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Zonal isolation of well bores Is often desirable for performing downhole operations such as stimulation operations. In certain
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having a first end and a second end; a compressible body (315) attached to and surrounding a longitudinal portion of the mandrel;
and a sealing nose (317) attached to the first end of the mandrel. In certain embodiments, systems for achieving zonal isolation of a
casing string in a well bore may comprise a diverter plug comprising a mandrel having a first end and a second end, a compressible
body attached to and surrounding a longitudinal portion of the mandrel, and a sealing nose attached to the first end of the mandrel;

and a landing collar (323) sized to mate with a portion of the sealing nose of the diverter plug. Associated methods are also
provided.
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hole operations such as stimulation operations. In certain embodiments, diverter plugs
(310) for achieving zonal isolation in a casing string (330) in a well bore may comprise
a mandrel (313) having a first end and a second end; a compressible body (315) attached
to and surrounding a longitudinal portion of the mandrel; and a sealing nose (317) at-
tached to the first end of the mandrel. In certain embodiments, systems for achieving
zonal isolation of a casing string in a well bore may comprise a diverter plug comprising
a mandrel having a first end and a second end, a compressible body attached to and sur-
rounding a longitudinal portion of the mandrel, and a sealing nose attached to the first
end of the mandrel; and a landing collar (323) sized to mate with a portion of the sealing
nose of the diverter plug. Associated methods are also provided.
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DIVERTER PLUGS FOR USE IN WELL BORES AND
ASSOCIATED METHODS OF USE

BACKGROUND

[0001] The present invention relates to devices and methods for zonal isolation of
well bores. More particularly, the present invention relates to zonal isolation devices and
methods of use for performing multiple stage downhole stimulation operations.

[0002] Downhole production stimulation operations include operations such as
hydraulic fracturing operations and acid stimulation operations. Hydraulic fracturing
operations generally involve pumping a treatment fluid (e.g., a fracturing flmd) into a well
bore that penetrates a subterranean formation at a sufficient hydraulic pressure to create or
enhance one or more cracks, or “fractures,” in the subterranean formation. Once at least one
fracture is created and the proppant particulates are substantially in place, the fracturing fluid
may be “broken” (i.e., the viscosity of the fluid is reduced), and the fracturing fluid may be
recovered from the formation. Other production stimulation operations include acidizing
treatments in which an acid is introduced nto the subterranean formation to create or enhance
channels or pores in the subterrancan formation so as to increase the permeability of the
formation.

[0003] In typical stimulation operations of subterranean formations, stimulation
treatments may be independently performed in multiple stages by introducing stimulation
treatments separately as to different zones along a well bore or well bores. These multiple
stage treatments may be performed simultaneously, but often, it is advantageous to perform
the multiple stage stimulation treatments independently and/or sequentially. Often, it 1s
desirable to individually isolate each portion of the subterranean formation to be treated so
that a stimulation treatment fluid may be introduced into a desired portion of the subterranean
formation. In such multiple fracturing treatments, zonal isolation may be necessary, at least
temporarily, to direct or bias the stimulation fluid into a desired portion of the subterranean
formation. As used herein, the term “zone” simply refers to an area or region and does not
imply a particular geological strata or composition.

[0004] Conventional methods for isolating zones or portions of subterranean zones
include methods such as the ball and baffle method. In this conventional method, a series of
baffles may be placed in the casing string, with each baffle being placed at a point in the

string corresponding to the base of a zone or interval to be perforated and stimulated. The
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baffles may be arranged in order of decreasing inner diameter, with the smallest inner
diameter baffle located at the base of the second lowermost zone to be stimulated. In this
way, after the casing string is cemented in the well bore, the lowermost zone may be
perforated to allow a stimulation treatment to be applied to the lowermost isolated zone.
After completion of the stimulation treatment of the lowermost stage, the stimulation fluid
may be recovered and the zone above the lowermost baffle may be perforated in preparation
for a later stimulation operation. Then, a weighted ball may be introduced into the casing
string that is sized to seat on the lowermost baffle. Because the baffles are usually arranged
in order of decreasing inner diameter, the weighted ball may pass through all of the upper
baffles, finally seating on the lowermost baffle. That 1s, the weighted ball may be small
enough to pass through all of the upper baffles having larger inner diameters, yet be large
enough to seat on the lowermost baffle, providing fluid isolation beyond the lowermost
baffle. Then, once the zone below the ball and baffle is isolated from fluid communication
with the zone above the ball and baffle, the zone above the ball and baffle may then be
stimulated. The zonal 1solation between the two zones allows the zone above the batfle to be
stimulated while not being affected by possible fluid loss to the first stimulated zone. After
this second stimulation treatment, the stimulation fluid may be recovered along with the
weighted ball.

