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19’ May‘ 2004 (54) Title: REEL FOR SUPPORIayNERIIOVPCSI TE
CO LED TUBI NG (57) Abstract: This invention relates to two apparat us

and one n@id\d4ds@r use in spooling conposite coiled tubing rantgsceares! ed
tubing reel. One apparatus includes the nodification of tubing reel cores
currently in comon use by the direct ﬂ(jhesi on of a com

REEL FOR SUPPORTING COMPOSITE COILED TUBING

Field of the Invention

This invention relaies gencrally to reels {or supporting and transporting coiled

tubing and. more specifically, to tubing reel cores and methods for wrapping composite

h

coiled tubing around a tubing reel core.

Backeround of the Invention

Coiled tubing has been used successfully in the oil and gas industry for many
vears. The development of new technology has cxpanded the role of coiled tubing in
completion, workover, drilling and production applications. The vast majority of

10 technology and applications have focused on metallic coiled tubing. Although uses for
metallic coiled tubulars have significantly increased in the past twenty ycars, Iiillilations
are experienced on occasion with metallic tubulars, including tensile strength limitations
due to string weight and corrosion susceptibility from inhospitable conditions.

Technology advancements in non-metallic, composite bascd coiled tubing
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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 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.
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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



pliantmaterial to the hub. Another apparatus nodifies the eaapaéos used
tubing reel hub by affixing several panels concentric to the hub and
nmount ed onve@ORIMSSi on springs. The method entails the pressygiggheongof
the conposite coiled tubing prior to spooling O onto the tubing reel, and
subsequently releasing the pressure withiin the conposite tubing after it
has been spooled onto the tubing O reel 2" Bot h appar atus and the net hod

protect the reel core by absorblgg or.elimnating the radially inward
forces of th&ORGHRATEsUlt ub\%gh dopdins Ry the BRinereeip f Bis Sy loadinel naich

corr espondi NG, &P e AGh 4PNl Bk 83 &0 ‘ oZeTH ) ubi ng.
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steel while ig ppokrﬂﬁ',rmelhods of using existing tubing storage reels with pressurized composite

tubing in such a manner as lo substantially minimize or prevent damaitge to tubing slorage
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.
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the exterior surface of the tubing reel core may absorb the radlally mwa:d 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
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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



20 reels of current design. The di sadvantages of the prior 1@rMap2@4over cone
by the present invention. and all inproved reel for supporting coiled
tubing, and particularly conposite tubing, is hereinafter disclosed. Al so
di sclosed is a nmethod of winding coiled tubing unto a reel to mnimze
forces on the tubing reel core when thegtubing is substantially pressurized
while 25 coiled onto the reel. 19 May 2004 WO 01/44088 1' CTI| 1S0O0O/ 12185 -3
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conposite coiled tubing has increased within the industry, existing

designs for tubing reels or spools have been inadequate in wthstanding
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t ubi 1§ spooling procedures to be exercised. In the alternative, this
and encour agean ERETEERSRE! e AHITR e aeiee L APy GORPORIRad cof | od
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reel cor epsun];p?rqg f?l}lg Eharggghatﬂg c:.cnjl1esdt t%!)ilng tlriltg g s%tetrrgﬁean well, the reel comprising: a
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
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conpliant material. 15 I n another aspect, e 1 nvention provides a reel for
supportlH@aﬂﬂﬁb®§hﬁ%4ﬁﬁﬂled t ubi ng thereon, the coiled tubing being wound
onto the reel and pressurized internally for punpi ng fluid through the
coiled tubing into a subterranean well, the reel conprising: a portable
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end of the hub for retalning
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
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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
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f ast eners, but alte e A Ighngh

epoxy. O her '%’H%Bz& \Yr@ﬁﬁlg Wéﬂ? %'/Pc? ‘\é%é‘%g%}h%"é‘ﬁ?‘ﬁ& %%%HQE @rc P‘(‘)‘?‘ H%tl)lﬂgﬁ:rface
to aIIom1the\gﬂnﬁhﬁuﬂaﬂﬁmbnmswwumggrﬁa manmnabtynﬂ@@ngssmhmwndemwhenhub
exterior surface er enbodiments may also util gze | eaf sp nﬁﬁﬂ bor5|on

springs or hmcamcut@blwrqehdé¢®1lﬁ%&1k¥e9nqeﬁhﬁP‘@éﬁﬁ‘ﬁ"r wuinghe & l“i%f@é"lc event

