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(57) Abstract: A method of sealing an annulus formed between a casing string (12) and a surface in a well includes: positioning a 
seal element (36) in the annulus, a swellable material (42) of the seal element being positioned between the casing string and the 
surface; and flowing cement (16) through a channel formed between the swellable material and the casing string. A method of 
sealing in a well includes the steps of: positioning an annular seal element comprising a swellable material in the well; and flow­
ing cement into at least one channel (38) formed longitudinally through the seal element. A method of sealing an annulus between 
two casing strings includes: providing multiple arcuate segments (60), each of the segments comprising a swellable material; and 
installing the segments in the annulus, each of the segments thereby- occupying a respective circumferential portion of the annu­
lus.
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USE OF SWELLABLE MATERIAL IN AN ANNULAR SEAL
ELEMENT TO PREVENT LEAKAGE IN A SUBTERRANEAN WELL

TECHNICAL FIELD
The present disclosure relates generally to equipment 

utilized and operations performed in conjunction with a 
subterranean well and, in an embodiment described herein, 
more particularly provides for use of swellable material in 
an annular seal element to prevent leakage in a well.

BACKGROUND
Leak paths can sometimes arise in cemented intervals 

due to poor cement bonding to a surrounding earth formation 
surface, incomplete mud filter cake removal prior to placing 
cement in the interval, subsidence and compaction. In some 
circumstances, the cement will not bond properly to the 
interior surface of an outer casing or formation surface 
because of incomplete drilling fluid removal from the 
surface, presence of a filter cake on the surface or a film 
of drilling mud on the surface. In horizontal wells, a 
fluid channel may develop on a high side of the wellbore, 
due to (but not limited to) fluid migrating out of the 
cement slurry or density differences of the different liquid 
materials in the wellbore.
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In addition, situations can arise in which the cement 
takes an initial bond to the surface of the casing or 
wellbore, but then de-bonds (separates) from the surface at 
some point in the future. These situations can be due to, 
for example, reservoir subsidence, tectonic plate movement, 
fluctuating temperatures, fluctuating pressures and changes 
in wellbore stresses.

When these situations arise, and there is no effective 
seal along the interval (e.g., in an annulus between two 
casing strings, or between a casing string and the inner 
surface of the wellbore), fluids can migrate from one 
reservoir or zone to another, or to the surface.
Uncontrolled flow between reservoirs is often called an 
"underground blowout" and is highly undesirable. Reservoir 
fluids (liquids and/or gases) unintentionally flowing to the 
surface (e.g., between casing strings) is often called 
"casing pressure." If the pressures exerted by the fluids 
persist for extended periods, then it is often called 
"sustained casing pressure."

Currently, there is no completely satisfactory solution 
to these problems. It is known to use a swellable packer 
along a cemented interval so that, if the cement leaks, the 
packer can swell and close off the annulus, but the packer 
is enclosed in the cement and cannot reliably close off a 
fluid channel in the cement itself. The swellable element 
will not seal the channel unless there is direct contact 
with the channel and the fluid therein. It is also known to 
mix particles of swellable material in the cement slurry, 
but this method results in a relatively small effective 
volume change, which may not be sufficient for sealing off 
larger leak paths.
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Therefore, it will be appreciated that improvements
are needed in the art of preventing leakage in a
subterranean well.
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5 SUMMARY

In the present specification, well systems and 
associated methods are provided which solve at least one 
problem in the art.

10

According to one aspect of the present invention 
there is provided a method of sealing in a subterranean 
well, the method comprising the steps of:

placing an annular seal element around an exterior 
15 of a tubular member, thereby forming at least one

longitudinal channel between the seal element and the 
tubular member, the seal element comprising a swellable 
material;

positioning the tubular member and the annular seal 
20 element in the well; and

flowing cement into the channel.

According to a further aspect of the present 
invention there is provided a method of sealing in a

25 subterranean well, the method comprising the steps of:
positioning an annular seal element comprising a

swellable material in the well; and
flowing cement into at least one channel formed

longitudinally through the seal element, wherein the
30 cement flowing step further comprises displacing a fluid

out of a space formed between a plug and a packer as the
cement fills the space.

10/07/13,M:\Graham\Clare\Speci & Amndmts\19217 Speci.Docx,3
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According to yet a further aspect of the present 
invention there is provided a well system, comprising:

a first casing string positioned in a wellbore; 
a seal element comprising a swellable material which

5 swells and thereby causes the seal element to seal
against a surface in the wellbore, the seal element being 
positioned external to the first casing string; and

at least one channel formed between the swellable 
material and the first casing string, with cement flowed

10 into the channel.

According to still yet a further aspect of the present 
invention there is provided a method of sealing an 
annulus formed between first and second surfaces in a

15 subterranean well, the method comprising the steps of:
positioning a seal element comprising a swellable

material in the annulus, the swellable material being 
positioned external to the first surface and internal to 
the second surface; and

20 flowing cement through at least one channel formed
between the swellable material and the first surface.

