07/14917:7 A2 |0 0 00 O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO T T 50O

International Bureau

(43) International Publication Date
27 December 2007 (27.12.2007)

(10) International Publication Number

WO 2007/149177 A2

(51) International Patent Classification:
B28B 19/00 (2006.01)

(21) International Application Number:
PCT/US2007/012299

(22) International Filing Date: 24 May 2007 (24.05.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
11/454,339 16 June 2006 (16.06.2006) US
(71) Applicant (for all designated States except US): UNIS-
ERT MULTIWALL SYSTEMS, INC. [US/US]; 13295

Rocky Road, Conroe, Texas 77306 (US).

(72) Inventor; and
(75) Inventor/Applicant (for US only): TIERLING, Kenneth
[US/US]; 13321 Rocky Road, Conroe, Texas 77306 (US).

(74) Agent: HAMEDER, Brian, W.; Ladas & Parry LLP, 224
S. Michigan Avenue, Chicago, Illinois 60604 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,
FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L, IN,
IS, JIP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: METHOD FOR MAXIMIZING THE SHARING OF TENSILE LOAD FOR CEMENT-SHEATHED MULTI-WALL

PIPE

(57) Abstract: A method for installing a fiberglass or stainless steel liner into a steel casing which results in a reduction of strain
& on the casing. Conventional means are used to place the liner into the casing and to fill the annular space with cement. Thereafter,
maximum design operating pressure on the liner is maintained while the pressure on the annular space is reduced; maintenance of
those pressures keep the liner in an expanded state while the grout cures. As a result, the liner shares the load with the casing;
pressure from the fluids contained in the system during operation is not transferred to the casing through the grout until the liner’s
preset internal pressure is reached. The use of the method greatly reduces the possibility of flowline failure.



10

15

20

25

WO 2007/149177 PCT/US2007/012299

METHOD FOR MAXIMIZING THE SHARING OF TENSILE
LOAD FOR CEMENT-SHEATHED MULTI-WALL PIPE

BACKGROUND OF THE INVENTION

The invention relates to a method of installing liners in steel casings in order
to increase the internal pressure containment capability of the flowline.

It is presently known to construct flowlines by installing thermoplastic liners in
steel casings, or pipelines, in order to protect the casing from fluids being carried in
the liner. Typically, the liner has a smaller outer diameter than the inside diameter
of the casing, and the annular space between the two is filled with a solid material
to protect the liner from any corrosion of the casing and to transfer stress through the
solid material to the outside casing. One such method is described in U.S. Patent
No. 3,662,045, filed by the present inventor, which describes a method of installing
a liner in a field flowline.

Over the years, improvements have been directed at changes in grouting
techniques in order to protect the integrity of the liner, as well as methods of bonding
the liner to the grout. More recently, the liners used have been inflatable or
expandable into a cylindrical configuration after insertion into the pipeline. The
methods used must contend with the fact that stress relaxation of the liner (creep)
can reduce the internal pressure containment of the system. At any rate, the liners
presently used do not contribute to the internal pressure bearing capability of the
flowline because of the high elasticity of the liner relative to the pipe (casing) and
grout. '

It would be desirable to build a flowline with a liner that actually increases the
internal pressure containment capability of a flowline.

SUMMARY OF THE INVENTION

The method described herein utilizes a rigid or semi-rigid liner, which is less
susceptible to “creep” than a thermoplastic liner. The liner can be made frbm a
material such as fibre-reinforced plastic (FRP), commonly called fiberglass, or from
a metal such as stainless steel.
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Heretofore, when used as a liner in IT-3 systems (casing, grout, and liner),
freestanding fiberglass pipe undergoes normal expansion and contraction between
the glass and the resin, which can result in failure of the system. The method
described herein effectively eliminates this “Achilles’ heel” of fiberglass pipe.

