Innovation, Sciences et Innovation, Science and CA 2788166 C 2020/02/04

I*I Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 788 1 66
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(22) Date de dépébt/Filing Date: 2012/08/29 (51) CLInt./Int.Cl. F716K 3/26(2006.01),
cn : : . E21B 23/08(2006.01), E21B 34/714(2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2013/03/01 E21B 43/26 (2006.01). F16K 17/40(2006.01),
(45) Date de délivrance/lssue Date: 2020/02/04 F16K 31/12(2006.01)
(30) Priorité/Priority: 2011/09/01 (US13/223,909) (72) Inventeurs/Inventors:

SOMMERS, MICHAEL T., US;
JACKSON, STEPHEN L., US

(73) Propriétaire/Owner:
INNOVEX DOWNHOLE SOLUTIONS, INC., US

(74) Agent: RIDOUT & MAYBEE LLP

(54) Titre : SOUPAPE POUR LA FRACTURATION HYDRAULIQUE A L'EXTERIEUR D'UNE ENVELOPPE DE CIMENT
(54) Title: VALVE FOR HYDRAULIC FRACTURING THROUGH CEMENT OUTSIDE CASING

(57) Abrégé/Abstract:

A valve for use in fracing through cement casing in a well allows for flow of cement down the well during the cementing process
and in the open position allows for fracing fluid to be directed through the cement casing for fracturing the formation adjacent the
valve. The valve is constructed so as to reduce the likelihood of the valve to jam as a result of cement or other foreign material.

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



CA 02788166 2012-08-29

ABSTRACT

A valve for use in fracing through cement casing in a well allows for flow of
cement down the well during the cementing process and in the open position allows for fracing
fluid to be directed through the cement casing for fracturing the formation adjacent the valve.
The valve is constructed so as to reduce the likelihood of the valve to jam as a result of cement or

other foreign material.
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VALVE FOR HYDRAULIC FRACTURING THROUGH
CEMENT OUTSIDE CASING

BACKGROUND OF INVENTION

1. Field of the Invention

[0001] This invention is directed to a valve utilized for hydraulically fracturing mulﬁple
zones in an oil and gas well without perforating the cement casing. A relatively new oil/gas well
completion method involves the use of a valve that is installed as part of the casing string of the
well and provides for cement flow within the casing when the valve element is in a closed
position and allows for axial flow of fracturing fluid through the cement casing to fracture the

formation near the valve. The invention disclosed herein is an improved valve used in this

process.
2. Description of Related Art
[0002] Current designs for valves used in the completion method disclosed above are

prone to failure because cement or other debris interferes with the opening of the valve after the
cementing process has been completed. Portions of the sliding sleeve or pistons commonly used
are exposed to either the flow of cement or the cement flowing between the well bore and the
casing string.

BRIEF SUMMARY OF THE INVENTION

[0003] The valve according to the invention overcomes the difficulties described above
by isolating a sliding sleeve between an outer housing and an inner mandrel. A rupture disk in
the inner mandrel ruptures at a selected pressure. Pressure will then act against one end of the
sliding sleeve and shift the sleeve to an open position so that fracturing fluid will be directed
against the cement casing. The sliding sleeve includes a locking ring nut to prevent the sleeve
from sliding back to a closing position.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

[0004] FIG. 1 is a side view of the valve according to one embodiment of the invention.
[0005] FIG. 2 is a cross sectional view of the valve in the closed position taken along line
2-2 of FIG. 1

[0006] FIG. 3 is a cross sectional view of the valve taken along line 3-3 of FIG. 2

[0007] FIG.4 is a cross sectional view of the sliding sleeve
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[0008] FIG. 5 is a cross sectional view of the locking ring holder
[0009] FIG. 6 is a cross sectional view of the locking ring

[0010] FIG. 7 is an end view of the locking ring

[0011] FIG. 8 is a cross sectional view of the valve in the open position
[0012] FIG. 9 is an enlarged view of the area circled in FIG. 8.

DETAILED DESCRIPTION OF THE INVENTION

[0013] As shown in FIG. 1, an embodiment of valve 10 of the invention includes a main
housing 13 and two similar end connector portions 11, 12.

[0014] Main housing 13 is a hollow cylindrical piece with threaded portions 61 at each
end that receive threaded portions 18 of each end connector. End connectors 11 and 12 may be
internally or externally threaded for connection to the casing string. As show in FIG. 2, main
housing 13 includes one or more openings 19, which are surrounded by a circular protective
cover 40. Cover 40 is made of a high impact strength material.

