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ABSTRACT

A downhole sleeve has an insert movable in the sleeve’s bore from a closed 

condition to an opened condition when a ball dropped in the bore engages an indexing 

seat in the sliding sleeve. In the closed condition, the insert prevents communication 

between the bore and the sleeve’s port, while the insert in the opened condition permits 

communication between the bore and port. Keys of a seat extend into the bore to 

engage the ball and to move the insert open. After opening, the keys retract so the ball 

can pass through the sleeve to another cluster sleeve or to an isolation sleeve of an 

assembly. Insets or buttons disposed in the sleeve’s port temporarily maintain fluid 

pressure in the sleeve’s bore so that a cluster of sleeves can be opened before 

treatment fluid dislodges the button to treat the surrounding formation through the open 

port.
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AUSTRALIA

Patents Act 1990

P/00/011
Regulation 3.2

ORIGINAL 
COMPLETE SPECIFICATION 

STANDARD PATENT

Invention Title:

"CLUSTER OPENING SLEEVES FOR WELLBORE"

The following statement is a full description of this invention, including the best method

of performing it known to me/us:
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Cluster Opening Sleeves for Wellbore

FIELD OF THE INVENTION

[0001] The invention relates generally to cluster opening sleeves for wellbore.

BACKGROUND

[0002] In a staged frac operation, multiple zones of a formation need to be isolated 
sequentially for treatment. To achieve this, operators install a frac assembly down the 
wellbore. Typically, the assembly has a top liner packer, open hole packers isolating 
the wellbore into zones, various sliding sleeves, and a wellbore isolation valve. When 
the zones do not need to be closed after opening, operators may use single shot sliding 
sleeves for the frac treatment. These types of sleeves are usually ball-actuated and 
lock open once actuated. Another type of sleeve is also ball-actuated, but can be 
shifted closed after opening.
[0003] Initially, operators run the frac assembly in the wellbore with all of the sliding 
sleeves closed and with the wellbore isolation valve open. Operators then deploy a 
setting ball to close the wellbore isolation valve. This seals off the tubing string so the 
packers can be hydraulically set. At this point, operators rig up fracturing surface 
equipment and pump fluid down the wellbore to open a pressure actuated sleeve so a 
first zone can be treated.
[0004] As the operation continues, operates drop successively larger balls down the 
tubing string and pump fluid to treat the separate zones in stages. When a dropped ball 
meets its matching seat in a sliding sleeve, the pumped fluid forced against the seated 
ball shifts the sleeve open. In turn, the seated ball diverts the pumped fluid into the 
adjacent zone and prevents the fluid from passing to lower zones. By dropping 
successively increasing sized balls to actuate corresponding sleeves, operators can 
accurately treat each zone up the wellbore.
[0005] Because the zones are treated in stages, the lowermost sliding sleeve has a 
ball seat for the smallest sized ball size, and successively higher sleeves have larger 
seats for larger balls. In this way, a specific sized dropped ball will pass though the
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seats of upper sleeves and only locate and seal at a desired seat in the tubing string. 

Despite the effectiveness of such an assembly, practical limitations restrict the number 

of balls that can be run in a single tubing string. Moreover, depending on the formation 

and the zones to be treated, operators may need a more versatile assembly that can 

suit their immediate needs.

[0006] The subject matter of the present disclosure is directed to overcoming, or at 

least reducing the effects of, one or more of the problems set forth above.

SUMMARY

[0007] A cluster of sliding sleeve deploys on a tubing sting in a wellbore. Each sliding 

sleeve has an inner sleeve or insert movable from a closed condition to an opened 

condition. When the insert is in the closed condition, the insert prevents communication 

between a bore and a port in the sleeve’s housing. To open the sliding sleeve, a plug 

(ball, dart, or the like) is dropped into the sliding sleeve. When reaching the sleeve, the 

ball engages a corresponding seat in the insert to actuate the sleeve from the closed 

condition to the opened condition. Keys or dogs of the insert’s seat extend into the bore 

and engage the dropped ball, allowing the insert to be moved open with applied fluid 

pressure. After opening, fluid can communicates between the bore and the port.

[0008] When the insert reaches the opened condition, the keys retract from the bore 

and allow the ball to pass through the seat to another sliding sleeve deployed in the 

wellbore. This other sliding sleeve can be a cluster sleeve that opens with the same 

ball and allows the ball to pass therethrough after opening. Eventually, however, the 

ball can reach an isolation sleeve deployed on the tubing string that opens when the ball 

engages its seat but does not allow the ball to pass therethrough. Operators can deploy 

various arrangements of cluster and isolation sleeves for different sized balls to treat 

desired isolated zones of a formation.

