of the coiled tubing.

It is an advantage of the present invention that the coiled tubing reel is relatively
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 used by field personnel who have little experience with coiled tubing reels.
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.

30 These and further objects, features and advantages of the present invention will
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

35 thereof. This invention is not intended to be limited to the illustrated and discussed
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 further feature of this invention that the conpliant material my be
selected froma wide variety of materials, including rubber, plastic, and

wood. As furt 5 feature of the present invention th
naterlal“ﬁbguﬁﬂg% a radial depth of 1 %to 4%of a radial$ggﬂgﬁb%ﬂ?meen t he

exterior surface of hub and the radially outernost retalnlng,surface of
the end flanges of the coiled tubing. -Bn nost enbodi nents, the conpliant
material may have a radial depth of from1/8 inch to 1 inch, and preferably
from 1/ 4 i nanionpedb@imagts exisOwith aliesnagive urettteds of snpplirgthgcompesitegoidast i on t hat
the portablg,regh th%ﬁaﬁ@%hg'gﬁdét@*ﬂ% #elthiting Rl NOVabl e supports each
supported on t , a plura y of springs each for biasing a
respective one of the plurality of noveabl e supports radially outward from
the hub. Each of the plurality of noveabl e supports nmay be an el ongate
panel s extending axially along a substantial portion of an axial spacing
between the end flanges, and the 15 plurality of springs may be | eaf
springs. The hub may also include a plurality of apertures such that each
of the plurality of noveable supports nmay 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 maximum 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. Arelated advantage of the 25 invention is that the coiled
tubing reel utilizes conventional conponents so that it nmay be reliably
used by field personnel who have little experience with coiled tubing
reels. It is a further advantage of the nmethod according to the present
invention that conventional tubing reels may be utilized to substantially
reduce or mnimze the radially inward conpressive forces on the coiled

t ubi ng hub. 30 These and further objects, features and advantages of the
present invention will becone apparent fromthe follow ng detail ed
description, wherein references nade to the



figures in the acconpanying draw ngs. The foregoing and the foll ow ng

di scl osure and description of the reel for supporting coiled tubing as
wel | as i osed nethod are illustrative and expl anat er eof .
Thi s invéﬂ?i"gﬁf"% not intended to be linmted to the illust‘?ég’g%‘%g‘%%’g

di scussed enbodinents, as one skilled in the art will appreciate that
various changes in the size, shape and-9mterials, as well as in the
details of the construction or conbination of features of the tubing reel
and t he di sBhefedcnptidnod tivalrabengytade wi t hout departing fromthe spirit of
the invention. WO 01/44088 PCT/ USOY 4241]85 .. -8 Various 1err‘r)o.di ment s . exi st
with alternativeget I‘lso?:i§m}9|hﬁ§q£5 FivViRy Phe celstgpling &eeddiFEEing GBPRSIS t hout
damagi ng or . @8stshibdeh thlgediubi ng reel . WO 01/44088 PCT/ USO0/ 42185 - 9-
Brief Description of the Drawings Fig. 1 is a sinplified side view of a
coi | ed tubing re@k, 2i4 hgstss-atatingalcosp oS idtneeterred pmpodpen efdthe anteheorn. eel .
Fig. 2 is a cross-sectional view of a.preferred enmbodi nent .of .the
Tnventi oh, IEFTFaera D mac el B rg e R Phellied i ng the
outer surfagg.of a tubing reel hub. Fig. 3 is a cross-section view of
anot her enbodi nent of the invention, illustrati ngg a plurality of noveabl e
support and spri g s 3empi-see8orviey oanopF erakpdgnert AEhE ey Wptratinglh and
bet ween t he, ginghlity GER&abld Sugpod and springassentbiieyéaeivsppottbeoahbabingeedt shown
in Fig. 3. EI g d% Weegthcere%sﬂ-ag ecsti onal view of another enbodi nent of the

i nvention. lf-bl SO a cr oss-sectional view of yet another enbodi nent of
the invEhtion. Vite0dis440881¢CTf Usowpbadingst showp iiDEiga?| ed Descri ption of

Preferred Enbodip®M § a cross-sectional view of another embodiment of the invention.