El.get Lgf“ngl ’r Iegclvt\)/an{?u B’Ee &fﬁlnga\ 1 n¥1{]§1 Hfbgéiﬁﬁ'ﬁlhzzlgg ISIQ'egﬁQa tﬁé‘p,l'bn% k410 mhﬂﬂﬂ@tgicng t he

vantages o e secon nbodi ment are
subst anti al | yheiikélihabd bppremasiec ddmdgeeo tifei tnising esebauat! mafmgs s utdh‘é fwetiallem
tubing is pressurlzed and the increase |n Cross- sect.i onal ”grlves

a contract i onen IBgeditPn. the ARPRAEFELISTREHVEN SRS (ML oY 8ib iy ”’c‘?"r‘]l(':( es' ‘ar ound

embodiment will not requirc additional structure, hardware or tools, and the apparatus
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



the panels, the springs beneath the panels absorb the radi ald May powsr d
forces of the '10 pressurized coiled tubing. As the springs absorb these
radi al |y iveoaresokor ces, they reduce the forces inparted on vow/usodéngs reel
structure. This reduces the likelihood of -premature danmage to the tubing
reel and prolongs its useful operating I Lfe. In addition, this enbodi nent
is relatively sinple in design and operation. This enbodi ment wi |1 not

Coil ed tubi ng et P RRS e RBERA SR, S e opi i 67 © "

procedures cormvidrdyoneseliciradeirentnl qvmﬂm;@(ﬂﬂ@tspystamr&@whﬁllmwélrmd| ment of
this invention comuskg@s: ﬁ:aﬂ?ééﬁﬁsfrﬂréntﬂfn&ﬁ&t%é @dﬁ%ﬂlahh@ateﬁﬂnmetselc@t@dﬂ ed
Subsequent r et vgre vt 5T ablpBT R B8ptn A% ST onBle A S uliss ea. A
preferred330 f@ﬂdmdfﬂh@ptesgrlemguhmztésCthIehmmp@SllatIéa)cbivleéddttldblpiﬁgOf b%53000 psi

prior to spogbi §Ya rfiI deBIhh@é'tw@émﬂQ'e%HBxsdec BY BE6 Uhd R ;tahl@u; @hicABost r om as
| ow as 1000 42185 -6

Si X /
mexi mum r at ege PE@S%H‘F%‘C%PF{JI’I‘?&';{EJBP%‘& Ofc'f%g?'g)"]éi/rr‘%‘d‘?%wéﬂt’%mh 'Ebmh%lp% néf ude
the subsequeompli®itingfterl mpyde s sdwil dith of iens b’éon@HOtlubﬁm gnd piekeraidy ant age
the radially Cnaarc e aietie, pooS e red“c“"S tubing on the. o O
urized coi ubi ng, 0 e ..
) E1t00 Y el Hiiee Radeneryraon ety oo et R oL PR a Y he
i ndustry al - Gantcﬂzabllbtsup]fmristdmehpnmmsmd ionahé¢ dnb odndtmalumilmpoﬁsnrmge@udleﬁbrt ubi ng
onky after th Bfasin %IIQ a%m%ol?lgﬁrthﬁBﬁ?ilﬁ?oﬂﬁ&fﬁbfc}'éﬁgﬁcﬁﬁlra Lllmﬁﬂt{‘rom fesure.

It*was this pres smultaneously
i ncreased t héwubi Eﬁ@t@frlh@f)luﬁiéy e@mwbteéupmsnga:amam@em%wciSteﬁlcn@ﬁgt h,

thereby ci nchifgytidgge ngtﬂaﬁpdﬁ@‘l RIS RE, B@hcﬁd’gﬂadt\u&nnge éefiangdd)bisd the
enbodi meqt 10.ellm (rj}at es

h | t
of the press®HadYia rFPB'flgst maE 52 ‘6%5%’5‘”8?. %‘rﬁl h& afsﬁallt’“ﬂgdnr eekurgfﬁ %a oSt
wel | bore. By apqmméa sugh tHaeeach nfitbs pluealitydfimey coble supnests may pioyg radedly inwdartie t he

