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hori zontal wells have been known for nmany years, onlyrelatively recently”

have such @&hhsnbgeasdebaed Radn aHe /gre“é&&t ehvestive ahfennabirperheed
conventional vertical well drilling. though drilling a horizontal well

costs subsher¢inlby referéhmes.its vertical counterpart, a horizontal well
frequently inproves production by a factor of five, ten or even twenty in
natural ly- fractured reseTECHNICAL-RTERD| OF THB| TNVENTPONductivity from a
The ;resent invention is directed, in general, to a
composite structures and more specifically to a composite well
flow conductor for drilling and completing subterranean
multilateral wells and a method of manufacture therefor, the
wells providing connectivity among main énd lateral wellbores,
pressure-bearing sealing of joints for selective isolation of
wellbores or portions thereof and subsequent wellbore access for
rework or other purposes.
BACKGROUND OF THE INVENTION
Horizontal well drilling and production have become
increasingly important to the oil industry in recent years.
While horizontal wells have been known for many yeafs, only
relatively recently have such wells been determined to be a cost-
effective alternative to conventional vertical well drilling.
Although drilling a horizontal well costs substantiaily'more than
its vertical counterpart, a horizontal well frequently improves
production by a factor of five, ten or even twenty in naturally-
fractured reservoirs. Generally, projected productivity from a

horizontal wellbore must triple that of a vertical wellbore for

horizontal drilling to be economical. This increased production



‘horizontal wellbore nust triple that of a vertical wellbore for horizontal

drilli:ng to be economical. This increased production 2 minimzes the
nunbér of platferms, cutting investnent and operational costs. _
Hori zontal drilling nmakes reservoirs in urban areas, permafrost zones and

‘deep of f shore wat ers nore accessible. Qther applications for -horizontal
wel | bores include periphery wells, thin 2eservoirs that would require too .
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| Also, usome horizontal wellbores contain additional wellbores
extending laterally frpm the primary vertical wellbores. These
additional 1lateral wellbores are sometimes referred to as
drainholes and vertical wellborés containing more than one
lateral wellbore are referred to as multilateral wells.
Multilateral wells are becoming increasingly important, both from
the standpoint of new drilling operations and from the
increasingly important standpoint of reﬁorking existing
wellbores, including remedial and stimulation work.

As a result of the foregoing increased dependence on and
importance of horizontal wells, horizontal well completion, and
particularly multilateral well completion, have been important |
concerns and continue to provide a host of difficult problems to
overcome. Lateral cbmpletion, particularly at the juncture
between the main and lateral wellbores, is extremely important
to avoid collapse of the wellbore in unconsolidated or weakly
consolidated formations. Thus, open hole completions are limited
to competent rock formations; and, even then, open hole
completions are inadequate since there is no control or ability

to access (or reenter the lateral) or to isolate production zones



between the main and |l ateral wellbores, is extrenely inportant to avoid
col l apse of the wellbore in unconsolidated or weakl y consol i dat ed

f.armati ons. Thus, open hole conpletions are limted to conpetent rock
formations; and, even then, open hole conpletions are inadequate since
thére is no control or ablllty to access (or reenter the lateral) or to

| sol ate production zones 3 within the3wel | bore. Coupled with this need
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multilateral conpletion as a whole to withstand hydrauli¢c pressure.

"~ Hydr aul i c lsezlnalg welootesubachy that there are no open holes between

casings. This ensures that the multilateral completion is not
subject to éollapse of a section of open hole and that open ﬁole
tools are not required to access portions of the completion.
Isoclation refers to the ability to seal off one or more
wellbores, or any selectable portion thereof, without impeding
production from remaining wellbores or portions. To isolate one
wellbore from another effectively, the casings in the wellbores
must be hydraulically sealed (generally up to 5000 psi) to one
another to allow the multilateral completion as a whole to
withstand hydraulic pressure. Hydraulic sealing is pérticularly
important at the juncture between main and lateral wellbores.
Without hydraulic sealing, either pressure is lost into the void
that surrounds the casing or fluid or particulate contaminates
are allowed to enter the casing from the surrounding vbid. While
connectivity, isolation and access are important in both
horizontal and vertical wells, they are particularly important
and pose particularly difficult problems in multilateral well
completions. As mentioned above, isolating one lateral wellbore
from other lateral wellbores is hecessary to prevent migration

of fluids and to comply with completion practices and regulations



important at the juncture between main and | ateral wellbores. Wthout
hydraulic sealing, either pressure is |lost into the void that surrounds the
gasing or fluid or particulate contaminates are allowed to enter the casing
fromthe surrounding void. While connectivity, isolation and access are

I mportant in both horizontal and vertical wells, they are particularly

i nportant and pose particularly difficul# problems in nultilateral well
conpl etions. As nentioned above, isolating one |ateral wellbore from other
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reenter a selected one of the wellbores to perform conpletion work,

addi t i onalfrdidthirengtor the next, as may the hydrocarbon gravity and
likelihood of coning. Allowing the formations to produce
together permits crossflow between fractures. A single fracture
wiﬁh early water breakthrough may jeopardiéé the entire well’s
production.

Access refers to the ability to reenter a selected one of
the wellbores to perform completion work, additional drilling or
remedial and stimulation work, preferably without requiring a
full drilling rig. In the most preferable situation, any one of
the lateral wellbores can be entered uging coiled tubing, thereby
saving money.

There have been several prior art techniques of completing
multilateral wells using open-hole completion techniques. One
involves the drilling of a single main wellbore and one or more.
lateral wellbores emanating from a base portion thereof. The
main wellbore is cased except for the base portion. The base .
portion and the one or more lateral wellbores are left open-hole.
Although this completion technique is relatively inexpensive, not
one of the above three main objectives (connectivity, isolation
and access) is satisfied, as there are portions of the wellbores

left open-hole, the open-hole wellbores cannot be selectively



remedi al -and stinulation work, preferably wi'thout requiring.a full drilling
rig. 1m the nost preferable situation, any one of the lateral wellbores can
be entered using coiled tubing, thereby saving noney. There have been
several prior art techniques of conpleting nmultilateral wells using.
open- hol e conpl etion techniques. One involves the drilling of a single nain
wel | bore and one or nore lateral wellborgs emanating froma base .portion
thereof. The main wellbore is cased except for the base portion. The base
portion amgalkd ofif,oexaept tatarhimikéed bdegsearwitleiqpaspdilslisoldtimugh
this conpletion technique is relatively inexpensive, not one of . the above
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wel | bore. The inflatabl e packers serve to separate the |ateral well bores

hydraul i caklLlybbrem oRespeoiétrcasing having a number of inflatable open-
hole packegs and perforations between the inflatable packers is
placed in the main wellbore. The inflatable.packers serve to
separate the lateral wellbores hydraulically from one another.
This technique therefore offers a degree of isolation, in that
an entire lateral can be sealed off from the rest. However,
portions of a lateral cannot be sealed off. Further, there is
neither connectivity nor access. Finally, the lateral wellbores
are left open-hole. Therefore, if a lateral wellbore cbllapses
or becomes clogged, production from that wellbore is compromised.
Conventionally, some multilateral completion techniques have
employed slotted liner completion. The primary purpose of
inserting a slotted liner in a lateral wellbores is to guard
against hole collapse. Additionally, .a liner provides a
convenient path to insert various tools such as coiled tubing in
the wellbore. Three types of liners have been used, namely: (1)
perforated liners, where holes are drilled in the liner, (2)
slotted liners, where slots of various width and length are