These and other features, advantages and benefits 
25 will become apparent to one of ordinary skill in the art

upon careful consideration of the detailed description of 
representative embodiments below and the accompanying 
drawings, in which similar elements are indicated in the 
various figures using the same reference numbers.

30

10/07/13,M:\Graham\Clare\Speci & Amndmts\19217 Speci.Docx,4
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic partially cross-sectional view 
of a well system and associated method embodying

5 principles of the present disclosure;
FIG. 2 is an enlarged scale schematic cross-

sectional view through an annular seal device, taken 
along line 2-2 of FIG. 1;

FIGS. 2A-C are further enlarged scale schematic
10 cross-sectional views of support configurations which may 

be used in the annular seal device of FIG. 2;
FIGS. 3-10 are schematic views of additional 

configurations of the annular seal device;
FIG. 11 is a schematic partially cross-sectional

15 view of another configuration of the well system and 
associated method which embodies principles of the 
present disclosure;

FIG. 12 is an enlarged scale schematic cross- 
sectional view through an annular seal device, taken

20 along line 12-12 of FIG. 11;
FIG. 13 is a schematic partially cross-sectional

view of another well system and associated method 
embodying principles of the present disclosure;

10/07/13,M:\Graham\Clare\Speci & Amndmts\19217 Speci.Docx,5
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FIG. 14 is an enlarged scale schematic elevational view
of a plug comprising an annular seal device usable in the
system and method of FIG. 13;

FIG. 15 is a schematic partially cross-sectional view 
of the well system and method of FIG. 13 after additional 
steps of the method have been performed; and

FIG. 16 is an enlarged scale partially cross-sectional 
view of the well system and method after further steps of 
the method have been performed.

DETAILED DESCRIPTION
It is to be understood that the various embodiments 

described herein may be utilized in various orientations, 
such as inclined, inverted, horizontal, vertical, etc., and 
in various configurations, without departing from the 
principles of the present disclosure. The embodiments are 
described merely as examples of useful applications of the 
principles of the disclosure, which are not limited to any 
specific details of these embodiments.

In the following description of the representative 
embodiments of the disclosure, directional terms, such as 
"above", "below", "upper", "lower", etc., are used for 
convenience in referring to the accompanying drawings. In 
general, "above", "upper", "upward" and similar terms refer 
to a direction toward the earth's surface along a wellbore, 
and "below", "lower", "downward" and similar terms refer to 
a direction away from the earth's surface along the 
wellbore.

Representatively illustrated in FIG. 1 is a well system 
10 and associated method which embody principles of the 
present disclosure. In the well system 10, a casing string



WO 2010/059557 PCT/US2009/064553

5

10

15

20

25

30

- Ί -

12 has been cemented in a wellbore 14 by means of cement 16 
flowed into an annulus 18 formed radially between the casing 
string and the wellbore. Another casing string 20 has been 
cemented within the casing string 12 by means of cement 22 
flowed into an annulus 24 formed radially between the casing 
strings .

As used herein, the term "casing string" is used to 
refer to a tubular string used to form a protective lining 
in a wellbore. A casing string may be of any of those types 
more precisely known to those skilled in the art as casing, 
liner, pipe or tubing. Casing strings may be made of 
various materials (such as steel, other alloys, composites, 
etc.) and may be segmented, continuous, expanded, formed in 
situ, etc.

As used herein, the term "cement" is used to refer to 
an initially flowable material which subsequently hardens to 
thereby seal and secure a tubular string in a well, or to 
form a seal or plug in a well. A cement may be composed 
substantially of cementitious material and/or it may include 
various other types of materials (such as epoxies, other 
polymers, elastomers, resinous materials, inert fillers, 
swellable materials, etc.). Cement may be used to seal an 
annulus between two tubular strings and/or cement may be 
used to seal an annulus between a tubular string and a 
formation surface, or to fill the casing or borehole.

As depicted in FIG. 1, cement 16 seals the annulus 18 
between an outer surface 26 of the casing string 12 and a 
surface 28 of a formation 30 intersected by the wellbore 14. 
Cement 22 seals the annulus 24 between an outer surface 32 
of the casing string 20 and an inner surface 34 of the 
casing string 12.
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Prior to cementing the casing string 20 within the
casing string 12, the casing string 20 is conveyed into the
casing string 12 with an annular seal device 36 thereon.
The annular seal device 36 includes channels 38 therein for 
flowing the cement 22 through the annulus 24 between 
opposite longitudinal sides 40 of the device. In addition, 
the device 36 includes a swellable material 42 in a seal 
element 44 for sealingly contacting the inner surface 34 of 
the casing string 12.

Preferably, the seal device 36 is centered within the 
casing string 12 upon installation. For this purpose, the 
casing string 20 may be provided with centralizers (not 
shown) above and/or below the seal device 36. Suitable 
centralizers are available from but not limited to 
Halliburton Energy Services, Centek or Protech Centerform.