[0009] Insets or buttons disposed in the sleeve’s port temporarily maintain fluid 

pressure in the sleeve’s bore so that a cluster of sleeves can be opened before 

treatment fluid dislodges the button to treat the surrounding formation through the open 

port. The button can have a small orifices therethrough that allows a pressure 

differential to develop that may help the insert move from the closed to the opened
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condition. The button can be dislodged by high-pressure, breaking, erosion, or a 
combination of these. For example, the button may be forced out of the port when the 
high-pressure treatment fluid is pumped into the sleeve. Additionally, one or more 
orifices and slots on the button can help erode the button in the port to allow treatment 
fluid to exit. In dislodging the button in this manner, the erosion can wear away the 
button and may help break up the button to force it out of the port.

[0010] The foregoing summary is not intended to summarize each potential 
embodiment or every aspect of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1 diagrammatically illustrates a tubing string having multiple sleeves 
according to the present disclosure.
[0012] Fig. 2A illustrates an axial cross-section of a cluster sliding sleeve according to 
the present disclosure in a closed condition.
[0013] Fig. 2B illustrates a lateral cross-section of the cluster sliding sleeve in Fig. 2A.
[0014] Fig. 3A illustrates another axial cross-section of the cluster sliding sleeve in an
open condition.

[0015] Fig. 3B illustrates a lateral cross-section of the cluster sliding sleeve in Fig. 3A.
[0016] Fig. 4A illustrates an axial cross-section of another cluster sliding sleeve
according to the present disclosure in a closed condition.

[0017] Fig. 4B illustrates an axial cross-section of the cluster sliding sleeve of Fig. 4A 
in an open condition.
[0018] Fig. 4C illustrates a lateral cross-section of the cluster sliding sleeve in Fig. 4B. 
[0019] Figs. 5A-5B illustrate cross-section and plan views of an inset or button for the 
cluster sliding sleeve of Figs. 4A-4C.
[0020] Fig. 6 illustrates an axial cross-section of an isolation sliding sleeve according 
to the present disclosure in an opened condition.
[0021] Figs. 7A-7B schematically illustrate an arrangement of cluster sliding sleeves 
and isolation sliding sleeves in various stages of operation.
[0022] Fig. 8 schematically illustrates another arrangement of cluster sliding sleeves 
and isolation sliding sleeves in various stages of operation.

3
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[0023] Fig. 9 illustrates a cross-section of a downhole tool having insets according to 
the present disclosure disposed in ports thereof.

DETAILED DESCRIPTION

[0024] A tubing string 12 shown in Fig. 1 deploys in a wellbore 10. The string 12 has 
an isolation sliding sleeve 50 and cluster sliding sleeves 100A-B disposed along its 
length. A pair of packers 40A-B isolate portion of the wellbore 10 into an isolated zone. 
In general, the wellbore 10 can be an opened or cased hole, and the packers 40A-B can 
be any suitable type of packer intended to isolate portions of the wellbore into isolated 
zones. The sliding sleeves 50 and 100A-B deploy on the tubing string 12 between the 
packers 40A-B and can be used to divert treatment fluid to the isolated zone of the 
surrounding formation.

[0025] The tubing string 12 can be part of a frac assembly, for example, having a top 
liner packer (not shown), a wellbore isolation valve (not shown), and other packers and 
sleeves (not shown) in addition to those shown. The wellbore 10 can have casing 
perforations 14 at various points. As conventionally done, operators deploy a setting 
ball to close the wellbore isolation valve, rig up fracturing surface equipment, pump fluid 
down the wellbore, and open a pressure actuated sleeve so a first zone can be treated. 
Then, in a later stage of the operation, operators actuate the sliding sleeves 50 and 
100A-B between the packers 40A-B to treat the isolated zone depicted in Fig. 1.
[0026] Briefly, the isolation sleeve 50 has a seat (not shown). When operators drop a 
specifically sized plug (e.g., ball, dart, or the like) down the tubing string 12, the plug 
engages the isolation sleeve’s seat. (For purposes of the present disclosure, the plug is 
described as a ball, although the plug can be any other acceptable device.) As fluid is 
pumped by a pump system 35 down the tubing string 12, the seated ball opens the 
isolation sleeve 50 so the pumped fluid can be diverted out ports to the surrounding 
wellbore 10 between packers 40A-B.
[0027] In contrast to the isolation sleeve 50, the cluster sleeves 100A-B have 
corresponding seats (not shown) according to the present disclosure. When the 
specifically sized ball is dropped down the tubing string 12 to engage the isolation 
sleeve 50, the dropped ball passes through the cluster sleeves 100A-B, but opens these

4
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sleeves 100A-B without permanently seating therein. In this way, one sized ball can be 
dropped down the tubing string 12 to open a cluster of sliding sleeves 50 and 100A-B to 

treat an isolated zone at particular points (such as adjacent certain perforations 14). 
[0028] With a general understanding of how the sliding sleeves 50 and 100 are used, 
attention now turns to details of a cluster sleeve 100 shown in Figs. 2A-2B and Figs. 3A- 

3B and an isolation sleeve 50 shown in Fig. 6.

