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housing into the surrounding wellbore.
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ABSTRACT

A fracturing tool is used for hydraulically fracturing muiltiple stages of a
wellbore with treatment fluid. The tool includes a tubular housing retaining a
longitudinally sliding sleeve which moves between a first position concealing fluid ports
in the tubular housing and a second position in which the ports are uncovered. A
deformable seat disposed in the sliding sleeve cooperates with an actuating member
 which is directed downwardly through a fracturing string locating a plurality of tools
therein associated with respective stages of an isolated zone to sequentially uncover
the fluid ports. Disposed in the fluid ports are burst plugs arranged to open when
exposed to a threshold pressure. All uncovered burst plugs of the tools within the
isolated zone can thus be sequentially uncovered and then opened when exposed to

the threshold pressure to permit the treatment fluid to exit from the housing into the

surrounding wellbore.
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TOOL AND METHOD FOR FRACTURING A WELLBORE

FIELD OF THE INVENTION

The present invention relates to hydraulic fracturing of a wellbore, and
more particularly, the present invention relates to a tool and method for the selective

hydraulic fracturing of multiple areas of a wellbore.

BACKGROUND

Hydraulic fracturing is a stimulation treatment which consists of
propagating fractures in rock layers bf the introduction of pressurized treatment fluid.
The treatment fluid is pumped at high pressure into the hydrocarbon bearing area of a
wellbore that extends into the target reservoir. The high pressure fluid when intl;oduced
to the wellbore causes cracks or fractures which extend back and away from the
wellbore into the surrounding rock formation.

Depending on the nature of the reservoir and the particular rock formation,
acid, chemicals, sand or other proppants are selectively mixed into the treatment fluid to
improve or enhance the recovery of hydrocarbons within the ‘formati.on.

There have been a number of recent developments with respect to
wellbore treatment tools including the development of fracturing strings for staged well
treatment. Such fracturing strings are predicated on creating a series of isolated zones .
within a wellbore using packers. Within each zone there are one or more fluid ports that
can be selectively opened from the surface by the operator. A common mechanism
comprises a sliding sub actuated by a ball and seat system, the movement of which is
used t.o. open fluid ports. By sizing the seats and balls in a complimentary manner,

increasingly larger balls may be used {o selectively activate a particular sliding sub



10

15

20

CA 02809946 2014-08-11

aIIoWing the operator to stimulate specific target areas.

Further development and refinement has resulted in fracturing strings
having multiple fluid ports within each isolated zone. The seats and balls are sized such
that one ball may be used to actuate a series of sliding subs within an isolated zone or a
series of sliding subs In different isolated zones. This is achieved using seats that
expand or deform to allow the ball to pass. The ball is deployed from the surface and it
travels down the wellbore becoming lodged on the deformable seat forming a temporary
seal. The fluid pressure on the ball and seat actuates the sliding sub into its second
position, in the process opening the fluid port. The seat eventually deforms allowing the
ball to pass and the ball moves down to the next sliding sub which if actuates in the

same manner. 1he last or lowest seat in the isolated zone is sized such that the ball will

not pass and thus forms a seal preventing the flow of treatment fluid to lower zones that

may have already been actuated. The use of multiple fluid ports allows multiple stages
within the isolated zone to be stimulated with one surface treatment.

When using a fracturing string using multiple deformable seats and a

single ball, as described above, the user may encounter difficulties in fracturing the

lower régions of the formation within the isolated zone. The reason is that the seats are

designed so that greater fluid pressure is needed to push the ball past the lower

situated seats than the higher situated seats. Such greater fluid pressure, however, may
be sufficient to force the fiuid from the string into the wellbore and fracture the formation
surrounding the already opened higher fluid ports. This results in a loss of fluid which is

counterproductive to increasing fluid pressure in the fracturing string. Accordingly, the

-user may be unable to achieve sufficient fluid pressure to push the ball past the seats
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and actuate the subs situated in the lower regions of the formation. Even if the user can
achieve sufficient pressure to activate the subs in the lower regions of the formation, the
pressure may still be suboptimal for stimulating the lower regions of the formation. Prior
art solutions have enjoyed limited success and are relatively complicated.

What is needed is a tool, and a method of using the same, for preventing
the escape of treatment fluid from fluid ports within an isolated zone of a fracturing
string until the treatment fluid pressure has been raised to the level required for
hydraulic fracturing. This would better ensure that all fluid ports within an isolated zone

can be opened and provide for more effective stimulation of the surrounding formation

throughout the isolated zone. -
SUMMARY OF THE INVENTION

According fo one aspect of the invention there is provided a fractufing tool
for use with an actuating member in a fracturing string for hydraulically fracturing a
wellbore with tfreatment fluid using a prescribed threshold hydraulic pressure level, the
fracturing tool comprising:

a tubular housing extending longitudinally between opposing first and
second ends arranged for connection in series with the fracturing string, the tubular
housing having:

an inner surface defining a central bore extending through the

tubular housing from the first end to the second end, and

at least one fluid port extending from the inner surface to an outer
surface of the tubular housing for fluid communication between the central bore and the

wellbore;
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a burst plug disposed in the at least one fluid port, the burst plug being

pperable from é closed condition, in which the burst plug maintains a fluid seal to
prevent the treatment fluid flowing through the fiuid port below the prescribed threshold
hydraulic pressure level, to an open condition, in which the burst plug is opened in
response {o the prescribed threshold hydraﬁlic pressure level of the treatment fluid to

allow treatment fluid to flow through the fluid port;

a sleeve member supported within the central bore of the tubular housing
so as fo be longitudinally slidable relative to the tubu[.ar housing between a first position
In which the burst plug of the at \Ie'ast one fluid port is covered by the sleeve member
and a second position in which the burst plug of the at least one fluid port is
substantially unobstructed by the sleeve member, the sleeve member comprising:

a central passageway extending longitudinally therethrough; and

a deformable seat disposed in the central passageway so as to be
operable between a first condition in which the deformable seat is adapted to receive
the actuating member seated thereon and a second condition in which the deformable
seat is adapted to allow the actuating member to pass through the central passageway;

the deformable seat being operable from the first condition to the
second condition only upon displacement of the sleeve member into the second position
and

seals operafively supporied between the sleeve member and the tubular
housing to prevent leaking of the treatment fluid from the tubular housing to the at least

one fluid port in the first position of the sleeve member.

