Office de la Propriete Canadian CA 2883687 A1 2014/03/06

Intellectuelle Intellectual Property

du Canada Office (21) 2 883 687
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada

CANADIAN PATENT APPLICATION
13) A1

(86) Date de depot PCT/PCT Filing Date: 20

12/08/28 51) ClInt./Int.Cl. £276 33/728(2006.01),

(87) Date publication PCT/PCT Publication Date: 2014/03/06 E21B 33/127(2006.01)

(85) Entree phase nationale/National Entry: 2015/02/26

(86) N° demande PCT/PCT Application No.:
(87) N° publication PCT/PCT Publication No

(71) Demandeur/Applicant:
HALLIBURTON ENERGY SERVICES, INC., US

US 2012/052721
(72) Inventeur/Inventor:
.- 2014/035380 NOFFKE, RICHARD PAUL, US

(74) Agent: NORTON ROSE FULBRIGHT CANADA
LLP/S.E.N.C.R.L., S.R.L.

(54) Titre : ENSEMBLE D'ETANCHEITE EXPANSIBLE DE RACCORDEMENT POUR TUBAGE
(54) Title: EXPANDABLE TIE BACK SEAL ASSEMBLY

12

P

AN SRR
R

(57) Abréegée/Abstract:

Disclosed are apparatus and methods for co
particularly, embodiments of the present inver
wherein annular-shaped, radially extending p
sealed connection therebetween.

C an a(i?iI http.://opic.gc.ca

mpleting a wellbore, using expandable tubular to form a sealed connection. More
tion relate to forming a seal between a radially expanded tubular and a receptacle,

rotrusions are present between the tubular and the receptacle to form a durable

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

Ottawa-Hull K1A 0C9 - aArtp:/cipo.ge.ca OPIC
OPIC - CIPO 191




2014/03:5380 A1 I 1A 1} T 0 00 O ORR T 0 0 01

W

(43) International Publication Date

CA 02883687 2015-02-26

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

(19) World Intellectual Property
Organization
International Burecau

WIPOIPCT

6 March 2014 (06.03.2014)

(10) International Publication Number

WO 2014/035330 Al

(1)

(21)

(22)

(25)

(26)
(71)

(72)
(75)

(74)

(81)

International Patent Classification:
E21IB 33/128 (2006.01) E21B 33/127 (2006.01)

International Application Number:
PCT/US2012/052721

International Filing Date:

28 August 2012 (28.08.2012)
Filing Language: English
Publication Language: English

Applicant (for all designated States except US). HAL-
LIBURTON ENERGY SERVICES, INC. [US/US];
10200 Bellaire Blvd., Houston, TX 77072 (US).

Inventor; and

Inventor/Applicant (for US ornly): NOFFKE, Richard,
Paul [US/US]; 2300 Kathryn Lane, Apt. #1425, Plano, TX
75025 (US).

Agent: BOOTH, John, F.; Booth Albanesi Schroeder
LLC, 1601 Elm Street, Ste. 1950, Dallas, TX 75201-4744

(US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(34) Title: EXPANDABLE TIE BACK SEAL ASSEMBLY

12

\

(84)

AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, 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, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
IN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
A

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
FE, 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, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

15

/

14

\\

FIG.2A

(57) Abstract: Disclosed are apparatus and methods for completing a wellbore, using expandable tubular to form a sealed connec-

tion. More particularly, embodiments of the present invention relate to forming a seal between a radially expanded tubular and a re -

ceptacle, wherem annular-shaped, radially extending protrusions are present between the tubular and the receptacle to form a durable

o sealed connection therebetween.
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EXPANDABLE TIE BACK SEAL ASSEMBLY

BACKGROUND
Technical Field
130011 The present invention relates to equipment and methods used i subterranean

wells and, more particularly, to an expandable tie back seal.

Bﬁ\,ﬁg{g vnd .a:‘qzl

e S

(60921 Wellbores are typical y formed by drilling and thereafter lining g borehale with
steed ' e called msng, The casing provides support to the wellbore and facilitates the isolation
of certain areas of the wellbore adjacent hydrocarbon bearing formations. The casing typically
extends down the weithore from the swface of the well and the annular area between the outside

of the casing and the borehole m the earth 18 filled with cement fo permanently set the casing in

the weilbore.

