wo 2011/150367 A1 I 10KV OO 0O

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

ot VAP,
(19) World Intellectual Property Organization /g [} 11N A0 0000 00 00 0
ernational Bureau S,/ ‘ ) |
. L MEY (10) International Publication Number
(43) International Publication Date \,!:,: #
1 December 2011 (01.12.2011) WO 2011/150367 A1
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
E21B 33/12 (2006.01) kind of national protection available): AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ CAI\ZI, CBS i CBRB’ CBI(J}, g;l’ DB]IE{ > DBI\(V ’];313[{ > ]];é’
PCT/US2011/038406 Dz, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
27 May 2011 (27.05.2011) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, 8@, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

61/349.044 27 May 2010 (27.05.2010) ys (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): LONG- GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
WOOD ELASTOMERS, INC. [US/US]; The Summit ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Green Building, 706 Green Valley Road, Suite 212, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Greensboro, NC 27408 (US). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

(75) Inventors/Applicants (for US only): YACKEY, John ohy TR0 OAR] (B, B CF, €0, €L CM, GA, GN, 6Q.
[US/US]; 2700 Mustang Road, Brenham, TX 77833 > - NE, SN, TD, TG).
(US). DOWEIDT, Dennis [US/US]; 31523 Johlke Road, Declarations under Rule 4.17:

Magnolia, TX 77355 (US). — as to applicant’s entitlement to apply for and be granted
(74) Agents: CHU, Stephanie, N. et al.; Alston & Bird LLP, a patent (Rule 4.17(i1))
Bank of America Plaza, 101 South Tryon Street, Suite Published:

4000, Charlotte, NC 28280-4000 (US).
—  with international search report (Art. 21(3))

(72) Inventors; and

(54) Title: IMPROVED PROCESS FOR MANUFACTURING SWELLABLE DOWNHOLE PACKERS AND ASSOCIATED
PRODUCTS

J — 4
F6.3 : \w S

(57) Abstract: Embodiments of the present invention provide a process for manufacturing swellable packers with reinforcing fab-
rics and associated products used for sealing off chambers within well bores. According to one embodiment, the swellable packer
(10) is formed around a pipe (11) by embedding a sheet of the reinforcing fabric (15) within layers of a swellable polymer (13)
wrapped around the pipe. A sheet of reinforcing fabric is situated near each end (19) of the swellable packer. Thus, as exposure to
oil or water will cause the swellable packer to expand, the reinforcing fabric will initially retard swelling at the ends (19) to allow
for greater initial swelling along the center portion (20). The reinforcing fabric also strengthens the polymer to resist tearing or
breakage caused by the flow of oil or water. A pair of swellable packers (10) according to embodiments of the present invention
can be placed on a pipe (11) and placed within a bore (12) and exposed to oil or water to create a pressurized chamber (18).



WO 2011/150367 PCT/US2011/038406

10

15

20

25

30

IMPROVED PROCESS FOR MANUFACTURING SWELLABLE
DOWNHOLE PACKERS AND ASSOCIATED PRODUCTS

FIELD OF THE INVENTION

The present invention relates to improved manufacturing processes for
downhole packers and associated products, and in particular downhole packers that

have improved sealing characteristics.

BACKGROUND OF THE INVENTION

In the oil and natural gas industries, a bore is typically formed into the earth
to define a well, and oil or natural gas is withdrawn from the well. However, over
time, the level of production from these wells can decrease and, as a result, several
methods have been developed for increasing the oil or natural gas withdrawn from
the well.

One of these methods involves sealing a section of the bore wall at a
location above the bottom of the well. In particular, one or more plugs can be
placed along the depth of the bore that seal against the bore wall. Between two of
these plugs, or between one plug and the top or the bottom of the well, a chamber
can be defined. These chambers are then subjected to very high pressures of water
or other fluids so as to cause the walls of the bore to fracture. This can create
additional flow of oil or natural gas into the chamber after the pressure is released.