[0029] Turning first to Figs. 2A through 3B, the cluster sleeve 100 has a housing 110 
defining a bore 102 therethrough and having ends 104/106 for coupling to a tubing 
string. Inside the housing 110, an inner sleeve or insert 120 can move from a closed 
condition (Fig. 2A) to an open condition (Fig. 3A) when an appropriately sized ball 130 
(or other form of plug) is passed through the sliding sleeve 100.
[0030] In the closed condition (Fig. 2A), the insert 120 covers external ports 112 in the 
housing 110, and peripheral seals 126 on the insert 120 keep fluid in the bore 102 from 
passing through these ports 112. In the open condition (Fig. 3A), the insert 120 is 
moved away from the external ports 112 so that fluid in the bore 102 can pass out 
through the ports 112 to the surrounding annulus and treat the adjacent formation.
[0031] To move the insert 120, the ball 130 dropped down the tubing string from the 
surface engages a seat 140 inside the insert 120. The seat 140 includes a plurality of 
keys or dogs 142 disposed in slots 122 defined in the insert 120. When the sleeve 120 
is in the closed condition (Fig. 2A), the keys 142 extend out into the internal bore 102 of 
the cluster sleeve 100. As best shown in the cross-section of Fig. 2B, the inside wall of 
the housing 110 pushes these keys 142 into the bore 102 so that the keys 142 define a 
restricted opening with a diameter (d) smaller than the intended diameter (D) of the 
dropped ball. As shown, four such keys 142 can be used, although the seat 140 can 
have any suitable number of keys 142. As also shown, the proximate ends 144 of the 
keys 142 can have shoulders to catch inside the sleeve’s slots 122 to prevent the keys 
142 from passing out of the slots 122.
[0032] When the dropped ball 130 reaches the seat 140 in the closed condition, fluid 
pressure pumped down through the sleeve’s bore 102 forces against the obstructing 
ball 130. Eventually, the force releases the insert 120 from a catch 128 that initially 
holds it in its closed condition. As shown, the catch 128 can be a shear ring, although a
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collet arrangement or other device known in the art could be used to hold the insert 120 
temporarily in its closed condition.

[0033] Continued fluid pressure then moves the freed insert 120 toward the open 
condition (Fig. 3A). Upon reaching the lower extremity, a lock 124 disposed around the 
insert 120 locks the insert 120 in place. For example, the lock 124 can be a snap ring 
that reaches a circumferential slot 116 in the housing 110 and expands outward to lock 
the insert 120 in place. Although the lock 124 is shown as a snap ring 124 is shown, 
the insert 120 can use a shear ring or other device known in the art to lock the insert 
120 in place.
[0034] When the insert 120 reaches its opened condition, the keys 124 eventually 
reach another circumferential slot 114 in the housing 110. As best shown in Fig. 3B, the 
keys 124 retract slightly in the insert 120 when they reach the slot 114. This allows the 
ball 130 to move or be pushed past the keys 124 so the ball 130 can travel out of the 
cluster sleeve 100 and further downhole (to another cluster sleeve or an isolation 
sleeve).
[0035] When the insert 120 is moved from the closed to the opened condition, the 
seals 126 on the insert 120 are moved past the external ports 112. A reverse 
arrangement could also be used in which the seals 126 are disposed on the inside of 
the housing 110 and engage the outside of the insert 120. As shown, the ports 112 
preferably have insets or buttons 150 with small orifices that produce a pressure 
differential that helps when moving the insert 120. Once the insert 120 is moved, 
however, these insets 150, which can be made of aluminum or the like, are forced out of 
the port 112 when fluid pressure is applied during a frac operation or the like.
Therefore, the ports 112 eventually become exposed to the bore 102 so fluid passing 
through the bore 102 can communicate through the exposed ports 112 to the 
surrounding annulus outside the cluster sleeve 100.
[0036] Another embodiment of a cluster sliding sleeve 100 illustrated in Figures 4A-4C 
has many of the same features as the previous embodiment so that like reference 
numerals are used for the same components. As one difference, the cluster sleeve 100 
has an orienting seat 146 fixed to the insert 120 just above the keys 142. The seat 146 
helps guide a dropped ball 130 or other plug to the center of the keys 142 during

6
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operations and can help in creating at least a temporary seal at the seat 140 with the 
engaged ball 130.

[0037] As another difference, the cluster sleeve 100 has the lock 124, which can be a 
snap ring, disposed above the seat 140 as opposed to being below the seat 140 as in 
previous arrangements. The lock 124 engages in the circumferential slot 114 in the 
housing 110 used for the keys 142, and the lock 124 expands outward to lock the insert 
120 in place. Therefore, an additional slot in the housing 110 may not be necessary. 
[0038] Similar to other arrangements, this cluster sleeve 100 also has a plurality of 
insets or buttons 150 disposed in ports 112 of the housing 110. As before, these 
buttons 150 having one or more orifices and create a pressure differential to help open 
the insert 120. Additionally, the buttons 150 help to limit flow out of the sleeve 100 at 
least temporarily during use. To allow treatment fluid to eventually flow through the 
ports 112, the buttons 150 have a different configuration than previously described and 
are more prone to eroding as discussed below.