Fig. 6 is a cross-sectional view of yet another embodiment of the invention.




Ref erence is nade to the attached drawi ngs only for the purpose of
denonstrating preferred enbodi nents and not for the purpose of limting
the sane. Fig. 1 illustrates generally a reel or spool 10 for supporting
and/ or trWRBEA8Bng conposite coiled tubing. 5 The reel 10PCEUSHM2S |y
transported by truck, barge, or ship, with the entire package of the reel
and coiled tubing commonly referred tQqi@s a coiled tubing unit. Fig. |
further illustrates the conposite tubing 18 being unreel ed and extended

from tPe_ CO]P.&t@ﬁ%dtly@cH&ion;t{ﬁPtref&QecfPrhbé’c}ix?@?t%i ti gn, ﬁs| for exanpl e,F_ ,
concentrically a subterranean or ol e servjce. Fig.
iIlustrates gen _%%%C@éﬁ @?@ég&&éﬁ%ﬁh\éﬁérémgﬁ8?1V2%V{ﬁle@wrps°5%%ﬁde%n%ﬂgg |
illustrat egpr‘aférrgdl OmbddiMet ahdBotGBMME DLt sd SiMGind &her@pBVEd: fionusgh@Eity. In
addition, Fig. 2 illustrates conponents of a preferred eﬁ%odlnent,

i ncl udi ng t¢$racreByprdchor spaelt l@rfprdupp@ting gl oréxgngnoririgecamxiosiis eniled twbingce of t he
hub 20. Jn referred odi_men th uter hub 20 .1s unt.ed opn, a base 14
and rotslat a@fegeﬁggbsttygcﬁﬁgmg%ﬁog eci@./t Cﬁ( gaﬁ il %ﬁ%év ]t%éﬁ AR jag&aélﬁ HP © each
axi al end okeltdd@ doilbd tubng2ébraionly et@irds td hea eoilddedbinghinitg Hig DfurtHae hub 20

and between the flanges 12. A plurality of spokes 19 may be used to
i nt er connecHustREsfCoPIPoslg Hbrg A PamesRieted pd exterdsadionathe collpdttehing) 22,

such as r UbLglr;ﬁolO kot cﬁ%b‘ngg ds %ot Q%ntﬁﬁé,ecrohﬁﬁl&?c‘dggﬁg\@gqfsuf)tlgxeraxﬁdp et fof®

preferred odi ment consists o e ru ubstantially covering the
exterior sutdwabeleckrvidee FipubilRGirated tdmetajily apoodsisocteonaff thheeebst gobbiO sur f ace
of the hub 20 may .be.left upcovered, 20 sych that_the.rubber .22 s

i i 1y DT i B TR B s Aot A o 8 Teer  or
surface of 1ingsthR c@PpornRicef prek@rd e ABedhTRN IncHRRIGhScohipBiatiuigfhl &5 havi ng
a substantially cylindrical shape, but the hub 20 nay al so take the form
of ot her gewnked ércthe shrapersurffeeoftiwbiydr222 may be fixed to the exterior
surface of the hub 20.by.a .conventional ndi mat erj al . ,such, as, a

i h-or ade epoxy A RERASREREE b8 8 BIErAh R TR 8o BT o he
rubber 22 reptdbe dbehich hub aRisace Ammelfianfe1 X Badjatdnt erdet ngendbf hehas i on fit
bet ween the coil ed tubin% 18 and the exterior surface of the hub  20. The
mat eri al> 2204ppraaes hecailsd birelS Brthe iy 29aad etwepethp ipngss | ey PG ned

from ObherorBiSL ity bt el HEHnMedibe: AREubL IR ohifh BRASIS! Ca ciiRfithny CAI Dot

or fabric. er woven textile materials may be used tor the conpliant
mat eri al . ThaenidlBDesuc2as raphpdr) iedprilied tdithe 3ot sarfea@rof sherfub@8. dfprefeeedhub 20
has a radi al depth of 1/4 .inch bggsggxmggxe a radjal d