The installation of the ﬁbefgla’ss liner in a steel casing is similar to that for a
thermoplastic liner, such as the method described in U. S. Patent.No. 3,662,045.
Pac’ki.ng flanges installed at both ends of the pipeline seal the 'annular space and
allow the liner to elongate and contract, depending upon axial loading. A pipeline pig
is installed in the liner, and valves are placed at both ends of the liner. The pig is
displaced through the pipeline with water, and the liner is pressurized. A thixotropic
cement plug is pumped through the first valve, and then displaced with a fluid
cement slurry through the annular space and out through the second valve. The
annular space is sealed. The liner pressure is increased to its maximum design
operating pressure (for example, to between 200 p.s.i. and 250 p.s.i.) and the
annular pressure is reduced (to as low as 5 p.s.i., at the highest point of the line).
The internal pressure in the liner will see eqdivalent strain in the hoop direction as
well as the axial direction. While the internal liner pressure is maintained, the
cement is allowed to cure, locking the fiberglass liner in place within the pipe. As
a result of casting this pretension stress into the liner, the liner will not transfer stress
to the casing through the grout until the preset internal pressure is reached. This
liner pretension stress is available to the system as a reduction in the stress
transferred to the outer casing by the fluid contained in the system during operation.

It is an object of the present'invention to provide a rigid or semi-rigid liner for
a steel casing that will be dependable and long-lasting in the field.

Another object of the present invention is to provide a method for installing a
liner with improved internal pressure containment capability.

Still another object of the present invention is to provide a method of installing
a liner that remains locked in place after grouting.

Yet another object of the present invention is to provide a method of installing
a liner with minimal “creep.”

One more object of the present invention is to provide a method of installing
a fiberglass liner that removes the “Achilles’ heel” normally associated with using a

2
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liner made of that material by eliminating the shear between the glass and the resin
due to pressure cycling.

Other objects of the present invention Wili become apparent upon considering
the description of the.preferred embodiment disclosed -herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional side view showing a method of pulling a cable through a
pipeline.

Fig. 2 is a cross-sectional view of the flowline taken along line 2-2 of Fig. 1.

Fig. 3 is a sectional side view showing a method of installing a liner in a
pipeline.

Fig. 4 is a sectional side view of the liner within the steel pipeline, showing the
pig being displaced through the pipeline with the introduction of fluid into the liner.

Fig. 5 is a cross-sectional view of the pipeline and liner taken along line 5-5
of Fig. 4.

Fig. 6 is a sectional side view showing the pressurized liner.

Fig. 7 is a cross-sectional view of the flowline taken along line 7-7 of Fig. 6.

Fig. 8 is a sectional side view of an end of the pressurized liner, showing its
axial movement. |

Fig. 9 is a sectional side view of the flowline showing the thixotropic slug being
injected the annular space of the flowline.

Fig. 10 is a sectional side view of the flowline showing the cement slurry being
pumped into the annular space behind the thixotropic plug.

Fig. 11 is a sectional side view of the flowline, showing the annular grout
surrounding the liner, which is being subjected to an internal pressure greater than
the grout pressure while the grout is curing.

Fig. 12 is a cross-sectional view of the flowline, taken along line 12-12 of Fig.
11.

Fig. 13 is a sectional side view of the completed pipeline.

Fig. 14 is a cross-sectional view of the completed pipeline taken along line 14-
14 of Fig. 13.
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DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 1 shows the previously-known steps taken in installing a liner in a steel
casing 1. The first end 2 and the second end 3 of the steel casing 1 has been
excavated and, after access holes-have been cut, flanges 4 and 5 have been welded
to the casing ends 1, 2. The wall of the casing 1 is tapped to provide inlet and outlet
parts 6, 7, which are then bianked off. A pig 8, attached to one end of wireline 9, is
introduced into second end 2. A conventional wireline lubricator 10, with an end of
wireline 9 threaded therethrough, is bolted to flange 4. Air, nitrogen, or a fluid such
as water is pumped into the casing 1 through the lubrication valve 11 to force pig 8
toward second end 3, drawing the wireline 9 into the casing 1. Alternatively, the liner
12 can be pushed into the casing 1.