[0015] Valve 10 includes a mandrel 30 which is formed as a hollow cylindrical tube
extending between end connectors 11, 12 as shown in FIG. 2. Mandrel 30 includes one or more
apertures 23 that extend through the outer wall of the mandrel. Mandrel 30 also has an exterior
intermediate threaded portion 51. One or more rupture disks 41, 42 are located in the mandrel as
shown in FIG. 3. Rupture disks 41, 42 are located within passageways that extend between the
inner and outer surfaces of the mandrel 30. Annular recesses 17 and 27 are provided in the outer
surface of the mandrel for receiving suitable seals.

[0016] Mandrel 30 is confined between end connectors 11 and 12 by engaging a shoulder
15 in the interior surface of the end connectors. End connectors 11 and 12 include longitudinally
extending portions 18 that space apart outer housing 13 and mandrel 30 thus forming a chamber
36. Portions 18 have an annular recess 32 for relieving a suitable seal. A sliding sleeve member
20 is located within chamber 36 and is generally of a hollow cylindrical configuration as shown
in FIG. 4. The sliding sleeve member 20 includes a smaller diameter portion 24 that is threaded
at 66. Also it is provided with indentations 43 that receive the end portions of shear pins 21.
Sliding sleeve member 20 also includes annular grooves 16 and 22 that accommodate suitable
annular seals.

[0017] A locking ring holder 25 has ratchet teeth 61 and holds locking ring 50 which has

ratchet teeth Slon its outer surface and ratchet teeth 55 on its inner surface shown in FIG. 9.



CA 02788166 2012-08-29

Locking ring 50 includes an opening at 91 as shown in FIG. 7 which allows it to grow in
diameter as the sliding sleeve moves from the closed to open position.

[0018] Locking ring holder 25 has sufficient diameter clearance so that the locking ring
can ratchet on the mandrel ratcheting teeth 63 yet never loose threaded contact with the lock ring
holder. Locking ring holder 25 is threaded at 26 for engagement with threads 24 on the mandrel.
Locking ring holder 25 also has a plurality of bores 46 and 62 for set screws, not shown.

[0019] In use, valve 10 may be connected to the casing string by end connectors 11, 12.
One or more valves 10 may be incorporated into the casing string. After the casing string is
deployed within the well, cement is pumped down through the casing and out the bottom into the
annulus between the well bore and the casing as typical in the art. After the cement flow is
terminated, a plug or other device is pumped down to wipe the casing and valve clean of residual
cement. When the plug or other device has latched or sealed in the bottom hole assembly,
pressure is increased to rupture the rupture disk at a predetermined pressure. The fluid pressure
will act on sliding sleeve member 20 to cause the shear pins to break and then to move it
downward or to the right as shown in FIG. 7. This movement will allow fracing fluid to exit via
opening 23 in the mandrel and openings 19 in the outer housing. The fracing fluid under
pressure will remove protective cover 40 and crack the cement casing and also fracture the
foundation adjacent to the valve 10.

[0020] Due to the fact that the sliding sleeve member 20 is mostly isolated from the
cement flow, the sleeve will have a lessor tendency to jam or require more pressure for actuation.
[0021] In the open position, locking ring 50 engages threads 63 on the mandrel to prevent
the sleeve from moving back to the closed position.

[0022] A vent 37 is located in the outer housing 13 to allow air to exit when the valve is
being assembled. The vent 37 is closed by a suitable plug after assembly.

[0023] Although the present invention has been described with respect to specific details,
it is not intended that such details should be regarded as limitations on the scope of the invention,

except to the extent that they are included in the accompanying claims.



CLAIMS

1. A valve comprising:

a housing having an opening,

a mandrel positioned within the housing and having an opening,

a sliding sleeve disposed between the housing and the mandrel and blocking fluid
communication between the opening in the housing and the opening in the mandrel when the valve
is in a closed position and permitting fluid flow between the opening in the mandrel and the
opening in the housing when the valve is in an open position; and

a rupture disk that, upon rupture, permits application of a fluid pressure to actuate the
sliding sleeve between the open and closed positions, wherein the rupture disk is disposed in a

wall of the mandrel.

2. A valve as claimed in claim 1, including an end connector on each end of the housing for

connection in a casing string in an oil or gas well.

3. A valve as claimed in claim 1, further including a protective sleeve covering the openings in the

housing.

4. A valve as claimed in claim 1, wherein the housing and mandrel define a chamber between them

in which the sliding sleeve is disposed.