tubing is Pr & %ﬁeﬁoq‘fﬂ@hmﬁﬁmfa@és %at\%%bragtﬂehﬁmaﬁ@s)m@-mréshe t ubi ng

~wi | | initia onto the tubin

radi al |y inwar d f bgé’sfea‘HFPcQNt‘Wé‘V?‘ﬁ'SPﬁB‘“ r‘lgeﬂmﬂﬁ‘él\l\h“\pliﬂr&lnwﬁgl [é"”ﬁ ﬁ‘é"
pressure wit hédd didieinclitde pgessoridied daswiled tiidng whdabesigt veoundbdmgpe iiublanid npar t

substant igl |y |&38 tﬁeoernﬁwgfgs% LE&M@@ &edfxoadvga Frﬁ@'ﬂ&ﬁz, Lsmgeiedagl | hood
of prematureg lg rolon 1é Qper ati ng
on the coxled tubing during thls step is preferably is an eXcess 0 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.

LS}
[

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
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.



life. In addition, the enbodinent is relatively sinple in dengneoad
operation. This enbodinent will not require additional structure, hardware
or tools,‘gﬁglﬁﬂﬁsapparatus, required to pressurize conposipt-€ngoihads
tubing may be the saint apparatils currently required and in conmon use in
the industry during coiled tubing stowage and wel I bore. installation
procedures. It is an object of the pres&it invention to provide an inproved
reel for ,supporting coiled tubing thereon, with the.reel mnimzing or

el i minating ¥amtuslempodimendes wikralewady s wehgielsragling ‘BHLB‘HP‘E% "86&5 ed
tubing. |t igpgeh@liduedatttifcs: dRbtdyMStht e iceld to provide an inproved
nmet hod of supporting coiled tubing on a portable reel, Wth the nethod

i ncl uding winding the coiled tubing on the hub and between end fl anges
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 minimzes the radially
conpressi ve forces subsequently exerted by the coiled tubing on the hub.
It is a feature of the present invention that the portable reel |br
supporting coiled may include a conpliant material covering at |east a
portion of an exterior surface of the hub for engagenent of the coiled
tubing to mnimze the radially inward threes. The hub 19 May 2004 WO

01/ 44088 i' CTf USOQ 42185 -7 may have substantially cylindrical
configuration and the conpliant material may be provided on each
circunferential quadrant of the substantially cylindrical hub. It is
further feature of this invention that the conpliant material may be
selected froma wide variety of materials. including rubber, plastic, and
wood. As a further 5 feature of the present invention the conpliant
material nmay have a radial depth of 1'% to 4% of a radial depth between
the exterior surface of hub and the radially outernpst 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 noveable supports radially
outward fromthe



hub. Each of the plurality of noveable supports may be an elgangpaeeganel s
extending axially along a substantial portion of an axial spacing between
the end fl apg@s44089d the 15 plurality of springs may be | eaf pgRriso@szizd he
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-Pplurality of apertures. It is a
feature of the invention that the method of supporting coiled tubing on a
reel may i ncl Brel Bessgpugn ofithgyDravangsoi | ed tublng whi | e bei ng wound on the
hub and 20 betwee ] X

The fluid pressur eﬁgxlp?% g&djf hf?ﬁg’%@o‘ﬁw gtﬁ%&é{ugl %’}ecﬁ %%atg{g’ C]OQ} DOSJPE
preferably i sudihgaycsiss onthe@@o of the ﬁ&XIﬁUﬁ] rated pressure of the coil ed
tubing. It is an advantage of the present invention that the cojl ed tubing
reel is relativel yFigs? ipPyFrasisehongnviane! c"bwgf GETERIINERY Of Shchingfipipo:
reliable. A rg) e ad¥ARHAA Pl Etﬁ;smaﬁanmemdoqne belatcd fe lﬁlghL ?e‘E.II
tubing reel utilize§ conventional conponents so that it may be reltably
used by fleldhwersonnel who have little experlence mnth c0|Ied tublng

reel s. is a fu%\?hf advant Cag wog oh d accordi % 95 @#)r esent
|nvent|on t hat 2 GIPEY-SEUBR KigVeA 28 L HE %g“ﬁF‘t &é Y gﬂ SANRY al |y
reduce or mni nipiupadity diemoeedblalsigpori wﬁapm&@ﬁﬁn@@s egal sﬂqu@é op thetthleing wicl ed

t ubi ng hub. BEMEQH%%QHQQQtﬁé@ﬂdﬁﬁ&ggbjECtS features and advantages of the
present invention one a t fromthe fgig mnng det ail ed
[

descripti bh, wherel’§ ‘llésfaest’ C¢B¥ 9 8dtr%%“5‘t(t“6uf‘ h the acconpanyi ng
drawi ngs. The f or eBigi h & samasstshetidnal Viewiofignadhgehbednenaoithdeseniipt.i on of the
reel for _Support'ﬁg 68 ksl bidH At Wby MBStk EuBIaRALASE tha TRl fpdnar €
illustrative and explanatory 35 thereof. This invention is not intended to
be limted to the illustrated and dlscussed enbodi nents, 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 conbination of
features of the tubing reel and the disclosed nmethod may be nade w thout
departing fromthe spirit of the invention. 19 May 2004 1VO 41/44088