Fig. 2 shows a cross-sectional view of the casing 1 with the flange 5 attached.

Fig. 3 shows the introduction of the liner 12 into the casing 1. The liner12is
made from a semi-rigid or rigid material such as fibre-reinforced plastic (FRP),
commonly called fiberglass, or from a corrosion-resistant metal such as stainless
steel. Such materials have not heretofore been used as liners in flowlines. However,
they offer significant advantages. Like thermoplastic liners, fiberglass and stainless
steel liners are corrosion-resistant and have sufficient “flex” to be installed into an
existing flowline for repair purposes. However, afiberglass liner does not suffer from
the same amount of “creep” that a thermoplastic liner does, which causes the liner
to relax against the grout and can cause failure of a flowline. As shown in Fig. 3, a
security plug 13 has been locked onto the liner 12, and the wireline 9 is then used
to thread the liner 12 in and through the casing 1 from the second end 3. The
lubricator 10 is removed and an excess of liner 12 is pulled through the first end 2.

As shown in Fig. 4, temporary packing flanges 1'5, 16 have been installed, one
at each end 2, 3 of the casing 1. A pig 17 is installed into the liner 12, and liner
valves 18, 19 are installed, one on each end of the liner 12. The pig 17 will be
displaced through the liner 12 with water to insure an incompressible fill of the liner
12. The liner 12 is separated from the casing 1 by the annulus 20.

Fig. 5 shows a cross sectional view of the casing 1, with the liner-12 installed
and the annulus 20 separating the liner 12 from the casing 1.

4
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As shown in Fig. 6, the pig 17 has moved to the opposite end of the liner 12.
With liner valves 18, 19 closed, the liner 12 is then pressurized to that particular
liner's maximum design operating pressure. The liner pressure can be édjusted as
the grouting operation proceeds. The temporary packing flanges 15, 16 seal the
annulus 20, yet allow the liner 12 to expand or contract, depending on axial loading'.

Fig. 7 shows a cross sectional view of the liner 12 filled with water, with the
annul.us 20 separating the liner 12 from the casing 1, with flange 5 attached.

As shown in Fig. 8, axial loading displaces the ends of the liner 12 (with valve
19 attached) in the axial direction.

Fig. 9 shows the béginning of the grouting process, utilizing cement valves
22, 23, which have been installed over ports 6, 7. A thixotropic (viscous) cement
plug 25 is pumped through cement valve 22 into the annulus 20. Bentonite, or
another suitable material, may be added to cement to create an effective cement
plug 25, with the viscosity required for the particular application. In filling large
annular spaces, use of the thixotropic cement plug 25 prevents voids in the cement
from forming and compromising the system.

As shown in Fig. 10, the stable, less viscous cement slurry 27 is being
pumped through cement valve 22 into the annulus 20, behind the cement‘plug 25.
The thixotropic cement ‘plug 25 will create resistance to flow and act like a liquid pig
being displaced through the annulus 20 by the cement slurry 27. This allows the
cement slurry 27 to be pumped further, with more distance between cement ports.
The cement plug 25 can be designed to remain in the annulus 20, to set up and form
part of the annular grout, with the required compressive strength to transfer stress
to the outer casing 1. On the other hand, the cement plug 26 can be displaced from
the annulus 20 out through cement valve 23, by movement of the cement slurry 27.
In either event, in order to prevent voids in the cement, the pressurized liner 12 must
have a positive buoyancy, since the liner 12 must rise through the cement slurry 27
as it fills the annulus 20. The particular cement additives used will vary depending
on the application. For instance, vermiculite and proprietary foaming agents are
specifically used to create thermal insulation properties in the annular grout. The

impact of using insulation additives is reflected in the altered compressive strength.
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Alumina can be used to create grout expansion during the curing process. The
compressive strength of the grout can be altered by the cement/water ratio and
additives, but must always be greater than the line pressure being applied. Also,
weight materials can be added to the cement slurry 27 to improve negative
buoyancy. i

