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(54) Method of sealing an annular space

(57) A method is provided of sealing an annular
space formed between an outer cylindrical member and
an inner cylindrical member extending within the outer
cylindrical member, the method comprising positioning
a set of annular seal elements in the annular space in a

manner that the seal elements are mutually displaced
in axial direction of the cylindrical members, and axially
moving the seal elements relative to each other in a
manner that the seal elements become radially stacked
so as to form a set of radially stacked seal elements.
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Description

[0001] The present invention relates to a method of
sealing an annular space formed between an outer cy-
lindrical member and an inner cylindrical member ex-
tending within the outer cylindrical member. In the in-
dustry of hydrocarbon fluid production from an earth for-
mation it is conventional practice to seal an annular
space in a wellbore formed in the earth formation. For
example, the annular space can be defined between the
wellbore wall being the outer cylindrical member and a
tubular member being the inner cylindrical member,
wherein the tubular member can be a hydrocarbon fluid
production tubing or a wellbore casing. Alternatively the
annular space can be formed between two tubular mem-
bers extending into the wellbore, such as between a
wellbore casing being the outer cylindrical member and
a hydrocarbon fluid production tubing being the inner cy-
lindrical member.

[0002] Such annular spaces have been sealed by ap-
plication of expandable packers, plugs or by cementing
the annular space.

[0003] However, a common problem for such applica-
tions is that it is generally difficult to create tight seals
which can withstand high differential fluid pressures, es-
pecially in relatively large annular spaces, or to insert
expandable packers or plugs into the wellbore in a man-
ner that wellbore operations are not hampered thereby.
[0004] It is therefore an object of the invention to pro-
vide an improved method of sealing an annular space
formed between an outer cylindrical member and an in-
ner cylindrical member extending within the outer cylin-
drical member, which method overcomes the indicated
problems.

[0005] Accordingly the method of the invention com-
prises the steps of:

a) positioning a set of annular seal elements in the
annular space in a manner that the seal elements
are mutually displaced in axial direction of the cy-
lindrical members;

b) axially moving the seal elements relative to each
other in a manner that the seal elements become
radially stacked so as to form a set of radially
stacked seal elements.

[0006] Itis thereby achieved that installing of the seal
elementsinthe annular space is relatively easy because
the thickness of the individual seal elements is signifi-
cantly smaller than the width of the annular space, so
that the seal elements can be manoeuvred easily
through the annular space. Alternatively, when the seal
elements are arranged at one of the two cylindrical ele-
ments before insertion of the inner element into the outer
member, the relatively small thickness of the seal ele-
ments compared to the width of the annular space al-
lows adequate manoeuvring of the inner member into
the outer member. Thereafter the seal elements are
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moved towards each other in axial direction so as be-
come radially stacked and to form a tight seal in the an-
nular space. The method of the invention can even be
applied to seal relatively large annular spaces, for ex-
ample by applying more seal elements and/or by apply-
ing thicker seal elements.

[0007] To achieve adequate tight sealing, suitably in
step b) for each pair of adjacent seal elements a first
seal element of the pair is induced to slide along a radi-
ally outer or inner surface of a second seal element of
the pair.

[0008] Forexample, the first seal element of each pair
of adjacent seal elements can be made of a flexible ma-
terial, and wherein in step b) the first seal element is
radially extended during sliding along said radially outer
surface or radially compressed during sliding along said
radially inner surface.

[0009] Suitably the first seal element of each pair of
adjacent seal elements is induced to slide along said
radially outer surface of the second seal element of the
pair.

[0010] To promote initial sliding of adjacent seal ele-
ments along each other, it is preferred that the seal el-
ements have tapered edges oriented such that the first
seal element is induced to slide along the radially outer
or inner surface of the second seal element of the pair
upon relative axial movement of the first and second
seal elements towards each other.

[0011] Suitably, in step a) a moving device and a stop
device are arranged at axially opposite sides of the set
of the seal elements, the stop device being fixedly con-
nected to at least one of said cylindrical members, the
moving device being axially movable relative to said cy-
lindrical members, and wherein step b) includes axially
moving the moving device in the direction of the stop
device so as to axially move the seal elements towards
each other.

[0012] For example, the moving device can be axially
moved in the direction of the stop device by radially ex-
panding a portion of the inner cylindrical and gradually
increasing the length of the expanded portion in the di-
rection of the stop device.

[0013] Such expansion process can be achieved by
gradually moving an expander through the inner cylin-
drical member.