J0005] Subsequently, the next higher zone of interest may perforated to allow
treatment of the next stage or zone with a stimulation treatment, such as a fracturing fluid or
an acidizing treatment fluid. Another weighted ball sized to fit the next larger baffle may be
introduced into the casing string to provide zonal isolation of the next higher zone of interest.
Similarly, subsequent zones may be treated in a like manner until all zones 1solated by the
baffles are stimulated, after which the baffles may be drilled up if desired and the well
cleaned up in preparation for production.

[0006] Conventional ball and baffle methods are often used in wells that are generally
vertical, relatively cool (e.g., less than about 200°F), and where the hydraulic pressure
required for the various stages of fracturing is generally less than about 4,000 psi.
Unfortunately, the ball and baffle method is limited to casing strings comprised of API
threaded and coupled casings. Moreover, such methods may be difficult to carry out in wells
that are either deviated wells, high temperature wells, or wells in which the fracturing

pressure require high pressures. One reason that such methods may be unsuitable for
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deviated well bores is because the ball and baffle method relies on the free-falling of the
weighted ball through the series of baffles, and the weighted ball may experience difficulty in
passing through one or more of the baffles because of the non-vertical trajectory associated
with a deviated well bore. Additionally, because the material of the weighted ball is often
made of a drillable material, weighted balls are generally not capable of withstanding the
high temperatures and pressure of certain wells without physically deforming. Further,
another common disadvantage of ball and baffle methods is that the recovery of the weighted
balls relies on the ability of the flow of the recovered stimulation fluid to carry the weighted
ball back out of the well bore during recovery of the stimulation fluid. In some systems, the
flow rate of the fluid being recovered is not sufficient to return the ball to the surface, which
results in the necessity of drilling the weighted ball out of the casing string, which 1s
undesirable because it adds additional undesirable complexity, cost, and time to the downhole
operations.

[0007] Another conventional method of providing zonal isolation involves the use
“frac plugs,” which are sometimes referred to as “bridge plugs.” In this method, frac plugs
may be set at the base of each zone to be stimulated. This method, however, may require an
undesirable amount of time and expense, because each frac plug has to be run and set with an
individual trip into the well bore with an electric line or tubing. In situations where a drilling
operator drills a number of multiple wells successively, the additional trip time for the
placement of each frac plug can become quite onerous and expenstve. Additionally, after
completing the stimulation of all of each zone, each of the frac plugs must be drilled up to put
all of the zones in production. Furthermore, the time required to complete all zones using this

conventional method may be excessive, in some instances taking up to several days to

complete.

SUMMARY
[0008] The present invention relates to devices and methods for zonal 1solation of
well bores. More particularly, the present invention relates to zonal isolation devices and
methods of use for performing multiple stage downhole stimulation operations.
[0009] One example of a method of providing zonal isolation of a well bore
comprises the steps of providing a diverter plug, the diverter plug comprising a mandrel
having a first end and a second end, a compressible body attached to and surrounding a

longitudinal portion of the mandrel, and a sealing nose attached to the first end of the
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mandrel; providing a casing string in a well bore; providing a landing collar attached to a
portion of the casing string, the landing collar having a seating profile capable of mating with
the sealing nose of the diverter plug; introducing the diverter plug into the casing string; and
displacing the diverter plug down the casing string with a fluid so as to allow the sealing nose
of the diverter plug to contact a portion of the landing collar so as to form a sealing surface
and provide zonal isolation.

[0010] One example of a method of performing a multiple fracturing operation
comprises the steps of: providing a casing string in a well bore that penetrates a subterranean
formation; providing a diverter plug, the diverter plug comprising a mandrel having a first
end and a second end, a compressible body attached to and surrounding a longitudinal portion
of the mandrel, and a sealing nose attached to the first end of the mandrel, providing a casing
string in a well bore; providing a landing collar in a portion of the casing string, the landing
collar having a seating profile capable of mating with the sealing nose of the diverter plug;
perforating the casing string below the landing collar to form lower perforations; introducing
a first stimulation fluid into the casing string; stimulating a portion of the subterranean
formation via the lower perforations; perforating the casing string above the landing collar to
form upper perforations; introducing the diverter plug into the casing string; displacing the
diverter plug down the casing string with a fluid so as to allow the sealing nose of the diverter
plug to contact a portion of the landing collar so as to form a sealing surface and provide
zonal isolation; introducing a second stimulation fluid into the casing string; and stimulating
a portion of the subterranean formation via the upper perforations.