[0039] As disclosed previously, the cluster sleeve 100 can be used in a cluster system 
having multiple cluster sleeves 100, and each of the cluster sleeves 100 for a 
designated cluster can be opened with a single dropped ball 130. As the ball 130 
reaches and seats in the upper-most sleeve 100 of the cluster, for example, tubing 
pressure applied to the temporarily seated ball 130 opens this first sleeve’s insert 120. 
With the insert 120 in the closed condition of Figure 4A, the insert’s seals 126 prevent 
fluid flow through the buttons 150. However, the small orifices in the buttons 150 
produce a pressure differential across the insert 120 that can help when moving the 
insert 120 open.

[0040] When the insert 120 moves down, the seat 140 disengages and frees the ball 
130. Continuing downhole, the ball 130 then drops to the next lowest sleeve 100 in the 
cluster so the process can be repeated. Once the ball 130 seats at the lower-most 
sleeve of the cluster (e.g., an isolation sleeve), the frac operation can begin.
[0041] As the ball 130 drops and opens the various sleeves 100 of the cluster before 
reaching the lower-most sleeve, however, a sufficient tubing pressure differential must 
be maintained at least until all of the sleeves 100 in the cluster have been opened. 
Otherwise, lower sleeves 100 in the cluster may not open as tubing pressure escapes
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through the sleeve’s ports 112 to the annulus. Therefore, it is necessary to obstruct the 
ports 112 temporarily in each sleeve 100 with the buttons 150 until the final sleeve of 
the cluster has been opened with the seated ball 130.
[0042] For this reason, the sleeve 100 uses the buttons 150 to temporarily obstruct the 
ports 112 and maintain a sufficient tubing pressure differential so all of the sleeves in 
the cluster can be opened. Once the insert 120 is moved to an open condition as in 
Figure 4B, these buttons 150 are exposed to fluid flow. At this point, the fluid used to 
open the sleeves 100 in the cluster may only be allowed to escape slightly through the 
orifices in the buttons 150. This may be especially true when the pumped fluid used to 
open the sleeves is different from the treatment fluid used for the frac operation. Yet, 

the buttons 150 can be designed to limit fluid flow whether the pumped fluid is treatment 
fluid or some other fluid.

[0043] Once the buttons 150 are exposed to erosive flow (i.e., the treatment operation 
begins), the buttons 150 can start to erode as the treatment fluid in the sleeve 100 
escapes through the button’s orifices. Preferably, the buttons 150 are composed of a 
material with a low resistance to erosive flow. For example, the buttons 150 can use 
materials, such as brass, aluminum, plastic, or composite.
[0044] As noted herein, the treatment fluid pumped through the sleeve 100 can be a 
high-pressure fracture fluid pumped during a fracturing operation to form fractures in the 
formation. The fracturing fluid typically contains a chemical and/or proppant to treat the 

surrounding formation. In addition, granular materials in slurry form can be pumped into 
a wellbore to improve production as part of a gravel pack operation. The slurries in any 
of these various operations can be viscous and can flow at a very high rates (e.g., 
above 10 bbls/min) so that the slurry’s flow is highly erosive. Exposed to such flow, the 
buttons 150 eventually erode away and/or break out of the ports 112 so the ports 112 
become exposed to the bore 102. At this point, the treatment fluid passing through the 
bore 102 can communicate through the exposed ports 112 to the surrounding annulus 
outside the cluster sleeve 100.
[0045] The buttons 150 are in the shape of discs and are held in place in the ports 112

by threads or the like. As shown in the end section of Figure 4C, a number (e.g., six) of
the buttons 150 can be disposed symmetrically about the housing 110 in the ports 112.

8
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More or less buttons 150 may be used depending on the implementation, and they may 
be arranged around the sleeve 100 as shown and/or may be disposed along the length 
of the sleeve 100.

[0046] Figures 5A-5B show further details of one embodiment of an inset or button 150 

according to the present disclosure. As shown, the button 150 has an inner surface 
152, an outer surface 154, and a perimeter 156. The inner surface 152 is intended to 

face inward toward the cluster sleeve’s central bore (102), while the outer surface 154 is 
exposed to the annulus, although the reverse arrangement could be used depending on 
the intended direction of flow. The perimeter 152 can have thread or the like for holding 
the button 150 in the sleeve’s port (112).
[0047] A series of small orifices or holes 157 are defined through the button 150 and 
allow a limited amount of flow to pass between the tubing and the annulus. As noted 

previously, the orifices 157 can help the cluster sleeve’s insert (120) to open by 
exposing the insert (120) to a pressure differential. Likewise, the orifices 157 allow 
treatment fluid to pass through the button 150 and erode it during initial treatment 
operations as discussed herein.
[0048] The orifices 157 are arranged in a peripheral cross-pattern around the button’s 
center, and joined slots 153 in the inner surface 152 pass through the peripheral orifices 
157 and the center of the button 150. A hex-shaped orifice 158 can be provided at the 
center of the button 150 for threading the button 150 in the sleeve’s port (112), although 
a spreader tool may be used on the peripheral orifices 157 or a driver may be used in 
the slots 153.
[0049] Once the insert (120) is moved to the open condition (See Fig. 4B), the initial 
flow through the button’s orifices 157, 158 is small enough to allow the tubing differential 
to be maintained until the last sleeve of the cluster is opened as disclosed herein. As 
treatment fluid passes through the small orifices 157/158, however, rapid erosion is 
encouraged by the pattern of the orifices 157/158 and the slots 153.
[0050] As shown, the joined slots 153 can be defined in only one side of the button 
150, although other arrangements could have slots on both sides of the button 150. 
Preferably, the joined slots pass through the orifices 157/158 as shown to enhance 
erosion. In particular, the outline 159 depicted in Figure 5B generally indicates the