In one embodiment of the invention the tool is pressure actuated. In this
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instance the deformable seat and the actuéting member seated thereon are arranged to
substantially form a seal against the flow of treatment fluid whereby the sleeve member
is movable from the first position to the second position when the deformable seat and
actuating member seated thereon are exposed to an actuation hydraulic pressure level
of treatment fluid which is less than the prescribed threshold hydraulic pressure level of
the treatment fluid.

The activation hydraulic pressure level of the treatment fluid may be about
2000 psi, and the threshold hydraulic pressure level of the treatment fluid may be about
4000 psi for example.

In some embodiments, the actuating member may comprise a generally
cylindrical shuttle member having a cenfral passage extending longitudinally
therethrough and a ball seat disposed in the central passage of the actuating member
so as to be arranged to form a seal against flow of treatment fluid when a ball is seated
on the ball seat. Preferably the shuttle member is arranged to pass through the central
passageway of the tubular housing when the sleeve member is displaced to the second
position and the deformable seat of the sleeve member is displaced fo the second
condition to actuate a series of tools with a single shuttle member. In this instance,
when the central passageway of the sleeve member has a prescribed inner diam'eter

which is substantially equal to an inner diameter of at least a portion of the central bore
of the tubular housing, preferably the actuating member has an outer diameter which is
substantially equal to the prescribed inner diameter.

In alternative arrangements, the actuating member may comprise a ball

arranged to be seated on the deformable seat so as to form the seal against the flow of
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treatment fluid. In this instance the cenfral passageway may include a constriction
having a prescribed inner diameter which is less than an inner diameter of the ‘inner
surface of at least a portion of the central bore of the tubular housing so that the ball is
arranged to be seated in the deformable seat which is disposed within the constriction.

In some embodiments the tool is mechanically actuated. In this instance at
least a portion of the actuating member is arranged to be supported on a tubing string
and has an outer diameter which is arranged to be greater than an outer diameter of the
tubing string.

' Typically the tool is used in combination with a plurality of other fracturing
tools of like configuration connected in series with one another in a fracturing string
- spanning a plurality of isolated zones having multiple stages associated with each zone
such that each fracturing tool is associated with a respective stage of a respective
iIsolated zone. In this instance, a singie actuating member is preferably associated with
each isolated zone so as to be arranged to sequentially actuate all of the fracturing tools
within the respective isolated zone.

Preferably a lowermost one of the fracturing tools within each isolated
zone is arranged to prevent displacement of the actuating member through the
fracturing string beyond a bottom end of the respective isolated zone.

The actuating member of each isolated zone may comprise a ball having a

prescribed diameter which is different than the other actuating members. In this

instance, preferably each actuating member is arranged to pass through each fracturing

tool associated with one of the isolated zones above the respective isolated zone
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without displacing the sleeve member into the second position of any fracturing tool
above the respective isolated zone.

Alternatively, the actuating member of each isolated zone may comprise a
generally cylindrical shuttle member and a respective ball associated therewith in which
the shuttle member has a central passage extending longitudinally therethrough and a
ball seat disposed in the central passage of the actuating member so as to be arranged
to form a seal against the flow of treatment fluid when the respective ball is seated on
the ball seat. In this instance, the ball of each isolated zone is preferably arranged to
pass through the shuttle member of each fracturing tool associated with one of the

isolated zones above the respective isolated zone without actuating the shuttle member

to displace the sleeve members of the respective fracturing tools into the second
position.

According fo a second aspect of the present invention there is provided
a method of hydraulically fracturing multiple stages within a lower isolated zone in a

wellbore with a treatment fluid which can achieve a prescribed threshold hydraulic

pressure level, the method comprising the steps of:

1) providing a plurality of fracturing tools as described above, each of the
plurality of fracturing tools being connected in series with one another in a fracturing
string spanning the lower isolated zone such that each fracturing tool is associated with

a respective stage of the lower isolated zone;

i) providing one of the actuating member associated to be associated with

the plurality of fracturing tools associated with the lower isolated zone;
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il) directing the actuating member associated with the lower zone
downwardly through the fracturing string to sequentially displace the sleeve member of
each of the plurality of fracturing tools associated with the lower isolated zone into the
second position at an actuation hydraulic pressure level of treatment fluid which is less
than the threshold hydraulic pressure level of treatment fluid;

iv) locating the actuating member within a lowermost one of the fracturing
tools associated with the lower isolated zone so as to form a seal against a flow of the
treatment fluid; and

V) pumping the treatment fluid to achieve the prescribed threshold
hydraulic pressure level to open the burst plugs in the at least one fluid port of only the
plurality of fracturing tools associated with the lower isolated zone and to hydraulically
fracture the wellbore within the lower isolated zone. |

When the actuating rhember comprises a ball and a generally cylindrical
shuttle member arranged to b(—;- seated on the deformable seats of the fracturing tobls of

the lower isolated zone, preferably the method further comprises directing the ball of the

actuating member downwardly through the fracturing string such that the shuttle
member sequentially passes through the tubular housings of the fracturing tools of the

lower isolated zone.
When the actuating member comprises a ball arranged to be seated on

the deformable seat of each fracturing tool of the lower isclated zone, preferably the

method includes directing the ball downwardly through the fracturing string such that the

ball sequentially passes through the tubular housings of the fracturing tools of the lower
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Isolated zone.