" (1'/11S00/ 42185 -8 Various enbodi nents exist with alternative nethods of
spooling the conposite coiled tubing wthout damagi ng or destroying the
tubi ng reel.



19 May 2004 WO 01/44088 PCT/ Il St 10/ 42185 -9 Brief Descri ptit@wef 2002
Drawings Fig. 1 is a sinplified side view of a coiled tubi ng reeI
|IIustrat|n osite tubing spooled on the reel. Fig,. 2

cross-sect i“dﬁﬁl’%ﬁ%w of a preferred enbodi nent of the invent |'6ﬁ’”"”§f"2'”'
illustrating a conpliant material substantially covering the outer surface
of a tubing reel hub. Fig 3 is a cross-ggction view of another enbodi ment

of the invention, illustrating a plurality of noveabl e support and spring
assenbl i es emn%um%ﬁ%n% phdierddibhphifeRs hub and between the end
flanges. 10 FIQ: IS a side view of the epbodi ment. shown i 3, Fig. 5

is a cross- SeCtIOﬁz&Fcr?/’?CéW'B;fdcé?] percheddyayings Rply ?”lt“f'nfé“ri"h“\‘}{éﬂ‘ﬂﬁ“ﬂ siratiggy g

is a cross- S%ﬁfbl‘?&ﬁl:mf‘ﬁhﬁw:.m \N@Btﬁlq{?pﬂlb%{u;ﬁgbgﬂﬂumnﬂ f sdhike hpvemtbiene, 19
May 2004 WO 01/44088 11CTItJSOx 1/ 421 Det ai | €éd Descri ption of

Pref erred Entgoukraiiinz ecRafspodrddoi sslpmrdeg tumi/tm‘rtemamcu Hieh cernpipsaiwicnidgs! Lolmhy.
forthe purpo

o e o P e foeh £ FRO Gl s hord By GHe Bargh 27 PSP P At DRk Bl e

spool 10 for sIRR@TLNEH A wOFohk 3RS Refchicddo @O ARV eumlq.g lued uubnng.nh& The
reel 10 is ty@lllcally transported b% truck, barge, or ith the entire
package of t heustiaissthe o esiq Whing |bﬁ@~d@m?mmdr‘=éfcéﬁiﬁde‘a"t*8%@‘&‘ idinted

tubing unit. [Eigq é)r]éﬁ’%o&biﬁfm s flol"é{z{ gpggs PG Qﬁ)’%e EMP&:PQA%@@W&Q

unreel ed and exten omilic col ubi ng u di sposition. as
for exanple, dmmhelntsehma:l Il“yu dbvuusaa:smgtr&mﬂbmemsmeﬂchorﬁ of lhtdotvm‘mabeoislélr VI ce.
Fig. 2 ill ustﬁat es Cross-sect.i OE§ of th

re ol

1 Pustravda isegadh P g vitBe CORBoReeaing b Fapors® rdribuisd waRBiens Py 11
addi tion, Fi Qllluﬁra'téslcb'l% 361?:%?&[’%?@&%@1%0@%1@1{ Rﬁ&ﬁ&hg@fécaﬂpmdumr& ial 22

i ncluding the conpliant material 22 a on the exterior surface of the

hub 20. In aappleddecnrtéadcelnbmthummofltlhéulou@er hub 20 is nounted on a base 14

ZQ?aI rg}t‘lgt g]E)I Shgb Hh %‘eﬁzn’cd cmbodunemp\nxe uqm fh'u%“% 1}%1du§1tcﬂq l(febdsc meﬁpch

rotatable aboul a hub axis 16. An end {lange [2 is adjacent to each axial end of the hub

15  20andretains the coiled tubing 18 on the hub 20 and between the Nlanges 12, A plurality
of spokes 19 may be used to interconneet the hub 20 with central shalt 15. A comnpliant
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
exterior surface of the hub 20. A preferred cinbodiment depicts the hub 20 as having a
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