0031 As the wellbore is drilled to a new depth, additional strings of pipe are run into
the well o that depth, whereby the upper portion of the string of pipe or liner is overlapping the
lower portion of the casing. The lner string is then fixed or hung in the wellbore, usually by

some mechanical slip means, well known in the art.

[9664]  In some instances, wells are completed with the remote perforating of luer to
pmvide a fluid pm}x for Ei}fdrs:) carbons 1o enter the wellbore where h::?;‘@ flow into a screened
portion of another smalier tubular or productic e mmrﬁ, in these mstances, the wellbore around

the tubing is isolated with pac kers to close the annular area and wree the hyvdrocarbons into the
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production tubing, In other completions, the last string of Hner extending into the wellbore is
itself pre-siotted or perfmated to receive and carry iydrocamom upwards in the welibore. In
these instances, production z,ubw% is usually connecied to the top of the liner o serve as a
conduit to the surface of the well. In this manner, the liner is "tied back” to the surface of the

well,

00651 I order to complete these types of wells, the production tubing is inserted in the
tog* of a liner in a sealing relationship, usually aa:mm;ﬁisheé by the use of a polished bore
receptacle in the Hner top. A po tished bore receptacle has a smooth cylindrical inner bore
designed to receive and seal a wubular baving a seal assembly on its lower end. The polished
bore receptacle and seal assembly combination allows the production tubing to be "stung” into
the liner in a scaling relationship and be selectively removed there from. As ased herein, the
term “polished bore receptacle” refers to a device used to locate and seal a first tubular 3

second tubular.

(68861 Well-known technology permits wellbore tubular members to be expanded in
situ. In addition to simply enlarging a tubular, the technology permits the physical attachment of
a smaller whular o a targer tubular by increasing the cuter diameter of a smailer tubular with
vadial force from within, The expansion can be ¢ cco.:npi*ahgd by a mandrel or a cone-shaped
member urged through the tubular to be expanded or by an expander tool run in on g tubular
string. For an example of an expander tool sse: US, Patent Mo. 7,779,910, issued August 24,
2010 to Watson, entitied “Expansion Cone For Expandable Liner Hanger”, which 1 incorporated
herein by reference for all purposes. Additionally, the term "expander tool” is used herein o
refer to any member that used to expand a tubuiar, such as the rolier expander tool, a cone
member, hydranlic pressure or any other type of expan sion member used in the oil and gas

industry.

88671 Tie back seals typically incorporate elastomers at the seal mierface. Caustic

fluids, high temperatures and high pressures encountered downhole often precipitate degradation

It
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of elastomeric seals. Degraded seals can develop leaks that can be costly to an operation
whether left piac-... o rep! laced. When left in place, the quality of a production stream can
suffer, When z‘ieplacedg. the cost of eguipment and labor as well as costs of lost production,
during replacement down-time, will accunulate.  Accordingly, there s a need in the art for a

highly durable tie back seal without elastomers that provides a reliable seal.

SUMMARY OF THE INVENTIONS

(808}  Embodiments of the preser;_t_imﬁe‘miw gencrally relate to methods and apparatus

for completing & well. Particularly, the invention relates o a system of completing a weltbore
through the expansion of tubular. More pmicui arly, embodiments of the present invention relate

-~

to a tie back seal systern, wherein the first tubular contains a polished bore receptacle configured

l

to seal with the second tubular, thereby providing a sealed connection therebetween,

{0091 Disclosed herem is a e back seal system. The gystem includes tubular
members receptive for forming a tie back scal assembly therein. The tie back seal assernbly

includes two telescoping mubular with the overlapping shp it portions, af legst one which is made

from plastically deformable metallic material. The interfor tubular baving radially extending
annular protrusions thereon, which when the tubular are plastically deformed to form a tie back
seal, the protrusions engage the interior of the outer tubular to improve the sealing and durability

of the seal system.