When using pressure to actuate the fracturing tools, the method preferably
includes sequentially seating the actuating member on the deformable seat of each
fracturing tool of the lower isolated zone so as to substantially form a seal against the
flow of tréatment fluid. The sleeve member of each fracturing tool can then be driven
from the first position to the second position by pumping the treatment fluid to expose
the respective deformable seat and the actuating member seated thereon to an
actuation_ hydraulic pressure level of treatment fluid which is less than the threshold
hydraulic pressure level of the treatment fluid.

When mechanically actuating the fracturing tools, the'method preferably
includes supporting at least a portion of the actuating member on a tubing string and
lowering the tubing string within the fracturing string.

When also hydraulically fracturing multiple stages within an upper isolated
zone above the lower isolated zone, the method typically comprises the steps i) to v)
described above, but adapted and practiced for the upper isolated zone.

Typically the actuating member is prevented from being displaced
downwardly through the fracturing string beyond a bottom end of the respective isolated
zone.

According to one embodiment, when also hydraulically fracturing multiple
stages within the upper isolated zone, the actuating member of the lower isolated zone

comprises a ball having a prescribed diameter which is arranged to be seated on the

deformable seat of each fracturing tool of the lower isolated zone and which is arranged
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to pass through the deformable seat of each fracturing tool of the upper isolated zone
without being seated thereon, and the actuating member of the upper isolated zone
comprises a ball having a prescribed diameter which is arranged to be seated on the
deformable seat of each fracturing tool of the upper isolated Zone. The method in this
Instance may further comprise the steps of:

1) directing the ball of the lower isolated zone downwardly through the
fracturing string such that the sleeve members in the upper isolated zone remain in the
first position and the sleeve members in the lower isolated zone are sequentially
displacéd iInto the second position;

ii) pumping the treatment fluid to achieve the threshold hydraulic pressure

level to open the burst plugs in the fluid ports and hydraulically fracture the wellbore

within the lower isolated zone:

iii) directing the ball of the upper isolated zone downwardly through the

fracturing string such that the sleeve members in the upper isolated zone are
sequentially displaced into the second position;

Iv) locating the ball of the upper isolated zone within a lowermost one of
the fracturing tools associated with the upper isolated zone so as to form a seal against
a flow of the treatment fluid; and

v) pumping the treatment fluid to achieve the threshold hydraulic pressure

level to open the burst plugs in the fluid ports and hydraulicaily fracture the wellbore

within the upper isolated zone.

According to a second embodiment, when also hydraulically fracturing
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multiple stages within the upper isolated zone, the actuating member of each isolated
zone may comprise a generally cylindrical shuttle member and a respective ball
associated therewith. Preferably the shuttie member of each isolated zone is arranged
to be seated on the deformable seat of each fracturing tool of the respective isolated
zone and has a central passage extending longitudinally therethrough within which is
disposed a ball seat. Preterably the ball of the lower isolated zone has a prescribed
diameter which is arranged to be seated on the ball seat of the shuttle member of the
lower isolated zone and which is arranged to pass through the ball seat of the shuttle
member of the upper isolafed zone without being seated thereon. Also preferably the
ball of the upper isolated zone has a prescribed diameter which is arranged to be
seated on the ball seat of the shuttie member of the upper isolated zone. In this
instance the method may further comprise the steps of:

1) directing the ball of the lower isolated zone downwardly through the
fracturing string such that the ball passes unseated through the shuttle member of the
upper isolated zone and the sleeve members in the upper isolated zone remain in the
first position and such that the ball is seated én the shuttle member of the lower isolated
zone and the sleeve members in the lower isolated zone are sequentially displaced into
the second position;

i) pumping the treatment fluid to achieve the threshold hydraulic pressure
level to open the burst plugs in the fluid ports and hydraulically fracture the wellbore

within the lower isolated zone;

lii) directing the ball of the upper isolated zone downwardly through the
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fracturing string such that the ball is seated on the shuttle member of the upper isolated
zone and the sleeve members in the upper isolated zone are sequentially disptaced into
the second position;

Iv) locating the ball and shuttle member of the upper isolated zone within a
lowermost one of the fracturing tools associated with the upper isolated zone so as to
form a seal against a flow of the treatment fluid; and

v) pumping the treatment fluid to achieve the threshold hydraulic pressure
level to open the burst plugs in the fluid ports and hydraulically fracture the wellbore
within the upper isolated zone.

Some embodiments 6f the invention will now be described in conjunction
with the accompanyihg drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of a first embodiment of the fracturing tool

according to the present invention;

Figure 2 is a cross sectional end view of the tool according to the first

embodiment of Figure 1;

Figure 3 Is a longitudinal cross sectional view of the seat and ball of the
tool according to the first embodiment of Figure 1 in the first position of the sleeve with

the deformable seat in the first condition;
Figure 4 is a longitudinal cross sectional view of the seat and ball of the

tool according to the first embodiment of Figure 1 in the second position of the sleeve

with the deformable seat in the second condition:



CA 02809946 2014-08-11

13

Figure 5 is a longitudinal cross sectional view of the sleeve member of the
tool according to the first embodiment of Figure 1 in the first position of the sleeve with
the deformable seat in the first condition;

Figure 6 is a longitudinal cross sectional view of the sleeve member of the
tool according to the first embodiment of Figure 1 in the second position of the sleeve
with the deformable seat in the second condition;

Figure 7 is a longitudinal cross sectional view of a fracturing string
including a plurality of fracturing tools according to a second embodiment of the present
Invention;

Figure 8 is a longitudinal cross sectional view of the tool according to the
second embodiment of Figure 7 in the first position of the sleeve with the deformable
seat in the first condition;

Figure 9 is longitudinal cross sectional view of the tool according to the
second embodiment of Figure 7 in the second position of the sleeve with the deformable
seat in the second condition; .

Figure 10 i1s longitudinal cross sectional view of the tool according to the
second embodiment of Figure 7 in the second position of the sleeve with the deformable
seat in the second condition in which the shuttle member is shown passing through the

sleeve member for subsequently actuating another tool therebelow.

