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FRACTURING SYSTEM

Field of the Invention

The present invention relates to a fracturing system for fracturing a formation
surrounding a well tubular structure, comprising a tubular part to be mounted as
a part of the well tubular structure, the tubular part being made of metal, an
expandable sleeve made of metal, the sleeve having a wall thickness and
surrounding the tubular part, a fastening means for connecting the sleeve with
the tubular part, and an aperture in the tubular part or the fastening means.
Furthermore, the invention relates to a fracturing method for fracturing a

formation surrounding a well tubular structure.

Background Art

In a wellbore, the formation is fractured in order to let oil pass into the wellbore
and further on to the production casing. When fracturing the formation, it is
desirable to obtain fractures extending substantially transversely to the extension
of the borehole, and thus the casing. However, these fractures commonly extend

substantially along the casing due to the natural layers in the formation.

Fractures extending perpendicularly to the casing extend longer into the
formation. In this way, they uncover a larger area of the formation filled with oil
containing fluid, which leads to a more optimised production than with

longitudinal fractures.

Summary of the Invention

It is an object of the present invention to wholly or partly overcome the above
disadvantages and drawbacks of the prior art. More specifically, it is an object to
provide an improved fracturing system which is capable of making fractures

substantially perpendicularly to the production casing.

The above objects, together with numerous other objects, advantages, and

features, which will become evident from the below description, are accomplished
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by a solution in accordance with the present invention by a fracturing system for
fracturing a formation surrounding a well tubular structure, comprising:

- a tubular part to be mounted as a part of the well tubular structure, the
tubular part being made of metal,

- an expandable sleeve made of metal, the sleeve having a wall thickness
and surrounding the tubular part,

- a fastening means for connecting the sleeve with the tubular part, and

- an aperture in the tubular part or the fastening means,
wherein the sleeve has a fracture initiating element.

In an embodiment, the fracturing initiating element may project from a surface of
the sleeve.

By a fracture initiating element projecting from the surface of the sleeve is meant
a position along the surface in which a slope of a tangent to the surface changes
and becomes zero for changes again, the element projecting in this position

towards the formation.

Moreover, the fracture initiating element may at least partly penetrate part of the

formation in an expanded condition of the expandable sleeve.

Further, the expandable sleeve may have an expanded condition in which a
contact surface of the sleeve contacts the formation and an unexpanded
condition, the fracture initiating element projecting at least in the expanded
position from the contact surface into the formation in order to fracture the
formation.

In an embodiment of the invention, the fracture initiating element may be

arranged between the fastening means.

Furthermore, the fracture initiating element may comprise a centre part of the
sleeve having a decreased wall thickness in relation to another part of the sleeve.

In addition, the fracture initiating element may comprise several areas
distributed along a circumference of the sleeve, and the areas of the sleeve may

have a decreased wall thickness in relation to other areas of the sleeve.
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Moreover, the fracture initiating element may comprise a projection.

Additionally, the fracture initiating element may comprise a shear plug, a spring-

loaded valve or a rupture disc.

In an embodiment, the projection may taper away from the tubular part towards
the formation.

Furthermore, the projection may be a circumferential projection.

Additionally, the sleeve may have a plurality of projections along its
circumference to ensure that the projections are arranged in the same

circumferential cross-sectional plane of the sleeve.

In another embodiment, the fracture initiating element may comprise at least
one area having a decreased wall thickness which bursts when it reaches a

predetermined pressure.

The fracturing system as described above may further comprise a tool for
expanding the expandable sleeve by letting a pressurised fluid through an
aperture in the tubular part into a space between the expandable sleeve and the
tubular part.

Furthermore, a valve may be arranged in the aperture to control the passage of
pressurised fluid into the space between the expandable sleeve and the tubular

part.

In addition, the sleeve may have two ends made of a different material than a
centre part of the sleeve.

These two ends may be welded to the centre part, and they may have an inclined
surface corresponding to an inclined surface of the centre part of the sleeve.

In an embodiment, the valve may be a one-way valve or a two-way valve.

In another embodiment, at least one of the fastening means may be slidable in
relation to the connection part of the tubular part of the annular barrier.
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Furthermore, at least one of the fastening means may be fixedly fastened to the

tubular part.

In yet another embodiment, the tool may have a means for moving the valve

from one position to another.

Furthermore, the tool may have an isolation device for isolating a first section
between an outside wall of the tool and an inside wall of the well tubular

structure outside the aperture of the tubular part.