Fig. 11 shows the steps taken to improve the transfer of stress to the liner by
tensioning the liner during the grouting of the annulus. Normally, the liner of a three
layer IT-3 system (casing, grout, liner) does not contribute significantly to the internal
pressure bearing capability of the IT-3 system because of the high elasticity of the
liner relative to the grout and the casing. As disclosed herein, if pretension stress
is cast into the liner during grouting, the liner will not begin to transfer stress to the
casing, through the grout, until a present internal pressure is reached. This liner
stress is maintained above the preset internal pressure, reducing the stress
transferred through the liner to the casing by the amount of the preset internal
pressure. This liner pretension stress is available to the system as a reduction in
the stress transfer to the casing by fluids flowing through the IT-3 system during
operation of the system. As a result, this preset internal pressure can be used to
increase the internal pressure containment capability of an IT-3 system not using the
method described herein. In any event, the calculations of present internal pressure
available must take into consideration a reduction due to stress relaxation of the liner

(creep), as well as the buildup of gas pressure in the annulus.

As shown in Fig. 11, the cement slurry (27), has filled the annulus (20)
(hereinafter referred to as annular grout 28), some having been allowed to exhaust
through the temporary packing flanges 15, 16, which are tightened to insure a sealed
annular space. Pressure on the liner 12, displayed on pressure gauge 30, is
increased, and the pressure on the annular grout 28, displayed on pressure gauge
31, is reduced to a minimal amount. Providing that the grout 28 is stable and does
not shrink or expand, a zero expansion and contraction rate is established. The
grout 28 is allowed to cure with pressure remaining on the liner 12, leaving the liner
12 and casing 1 locked firmly together. As a result, when the system is put into

operation, the liner 12 will have to see that amount of pressure before any loading
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of the annular grout 28 occurs and any load will be transferred to the casing 1.

Fig. 12 shows a cross sectional view of the casing 1, the annular space having
been filled with grout 28, and the liner 12 pressurized with water.

As shown in Fig. 13, the flowline system is complete. The annular grout 28
inside the casing 1 has cured. The temporary packing flanges have been removed
and replaced with permanent packing flanges 34, 35, which seal the annular space.
The cement valves (22, 23) have been removed and ports 6, 7 blanked off. The
water has been pumped from the liner 12, and the flowliné is now ready to transport
line fluids.

Fig. 14 shows a cross sectional view of the finished system, with the liner 12
sheathed in the grout 28 in the annular space, inside the casing 1.

As a typical example of the use of the present method, a 3000 foot 10-inch
steel casing 1 flowline, operating at 600 p.s.i. pumping, produced fluids at 185° F.
Internal corrosion resulted in a catastrophic failure of the pipe at 600 p.s.i. A
fiberglass liner 12, designed for a 250 p.s.i. cyclic pressure, was installed through
the 3000 foot segment. Prior to grouting, the liner 12 was bressurized to 200 p.s.i.
After grouting and sealing the annular space, the pressure on the liner 12 was
increased to 250 p.s.i. and the annular pressure was reduced to 5 p.s.i. at the
highest point of the flowline, in this case, 25 feet. Due to the density of the grout 28,
allowing 1 p.s.i. per foot of elevation, the pressure at the low end would be 30 p.s.i.
With zero expansion or contraction of the grout 28, the pressure on the liner 12 will
see 250 p.s.i. equivalent stream in the hoop direction as well as the axial direction.
These pressures are maintained as the grout 28 is curing .

Because of the pressure exerted on'the liner 12, use of the above-described
method results in two distinct advantages. First, using this example, because
installation took place at ambient temperatures, the introduction of line fluids at 185°,
would normally result in axial loading due to thermal expansion; however, this effect
is compensated for by the axial strain on the liner 12 which occurred during the
installation and curing of the grout 28. Sécondiy, as a result of leaving the liner 12
in an expanded state while the grout cures, the liner 12 will share the load with the

steel casing 1. In the present example, the liner's internal preset pressure
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containment capacity in the hoop direction is at least 230 p.s.i. Therefore, the liner

12 can hold at least 230 p.s.i. before any loading of the annular grout 28 results in

the load being transferred to the outer casing 1.