In the drawings like characters of reference indicate corresponding parts

in the different figures. The drawings are not necessarily to scale, with the emphasis

iInstead placed upon the principles of the present invention. Additionally, each of the
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embodiments depicted are but one of a number of possible arrangements utilizing the

fundamental concepts of the present invention.

DETAILED DESCRIPTION

The invention relates to a fracturing tool 10 and a method for the hydraulic
fracturing of multiple stages within an isolated zone in a wellbore. When describing the
present invention,' all terms not defined herein have their common art- recognized
meanings. To the extent that the following description is of specific embodiments or
particular uses of the invention, it is intended to be illustrative only, and not limiting of
the claimed invention. The following description is intended to cover all alternatives,
modifications and equivalents that are included in the spirit and scope of the .invention,
as defined in the appended claims.

Although various embodiments of the invention are described in the
following, the common features of the various embodiments will first be described.

Generally the tool 10 includes: i) a tubular housing 12 for connection in series with a

fracturing string with one or more fluid ports 20 commdnicating between a central bore

of the housing and the wellbore, ii} a burst plug 22 disposed in each fluid port, iii) a
sleeve member 24 movable within the housing between a first position covering the fluid

ports 20 and a second position in which the burst plugs are exposed, and iv) a
deformable seat 26 defined by dogs 34 disposed within a central passageway in the
sleeve member. The deformable seat 26 is operable from a first condition arranged to

receive an actuating member 36 seated thereon to a second condition in which the

actuating member is arranged to pass through the tool only once the sleeve member
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has been displaced from the first position to the second position. Once the sleeve
member is in the second position and the deformable seat 26 is displaced into the
second condition, the actuating member is free to pass through the tool to the next tool
in the fracturing string in a series of tools associated with an isolated zone.

The actuating member 36 may be directed downwardly through the
fracturing string to be seated on the deformable seaté 26 of respective tools by various
methods including mechanical actuation and pressure actuation. In the instance of
mechanical actuation, the actuating member can be supported at the bottom end of a
tubing string so as to be displ-aced downwardly through the fracturing string o actuate
respective fracturing tools by injecting the tubing string into the fracturing string. When
multiple different diameter actuating members are provided '
for being associated with different isolated zones respective, the tubing st-ring used to
convey the actuating member has an outer diameter which is less than a smallest
diameter actuating mehber béing used.

In addition to different methods of actuation, the configuration of the

actuating member itself may take various different forms as described in the following
examples.

Turning initially to the first embodiment shown in Figures 1 through 6, one
‘example of a pressure actuated fracturing tool will now be describéd in further detail.
FFigure 1 depicts an external perspective view of one embodiment of the tool 10 of the

present invention while Figures 5 and 6 show cross-sectional side views. The tool 10 is

comprised of the tubular housing 12 extending longitudinally between a first end 14 and
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an opposing second end 16 arranged for connection in series within the fracturing
string. The tubular housing has an inner surface 13 and an outer surface 15, the inner
surface 13 defining a central bore 18 extending along the longitudinal axis of the tubular
housing 12 from its first end 14 to its second end 16. Both the first end 14 and the
second end 16 of the tubular housing 12 are configured to attach to a fracturing string
such that the tool 10 may be installed into a fracturing string.

The tubular housing 12 has at least one fluid port 20 extending from the
outer surface 15 to the inner surface 13 of the tubular housing from the central bore 18
in an orientation that is substantially perpendicular to the longitudinal axis of the tubular
hdusing 12. The fluid port“s 20 allow fluid communication between the central bore 18 of
the tubular housing 12 and the wellbore. In a preferred embodiment there is a plurality
of fluid ports 20 positioned in a ring like configuration around the tubular housing as
shown In Figure 1. Each fluid port has a burst plug 22 disposed therein. In one
embodiment the burst plug 22 is retained in the fluid port 20 by a threaded Connection
or a retaining ring.

The burst plugs are operable from a closed condition in which the burst
plug- prevents the treatmenf fluid flowing through the respective fluid port to an open
condition in which the burst plug is arranged to allow treatment fluid flowing through the
respective fluid port. The burst plugs may be any suitable member or mechanism which

can be operated to open from the closed condition in response to the treatment fluid

reaching a prescribed threshold hydraulic pressure level. In preferred embodiments, the

burst plug comprises a material with consistent mechanical properties, such as a metal,
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‘which Is arranged to burst, rupture or shear in response to the prescribed threshold

hydraulic pressure level of the treatment fluid.

The burst plug 22 acts as a barrier preventing fluid communication
between the central bore-18 and the wellbore. The burst plugs 22 are configured to
maintain their physical integrity, and thereby maintain a fluid seal, up to a certain
threshold fluid pressure level. When the threshold fluid pressure is reached within the

central bore 18 of the tubular housing 12, the burst plugs 22 open, for example by
bursting, rupturing or shearing, and the flow of fluid from the central bore 18 to the

wellbore through the fluid ports 20 occurs. In one embodiment, the burst plugs 22 will

open at a fluid pressure of approximately 4000 psi pounds per square inch.

In this instance, pressure in the treatment fiuid can be gradually pumped
up to the threshold fluid pressure level prior to the burst plugs 22 being opened, so as to
store considerable potential energy in the fluid. By arranging all of the burst plugs within

one tool or a series or tools spanning one isolated zone in a fracturing string to open at

substantially the same threshold fluid pressure level, the stored energy can be quickly

or suddenly discharged throughout all of the isolated zone to improve frac initiation

throughout the isolated zone.

The sleeve member 24 typically comprises a tubular sleeve having a
central fluid passageway 25 is slidably mounted within the central bore 18 of the tubular
housing 12 such that the central fluid passageway of the sleeve 24 is orientated in the
same manner as the central bore 18 of the tubular housing 12, and such that the tubular

housing 12 and the sleeve 24 share a common longitudinal axis.
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The sleeve 24 is comprised of a deformable seat 26 and an
interconnected upper collar 28. In one embodiment, the upper collar 28 and the seat 26
attach by means of complimentary threads. The sleeve 24 slides along the longitudinal
axis of the tubular Housing 12 in a direction towards the second end 16 of the tubular
housing 12.