Conventionally, these plugs have been formed of concrete or other
cementitious materials. However, the concrete can degrade over time and leak. To
improve upon concrete plugs, the industry has developed swellable packers made
from polymers that swell when exposed to oil and/or water. The swellable packer
is sized to have an outer diameter just smaller than the diameter of the bore and
then it is placed down the bore in an unswelled state. Oil or water is then brought
into contact with the swellable packer. However, pressure from the impact of oil
or water may cause pieces of polymer to tear or break away. The polymer of the
swellable packer begins to swell as it takes on the oil or water. This swelling
causes the swellable packer to seal against the wall of the bore and create a seal so

that pressurized chambers can be defined for fracturing the bore wall.
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One measure of performance of these swellable packers is the amount of
pressure to which the pressurized chambers can be exposed before the swellable
packers begin to leak. Chamber pressures of at least 4,000 psi are achievable with
conventional technology. However, it is desirable to achieve even higher chamber

pressures, to allow more oil or gas production.

BRIEF SUMMARY OF THE INVENTION

These and other advantages are provided by the swellable downhole
packers and improved processes of manufacturing provided by the present
invention. Advantageously, embodiments of the present invention provide a
reinforcing fabric in conjunction with a swellable polymer to provide improved
sealing pressures. The reinforcing fabric according to one embodiment is provided
at the ends of the swellable packers and can retard swelling of the swellable
polymer at those locations. This retardation of the swelling at the ends of the
packers allows for more swelling along the center portion of the packer before the
ends of the packer are fully swollen. As such, improved sealing pressures are

achievable.

BRIEF DESCRIPTION OF THE DRAWINGS

Having thus described the invention in general terms, reference will now be
made to the accompanying drawings, which are not necessarily drawn to scale, and
wherein:

Figure 1 is a partially sectional view of an oil or gas well showing the
position of two swellable packers in a bore;

Figure 2 is a perspective view of a swellable packer according to
embodiments of the present invention; )

Figure 3 is an expanded and partially sectioned view of one end of a
swellable packer according to embodiments of the present invention; and

Figure 4 is a plan view of a reinforcing fabric according to embodiments of

the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention now will be described more fully hereinafter with
reference to the accompanying drawings, in which some, but not all embodiments
of the inventions are shown. Indeed, these inventions may be embodied in many
different forms and should not be construed as limited to the embodiments set forth
herein; rather, these embodiments are provided so that this disclosure will satisfy
applicable legal requirements. Like numbers refer to like elements throughout.

Many modifications and other embodiments of the inventions set forth
herein will come to mind to one skilled in the art to which these inventions pertain
having the benefit of the teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that the inventions are not to
be limited to the specific embodiments disclosed and that modifications and other
embodiments are intended to be included within the scope of the appended claims.
Although specific terms are employed herein, they are used in a generic and
descriptive sense only and not for purposes of limitation.

Figure 1 illustrates an oil or natural gas well that defines a bore 12.
Positioned in the bore 12 are two swellable packers 10. These swellable packers
10, when fully swollen, create a chamber 18 that can be pressurized between the
swellable packers. The swellable packers 10, in the illustrated embodiment, are
both supported on a support tube 11. This support tube 11 can be made of a steel
pipe or any other suitable material. In some embodiments, the support tube 11
could be used as a conduit for oil, gas or other fluids, and/or could be used for
allowing other downhole components to extend down the bore. The support tube
11 may also be completely or partially blocked along its length.

Figure 2 is a closer view of one of the swellable packers 10. The swellable
packer 10 of the illustrated embodiment is comprised of a swellable polymer 13
that is secured to the support tube 11. The swellable packer 10 should define a
length along the support tube 11 sufficient to adequately seal the bore, and in one
embodiment this length may be 24". The swellable packer may be provided with
end caps 14 at one or both ends of the swellable packer. The end caps 14 can be
formed of metal or other resilient material and have a chamfered or tapered portion
(as best seen in Fig. 3) that helps guide the swellable packer 10 through the bore as

the support tube 11 is lowered or raised in the bore.
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According to embodiments of the present invention, the swellable polymer
13 can be applied to the support tube 11 by wrapping a continuous sheet of
swellable polymer around the support tube so as to define multiple layers. The
first layer of the swellable polymer 13 can be secured to the support tube with a
bonding agent. One bonding agent that is effective is THIXON 532-A-EFAPH
available from Dow Chemical.