milled along the line length, and (3) prepacked screens.
One prior art completion technique employing liners is

similar to the first-described open-hole completion technique,



This technique therefore offers a degree of isolation, in that an entire

| ateralk can be sealed off fromthe rest. However, portions of a |lateral
cannot be sealed off. Further, there is neither connectivity nor access. .
Fi.nally, the lateral wellbores are |eft open-hole. Therefore, if a |lateral
welll bore col | apses or becones cl ogged, production fromthat wellbore is
conproni sed. Conventionally, sone nultlléteral conpl etion techni ques have
enpl oyed slotted |jner conpletion, primary purpose qof insertjng a
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open- hol e technique, this conpletion technique is still relatively
i nexpensi neneHofietize above three main objectives is satisfied, as portions
of each l;teral wellbore and the base portion of the main
wellbore are left open-hole. The open-hole wellbores cannot be
selectively sealed off, except to a limited degree with open-hole
isolation tools; Finally, access to the lateral wellbores can
only be by way of bent subs or orientation devices. The sole
advantage of this completion technique is that liners provide
support as against erosion or collapse in the lateral wellbores.
A second completion technique employing lined 1laterals
involves two lateral wellbores extending from a main wellbore,
one over the other, each having a liner and each liner extending
back to a casing in the main wellbore. Thus, connectivity is
achieved, as the liners are hydraulically sealed to the main
wellbore casing. Unfortunately, the lower of the two lateral
wellbores cannot be sealed off {isolated). Further, the lower
of the two lateral wellbores cannot be accessed subsequently.
Thus, only one of the three principal objectives is met.
A third completion technique employing lined laterals is
reserved for new well completion and involves the drilling of

multiple lateral wellbores from a main wellbore. A liner is

inserted into the main wellbore. The liner is provided with



none of the above three main objectives is satisfied, as portions of each
| at er,at wel l'bore and the base portion of the nain well bore are left
open-hol e. The open-hol e wel |l bores cannot be selectively sealed off, except
to.alimted degree with open-hole isolation tools. Finally, access to the
| ateral wellbores can only be by way of bent subs or orientation devices.
The sol e advantage of this conpletion tethnique is that liners provide
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lined laterals is reserved for new well conpletion an vol ves the _
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inserted into the nmain well bore. The liner is provided with 7- W ndows
t herei n chatesabndebibbves heuposhé i prrefrdiged At Applrinthithe tdhre@inain
wel | bore liner nust be oriented when it is inserted. Next, liners are

i nserted Phiecthvebat escrinewiibiciyesis not present, since the lateral
wellbore liners are not sealed to the main wellbore liner.
Isolation is possible, but access to the lateral wellbores for
the purpose of reworking or isolating a lateral wellbore must be
made by way of bent subs or orientation devices.

One further prior art completion technique does not involve
either open-hole or lined lateral wellbores. This technique
requires the drilling of a relatively large main wellbore.
Multiple lateral wellbores are drilled in parallel through the’
bottom of the main wellbore and spread in separate directions.
The main and lateral wellbores are cased and sealed together.
All three of the three main objectives are met, as isolation of
and access to each lateral wellbore are provided. However, in
most cases, only two or three lateral wellbores are allowed, as
the cross-sectional areas of the lateral wellbores must fit
within the cross-sectional area of the main wellbore. This
severely limits the cost effectiveness of the well as a whole,
as the main wellbore must be of exceptionally large diameter and
thus relatively expensive to drill.

The problem of lateral wellbore (and particularly

multilateral wellbore) completion has been recognized for many



The open ends of the lateral wellbore liners extend through the w ndows of
the main wel'l bore liner. This techni que is designed for new wells, because
the location and orientation of the lateral wellbores nust be prearranged.’
Applying the three main objectlves connectivity is not present, since the
| ateral wellbore Iiners are not sealed to the main wellbore liner.

| solation is possible, but access to the8 ateral well bores for the purpose
of reworking or isolating a_|lateral wellbore nust be nmade by way_of bent
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drill. The wproblem of -lateral wellbore (an particularly

mul til at ershiebd| fore) cdosinet | off hashdedatieaadgni zelinf dF. SmmnPatent No.
2,858,107,“a removable whipstock assembly provides a means for
.locating (e.g., accessing) a lateral subsequent to completion
thereof. U.S. Patent No. 3,330,349 discloses a mandrel for
guiding and completing multiple horizontal wells. U.S. Patent
Nos. 4,396,075; 4,415,205; 4,444,276 and 4,573,541 all relate
generally to methods and devices for multilateral completions
using a template or tube guide head. Other patents of general
interest in the field of horizontal well completion include U.S.
Patent Nos. 2,452,920 and 4,402,551.

Serial No. 08/296,941, initially referenced above, discloses
several methods and systems for subterranean multilateral well
drilling and completion. Of two main embodiments of such methods
and systems, the latter, in a preferred embodiment, employs a
drillable éomposite joint or liner that extends from the main
borehole and through a window in the main borehole into the
lateral borehole. In place, the liner blocks a lower portion of
the main borehole. After being cemented_into place, a portion
of the liner must be removed, preferably by drilling through the
portion with an ordinary rock bit, to reopen the lower portion

of the main borehole.
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the latter, in"a preferred enbodi nent, enploys a drill able
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portion of ‘the liner nmust be renoved, preferably by drilling
bond. The prior art has provided metallic spacers that may be
fitted to the liner at periodic points about its léngth.
However, the metallic spacers are not drillable by a conventional
rock bit and therefore present an obstacle if a spacer happens
to be at the portion of the liner that is to be removed.
Furthermore, such metallic spacers are local and do ‘not run the
full length of the liner.

Second, as cement is introduced into the annular space
between the outer diameter of the liner and the inner diameter
of the mainlcasing or laﬁeral borehole, impurities or voids may
also be introduced. Typically, the voids will be caused by well
fluids that displace the cement or occur because the cement
settles. This may be more pronounced in lateral or horizontal
wellbore sections in which the heavier cement settles to the
lower areas about the casing and formation fluids rise to the'
upper areas resulting in voids in the cement in the upper areas.
Optimally, the impurities should be mixed throughout the cement
to decrease their detrimental effects. The prior art has

provided turbulence devices substantially comprising metallic

a



of the main borehole.- 9 However, sinply providing a drillable conposite
tube ,as a liner has significant disadvantages. First, such liners nmust be
cemented in place and thus nmust have an: outer dianeter
substantially I ess than an inner dianmeter of the surrounding nmain casing to
al l{fow for the cenent. However, given such roomw thin the main casing, the
liner tends to wander radially within th&%main casing, thereby causing the
liner to decentralize.  This is di sadvant ageous, because the cenment may not
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Thus, what is needed in the prior art is a composite joint

or liner that is drillable by an ofdinafy rock bit, but that
includes features directed to centralizing the liner within the
main casing and to providing turbulence and mixing to the cement
that is eventually to surround the liner.