In addition, the isolation device of the tool may have at least one sealing means
for sealing against the inside wall of the well tubular structure on each side of the

valve in order to isolate the first section inside the well tubular structure.

Moreover, the tool may have a pressure delivering means for taking in fluid from

the borehole and for delivering pressurised fluid to the first section.

Additionally, the tool may have a means for connecting the tool to a drill pipe.

Also, the tool may have packers for closing an annular area.

The invention furthermore relates to the use of the fracturing system as
described above in a well tubular structure for inserting the structure into a

borehole.

Finally, the invention relates to a fracturing method for fracturing a formation
surrounding a well tubular structure by expanding an expandable sleeve in the
fracturing system as described above inside a borehole, the method comprising
the steps of:

- placing a tool outside the aperture of the tubular part,

- injecting fluid into the space between the tubular part and the expandable
sleeve to expand the sleeve,

- fracturing the formation by expanding the sleeve until the sleeve applies a

predetermined pressure on the formation.

Furthermore, the fracturing method may comprise the step of expanding the

sleeve until the fracture initiating element bursts.
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Brief Description of the Drawings

The invention and its many advantages will be described in more detail below
with reference to the accompanying schematic drawings, which for the purpose of

illustration show some non-limiting embodiments and in which

Fig. 1 shows a cross-sectional view of a casing in a wellbore having a horizontal

part,

Fig. 2 shows a cross-sectional view of a casing in a vertical well,

Fig. 3 shows a cross-sectional view of an expanded sleeve creating fractures in

the formation,

Fig. 4 shows a cross-sectional view of an unexpanded fracturing system,

Fig. 5 shows a cross-sectional view of the fracturing system of Fig. 4 in an

expanded condition,

Fig. 6 shows a cross-sectional view of an embodiment of an unexpanded

fracturing system,

Fig. 7 shows a cross-sectional view of the fracturing system of Fig. 6 in an

expanded condition,

Fig. 8 shows a cross-sectional view of yet another embodiment of an unexpanded

fracturing system,

Fig. 9 shows a cross-sectional view of the fracturing system of Fig. 8 in an

expanded condition,

Fig. 10 shows a cross-sectional view of yet another embodiment of an

unexpanded fracturing system,

Fig. 11 shows a cross-sectional view of the fracturing system of Fig. 10 in its

almost fully expanded condition,
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Fig. 12 shows a cross-sectional view of the fracturing system of Fig. 10 in its fully
expanded condition, in which the fracture initiating element burst so to let fluid

fracture the formation,

Fig. 13 shows a cross-sectional view transversely through the fracture initiating

elements of Fig. 9,

Fig. 14 shows a cross-sectional view of yet another embodiment of an

unexpanded fracturing system,

Fig. 15 shows a cross-sectional view of the fracturing system of Fig. 14 in an

expanded condition, and

Fig. 16 shows a cross-sectional view of the fracturing system of Fig. 14 in its fully
expanded condition in which the fracture initiating element has been released

from the sleeve so to let fluid fracture the formation.
All the figures are highly schematic and not necessarily to scale, and they show
only those parts which are necessary in order to elucidate the invention, other

parts being omitted or merely suggested.

Detailed description of the invention

Fig. 1 shows a well having a vertical and a horizontal part. In the horizontal part,
formation fractures 11 extending perpendicularly to the production casing are
shown. The production casing is fastened to the formation by means of annular
barriers, and the fractures are situated between the expanded annular barriers in
the horizontal part. Inthis kind of well, the fractures 11 are vertical and may also
be perpendicular to the natural layers of the formation. A well which is only
vertical is shown in Fig. 2. The well has annular barriers and horizontal fractures,
all of which are also perpendicular and transverse to the production casing. In the
following, both types of fractures 11 illustrated in Figs. 1 and 2, which are

perpendicular to the production casing, will be referred to as transverse fractures.

Fig. 3 shows an illustration of an expanded sleeve 4 creating transverse fractures
11 in the formation above the sleeve and longitudinal fractures in the formation

below the sleeve. As can be seen, longitudinal fractures are fractures extending
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along the extension of the production casing. Estimates made in the oil industry
show that a horizontal well having transverse formation fractures improves the
production efficiency by up to 60% compared to a horizontal well having

longitudinal fractures.

By expanding the sleeve 4 in an annular barrier to create fractures in the
formation, the expanded sleeve presses against the formation, causing the

fractures to become coincidental.