In an exemplary embodiment, a sheet of swellable polymer material is 24”
in width and is wrapped around the support tube 16 times. The thickness of the
sheet of swellable polymer according to one embodiment is 0.045", although the
thickness of the sheet can increase as the winding around the support tube 11
continues. After the wrapping process has been finished, the swellable polymer 13
can be subjected to a curing process such as in a steam autoclave. This curing
process can cause the various wrapped layers to bond together and define a
substantially homogeneous thickness to the swellable polymer.

One particularly advantageous swelling polymer 13 is available from
Tendeka under model no. JSSEO-5. This proprietary formulation provides strong
swelling and sealing characteristics. However, other swellable polymers from
other manufacturers could be used in embodiments of the present invention.

To achieve a desired tolerance on the outside diameter of the cured
swellable packer, the swellable polymer 13 (while supported on the support tube
11) can be subjected to a machining operation, such as turning on a lathe. The end
caps 14 can then be placed over the ends of the swellable polymer 13 and bonded
in place with the bonding agent.

When swellable packers 10 are placed in a bore and exposed to oil or water
to initiate the swelling process, the inventors have recognized that the swelling
begins at the end portions 19 of the swellable polymer that are first exposed to the
oil or water. The swelling process is not instantaneous and so, as the swelling
proceeds, the end portions 19 of the swellable polymer 13 swell faster than central
portion 20 of the swellable polymer. The inventors have recognized that this
sequence can have a deleterious effect on the overall sealing pressure of the
swellable packer because the central portion of the swellable polymer 13 may not
swell as much as the end portions 19 of the swellable polymer. As such, the
outward pressure exerted on the bore wall will not be uniform along the length of

the swellable packer 10, and will be higher at the end portions 19 of the swellable
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packer exposed to the oil or water. Thus, the configuration of a conventional
swellable packer does not allow the swellable polymer to fully swell along its
length. The end portions 19 seal the central portion 20 from receiving sufficient oil
or water to fully swell.

Figure 3 is an expanded and partially sectioned view of one end of a
swellable packer 10 according to embodiments of the invention. The illustrated
end of the swellable packer 10 includes a reinforcing fabric 15 extending along a
length at the end of the swellable packer. The reinforcing fabric 15 is positioned
in the illustrated embodiment at a depth below the outer surface of the swellable
polymer 13. In one embodiment, the reinforcing fabric 15 is inserted during the
winding process for the sheet of swellable polymer after a first section of sheet has
been wrapped but before a second section is wrapped. For example, the
reinforcing fabric 15 is inserted after the 12" wrap of 16 total wraps has been
completed. This forms a swellable pack including an inner annulus of swellable
polymer radially inward of the reinforcing fabric and an outer annulus of swellable
polymer radially outward of the reinforcing fabric. In some embodiments, the
reinforcing fabric 15 has a bonding agent applied thereto to bond with the
swellable polymer.

In one embodiment of the manufacturing method according to the present
invention, the reinforcing fabric 15 is first positioned between two sheets of
swellable polymer and then the assembly is calendered to define a sandwich
structure having a thickness of approximately 0.040”. This sandwich structure is
then inserted during the wrapping process. The sandwich structure has more
flexural strength than the reinforcing fabric 15 by itself, which makes it easier to
insert during the wrapping process.

In addition, in some embodiments, the reinforcing fabric 15 may not extend
all the way to the end face of the swellable polymer 13 so as to be fully
encapsulated within the swellable polymer. If the reinforcing fabric 15 extends all
the way to the end face, it could present a possibility for the portion of the
swellable polymer radially outside of the reinforcing fabric 15 to swell
disproportionately more quickly than the portion radially inside of the reinforcing
fabric because oil or water would have an additional path (i.e. along the fabric) to
cause swelling. In some circumstances, this could cause delamination and failure

of the swellable packer. In one embodiment, the reinforcing fabric 15 is one-third
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the length of the swellable polymer 13, as measured along the axis of the support
tube 11, and the reinforcing fabric 15 ends 0.125 inches from the end cap 14. As
illustrated, the reinforcing fabric 15 can be 3 inches in length.

