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(54) Open hole packer and seal

(57) A sealing system for open hole sections of res-
ervoirs comprising; an annular sealing element arranged
to extend around and being fixed to a conduit; a mechan-
ical packer arranged to expandably deform said seal el-
ement, wherein said sealing element swells in the pres-
ence of a fluid.
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Description

[0001] The present invention relates to the field of
open-hole mechanical packers for use in relation to the
recovery of fluids such as oil or gas.
[0002] After drilling and casing the reservoir, open hole
sections of the reservoirs must be completed to enable
recovery of gas or oil. The completion process requires
that sections of oil or gas reservoirs be compartmental-
ised such that the flow of the fluids from the reservoir into
the production tubing can be controlled and managed,
thereby allowing for efficient recovery of the oil or gas
present in the reservoirs.
[0003] To compartmentalise the open hole sections,
mechanical packers are known to be used to isolate ad-
jacent portions of the open hole external to the production
tubing. Such compartmentalisation serves to help control
the flow of fluid external to, and into, the production tub-
ing.
[0004] With oil wells for example, the packers are fitted
to, and sealed around, a completion liner and then in-
serted into the well. Existing mechanical open-hole pack-
er seal technology uses packers formed of a seal of de-
formable elastomer material. After the completion sec-
tion is placed in the reservoir, the packers are set against
the open-hole section of the reservoir by pressurising a
piston seal assembly which serves to drive a mechanism
which transversely deforms the packer seal along the
direction of the completion liner. Actuating the packer in
this manner causes it to deform in a transverse/radial
direction forming a seal between the completion liner and
the open-hole section of the reservoir.
[0005] It is also known for packers to be formed of a
material which is arranged to expand, i.e. swell, as a re-
sult of contact with, for example, a liquid found in, or in
the vicinity of, the reservoir, so that the packer expands
to seal the space between the completion liner and the
well wall. One example of such a known arrangement is
US Patent 7143832.
[0006] Such known arrangements are disadvanta-
geously limited since during the lifetime of the reservoir,
the shape and dimensions of the open-hole section may
vary as a result of the drilling process, or prior acid stim-
ulation jobs, which initially prepare and stimulate the res-
ervoir rock to optimally produce hydrocarbons into the
open hole section. Also variations in the initial overburden
rock stresses due to depletion of oil or gas from the res-
ervoir can cause changes in the open hole shape and
configuration. These variations in shape, dimension and
configuration can result in loss of seal between the packer
and the inner surface of the open hole section which can
result in micro-leaks between the packer and the open-
hole section of the reservoir.
[0007] The present invention seeks to provide for an
open-hole seal arrangement having advantages over
known such open-hole seals.
[0008] According to a first aspect of the present inven-
tion there is provided a sealing arrangement for open

hole sections of reservoirs comprising: a mechanical
packer associated with a conduit to be located within the
open hole section and arranged to urge a sealing element
into engagement with the surface of the hole section,
wherein at least part of said sealing element has a ca-
pability for expansion due to contact with fluid.
[0009] According to a further aspect of the invention
there is provided a method of sealing open hole sections
of reservoirs using the arrangement according to the first
aspect of the invention, and comprising the steps of; in-
serting said sealing arrangement into said open hole sec-
tion; urging the sealing element into engagement with
the surface of the hole section by means of the mechan-
ical packer, and allowing the sealing element to expand
further following contact with fluid.
[0010] Advantageously therefore, if the shape or di-
mensions of the open-hole change over time, the seal
element can further expand to conform to the new shape
or dimension of the open-hole. This allows for mainte-
nance of a fluid tight seal between the sealing element
and the open-hole walls of a reservoir even after a change
in dimensions/configuration of the open hole. This there-
fore advantageously serves to prevent micro-leaks be-
tween the sealing element and open-hole walls of a res-
ervoir which could result in loss of fluid contained in the
reservoir.
[0011] Furthermore, maintenance of the seal allows
for the flow of fluids from the reservoir to be controlled or
managed in a manner serving to maintain efficient recov-
ery of fluids from the reservoir.
[0012] It should also be appreciated that the invention
provides for a sealing element for an open hole section
of a reservoir, the sealing element being arranged to be
deformed by a mechanical packer so as to urged into
engagement with the surface of the hole section, and
further having at least one part that is capable of expan-
sion upon fluid contact.
[0013] The present invention is described further here-
inafter, by way of example only, with reference to the
accompanying drawing in which:

Fig. 1 provides a schematic illustration of a current
sealing configuration and the limitations thereof;

Fig. 2 illustrates a cross-section view of the open-
hole mechanical packer embodying the present in-
vention and including swellable elastomer sealing
element; and

Fig. 3 is an expanded view of the mechanical packer
arrangement of Fig. 2.

