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(57) Abréegée/Abstract:

A method of inserting a liner (10) into a host tubular (60), In which

the liner Is deformed to reduce Its cross-sectional dimensions;

the deformed liner Is fed into the host tubular in a downstream direction; and a fluid Is injected under pressure into the host tubular
to urge the liner In the downstream direction, while the fluid pressure maintains the deformation of the liner. The liner Is

advantageously deformed by at least one set of rollers (22, 23, 24)
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Into an unstable cross-sectional shape which has at least three
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(57) Abrege(suite)/Abstract(continued):
axes of symmetry and which spontaneously expands into contact with the host tubular unless held by the pressure of the injected

fluid. The injected fluid applies a shear force to the liner in the downstream direction which Is substantially uniform along the length
of the liner.
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(857) Abstract

A method of inserting a liner (10) into a host tubular (60), in which the liner is deformed to reduce its cross—sectional dimensions;
the deformed liner is fed into the host tubular in a downstream direction; and a fluid is injected under pressure into the host tubular tc
urge the liner in the downstream direction, while the fluid pressure maintains the deformation of the liner. The liner is advantageously
deformed by at least one set of rollers (22, 23, 24) into an unstable cross—sectional shape which has at least three axes of symmetry and

which spontaneously .expands into contact with the host tubular unless held by the pressure of the injected fluid. The injected fluid applies
a shear force to the liner in the downstream direction which is substantially uniform along the length of the liner.
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Insertion of Liners Into Host Tubufars by Fluid Injection

BACKGROUND OF THE INVENTION

Pipe and other tubulars have been lined with tubular polymeric -liﬁers.' e.g.,
polyethylene, nylon 11, etc., for many years. These systems have been used principally
in offshore and onshore pipelines, and in downhole production tubulars. Generally, the
'liner resides in close-tolerance with the host pipe along its length, forming a stable
composite system. See Fig.1, which is a cutaway end view of a lined tubular.

Several installation techniques are known to the art. However, they have all
relied upon one of two methods to insert the liner into the host tubular; either pulling or
pushing from'one end or the other. Typically, to pull liners in, a cable is used, or if in the

“vertical direction, weights in conjunction with gravity have been employed to the same
effect. In pushing methods, usually a four-step cycle is used upon the liner, consisting

l - -
[ of the steps of clamp-push-release-reposition.
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Under the current art, the maxxmum length of an individual mstallatlon segment
has been limited by the mechanicai prOpertles of the liner in concert with the friction drag

accumuiated during the m_sert:on process.

For example, for polyethylene liners installed in diameter-reduced fashion, e.g.,
the known Titeliner™ and Swageliner™ systems and the like, installation !engths tend -
to average 2500 feet, and the maximum permissible iength is approx:mately 5000 feet.

Tensile loads, borne totally by the fliner. contlnually climb throughout the insertion
process, In proportlon to distance pulled, with all the force belng_.dlrected through the
leading end of the liner. As a resuit, when longer Iengths are attempted, the liner simply
pulls apart. '

In pushing methods, the practucal lengths tend to be even shorter. The relatively
flex:ble lmers quickly assume an 'S-curve’ w:thm the host due to the pushing. The
resultant friction against the host wall is thus amplified, and the process simply stalls.

Generally, in either case, bends in the host pipe substantially diminish achievable‘
insertion length. Drag between the liner and the host pipe increases dramatically due
to bends that the liner passes. The increase in lateral pressure due to a bend increases
the total friction between the two elements. Lini‘ng of reeled pipe is virtually impossible,
since all segments that are to be lined must be retatively straight for best effect.

SUMMARY OF THE INVENTION -

The invention relates to a method of injecting liners into host tubu!ars Fluid is
pumped Into the host pipe concurrent with introduction of the liner. - The momentum and )
drag imparted by the fluid to the liner induces axial motion of the liner for insertion into
the tubular. Also, the pressure of the fluid in the host maintains the liner in a reduced
cross-section throughout the insertion process, minimizing drag. '

The invention extends the maximum installation-le-ngth. It facilitates.the ébility
toinsert a liner over long distances, into those lines where sectioning into short distances
IS Impractical, or impossible; e.g., water crossings and restricted rights-of-way. It can
aiso be used to install liner into reeled pipe as well as straight pipe. These benefits
translate directly to lower project costs. Fewer insertion operations are neceSsary for
any in-situ rehabilitation project where the line is muitiply sectioned. resulting in reduced
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tlme hardware and overalt cost. The invention also permits lining of new host tubulars

ata plant—sate for improved logistics and quality control. A final benefit of the method is

~ that less longitudinal stress is imparted on the liner. minimizing failure potential and thus
enabling longer service life.