The sleeve 24 is moveable between a first position shown in Figure 5
whereby the collar 28 is positioned such that it covers the fluid ports 20 blocking the
flow of fluid from the central bore 18 to the fluid ports 20, and a second position shown

In Figure 6 whereby the collar 28 no longer covers the fluid ports 20 and the fluid ports

20 are exposed to fluid in the central bore 18.

In-one embodiment, shear pins 30 are utilized to releasably hold the

sleeve 24 in its first position pending actuation as will be described below. One skilled in
the art will understand that other suitable means as commonly employed in the industry

may also be used to releasably hold the sleeve 24 pending actuation.

The seat 26 is shaped to form a constriction 32 in the central passage 25.

A plurality of dogs 34 are mounted within machined bores formed in the constriction 32
and orientated in a direction that is substantially perpendicular to the longitudinal axis of
the central bore 18 and central passageway 25. As shown in the cross sectional end
view showh in Figure 2, the dogs 34 extend ihto the central passageway 25.

The actuating member 36 in this instance comprises a ball. When an
appropriately sized ball 36 is discharged into the fracturing string with treatment fluid, it

moves down the string until becomes lodged on the dogs 34 of the seat 26 as shown in
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Figure 3. The ball 36 blocks the constriction 32 in the central passageway 25 and
reduces the flow of fluid through the central fluid passageway 25. The pressurized
treatment fluid exerts a hydraulic force on the ball and seat breaking the shear pins 30
and causing the slidable seat 26 and attached collar 28 to move towards the second
end 16 of the tubular housing 12. It is not nécessary that the ball 36 and the seat 26
create a perfect seal against the flow of fluid. Rather, the ball 36 and the seat 26 need
only reduce the flow of fiuid to create a sufficient pressure differential upstream and
downstream of the ball 36 so that the resultant force is sufficient to actuate sleeve 24
and, as discussed below, drive the ball through the sleeve 26.

The tubular housing 12 is machined such that there is a recess 38 in the

inner wall of the tubular.housing 12 that allows the expansion of the dogs 34. As the
sleeve 24 slides towards the second end 18 of the tubular housing 12 the dogs 34 meet
and expand into the recess 38 as shown in Figure 4. As the dogs 34 expand outwards
intd the recess 38 they retract slightly from the central passageway 25. This retraction

allows the ball to pass as shown in Figures 4 and 6. At the same time as the dogs 34
expand into the recess, a machined groove 40 in the seat 26 mates with a projection 42
on the inner surface 13 of the tubular housing 12 which locks the sleeve 24 into its

secbnd actuated position.

As can be seen in Figure 6, at this point, the collar 28 no longer covers the

fluid port 20 and the fluid port 20 is exposed to fluid within the central bore 18. Although

the embodiment described above uses dogs 34 to form the deformable seat, such

suggestion is not intended to be limiting and one skilled in the art will appreciate that
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other ball and seat mechanisms commonly employed in the industry may be used

instead.

In this manner, one actuating member can be used to actuate a series of
tools having the same sized seat. The tools are placed in series in the string and are
isolated by conventional isolating means, such as packers or cement, to define the zone
to be stimulated. The last, or lowest, tool in the zone has a seat sized such that even
after actuation into its second position, the ball is not able to pass through the seat. This
prevents the flow of fluid to lower zones. [t can be understood that by using balls 6f
increasing diameter, and starting with a ball having the smallest diameter, a series of
isolated zones, starting with the one furthest from the well head, may be sequentially
activated. For example, two to ten tools may be placed in each isolated zone. Thus, a
fracturing string having ten packer isolated zones, with each zone containing ten tools,
will allow an operator to stimulate one hundred stages, with just ten surface treatments.

As can be seen in the Figures, a series of seals 44 are positioned
throughout the tool so as to be operatively supported between the sleeve member and
the tubular housing such that the sleeves prevent the leak of treatment fluid from the
tubular housing to the fluid ports in the first position of the sleeve member w-hich would
impair the ability maintain elevated hydraulic pressures.

Operation of the tool will now be described. A tubing string with one or

more of the present tools 10 is lowered into the wellbore. Conventional isclation means

such as packers mounted on the string or cement lining are used to create isolated

treatment zones.
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Each isolated treatment zone may contain one or more of the present
tools 10. According to the embodiment of Figures 1 through 6, a ball 36 is placed into
the treatment fluid and is introduced to the string. The ball passes through the string
until it becomes lodged on the seat 26 of a tool in the target zone. The operator
iIncreases the pressure of the treatment fluid. In one embodiment, the pressure is
Increased to approximately 2000 psi. The ball 36 is pressed against fhé dogs 34 urging
the sleeve 24 into its second position, and displacing the dogs 34 radially outward into
the recesses 38 so that the.ball 36 may pass through the sleeve 24. The fluid ports 20
on the actuated tool are now exposed to the treatment fluid passing down the string and
through the central bore, but the burst plug 22 prevents fluid communication with the
wellbore. The same process is repeated for each respective tool 10 located in the
selected zone until the ball 36 reaches the final tool 10 which is sized to prevent its
passage even after the sleeve 24 is moved into its second position. At this point, the

fluid ports 20 of all of the actuated tools 10 are uncovered, but not yet open. The

operator then pressurizes the treatment fluid to the level needed to hydraulically fracture

the wellbore. Upon reaching the threshold pressure, in one embodiment 4000 psi, the

burst plugs 22 all open at generally the same time and the opened fluid ports 20 allow

fluid communication with the wellbore. There is no compromise in the pressure of the
treatment fluid and all of the stages within the isolated zone are exposed to treatment

fluid at the desired high pressure levels.