SUMMARY OF THE INVENTION

To address the above-discussed deficiencies of the prior
art, it is a primary object of the present invention to provide
a composite joint or liner (or "well flow conductor," in the
broadest sense) that includes a structure directed to
centralizing the liner "within the main casing and to providing
turbulence and mixing to the cement that is eventually to
surround the liner.

In the attainment of the above primary object, one aspect
of the present invention provides a well flow conductor,
comprising: (1) a composite liner tube composed of a plurality
of overlapping, resin-bonded composite plies and adapted to
conduct a fluid flow therethrough and (2) a compbsite outer
structure surrounding the composite liner tube and composed of
a plurality of overlapping, resin-bonded composite plies arranged

in a plurality of opposed helices about a centerline of the



| oner areas about the casing and formation fluids rise to.the upper areas
resul,ting in voids in the cement in the upper areas. Optinmally, the
i-npurities should be mixed throughout the cenent to decrease their
~detyinmental ,effects. The prior art has provided turbul ence devices
subdstantially conprising nmetallic 10 fins that, |like the spacers, may
be fitted to the liner at periodic pointBlabout its | ength. However, the
metallic fins are not drillable by a conventional rock bit and therefore
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deficiencies of the prior art, 1t 1s a pritmary object of the presen
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I n the broadest sense) that includes a sStructure directed to

central i ziwall HEldw resndMddd. t he nain casing and to providing turbul ence
and mxing to the cenent that is eventually to
Thus, the present invention introduces a helical wrap that

surrounds the tubular conductor. The helical wrap centralizes
the conductor without overly restricting the flow of cement
around the conductor.

In a preferred embodiment of the preseht invention, the well
flow conductor further comprises a sacrificial layer located on
an inner surface of the well flow conductor and composed of a
substantially fiber-free resin to isolate the nodes from direct
contact with the well flow conductor as tools travelling within
the well flow conductor contact the inner surface.

It is highly desirable to protect the fiber matrix
constituting the conductor from contact with the tools that may
repeatedly be brought through the conductor. As the tools move
through the conductor, any erosion of the conductor is realized
on the sacrificial layer, rather than on the matrix.

In a preferred embodiment of the present invention, the well
flow conductor further comprises an abrasion-resisting material
located on the nodes to resist wearing of the nodes as the well
flow conductor contacts the casing.

It is recognized that the well flow conductor may come into

substantial frictional contact with the inner surface of the main



surround the liner. In the attai nment of the above primary object, one
aspect- of the present invention provides a well flow conductor-,  conprising:
(1) a conposite liner tube conposed of a plurality of overl apping,

resj n-bonded conposite plies and adapted to conduct a fluid flow

t héret hrough and (2) a conposite outer structure surrounding.the conposite
| i ner tube and conposed of a plurality cf2overl apping, resin-bonded
"conposite plies arranged. in a plurality of -opposed helices about a

centerl i necafinheas ikobpoboweredinto plare withinpphecmahel Fadsng. To
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conprises a sacrificial layer located on an inner surface of the well flow
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nodes fromdirect contact wth the well flow conductor as tools travelling

wthin In a preferred embodiment of the present  invention, the
composite outer structure comprises first and second left-hand"
helices and first and second right-hand helices. The terms
nleft-hand" and "right-hand" are known in the art to refer to
counterclockwise and clockwise threads or bands, respectively.
In this embodiment, there are two of each, intersecting at four
radial locations about the cénductor.

In a preferred embodiment of the present invention, the
helices are oriented at a 45° anglé with respect to the
centerline of the composite liner tube. Those of skill in the
art will recognize that the number of nodes may be increased or
decreased by increasing or decreasing this angle, respectively.

In a preferred embodiment of the present invention; the
composite plies are composed of a selected one of fiberglass and
carbon fiber. Those of skill in the art will understand that the
present invention is primarily directed to a composite structure.
The composite structure may be constructed of any one or more
than of many well known composite fiber/resin combinationé to
alter the physical characteristics of the conductor.

In a preferred embodiment of the present invention, the well

flow conductor is adapted to be placed within the casing within



the well flow conductor contact the inner surface. It is highly desirable
to pratect the fiber matrix constituting the conductor fromcontact with
thre tools that may repeatedl'y be brought through the conductor.. As the
tools nove through the conductor, any erosion of the conductor is realized
on-the sacrificial layer, rather than on the matrix. In a preferred

enbodi nent of the present invention, tha3well flow conductor further

conpri ses an abrasion-resisting material |ocated on the nodes to resist
wearing of wWedlhedes as uppewePPrtiow ebntietwelkohtew teonductarilnpgatedis
recogni zed that the well flow conductor may cone into substantlal
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the art to refer to countercl ockwi se and clockmdse t hreads or bands,
respectivabplicatioqg not involving multilateral wells are within the
scope of the present invention. |
In a preferred embodiment of the present invention, the well
flow conductor is adapted to be cemented within the casing, the
composite outer structure generating turbulence in cement flowing
about the well flow conductor and providing a complex outer
surface for enhanced'bonding with the cement. The helices cfegte
two distinct effects on the outer surface of the well flow
conductor. First, where the helices overlap, centralizing nodes
are formed. Second, where the helices do not overlap,
intermediate raised bands cause turbulence to fluids (cement)
.flOWing over the outer surface of the composite liner tube. As
previously mentioned, this turbulence (1) distributes any
impurities throughout the cement, thereby decreasing their
detrimental effects and (2) assures even distribution about the
tube and displacement of wellbore fluids. Finally, the nodes and
intermediate raised bands contribute to the overall surface area
and complexity, enhancing the cement bonding both chemically and
mechanically. ‘
In a preferred embodiment of the present invention, the well

flow conductor has a diameter of 8.25"., Those of skill in the



In this enbodinent, there are two of each, intersecting at four radial

| ocat.i_,ons about the conductor. In a preferred enbodi ment of the present
i.-avention, the helices are oriented at a 45[err] angle with respect to the
centerline of the conposite liner tube. Those of skill in the art will
recogni ze that the nunber of nodes may be increased or decreased by

i ncreasing or decreasing this angle, resiectively. In a preferred
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the casing within weﬁl ore, an -upper por n of the well Tl ow
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fl ow conductor extending through a window in the casing and | ocated within

a | ateral msphifeturidygia, wélh® s edhduarert, i OdmpBisitvgirgetepsyoficated
for usein the nultilateral well environnent. However, those of skill in

the art widvenlegping ehalurbidiysolit eesinebonded! composntse rnplies viod viawgm
multilateral wells are within the
a composite liner tube, the composite liner tube adapted to

conduct a “fluid flow therethrough and (2) surrounding the
composite line; tube with a composite outer structure, the
composite outer structure composed of a plurality of overlapping,
resin-bonded composite plies arranged in a plurality of opposed
helices about a centerline of thé composite liner tube, the
opposed helices intersecting at predetermined axial and radial
locations on an outer surface of the composite liner tube to form
nodes extending radially outwardly from the outer sufface to form
standoffs therefrom, the standoffs capable of centralizing the
well flow conductor within an interior of a casing having a
larger radius than that of the well flow conductor. Thus, the
present invention is also directed to a method of manufacturing
such conductors.