[0014] Fig. 1 shows a schematic of prior art open hole
completions 25 and seal elements 22, 24 deployed in a
well 21. When the completion 25 is initially set across the
reservoir section, the mechanical open-hole packers are
set by pressuring up a piston seal assembly, which is an
integral part of the mechanical packer, which in turn
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drives a mechanism to deform the seal elements 22, 24
and hence make a seal between the completion liner and
the open section of the well 21. An example of a bad seal
24 is shown.
[0015] In overview of Figs. 2 and 3, there is provided
an open hole completion 18 and a mechanical packer
17. A swellable elastomer seal element 3 is disposed
around the completion 18 and between the mechanical
packer 17 and an abutment 1. The abutment 1 is gener-
ally the point where the completion 18 is sealably con-
nected or coupled to the production tubing which allows
for recovery of the fluid in the reservoir and further com-
prises a top sub 2.
[0016] The completion 18 is formed of a pipe or con-
duit, and is suitable for being placed in open-holes of fluid
reservoirs for recovering fluids such as oil from the res-
ervoir in question. The completion 18 is generally circular
in cross-section however, any suitable cross-section can
be employed. The seal element 3 is arranged to extend
in a transverse/radial direction along a length of the com-
pletion and also to provide a radial fit around the circum-
ference of the completion 18. The seal element 3 includes
an annular internal surface to provide a fluid tight seal
with the completion 18. The annular surface of the seal
element 3 can be any appropriate shape determined by
the cross-sectional shape of the completion 18.
[0017] The seal element 3 is formed of a elastomer
material such as Hydrogenated Nitrile Butadiene Rubber
(HNBR) or Nitrile elastomeric compounds with the pres-
ence of swellable elastomer which can be deformed un-
der mechanical load, so that it increases diameter, but
is reduced in transverse length whilst maintaining a fluid
tight seal with the completion 18.
[0018] A further requirement of the elastomer material
is that it increases in volume or swells in the presence of
fluids such as oil gas or water which would be normally
present in the reservoir, but whilst maintaining a fluid tight
seal with the completion 18.
[0019] The mechanical packer arrangement 17 is ar-
ranged to deform the seal element. The packer 17 is ar-
ranged to receive the completion 18, such that the packer
17 can travel in a transverse direction along the length
of completion 18, towards or away from the abutment 1.
The packer 17 has a cross-sectional dimension to sub-
stantially match the cross-sectional dimensions of the
seal element 3, thereby allowing the seal element 3 to
be deformed against the abutment 1 under mechanical
pressure applied by the packer 17. The packer assembly
further comprises a piston element 4, which is arranged
to deform the seal element 3. The piston will drive the
seal element in a deformed fashion using applied pres-
sure from the inside. The arrangement in an un-deformed
state is shown in the upper half (above line x-x) of Fig.3.
O ring seals 5, 6 are provided on the piston element 4.
Also provided is a piston insert 7, a retainer ring 8, a
cylinder 9, a lock ring 10, a garter spring 11, shear pins
12, a snap ring 13, a guide 14 and a mandrel 15.
[0020] In operation, the completion 18, seal element 3

and mechanical packer 17 as described above, are in-
serted or run-in to an open-hole of the reservoir prior to
removal of the fluid therefrom. When the completion 18
is in place, the mechanical packer 17 is pressured-up
using a piston seal assembly, so that it is urged to travel
along the completion 18 towards the abutment 1. As the
seal is forced against the abutment 1 by the mechanical
packer, the seal element 3 is transversely loaded so that
it deformably expands in a radial direction, to meet the
walls of the open-hole 16, as shown in the lower half
(below line x-x) of Fig.3.
[0021] During this deformation stage, the fluid tight
seal between the seal element 3 and the completion 18
is maintained. Deformation of the seal element 3 can
continue until an adequate fluid tight seal is formed be-
tween the seal element 3 and the walls of the open-hole,
and deformation of the seal element 3 is complete when
it forms a fluid tight seal with the walls of the open-hole
16. Compression of the seal is continued until the seal
element is fully packed off, that is compressed, against
the wall of the open hole formation.
[0022] In addition to the above mechanical deforma-
tion of the seal element 3, the seal element can also
undergo further expansive deformation against the walls
16 of the reservoir. Once the mechanical deformation
has taken place, further expansive deformation is caused
by the presence of fluids in the reservoir which results in
an increase in volume of the seal element 3, whilst main-
taining a fluid tight seal with the completion 18. This proc-
ess of expansive deformation results from of chemical
absorption of the fluid in the reservoir in the seal element
3. In this regard the walls 16 of the open hole prevent the
seal element 3 from undergoing further expansion, and
the seal element is said to have redundancy in its ability
to expand.
[0023] Therefore, if the shape or dimensions of the
open-hole varies in any way, the seal element 3 can un-
dergo further expansion so as to maintain the fluid tight
seal between the seal element 3 and the walls 16 of the
open-hole.

Claims

1. A sealing arrangement for open hole sections of res-
ervoirs comprising: a mechanical packer associated
with a conduit to be located within the open hole sec-
tion and arranged to urge a sealing element into en-
gagement with the surface of the hole section,
wherein at least part of said sealing element has a
capability for expansion due to contact with fluid.

2. The sealing system according to Claim 1, wherein
said sealing element is formed of an elastomer ma-
terial such as Hydrogenated Nitrile Butadiene Rub-
ber (HNBR) or Nitrile elastomeric compounds.

3. The sealing system according to any one of Claims
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1 and 2, wherein the sealing element is arranged to
form a fluid tight seal around said conduit, said con-
duit being arranged to be inserted in said open hole
section of said reservoir.

4. The sealing system according to any one or more of
Claims 1 to 3, wherein the sealing element is ar-
ranged to form a seal between said conduit and walls
of said open hole section following deformable ex-
pansion.

5. The sealing system according to Claim 4, wherein
the seal element is further arranged to form a seal
between said conduit and walls of said open hole
section upon contact with a fluid and absorbtion of
it to increase in volume.

6. A method of sealing open hole sections of reservoirs
using the system according to Claims 1 to 5, and
comprising the steps of; inserting said sealing ar-
rangement into said open hole section; urging the
sealing element into engagement with the surface
of the hole section by means of the mechanical pack-
er, and allowing the sealing element to expand fur-
ther following contact with fluid.

7. A well bore completion assembly including a sealing
system according to Claims 1 to 5.

8. A sealing element for an open hole section of a res-
ervoir, the sealing element being arranged to be de-
formed by a mechanical packer so as to urged into
engagement with the surface of the hole section, and
further having at least one part that is capable of
expansion upon fluid contact.
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