5. A method for actuating a valve, the method comprising:

flowing a fluid through the valve, the valve comprising;

a housing having one or more openings;

a mandrel having one or more openings;

a sliding sleeve disposed between the housing and the mandrel and blocking fluid
communication between the one or more openings in the housing and the one or more openings in

the mandrel when the valve is in a closed position and permitting fluid flow between the one or
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more openings in the mandrel and the one or more openings in the housing when the valve is in an
open position; and

a rupture disk that, upon rupture, applies a fluid pressure to move the sliding sleeve between
the open and closed positions;

rupturing the rupture disk at a selected fluid pressure;

flowing fluid through the ruptured disk;

moving the sliding sleeve responsive to the fluid pressure between the open and closed
positions;

exiting fluid through the one or more openings of the housing and mandrel; and

cracking a cement casing with the fluid.

6. The method of claim 5, further comprising pumping cement through the valve into a well bore.

7. The method of claim 6, further comprising wiping the valve with a plug.

8. The method of claim 5, wherein the sliding sleeve is isolated between the housing and the

mandrel.

9. A casing string valve for use in fracturing operations, comprising:

a housing having a first opening therein fluidly connecting the interior of the housing with
the exterior of the housing;

a mandrel having a bore therethrough defining a cement flow path and having a second
opening, the second opening defining with the first opening a fracturing fluid flow path between
the bore and the exterior of the housing, the mandrel being disposed within the housing to define
in conjunction with the housing a chamber isolated from the cement flow path;

a sliding sleeve blocking and unblocking the fracturing fluid flow path, the sliding sleeve
disposed between the housing and the mandrel, at least partially isolated from the cement flow
path in the chamber, and actuated by application of fluid pressure applied through the bore and a
third opening; and

a rupture disk disposed within the third opening to selectively control the application of

fluid pressure through the third opening.
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10. A casing string valve as claimed in claim 9, including an end connector on each end of the

housing for connection in a casing string in an oil or gas well.

11. A casing string valve as claimed in claim 9, further including a protective sleeve covering the

openings in the housing.

12. A method for use in hydraulically fracturing a well, comprising:

disposing a casing string in a wellbore, the casing string including a valve defining a cement
flow path and a fracturing fluid flow path therethrough, the fracturing fluid flow patch being
blocked and unblocked by a sliding sleeve of the valve at least partially isolated from the cement
flow path;

cementing the casing string within the wellbore through the cement flow path while the
fracturing fluid flow path is blocked;

applying a fluid pressure through the bore of the valve to actuate the sliding sleeve and
unblock the fracturing fluid flow path, wherein applying the fluid pressure includes rupturing a
rupture disk; and

introducing a fracturing fluid into the well bore through the fracturing fluid flow path.

13. The method of claim 12, wherein the sliding sleeve is at least partially isolated from the cement
flow path by disposition between a mandrel and a housing in a chamber defined by the mandrel

and the housing that is isolated from the cement flow path.

14. The method of claim 12, further comprising cracking a cement casing with the introduced

fracturing fluid.

15. The method of claim 12, further comprising wiping the valve with a plug after the cementing

and prior to applying the fluid pressure.

16. A valve comprising:

a housing having an opening;
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a mandrel positioned within the housing and having an opening, a second opening and an
inner bore, wherein the opening and the second opening are in communication with the inner bore;

a sliding sleeve disposed between the housing and the mandrel and blocking fluid
communication between the opening in the housing and the opening in the mandrel when the valve
is in a closed position and permitting fluid flow between the opening in the mandrel and the
opening in the housing when the valve is in an open position; and

a rupture disk that, upon rupture, permits application of a fluid pressure to actuate the
sliding sleeve from the closed position to the open position, wherein the rupture disk is disposed
in the second opening and is ruptured by pressure applied from the inner bore and radially outward

through the second opening.

17. The valve as claimed in claim 16, wherein the second opening is in a wall of the mandrel.

18. The valve as claimed in claim 16, further comprising an end connector on each end of the

housing for connection in a casing string in an oil or gas well.

19. The valve as claimed in claim 16, wherein the housing and the mandrel define a chamber

between them in which the sliding sleeve is disposed.