9
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pattern of erosion that can occur in the button 150 when exposed to erosive flow. In 
general, the central portion of the button 150 erodes due to the several orifices 157/158. 

Erosion can also creep along the slots 153 where the button 150 is thinner, essentially 
dividing the button 150 into quarters. As will be appreciated, this pattern of erosion can 
help remove and dislodge the button 150 from its port (112).
[0051] Erosion is preferred to help dislodge the buttons 150 because the erosion 
occurs as long as there is erosive flow in the sleeve 100. If pressure alone were relied 
upon to dislodge the buttons 150, sufficient pressure to open all of the ports (112) may 
be lost should some of the buttons 150 prematurely dislodge from the ports (112) during 
opening procedures. Although the buttons 150 are described as eroding to dislodge 
from the ports (112), it will be appreciated that fluid pressure from the treatment 
operation may push the buttons 150 from the port (112), especially when the buttons 
150 are weakened and/or broken up by erosion. Therefore, as the treatment operation 
progresses, the buttons 150 can completely erode and/or break away from the ports 
(112) allowing the full open area of the ports (112) to be utilized.

[0052] For the sake of illustration, the diameter D of the button 150 can be about 1.25- 
in, and the thickness T can be about 0.18-in. The depth H of the slots 153 can be about 
0.07-in, while their width W can be about 0.06-in. The orifices 157, 158 can each have 
a diameter of about 3/32-in, and the peripheral orifices 157 can be offset a distance R of 
about 0.25-in. from the button’s center.
[0053] Other configurations, sizes, and materials for the buttons 150 can be used 
depending on the implementation, the size of the sleeve 100, the type of treatment fluid 
used, the intended operating pressures, and the like. For example, the number and 
arrangement of orifices 157, 158 and slots 153 can be varied to produce a desired 
erosion pattern and length of time to erode. In addition, the particular material of the 
button 150 may be selected based on the pressures involved and the intended 
treatment fluid that will produce the erosion.
[0054] As noted previously, the dropped ball 130 can pass through the cluster sleeve 
100 to open it so the ball 130 can pass further downhole to another cluster sleeve or to 
an isolation sleeve. In Fig. 6, an isolation sleeve 50 is shown in an opened condition. 
The isolation sleeve 50 defines a bore 52 therethrough, and an insert 54 can be moved
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from a closed condition to an open condition (as shown). The dropped ball 130 with its 
specific diameter is intended to land on an appropriately sized ball seat 56 within the 
insert 54.
[0055] Once seated, the ball 130 typically seals in the seat 56 and does not allow fluid 
pressure to pass further downhole from the sleeve 50. The fluid pressure 
communicated down the isolation sleeve 50 therefore forces against the seated ball 130 
and moves the insert 54 open. As shown, openings in the insert 54 in the open 
condition communicate with external ports 56 in the isolation sleeve 50 to allow fluid in 
the sleeve’s bore 52 to pass out to the surrounding annulus. Seals 57, such as chevron 
seals, on the inside of the bore 52 can be used to seal the external ports 56 and the 
insert 54. One suitable example for the isolation sleeve 50 is the Single-Shot 
ZoneSelect Sleeve available from Weatherford.
[0056] As mentioned previously, several cluster sleeves 100 can be used together on 
a tubing string and can be used in conjunction with isolation sleeves 50. Figs. 7A-7C 
show an exemplary arrangement in which three zones A-C can be separately treated by 
fluid pumped down a tubing string 12 using multiple cluster sleeves 100, isolation 
sleeves 50, and different sized balls 130. Although not shown, packers or other devices 
can be used to isolate the zones A-C from one another. Moreover, packers can be 
used to independently isolate each of the various sleeves in the same zone from one 
another, depending on the implementation.
[0057] Operation of the cluster sleeves 100 commences according to the arrangement 
of sleeves 100 and other factors. As shown in Fig. 7A, a first zone A (the lowermost) 
has an isolation sleeve 50A and two cluster sleeves 100A-1 and 100A-2 in this 

example. These sleeves 50A, 100A-1, and 100A-2 are designed for use with a first ball 
130A having a specific size. Because this first zone A is below sleeves in the other 
zones B-C, the first ball 130A has the smallest diameter so it can pass through the 
upper sleeves of these zones B-C without opening them.
[0058] As depicted, the dropped ball 130A has passed through the isolation sleeves 
50B/50C and cluster sleeves 100B/100C in the upper zones B-C. At the lowermost 
zone A, however, the dropped ball 130A has opened first and second cluster sleeves 
100A-1/100A-2 according to the process described above and has traveled to the
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isolation sleeve 50A. Fluid pumped down the tubing string can be diverted out the ports 
106 in these sleeves 100A-1/100A-2 to the surrounding annulus for this zone A.