[0011] The features and advantages of the present invention will be readily apparent
to those skilled in the art. While numerous changes may be made by those skilled in the art,
such changes are within the spirit of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These drawings illustrate certain aspects of some of the embodiments of the
present invention, and should not be used to limit or define the invention.

[0013] Figure 1 illustrates an embodiment of a zonal isolation plug incorporating

certain aspects of the present invention.

[0014] Figure 2 illustrates an embodiment of a zonal isolation plug interacting with a
baffle collar.
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[0015] Figure 3 illustrates one implementation of a zonal isolation system in a well
bore casing string.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0016] The present invention relates to devices and methods for zonal isolation of
well bores. More particularly, the present invention relates to zonal isolation devices and
methods of use for performing multiple stage downhole stimulation operations.

[0017] Multiple stage downhole treatment operations often require isolation of well
bore zones to allow for the independent and/or sequential treatment of different zones of a
well bore. The devices and methods of the present invention allow for enhanced isolation of
portions of well bores including, but not limited to deviated well bores and gas well bores.
Even though the methods of the present invention may be discussed in the context of certain
types of downhole operations such as stimulation operations, the present invention is not
limited to such use, but may be implemented in any downhole treatment operation in which
multiple zone isolation of a well bore is desired. Devices and methods of the present
invention may, in certain embodiments, be more suitable than conventional methods for zone
isolation of wells having high temperatures, high pressures and/or wells that are deviated,
highly deviated, or horizontal, although the present invention 1s expressly contemplated for
use in low temperature, low pressure, and/or substantially vertical wells as well.

[0018] In certain embodiments of the present invention, a diverter plug may be used
in conjunction with a landing collar to provide zonal isolation of a well bore. In certain
embodiments, diverter plugs of the present invention may comprise a mandrel having a first
end and a second end; a compressible body attached to and surrounding a longitudinal portion
of the mandrel; and a sealing nose attached to the first end of the mandrel.

[0019] Generally, methods of the present invention provide that a landing collar may
be placed in a well bore wherein the landing collar is adapted to receive a diverter plug. By
placing the diverter plug in the well bore and allowing the diverter plug to mate or seat upon
an intended landing collar in the well bore to form a sealing surface, the diverter plug may
provide zonal isolation of the well bore so as to hinder or interrupt the fluid communication at
the point where the diverter plug mates with the landing collar. As used herein, the terms,
“sealing surface,” “zonal isolation,” and “mating” do not require total fluid isolation upon the
interacting of the diverter plug and the landing collar, and these terms explicitly include a

degree of sealing that results in substantial hindering or interrupting of fluid communication.



CA 02626755 2010-09-01

[0020] An exemplary embodiment of diverter plug of the present invention is depicted
in Figure 1. Diverter plug 100 comprises mandrel 103, compressible body 105, sealing nose
107, and fishing neck 109.

[0021) In certain embodiments, mandrel 103 may be a longitudinal member having
sufficient mechanical integrity on to which components may be attached such as compressible
body 105, sealing nose 107, and fishing neck 109. Although Figure 1 shows mandrel 103 as
having a substantially cylindrical shape, other shapes suitable to allow attachment of ancillary
components may be used. In certain exemplary embodiments, mandrel 103 may have the shape
of a column with a circular cross-section. In other embodiments, the outer shape of mandrel
103 may comprise one or more ribs, or have an otherwise varying outer circumference along its
length, such that compressible body 105 may be adequately engaged to mandrel 103 for a given
application. Mandrel 103 may be constructed from any material suitable for use in the
subterranean environment in which the present invention will be used. Examples of suitable
materials include, but are not limited to, any metal, composite materials, steels including
stainless steel and mild steel, aluminum, bronze, brass, or combinations thereof.