5 The method Is equally suitable to both plpetme .e., essentxally horizontal, and
downho!e l.e., essentrally vertical, applications.

Other features and advantages of the invention will become apparent from the
foliowing detailed description, in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

10 Fig. 1 is a cross-sectional view of a conventional lined tubular,

Fig. 2 is a schematic diagram of an apparatus for carrying out a method
according to an embodiment of the invention.

Fig. 3a is an isometric view of a deforﬁning apparatus compfising three sets of
rollers.

15 Figs. 3b-3e are cross-sectlonal views of a imer showmg successive stagesin the
process of deforming the liner.

Figs. 4a-4g are cross-sectional views illustrating various configurations of a liner
after deformation. -

Fig. 5 is an enlarged cross-sectionali view of a packing gland/lubricator unit.

20 Figs. 6a-6¢ are cross-sectional views showing various stages in the process of |
capping a host tubular and expanding the liner to its original shape.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

The liner to be installed is approximately the same length as, 'or'up to 5% longer
25 than, the host tubular. The initial liner configuration may vary. it may be extruded in one

~piece on a reel, it may consist of multiple reels joined by fusion techniques known to the

LJ
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art, or, it may consist of multiple joints similarly joined and either reeled or extensively

laid out.

The liner enters the installation equipment without substantial pre-existing axial
longitudinal tensile stress (uniike in known pulling methods). A minimal starting load

minimizes the axial force that the flowing fluid must impart on the liner for insertion.

In one embodiment, shown in Fig. 2, the liner 10 is on a reel 12 adjacent to the
installation point (the packing gland/lubricator unit 30). The reel is powered or free-
wheeling. In another embodiment (not shown), the liner can be laid out, and the entire

length drawn through a roller or tractor system prior to insertion.

The liner is then fed into a deforming apparatus 20, which reduces its cross-
sectional area, the effective diameter, and correspondingly its moment of inertia. The
deforming apparatus may be constructed of one or a plurality of concentric roller sets in
series. Inthe embodiment disclosed in Fig. 3a, the deforming apparatus 20 comprises
three sets of rollers 22, 23, 24, each set comprising three rollers. Figs. 3b-3e are
sketches showing evdlutionary deformation of the liner 10 via this roller type apparatus
21. Figs 3b, 3c, 3d, and 3e are cross-sectional views of the liner 10 taken respectively

along section lines 1-1, 2-2, 3-3 and 4-4 in Fig. 3a.

Alternatively, other liner deformation methods may be employed to effect the
invention (not illustrated). For example, a series of one or more dies may be used, with
or without an optional tractor feed mechanism 25, known in the art of extrusion as a
“haul-off.” Or, hydraulic-type presses, similar to a haul-off, may be used to
simultaneously, or sequentially, ‘radially deform and longitudinally push the liner.
Notwithstanding, a combination of any of these mechanisms may be used. The
déforrning apparatus may also incorporate a surface finish to roughen the surface of the
liner, which is of benefit in enhancement of the movement of the lingr, as described

below.

The deforming apparatus 20 aiso provides sufficient pushing force to inject the
liner through the packing gland/lubricator unit 30, described below. The pushing force
Is sufficient to overcome fluid pressure downstream of the packing gland 30, which may
exert considerable pressure upon the liner in an attempt to prevent its entry, pushing it
back.
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The form of the liner, after passing through the deforming apparatus may vary.
In addmon to the form shown in Fig. 3e, Figs. 4a-4g show end cutaway views of a
subset of aiternative liner deformatton shapes. The profile of the liner preferably has
three or more equilateral arms, symmetncal In shape about at least three axes of
symmetry with a minimal central gap, such that the dlameter of the liner is reduced at
least to about 70% of its original size. A four arm profile (Fig. 4 b) general!y provides for
ease of design and construction of apparatus. A five arm profile (Fig. 4c) is believed to |
be optimum for effective diameter reduction purposes; the diameter is thereby reduced

t0 45% of the liner's original diameter, and further, the apparatus is not highiy eomplex.

Additionally, configurations with more arms may be used.

The liner may mcorporate one or more channels in lts surface (Fig. 4e). The
geometry of the channe!s may be des:gned to minimize deformation stresses or assnst
in liner ahgnment wlth insertion equipment. It may also incorporate one or more
longitudinal members such as cables or springs (see Figs. 4f-4g). Such members. in
accord with liner geometry, may also be designed to minimize deformation stresses and
improve insertion alignment. Such liners are disclosed in the corresponding patent
disclosures referred to above.