[0059] In a subsequent stage shown in Fig. 7B, the first ball 130A has seated in the 

isolation sleeve 50A, opening its ports 56 to the surrounding annulus, and sealing fluid 
communication past the seated ball 130A to any lower portion of the tubing string 12.
As depicted, a second ball 130B having a larger diameter than the first has been 
dropped. This ball 130B is intended to pass through the sleeves 50C/100C of the 
uppermost zone C, but is intended to open the sleeves 50B/100B in the intermediate 
zone B.
[0060] As shown, the dropped second ball 130B has passed through the upper zone C 
without opening the sleeves. Yet, the second ball 130B has opened first and second 
cluster sleeves 100B-1/100B-2 in the intermediate zone B as it travels to the isolation 
sleeve 50B. Finally, as shown in Fig. 5C, the second ball 130B has seated in the 
isolation sleeve 50B, and a third ball 130C of an even greater diameter has been 
dropped to open the sleeves 50C/100C in the upper most zone C.
[0061] The arrangement of sleeves 50/100 depicted in Figs. 7A-7C is illustrative. 
Depending on the particular implementation and the treatment desired, any number of 
cluster sleeves 100 can be arranged in any number of zones. In addition, any number 
of isolation sleeves 50 can be disposed between cluster sleeves 100 or may not be 
used in some instances. In any event, by using the cluster sleeves 100, operators can 

open several sleeves 100 with one-sized ball to initiate a frac treatment in one cluster 
along an isolated wellbore zone.
[0062] The arrangement in Figs. 7A-7C relied on consecutive activation of the sliding 
sleeves 50/100 by dropping ever increasing sized balls 130 to actuate ever higher 
sleeves 50/100. However, depending on the implementation, an upper sleeve can be 
opened by and pass a smaller sized ball while later passing a larger sized ball for 
opening a lower sleeve. This can enable operators to treat multiple isolated zones at 
the same time, with a different number of sleeves open at a given time, and with a non- 
consecutive arrangement of sleeves open and closed.
[0063] For example, Fig. 8 schematically illustrates an arrangement of sliding sleeves
50/100 with a non-consecutive form of activation. The cluster sleeves 100(C1-C3) and
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two isolation sleeves 50(IA & IB) are shown deployed on a tubing string 12. Dropping of 
two balls 130(A & B) with different sizes are illustrated in two stages for this example. In 
the first stage, operators drop the smaller ball 130(A). As it travels, ball 130(A) opens 
cluster sleeve 100(C3), passes through cluster sleeve 100(02) without engaging its seat 
for opening it, passes through isolation sleeve 50(IB) without engaging its seat for 
opening it, engages the seat in cluster sleeve 100(C1) and opens it, and finally engages 
the isolation sleeve 50(IA) to open and seal it. Fluid treatment down the tubing string 
after this first stage will treat portion of the wellbore adjacent the third cluster sleeve 
100(03), the first cluster sleeve 100(01), and the lower isolation sleeve 50(IA).
[0064] In the second stage, operators drop the larger ball 130(B). As it travels, ball 
130(B) passes through open cluster sleeve 100(03). This is possible if the tolerances 
between the dropped balls 130(A & B) and the seat in the cluster sleeve 100(03) are 
suitably configured. In particular, the seat in sleeve 100(03) can engage the smaller 
ball 130(A) when the C3’s insert has the closed condition. This allows C3’s insert to 
open and let the smaller ball 130(A) pass therethrough. Then, C3’s seat can pass the 
larger ball 130(B) when C3’s insert has the opened condition because the seat’s key are 
retracted.
[0065] After passing through the third cluster sleeve 100(03) while it is open, the 
larger ball 130(B) then opens and passes through cluster sleeve 100(02), and opens 
and seals in isolation sleeve 50(IB). Further downhole, the first cluster sleeve 100(01) 
and lower isolation sleeve 50(lA) remain open by they are sealed off by the larger ball 
130(B) seated in the upper isolation sleeve 50(IB). Fluid treatment at this point can 
treat the portions of the formation adjacent sleeves 50(IB) and 100(02 & C3).
[0066] As this example briefly shows, operators can arrange various cluster sleeves 
and isolation sleeves and choose various sized balls to actuate the sliding sleeves in 
non-consecutive forms of activation. The various arrangements that can be achieved 
will depend on the sizes of balls selected, the tolerance of seats intended to open with 
smaller balls yet pass one or more larger balls, the size of the tubing strings, and other 
like considerations.
[0067] For purposes of illustration, a deployment of cluster sleeves 100 can use any

number of differently sized plugs, balls, darts or the like. For example, the diameters of
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balls 130 can range from 1-inch to 3 3/«-inch with various step differences in diameters 
between individual balls 130. In general, the keys 142 when extended can be 
configured to have 1/8-inch interference fit to engage a corresponding ball 130. 