[0014] The invention will be described hereinafter in
more detail and by way of example with reference to the
accompanying drawings in which

Fig. 1 schematically shows a system for use in an
embodiment of the method of the invention, during
a first stage of use thereof;

Fig. 2 shows the system of Fig. 1 during a second
stage of use thereof; and

Fig. 3 shows the system of Fig. 1 during a third stage
of use thereof.

[0015] Inthe Figures like reference numerals relate to
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like components.

[0016] Referring to Fig. 1 there is shown a wellbore 1
formed into an earth formation 3 whereby the wellbore
wall is indicted by reference numeral 4. A tubular mem-
ber in the form of metal wellbore casing 6 with longitu-
dinal axis 7extends substantially concentrically into the
wellbore 1. Thus, in the context of the present invention
the wellbore wall 4 and the casing 6 form respective out-
er and inner cylindrical members whereby an annular
space 8 is formed between said cylindrical members. It
is to be understood that the wellbore wall 4 does not
need to be perfectly cylindrical, as the wall generally is
of irregular shape due to, for example, washouts which
occur during the drilling process. The casing 6 is provid-
ed with a set of three annular seal elements 10, 12, 14
arranged around the casing 6 and being mutually dis-
placed in axial direction thereof, and with a stop device
in the form of annular stopper 16 fixedly connected to
the casing 6 and arranged at one side of the set of seal-
ing elements. Furthermore, the casing is provided with
a moving device in the form of metal compression
sleeve 17 arranged at the other side of the set of seal
elements 10, 12, 14. The compression sleeve 17 is mov-
able relative to the casing 6 in axial direction thereof.
[0017] The seal elements 10, 12, 14 are made of a
flexible material, e.g. rubber, and are strengthened in
axial direction by axially extending reinforcement bars
(not shown) embedded in the flexible material. Seal el-
ement 10 has a tapered edge 18 adjacent seal element
12, seal element 12 has a tapered edge 20 adjacent seal
element 10 and a tapered edge 22 adjacent seal ele-
ment 14, and seal element 14 has a tapered edge 24
adjacent seal element 12 and a tapered edge 26 adja-
cent stopper 16. The stopper 16 has a tapered edge 28
adjacent seal element 14. The tapered edges 18, 20 are
oriented such that seal element 10 is induced to slide
along radial outer surface 30 of seal element 12 when
seal element 10 is pushed in the direction of seal ele-
ment 12. Similarly, the tapered edges 22, 24 are orient-
ed such that seal element 12 is induced to slide along
radial outer surface 32 of seal element 14 when seal
element 12 is pushed in the direction of seal element
14. Furthermore, the tapered edges 26, 28 are oriented
such that seal element 14 is induced to slide along radial
outer surface 34 of stopper 16 when seal element 14 is
pushed in the direction of stopper 16.

[0018] The casing 6 has a radially expanded portion
40, a radially unexpanded portion 42, and a transition
portion 44 located between the expanded and unex-
panded portions 40, 42 and a having a diameter varying
from the unexpanded diameter to the expanded diame-
ter.

[0019] The stopper 16, the seal elements 10, 12, 14,
and the compression sleeve 17 are all arranged around
the unexpanded portion 42 of the casing whereby the
compression sleeve 17 is arranged adjacent the transi-
tion portion 44 of the casing.

[0020] The compression sleeve 17 has an edge 46
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adjacent the expanded portion 40 of the casing 6, which
is provided with bearing means, e.g. a set of bearing
balls regularly spaced along the circumference of the
edge, a bronze bushing or a hydrostatic bearing, which
ensures low friction between the edge and the transition
portion 44 of the casing 6.

[0021] During normal operation the casing 6 is in-
stalled in the wellbore Iwith the stopper 16, the seal el-
ements 10, 12, 14, and the compression sleeve 17
present on the casing 6 as shown in Fig. 1. An expander
(not shown) is then pushed or pulled through the casing
6 to radially expand the casing 6 and thereby to form the
initial expanded portion 40 thereof. A suitable expander
is, for example, a conical expander or a conical expand-
er provided with rollers along the contact surface with
the casing. By the expansion process the casing 6 is
plastically deformed.

[0022] Subsequently the expander is moved through
the casing 1 in the direction of stopper 16 thereby in-
creasing the length of the expanded portion 40 and mov-
ing the transition portion 44 in the direction of stopper
16. Upon contact of the transition portion 44 with the
edge 46 of the compression sleeve 17, continued move-
ment of the transition portion 44 induces the compres-
sion sleeve to move in the direction of stopper 16. The
compression sleeve 17 thereby induces seal element
10 to move against seal element 12 and subsequently
to slide along the radial outer surface 30 thereof. When
seal element 10 becomes fully arranged around seal el-
ement 12, continued movement of the transition portion
44 induces the compression sleeve 17 to move seal el-
ement 12 against seal element 14 and subsequently to
slide along the radial outer surface 32 thereof. When
seal elements 10, 12 become fully arranged around seal
element 14, continued movement of the transition por-
tion 44 induces the compression sleeve 17 to move seal
element 14 against stopper 16 and subsequently to slide
along the radial outer surface 34 thereof.