The temporarily reshaped liner 10 exiting the deforming apparatus 20 Wili have

a tendency to revert to its original tubular shape. In one embodiment, shown in Fig. 5,
this can be controlled by sending said liner through a guide 40 located between the

deforming apparatus 20 and the packing gland/lubricator unit 30, the guide 40 being

profiled to limit the expansion of the liner. The guide 40 also acts to prevent the liner
from axial buckling as it is being pushed into the packing gland 54, as the compressive
stress on the liner element between the apparatus and the gland are considerable. The
guide 40 provides such reinforcement. The guide may be lubricated to minimize triction
with the liner therein. The guide may not be required in all Instances, however

particulariy when relatively low fluid pressures are required for the method.

The liner need not be deformed immediately prior to insertion. Rather, it may be
deformed in advance and stored until the time for insertion, provided that other means
are provided for retaining the desired deformed profiles. Many such means of geometry

profile retention are known to the art. including but not limited to: maintaining a vacuum

VL
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| | in the liner's-interior, overwrappmg post-extrusion memory setting,. and reeling the liner
in appropriate lay-up patterns. ' |

The packing gland/lubricator unit 30, shown in detail in Fig.5, has a lubrication

port 52, and a rubber or elastomeric packing gland 54 which prevents excess fluid from

5 egressmg the injection apparatus and the host tubular. Its principles are known in the
art of wireline and steel coiled tubing in the oil production industry. The packing gland

54 defines a transverse area whose shape matches that of the deformed liner 10, in

order to accommodate and restrain the deformed liner as it enters the injection
“apparatus area. '

10 In the embodlment of Fig. 2, anotherdrwe mechanism 25 is Iocated downstream
of the packzng gland unit 30 within the fully pressurized area, and is used to assist the
liner 10 through the packing gland 54, and onward through the host tubular 60. Although '
not always necessary, particularly at relatively low fluid pressures, this drive unit 25
endeavors to minimize drag which exists in the deformed liner 10 as it enters the

15  pressurized area. Such a drwe mechanlsm 25 may consist of opposed roliers. and/or
a tractor feed.

Downstream of the packing gland/lUbricator unit 30, fluid is injected into a feeder
tube 70, which is itself upstream of the host tubular 60 to  be lined. In a preferred
embodiment, the feeder tube/fluid intef 70 is one branch of a wye fitting 72 (Fig.2). As

20 the liner 10 crosses the path of the fiuid entering the feeder tube, the friction of the fluid
and its momentum in the downstream direction (toward the right in Fig. 2) is imparted
upon the liner in a shear reaction. The net result IS an effective tensile stress which

propels the liner downstream.

The deformed liner, within the area of pressurized fiuid, is maintained in its
25 deformed shape by external pressuré- appiied by the fluid, said pressure being typically
hundreds to thousands of pounds per square inch. As long as this pressure remains,

the liner will not revert radially outward, towards its original shape.

The present invention is clearly differentiated from the pull methods referred to
above on the basis of stress distribution. In a pull method the tensile force required to
30 overcome drag IS apphed at the front of the liner onfy This area experiences maximum

cmmger =
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~ stress, and the stress within the body of the liner diminishes mcrementally towards the

10

15

20

25

30

tailing end of the liner.

Conversely, in the present invention the flow of the fluid applies the necessary

force over the entire length of the liner’s exterlor surface through shear principies. Every N

element of the liner experiences a virtually equwalent axial stress. Further, since the
stress is induced by shear relative to the fluid in motion, the effective stress level

expenenced Is much less than that required to cause material damage. The liner '
experiences much less axial strain than that seen in pull methods, ‘where the typical

elongation is greater than 5%.

The combination of the fluid dynamics and imparted shear stress facilitates the

-motion of the liner. The liner is essentially flushed downstream through the tubular. This
“effect may be facilitated when the liner has a specific gravity near that of the fluid, e.qg.,

polyethyiene and water, so that close to neutral buoyancy exists. The liner effectwely'
floats within the ﬂund stream, mitigating frictional drag between the liner and the host

pipe. The liner is essentially in dynamic suspensmn

The directional shear stress imparted to the liner in order to cause motion is
determined by many elements, including: liner material properties, e.g., roughness,
density, etc.; fluid material properties, e.g., viscesity, density, lubricity, etc.; and, fluid
flow properties, e.g., velocity, turbuiehce, etc. These properties may be considered

-beforehand, or, manipulated during insertion, as appropriate, in order to best effect the

onset and continuity of liner motion to a greater degree.