The foregoing has outlined rather broadly the features and
technical advantages of the present invention so that those
skilled in the art may better understand the detailed description
of the invention that follows. Additional features and
advantages'of the invention will be described hereinafter that
form the subject of the claims of the invention. Those skilled

in the art should appreciate that they may readily use the



scope of the present invention. In a preferred enbodi nent of the present

i ivention, the well flow conductor is adapted to be cenented within the
casing, the conposite outer structure generating turbul ence in cenent
flow ng about the well flow conductor and providing a conplex outer surface
f of enhanced bonding with the cenent. The helices create two distinct
effects on the outer surface of the wel 18] ow conductor. First, where the
helices overlap, «centralizing nodes are formed. = Second, where the

hel i ces d@nasRticsyandphe speciddicaembedinenthdagslegadeasurbbrehgefon
fluids (cenent) flow ng over the qQuter surface of the conposite |jner tube.
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in the fd@rt will recognize that, while this dianmeter is advantageous
in multilateral wells, the present invention is directed to dianeters of

all sizes. In further atpRrEFebEseRIPRTORDOFETRE DRAWINGSECt, anot her

For a more complete understanding of the present invention,
and the advantages thereof, reference is now made to the
following descriptions taken in conjunction with the accompanying
drawings, in which:

FIG. 1 illustrates a verticélly foreshortened, highly
schematic partial cross-sectional view of a cased main wellbore
after the step of setting and cementing with a lateral wellbore
having a liner of the present invention inserted therein and hung
within the main wellbore;

FIG. 2 illustrates a perspective view of a section of the
liner of the present invention showing the opposing crossed
helical bands forming nodes on the outer perimeter of the liner
at the point of.their intersection; and

FIG. 3 illustrates a partiai cross-section taken along the
line 3-3 thiough a node and showing the overlapping of the
various layers comprising the helical bands and nodes.

DETAILED DESCRIPTION

Turning initially to FIG. 1, there is illustrated a
vertically foreshortened, highly schematic, _partial cross-
sectional view of a main wellbore 10 with casing 12 that has been

set and cemented in place with casing cement 14 squeezed between



aspect of the present invention provides a nethod of manufacturing a well
fI'ow conductor, conprising the steps of: (1) overlapping a plurality of

resi n-bonded conposite plies to forma conposite |liner tube, the conposite-
|.i ner tube adapted to conduct a fluid flow therethrough and (2) '
sutroundi ng the conposite liner tube with a conposite outer structure, the
conposite outer structure conposed of ajdurality of overl appi.ng,

‘resi n-bonded conposite plies arranged in a plurality of opposed helices
about a cémeerddtrrisir twalkoppotheechhng f@band Hheopsiaihaeebegical

I ntersecting at predeterm ned axial and radial |ocations on an outer -
surface offorH@tdemsodif-e ITheecasing ti@ hasnivsmed &4 i iidadiatl yi8 a
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Those skilled in the art should appreciate that they may readily use the
15 wellbore 24 is a composite liner 26, which has also been cemented
into place. A firét portion 28 of the liner 26 extends and
resides uphole within the casing 12 and a second portion 30 of
the composite liner 26 extends a predeterﬁined distance into the
lateral wellbore 24. As schematically illustrated, the composite
liner 26 is hung or secured in place within the main'wellbqre~10
and then set in place with cement 14. As described below, the
unique outer surfacé structure 32 of the composite liner 26
provides for centralization of the composite liner 26 within the
casing 12 and thorough mixing and bonding of the cement 14
between the casing 12 and the composite liner 26.
Turning now to FIG. 2, illustrated is a perspective view of
a section or joint of the composite liner 26. The composite
liner 26 is comprised of a drillable composite material, which
allowé the use of a conventional rock bit to drill through the
composite liner 26 and reestablish access to distal portions of
the main wellbore 10, if necessary. The composite liner 26 is
preferably a genera;ly cylindrical tube that is adapted ﬁo'
conduct a fluid flow therethrough and is composed of a plurality.
of overlapping composite plies, as described hereinbelow, that

form the composite outer surface 32. The opposing ends 34 of the



conception and the specific enbodi nent disclosed as a basis for nodifying
or’ destgning other structures for carrying out the same purposes of the
present invention. Those skilled in the art should also realize that such
equi.val ent constructions do not depart fromthe spirit and scope of the
invention in its broadest form BRI EF DESCRI PTI ON OF THE DRAW NGS For a-
nore conpl ete understandi ng of the presenl invention, and the advantages-
thereof, reference is now nade to the follow ng descriptions taken in .
conj unct i GIPURAFL e ldnesmFnyPrgieraid ngbaven thredded | end) fittingsmies a .
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DETAI LED DES PTION Turning initially to , there is illustrate
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of a main well bore 10 with casing 12 that "has been set and cenented in -
pl ace wi t husmssimgreanenthd fplsrpse 76shiisdedk dielices” means left and right
helical patterns that intersect at points along the length of the
composite liner 26 with the left helical pattern 40 spiraliy
traversing a length of the composite liner 26 in a counter.
clockwise direction and the right helical pattern 42 spirally
traversing a length of the composite liner 26 in a clockwisé
direction. Preferably, the opposed helices 40,42 run
substantially ‘the entire length of the composite iiner 26 and
intersect each other at predetermined axial and radial locations
on the outer surface 32 of the composite liner 26 to form a
gridwork helical pattern. The opposing helices 40,42 have nodes
44 and intermediate bands 46 extending between the nodes 44. The
opposing helices 40,42 may be produced by conventional fiber
winding processes associated with the fabrication of composite
joints. More specifically, the opposing helices 40,42 are
preferably formed by simultaneously applying conventional epoxy
resins and winding bands of fiberglass cloth tape or filaments
onto the outer surface of the composite liner 26. The opposing
" helices 40,42 are overlaid in alternating single repeating left
helical band patterns 40 and single repeating right helical band

" patterns 42 with no substantial band advance on either the left



16 the exterior ‘wall of the casing 12 and the various geol ogical formations
16. The casing 12 has formed in its side wall 18 a casing w ndow 20 with a
diverter or whipstock 22 set imediately bel ow the casing w ndow 20 for
directional operations. A lateral wellbore 24 having been drilled in a
generally lateral direction fromthe main wellbore 10 as deternined by the
orientation of the diverter 22 is also iBustrated. Received.in the

| ateral wellbore 24 is a conposite |iner 26, which has al so been cenented
into placer wAght shepbeal opaggesnsthe Theecabzenee: s suhataBsiads handl e
within the casing 12 and a second portion 30 of the conposite |iner 26
extends a PREABFErRRNEES R s’?"éﬂn]é% qpnpa’ ERe eRewied TiPeTBISLilaments to
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a perSpeCttHQthE&tOBfatﬁéciheérﬁédigt@tbéﬁdt§§t@&ﬁﬂ954ée liner 26. The
conposite liner 26 is conprised of a drillabl'e conposite material, which

allows the use ng a gesuedtoOHNEhis aokidid dppdbrlrig} Heli@isgh Cb'ﬁfl@@lfﬂ@ﬁldrﬁ

liner 26 and reestablish access to distal portions of the main wellbore 10,

| f necessahgllcimepasspgewayslamerfa&meﬂ ‘between the casing 12 and the -
outer surface 32 of the composite liner 26. Preferably, the
diameter of the composite liner 26, including the radial
extension of the nodes 44, does not exceed approximately 8.3
inches in diameter and the band width of the opposing helices
40,42 preferably does not exceed about 1 inch. .