In another embodiment, the device 36 could be conveyed 
into the wellbore 14 on the casing string 12. In that case, 
the channels 38 would provide for flowing the cement 16 
through the annulus 18 between the opposite sides 40 of the 
device 36, and the swellable material 42 would sealingly 
contact the surface 28 of the formation 30.

In another embodiment, an implement that is shrouded 
with swellable materials and at least one channel, could be 
conveyed into the well with casing, tubing, wireline, 
slickline, coil tubing or by other means available. The 
implement once deposited in the casing or within the 
borehole would swell to seal against the surface of the 
casing or the earth. Cement would then flow through the 
channel.

Any type of swellable material may be used for the 
material 42 in the device 36. The term "swell" and similar 
terms (such as "swellable") are used herein to indicate an
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increase in volume of a material. Typically, this increase 
in volume is due to incorporation of molecular components of 
the fluid into the swellable material itself, but other 
swelling mechanisms or technigues may be used, if desired. 
Note that swelling is not the same as expanding, although a 
material may expand as a result of swelling.

For example, in some conventional packers, a seal 
element may be expanded radially outward by longitudinally 
compressing the seal element, or by inflating the seal 
element. In each of these cases, the seal element is 
expanded without any increase in volume of the material of 
which the seal element is made. Thus, in these conventional 
packers, the seal element expands, but does not swell.

The fluid which causes swelling of the swellable 
material 42 could be water and/or hydrocarbon fluid (such as 
oil or gas). The fluid could be a gel or a semi-solid 
material, such as a hydrocarbon-containing wax or paraffin 
which melts when exposed to increased temperature in a 
wellbore. In this manner, swelling of the material 42 could 
be delayed until the material is positioned downhole where a 
predetermined elevated temperature exists.

The fluid could cause swelling of the swellable 
material 42 due to passage of time. The fluid which causes 
swelling of the material 42 could be naturally present in 
the well, or it could be conveyed with the annular seal 
device 36, conveyed separately or flowed into contact with 
the material 42 in the well when desired. Any manner of 
contacting the fluid with the material 42 may be used in 
keeping with the principles of the present disclosure.

Various swellable materials are known to those skilled 
in the art, which materials swell when contacted with water 
and/or hydrocarbon fluid, so a comprehensive list of these



5

10

15

20

25

30

WO 2010/059557 PCT/US2009/064553

- 10 -

materials will not be presented here. Partial lists of
swellable materials may be found in U.S. Patent Nos. 3385367
and 7059415, and in U.S. Published Application No. 2004­
0020662, the entire disclosures of which are incorporated
herein by this reference.

As another alternative, the swellable material 42 may 
have a substantial portion of cavities therein which are 
compressed or collapsed at the surface condition. Then, 
after being placed in the well at a higher pressure, the 
material 42 is expanded by the cavities filling with fluid.

This type of apparatus and method might be used where 
it is desired to expand the material 42 in the presence of 
gas rather than oil or water. A suitable swellable material 
is described in U.S. Published Application No. 2007-0257405, 
the entire disclosure of which is incorporated herein by 
this reference.

Preferably, the swellable material 42 used in the 
device 36 swells by diffusion of hydrocarbons into the 
swellable material, or in the case of a water swellable 
material, by the water being absorbed by a super-absorbent 
material (such as cellulose, clay, etc.) and/or through 
osmotic activity with a salt like material. Hydrocarbon-, 
water- and gas-swellable materials may be combined in the 
seal element 44 of the device 36, if desired.

It should, thus, be clearly understood that any type or 
combination of swellable material which swells when 
contacted by any type of fluid may be used in keeping with 
the principles of this disclosure. Swelling of the material 
42 may be initiated at any time, but preferably the material 
swells at least after the device 36 is installed in the 
well.
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Swelling of the material 42 may be delayed, if desired. 
For example, a membrane or coating may be on any or all 
surfaces of the material 42 to thereby delay swelling of the 
material. The membrane or coating could have a slower rate 
of swelling, or a slower rate of diffusion of fluid through 
the membrane or coating, in order to delay swelling of the 
material 42. The membrane or coating could have reduced 
permeability or could break down in response to exposure to 
certain amounts of time and/or certain temperatures.
Suitable techniques and arrangements for delaying swelling 
of a swellable material are described in U.S. Patent No. 
7,143,832 and in U.S. Published Application No. 2008­
0011473, the entire disclosures of which are incorporated 
herein by this reference.

Referring additionally now to FIG. 2, an enlarged scale 
schematic cross-sectional view of the annular seal device 36 
is representatively illustrated apart from the remainder of 
the well system 10 for clarity of illustration and
description. In this view it may be seen that the device 36 
is carried on a generally cylindrical outer surface 48 (such 
as the outer surface 32 of the casing string 20 or the outer 
surface 26 of the casing string 12) and is used to seal 
against a generally cylindrical inner surface 46 (such as 
the inner surface 34 of the casing string 12 or the surface 
28 of the formation 30).