15 20-.and retains the coiled tubing 18 on the hub 20 and befowagy2ddae
flanges 12. A plurality of spokes 19 may be used to interconnect the hub 20
with central shalt 15. A conpliant material 22, such as ru ' plied
to the ext'¥PPY*%%rface of the Jtub 20. A preferred enbodiggﬁ4$g%%g?£ts of
t he rubber 22 substantially covering the exterior surface of the hub 20,

al t hough portions of the exterior surfadé of the hub 20 may be left
uncovered, '0 such that the rubber 22 is nminimally applied within each

ci r cunf er ent jadial ge¢paid o fuht neferiah2) is exdferbly frogul/# b tof/Btitke, hiubcoOnondy is
preferred enbodi nent, depicts the hub 20 as having a substantially
cylindrical @Hease3/4pngh k- hub 20 may al so take the forth of other

geonetric shapesy [he & ﬁ&?ﬂed%agggﬁ%ﬂﬁ hd e&%_ﬁagt bR AXEE il-cghcaewmqle of

12
the hula 20 by it~ convehti onal Ing nmaterial, such as a high-grade
epoxy. O her syzehhofipringzn'an@Banelsgdgehent irdfigs. 3l ad 4p pevdlpleurc opctangplar ibber 22
may be held in place nerely . time interference or friction.ti et ween
the coil ed t HBPRGIAYBthE FaME ?{@E@%g@? psgpe Q‘tﬂ#‘%é‘é&%ﬁ S%If?émlz%k%‘m%.ﬁx l81Phr%51t eri al
22 applied tg, 'i‘@_b@%ﬁ{pirééaioﬁu?lﬁ@%%ﬁ)m{éﬂ@nemsm tHRyrdiardlommihé@are ot her
materials. includihg but not limted to plastic, wood, carpet or

fabri c. O her cimowerentigkt sHaeednattconstaiit dntamglshand may rgsh pubishatiglbngsainghene

material. The rubber 2'-) applied 10 the., eLiQr f - , ub 20
has a radi al a‘?;?élﬂﬁrﬁ“{ﬁbyﬁ’ée f"ﬁ@'ﬁl, SO SRRY Qrgé@eegﬁagnr"g&?a ﬁweﬁ?lﬁgdlg%n{épﬁﬂgr from
US inch to 1ijchelrat®h édrdimudid sefaddovdiichatieagibily thepbitaietiyemorcasiog el eri or
surface of the hub 20 and the radially outerpost retai ning surface ol'each

I'l ange 120 Thiecuheferehyalzinansionof the panelifd. poseipinistheratontdrrt ticy oy P and/Bept h of
the material 20, refe : R ' rNgfc sAithsCRAMRNbY i
at |east 3/ 4aﬁenaélﬁ§’te ﬁit% ﬁl?([elal%ll%eﬁg{ﬂﬁ’g}r&%?ﬁ) g"ﬁ E%ggeez og%léirrnen{3 ,Seﬂtﬁﬂ“"g conpl i ant
materi al 22 ugacheploahe€rubdd indahe [mysis 26bp mesipmicatfesand, pantdlesmethgdsthaywn i n

Figs. 3 and 4, I's 20 r ect lar i hape, . th i al
engi h as 1 e WD 350 AN ePERE TBR B sy e he T F i BT rhi AR OB by
conpr essi on éﬁp{:&iﬂéné%a ThauRaREl:S offr ihn iﬂé‘%oﬂb&fsﬁgxﬁ ﬁngir@m@d:ir PeTSrmake

circunferentially spaced at constant intervals, an y rest substantially
agai nst ofe tiznohd biasisigdendipnsindaiding Husirot Hiovise ¢ sysiemosonyaing dyirghc 24

O her enbodi nent i ncorporate a.contin , I £, W g ing 18
contacts by Fﬁ‘ad%asgf%E;SWE-fg%éf‘P’&ﬁ “e"rg'eﬁl/fl Pgﬁ%g?%gé?agﬁbo nﬁ.{}gﬁﬁ?ﬂf&ﬂ% 26,
possibly to thgeqnd aedirel Hatpdsbie¥ig \seddpigs and/ lappingbenchd Lowadh biasesltyde

tangentially with respect to one another. The springs. 24 r’raby be
plurality of operatively controlled hydraulic eylinders 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



atfaChed to the hub 20 and the panels 26 by nechani cal fasti®nasy2¢o4 ot her

nmet hods may be used. Two or nore springs 24 may interconnect the hub 20

wi th each panel . Qther enbodi ments may include means ot hexr, fdya: he

conpressigﬁggB?Wﬁ s 24 for performng 15 the | oad biasing fbﬁé#{én.