The construction of the opposing helices 40,42 is simple and
can be easily modified to provide unique and specific properties
for centralization, flow, bonding and wear. For example, thé
number of opposing helices may be increased to proﬁide greater
turbulence, centralization effects and greater shear strength.
In another instance, a high wear material, such as ceramic beads
may be added to a layer covering the nodes 44 to increase wear
registance. Additionally, if desired, the patterns can be
multiple, interspersed opposing helical patterns wrapped around
the outer surface 32 of the composite liner 26 to provide more
crossover or nodal intersection points.
The nodes 44 and the opposing helices 40,42 each perform

important funétions in the present invention. For ekample, the .

nodes 44 extend radially outwardly from the outer surface 32 to

form high spots or standoffs therefrom that are capable of



preferably a generally cylindrical tube that is adapted to conduct a fluid
fl'ow.theret hrough and is conposed of a plurality of overlapping conposite
pties, as described hereinbelow, that formthe conposite outer surface 32.
The. opposi ng ends 34 of the 17 composite liner 26 preferably have
thteaded end fittings or collars 36 adhesively secured or nechanically

pi nned thereto for connection to conventli®nal nmetallic casing or liners.
Formed on the outer surface 32 is the conposite outer structure 38 that is .
conpr i sed CALFagIiFiAG tah%fcms:etmm hipex ofpovi tBinaas- ke rjorePiarthmged
in a plurali of _op] hellces 40, 42 ahout a centerline of the conposite
l'i ner 26 cﬂé%ge& heF')’ i 1hﬁ§ Bhia¥ger pading Hagn cERat rﬁ:’gré“? FAMRERL LS ght
heIicaI ttern |ntersect oi nt e length of the co Site
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32 of the conposite liner 26 to forma gridwrk helical pattern. The

opposi ng kelire§s miGtdd-diaves Nelilesodldh AN dnint saoRdEatiedbandd 40 wwdieidi 49
bet ween the nodes 44. The opposing helices 40,42 nay be produced by :
convent i otheyf aberpumped between the casing 12 and the composite liner 26.
This increase in flow turbuleﬁce'also helps to better clean the
hole prior to cementing and facilitates a more efficient
displacement of the well fluids during the compdsite liner 26
cementing process. Further, the opposing helices 40,42 provide
increased surface area for cement bonding and mechanical locking
mechanism to provide even higher shear strength when the
composite liner 26 is cemented.
Turning now to FIG. 3, there is illustrated a partial cross-
sectional view of the composite liner 26 of the present invention
showing the interior sacrificial layer 48, the liner plies 50
cohprising ﬁhe-composite liner 26, the plies 52 comprising the
outer structure 38 and the outer sacrificial layer 54, each of
which will now be discussed in the order just mentioned.
As previously mentioned, the interior surface of the
composite liner 26 may include an interior sacrificial layer 48.
The interior sacrificial layer 48 is also comprised of a
composite material, which is preferably an epoxy and fiberglass
cloth material that provides protection from wear resulting from

the contact of various tools on the interior surface that as they

are inserted in or through the composite liner 26 during



wi ndi ng processes associated with the fabrication of conposite joints.
More.specifically, the opposing helices 40,42 are preferably forned by

si mul t aneousl y appl yi ng conventional epoxy resins and w ndi ng bands of _
fi berglass cloth tape or filanents onto the outer surface of the conposite
liner 26. The opposing helices 40,42 are overlaid in alternating single
repeating left helical band patterns 402nd single repeating right helical
band patterns 42 wi'th no substantial band advance on either the |eft 18
or right KatilddngpatacmpistionTier atsdneavesf operatdenisal Rhel peRlsree celises
a build up of the epoxied fiberglass filapents to form in relief, -the_ - '
nodes 44 &Hdst Racrafériadi lra¥enadiftiopréopalt arddravbessoristedsst fesheedoint - -
of intersection_ of the oppaqsing helices 40,42.
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specific properties for centralization, flow, bonding and wear. For

exanpl e, Gheare app{ied with a conventional fiber winding apparatus used
in the fabrication of-composite joints. It should be noted that
while only one such pile.is illustrated, the composite liner 26
is comprised of a plurality of overlépping, resin-bonded
composite plies 50 that are overlaid to build up the composite
liner 26 to the desired diameter.

The filaments in the plies 50 are preferably applied in
alternating tension\torque and hoop stress layers to give the
composite tube the required degree of tension, torque and hoop
strength that are necessary for application in' drilling,
completion and work-over operations. Preferably, the
tension\torque layer is applied at a relatively shallow angle,
preferably of about 15°, with respect to the axis of the
composite liner 26, and the hoop layer is applied at a steep
angle, preferably of about 85", with respeét to the axis of the
composite liner 26. Carbon fibers are preferably added to the
epoxy which partially forms the hoop layer. The addition of the
carbon gives the hoop layer the required degree of strength.whiie
allowing the composite liner 26 to be manufactured with a smaller

outer diameter. When carbon or a similar strengthening material

is not used, the composite liner 26 must have a larger diameter



nunber of opposing helices may be increased to provide greater turbul ence,
centralization effects and greater shear strength. In another instance, a
hi'gh wear material, such as.ceram c beads nmay be added to a | ayer covering
the.nodes 44 to increase wear resistance. Additionally, if desired, the
patterns can be multiple, interspersed opposing helical patterns w apped
around the outer surface 32 of the.conpasite liner 26 to provide nore
crossover or nodal intersection points. The nodes 44 and the opposing

hel i ces 4% Aadddsveditteosamendenrast ofuhoppoasrengthecbtaiesd Fromnusbng
For exanple the nodes 44 extend radially outwardly fromthe outer surface
32 to for ke JRERR s Fherearhan gakes rorﬁtsriaxf%/ﬁlé kinap| 36 Aan allows
centrali zi %Ithe conposite liner 26 within ,an interior of the casing 12,

whi ch has 57 iUl 3R ARES ISP FREIEGAPGSIte |iner 26. The opposing
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wel | fluids durlng the conposite liner 26 cénenting process. Further, the
opposi ng hglgldestddmi? Thevirdein and fibers used may vary as required by

design, however, the resin and fibers are preferably the same
type of epoxy resin and fiberglass cléth tape or filaments used
to fabricate the liner 26. The plies 52 are overlapped in
succession and build up at the point of helical intersection to
form the nodes 44 and the intermediate band 46.

An outer sacrificial layer 54, which is preferably comprised
of aﬁ epoxylresin, may be applied over the nodes 44 to offer
additional wéar resistance, and if more wear resistance is
desired, additional wear resistance materials, such as ceramic
beads 56 may be added to the epoxy resin coating.