A radial gap 50 exists initially between the seal 
element 44 and the surface 46 when the device 36 is 
installed in the well. However, when contacted by the fluid 
as described above, the swellable material 42 swells and the 
gap 50 is closed off, thereby sealing off an annulus 52 
(such as the annulus 18 or the annulus 24).
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The channels 38 are formed between multiple supports 54 
extending generally radially between the seal element 44 and 
an inner generally cylindrical sleeve 56. The sleeve 56 is 
used to attach the device 36 to a casing string (such as the 
casing string 12 or the casing string 20). Welding, 
bonding, vulcanization, set screws or other attachment means 
may be used as desired. In some embodiments, the sleeve 56 
may not be necessary.

The supports 54 in the example of FIG. 2 serve to space 
apart the seal element 44 from the surface 48. The outer 
ends of adjacent pairs of the supports 54 converge in a 
radially outward direction, and inner ends of adjacent pairs 
of the supports converge in a radially inward direction, 
thereby forming a strong, triangulated structure for 
outwardly supporting the seal element 44.

The supports 54 may be made of any material or 
combination of materials. For example, the supports 54 may 
be made of metal, elastomer, polymer or a composite 
material, and in an example described below, the supports 
may be made of the swellable material 42. Furthermore, the 
supports 54 may be integrally formed with either or both of 
the seal element 44 and the sleeve 56.

Various additional configurations of the supports 54 
are representatively illustrated in FIGS. 2A-C. These 
additional configurations not only space the seal element 44 
radially apart from the sleeve 56 or surface 48, but also 
bias the seal element radially outward toward the surface 46 
(e.g., toward the inner surface 34 of the casing string 12 
or the surface 28 of the formation 30).

In FIG. 2A, a support 54 is depicted which comprises a 
spring or another type of biasing device (for example, a 
spring-loaded elastomer, etc.). The support 54 may
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continuously bias the seal element 44 radially outward, or
it may be configured to bias the seal element outward upon
passage of a certain amount of time, exposure to a
predetermined temperature, exposure to a certain fluid or
chemical downhole, etc.

In FIG. 2B, a support 54 is depicted which comprises a 
shape memory material. The support 54 is deformed to a 
compressed configuration at the surface (as shown in FIG. 
2B), and later when the support is exposed to a 
predetermined elevated downhole temperature, the support 
will resume its pre-deformation elongated configuration, 
thereby biasing the seal element 44 radially outward. 
Suitable shape memory materials include shape memory metals 
(such as NITINOL(TM), etc.) and shape memory elastomers 
(such as poly (glycerol—sebacate) elastomer and certain 
polyurethane elastomers, etc.).

In FIG. 2C, a support 54 comprises multiple bow or leaf 
springs retained in a compressed configuration by a fastener 
66 which includes a eutectic material. At a predetermined 
downhole temperature, the eutectic material will melt, 
thereby releasing the springs to radially outwardly bias the 
seal element 44.

Note that many other configurations of the supports 54 
may be designed to bias the seal element 44 outward upon 
passage of a certain amount of time, exposure to a 
predetermined temperature, exposure to a certain fluid or 
chemical downhole, etc. Thus, it will be appreciated that 
the principles of this disclosure are not limited to use of 
only the supports 54 described herein.

Referring additionally now to FIGS. 3-10, additional 
configurations of the annular seal device 36 are 
representatively illustrated, apart from the well system 10.
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These additional configurations demonstrate that a large
variety of different embodiments are possible utilizing the
principles of this disclosure, and those principles are not
limited in any way to the particular details of any of the
configurations described herein.

In FIG. 3, the supports 54 are in the form of rods 
having a hexagonal cross-sectional shape. The rod supports 
54 may be attached to the exterior of the sleeve 56, with 
the seal element 44 overlying and being suspended between 
the supports.

In FIG. 4, the supports 54 are integrally formed with 
the seal element 44 as a single structure. The oval-shaped 
channels 38 are, thus, formed through the seal element 44.

In this example, the supports 54 are constructed of the 
swellable material 42. When the material 42 swells, the 
channels 38 may be closed off, to thereby provide enhanced 
isolation of the annulus 52 between the opposite sides 40 of 
the seal device 36, and the seal element 44 will in effect 
be biased toward the surface 48 by swelling of the supports 
54.

In FIG. 5, the configuration of the seal device 36 is 
similar in most respects to the configuration of FIG. 4. 
However, in the configuration of FIG. 5, the sleeve 56 is 
not used. Instead, the seal element 44 is attached (e.g., 
by bonding, molding, vulcanization, etc.) directly to a 
tubular string, such as the casing string 12 or 20, or to a 
solid body implement. Thus, it should be appreciated that 
the sleeve 56 is not necessary in any of the other 
configurations of the seal device 36 described herein.

In FIG. 6, the configuration of the seal device 36 is 
similar in most respects to the configuration of FIG. 3.
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However, in the configuration of FIG. 6, the supports 54
have a rectangular or square cross-sectional shape.

In FIG. 7, the supports 54 have a semi-circular cross­
sectional shape. In FIG. 8, the configuration of the seal 
device 36 is similar to that of FIG. 7, except that the 
supports 54 are attached directly to the outer surface 26 of 
the casing string 12. This method of attachment may be the 
same as, or similar to, the manner in which centralizing 
ribs are attached externally to casing string sections to 
form centralizers, such as those available from Protech 
Centerform, Inc. of Houston, Texas USA.