One embodiment of reinforcing fabric is shown in more detail in Figure 4,
and includes relatively stronger fibers 16 extending in a warp direction and
relatively weaker fibers 17 extending in a weft direction. The reinforcing fabric 185
is positioned during the manufacturing process so that the relatively stronger fibers
16 are aligned with the axis of the support tube 11 and the weaker fibers 17 extend
generally circumferentially around the axis of the support tube 11. However, the
fibers of the reinforcing fabric may have the same tensile strength in both the warp
and weft directions, and in another embodiment, the fibers extending in one
direction, such as the warp direction, may be more densely spaced than in the other
direction.

As oil or water is introduced into the bore to begin the swelling process, the
oil or water is first contacted against the end portions 19 of the swellable polymer.
The reinforcing fabric 15 strengthens the end portions 19 and prevents the
swellable polymer from tearing or breaking away. Furthermore, rather than
swelling at a rate faster than the central portion 20 of the swellable polymer, the
reinforcing fabric 15 retards the swelling process by mechanically restraining the
end portions 19 of the swellable polymer from swelling more quickly than the
central portion 20. This retardation of the swelling of the end portions 19 allows
the central portion 20 of the swellable polymer to swell at a comparable rate and
thus create a tighter seal against the walls of the bore.

According to some embodiments of the invention, after some swelling of
the end portions 19 has occurred, the relatively weaker fibers 17 can rupture, thus
allowing the relatively stronger fibers 16 to separate in a circumferential direction
and then the swelling of the end portions of the swellable polymer to continue
without circumferential retardation. The relatively stronger fibers help reinforce
the swellable polymer 13 after it has swollen, which is advantageous because the
strength of the polymer decreases when it is swollen. Thus, after the installation
process has been completed, the amount of swelling exhibited by the swellable
polymer is more uniform along its length than in conventional packers, thus
creating a stronger seal. Indeed, sealing pressures of up to 7,500 psi have been

achieved with a 6 foot length of the swellable packer having reinforcing fabric 24
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gas industry and allows improved production of oil and gas wells.

In the embodiment depicted in Figure 4, the reinforcing fabric 15 is a cloth
material. In another embodiment, the reinforcing fabric 15 can comprise tire cord,
and in particular nylon fabric intended for use in the construction of tires. One
commercially-available product that is suitable is LNF085, a nylon leno weave
available from Firestone Fibers & Textiles Company in Kings Mountain, NC.
However, in various other embodiments, the reinforcing fabric may be formed of
other types of material, such as wire, carbon fibers, basalts, etc.

Although a single strip of reinforcing fabric 15 is illustrated at both ends of
the swellable packer 10, other embodiments include multiple layers of reinforcing
fabric and layers of reinforcing fabric extending further along the length of the
swellable packer 10. In order to achieve a more uniform swell profile after
installation, some embodiments of the invention include two layers of reinforcing
fabric at the ends of the swellable packer, a single layer of reinforcing fabric
adjacent to those end portions, and a central portion with no reinforcing fabric
provided. A more uniform swell profile may also be provided by reinforcing

fabrics that have circumferential strength that varies along the length of the fabric.
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THAT WHICH IS CLAIMED:

1. A method for manufacturing a swellable packer comprising:

wrapping a first section of swellable material around a tubular member to
define an inner annulus of a swellable member; ,

inserting at least one reinforcing member between the inner annulus and a
second section of swellable material, and

wrapping the second section of the swellable member around the inner

annulus to define an outer annulus of the swellable member.

2. The method of claim 1, wherein the wrapping steps comprise
wrapping swellable material in the form of a polymer sheet and the inserting step

comprises inserting a fabric as the least one reinforcing member.

3. The method of claim 1, wherein the inserting step further comprises

inserting a reinforcing member adjacent to an end of the swellable member.