ept h
embodiment consists of the rubber y covering the extengr surface of the

hub 20, although portions of the exterior surface of the hub 20 may be left uncovered,
20  such that the rubber 22 is minimally applied within each circumferential quadrant of the
exterior surface of the hub 20. A preferred embodiment depicts the hub 20 as having a
substantially cylindrical shape, but the hub 20 may also take the form of other geometric
shapes. The rubber 22 may be fixed to the exterior surface of 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 surface of the hub
20. The material 22 applied to the exterior surface of the hub 20 may be formed from
other materials, including but not limited to plastic, wood, carpet or fabric. Other woven
textile materials may be used for the compliant material. The rubber 22 applied to 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 of each flange 12. The



of either from1 /8 inch to 1 inch, or from1l %to 4% of a radial depth
between the exterior surface of the hub 20 and the radially outernost

retainin f of each flange 12. The WD 01/44088 PCT/ 4 -11
radi al dg’ffﬁw/‘(‘)@gfhe material 20 is preferably from1l /4 inc %&%ﬁgsi nch,

and commonly is at least 3/4 inch thick. In another preferred enbodi nent,
the conpliant material 22 is replaced-W-th a systemof springs and panels.
As shown in Figs. 3 and 4, panels 26 are rectangular in 5 shape, have the
sane axi al fdrbddptiast thhvmaleahl 200s prefrtabdy Bomuppock ed’/Bynchrrtdgbiimoaly is 0 t he
hub 20 by conpressi.on .springs 24. The panels 26 in the preferred enbodi nent
are ci rcurﬁtg%é%?l érﬁhﬁlgk'aced at constant intervals, and may rest

substanti al | y agaiasthcppreferad einbedimshiigrelkympliste nddterfall b iCrepREssitton of the
springs 24. Qther enbodi nents may incorporate a continuous surface which

t he tubi ng st8temor{tsacngs By nanelpcAs Pyt iR 12r03 and GuPslsehtaralectgngigidn on of

t he panel s | : t t 4 al | oned
to s de T angiray ind fid BB A B a0 BB THE D e
attached t cibhE buboRfreavich thrmgpaneThe Pénddy 26ree hmnreiaired asbetiment deit ot her

met hods may . be used. Two Qr nore springs 2? ma>>/ i nt erconpect .t he hub 20
with each p%’f‘fémif‘?BI.‘“a&’ apce éﬁﬁ%f%ﬁ’f%"%ﬁf“ Aeuge SHE%?{E““ Y REYPY 0BR t he
conpr essi on, 3kt el%-_b-}_-ﬂsicfega{t fﬁﬁ%ﬁ@% dHtht RBrihQash RS dhtholitiGhd ARy

including but not limted to systens contai ning hydraulic cylinders, | eaf
springs, orint@psiagna spniimyss swWdadeowukich yhe subafg B agvintagtsnipridesreasingythe hus

serve the desired purpose.. Fig. 5 depjicts..over, | appihn anels 26.each

bi nsed By socpmiranis PainsghatherotE s Sy s AR PN e Bl < a0

Q her enbodi @B wed®Yslide REQERRIIAIWShSBYeteb dpanabiier?BThePrilfie2panebs 26 may
have geonetric shapes other than that of the preferred enbodinent, such as

ci rcul ar oratigehad te figthubA8 and he ganeli 20y pRcheten! fstengly hytpthes methaAygaAY
intervals glo t i ! Lon: i i 6,
still ot he(r%e ug%%o@'?orrggr% %Je ﬁ%r{g? %sé{ngglen%cﬁgaw v%%? R “ﬁtl%reg u e?le2 ﬁ't ﬁgﬁ y spaced

sl ots or apefifodieantSRay indludheneenstoglier dran sherdoageession spréngh A% f@@erfemahg t hat  al |
or aradially inward portion of the 25 Q,anel s 26 mag/ceac.h. depr.ess beneath

t he extleri dht &pdfbigsang funcien. m%udzxeg but not Timited to systems containing hydraulic

cylinders, leaf springs, or torsion springs. Various types of biasing members may thus
serve the desired purpose. Fig. 5 depicts over lapping panels 26 each 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 reel assembly 10. By pressurizing the
tubing 18 to 5000 psi or up to the maximum rated pressure of the tubing 18, subsequently
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
allow, and will thereby reduce or eliminate the radially inward forces of the tubing 18
onto the hub 20. The tubing 18 may be pressurized with fluid in the preferred