3318 Purther disclosed herein is a method of sealing a tie back to a tubular, The

method inchudes: positioning a metal deformable tubular mt‘we* of the t1e back within an outer

tubular member; expanding the deformable tubular in a radial direction to contact the outer
tubnlar. The expanding step causing the protrusions o engage the outer tubular cr creating annolar

contact arcas comprising plastic deformation of the intertor wall of outer tubular member.
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0011}  Further disclosed herein is & tie back system and method wherein the axially
spaced profrusions on the outer surface of interior tubular member that have a generally

triangular-shaped cross section.

BRIEF DESCRIPTION OF THE DRAWINGS

1G082]  The drawings are incorporated into and form a part of the spectfication to
illustrate at least one embodiment and example of the present mvention. Together with the
writien ;des'criptiaﬂ, the drawings serve {0 explain the principles of the invention. The drawing is
only for the purpose of illustrating at least one preferred example of at least one embod Hment of
the invention and i3 not to be construed as limiting the invenfion to only the illustrated and
described example or examples. The various advantages and features of the various
embodiments of the present fnvention will be appavent from a consideration of the drawing in

swhich:

1$813]  Figure { s a tie back seal system configuration of the present invention,

illustrated in a longitudinal section prior {o expansion;
§68141  Figure FA is an enlarged cross section from Figure 1

(0015} Figure 2 1s a tie back seal system contt guration of the present invention,

illustrated in longitudinal section subsequent to expansion; and

B0616]  Figure 2A 15 an enlarged cross section from Figure 2.

DETAILED DESCRIPTION
30171 Embodiments of the present invention generally relate (o methods and apparatus
for completing a well. Particularly, the invention relates to a system of completing a wellbore

through the expansion of one or more tubular members. More particularly, embodiments of the

FIS A
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nresent fnvention relate to the concurrent expansion of a first and second twbular, wherein the
first tubular contains a polished bore receptacie for forming a tie back seal, configured to
calingly receive ¢ a portion of the second tubular, thereby providing a sealable connection

therebetween,

{9018} Reforring more particularly to the drawings, wherein like reference characters
are used throughout the various figures to refer to like or corresponding parts, there is shown in

the figures, one embodiment of the tie back seal system of the present invention.

90181  Turning first to Figures 1 and 1A, one embodiment of the metal {o metal tie

back seal mnﬁgm ation used to form a seal between well tubing 5§ and well mlbing 6. The wefii

mozu.meﬁ in the "&«mii.b-{}f& {he mounting 15 not shown but methods of hanging the fubing 6 in the

wellbore are well known iy the indostry. The tubing 5 has been lowered into the wellbore and

the lower end inserted in a downhole direction DH info the upper end of the tubing 6.

-

196201 In this embodiment, the telescoped or overlapping portion of well tubing 5
comprises a te back seal mandrel 2. The telescoped or overlapping portion of well tubing 6
comprises a tie back seal receptacle 1. The rece p:ta.cie can be in the form or a polished bore
receptacle. Por descriptive purposes, the cone 3 of an expander tool is illustrated in Figure 1in
nosition to be moved through the tie back seal assembly to deform the seal mandrel 2 into

sealing engagement with the tie back receptacie 1.

(66211 Tie back seal mandrel 2 comprises a tubular member made from deformable
metallic material. Mandrel 2 has an outer diameter and wall thickness which when compared to
the well tubing § is smaller and thinner, respectively, The wall thickness of the tie back

receptacie 118 thinner than the wall thickness of the well tubing 6.
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(80221  According to a particular feature, the present nvention uses a plurality of
radially extending metallic protrusions or ridges 4 which are preferably integrally formed on the
reduced diameter outer surface of the seal mandrel 2. These protrusions can be integrally formed
on the tﬁ‘bui ar mentbers, for example, by casting and/or machining. Ridges 4 are axially spaced
apart a distance D). Ridges 4 ave annular shaped in that they extend continuously around the
circumference of the seal mandrel 2 outer surface. In other words, sach protrusion is endless or
ring shaped as contrasted with the spiral pattern with ends that is present in a threaded
connection. Ags illustrated in detail in Figare 14, these protrusions 4 have a tapered cross
section which in this embodiment is geperally triangular cross-section shaped with the opposed
sidewalls 7 inclined toward each other at an angle A in the range of about 30° to about 60°. The
outer apexes of each of the ridges 4 are fattened to form annular outer walls 8. In the preferred
embodiment, walls 8 have a c}f}.m rical shape to form a cylindrical contact arsa. However, it is
envisioned that the walls 8 could have a sorface that appears concave or convex when viewed in