The use of fluid ports 20 covered by a collar 28 and each having a burst

plug 22, is simple, effective and relatively economic. The burst plugs 22 prevent fluid
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communication with the wellbore until the treatment fluid has been pressured to the
levels needed to hydraulically fracture the wellbore. Furthermore, the burst plugs 22
facilitate simultaneous fluid communication with the wellbore through all opened fluid
ports in the isolated zone.

The tool 10 of Figures 1 through 6 can also be milled out'increase
production. The ball 36 flows back up the fracturing string during the recovery phase of
the fracturing operation.

Tuming now to the second embodiment of Figures 7 through 10, a further
example of a pressure actuated fracturing tool will now be described in further detail.
The second embodiment differs from the first embodiment primarily with regard to the
configuration of the deformable seat 26 and the configuration of the actuating member
36 arranged to be seated on the deformable seat 26 as described in the following.

In the second embodiment, the configuration of the tubular housing 12 is
substantially identical in that there is provided a central bore 18 defined by the inner
surface 13 extending longitudinally between the opposing first end 14 and second end
16 arranged for connection in series with the fracturing string. The fluid ports 20 are
similarly circumferentially spaced about the tubular housing so as to extend radially from
the inner surface 13 to the outer surface 15 for fluid communication between the central
bore and the wellbore. A burst plug 22 is disposed in each fluid port to prevent the

treatment fluid ﬂowihg through the fluid port uhtil the burst plug is opened by exposure
to the prescribed threshold hydraulic pressure level of the treatment fluid.

The sleeve member 24 of the second embodiment is also similarly
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supported within the central bore of the tubular housing so as to be longitudinally
slidable relative to the tubular housing between the first position in which the fluid ports
are covered by the sleeve member and the second position in which the fluid ports are
substantially unobstructed by the sleeve member.

As in the previous embodiment, the tubular housing 12 includes a central
portion of increased internal diameter which receives the sleeve member 24 therein.
The sleeve member is again formed of an upper collar 28 and a lower collar threadably
connected to the upper collar 28 to define ’the deformable seat 26.-The upper collar 28

and the lower collar are arranged so that they have a common outer diameter received

within the central portion of the tubular housing 12 so as to be longitudinally slidable

therein. An inner diameter of both the upper and lower collars forming the sleeve

member 24 in this embodiment is constant across the full length of the sleeve member
In the longitudinal direction of the string in which the inner diameter is substantially
identical to the inner diameter of the inner surface 13 of the tubular housing 12 at end

portions at both axially opposed ends of the central portion receiving the sleeve member

therein.
The constant inner diameter of the sleeve member 24 defines the central

passageway 25 extending longitudinally through the sleeve member between the axially

opposing ends thereof. The deformable seat 26 disposed within the central passageway
again comprises dogs 34 which extend inwardly into the central passageway in a first
condition such that the resulting inner diameter of the central passageway at the dogs

34 is reduced. As in the previous embodiment, when the sleeve member is displaced to
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the second position, the dogs 34 align with the recess 38 to allow the dogs to be
expanded cutwardly from the first condition to the second condition. In the second
condition, the inner diameter at the dogs 34 is the same as the remainder of the sleeve
member and the tubular housing at oppoéing ends of the central portion receiving the
sleeve member therein.

A similar cqnﬂguration of projections 42 received in a machined groove 40
retains each sleeve member in the second position once displaced from the first
position.

Though different in éonﬁguration than the previous embodiment, a single
actuating member 36 is again associated with a series of fracturing tools associated
with a single isolated zone of a fracturing string spanning multiple zones. The actuating
member 36 in this instance corﬁprises both a generally cylindrical shuttle member 100

and a ball 102 which cooperates with the shuttle member 100 as described in the
. following. The shuitle member has an outer diameter which is substantially equal to a

prescribed inner diameter of the central passageway of the sleeve member and the end

portions of the central bore through the tubular housing so as to be suited for
longitudinally sliding of the shuttle member through a series of tools in the fracturing
string associated with a respective zone. The shuitle member 100 is thus arranged to
be seated on the deformable seat 26 of éach tool of the respective isolated zone in the
first condition of the seat, but the deformable seat is adapted in the second condition to

allow the actuating member to pass through the central passageway and through the

tool for actuating a subsequent tool therebelow.
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The shuttle member 100 also comprises a sleeve having a central
passage 104 extending longitudinally therethrough between opposing first and second
ends. The central passage 104 has a constriction 106 wherein the internal diameter is
reduced to define a ball seat 108 disposed in the central passage of the actuating
membér. The ball seat 108 is arranged to receive the ball 102 and form a seal against
flow of treatment fluid when a ball is seated on the ball seat.

In a typical use of the fracturing tool 10, a plurality of the fracturing tools of
similar configuration are connected in series with one another in a fracturing string
spanning a plurality of isolated zones having multiple stages associated with each zone
such that each fracturing tool is associated with a respective stage of a respective
Isolated zone. Each isolated zone includes a respective shuitle member 100 and
cooperating ball 102 associated therewith so that the resulting actuating member
comprised of the shuttle member 100 and ball 102 seated thereon is arranged to
sequentially actuate all of the fracturing tools within the respective isolated zone. A
lowermost one of the fracturing tools within each isolated zone is arranged to prevent
displacement of the actuating member through the fracturing string beyond a bottom
end of the respectlive isolated zone though.

The ball of each isolated zone is arranged to pass through the shuttle

member of each fracturing tool associated with one of the isolated zones above the
respective isolated zone without actuating the shuttle member and without displacing
the sleeve members of the respective fracturing tools into the second position. Within

the respective zone however, the shuttle member 100 is arranged to be seated on the
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deformable seat 26 of each fracturing tool 10 in the first condition of the seat.