[0023] As shown in Fig. 2, a set 50 of radially stacked
seal elements has thus been formed.

[0024] Referring further to Fig. 3, movement of the ex-
pander is continued so that movement of the transition
portion 44 is continued. Since the stopper 16 prevents
any further axial movement of the compression sleeve
17 and the set 50 of radially stacked seal elements, con-
tinued movement of the transition portion 44 leads to
radial expansion of the compression sleeve 17, the stop-
per 16 and the set 50 of radially stacked seal elements.
The set 50 of radially stacked seal elements thereby be-
comes firmly compressed between the stopper 16 and
the borehole wall 4 so as to form an annular seal there
between.

[0025] In this manner it is achieved that an annular
seal is created between the casing 6 and the borehole
wall 1, whereby a relatively large annular space is ini-
tially present there between and whereby the individual
components of the seal are relatively thin so that instal-
lation of the casing 6 in the wellbore 1 is not hampered
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by the seal.

[0026] Instead of sealing an annular space between
a casing and a wellbore wall, an annular space between
two tubular elements can be sealed with the method of
the invention. The two tubulars can be wellbore tubulars,
and the inner tubular can extend only a short distance
into the outer tubular. For example, the method of the
invention can be applied to seal an annular space be-
tween two axially overlapping wellbore tubulars which
are to be radially expanded to form an assembly of ex-
panded wellbore tubulars of substantially equal inner
and/or outer diameter.

[0027] Instead of strengthening the seal elements in
axial direction by axially extending reinforcement bars
(not shown) embedded in the flexible material, the seal
elements can be made of or provided with an anisotropic
material of higher axial stiffness than circumferential
stiffness.

Claims

1. A method of sealing an annular space formed be-
tween an outer cylindrical member and an inner cy-
lindrical member extending within the outer cylindri-
cal member, the method comprising

a) positioning a set of annular seal elements in
the annular space in a manner that the seal el-
ements are mutually displaced in axial direction
of the cylindrical members; and

b) axially moving the seal elements relative to
each other in a manner that the seal elements
become radially stacked so as to form a set of
radially stacked seal elements.

2. The method of claim 1, wherein in step b) for each
pair of adjacent seal elements a first seal element
of the pair is induced to slide along a radially outer
orinner surface of a second seal element of the pair.

3. The method of claim 2, wherein the first seal ele-
ment of each pair of adjacent seal elements is made
of a flexible material, and wherein in step b) the first
seal element is radially extended during sliding
along said radially outer surface or radially com-
pressed during sliding along said radially inner sur-
face.

4. The method of claim 2 or 3, wherein the first seal
element of each pair of adjacent seal elements is
induced to slide along said radially outer surface of
the second seal element of the pair.

5. The method of any one of claims 2-4, wherein the
seal elements have tapered edges oriented such
that the first seal element is induced to slide along
the radially outer or inner surface of the second seal

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

element of the pair upon relative axial movement of
the first and second seal elements towards each
other.

The method of any one of claims 1-5, wherein in
step a) a moving device and a stop device are ar-
ranged at axially opposite sides of the set of the seal
elements, the stop device being fixedly connected
to at least one of said cylindrical members, the mov-
ing device being axially movable relative to said cy-
lindrical members, and wherein step b) includes ax-
ially moving the moving device in the direction of
the stop device so as to axially move the seal ele-
ments towards each other.

The method of claim 6, wherein the moving device
is axially moved in the direction of the stop device
by radially expanding a portion of the inner cylindri-
cal and gradually increasing the length of the ex-
panded portion in the direction of the stop device.

The method of claim 7, wherein the length of said
portion is increased by gradually moving an ex-
pander through the inner cylindrical member.

The method of claim 7 or 8, wherein the set of radi-
ally stacked seal elements is radially compressed
between said inner and outer cylindrical members
by radially expanding the inner cylindrical member
at the location of the set of radially stacked seal el-
ements.

The method of any one of claims 1-9, wherein said
inner and outer cylindrical members are tubular
members extending into a wellbore formed into an
earth formation.

The method of any one of claims 1-9, wherein the
inner cylindrical member is a tubular member ex-
tending into a wellbore formed into an earth forma-
tion, and the outer cylindrical member is the well-
bore wall.

The method substantially as described hereinbe-
fore with reference to the accompanying drawings.
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