including but not limted to systens containing hydraulic cylinders, |eaf

springs. or torsion springs. Various typ&s of biasing menbers may thus

serve the desired purpose- Fig. 5 depicts over |apping panels 26 each

bi ased by a mplimnal iated pfssoperaniyedly beaqesswiizcddo HiPdr aliliconeyinundetest 30.

Q her enbodi nents may incorporate shorter pane 2 8- - DA 26 may

have geomet ArEsSEiiad tCBPH8$>Fﬂ&ﬁ&PH&P“SP“F%Q“&PE?%&@&%“qé%@@&@ﬁ@?%ﬁ”such as

circular or TRCEPRSer theANBinERY hRebihap&sle@bnib @githdr20or random

intervals a“gﬁgﬁiﬁe af?alrd?recpggn‘of theﬁhub 20. As shown in Fi?. 6,

still other enbdiliehtrsniveginientsimaeneudrgyopding ahasinerganyevediileb ). spaced

slots or <apes%l'.1‘[h%?thg%iasiﬂt@,rﬁé?ﬁ)e?)é{(cﬁrfs'a%dﬁﬂj? bagardforédéh Mubp20ed Gbigh 15hat al |
por ti on the

or a radially inwar 0 ZSWfaner Zg?na% each degre§s]beneath
the exteri orThiupPaedirmay heusdyvidhihc aapdird ot BRngLes i iR EEI" Wocess
for pressuriiaingyt favitubic peidtdphibodiniants dpaticdabotdier & eivilng b tomed. t he
coi | ed tubing, ree senb| b tRewhich RisRYpAB cd GhrR@00 ps
o Up ot e BRI OF B B e (e REFATLE bl Fopyhict sTaniitcl ;

spool i ng t heis treddilygranspaarablend The acch gesopding 4 41§ FYENHSP plrpaaiyelyeopikbe
pressur e thinthe; 30:iteiidng a hdvablBeahspoitNgich 8s dwtdselnAhc e@nilk@eduld he | engt h
to the extent that current procedures allow, and will thereby reduce or

el iminate thexeddBPEEEy i nward forces of the tubing 18 onto the hub 20. The
tubi ng 18 may be (Qhesaubédi@cninitcitohsidérdd for thindnysnesewhisd miemsodiryeney Wil e
the preferre - ouls DAY ESUP LES 8EL I vatiBY biNMatediisNeichBidOrdstivud 9 May
2004 \\O 0]%4%83@%%?%%5\] SS[:HIP [ d2185 “;‘H;_lfz mai{?rmm rat(j%d5 l%ﬂ%?;ﬁ&‘!ew%v may
only be presOuIoRads: PHEBIY BRI ORRRI M NP Rt s FOMPPERSuHE o7 " AP t & at i vel y
may al soldbe @rstisdtionakeedfo only 1000 psi. "l he tubing pressure may be
relieved after t h@h; ' SnOREDr BPPRIsES iAok Mevd R 2usudletilih ot her
enbodi nents may inclgggﬂ%F%V§g?ﬁgla %iasiggsne&eber on the hub 20. such-
that the bi agdtaiyivieapperenakanicsliFoatiant aatl hgapttonepithe prefearcod pubpimepssiled
tubing 18. This procedure may be ed wth th tan 0l | tubing ree
in conmon us®CHhla hase § l(!ﬁi’s‘f‘r‘t)/? A NS K é)? g? é?‘%&%ﬂﬁnﬁ%ﬁi%ﬁﬂt‘%{ '%égcri bed
above, or a QAR HsANd LBLBBhs arc within the spirit and scope of the present invention as .

20 sct forth in the following claims.