4. The method of claim 3, wherein the inserting step comprises
inserting the reinforcing member adjacent to but spaced from the end of the

swellable member.

5. The method of claim 1, further comprising inserting the at least one
reinforcing member between two sheets of swellable polymer before inserting the
reinforcing member and two sheets of swellable polymer between the inner

annulus and second section of swellable material .

6. The method of claim 2, further comprising inserting a fabric having
stronger fibers extending in one direction and weaker fibers extending
perpendicularly thereto, and orienting the fabric so that the stronger fibers extend

in a direction aligned with an axis of the tubular member.

7. The method of claim 1, further comprising the step of securing the

inner annulus to the tubular member with a bonding agent.
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8. The method of claim 1, further comprising the step of subjecting the

swellable member to a curing process.

9. The method of claim 1, further comprising the step of securing an

end cap on at least one of the ends of the swelling member.

10. A swellable packer for use in a bore comprising:

a swellable member circumferentially disposed about an axis of a tubular
member, wherein the thickness of the swellable member includes an inner annulus
and an outer annulus; and

at least one reinforcing member interposed between the inner annulus and

the outer annulus.

11. The swellable packer of claim 10, wherein the swellable member is

formed from at least one sheet of polymer.

12.  The swellable packer of claim 11, wherein each of the inner annulus

and the outer annulus comprises a plurality of layers of the sheet of polymer.

13. The swellable packer of claim 10, wherein the at least one

reinforcing member is adjacent to an end of the swellable member.

14.  The swellable packer of claim 10, wherein the at least one
reinforcing member comprises:

a set of strengthening fibers axially aligned with the tubular member; and

a set of restraining fibers circumferentially extending around the axis of the

tubular member.

15. The swellable packer of claim 14, wherein the tensile strength of the
strengthening fibers is generally greater than the tensile strength of the restraining

fibers.

16.  The swellable packer of claim 10, wherein the reinforcing member

is adjacent to but spaced from the end of the swellable member.

9
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17.  The swellable packer of claim 10, wherein the reinforcing member

extends approximately three inches along the axial direction.

18.  The swellable packer of claim 14, wherein the strengthening fibers

are arranged more densely than the restraining fibers.

19.  The swellable packer of claim 10, wherein the swellable member

entirely surrounds the reinforcing member.

20.  The swellable packer of claim 10, wherein at least one end of the

swellable member is covered by an end cap.

21.  The swellable packer of claim 10, wherein the at least one
reinforcing member comprises a sandwich assembly comprised of a reinforcing

layer positioned between two swellable layers.

22. The swellable packer of claim 21, wherein the sandwich assembly

has a thickness of approximately 0.040 inches.

23. A packer system for use in a bore comprising:

a tubular member;

at least one swellable packer disposed about the tubular member, wherein
the at least one swellable packer comprises:

a swellable member circumferentially disposed about an axis of a
tubular member, wherein the thickness of the swellable member includes an
inner annulus and an outer annulus; and

at least one reinforcing member interposed between the inner

annulus and the outer annulus.

10
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24. The packer system of claim 23, wherein the at least one reinforcing
member comprises:

a first reinforcing member adjacent to a first end of the swellable member;
and

a second reinforcing member adjacent to a second end of the swellable

member.

25.  The packer system of claim 23 further comprising at least two
swellable packers spaced apart along the tubular member and defining a chamber

therebetween.

26. The packer system of claim 23, wherein the at least one reinforcing
member comprises:

a set of strengthening fibers axially aligned with the tubular member; and

a set of restraining fibers circumferentially extending around the axis of the

tubular member.
27. The packer system of claim 26, wherein the tensile strength of the
strengthening fibers is generally greater than the tensile strength of the restraining

fibers.

28. The packer system of claim 23, wherein the reinforcing member is

adjacent to but spaced from the end of the swellable member.