However, the tolerance in diameters for the keys 142 and balls 130 depends on the 

number of balls 130 to be used, the overall diameter of the tubing string 12, and the 
differences in diameter between the balls 130.
[0068] Although disclosed for use with a cluster sliding sleeve 100 for a frac operation, 
the disclosed insets or buttons 150 can be used with any other suitable downhole tool 
for which temporary obstruction of a port is desired. For example, the disclosed insets 
or buttons 150 can be used in a port of a conventional sliding sleeve that opens by a 
plug, manually, or otherwise; a tubing mandrel for a frac operation, a frac-pack 
operation, a gravel pack operation; a cross-over tool for a gravel pack or frac 
operationor any other tool in which erosive flow or treatment is intended to pass out of 
or into the tool through a port.

[0069] As one example, the disclosed insets or buttons 150 can be used in a port of a 
downhole tool 200 as shown in Figure 9. Here, the tool 200 can be a tubing mandrel 
that can dispose on a length of tubing string (not shown) for a frac operation or the like. 
The tool 200 has a housing 210 defining a bore 214 and defining at least one port 212 
communicating the bore 214 outside the housing 210. At least one inset or button 150 
is disposed in the at least one port 212 to restrict fluid flow therethrough at least 
temporarily.
[0070] In the current arrangement, the button 150 is similar to that shown in Figs. 5A- 
5B, although the button 150 can have any of the other arrangements disclosed herein. 
At some point during operations (e.g., when treatment fluid is applied through the 
tubing), the button 150 dislodges from the port 212 by application of fluid pressure, by 
breaking up, by erosion, or by a combination of these as disclosed herein. Delaying the 
release of the fluid to the annulus may have particular advantages depending on the 
implementation. The buttons 150 may also be arranged to erode in an opposite flow 
orientation, such as when flow from the annulus is intended to pass into the downhole 
tool 200 through the ports 212 after being temporarily restricted by the buttons 150.
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[0071] The foregoing description of preferred and other embodiments is not intended 
to limit or restrict the scope or applicability of the inventive concepts conceived of by the 
Applicants. In exchange for disclosing the inventive concepts contained herein, the 
Applicants desire all patent rights afforded by the appended claims. Therefore, it is 
intended that the appended claims include all modifications and alterations to the full 
extent that they come within the scope of the following claims or the equivalents thereof. 
[0072] In this specification, the terms “comprise”, “comprises", “comprising” or similar 
terms are intended to mean a non-exclusive inclusion, such that a system, method or 
apparatus that comprises a list of elements does not include those elements solely, but 
may well include other elements not listed.

[0073] The reference to any prior art in this specification is not, and should not be 
taken as, an acknowledgement or any form of suggestion that the prior art forms part of 
the common general knowledge.
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WHAT IS CLAIMED IS:

1. A downhole tool, comprising:
a housing defining a bore and defining at least one port communicating the bore 

outside the housing; and
at least one inset member being temporarily disposed in the at least one port, the 

at least one inset member defining at least one orifice and defining at least 
one slit on at least one side thereof, the at least one inset member at least 
temporarily restricting fluid flow through the at least one port with the at 
least one orifice permitting at least some fluid flow through the at least one 
inset member and through the at least one port of the housing,

wherein the at least one inset member dislodges from the at least one port in 
response to the permitted fluid flow and allows fluid communication 
through the at least one port when dislodged therefrom.

2. The tool of claim 1, wherein the tool is a sliding sleeve comprising:

an insert disposed in the bore and being movable from a closed condition to an 
opened condition, the insert in the closed condition preventing fluid 
communication between the bore and the at least one port, the insert in 
the opened condition permitting fluid communication between the bore 
and the at least one port.

3. The tool of claim 2, further comprising:
a seat movably disposed on the insert, the seat when the insert is in the closed 

condition extending at least partially into the bore and engaging a plug 
disposed in the bore to move the insert from the closed condition to the 
opened condition with application of fluid pressure against the seated 
plug, the seat when the insert is in the opened condition retracting from 
the bore and releasing the plug.

4. The tool of claim 2 or 3, wherein:
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the insert defines slots and the seat comprises a plurality of keys movable 

between extended and retracted positions in the slots; or

the tool further comprises seals disposed between the bore and the insert and 

sealing off the at least one port when the insert is in the closed condition; 

or

the tool further comprises a catch temporarily holding the insert in the closed 

condition, optionally wherein the catch comprises a shear ring engaging 

an end of the insert in the closed condition; or

the tool further comprises a lock locking the insert in the opened condition, 

optionally wherein the lock comprises a snap ring disposed about the 

insert and expandable into a slot in the bore when the insert is in the 

opened condition.

5. The tool of any one of claims 2 through 4, wherein the at least one orifice in the 

at least one inset member permitting at least some fluid flow therethrough facilitates 

movement of the insert from the closed condition to the opened condition.