In FIG. 9, the supports 54 are formed as integral parts 
of a corrugated structure 58 secured about the sleeve 56.
The seal element 44 overlies the structure 58 and is 
suspended between the supports 54.

The configuration of FIG. 10 is similar to the 
configuration of FIG. 9 in most respects, except that the 
sleeve 56 is not used. Instead, the structure 58 and seal 
element 44 are attached to the casing string 20 without use 
of the sleeve 56.

Referring additionally now to FIGS. 11 & 12, the well 
system 10 and associated method are representatively 
illustrated with additional features which enhance sealing 
of the annulus 24 between the casing strings 12, 20 and 
thereby prevent formation fluids from flowing to the surface 
or pressurizing the annulus at the surface. Specifically, 
multiple segments 60 comprising swellable material 42 are 
positioned in the annulus 24 near the surface. When the 
material 42 swells, the annulus 24 is positively sealed off 
below a wellhead 62 connected to the casing strings 12, 20.

As depicted in FIG. 12, four of the segments 60 are 
used, and the segments have swollen to seal off the annulus
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24. The segments 60 each have an arcuate cross-sectional
shape to conform to a respective portion of the annulus 24.
However, any number and/or shape of the segments 60 may be
used as desired.

The use of multiple segments 60 is beneficial, in that 
it allows the segments to be conveniently installed in the 
annulus 24. A ledge, shoulder or other type of supporting 
device or methodology (not shown) may be used to support the 
segments 60 in the annulus 24 until the segments are 
swollen.

In actual practice, the cement 22 would be flowed 
between the casing strings to seal and secure the casing 
string 20 in the casing string 12. The segments 60 can then 
be installed so as to reside above the top of the cement 22. 
The wellhead 62 would then be installed on the casing 
strings 12, 20.

A methodology for utilizing the segments 60 for 
existing wells with leak paths would be to install the 
segments 60 in the annulus 24, the wellhead 62 would be 
removed, and the segments would be individually or 
simultaneously installed in the annulus about the casing 
string 12.

The wellhead 62 would then be re-installed. Prior to 
or after re-installing the wellhead 62, an appropriate fluid 
may be delivered into the annulus 24 to contact the segments 
60 and initiate swelling of the material 42. Alternatively, 
fluid already present in the annulus 24 may be used to cause 
swelling of the material 42. This may be the same fluid 
(e.g., formation fluid, etc.) which otherwise would flow to 
the surface via the annulus 24.

Referring additionally now to FIGS. 13-16, another well 
system 70 and associated method are representatively
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illustrated. In the system 70, it is desired to plug a
lateral or generally horizontal wellbore 72. The portion of
the wellbore 72 to be plugged may be either cased (as
depicted in FIG. 13), or it may be uncased or open hole.

In this example, a casing patch 74 has been previously 
installed uphole from the portion of the wellbore 72 to be 
plugged, and so access to the wellbore below the casing 
patch is restricted. The use of swellable material in the 
plug and packer described below enables them to pass through 
the restriction, and later sealingly engage the inner 
surface of the wellbore 72. However, it should be 
understood that the casing patch 74 or another restriction 
is not necessarily present in well systems and methods 
incorporating principles of the present disclosure.

As depicted in FIG. 13, a plug 76 and a packer 78 have 
been positioned in the wellbore 72. The plug 76 and packer 
78 may be installed using conventional methods, such as 
conveying them via wireline, slickline, coiled tubing, etc. 
Preferably, the plug 76 and packer 78 are spaced apart at 
the portion of the wellbore 72 which is to be plugged.

The plug 76 includes an annular seal device 80 thereon 
which is specially designed to seal between the wellbore 72 
and a body 82 of the plug. The body 82 may be similar to a 
conventional body of a bridge plug, such as the FASDRILL(TM) 
TC bridge plug available from Halliburton Energy Services, 
Inc. of Houston, Texas USA. However, the seal device 80 
includes a seal element which comprises a swellable material 
(e.g., similar to the swellable material 42 described 
above), with channels extending through the seal element, as 
described more fully below.

The packer 78 includes an annular seal element 84 which 
is specially designed to seal between the wellbore 72 and a
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body 86 of the packer. The packer body 86 may be similar to
a conventional body of a packer, such as the FASDRILL(TM)
SVB squeeze packer available from Halliburton Energy 
Services, Inc. of Houston, Texas USA. The seal element 84 
comprises a swellable material (e.g., similar to the 
swellable material 42 described above).

If the fluid which causes the swellable material of the 
plug 76 and packer 78 to swell is not already present in the 
wellbore 72, then it can be spotted about the plug and 
packer at the time they are positioned in the wellbore. In 
this manner, the seal device 80 and seal element 84 will 
swell, so that they sealingly engage the interior surface of 
the wellbore 72 (either the surface of a formation
surrounding the wellbore if the wellbore is uncased, or an 
inner surface of casing if the wellbore is cased).