Fig. 4 shows a fracturing system 1 comprising a sleeve 4 with a fracture initiating
element 7. The fracture initiating element 7 is in this embodiment a part of the
sleeve 4 having an decreased wall thickness so that when the sleeve is
expanded, as shown in Fig. 5, the fracture initiating element 7 projects and
functions as a notch when pressed towards the formation. In this way, the
fracturing process is controlled to ensure that the fractures are transverse

instead of longitudinal.

The fracturing system 1 comprises an expandable sleeve 4 and a tubular metal
part 3, both of which are mounted as a part of the well tubular structure 2 when
inserting the production casing in the borehole. As illustrated in Fig. 4, the
expandable sleeve 4 has a wall thickness t in its unexpanded condition and
surrounds the tubular part 3 and is sealingly fastened to the tubular part by
means of a fastening means 5. The tubular part 3 has at least one aperture 6
functioning as a passage for letting fluid into the space between the sleeve 4 and

the tubular part to expand the sleeve.

In the fracturing system 1 of Fig. 6, the expandable sleeve 4 has a fracture
initiating element 7 which is a part of the sleeve having a decreased wall
thickness, as shown in Fig. 4. Furthermore, the fracture initiating element 7
comprises a projection 9 tapering into a circumferential rim. The sleeve 4 of Fig.
6 is shown in its expanded condition in Fig. 7 in which the part of the sleeve
having a decreased thickness projects towards the formation as a projecting part,
and the rim arranged on the projecting part having a decreased thickness
presses against the formation and increases the notch effect of the projecting

part.
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Thus, in Figs. 5-9, 11 and 14-16, the fracturing initiating element projects from a
surface of the sleeve. By a fracture initiating element projecting from the surface
of the sleeve is meant a position along the surface in which a slope of a tangent
to the surface changes and becomes zero for changes again, the element
projecting in this position from the surface of the sleeve and towards the

formation.

In Figs. 5, 7, 11 and 15, the fracture initiating element at least partly penetrates
part of the formation in an expanded condition of the expandable sleeve. After
penetration of part of the fracture initiating element, a contact surface 30 being

another part of the sleeve contacts the formation.

In another embodiment, the expandable sleeve 4 has a plurality of fracture
initiating elements 7 in the form of parts of the sleeve having a decreased wall
thickness. The sleeve 4 has several circular areas having a decreased thickness,
and on the outside of the sleeve each fracture initiating element comprises a

projection 9 tapering towards a point.

The sleeve 4 of Fig. 8 comprises a plurality of fracture initiating elements 7 in the
form of projections 9 arranged on the outside of the sleeve in the same cross-
sectional plane of the sleeve transverse to the longitudinal direction of the casing.
Each projection 9 tapers towards a point 16 which is pressed into the formation
when the sleeve 4 is expanded, and the point 16 of each projection 9 functions as
a notch initiating a fracture transverse to the longitudinal direction of the casing

when the sleeve is expanded, as shown in Fig. 9.

As shown in Fig. 8, the aperture 6 may have a valve 10 which must be opened
before pressurised fluid 12 can be injected into the space between the sleeve 4

and the tubular part 3 in order to expand the sleeve.

In Figs. 10-12, the fracturing system 1 has a plurality of fracture initiating
elements 7 in the form of areas having a decreased wall thickness. When the
sleeve 4 is expanded, as shown in Fig. 11, the areas having a decreased wall
thickness project from the outside of the sleeve towards the formation, and when
being further expanded, the areas burst, as shown in Fig. 12. Thus, the fracture
initiating elements 7 function as notches creating fractures 11 in the formation,

and when they burst, fluid 15 can be injected into the formation wall at a high
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pressure, thereby fracturing the formation even further. If the fluid 15 comprises

acid, the fractures 11 can be enlarged by means of the acid.

As mentioned, it is desirable to have transverse fractures, and by having a
plurality of fracture initiating elements 7 in the same cross-sectional plane,
controlled transverse fractures are easily made in the same cross-sectional plane
transverse to the longitudinal direction of the production casing. Hereby, a more
efficient fracturing system 1 is provided, controlling the fracturing direction of the
fractures. In Fig. 13, a cross-sectional view transverse to the longitudinal
extension of the fracturing system through the sleeve and the fracture initiating
elements are shown with transverse fractures in the same cross-sectional plane.
Furthermore, the fracture elements are shown spaced along the circumference of

the sleeve.

An unexpanded fracturing system in which the fracture initiating element is a
shear plug fastened in the wall of the sleeve is shown in the cross-sectional view
of Fig. 14. The fracture initiating element partly penetrates the formation as
shown in Fig. 15 and is releasable from the sleeve when a certain pressure is
injected into the aperture 6 so that the fracture initiating element leaves an open
hole in the wall of the sleeve. In Fig. 16, fracturing fluid is penetrating the hole in

the sleeve wall and further into the fracture in the formation.