With the composite liner 26 having been described, the
method of manufacture with respect to the composite liner 26 will
now be briefly discussed with reference to FIGs. 1-3. The
tubular portion of the composiﬁe liner 26 is preferably formed
using conventional techniques on a fiber winding apparatus used
in the fabrication of conventional composite joints. The winding
apparatus is typically includes a motor driven cylindrical
winding mandrel horizontally oriented between to support members
with the motor’s speed being adjustable to achieve different

winding speeds. The fiberglass cloth filaments are fed from



i ncreased surface area for cenment bondi ng and nechani cal | ocki ng nechani sm
to provi de even hi gher shear strength when the conposite liner 26 is

.cenented. Turning nowto FIG 3, there is illustrated a partial cross--
sectional view of the conposite |iner 26 of the present invention show ng

the interior sacrificial layer 48, the liner plies 50 conprising the
conposite liner 26, the plies 52 conpri®3 ng the outer structure 38 and the
outer sacrificial layer 54, each of which wil] now b disc%iéﬁg inth
order j uststaKiS onéd. %BO%*%\H%I yCaRhineeRely ¢ FUBRYer Ror f é’%e Bget he
conposite | iner, 26 i.ncl ude an
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liner 26 du drTF1ng, conpl etion or work-over operations. he

presence n&{als SRCEhE §hélint R HUIY eBhE28AR! cANthdards @Eint bedvatied .
desired. The liner plies 50 that Constitute the conposite |iner 26 are
pref er ablps CQARLEGEU A Feeshnt- haaded ¢Pnposehgthl iparaweeeeisn witthin etker ed
resin is an epoxy resin and the preferred conposite material is

convent i dniales i1y ghats a8 aidndiapy tardud arehocopt Breagiti.used in the
fabrication of conposite joints. The plies 50 are applied with a )
conventional fimea wondenyiappir mengeysedhe band for the first ply is

started at one end of the winding mandrel and advanced back and
forth along the length of the mandrél as the mandrel is rapidly
turned by the motor. This process is repeated until the desired
thickness of that particular ply is achieved. The next and
subsequent plies are applied in the same manner until the’
composite liner 26 reaches the desired diameter at the outer
surface 32, approximately 7.5 inches.

The helical patterns are next formed on the outer surface
32 of the composite liner 26. A band of fiberglass, cloth tape
or filament is started on the composite liner as the mandrel is
rapidly turned and epoxy resin is applied to the band. A band
width of 0.75 inches is used with the expectation that some
spreading will occur to achieve a band width of about 1 inch.
The wind angle of the band with respect to the longitudinal axis
of the composite liner 26 is +/- 45°, which achieves a 2-loop
helices on a composite liner 26 having a length of approximately
29 feet and a circumference of approximately 24 inches. The wind
tension ranges from about 1 1/2 to 2 lbs, which is kept at this

low level to minimize band flattening. The band is advanced



in the fabrication of conposite joints. It should be noted that while only
one such pile is illustrated, the conposite liner 26 is conprised of a
plurality of overlapping, resin-bonded conposite plies 50 that are overlaid
to build up.the conposite liner 26 to the desired dianmeter. The filanents
in‘the plies 50 are preferably applied in alternating tension\torque and
hoop stress layers to give the conposite23ube the required degree of
tension, taorque and _hoop strength that  are, necessarz_ for application
in drilliH@nEshs digngth a}fdt%ﬁorcl@m@@éllteo&éﬂﬁfi gAsuntil it reachespthe
the tension\torque layer is.applied at a_relatively shallow angl e,
preferabeQé' '3 | ln&&ﬁtF%%%bé@@lFG%tﬁétéﬁFg'of t he conposite
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smal | er outer on or a simlar strengthening material is

not used, ddirdREEiéLL | patteRl WSk r@?éa arm@rfﬂfgaeterme'é%@@b&@ve
the sane degree of hoop strength obtained fromusing the carbon. e carbon

nmakes for dirsddtfifcer dausess ZhedBeaiondVhell9Ealr patRr t6olhiopsse Pt esselr first
resi stance. As di scussed above, the nodes 44 and the internedi ate bands 46

that for mhdicdamipopabd heti cegul 2 iaterpadberah| appompimeeely 5 inch
spacings a;ound the circumference of the composite liner 26.
This process is then repeated by overlaying another band on the
first helical pattern with no band advance with respect to the
first helical pattern such that the second band substantially
overlays the first band of the first helical pattern. A second
band is laid over the first band of the second helical pattern
with no band advance with respect to the second helical pattern
such that the second band substantially overlays the first band
of the second helical pattern. This alternating process with
respect to the opposing helical patterns is repeated until the
overall diameter of the composite liner 26 is built up to
approximately 8.3 inches, which gives ‘the nodes having a
preferred thickness of approximately 0.4 inches and preferred
perimeter dimensions of approximately 1 inch by 1.4 inches.
The composite liner 26 fabricated in the above manner offers
a liner that is drillable and therefore reduces the number of
trips into the main wellbore. In many multilateral well
operations, it is desirable to drill out a portion of the liner
that blocks the main wellbore and reestablish access to distal

portions of the main wellbore. The liner in some cases is



of overl-apping resin-fiber material plies 52 in the formof bands, having
“a preferable width of about 1 inch after application. The resin and
.fibers used may vary as required by design, however, the resin and fibers
F preferably the same type of epoxy resin and fiberglass cloth tape or

| aments used to fabricate the.liner 26. The plies 52 are overlapped in
succeSS|on and build up at the point of2felical intersection to formthe
nodes 44 and the intermedi ate band 46. An outer sacr|f|0|?g | a ¥ 54, which
i s pref ereangosehef ssee), andpaxpucksinstangese &SI P& véF LAY MUgEs 44
to offer additional wear resistance, and |f nor e, wea re
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fabrication of convenfiona osite joints. The w nding apparatus is

typicall ynbiﬂ&f uslesi & rﬁati@rpfwl\éﬁ% @y hiindyi ¢abenihdtngsmeaditl, Betlzeblal |y
oriented between to support members with the notor's speed being adjustable

to achi evg; ¢ f4 esGivent ishdly redst. Therkifoeeguanecesstlryf aidiedbsadr e
fed from 22 "starts" or spools that continuously supply a band of the
trips into the hole are for changlng bits is unnecessary since

the ease ;f drillablity of the composite liner 26 does not
require that a special milling bit be eﬁployed to drill through
the compoéite liner 26. In addition, the composite liner of the
present invention also provides a liner with centralizing nodes
formed on opposing helical patters that also provides a turbulent
flow path for fluids circulated between the liner and the casing
and adds substantial strength to the liner.