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



A third enbodi ment includes a process for pressurizing the tubing 18 prior
to spooling the tubing 18 onto the coiled tubing reel assenbly 10. By
pressurizing the tubing 18 to 5000 psi or up to the naxi ressure
of the tYHHGS, subsequently spooling the tubing 18 arggﬁéﬁﬁﬁgﬂﬁub 20,
and finally relieving the pressure within the 30 tubing 18, the tubing 18
will not contract in length to the extleént that current procedures allow,
and will thereby reduce or elimnate the radially inward forces of the

t ubi ng 18 maRintun heed ples@fe, iTmey tulyi rgpreSuriead toed0ft e thyrmazedumi tatedf | ui d in

the preferred enbodinment. Wile the preferre odi nent i nvol ves

pr esg uri zi ASTFR Of METAYVEY may '*?emsgﬂzﬁiéﬁ?b@p@ﬁi%ﬁ PIES T vaxi mum
rated presgly@e klicviBUAANHY BfoPIRERS BEINZBE01EQ0EE thetfubtdoe Maxi mum rat ed
pressure, or alternatively may al so be pressurized to only 1000 psi. The

t ubi ng pr essur eStilirathetembodimenjsmiayinelagde pieeidings bigginegneraler peds hyhddl ed ont o
t het EUbsh 28suc§tduh |thé)5i5'sﬁﬂi R0 B SrafRVly bielaudRre @Mhdimglda tiaging menber
on the hu suc

0. 5 hat th i asi menber. exerts a radially . outward
force on t hBSPRSEIYE n’faé(ﬁﬁer‘ﬁéedtl‘ﬁﬁh B‘fﬁfaﬁ%%(?%%iﬁ}ﬂém r%/eﬁ pe lsed’ L\lf\sl’letl%mtﬁhe
st andar d caoidusidy, buwithgherpegbrédentmdimentudsscriiedaheve, pranggtbinatiopthergof-h t he
preferred ?ma%ghéﬁet%agqié‘é GJ hiRaLkcaRONE: is @hoRatiORRI Wiath, OB eii@h&Dibove, The
coiled tubing reel as d'ﬁf' ed %ereln.ls %fgortqpleléeeL ’\%/)mch‘F as
expl ai ned HUEIHLY transpergab -|§)T?’Frfa SHTF B I hisryepien allemagvey s8I &%t hi s
i nvent i@n ahfi@anat by etacheabuladndeblt@rasipett subrys vissd. Thatetkaddoedulddea novabl e
transport, .suc a vessel. The reel also could be fixed in place. Qher

enbodi ment § ar & ‘consi dered for this i n\fzent_l on whi ch rr}g%1 construct any or

all of the vari Othsr eBhpRimERE Sregignsiggred 1y pis IHEnIN WRER May cansiugtanyqi ng
resi nous ePEPAHNES vatibiedoniponetebal bf @ vadeofndsteriatet iatluiing cesipounds,

speci al' al | oys,. 90 A pod 8 GANDDALLAR. HDAIECLmIbiE Prelierbadoeppod ment s

of the preg “nvention have be ustrated all, 1t 1s apparent
t hat mbali f rombingien therdofadapt ati ons of the preferred enbodiments will occur
to those skill edmil phdferr&d dmbddanenesf, the present tivehgorehpredsal Ylustraet imt ood t hat

such nodifications and adaptations are within the sgi({i t ﬂnd scope of the
present i ndetail iildpanpgrent that modifications and adaptations ofthe preferred embodiments w1
occur to those skilled in the art. However, it is to be expressly understood that such
modifications and adaptations are within the spirit and scope of the present invention as

20 set forth in the following claims.