6. The tool of claim 2 through 5, wherein the at least one orifice in the at least one 

inset member produces a pressure differential across the insert in the closed condition, 

the pressure differential facilitating movement of the insert from the closed condition to 

the opened condition.

7. The tool of any one of claims 2 through 6, wherein the tool is part of a system 

comprising a plurality of the sliding sleeves disposed on a tubing string deployable in a 

wellbore, wherein the inset member limits flow from the sliding sleeves to the annulus at 

least until a last of the sliding sleeves has been opened.

8. The tool of any one of the preceding claims, wherein:

the at least one slit intersects the at least one orifice in the at least one side; or 

the at least one orifice is defined at the center of the at least one inset member; 

or
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the at least one inset member threads into the at least one port; or

the at least one inset member dislodges from the at least one port when 

subjected to fluid pressure for a frac operation in the bore

9. The tool of any one of the preceding claims, wherein:

the at least one inset member comprises a plurality of additional orifices; or

the at least one inset member comprises a plurality of additional slits, optionally 

wherein the additional slits intersect at the center of the at least one inset 

member; or

the at least one inset member comprises a plurality of additional orifices and 

additional slits, optionally wherein each of the additional slits intersect one 

of the additional orifices.

10. The tool of any one of the preceding claims, wherein in response to the permitted 

fluid flow, the at least one inset member dislodges from the at least one port by 

application of a fluid pressure against the at least one inset member, by breaking up the 

at least one inset member, by erosion of the at least one inset member, or by a 

combination thereof.

11. A wellbore fluid treatment method, comprising:

deploying first and second sliding sleeves on a tubing string in a wellbore, each 

of the sliding sleeves having a closed condition preventing fluid 

communication between the sliding sleeves and the wellbore;

dropping a first plug down the tubing string;

changing the first sliding sleeve to an open condition allowing fluid 

communication between the first sliding sleeve and the wellbore by 

engaging the first plug on a first seat disposed in the first sliding sleeve 

and applying fluid pressure against the engaged first plug;

passing the first plug through the first sliding sleeve in the opened condition to 

the second sliding sleeve; and
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at least temporarily restricting fluid communication through at least one port in 

the first sliding sleeve in the opened condition by using at least one inset 

member disposed in the at least one port, the at least one inset member 

defining at least one orifice therethrough and defining at least one slit on 

at least one side thereof, the at least one orifice permitting at least some 

fluid flow through the at least one inset member and through the at least 

one port of the housing.

12. The method of claim 11, further comprising changing the second sleeve to an 

open condition allowing fluid communication between the second sliding sleeve and the 

wellbore by engaging the first plug on a second seat disposed in the second sliding 

sleeve and applying fluid pressure against the engaged first plug.

13. The method of claim 12, further comprising:

passing the first plug through the second sliding sleeve in the opened condition, 

or

sealing the first plug on the second seat of the second sliding sleeve and 

preventing fluid communication therethrough.

14. The method of any one of the preceding claims, further comprising facilitating 

opening of the first sliding sleeve by permitting pressure in the annulus through the at 

least one orifice of the inset member installed in the at least one port in the first sliding 

sleeve.

15. The method of claim 14, wherein facilitating opening of the first sliding sleeve 

comprises producing a pressure differential across an insert in a closed condition in the 

first sliding sleeve with the pressure permitted through the at least one orifice of the 

inset member.

16. The method of any one of the preceding claims, wherein at least temporarily 

restricting fluid communication through the at least one port in the first sliding sleeve
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comprises at least temporarily preventing a loss of pressure in the first sliding sleeve 

through the at least one orifice in the inset member to the annulus when the first sliding 

sleeve is open.

17. The method of any one of the preceding claims, further comprising releasing the 

temporary restriction of fluid communication by dislodging the inset member from the at 

least one port with application of a fluid pressure against the inset member, by breaking 

up the inset member, by erosion of the inset member, or by a combination thereof,

18. The method of claim 17, wherein releasing the temporary restriction of fluid 

communication comprises applying fluid pressure for a frac operation in the first sliding 

sleeve.

19. The method of any one of the preceding claims, wherein using the at least one 

inset member comprises:

having the at least one slit intersect the at least one orifice in the at least one 

side; or

having the at least one orifice defined at the center in the at least one inset 

member; or

having the at least one inset member thread into the at least one port; or 

having the at least one inset member dislodge from the at least one port when 

subjected to fluid pressure for a frac operation in the bore.

20. The method of any one of the preceding claims, wherein using the at least one 

inset member comprises:

having a plurality of additional orifices in the at least one inset member; or 

having a plurality of additional slits in the at least one inset member, optionally 

having the additional slits intersect at the center in the at least one inset 

member; or

having a plurality of additional orifices and additional slits in the at least one inset 

member, optionally having each of the additional slits intersect one of the 

additional orifices.
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21. A downhole tool substantially as hereinbefore described with reference to the 
drawings.
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FIG. 5B
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FIG. 7B
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