a cross section, such as Figure 1A,

180231 Figures 2 and 2A graphically illustrate the metal to metal tie back seal
configaration after it has been made up by the cone of expander 100} 3. As is illustrated, the cong
3 of the expander tool can elastically contact the tie back receptacie 1 or deform the tie back
mandrel 2 and iie back mwptacie 1 in the area of contact. According to a particular feature of
the present invention, the pmimsiom 4 can deform and/or be embedded in the imner wall of the

tie back receptacic 1 to form an annular confact area which acts as a metailic annular seal.

{6624)  As illustrated in diagram form in Figure 24, it is anticipated that protrusions 4
can vause plastic deformations | 2 to occur in the inner wall 14 of the tie back receptacle 1 as the
expansion process is performed. In Figure 24, the deformations 12 penetrate a distance “P” mio

the internal surface 14. It is also beheved that the profrusions 4 can likewise be plastically

deformed during the expansion process. As a resuit - of the engagement between the protrusions 4

and the deformations 12, a pluraiz 8% of circumferentially extending annular metal to metal
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contact areas are created, forming a plurality annular seals spaced along the length of the seal
assembly. Alse, as ilustrated in Figure 24, a gap “G” may be formed at the interface between
the internal surface 14 of the tie back receptacie 1 and the exiernal surface 15 of the seal mandrel
2. The gap “0” may be present along all or portions of the interface where the protrusions are

not pﬁmﬁf_SZ@mt;

(86251  The interaction between the protrusions 4 and interior wall surface of the tie

back receptacle 14 can be altered by the selection of materials for the tubing sections. By

-"‘!“

forming the receptacie from relatively hard wmaterial and the mandrel with a lesser hardness,
more deformation of the protrusions would be expected. The dimensions of the sections and
cone can be selected to vary the expansion process and amount of deformation in the sealing

Ared.

00261 In another embodiment, the protrusions Hiustrated in Figure 1A, are formed on
the interior wall of the tie back receptacie, instead of or in addifion o the "31"'{}15;;;3@;33 on the tie

back receplacle.

160271 While compositions and methods are described in ters of “con prising,”

' or “including” various mm;mmms: or steps, the compositions and methods also
can “‘consist essentially of” or “consist of” the various components and steps. As used herein,
the words “comprise,” “have,” “iﬁ.@iude;’“ and all grammatical varations thereof are cach
intended to have an open, non-limiting meaning that does not exclude additional elements or

sicps.

(3028]  Therelore, the present mnventions are well adapted to carry out the objects and

attain the ends and advantages mentioned as wall as those which are inherent therein, While the
.m‘*mnhon as been depicted, described, and is defined by reference to exemplary embodiments

of the inventions, such a reference does not imply a limitation on the inventions, and no such
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iimitation s to be inferred. The inventions are capable of considerable modification, alteration,
and equivalents in form and function, as will occur o those ordinarily skilled in the pertinent arts
and hgving the benefit of this discloswe.  The depicted and described embodiments of the
inventions are exemplary only, and are not exhaustive of the scope of the inventions.
Consequently, the jnventions are intended to be limited only by the spirit and scope of the

appended claims, giving full cognizance to equivalents in all respects.

30297 Also, the terms in the claims have their plain, ordinary meaning unless
otherwise expliciily and clearly defined by the patentee. Moreover, the indefinite articles “a” or
.(3“ :;‘.,.’. - - 1... < n th"" E\’ ’\* C e d )ﬁ} ﬁd 1: _,}*:'i-i 4 ..-., '“1 e % > 3 e ,t'\ A g - f’t}} x 3.‘_1_ i C} | i t‘f

an”, as used in the claims, are defined herein to mean one or more than one of the clement that
it introduces. If there is any conflict in the usages of a word or ferm in this -s_pmi‘i‘isaﬁeﬁ and one
or more pateni{s) or other decuments that may be meorpo rated hcre in by reference, the

definitions that are consistent with this specification should be adopted.
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Clanus:

What is clatmed 18

T T e R Y T e T

i. fn a method of completing a well, having a cased wellbore section, the method
COmprising

p}:ﬁacing a first metalhic iubmg in the wellbore, hanging the first tubular member in the

the 'Weiiimm with a portion of the second ‘iubular member i"_i.’?}@SCOpﬁﬁ into the *‘ir%? tubular
member with a portion of the outer surface of the second tubular member adiacent to a f‘jﬁﬂi on of
the inner surface of the first tubular member

wherein the improvement comprises forming a plurality of metallic annular protrusions
on one of the adjacent surfaces prior fo inseriion of the tubular mentbers into the wellbore and
expanding the second tubular member until the protrusions are at least in contact with the

adiacent surface of the other tubular member.

2. The method according 1o elaim 1, wherein the forming step comprises integrally forming

the annular protrusions on the one suriace.

3. The method according to ¢laim 1, wherein the annular protrusions have a tapered cross
section,
4. The method according to claim ¥, wherein the anmi profrusions are axially spaced on

the one tubular member.

&, The method according to elaim 1, wherein the step of expanding the protrusions into
contact compyises forming metallic annular seals between the adjacent surfaces of the tubnlar

members.
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&, The method according to elaim 1, wherein the plurality of protrusions each extend

continuously around the outside surface of the one tubular member.

7. The method according 1o clatm 6, wherein the expansion step comprises forming condact
arcas between the vprotrusions and the other tubing member and, wherein the contact areas are

endiess.

B The method according to elaim 1, wherein the plurality of protrusions have a tapered

cross section.

3, The method according 1o elaim §, wherein the plurality of profrusions comprise generally

iriangular cross-section shape.

16, The method according to clafm §, wherein the phurality of protrusions comprise opposed

5]

annular side walls inclined toward each other at and angles of about 30 to 60 degrees.

i1, The method according to elatm §, whergin the plurality of protrusions ¢ach have an outer

annular wall for contacting the inner surface of the other tubular member

&

13.  The method according to olaim §, wherein a plurality of metailic pmt_tmio‘s“ls are

integrally formed on the adjacent surfaces of both the first and second tubular members.

13. A wellbore tubing connection for use in connecting tublng at a subterranean loecation,
COMPrising:
fivst and second metallic tubular members;

an end pmﬁ@ﬁ of the second .t'abuiar me‘mber telesco peid into an end pmion -Gf the first

a 3.: ‘ent to the cuter surface of the %eceﬁd tubular member; and
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lar-shaped, radially extending metallic protrusions formed on one of

P

a plurality of anm
adjacent surfaces of one of the tubular members with the protrusions in contact with the adjacent

surface of the other tubular member,

14, The connection according to ¢lasm 13, wherein the protrusions are integrally formed on
the second tubular member,

15,  The connection according to claim 13, whereln the protrusions are integrally formed on

L Wt A

the first tubular member.

i6.  The connection according to claim 13, wherein the protrusions are integrally formed both

the first and second tubuiar members.

i7. The connection according to ¢laim 13, wherein the annular protrusions have a tapered

Cross section.

-~

18.  The conneclion according to claim 13, wherein the annular protrusions are axially spaced

on the surface of the one tubular member.

18, The connection according to claim 13, wherein step of expanding the protfrusious into

7

e

contact comprises forming metallic annular seals between the adjacent surfaces of the tubular

members,

26.  The connection according to elsiva 13, wherein the plurality of protrusiouns each extend

continuousty around the outside surface of the one tubudar member,

2%.  The connection according to claim 13, wherein contact areas are formed between the

protrusions and the other tubular member and wherein the contact areas are endless.
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22, The connection according to claim 13, wherein the phurality of protrusions have a tapered

Cross section,

23,  The connection according to claim 13, wherein the plurality of protrusions comprise

generally triangular cross-section shape.

24.  The connection according to elaim 13, wherein the plurahity of protrusions comprise

opposed annular side wails inclined toward each other at and angles of abowt 30 to 60 degrees.

35,  The connection according to elaim 13, wherein the plurality of protrusions each have an

outer annudar wall for contacting the inner surface of the other tubular member.
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