The hoop strain reduction on the casing can be readily calculated for each
system. For purposes of showing such a calculation, the liner 12 used is a length of
8-inch fiberglass pipe, with an inner diameter of 8.356 inches and a pressure rating
of 300 p.s.i. free standing. The casing 1 into which it is installed is a 10-inch
schedule 20 steel pipe with an inner diameter of 10.25 inches; and a pressure rating
of 600 p.s.i. before lining. After the liner 12 is installed in the casing 1, using the
above-described method, 250 p.s.i. is applied to the liner 12 during curing, and 0
(zero) p.s.i. is applied to the grout 28, allowing for a variance in line pressure of 20
p.s.i. due to the elevational change throughout the line. The pressure from the fluids
being carried in the system must exceed 230 p.s.i. before any hoop strain will begiﬁ
to transfer through the cured annular grout 28 to the steel casing 1.

The strain reduction on the casing 1 has two components. The first
component is the reduction resulting from pressure on the liner 12 during grouting
and curing. For a flowline operating at 600 p.s.i., the reduction is as follows:

600 p.s.i. - 230 p.s.i. = 370 p.s.i.
The second component is the reduction of the cross-sectional area related to the
difference between the 1.D. of the liner 12 and the 1.D. of the casing 1. The area of
the liner 12 is 54.865 square inches, and the area of the casing 1 is 82.516 inches,
resulting in an area reduction to 66.485% of the casing 1 to the liner 12. The
equivalent preséure on the casing 1 is figured as follows:

66485 x 370 p.si. = 2459945 p.s.i.

Therefore, the casing 1 will see the equivalent pressure of 245.9945 p.s.i. instead of
the original pressure of 600 p.s.i. in the flowline. As a result, the possibility of
flowline failure is greatly reduced.
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CLAIMS

1. Animprovement in the method of lining a multi-wall pipe flowline comprising
a liner separated from a casing by an annular space, the improvement comprising
the following steps:
pressurizing the liner
filling the annular space with a cement slurry;
sealing the annular sbace;
increasing pressure on the liner to its maximum design operating pressure
while lowering pressure on the annular space to a minimal amount;
maintaining both the pressure on the liner and the minimal pressure on the
annular space while the cement slurry cures and becomes solid.
2. The improvement in claim 1 wherein the liner is constructed from a material
selected from fibre-reinforced plastic (FRP) and metal.
3. The improvement in claim 2 wherein the fibre-reinforced plastic is fiberglass.
4. The improvement in claim 2 wherein the metal is stainless steel.
5. A method for providing a liner for sharing of tensile load for a cement-sheathed
multi-wall pipe, the method comprising:
installing the liner in a steel casing, the liner having a smaller outer diameter
than an inner diameter of the casing, an annular space being defined
between the liner and the casing, the annular space having a first end
and a second end;
installing temporary packing flanges to seal the first end and the second end
of the annular space;
allowing the liner to elongate and contract, depending upon axial loading;
pressurizing the liner;
filling the annular space with a cement slurry;
sealing the annular space;
increésing pressure on the liner to its maximum design operating pressure
while lowering pressure on the annular space to a minimal amount;
maintaining both the pressure on the liner and the minimal pressure on the

annular space while the cement slurry cures and becomes solid grout;

9
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replacing the temporary packing flanges with permanent packing flanges.
6. The method of claim 5 wherein the liner is constructed from a material selected
from fibre-reinforced plastic (FRP) and metal.
7.  The method of claim 6 wherein the fibre-reinforced plastic is fiberglass.
5 8. The method claim 6 wherein the metal is stainless steel.

10
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