From the above, it is apparent that the present invention
provides a well flow conductor, comprisiﬁg: (1) a composite liner
tube composed of a plurality of overlapping, resin-bonded
composite plies and adapted to conduct a fluid flow therethrough
and (2) a composite outér structure surrounding the composite
liner tube and composed.of a plurality of overlapping, resin-
bonded composite élies arranged in.a.plurality'of opposed helices
about a centerline of the composite liner tube, the opposed
helices intersecting at predetermined axial and radial locations
on an outer surface of the composite liner tube to form nodes
extending radially outwardly from the outer surface to form

standoffs therefrom, the standoffs capable of centralizing the



fiberglass cloth tape or filanments to the winding nandrel. An epoxy resin
is applied to the band as the band is wound onto the nandrel. The angl e
.of the band's contact with the w nding mandrel and the anount of pull '
tension on the bands can be varied to achieve different types of strength
paraneters within the liner 26, such as tension/torque or hoop strength. In
a conventional manner, the band for the2%irst ply is started at one end of

t he mﬁndin%tnandrel and, advanced back and forth alqgg the l.engt.h of the
mandr el  #€thefhandcandustion, wishinr aRd HF RO hr 2 ﬂ?i%‘"ﬁ?ott"’e‘é’snﬁ'sa

ted until_ the. desired.thick f that ticul Ly i hi d.
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with the expectation that sonme spreading will occur to achieve a band w dth
of about Heddizh. wikdoWtndaepglreing ifienbabHeWdgiriaspaat tocépe of the

| ongi tudi nal axis of the conposite liner 26 is +/- 45[err], which achieves
a 2-1oop hrelemeicomnm tonmssddedd orn?.6 having a | ength of approxi mately
29 feet and a circunference of approximtely 24 inches. The wi nd tension
ranges from alWHAT 118 /CLAXMED [X8: which is kept at this low level to

m nimze band fl attening. The band is advanced



23 along the length of the conposite linér 26 until it reaches the-end;—

therepby forming a first helical pattern. Another band—is then adyv
along the length of conposite liner 26 using the sane wmm W\h
th?-fLrst helical wth the exception that is wound:in gﬂ“ ection
toforma second helical pattern that opposes the first.* “The opposite
direction causes the second helical patf#&o intersect the first helical

path at' regul ar, i nterval f approxi mately 5 inc¢ch, spacings around the
ci rcunference df th 8ﬁﬂgogi &pFP PCESF'THP§P§F8&E§§ is then repeated by

| ayi th d.on t first helical tt it h band. ad
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no band advaneg duishbhy @RSk HBuLRe aggond helical pattern such that the
second band substantially overlays the first band of the second heli cal

pattern. This aabé@pﬁéltégatﬂféls%%%u&’thbermndﬁxc_i saiapeespasibe!ll Gy
patterns is repeated until the overall dianeter of the conposite liner 26
IS built tpubeo apprexmpesed yof 8a3plurallésy ofhicferiagesnd,herdwiteborndad Ng
a preferred thickness of approximately 0.4 inches and preferred perineter
di rensi onsooposipeopilivsebyrangad hihya pléarialdhesof Thpposedsel boés ndsod
fabricated in the above manner offers a liner that is drillable and

t her ef or e & cgusexline efnBaidoftompopite| himer ttubenisaik|dgpesed helicemny

mul tilateral well operations, it is desirable to drill out a portion of
t he |iner intersecting at predetermined axial and radial locations on an

outer surface of said composite 1liner tube ﬁo form nodes
extending radially outwardly from said outer surface to form
standoffs therefrom, said standoffs capable of centralizing said
well flow conductor within an interior of a wellbore having a
larger radius than that of said well flow conductor.

2. The well flow conductor as recited in Claim 1 further
comprising a sacrificial layer located on said composite outer
structure and composed of a substantially fiber-free resin to
isolate said nodes from direct contact with said wellbore as said
well flow conductor contacts said wellbore.

3. The well flow conductor as recited in Claim 1 further
comprising an abrasion-resisting material located on said nodes
to resist wearing of said nodes as said well flow conductor
contacts said wellbore.

4. The well flow conductor as recited in Claim 1 wherein
said composite outer structure comprises ceramic beads.

5.. The well flow conductor as recited in Claim 1 wherein
said composite outer structure comprises first and second left-

hand helices and first and second right-hand helices.



that bl ocks - the main well bore and reestablish access t o-d+s+é+-pmt i ons of

the nmain wel | bore. The liner in some cases is 24 st eel
.and in such instances, the drill string nust be Hﬂ‘lﬂr“\ﬂ@[@%ﬁ‘i m mai n
ISR 0,

wel.l.bore (i.e tripped out) to change the convent st wmth a
spéci al mlling bit that is-capable of cutting through the steel liner. In
contrast to conventional steel liners, t3#& conposite material from which

the conposite liner 26 is _nmade provides a liner tube that is easily )
drillable with® cofhénteddalfloycropductonensf seeitnafdetRsShRiMalidvReEREN
trips into the hale are for changing .bits.is unnecessary since the ease_of

drillabli SR Rl e&hpRes t er18RESd 23 dBed 5 0PNEd6U W ERSBEY DS afa1d
i11ing bit | t i 11 through th ite liner 26. |
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i s apparent t e pre I nvent1 onh provides a we ow conductor,

conpri si NGnd BarbgrOmt e | iner tube conposed of a plurality of
over | appi ng, resin-bonded conposite plies and adapted to conduct a fluid

flow therethrowgh amthe( Zeld €QamOTbhEuCHbEr abt F¥eited HnrCDani Novlidwein
conposite |liner tube and conposed of a plurality of overl apping, resin-

bonded comadsl tweldl iHowareandysrtam is Edaptded yeofbeppicss=t heltlcas casing
located wi;hin the wellbore, an upper portion of said well flow
conductor located within a main wellbore and a lower portion of
said well flow conductor extending through a window in said
casing and located within a lateral wellbore.

9. The well flow conductor as recited in Claim 1 wherein
said well flow conductor is adapted to be cemented within said
wellbore, said composite outer structure generating turbulence
in cement flowing about said well flow conductor and providing
a complex outer surface for enhanced bonding with said cement.

10. The well flow conductor as recited in Claim 1 wherein
said well flow conductor has a diameter of 8.25".

11. A method of manufacturing a well flow conductor,
comprising the steps of:

overlapping a plurality of resin-bonded composite plies to
form a composite liner tube, said composite liner tube adapted
to cénduct a fluid flow therethrough; and

surrounding said composite linerl tube with a composite outer
structure, said composiﬁe outer structure composed of a plurality
of overlapping, resin-bonded composite plies arranged in a

plurality of opposed helices about a centerline of said composite



about a centerline of the conmposite liner tube, the opposed helices
intersecting at predetermned axial "and radial |ocations on an outer

.surface of the conposite liner tube to form nojmumm,ﬂ’n" jally '
-outwardly fromthe outer surface to form standofifgs m””mm standof fs
cépable of centralizing the 25 well flow conductor*wifhih an interior of

a casing having a larger radius than ti28& of the well flow conductor.

Al t hough the present .invention and its advantages have been described én
detail, fHoexr $wibe.edaid orpeged kiepsniddraXsant Nmtat Ry eRkRe
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' a wellbore having a larger radius than that of said well flow
conductor. |

12. The method as recited in Claim 11 further comprising
the step of depositing a sacrificial layer on.said composite
outer structure and composed of a substantially fiber-free resin
to isolate said nodes.from direct contact with said wellbore as
said well flow conductor contacts said.wellbore.