As the liner is being propeiled by the incremental skin friction effect described
above, there is minimal axial stressing induced. The theoretical length of installation is

- not limited by the applied tensile stress, unlike in pull methods. In a practical sense,

however, insertion length limitations do exist, and are governed by fluid flow properties
In conjunction with the maximum hoop stress capacity of the host tubular.

A fluid vei_ocity, typically of greater than 5 ft./sec., is believed to be advantageous

“to maintain liner motion. However, significant pressure is required to maintain this

velocity within a long host tubular, and particularly as the liner progresses turther within.
The reason is that the cross sectional area available for fluid flow is reduced in that
section of the host tubular containing the deformed liner. Rather than a full tube, only




CA 02338676 2001-01-26

: W0\00/06338 _. . | ' | PCT/US99/17401

10

15

20

25

30

an annulus exists, and the reduced area increases unit head loss. Keepmg wuthm the

- working limits of the host tubuiar, a maximum pressure aliowance is eventually reached

at some finite distance of liner lnsertton This distance is also a function of several
factors: host tubular properties, e. g cross-sectional area, pressure ratmg, Inner surface
roughness, etc.: fluid properttes e.g., constituency, temperature etc.; and, liner
properties, e.q., surface roughness, cross sectional area, eic. Notw:thstandmg itcan
be demonstrated that up to 15, 000 ft. of liner may be mstalled in a host tubular

As the liner is in a state of dynarmc suspension in the host tubular, the host

-tubular need not be straight for the method to work. In one embodlment the host tubular

Is a reeled steel pipeline. As long as the resultant stress of the liner in motton

overcomes any bending stress, and maintains the liner within the curvature of the host
tubular, the liner will continue to flow without binding due to frictiohal drag against the

~outer wall. As above, several factors govern the functlonahty, including: host pipe, e.q.,

diameter, bending radius, ovality, inner surface roughness, etc.; fluid, e.g., viscosity,
velocity, temperature, etc.; and, liner, e. g., temperature, shape, stiffness, effective
moment of inertia, etc. Notw:thstandang it can be demonstrated that the method is
applicable to reeled steel pipe bent in radii in accord with iIndustry practice.

When the I'iner reaches and then exits the downstream end of the host tubular,
fluid flow is halted. The liner will attempt to revert to its original tubular shape. However,
it will generally be unable to do so without assistance. The locked-in stresses from
deformation sometimes prevent spontaneous reversion. And, if the liner has been sized
to a close-tolerance fit with the inside of the host tubular, the geometry wil not allow
spontaneous reversion. Accordingly, the liner must usually be forcefully expanded to
assume its desired finai configuration, in close tolerance. See Figs. 6a-6¢ which are
Cutaway elevation views showing an example of the revers:on process. This may be
readily effected Dy a simple series of steps. An end termination, known to the art, is
applied to an end of the host tubuiar and liner. The system is pressurized, preferably
using a pig, also known to the art, to sequentially induce the reversion from one end to
the other.

A pig is not always neceseary, however, if means are provided for fully
evacuating the fluid from the annulus should the liner revert irregularly. In such a case.
a downstream segment of the liner may revert prior to an upstream segment, effectively
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' trapping the annular fluid between those two segments. In one embodiment of the
invention, therefore, the liner may have one or more channels disposed In its outer
‘ surface to facilitate the evacuation of the fluid without a pigging device.

The reversion process also. does not impart any significant deg ree of axial strain

N

to the iner. Thus the residual stress conﬁguration of the liner is optimized for fong-term

performance in this respect.

The final step in the process is the termination of the fina!'erid, once again

accomplished within known art.

The liner materials that can be used in the invention are various. They may be
10 thermoplastic tubulars, as chiefly discussed herein, or they may be others, e.g., woven
fiber, thermosets, metallic, composites, etc. Each type is installabie with the principles

set forth above, and accordingly are within the scope of the invention.

By illustration, a thermoplastic liner and associated equipment in Figs. 6a-6¢
provides for one means of completing the process towards a functional lined tubular

15  system.

As seen in Fig. 6a, a conically shaped flaring tool 80 is inserted in one end of the
still-deformed liner 10. The ﬂarihg tool 80 is pre-heated to soften the thermoplastic liner
material and reform its shape so that the ends 82 of the host tubular are covered ahd the

liner immediately interior to the end effectively engages the inner surface of the host pipe
20 at 84 (Fig. 6b). The ﬂaring' tool Is then removed, and the liner is aliowed to cool {o its

new stabie shape.