When there is provided a lower isolated zone and an upper isolated zone,
each comprised of multiple stages for example, the ball of the lower isolated zone has a
| prescribed diameter which is arranged to be seated on the ball seat of the shuttle
member of the lower isolated zone. The constriction 106 in the shuttle member 100 of
the upper zone has a greater inner diameter than the cohstriction 106 of the lower zone
such that the diameter of the lower ball 102 is arranged to pass through the ball seat of
the shuttle member of the upper isolated zone without being seated thereon and without
displacing the shuttle member of the upper isolated zone to be seated on the various
deformable seats 26 of the tools of the upper zone. The ball of the upper isolated zone
however has a prescribed diameter which is greater than the ball of the lower zone so
as to be arranged to be seated on the ball seat 108 of the shuttle member of the upper
isolated zone.

The use of the fracturing tools 10 according to the second embodiment
involves providing a fracturing tool 10 associated with each stage of a plurality of zones
comprising multiple stages per zone. Each zone includes a single actuating member
associated with all tools in that zone. The shuttle member 100 i's initrally positioned
within the fracturing string above the uppermost tool of the respective zone and all
sleeve members are initially in the first position.

A lowermost zone is initially isolated by directing the ball associated with

that zone downwardly through the fracturing string to be seated within the respective

shuttle member by pumping the treatment fluid downwardly through the fracturing string.
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Once the ball is séated on the shuttle member, continued pumping of treatment fluid
directs the shuttle member downwardly to be sequentially seated on the deformable
seats of the associated tools to sequentially displace the sleeve member of each
fracturing tool associated with the [ower isolated zone into the second position. Once
the shuttle member and associated ball are located within a lowermost one of the
fracturing tools associated with the lower isolated zone, further downward movement is
prevented so as to form a seal against a flow of the treatment fluid. Continued pumping
of the treatment fluid to achieve the threshold hydraulic pressure level then opens the
burst plugs in the fluid ports of the lower isolated zone to hydraulically fracture the
wellbore within the lower isolated zone.

The upper zone is subsequently isolated for fracturing by directing the ball
of the upper isolated zone downwardly through the fracturing string such that the ball is
seated on the shuttle member of the upper isolated zone and the sleeve members in the
upper isolated zone are sequentially displaced into the second position. Once the ball
and shuttle member of the uppef isolated zone are located within a lowermost one of
the fracturing tools associated with the upper isolated zone, the ball and actuating
member are prevented from further downward displacement so as to form a seal
against a flow of the treatment fluid. Continued pumping of the treatment fluid to achieve
the threshold hydraulic pressure level then opens the burst plugs in the fluid ports and
hydraulically fractures the wellbore within the upper isolated zone.

As in the previous embodiment, by uncovering all burst plugs in an

~ isolated zone prior to opening the burst plugs, pressure in the treatment fluid can be
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g}'adually pumped up to the threshold fluid pressure so as to store considerable
potential energy in the fluid. By further arranging all of the burst plugs within one tool or
a series or tools spanning one isolated zone in a fracturing sting to open at substantially
the same threshold fluid pressure level, the stored energy can be quickly or suddenly

discharged throughout all of the isolated zone to improve frac initiation throughout the

isolated zone.
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CLAIMS:

1. A fracturing tool for use with an actuating member in a fracturing string for
hydraulically fracturing a wellbore with treatment fluid using a prescribed threshold
hydraulic pressure level, the fracturing tool comprising:

a tubular housing extending longitudinally between opposing first and
second ends arranged for connection in series with the fracturing string, the tubular
housing having:

ah inner surface defining a central bore extending through the
tubular housing from the first end to the second end, and

at least one fluid port extending from the inner surface to an outer
surface of the tubular housing for fluid communication beiween the central bore and the
| wellbore;

a burst plug disposed in the at least one fluid port, the burst plug being
operable from a cl‘osed condition, in which the burst plug maintains a fluid seal to
prevent the treatment fluid flowing through the fluid port below the prescribed threshold
hydraulic pressure level, to an open condition, in which the burst plug is opened in
response to the prescribed threshold hydraulic pressure level of the freatment fluid to

allow the treatment fluid to flow through the fluid port;

a sleeve member supported within the central bore of the tubular housing
so as to be longitudinally slidable relative to the tubular housing between a first position
in which the burst plug of the at least one fluid port is covered by the sleeve member

and a second position in which the burst plug of the at least one fluid port is
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substantially unobstructed by the sleeve member, the sleeve member comprising:
a central passageway extending longitudinally therethrough; and
a deformable seat disposed in the central passageway so as to be
operable between a first condition in which the deformable seat is adapted to receive
the actuating member seated thereon and a second condition in which the deformable

seat is adapted to allow the actuating member to pass through the central passageway;

the deformable seat being operable from the first condition to the
second condition only upon displacement of the sleeve member into the second
position; and

seals operatively supported between the sleeve member and the tubular

housing to prevent leaking of the treatment fluid from the tubular housing to the at least
one fluid port in-the first position of the sleeve member.
2. The fracturing tool according to Claim 1 in combination with the actuating
member, wherein the deformable seat and the actuating member seated thereon are

arranged to substantially form a seal against the flow of the treatment fluid so that the

sleeve member is movable from the first position {0 the second position when the
deformable Seat and actuating member seated thereon are exposed to ah actuation
hydraulic pressure level of the treatment fluid which is less than the prescribed
threshold hydraulic pressure level of the treatment fluid.

3.  The fracturing tool according to Claim 2, wherein the centfal passageway of the
sleeve member has a prescribed inner diameter which is substantially equal to an inner

diameter of at least a portion of the central bore of the tubular housing and wherein the
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actuating member has an outer diameter which is substantially equal to the prescribed
inner diameter.

4. The fracturing {ool according to Claim 2 or 3, wherein the actuating member
comprises a generally cylindrical shuttle member having a central passage extending
longttudinally therethrough and a ball seat disposed in the central passage of the
actuating member adapted to form a seal against flow of the treatment fluid when a ball

IS seated on the ball seat, wherein the shuttle member is arranged to pass through the
central passageway of the tubular housing when the sleeve member is displaced to the

second position and the deformable seat of the sleeve member is displaced to the

second condition.

