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Fig. 1

(57) Abstract: The present invention relates to an arrangement and method for water shut-off in an oil and/or gas well. The arrange -
ment comprises: a hydrocarbon production pipe (1) having a pipe wall with at least one opening (9); a swellable element (5) adapted
to expand when subjected to water; and a shut-off element (6), wherein the swellable element is arranged to come into contact with

O fluid from the well or an associated reservoir and to actuate the shut-off element when expanded so that the shut-off element at least

W

partly closes the at least one opening in the pipe wall.
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An arrangement and method for water shut-off in an oil and/or gas well

The present invention relates to an arrangement and method for water shut-off in

an oil and/or gas well.

WO 2008004875 A1 (NORSK HYDRO ASA) discloses method for flow control
and a self-adjusting valve or flow control device, in particular useful in a production
pipe for producing oil and/or gas from a well in an oil and/or gas reservoir, which
production pipe includes a lower drainage pipe preferably being divided into at least
two sections each including one or more inflow control devices which communicates
the geological production formation with the flow space of the drainage pipe. The fluid
flows through an inlet and further through a flow path of the control device passing by a
movable disc or movable device which is designed to move relative to the opening of
the inlet and thereby reduce or increase the flow-through area by exploiting the
Bernoulli effect and stagnation pressure created over the disc, whereby the control
device, depending on the composition of the fluid and its properties, automatically
adjusts the flow of the fluid based on a pre-estimated flow design. The flow control
device in WO 2008004875 A1 may for instance be used to reduce inflow of water.
However, a problem with the flow control device in WO 2008004875 Al is that it may
not be completely closed if the fluid contains water.

Further, WO 2005080750 A1 (NORSK HYDRO ASA) discloses a method and a
device in connection with an actuator intended for use in connection with a fluid flow or
fluid reservoir, in particulér an actuator that is designed to be used in connection with a
drainage pipe for the production of oil and/or gas in an oil and/or gas reservoir. An
osmotic cell is used to operate the actuator. The osmotic cell is placed in the fluid flow,
whereby the necessary force and motion for the actuator to adjust or drive a fluid
control device or valve are achieved by utilising the osmotic pressure difference
between the solution in the cell and the external fluid flow/reservoir in relation to the
cell. The method and device in WO 2005080750 A1 supposedly keep water production
to a minimum level. However, a problem with the device in WO 2005080750 Al is that

it is not reversible in case the (pressure) drawdown is high.

It is an object of the present invention to at least partly overcome the above-
mentioned problems, and to provide an improved water shut-off arrangement and
method.

This object, and other objects that will be apparent from the forllowing

description, is are achieved by a water shut-off arrangement and method according to
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the appended independent claims. Embodiments are set forth in the appended dependent
claims.

According to an aspect of the present invention, there is provided an
arrangement for water shut-off in an oil and/or gas well, the arrangement comprising: a
hydrocarbon production pipe having a pipe wall with at least one opening; a swellable
element adapted to expand when subjected to water; and a shut-off element, wherein the
swellable element is arranged to come into contact with fluid from the well or an
associated reservoir and to actuate the shut-off element when expanded so that the shut-
off element at least partly closes the at least one opening in the pipe wall.

The present invention allows for automatic shut-off of the (inlet) opening should
the fluid from the well/reservoir contain water, whereby the yield of the oil/gas
production may be increased. Further, the present arrangement can cope with high
drawdown.

The arrangement may further comprise a sleeve fitted over a section of the
hydrocarbon production pipe, wherein the swellable element is interposed between the
hydrocarbon production pipe and the sleeve such that it is forced to expand mainly in
the longitudinal or axial direction of the hydrocarbon production pipe.

The sleeve may be perforated to allow fluid from the well or associated reservoir
to come into contact with the swellable element.

Further, the shut-off element may include a sliding ring provided around the
hydrocarbon production pipe, wherein one end of the swellable element is fixed and the
other end is directly or indirectly in contact with the sliding ring, for pushing the sliding
ring along the hydrocarbon production pipe to a position where the sliding ring covers
the at least one opening in the pipe wall when the swellable element is expanded.

The arrangement may further comprise a housing adapted to accommodate at
least the swellable element and the shut-off element, wherein the housing has an inlet
for fluid from the well or associated reservoir.

The arrangement may further comprise a sand screen arranged upstream of the
swellable element with respect to the fluid from the well or associated reservoir.

An additional opening out of reach for the shut-off element may be provided in
the pipe wall of the hydrocarbon production pipe.

The swellable element may include a hygroscopic material.

The swelling or expansion of the swellable element may be reversible.

The sensitivity of the water shut-off function may be set by selecting at least one
of: the type or material of the swellable element; the dimension(s) of the swellable
element; and the initial distance between the shut-off element and the at least one

opening in the pipe wall.