20 set forth in the followi ng clains. WO 01/ 44088 PCT/USOQ 42185 -13- Wat
is clained is: 1. Areel for supporting coiled tubing thereon, the reel

conpri si %Olé‘%% ortabl e base; a hub nmounted on the base an @gﬂﬁstoﬁfaﬁ%e about

a hub ax end flange adjacent each axial end of the

retaining coiled tubing on the hub and between the end flanges; and a
conpliant material covering at |east alportion of an exterior surface of
the hub for engagenent with the coiled tubing, such that radially inward
conpr essi veWhaiigdaimedisr t ed by the coiled tubing are absorbed by the

| . d he hub
has o - Substanti'al |y oyrt errerissansibip R el oL, 0 12

Cl aim 2, wherei agoh@blgemgél iant material is provi ded on the hub and within
each circunferenti al quadrant of the substantiall y cylindrical hub. 4. The
reel as defined aihyb@anipdpn thnkiseippd fEaiomont ah0 Fterial is 15

posi ti O%ed al On%n%%dl n%%%g?%]&géﬁw%h}ﬁ &l of @h@&i‘o?{e’[a@ﬁm§&glfe@@1ﬁm§gonttﬂ@ hub. 5.

The reel” as define ereln the conpliant " material™ is
posi ti oned fabongbéaivetiehs nd fibsdeadndal | y 90% of t he ext erl or surface of the
hub. 6. The reel as defined. in CaimJl, wherein.the co |antftrﬁageb7|a IS

sel ected from &Cﬁ%ﬂﬁlt%@%f?‘f?&néﬁt IF%FBBB?mO‘bPE@HXEEH% %5849 The

reel as defiped.bin&d:alim tiae WH&S Rbthot BRhGRARA AR infREEEdApresstvestcest ed
froma group consisting of carpet, fga bric or woven textiles. 8. The reel as

defined in Rke@ddly, thwh@tedltnbltltlere@bmjbm it thereerepliaal mpgBala radi al  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. WO 01/ 44088
PCT/ USO@Qf 42185 - 14 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

15  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.

20 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 Claim1, 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.



9. The reel as defined in Caim1l, wherein the conpliant material has a
radial depth of from1/8 inch to 1 inch. 10. The reel as defined in C aim
9, wherein onpliant material has a radial depth of f jijach to
7/ 8 inchyw%BQ§m&% reel for supporting coiled tubing there&%ﬁgﬁééé%gﬁl
conprising: a portable base; a hub nounted on the base and rotatabl e about
a hub axis; an end fl ange adj acent eacht-axial end of the hub for retaining
coil ed tubing on the hub and between the end flanges; 10 a plurality of
noveabl e support® positeiraedicbnedih€ldiub; wizxmein éhepbmphbnt matephl Hak asidrd) menber s
each for biasing a respective one of the plurality of noveable supports
radial |y ousREr ¢ F¥omStiAd BdYfsuch that radially inward conpressive
forces exerted by the coiled tubing on the noveabl e supports are absorbed
by the plurality of biasing nenbers. 15 12. The reel as defined in Caim
11, wherein the Il ur dllicrsel afdebneish Atpim@nulerein thecemalipntmagariat Ras radjabaf
springs. 134.,kher #&eh/4agcdefidgenin A aim 11, wherein the plurality of

bi asi ng neﬁ%grs are a plurality of hydraulic cylinders. 14. The reel as
defined in Caim11ll, wherein each of the plurality of noveable 20 supports
is an elongate rilb ext ewrtiongumeitalglcpiled whypgahsedrs thanedl apmposing:on of an
axi al spacing betwe the end flanges. 15. The reel as defined in Caim
11, wherein the %ﬂﬁmgﬁépﬂﬂes a plurality of apertures such that each of
the plurality of, fmveaRk& SHBPBAE SndPatimY ebduddihab hyisi nward with respect
to the hub and into a respective one of the plurality of apertures. 25 16.
The reel as def i awetd fiangeladianent gachanie @idef thsdub (s reiyiBing ceilgddebing praibe y