In FIG. 14, a somewhat enlarged scale view of the plug 
76 is representatively illustrated. In this view it may be 
seen that the seal device 80 includes an annular seal 
element 88 which comprises a swellable material 90. The 
swellable material 90 may be the same as, or similar to, the 
swellable material 42 described above.

In addition, multiple tubular conduits 92 extend 
longitudinally through the seal element 88. Preferably, 
there are four of the conduits 92 equally circumferentially 
spaced apart in the seal element 88, but other numbers and 
spacings of conduits may be used as desired. The conduits 
92 are preferably of the type known to those skilled in the 
art as %-inch (6.35 mm) control line commonly used as a 
hydraulic conduit in wells, but other types of conduits may 
be used if desired.

The conduits 92 provide channels 94 (similar to the 
channels 38 described above) through the seal element 88.
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Thus, the seal device 80 may be used in place of any of the
seal devices 36 described above.

In one manner of constructing the seal element 88, the 
swellable material 90 may be wrapped about the body 82. The 
conduits 92 may be interposed between successive wraps of 
the swellable material 90. Alternatively, the swellable 
material 90 could be molded onto the body 82, with the 
conduits 92 molded in the seal material. As another 
alternative, the seal element 88 could be molded with the 
conduits 92 therein, and then the seal element could be 
bonded or otherwise secured onto the body 82. However, any 
method of constructing the seal element 88 may be used in 
keeping with the principles of this disclosure.

Referring additionally now to FIG. 15, the system 70 is 
depicted after a tubular string 96 has been engaged with the 
packer 78. The tubular string 96 is used to pump cement 98 
through the packer 78 and into the space between the packer 
and the plug 76.

Note that the cement 98 is more dense than the fluid 
100 initially present in the space between the plug 76 and 
the packer 78. Since the wellbore 72 is deviated from 
vertical, the cement 98 will tend to flow to the low side of 
the wellbore, and the fluid 100 will tend to remain at the 
high side of the wellbore. In conventional well plugging 
operations, this situation can result in a leak path being 
left at the high side of the wellbore. However, the system 
70 includes features which prevent such a leak path from 
being left at the high side of the wellbore 72, by ensuring 
that the entire space between the plug 76 and the packer 78 
is filled with the cement 98.

Note that the fluid 100 escapes from the space between 
the plug 76 and the packer 78 via the channels 94 in the
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conduits 92 as the cement 98 flows into the space. Since
the cement 98 will flow first to a lowermost one of the
conduits 92, the channel 94 in this lowermost conduit will
be the first to have the cement flowed into it, and
eventually become plugged by the cement.

The fluid 100 will still be able to escape from the 
space between the plug 76 and the packer 78 via the higher 
conduits 92, but eventually, the higher conduits will each 
have cement 98 flowed into them, and the channels 94 therein 
will become plugged. In this manner, as the level of the 
cement 98 in the wellbore 72 rises, the fluid 100 is allowed 
to escape from the space between the plug 76 and the packer 
78, but the conduits 92 are plugged in succession from 
lowermost to highest. Eventually, the entire space between 
the plug 76 and the packer 78 is completely filled with the 
cement 98.

In FIG. 16 it may be seen that the fluid 100 has been 
completely evacuated from the space between the plug 76 and 
the packer 78, with the cement 98 taking its place. Some of 
the cement 98 may flow completely through the conduits 92 
into the wellbore 72 below the plug 76, but it is expected 
that this will be only a minimal amount.

A valve (not shown) in the packer 78 will be closed, 
and the cement 98 will be allowed to harden. The swellable 
material 90 in the seal elements 84, 88 ensure that the 
cement 98 is contained in the space between the plug 76 and 
the packer 78. Thus, a secure and effective plug is formed 
in the wellbore 72.

It may now be fully appreciated that the above 
disclosure provides many advancements to the art of 
preventing leakage past a cemented interval, and otherwise 
providing for sealing an annulus, in a well. The systems
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and methods described above permit enhanced sealing of 
cemented intervals and annuli between casing strings, and 
between a casing string and a wellbore, to thereby prevent 
leakage of fluids. These systems and methods are convenient 
and reliable in practice, and economical to construct and 
deploy.

In particular, the above disclosure provides a method 
of sealing in a subterranean well, in which the method 
includes the steps of: positioning an annular seal element 
44, 88 comprising a swellable material 42, 90 in the well; 
and flowing cement 16, 22, 98 into at least one channel 38, 
94 formed longitudinally through the seal element 44, 88.

The method may include the step of permitting the 
swellable material 42, 90 to swell, whereby the seal element 
44, 88 contacts and seals against a surface 46 in the well.

The swellable material 42, 90 may swell and the seal 
element 44, 88 may seal against the surface 46 after the 
cement flowing step.

The surface may comprise at least one of a surface 34 
of a casing string 12, and a surface 28 of an earth 
formation 30.