10022] Compressible body 105 may be attached to a longitudinal portion of mandrel
103. Compressible body 105 may be composed of any compressible and/or elastic material
suitable for use in an intended subterranean environment such as, for example, foamable
elastomers. Examples of suitable materials for compressible body 105 include, but are not
[imited to, open-cell foams comprising natural rubber, nitrile rubber, styrene butadiene rubber,
polyurethane, or combinations thereof. Any open-cell foam having a sufficient density,
firmness, and resilience may be suitable for the desired application. One of ordinary skill in the
art with the benefit of this disclosure will be able to determine the appropriate construction

material for compressible body 105 given the compression and strength requirements of a given
application. In certain exemplary embodiments of the present invention, compressible body
105 comprises an open-cell, low-density foam.

[0023] Generally, compressible body 105 should be sized to create an interference fit
with the mmner diameter of the casing string. In certain embodiments, the overall length of
compressible body 1035 1s about 1.25 to about 1.5 times the inner diameter of the casing string.
In certain embodiments, compressible body 105 may compress readily to pass through

relatively small diameter restrictions without requiring excessive differential pressure
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to push diverter plug 100 to the desired location. By forming an interference fit with the
largest diameter through which diverter plug 100 is intended to pass, diverter plug 100 may
be capable of being positively displaced by a fluid so as to place diverter plug 100 at a
desired location or to allow retrieval of diverter plug 100 by positive displacement by a
displacement fluid or a reservoir fluid. It is understood that the fluid providing positive
displacement motive for transport of diverter plug 100 may be a liquid, a gas, or combination
thereof. Additionally, the fluid displacing the diverter plug may be a reservoir fluid, a
displacement fluid introduced into the well bore, or a combination thereof

10024] In certain exemplary embodiments of the present invention, compressible body
105 has a substantially cylindrical shape. In certain embodiments, the leading edge of
compressible body 105 may be tapered and/or have a constant cross-section, although it is
recognized that the outer surface of compressible body 105 may have a variable cross-
section. Generally, the outside diameter of compressible body 105 may exceed the outside
diameter of sealing nose 107. Compressible body 105 may be molded around and bonded to
mandrel 103. Any bonding method known in the art may be used to bond or attach
compressible body 105 to mandrel 103. In certain embodiments, mandrel 103 may not
extend beyond compressible body 105. In the embodiment depicted here, however,
compressible body 105 is shown as not encompassing the entire length of mandrel 103. In
this way, the end of mandrel 103 opposite to sealing nose 107 may be adapted to function as
a fishing neck or a retrievable member to which mechanical retrieval tools may attach if
necessary. Examples of suitable mechanical retrieval tools known in the art include
overshots deployed either on wire line or tubing (e.g., jointed or coiled) that are known in the
art.

[0025] Sealing nose 107 may be attached to mandrel 103. Sealing nose 107 may be
constructed from any material suitable for use in the subterranean environment in which the
present invention will be used. Examples of suitable materials include, but are not limited to,
any metal, composite materials, steels including stainless steel and mild steel, aluminum,
bronze, brass, or combinations thereof. When selecting a material suitable for sealing nose
107, a material should be chosen so as to withstand the differential pressures to which sealing
nose 107 will be subjected. Sealing nose 107 may attach to mandrel 103 via a threaded
connection, welding, or any suitable attachment method known in the art. Whereas sealing

nose 107 and mandrel 103 are depicted in Figure 2 as two separate members joined together,
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it is recognized that sealing nose 107 and mandrel 103 could be formed as one contiguous
piece. Generally, sealing nose 107 may have a seating profile adapted to seat upon a
corresponding seating profile of a landing collar to form a sealing surface sufficient to
provide zonal isolation. In certain exemplary embodiments, sealing nose 107 may be a selt-
suiding or self-centralizing nose to aid its passage through successive well bore restrictions.

[0026] Figure 2 illustrates the interaction of diverter plug 210 with landing collar
220. Generally, landing collar 220 may be used to provide seating profile 223 upon which
diverter plug 210 may seat, land, or mate. In certain embodiments, landing collar 220 may be
adapted to have seating profile 223 designed to mate with a seating surface of sealing nose
217. A person of ordinary skill in the art with the benefit of this disclosure will recognize
that a variety of corresponding shapes could be used for sealing nose 217 and the
corresponding seating profile of landing collar 220 so as to form a sealing surface. The seal
between sealing nose 217 and seating profile 223 may be a metal-to-metal seal in certain
embodiments. Indeed, seating profile 223 may be formed simply by way of an inner
diameter restriction in the casing string so as to provide a capturing point for diverter plug
210. In certain exemplary embodiments, sealing nose 217 may further comprise elastomeric
o-rings to aid the sealing between sealing nose 217 and seating profile 223. By forming a
sealing surface between sealing nose 217 and seating profile 223, the sealing surface provides
zonal isolation so as to hinder the communication of fluid from one side of the sealing surface
to the other side of the sealing surface.