Instead of a shear plug as shown in Figs. 14-16, the fracture initiating element
may be a spring-loaded valve or a rupture disc. The fracture initiating element
may also be a pointed element being welded as part of the wall of the sleeve,
and thus the welding connection breaks at a certain fluid pressure injected

through the aperture 6.

The well tubular structure 2 may be the production tubing or casing, or a similar

kind of tubing downhole in a well or a borehole.

The valve 10 may be any kind of valve capable of controlling a flow, such as a
ball valve, a butterfly valve, a choke valve, a check valve or non-return valve, a
diaphragm valve, an expansion valve, a gate valve, a globe valve, a knife valve,

a needle valve, a piston valve, a pinch valve or a plug valve.
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The expandable tubular metal sleeve 4 may be a cold-drawn or hot-drawn
tubular structure.

The fluid used for expanding the expandable sleeve 4 may be any kind of well
fluid present in the borehole surrounding the tool 20 and/or the well tubular
structure 3. Also, the fluid may be cement, gas, water, polymers or a two-

component compound, such as powder or particles, mixing or reacting with a
binding or hardening agent.

Although the invention has been described in the above in connection with
preferred embodiments of the invention, it will be evident for a person skilled in

the art that several modifications are conceivable without departing from the
invention as defined by the following claims.
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Claims

1.  Afracturing system (1) for fracturing a formation surrounding a well tubular
structure (2), comprising:

- a tubular part (3) to be mounted as a part of the well tubular structure,
the tubular part being made of metal,

- an expandable sleeve (4) made of metal, the sleeve having a wall
thickness (t) and surrounding the tubular part,

- a fastening means (5) for connecting the sleeve with the tubular part, and

- an aperture (6) in the tubular part or the fastening means,
wherein the sleeve has a fracture initiating element (7).

2. A fracturing system according to claim 1, wherein the expandable sleeve
has an expanded condition in which a contact surface (30) of the sleeve contacts
the formation and an unexpanded condition, the fracture initiating element
projecting at least in the expanded position from the contact surface into the
formation in order to fracture the formation.

3. Afracturing system according to claim 1 or 2, wherein the fracture initiating
element comprises a centre part (8) of the sleeve having a decreased wall
thickness in relation to another part of the sleeve.

4.  Afracturing system according to claim 1 or 2, wherein the fracture initiating
element comprises several areas distributed along a circumference of the sleeve,
and wherein the areas of the sleeve have a decreased wall thickness in relation to

other areas of the sleeve.

5. A fracturing system according to any of the preceding claims, wherein the
fracture initiating element comprises a projection (9).

6. A fracturing system according to claim 5, wherein the fracture initiating

element comprises a shear plug, a spring-loaded valve or a rupture disc.

7. Afracturing system according to claim 5 or 6, wherein the projection tapers
away from the tubular part towards the formation.
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8. A fracturing system according to any of claims 5-7, wherein the projection
is a circumferential projection.

9. A fracturing system according to any of claims 5-8, wherein the sleeve has
a plurality of projections along its circumference to ensure that the projections

are arranged in the same circumferential cross-sectional plane of the sleeve.

10. A fracturing system according to any of the preceding claims, wherein the
fracture initiating element comprises at least one area having a decreased wall

thickness which bursts when it reaches a predetermined pressure.

11. A fracturing system according to any of the preceding claims, further
comprising a tool for expanding the expandable sleeve by letting a pressurised
fluid through an aperture in the tubular part into a space between the expandable
sleeve and the tubular part.

12. A fracturing system according to any of the preceding claims, wherein a
valve is arranged in the aperture to control the passage of pressurised fluid into
the space between the expandable sleeve and the tubular part.

13. Use of the fracturing system according to any of claims 1-12 in a well
tubular structure for inserting the structure into a borehole.

14. A fracturing method for fracturing a formation surrounding a well tubular
structure (2) by expanding an expandable sleeve in the fracturing system
according to any of claims 1-12 inside a borehole, the method comprising the
steps of:

- placing a tool outside the aperture of the tubular part,

- injecting fluid into the space between the tubular part and the expandable
sleeve to expand the sleeve,

- fracturing the formation by expanding the sleeve until the sleeve applies a
predetermined pressure on the formation.

15. A fracturing method according to claim 14, further comprising the step of
expanding the sleeve until the fracture initiating element bursts.
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