10

15

20

25

30

35

WO 2012/081987 PCT/NO2010/000469

3

According to another aspect of the present invention, there is provided a method
for water shut-off in an oil and/or gas well in which a hydrocarbon production pipe
having a pipe wall with at least one opening is provided, wherein the method comprises:
providing a swellable element adapted to expand when subjected to water; and
providing a shut-off element, wherein the swellable element is arranged to receive fluid
from the well or an associated reservoir and to actuate the shut-off element when
expanded so that the shut-off element closes the at least one opening in the pipe wall.
This aspect may exhibit the same or similar features and technical effects as the

previously described aspect of the invention.

These and other aspects of the present invention will now be described in more
detail, with reference to the appended drawings showing a currently preferred
embodiment of the invention.

Fig. 1 is a cross-sectional side view of an embodiment of the present invention.

Figs. 2a-2b are detailed views of a portion C of Fig. 1.

Fig. 1 shows an arrangement for water shut-off in an oil and/or (natural) gas well
according to an embodiment of the present invention. The present application may be
applied onshore or offshore (subsea).

The arrangement comprises a pipe 1. The pipe 1 may be a hydrocarbon
production pipe, and it is placed in the oil and/or (natural) gas well.

The pipe 1 comprises at least one opening or hole 9 in the pipe wall. For
instance, several holes 9 may for instance be arranged in a “ring” around the pipe 1. The
holes 9 are generally adapted to allow fluid from a reservoir associated with the well
into the pipe 1. The fluid from the reservoir typically includes oil, gas, and/or water.

The arrangement further comprises a swellable element 5. The swellable element
5 is adapted to expand when subjected or exposed to water, but not to expand when
subjected to oil or gas. The swellable element 5 may include a hygroscopic material.
The swellable element 5 can for instance be made of or include one or more polymers
that swell under the influence of water. Further, the swelling or expansion of the
swellable element 5 may be reversible. That is, the swellable element 5 may return to an
initial state from an expanded state if it no longer is subjected to water. Also, the
swellable element 5 may be sub-divided in several smaller swellable elements.

The swellable element 5 is interposed between the pipe 1 and a perforated sleeve
7 fitted over a section of the pipe 1.To this end, the swellabole element 5 may have the
form of a cylinder provided around the pipe 1. The sleeve 7 may for instance be made of

steel, and its perforations allow fluid from the well or the associated reservoir to
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moisten or wet the swellable element 5. Further, the sleeve 7 may protect the swellable
element 5 from bending and buckling. Also, the sleeve 7 serves to limit the direction of
expansion of the swellable element 5, as will be explained further below.

One end of the swellable element 5 (to the left in fig. 1) is clamped by a
retaining ring 4. The retaining ring 4 may for instance be made of steel. The other free
end (to the right in fig. 1) of the swellable element 5 is connected to a shut-off element
forming part of the present arrangement. The shut-off element includes a sliding ring 6
and optional O-rings 8. The sliding ring 6 may slide along the pipe 1 from the position
shown in fig. 2a to the position shown in fig. 2b. In this working area of the sliding ring
6, the outer surface of the pipe 1 may be smoothed to facilitate the sliding.

The arrangement may further comprise a housing 3. The housing 3
accommodates the retaining ring 4, the swellable element 5, the sliding ring 6, the
sleeve 7, the hole 9, and also an additional opening or hole 10 to the pipe 1. The housing
3 has an inlet 11 for allowing fluid from the well/reservoir into the housing 3, whereby
the fluid received in the housing 3 may moisten or wet the swellable element 5. An
optional sand screen 2 may also be included in the arrangement. The sand screen 2 is
arranged before the inlet 11, upstream of the swellable element 5 with respect to the
fluid from the well/reservoir. The sand screen 2 may prevent sand erosion in the hole 9.

Upon operation, fluid from the well/reservoir passes the sand screen 2 and enters
the housing 3 through the inlet 11. The fluid comes into contact with the swellable
element 5 via the perforations of the sleeve 7. Initially, the swellable element 5 may be
in a non-swelled state, as shown in fig. 1 and fig. 2a. In this state, the sliding ring 6 does
not cover the hole 9. If the fluid mainly contains oil and/or gas, and no water or just a
small amount of water, the swellable element 5 will remain in this state. Hence, the
fluid (i.e. mainly oil/gas) may pass through the hole 9 into the pipe 1. However, if the
amount of water in the fluid increases, the swellable element 5 will start to expand
(swell). The sleeve 7 forces the swellable element 5 to expand mainly in the
longitudinal or axial direction of the pipe 1. Further, since one end of the swellable
element 5 (to the left in fig. 1) is clamped by a retaining ring 4, the other free end (to the
right in fig. 1) of the swellable element 5 will move to the right in fig. 1 and push the
sliding ring 6 along the pipe 1. When the swellable element 5 has expanded sufficiently,
the sliding ring 6 with the O-rings 8 will be positioned over the hole 9 (see fig. 2b),
completely closing the hole 9, whereby the inflow of fluid (which contains a significant
amount of water) to the pipe 1 through the hole 9 is stopped. Hence, if the amount of
water in the incoming fluid (suddenly) increases, e.g. due to a water break through or
irruption, the inflow into the pipe 1 through hole(s) 9 will automatically be shut-off, and