The cement flowing step may also include flowing the 
cement 16, 22, 98 between opposite sides of the seal element 
44, 88 via the channel 38, 94.

The cement flowing step may also include displacing a 
fluid 100 out of a space formed between a plug 76 and a 
packer 78 as the cement 98 fills the space. Multiple 
channels 94 may be formed longitudinally through the seal 
element 88, and the cement flowing step may include 
successively plugging the channels 94 with the cement 98 as 
a level of the cement 98 rises in the space.
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Also provided by the above disclosure is a method of
sealing an annulus 24 between two casing strings 12, 20.
The method includes the steps of: providing multiple arcuate 
segments 60, with each of the segments 60 comprising a 
swellable material 42; and installing the segments 60 in the 
annulus 24, each of the segments 60 thereby occupying a 
respective circumferential portion of the annulus 24.

The installing step may include removing a wellhead 62 
from the casing strings 12, 20 prior to inserting the 
segments 60 in the annulus 24, and then re-attaching the 
wellhead 62 to the casing strings 12, 20 after inserting the 
segments 60 in the annulus 24.

The method may include the step of permitting the 
segments 60 to swell, whereby the segments 60 seal the 
annulus 24 between the casing strings 12, 20. The method 
may also include the step of contacting the segments 60 with 
a fluid to thereby cause the segments 60 to swell.

The method may include the step of flowing cement 22 
into the annulus 24 between the casing strings 12, 20.

The above disclosure also describes a well system 10 
which includes a casing string 12 or 20 positioned in a 
wellbore 14; a seal element 44 comprising a swellable 
material 42 which swells and thereby causes the seal element 
44 to seal against a surface 46 in the wellbore 14; and at 
least one channel 38 formed between the swellable material 
42 and the casing string 12, 20, with cement 16 or 22 flowed 
into the channel 38.

The surface 46 may be formed on another casing string
12. The second casing string 12 may be external to the
first casing string 20.
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The surface 46 may be formed on an earth formation 30 
intersected by the wellbore 14.

The cement 16, 22 may be continuous from a longitudinal 
side 40 of the seal element 44 through the channel 38 and to

5 an opposite longitudinal side 40 of the seal element 44.

The swellable material 42 may be spaced apart from the 
casing string 12, 20 by multiple supports 54, with the 
channel 38 being formed between the supports 54. The 
supports 54 may be constructed of the swellable material 42.

10 The supports 54 may be formed externally on the casing 
string 12, 20, and the seal element 44 may outwardly 
circumscribe the supports 54.

In addition, the above disclosure provides a method of 
sealing an annulus 52 formed between first and second

15 surfaces 48, 46 in a subterranean well. The method includes 
the steps of: positioning a seal element 44 comprising a 
swellable material 42 in the annulus 52, with the swellable 
material 42 being positioned between the first surface 48 
and the second surface 46; and flowing cement 16 or 22

20 through at least one channel 38 formed between the swellable 
material 42 and the first surface 48.

The method may also include the step of permitting the 
swellable material 42 to swell, whereby the seal element 44 
contacts and seals against the surface 46. The swellable

25 material 42 may swell and the seal element 44 may seal 
against the surface 46 after the cement flowing step.

The surface 46 may comprise at least one of a surface 
34 of another casing string 12, and a surface 28 of an earth 
formation 30.



24

20
09

31
68

35
 

10
 Ju

l 2
01

3

The cement flowing step may include flowing the 
cement 16, 22 between opposite sides 40 of the seal 
element 44 via the channel 38.

The swellable material 42 may be spaced apart from 
5 the first surface 48 by multiple supports 54, with the

channel 38 being formed between the supports 54. The 
supports 54 may be constructed of the swellable material 
42.

Of course, a person skilled in the art would, upon a 
10 careful consideration of the above description of

representative embodiments, readily appreciate that many 
modifications, additions, substitutions, deletions, and 
other changes may be made to these specific embodiments, 
and such changes are within the scope of the principles

15 of the present disclosure. Accordingly, the foregoing
detailed description is to be clearly understood as being 
given by way of illustration and example only, the spirit 
and scope of the present invention being limited solely 
by the appended claims and their equivalents.

20 The reference to any prior art in this specification
is not and should not be taken as an acknowledgement or 
any form of suggestion that the prior art forms part of 
the common general knowledge.

Throughout this specification and the claims which
25 follow, unless the context requires otherwise, the word 

"comprise", and variations such as "comprises" and 
"comprising", will be understood to imply the inclusion 
of a stated integer or step or group of integers or steps 
but not the exclusion of any other integer or step or

30 group of integers or steps.
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The claims defining the invention are as follows:

1. A method of sealing in a subterranean well, the 
method comprising the steps of:

5 placing an annular seal element around an exterior
of a tubular member, thereby forming at least one 
longitudinal channel between the seal element and the 
tubular member, the seal element comprising a swellable 
material;

10 positioning the tubular member and the annular seal
element in the well; and

flowing cement into the channel.

2. The method of claim 1, further comprising the step 
15 of permitting the swellable material to swell, whereby

the seal element contacts and seals against a surface in 
the well.