11



00000000000000000000000000000

1/1

ZANNNZ
~J




PCT/US2011/038406

WO 2011/150367

2/1

10
s

L

15

Tz [
{1 174
v

1z
{1

17
10

17
10

rf4
1L

Y

A

A

A

A

A

A

Z

A

Z

Z

A

A

7z

A

7z

A

N

A

A

2

Z

A

Z

Z

7z

7z

Z

AN

A

AN

AN

AN

A

N

Z

AN

A

p

7z

7z

Z

AN

VA

AN

AN

AN

AN




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2011/038406

A. CLASSIFICATION OF SUBJECT MATTER

INV. E21B33/12
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

E21B

Minimum documentation searched {classification system followed by classification symbols)

Documentation searshed other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the intemational search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

[NO]; FREYER RUNE [NO])

16 November 2006 (2006-11-16)
Y page 2, line 24 - page 3, line 3; figure 2 2,4,6,

claims 5,13,14,15; figures 1,6

X WO 2006/121340 Al (EASY WELL SOLUTIONS AS 1,3,5,

7-13,17,
19-23

14,15,
18,26,27

X WO 2008/097312 Al (HALLIBURTON ENERGY SERV 10-13,
INC [US]; CHALKER CHRISTOPHER J [NO]; 16,
SOLHAUG) 14 August 2008 (2008-08-14) 19-21,

23-25,28

-/--

Further documents are listed in the continuation of Box C.

See patent family annex.

* Speoial categories of cited doocuments :

"A" document defining the general state of the art which is nat
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" documentwhich may throw doubts on priority claim(s) or
which is cited to establish the publication date of ancther
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and notin conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
inthe art.

'&" document member of the same patent family

Date of the actual completion of the international search

24 August 2011

Date of mailing of the international search report

31/08/2011

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswilk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Dantinne, Patrick

Form PCT/ISA/210 (second sheet) (April 2005)

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

International application No

5 July 2007 (2007-07-05)
paragraph [0025]; claims 1,6,8; figures
2,3

PCT/US2011/038406
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category” | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2009/073531 Al (BAKER HUGHES INC [US]: 10-13,
KING JAMES G [US]) 16,19,
11 June 2009 (2009-06-11) 21,23,
24,28
Y paragraph [0027] - paragraph [0028]; 2,4,6,
figures 2,3 14,15,
18,26,27
s US 20047216871 Al (MENDEZ LUIS E [US] ET 6,14,15,
AL) 4 November 2004 (2004-11-04) 18,26,27
paragraph [0012]; figure 4
paragraph [0041]
A US 2009/200043 Al (OLINGER ROBERT L [US]) 1-28
13 August 2009 (2009-08-13)
paragraphs [0008], [0029]; figures 2,3,4
A WO 2009/098467 Al (SWELLFIX B V [NL]; 1-28
HIBBERD ROGER [GB]; DEWAR JOHN [GB];
SEYGER ROGER [)
13 August 2009 (2009-08-13)
claims 1,2; figure 6
A US 2007/151724 A1l (OHMER HERVE [US] ET AL) 1-28

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent famlly members

International application No

PCT/US2011/038406
Patent document Publication Patent family Publication

cited in search report date member(s) date

W0 2006121340 Al 16-11-2006 AU 2006244742 Al 16-11-2006
CA 2606771 Al 16-11-2006
CN 101171399 A 30-04-2008
EA 200702151 Al 30-06-2008
EP 1888875 Al 20-02-2008
NO 327157 Bl 04-05-2009
US 2009159265 Al 25-06-2009
US 2011088892 Al 21-04-2011

W0 2008097312 Al 14-08-2008 AU 2007346700 Al 14-08-2008
CA 2677254 Al 14-08-2008
EP 2129865 Al 09-12-2009
US 2008185158 Al 07-08-2008

WO 2009073531 Al 11-06-2009 WO 2009073538 Al 11-06-2009

US 2004216871 Al 04-11-2004  NONE

US 2009200043 Al 13-08-2009  NONE

WO 2009098467 Al 13-08-2009 AU 2009211181 Al 13-08-2009
CA 2713769 Al 13-08-2009
EP 2247818 Al 10-11-2010

US 2007151724 Al 05-07-2007  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - wo-search-report
	Page 16 - wo-search-report
	Page 17 - wo-search-report