cylindrical _ confiqgurati.on, 01/ 44088 PCT/ US00/ 42185 -15 17. The reel as
defined in }tﬂ%a"in%bgg‘fee%heeregflna% ej5’1 east one of the plurality of
10 a plurality of moveable supports positioned on the hub; and

a plurality of biasing members each for biasing a respective one of the plurality
of moveable supports radially outward from the hub, such that radially inward
compressive forces exerted by the coiled tubing on the moveable supports are absorbed

by the plurality of biasing members.

15 12. The reel as defined in Claim 11, wherein the plurality of biasing members

are a plurality of leaf springs.

13. The reel as defined in Claim 11, wherein the plurality of biasing members

are a plurality of hydraulic cylinders.

14. The reel as defined in Claim 11, wherein each of the plurality of moveable
20  supports is an elongate rib extending axially along a substantial portion of an axial

spacing between the end flanges.

15. The reel as defined in Claim 11, wherein the hub includes a plurality of
apertures such that each of the plurality of moveable supports may move radially inward

with respect to the hub and into a respective one of the plurality of apertures.

.25 16. The reel as defined in Claim 11, wherein the hub has a substantially

cylindrical configuration.



noveabl e supports is positioned wthin each circunferential quadrant of the
substantially cylindrical hub. 18. A nethod of supporting coiled tubing on

a reel, %&? rising; 5 providing a reel base; nounting a QQgﬂﬁgﬂégéFbase

such t hat M i s rotatable about a hub axis; nountin ange at
each axial end of the hub for retaining the coiled tubing on the hub and
between the end flanges; winding the détled tubing on the hub and between
the end flanges while the coiled 10 tubing is internally pressurized with
fluid; and ther &aft efThe eklemsiefiged inelfinui O vreess atrleasd ang disheplutaddy ¢fubi ng,

such t hat f:1 0j.d: ahuadh dnfigrce on the
coi l ed tubﬁﬁgg%ﬁ%ﬁgéﬂgyé#%gmggﬁ?ﬁﬁ?%mﬁ?ﬁagﬁﬁﬁ?gagreggyggm%ggﬁegﬁﬁgerted by

the coil edYlUWFiAY WA - t he hub are substantially reduced. 15 19. The net hod
as defined in Caim17, wherein the fluid pressure exerted on the coiled
tubing while the coiled tubing is wound on.the hub is in.excess of 1000
psi. 20. The mb¥-hodAdBetprRst SiTLaPqringyolliefiubme ihtesh AFOPNEIRS ui d pressure
exertedson the @g@hﬁﬂ%gHQnggmhile the coiled tubing is wound on the hub is
in excess of 60%of the maxinumrated pressure of the coiled tubing. 20
21. The met hod awuutéfg nlad dnthChase wnchizhatithe hiteis refatapleiabuighupprovi di ng a

T e n e cet el
on the hub and between the end flanges;
winding the coiled tubing on the hub and between the end flanges while the coiled
10  tubing is internally pressurized with fluid; and
thereafter releasing the fluid pressure on the coiled tubing, such that release of
fluid pressure exerts a radially outward force on the coiled tubing such that the radially

inward compressive forces exerted by the coiled tubing on the hub are substantially

reduced.

15 19. The method as defined in Claim 17, wherein the fluid pressure exerted on

the coiled tubing while the coiled tubing is wound on the hub is in excess of 1000 psi.

20. The method as defined in Claim 17, wherein the fluid pressure exerted on
the coiled tubing while the coiled tubing is wound on the hub is in excess of 60% of the

maximum rated pressure of the coiled tubing.

20 21. The method as defined in Claim 17, further comprising;
providing a biasing member on the hub, such that the biasing member exerts a

radially outward force on the coiled tubing wound on the hub.