3. The method of claim 2, wherein the swellable
20 material swells and the seal element seals against the 

surface after the cement flowing step.

4. The method of claim 2 or claim 3, wherein the 
surface comprises at least one of a surface of a casing

25 string, and a surface of an earth formation.

5. The method of any one of the preceding claims, 
wherein the cement flowing step further comprises flowing 
the cement between opposite sides of the seal element via

30 the channel.

6. A method of sealing in a subterranean well, the 
method comprising the steps of:

10/07/13,M:\Graham\Clare\Speci & Amndmts\19217 Speci.Docx,25
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positioning an annular seal element comprising a 
swellable material in the well; and

flowing cement into at least one channel formed 
longitudinally through the seal element, wherein the

5 cement flowing step further comprises displacing a fluid 
out of a space formed between a plug and a packer as the 
cement fills the space.

7. The method of claim 6, wherein multiple channels are 
10 formed longitudinally through the seal element, and

wherein the cement flowing step further comprises 
successively plugging the channels with the cement as a 
level of the cement rises in the space.

15 8. A well system, comprising:
a first casing string positioned in a wellbore; 
a seal element comprising a swellable material which

swells and thereby causes the seal element to seal 
against a surface in the wellbore, the seal element being

20 positioned external to the first casing string; and
at least one channel formed between the swellable

material and the first casing string, with cement flowed 
into the channel.

25 9. The well system of claim 8, wherein the surface is
formed on a second casing string.

10. The well system of claim 9, wherein the second 
casing string is external to the first casing string.

30

11. The well system of claim 8, wherein the surface is 
formed on an earth formation intersected by the wellbore.

10/07/13,M:\Graham\Clare\Speci & Amndmts\19217 Speci.Docx,26
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12. The well system of any one of claims 8 to 11, 
wherein the cement is continuous from a longitudinal side 
of the seal element through the channel and to an 
opposite longitudinal side of the seal element.

5
13. The well system of any one of claims 8 to 12, 
wherein the swellable material is spaced apart from the 
first casing string by multiple supports, the channel 
being formed between the supports.

10
14. The well system of claim 13, wherein the supports 
are constructed of the swellable material.

15. The well system of claim 13 or claim 14, wherein the 
15 supports are formed externally on the first casing

string, and wherein the seal element outwardly 
circumscribes the supports.

16. The well system of any one of claims 13 to 15,
20 wherein the supports bias the seal element outward toward 

the surface.

17. The well system of any one of claims 13 to 16, 
wherein the supports bias the seal element outward toward

25 the surface in response to exposure of the supports to a 
predetermined temperature.

18. The well system of any one of claims 13 to 16, 
wherein the supports bias the seal element outward toward

30 the surface in response to exposure of the supports to a 
predetermined fluid.

10/07/13,M:\Graham\Clare\Speci & Amndmts\19217 Speci.Docx,27



28

20
09

31
68

35
 

10
 Ju

l2
01

3

19. A method of sealing an annulus formed between first 
and second surfaces in a subterranean well, the method 
comprising the steps of:

positioning a seal element comprising a swellable 
5 material in the annulus, the swellable material being

positioned external to the first surface and internal to 
the second surface; and

flowing cement through at least one channel formed 
between the swellable material and the first surface.

10

20. The method of claim 19, further comprising the step 
of permitting the swellable material to swell, whereby 
the seal element contacts and seals against the second 
surface.

15
21. The method of claim 20, wherein the swellable 
material swells and the seal element seals against the 
second surface after the cement flowing step.

20 22. The method of any one of claims 19 to 21, wherein
the second surface comprises at least one of a casing 
string surface, and an earth formation surface.

23. The method of any one of claims 19 to 22, wherein
25 the cement flowing step further comprises flowing the

cement between opposite sides of the swellable material 
via the channel.

24. The method of any one of claims 19 to 23, wherein
30 the swellable material is spaced apart from the first

surface by multiple supports, the channel being formed 
between the supports.

10/07/13,M:\Graham\Clare\Speci & Amndmts\19217 Speci.Docx,28



29

20
09

31
68

35
 

10
 Ju

l2
01

3

25. The method of claim 24, wherein the supports are 
constructed of the swellable material.

26. The method of claim 24 or claim 25, wherein the
5 supports bias the seal element outward toward the second 

surface .

27. The method of any one of claims 24 to 26, wherein 
the supports bias the seal element outward toward the

10 second surface in response to exposure of the supports to 
a predetermined temperature.

28. The method of any one of claims 24 to 26, wherein 
the supports bias the seal element outward toward the

15 second surface in response to exposure of the supports to 
a predetermined fluid.

29. A method of sealing in a subterranean well, 
substantially as hereinbefore described with reference to

20 the accompanying drawings .

30. A well system, substantially as hereinbefore 
described with reference to the accompanying drawings.

25 31. A method of sealing an annulus formed between first
and second surfaces in a subterranean well, substantially 
as hereinbefore described with reference to the
accompanying drawings .
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