[0027] Landing collar 220 may be formed of any material sufficient to withstand the
conditions of the intended well bore environment. Typically, landing collar 220 may be
made of the same material having the same mechanical properties as the parent casing string.
Examples of suitable materials include, but are not limited to, any metal, composite materials,
steels including stainless steel and mild steel, or a combination thereof. In certain
embodiments, it may be preferred that landing collar 220 be made of a nondrillable material.
In embodiments where landing collar 220 is partially made of a drillable material, such as
where a drillable insert forms part of an inner portion of landing collar 220, the outer portion
of landing collar 220 may be of any material generally compatible in mechanical properties
as the parent casing string.

[0028] Figure 3 illustrates one implementation of a zonal isolation system in a well

bore casing string. The preferred method of installing landing collar 320 in casing string 330
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is by preinstallation of landing collar 320 as the casing string is made up and run into the well
bore. When diverter plug 310 seats upon or mates with landing collar 320 to form a sealing
surface, well bore zone 301 may be fluidly isolated from well bore zone 302. ‘lreatment
operations may be conducted in well bore 302 without materially affecting well bore zone
301.

[0029] In one embodiment, the present invention provides a method comprising the
steps of: providing a diverter plug, the diverter plug comprising a mandrel having a first end
and a second end, a compressible body surrounding a longitudinal portion of the mandrel, and
a sealing nose attached to the first end of the mandrel; providing a casing string in a well
bore; providing a landing collar attached to a portion of the casing string, the landing collar
having a seating profile capable of mating with the sealing nose of the diverter plug;
introducing the diverter plug into the casing string; and displacing the diverter plug down the
casing string with a fluid so as to allow the sealing nose of the diverter plug to contact a
portion of the landing collar so as to form a sealing surface and provide zonal 1solation.

[0030] Additionally, in some embodiments, multiple landing collars of successively
decreasing inner diameters may be used in a casing string to provide multiple zonal isolation
points along a casing string, for example, like casing string 330 (Figure 3). In such a system,
the landing collar with the smallest inner diameter restriction would be placed at the
lowermost portion of the casing in which zonal isolation is desired, with the next largest
restriction being placed at the next higher desired isolation point above the lowermost landing
collar, and so on. In this way, landing collars may be placed in the casing string in order of
successively decreasing inner diameter restrictions, with each landing collar being placed at a
desired location of zonal isolation. Diverter plugs adapted to mate with each installed
landing collar would be fabricated to mate with each of the corresponding landing collars.
Thus, each landing collar has associated with it a corresponding diverter plug designed to
mate with that particular landing collar. Because the landing collars are arranged in order of
successively decreasing inner diameter restrictions, a particular diverter plug may pass
through multiple landing collars until finally seating upon its corresponding landing collar.

[0031] In certain embodiments, systems having multiple landing collars may decrease
in inner diameter restriction at least about 1/4” per successive landing collar. Additionally, in
certain preferred embodiments, the uppermost landing collar may have an inner diameter

restriction of at least about 1/4” smaller than the inner diameter of the casing string.
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Likewise, each corresponding diverter plug may have a sealing nose with a diameter of about
1/8” difference with each corresponding landing collar so as to provide sufficient interference
to permit the diverter plug to land, mate, or seat upon its corresponding landing collar. Thus,
in certain embodiments, each successive sealing nose may decrease in inner diameter at least
about 1/4” for each successively smaller diverter plug. In certain embodiments, where the
landing collar is of the nondrillable type, it may be preferred to minimize the flow restriction
provided by each landing collar so as to minimize flow friction losses during subsequent
production of the well.