13. The method as recited in Claim 11 further comprising
the step of depositing an abrasion-resisting material on said
nodes to resist wearing of said nodes as said well flow conductor
contacts said wellbore.

14. The method as recited in Claim 11 wherein said
composite outer structure comprises ceramic beads.

15. The method as recited in Claim 11 wherein said step of
surrounding comprises the step of providing first and second
left-hand helices and first and second right-hand helices.

16. The method as recited in Claim 11 wherein said step of
surrounding comprises the step of providing helices oriented at
a 45° angle with respect to said centerline of said composite
liner tube.

17. The method as recited in Claim 11 wherein said

composite plies are composed of at least one of fiberglass and

carbon fiber.



a_centerline of said conposite liner tube, said opposed helices .
intersecting at predetermined axial and radial +otations on an outer

surface -of said conposite liner tube to form nodﬂ“m nﬂmlmﬂmﬁmm |y
outmardly fromsaid outer surface to form stando ﬂ

st andof fs capabl e of centralizing said well flow gontuctor" w’thin an
interior of a well bore having a | arger rRadius than that of said well flow
conductor. 2. - The well flow conductor as recited in Caim1 further '
conprising a saéif Theameltinpelr dsocmitah ai dlaimpdsi whevetisr sstidictekk

. and conposed of a substantially fiber-free resin to isolate said nodes from
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conposite |iner tube.
flow conduqtor is adapted to be cemented within said wellbore,
said composite outer structure generating turbulence in cement
flowing about said well flow condﬁctor and providing a complex
outer surface for enhanced bonding with said cement.

20. The method as recited in Claim 11 wherein said well
flow conductor has a diameter of 8.25".

21. A well flow conductor, comprising:

a composite 1liner tube composed of a plurality of
overlapping, resin-bonded composite plies and adapted to conduct
a fluid flow therethrough;

a composite outer structure surrounding said composite liner
tube and composed of a plurality of overlapping, resin-bonded
composité plies arranged in a plurality of opposed helices about
a centerline of said composite liner tube,'said opposed helices
intersecting at predetermined axjial and radial locations on an
outer surface of said composite liner tube to form nodes
extending radially outwardly from said outer surface to form
standoffs therefrom, said standoffs capable of centralizing said

well flow conductor within an interior of a wellbore having a

larger radius than that of said well flow conductor;



7. The wel| flow conductor as recited in C.aim1 wherein said corrp05| te
pI i es.-are conposed of at |east one of fibergtass—and —carbon fiber. 8. The
wel | flow conductor as recited in Caim1l Iyljggt | oOw conductor
is ,adapted to be placed within casing IocamlmlnmmﬂHmn bore, an upper
por'ti on of said well flow conductor |ocated wthinta maif wellbore and a

| ower portion of said well flow conduct 310 extendi ng through a wi ndow in
said casing and located within a |ateral wellbore. 9. The well flow
conductor as r @& taé?:Fa}ﬁi-@‘a'?erﬁlFt\M’& dnaterial V\éPFaFPGW%n%%@oPWi?Sad'ert ed.
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prOV| di ng o] guter_gurface for enhanced bonding with said cenent.
The ngl‘FS ?’Fg%@gﬁduéfl r as recited in Claiml wherein said well flow .

conduct or has g d%ﬁ@&?&cgg%h féYerlll cAtdELhgd ofg {%ng&@#&t@ SRl

fl ow conductor, conprisin over |l appi ng y~ of

r esi n- bonded,coNRaS sk I%d ]Zﬁ ﬁiﬁ%&ﬁ%é%ﬁg ﬁwbsreéa'x%s%%'te
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outer structure conposed of a plurality of overlapping, resin-bonded

conposi t ewpllLeslawr adgddctoracphtastst ygadd wepPisete hel i ces about a
centerline of said conposite



28 liner tube, said opposed helices intersecting at predeternined axial and
radiat | ocations on an outer surface-of *sai.d conposite |liner tube to form
.nodes extending radially outwardly fromsaid outer surface to form standoff
3 therefrom said standoffs capable of centralizing said well flow

" conductor within an interior of a wellbore having a | arger radius than that
of said well flow conductor. 12. The nethod as recited in daim 11l further
conprising the step of depositing a sacrificial |ayer on said conposite
outer -structure and ,conposed of a.gubstantially fiber-free resin to isolate
sai d nodes from dir ¢¥§ {Q ﬂi said well bore-as said well flow
conductor contacts <l Y %13. The nethod as recited in Caimll
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carbon fi ber. 29 18. The nethod as recited in Caim1l wherein said
wel b «fl ow conductor is adapted to be placed within casing |located w thin

‘the wel | bore, .an upper portion of said well flow conductor |ocated within a

main wel |l bore and a | ower portion of said well flow conductor extending
through a window in said casing and located within a lateral wellbore. 19.
The method as recited in Caim1l wherein said well flow conductor is
adapted to be cenented within said wellbore, said conposi.te outer structure
generating turbulence in cenent flow ng about said well flow conductor and
provi ding a conplex outer surface for enhanced bonding with said cenent.

20. The nethod as recited in Caim 11 wherein said well flow conductor has
a dianmeter of 8.25". 21. A well flow conductor, conprising: a conposite

| i ner tube conposed of xyplul@ity of overlapping, resin-bonded conposite
plies and adapted to eondugt a fluid flow therethrough; a conposite outer
struct ureagurroundiig saj co posite |liner tube and conposed of a plurality
of overlaﬁéi Nng i n-ja ’o}.o conp@Bte plies arranged in a plurality of
opposed hel i ces\ abgu enter | he of sgigd conposite liner tube, said

opposed hel i ces MEEIS e IZae~atf pr edet ey m ned axial and radi al |ocations on
an outer surface .’é‘m. S PJ
Q

Fy)e [ i r tube to form nodes
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.extending radially outwardly from said outer surface to-form standoffs

“therefrom said standoffs capabl e of centraI|Z|ng said wel |l flow conductor
.within an.interior of a wetlbore haV|ng a larger radius than that of said
-wel | flow conductor; 30 an abrasion-resisting material |ocated on said
nodés to resist wear mMmMLMWUGmmmISUB* ductor contacts

said wel | bore; and a W WM conposite
outer structure and conp a su stantia er-free-resin to isolate
sai d nodes from direct contaggsygibrsggdmmglﬁfg@ﬁbggggaJd wel | flow o

onductor contacts said well bore.
LA well flow conductor and method of manufacture therefor

The well flow conductor comprlses: (1) a CompOSlte llner tube
composed of a piurality'of overlapping, resin-bonded’ composlte
plies nnd adapted to conduct a fluid flow therethrough and (2)
a compcsité outer structure surrounding the composite liner tube
and composed of a .plurality of overlapping, resin-bonded
composite plies arranged in a plurality of opposed helices about
a centerline of the composite liner tube, the opposed helices’
intersecting at predetermined axial and radial locations on an
outer surface of the composite liner tube to form nodes extending
radially outwardly from the outer surface to form standoffs
therefrom, the standoffs capable of centralizing the well flow
conductor within an interior of a casing having a larger radius

than that of the well flow conductor.

Fig. 2