20. A valve comprising:

a housing having an opening;

a mandrel positioned within the housing and having an opening;

a sliding sleeve disposed between the housing and the mandrel and blocking fluid
communication between the opening in the housing and the opening in the mandrel when the valve
is in a closed position and permitting fluid flow between the opening in the mandrel and the
opening in the housing when the valve is in an open position;

a rupture disk that, upon rupture, permits application of a fluid pressure to actuate the
sliding sleeve between the open and closed positions; and

a protective sleeve covering the openings in the housing,

21. A method for actuating a valve, the method comprising:
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flowing a fluid through the valve, the valve comprising;

a housing having one or more openings;

a mandrel having one or more openings;

a sliding sleeve disposed between the housing and the mandrel and blocking fluid
communication between the one or more openings in the housing and the one or more openings in
the mandrel when the valve is in a closed position and permitting fluid flow between the one or
more openings in the mandrel and the one or more openings in the housing when the valve is in an
open position; and

a rupture disk that, upon rupture, applies a fluid pressure to move the sliding sleeve from
the closed position to the open position;

rupturing the rupture disk at a selected fluid pressure;

flowing fluid through the ruptured disk;

moving the sliding sleeve responsive to the fluid pressure from the closed position to the
open position;

exiting fluid through the one or more openings of the housing and mandrel; and

cracking a cement casing with the fluid.

22. The method of claim 21, further comprising pumping cement through the valve into a wellbore.

23. The method of claim 22, further comprising wiping the valve with a plug.

24. The method of claim 21, wherein the sliding sleeve is isolated between the housing and the

mandrel.

25. A casing string valve for use in fracturing operations, comprising:

a housing having a first opening therein fluidly connecting an interior of the housing with
an exterior of the housing;

a mandrel having a bore therethrough defining a cement flow path and having a second
opening and a third opening, the second opening defining with the first opening a fracturing fluid

flow path between the bore and the exterior of the housing, and the third opening being in
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communication with the bore, the mandrel being disposed within the housing to define in
conjunction with the housing a chamber isolated from the cement flow path;
a sliding sleeve disposed between the housing and the mandrel, at least partially isolated from the
cement flow path in the chamber, wherein the sliding sleeve is moved from a first position in which
the sliding sleeve blocks fluid flow between the first opening and the second opening to a second
position in which the sliding sleeve does not block fluid flow between the first and second openings
by fluid pressure applied through the bore and outwards though the third opening; and

a rupture disk disposed within the third opening to selectively control the application of

fluid pressure through the third opening.

26. The casing string valve of claim 25, further including an end connector on each end of the

housing for connection in a casing string in an oil or gas well.

27. A casing string valve for use in fracturing operations, comprising:

a housing having a first opening therein fluidly connecting an interior of the housing with
an exterior of the housing;

a mandrel having a bore therethrough defining a cement flow path and having a second
opening and a third opening, the second opening defining with the first opening a fracturing fluid
flow path between the bore and the exterior of the housing, the mandrel being disposed within the
housing to define in conjunction with the housing a chamber isolated from the cement flow path;

a sliding sleeve movable to block and unblock the fracturing fluid flow path, the sliding
sleeve disposed between the housing and the mandrel, at least partially isolated from the cement
flow path in the chamber, and actuated by application of fluid pressure applied through the bore
and the third opening; and

a protective sleeve covering the openings in the housing.

28. A method for use in hydraulically fracturing a well, comprising:

disposing a casing string in a wellbore, the casing string including a valve having a bore
therein and defining a cement flow path and a fracturing fluid flow path, the fracturing fluid flow
path being blocked and unblocked by a sliding sleeve of the valve at least partially isolated from

the cement flow path and disposed at least partially around and radially outwards from the bore;
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cementing the casing string within the wellbore through the cement flow path while the
fracturing fluid flow path is blocked,

applying a fluid pressure through the bore of the valve to actuate the sliding sleeve and
unblock the fracturing fluid flow path; and

introducing a fracturing fluid into the wellbore through the fracturing fluid flow path.

29. The method of claim 28, wherein the sliding sleeve is at least partially isolated from the cement
flow path by disposition between a mandrel and a housing in a chamber defined by the mandrel

and the housing that is isolated from the cement flow path.

30. The method of claim 28, further comprising cracking a cement casing with the introduced

fracturing fluid.

31. The method of claim 28, further comprising wiping the valve with a plug after the cementing

and prior to applying the fluid pressure.

32. A method for use in hydraulically fracturing a well, comprising:

disposing a casing string in a wellbore, the casing string including a valve defining a cement
flow path and a fracturing fluid flow path therethrough, the fracturing fluid flow path being blocked
and unblocked by a sliding sleeve of the valve at least partially isolated from the cement flow path
and disposed at least partially around and radially outwards from the bore;

cementing the casing string within the wellbore through the cement flow path while the
fracturing fluid flow path is blocked;

applying a fluid pressure through the bore of the valve to actuate the sliding sleeve and
unblock the fracturing fluid flow path, wherein applying the fluid pressure includes rupturing a
rupture disk; and

introducing a fracturing fluid into the wellbore through the fracturing fluid flow path.

10
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