unwanted “water production” is avoided.
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The additional hole 10, which is out of reach for the sliding ring 6 even when the
swellable element 5 is fully expanded, provides for the reversibility of the arrangement.
Namely, the additional hole 10 allows a small flow of fluid over the swellable element
5, even when the hole 9 is closed. If the incoming fluid again contains more oil/gas and
less or no water, the swelled element 5 will contract or shrink back towards the initial
state and pull back the sliding ring 6 so that the hole 9 is opened. '

The sensitivity of the water shut-off function may be set or controlled in various
ways. By ‘the sensitivity of the water shut-off function’ is basically meant the swellable
element’s sensitivity to water or at what amount or percentage of water in the fluid that
the hole 9 should be closed/opened. This can be controlled e.g. by selecting a particular
type or material of the swellable element 5. Also, dimensions, in particular the length,
of the swellable element 5 may be selected accordingly. Also, the initial distance
between the sliding ring 6 and the hole 9 influences the water shut-off function and may
be set accordingly: a longer distances makes the shut-off function less sensitive to water
while a shorter distance makes it more sensitive.

The person skilled in the art will realize that the present invention by no means
is limited to the embodiment(s) described above. On the contrary, many modifications
and variations are possible within the scope of the appended claims.

Also, the swellable element could in at least some embodiments be replaced by

an osmotic cell or another element adapted to expand when exposed to water.
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1. An arrangement for water shut-off in an oil and/or gas well, the arrangement
comprising:

a hydrocarbon production pipe (1) having a pipe wall with at least one opening
)

a swellable element (5) adapted to expand when subjected to water; and

a shut-off element (6),

wherein the swellable element is arranged to come into contact with fluid from
the well or an associated reservoir and to actuate the shut-off element when expanded so

that the shut-off element at least partly closes the at least one opening in the pipe wall.

2. An arrangement according to claim 1, further comprising a sleeve (7) fitted over
a section of the hydrocarbon production pipe, wherein the swellable element is
interposed between the hydrocarbon production pipe and the sleeve such that it is forced

to expand mainly in the longitudinal or axial direction of the hydrocarbon production

pipe.

3. An arrangement according to claim 2, wherein the sleeve is perforated to allow
fluid from the well or associated reservoir to come into contact with the swellable

element.

4. An arrangement according to any preceding claim, wherein the shut-off element
includes a sliding ring provided around the hydrocarbon production pipe, and wherein
one end of the swellable element is fixed and the other end is directly or indirectly in
contact with the sliding ring, for pushing the sliding ring along the hydrocarbon
production pipe to a position where the sliding ring covers the at least one opening in

the pipe wall when the swellable element is expanded.

5. An arrangement according to any preceding claim, further comprising a housing
(3) adapted to accommodate at least the swellable element and the shut-off element,

wherein the housing has an inlet (11) for fluid from the well or associated reservoir.

6. An arrangement according to any preceding claim, further comprising a sand
screen (2) arranged upstream of the swellable element with respect to the fluid from the

well or associated reservoir.
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7. An arrangement according to any preceding claim, wherein an additional -
opening (10) out of reach for the shut-off element is provided in the pipe wall of the

hydrocarbon production pipe.

8. An arrangement according to any preceding claim, wherein the swellable

element includes a hygroscopic material.

9. An arrangement according to any preceding claim, wherein the swelling or

expansion of the swellable element is reversible.

10.  An arrangement according to any preceding claim, wherein the sensitivity of the
water shut-off function is set by selecting at least one of:

the type or material of the swellable element;

the dimension(s) of the swellable element; and

the initial distance between the shut-off element and the at least one opening in

the pipe wall.

11. A method for water shut-off in an oil and/or gas well in which a hydrocarbon
production pipe (1) having a pipe wall with at least one opening (9) is provided,
wherein the method comprises:

providing a swellable element (5) adapted to expand when subjected to water;
and

providing a shut-off element (6),

wherein the swellable element is arranged to receive fluid from the well or an
associated reservoir and to actuate the shut-off element when expanded so that the shut-

off element closes the at least one opening in the pipe wall.
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