- Referring now to Fig. 6¢. a pig 86 is then inserted into the liner and an end cap
88 put on subsequently. The end cap is designed to seal the annulus and the
environment from the bore of the system. Further the end cap is provided with a port 90

25  for fluid injection to the bore, which is used to push the pig.

The pig 86 is pushed through the liner, reverting it back to its original shape
incrementally as it passes along the line. In the case of a tignt fitting liner, this action
effectively displaces any annuiar fiuids introduced durihg the insertion process, causing

them to egress from the distant end. The liner thus regaiﬁs its original, stable shape
30 within host tubular.
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After the pighas passed cpmpletely through the lined tubUIar. the aforementioned
- flaring process can be repeated at the distant end in order to complete the system.

A pig, as illustrated, is not aiways necessary to pefform the reversion process,
as pressurization of the internal bore will accomplish this. However, this method may
not be as effective without a pig, as annular fluid may become trapped if the reversion

process Is not incremental, and thus the evacuation rate of the fluid may be greatly
reduced or halted. ’

In the case of an externally channelied liner, fluids may remain, by virtue of the

~ geometry. It may be desirable to fully clear the annulus of remaining fluid. This may be

done fairly readily, by purging the annu!us with a gas through ports in the side of the host
pipe, not illustrated.

Although embodiments of the invention have been described herein, the invéntnon

IS not so limited, but extends to all modlﬁcatlons and varnatlons that may occur to one
having the ordinary level of skill in the art. '

10
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WHAT IS CLAIMED |S:
1. A method of inserting a liner into a host tubultar, comprising the steps of:

deforming said liner into a deformed condition in which its cross-sectional
dimensions are reduced; ‘

feeding said deformed liner into said host tubular in a downstream direction;

injecting a fluid under pressure into said host tubular to urge said liner in said
downstream direction while said liner is in said deformed condition.

2. The method of claim 1, further comprising the step of adhering an
elongated member to said liner prior to said deforming step. '

3. The method of claim 1, further comprising the step of formlng at least one
Iongatudznal channel in said liner prior to said deforming step.

4, The method of claim 1, wherein said liner is maintained in said deformed
condition by said pressure of said injected fluid.

5. The method of claim 4, wherein said liner is deformed into an unstable
‘cross-sectional shape which has at least three axes of symmetry and which
spontaneously expands outward toward said host tubular unless held in said deformed

condition.
6. The method of claim 35, wherein said symmetrical shape has three
vertices. ' '
7.~ Themethod of claim 5, wherein said symmetrical shape has four vertices.
8. The method of claim 5, wherein said symmetricat shape has five vertices.

Q. The method of claim 5, wherein said symmetrical shape has six vertices.

11
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10. The method of claim 1, wherein said liner is deformed into an unstabie
cross-sectional shape which has at least three axes of symmetry and which
spontaneousiy eﬁxpands outward toward said host tubular unless held in said deformed
condition.

11. The method of claim 10, wherein said defdrming step is performed by at
least one set of roliers which intersect to define a shaped space which receives said liner -
and deforms said liner into said symmetrical cross-section shape.

12. The method of claim 10, wherein said deforming step is performed by a
plurality of sets of rollers which intersect to define respective shaped spaces which
sequentially receive said liner and deform said finei gradually into said symmetrical
cross-sectional shape. '

13. The method of claim 10, wherein said deforming step is performed by
~passing said liner through a shaped space which receives said liner and deforms said

liner into said symmetrical cross-sectional shape.

14.  The method of claim 1, wherein said fluid applies a shear force to said
liner in said downstream direction which is substantially uniform along the length of said

liner.
15.  The method of claim 1, wherein said host tubular is substantially straight.
16. ‘The method of claim 1, wherein said host tubular is bent.

17. The method of claim 16, wherein said host tubular is coiled.

18. The method of claim 1, further comprising the step of restoring said liner
- to an undeformed condition in which it is expanded outward toward said host tubutar.

19.  The method of claim 18, wherein said liner in said undeformed condition

has substantially its original cross-sectional dimensions.

20. The method of claim 18, wherein said restoring step is performed by

pressunzing an interior bore of said liner.

12
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21.  The method of claim 20, wherein said restoring step further comprises the
step of passing a pig through said bore. '

22.  The method of claim 1, wherein said deforming Step is performed by
passing said liner through a shaped space which receives said finer and deforms said
liner into said deformed condition.

13
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