5. The fracturing tool according to Ciaim 2, wherein the actuating-member
comprises a ball arranged to be seated on the deformable seat so as to form the seal
against the flow of the treatment fluid.

6. The fracturing tool according to Claim 5, wherein the central passageway
Includes a constriction having a prescribed inner diameter which is less than ah Inner
diameter of the inner surface of at least a portion of the central bore of the tubular
housing, the deformable seat being disposed within the constriction.

7. The f(acturing tool according to any one of Claims 1, 3, 4, 5 or 6 in combination
with the actuating member, wherein at least a portion of the actuating member is
arranged to be supported on a tubing string and has an outer diameter which is
arranged to be greater than an outer diameter of the tubing string.

8. The fracturing tool according to any one of Claims 1 to 7, wherein the burst plug
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in the at least one fluid port is adapted to open by bursting, rupturing or shearing in
response to the prescribed threshold hydraulic pressure level of the treatment fluid.

9. The fracturing tool according to any one of Claims 1 to 7, wherein the burst plug
comprises a material with consistent mechanical properties arranged to burst, rupture or
shear in response to the prescribed threshold hydraulic pressure level of the treatment
fluid.

10. The fracturing tool according to claim 9, wherein the burst plug comprises a

metal.

11.  The fracturing tool according to any one of claims 1 i0 10, wherein the at least
one fluid port is a plurality of fluid ports circumferentially spaced about the tubular
housing and oriented substantially perpendicular to a longitudinal axis of the tubular
housing.

12.  The fracturing tool according to any one of Claims 1 to 11, in combination with a
plurality of the actuating members, the fracturing tool being one of a plurality of the
fracturing tools connected in series with one another in a fracturing string spanning a
plurality of isolated zones and having multiple stages associated with each of the
plurality of isolated zones, such that each of the plurality of fracturing tools is associated
| with a respective stage of a respective isolated zone, each of the plurality of actuating
members is assaociated with one of the respective isolated zones to sequentially actuate
each of the plurality of the fracturing tools within the respective isolaied zone, and the

burst plug of the at least one fluid port in each of the plurality of fracturing fools

associated with the respective isolated zone is operable from the closed position to the
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open condition in response to the prescribed threshold hydraulic pressure level of the
treatment fluid;

13.  The fracturing tool according to Claim 12, wherein a lowermost one of the
plurality of fracturing tools within each of the plurality of isolated zones is arranged to
prevent displacement of the actuating member through the fracturing string beyond a
bottom end of the respective isolated zone.

14.  The fracturing tool according to Claim 12 or 13, wherein thé actuating member
associated with each of the plurality of isclated zones comprises a ball having a

prescribed diameter associated with the plurality of fracturing tools for a respective

isolated zone and which is different than the diameter of the ball associated with the
other isolated zones, such that each of the plurality of actuating members is arranged to
pass through each fracturing tool associated with one of the isolated zénes above the
respective isolated zone without displacing the sleeve member into the second position
of any fracturing tool above the respective isolated zone.

15.  The fracturing tool according to Claim 12 or 13, wherein the actuating member

associated with each of the plurality of isolated zones comprises a generally cvlindrical

shuttle member and a respective ball associated therewith, the shuttle member having a

central passage extending longitudinally therethrough and a ball seat disposed in the

central passage of the shuttle member so as to be arranged to form a seal against the
flow of treatment fluid when the respective ball is seated on the ball seat, wherein the
ball associated with each of the plurality of isolated zones is arranged to pass through

the shuttle member of each fracturing tool associated with one of the isolated zones
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above the respective isolated zone without actuating the shuttle member to displace the.
sleeve members of any fracturing tool above the respective isolated zone into the
second position.

16. A method of hydraulically fracturing multiple stages within a lower isolated zone
in a wellbore with a treatment fluid Which can achieve a prescribed threshold hydraulic
pressure level, the method comprising the steps of:

() providing a plurality of the fracturing tools as defined in any one of
claims 1 to 11, each of the plurality of fracturing tools being connected in series with one
another in a fracturing string spanning the lower isolated zone such that each of the
plurality of fracturing tools is associated with a respective stage of the lower isolated
Zone;

it} providing one of the actuating members to be associated with the
plurality of fracturihg tools associated with the lower isolated zone;

lit) directing the actuating member associated with the lower zone
downwardly through the ffaoturi ng string to sequentially displace the sleeve member of
each of the plurality of fracturing tools associated with the lower isolated zone into the
second position at an actuation hydraulic pressure level of treatment fluid which is less
than the prescribed threshold hydraulic pressure level of treatment fluid; '

iv) locating the actuating member within a lowermost one of the fracturing '
tools associated with the lower isolated zone so as to form a seal against a flow of the

treatment fluid: and

v) pumping the treatment fluid to achieve the prescribed threshold
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hydraulic pressure level to open the burst plug in the at least one fluid port of only the
plurality of fracturing tools associated with the lower isolated zone and to hydraulically
fracture the wellbore within the lower isolated zone. '

17. The method according to Claim 16, further comprising hydraulically fracturing
multiple stages within an upper isolated zone above the lower isolated zone by the
steps of:

providing a plurality of the fracturing tools as defined in any one of claims

1 to 11, each of the plurality of fracturing tools being connected in series with one
another in a fracturing string spanning the upper isolated zone such that each of the
plurality of fracturing tools is associated with a respective stage of the upper isolatea
zone,

providing one of the actuating members to be associated with the plufality
of fracturing tools associated with the upper isolated zone,

repeating steps iii) to v), but adapted to hydraulically fracture the wellbore
within the upper isolated zone.
18. The method according to claim 16 or 17, wherein the isolated zone of the

wellbore includes a cement liner.

19. The method according to claim 16 or 17, wherein the isolated zone of the

wellbore includes a plurality of packers.
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