The coiled tubing reel as disclosed herein is a portable raqelpmaynged as

expl ai ned above. is readily transportable. The reel accordingto this
invention alternatively could he 10 stationary, i.e., attached to a novable
transport, such as a vessel. The reel al could he fixed in place. Oher

enbodi nents are considered for this invention which may construct any or
all of the various conponents out of a variety of materials, Including

resi nous conpounds, other non-netallic conpounds, netallic conpounds,
speci al alloys, or any 15 conbination thereof. Wile preferred enbodi nents
of the presedWhatisclaimedds: have been illustrated in detail, it is apparent

t hat nndificationﬁ and adqg;ation. of thefgre§%3@§d nbodi rent.s wi Il occur
to those skilled i t hé EPHT 148 f OOty cph 8% PYPEEL §° f4eFEr st ood t hat
such nodi fi cabimggingirounddRtothe RRBandEesstuided Forl fienpiidl fluil t@dgkhskope of the
present invention as 20 set forth in the follow.ng clains. 19 May 2004 13
Wiat is cl ai neRileddubing info 3 gibterrageansyll iereel GORBHFIBE t e coi | ed tubi ng
thereon, the coilg%o Hﬁﬁbag.being wound onto the reel and pressurized for
punping fluid thro gﬁ the ¢Coiled tubing into a subterranean well, the reel
conprising: a por adabbmduated ondhdbdse pudirotatabloabaube hidagds;and r ot at abl e about
a hub axis; an end f| e adjacent, each axial ,end of .the hub f.or retaining
ol l'ed t ubi g on ERE G- ARbERERHR R St b P R duhing ool e

mat eri al covéibagd bétwkendhit ead flamges;amdof an exterior surface of the hub for

engagenent with the cojled tubing, such that radially inward con&%essi ve
forces exerted b$comuliangmagsgial epyerrg afleashprytoral B cxteior syfase phike hub

terial 2 _ . . . .
ol e 21 21 (Al L SR B CRoh g SHY obbE Bl B
wherei n t he esepditarthe oaledtuldhg s apsaabedidecthe oompliemt hiateriahd wi t hi n each

circunferential quadrant of the substantially cylindrical hub. 4. The reel
as defined in Claim1, wherein the conpliant naterial is positioned al ong

at least a majoriby of ThiRerrldRELQS inTH4iHAL Sytftfeid € it Bas 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.



5. The reel as defined in Claimd4, wherein the conpliant mygenipbodss
positioned along at |east substantially 90% of the exterior surface of the
hub. 6. The reel as defined in Caim1l, wherein the conpliant material is
selected froma group consisting of rulper, plastic and wood. 7. The reel
as defined in Caim1l, wherein the conpliant material is selected froma
group consisting of carpet, fabric or woven textiles. 8. The reel as
defined in aim1l, 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 out@rnpsTherredlas défingd BiCliiack whtrekahdicodipliaifitnamngal habQ ridiyl 2004
14 9. The reel as_defined in dQaiml, wherein the conpliant nmaterial has a
radial  dept #FP8F oI B 18ch el (G2mmdp 28 419m t 0 25. 4. 10. The reel as
defined in aim9, wherein the conpliant material has a radial depth of
from1/4 inch to 7/8 inch (6.4nmmto 22.2mm. 11. A reel for_ supporting
conposite coil ed ubi nkretrpr pedatined InClam 9, aderetnthe ergnpbentmpteisbibas agedid t he
reel and pregpui oZfesh it igsn@l /8 iR (6. Mfdio?g. 2. d  t hrough the coil ed
tubing into a subterranean well, the reel conprising: a portable base; a

hub nmounted on the base and rotated about a hub axis, the hub having a
cylindrical confiburatfaes! fersupppating egmeposieipeited mebiegidigregni the ceiled of t he hub
for retaini iy | i N the ‘hub _and .betwegn.the end fl.anges; and a
corpl 1 ant R REtRl Ahodfe eblio B RRRa RURAT e BBl ot ace o

the hub forthenghgermitd wibidy ihtoa tiBich@aeanRilN e redlebmphgihgr adi al |y i nwar d
conpressive forces exerted by the coiled tubing are absorbed by the
conpl i ant nateri #POHARIERESA radial depth of from1/4 inch to 7/8 inch

(6.4mMmto 22.2 . [ ' | i, M I: he
conpliant mat em%lhu?jé‘l Ou%%qungg%b%ﬁ agﬁtédtﬁgga%%é%ﬁ t’ H%‘l%’]tg%?ﬁﬁéiﬂr@%%ﬁ erenti al
quadr ant of d¢haddcdhsbaiguratidny cylindrical hub. 13. The reel as defined in
claim11l, wherein the_conpliant terial i ositioned alo t. least a
mejority of the anead flgpeeagiaesieach Hrinend of the hub for retaining cotled 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).