[0032] The devices and methods of the present invention may be suitable for
performing multiple fracturing operations. With reference to Figure 3 for illustration
purposes only, after completion of a well bore, casing string 330 may be set and cemented 1n
the well bore. Casing string 330 may have landing collar 320 preinstalled in casing string
330. The casing string below landing collar 320 may be perforated to form lower
perforations 333. A first stimulation fluid may then be introduced into casing string 330 so as
to stimulate a portion of the subterranean formation below landing collar 320 via lower
perforations 333. The first stimulation fluid may then be optionally recovered if desired.
Then, casing string 330 may be perforated above landing collar 320 to form upper
perforations 335. Diverter plug 310 may be then introduced into casing string 330.
Subsequently, a second stimulation fluid may be introduced into casing string 330 so as to
stimulate a portion of the subterranean formation above landing collar 320, in this case via
upper perforations 335. As the second stimulation fluid is being introduced into casing string
330, the second stimulation fluid may displace diverter plug 310 down casing string 330. In
this way, the fluid may displace diverter plug 310 so as to allow the sealing nose of the
diverter plug to contact seating profile 323 of landing collar 320 so as to form a sealing
surface, providing zonal isolation between well bore zone 301 and well bore zone 302. If
desired, the second stimulation fluid may be optionally recovered. As would be recognizable
to a person of ordinary skill in the art, in certain embodiments, the second stimulation fluid
may have a leading portion of the stimulation fluid being a break down fluid such as a
suitable acid.

[0033] After fracturing of the second zone is completed, the diverter plug could be
recovered by allowing pressure from well bore zone 301 to displace diverter plug 310 back

up casing string 330. Optionally, the same process could be repeated for any landing collars
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that may be installed above landing collar 320 to allow zonal isolation of other sections of
casing string 330 so as to perform additional stimulation operations to other well bore zones.
It is recognized that in the case of gas wells, the displacing fluid providing displacement of
diverter plug 310 during recovery of diverter plug 310 would be a reservoir gas or a gas cut
liquid, whereas in oil wells, the reservoir fluid would be a liquid, although in certain
embodiments, the displacement fluid allowing for recovery of diverter plug 310 could be a
combination thereof or a displacement fluid previously introduced into the well bore.

[0034] Therefore, the present invention is well adapted to attain the ends and
advantages mentioned as well 'as those that are inherent therein. The particular embodiments
disclosed above are illustrative only, as the present invention may be modified and practiced
in different but equivalent manners apparent to those skilled in the art having the benefit of
the teachings herein. Furthermore, no limitations are intended to the details of construction or
design herein shown, other than as described in the claims below. It is therefore evident that
the particular illustrative embodiments disclosed above may be altered or modified and all
such variations are considered within the scope and spirit of the present invention. In
particular, every range of values (of the form, “from about a to about b,” or, equivalently,
“from approximately a to b,” or, equivalently, “from approximately a-b”) disclosed herein is
to be understood as referring to the power set (the set of all subsets) of the respective range of
values, and set forth every range encompassed within the broader range of values. Also, the
terms in the claims have their plain, ordinary meaning unless otherwise explicitly and clearly

defined by the patentee.
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What 1s claimed 1s:
1. A method of providing zonal isolation of a well bore comprising:

providing a diverter plug, the diverter plug comprising a mandrel having a first
end and a second end, a compressible body attached to and surrounding a longitudinal portion
of the mandrel, and a sealing nose attached to the first end of the mandrel:

providing a casing string in a well bore;

providing a landing collar attached to a portion of the casing string, the
landing collar having a seating profile capable of mating with the sealing nose of the diverter
plug;

introducing the diverter plug into the casing string; and

displacing the diverter plug down the casing string with a fluid so as to allow
the sealing nose of the diverter plug to contact a portion of the landing collar so as to form a

sealing surface and provide zonal isolation.

2. The method of claim 1 wherein the well bore is a deviated well bore.
3. The method of claim 1 wherein the mandrel comprises a longitudinal member.
4. The method of claim 3 wherein a portion of the mandrel is adapted to being

used as a retrievable fishing neck for retrieving the diverter plug.
5. The method of claim 4 wherein the compressible body has a longitudinal

length of at least about 1.25 times greater than the inner diameter of the casing string.

6. The method of claim 1 wherein the compressible body comprises an open-cell
foam.

7. The method of claim 1 wherein the compressible body comprises rubber.

8. The method of claim 1 wherein the mandrel and the sealing nose are formed of

one contiguous piece.
9. The method of claim 1:
wherein the mandrel comprises a longitudinal member;
wherein a portion of the longitudinal member protrudes beyond the

compressible body;

wherein a portion of the mandrel is adapted to being used as a retrievable

fishing neck for retrieving the diverter plug;
wherein the compressible body has a longitudinal length of at least about 1.25

times greater than the inner diameter of the casing string; and



CA 02626755 2008-04-21
WO 2007/051970 PCT/GB2006/003879

13

wherein the compressible body comprises an open-cell foam.
10.  The method of claim 1 wherein the compressible body comprises a
compressible material sized to form an interference fit with a portion of the inner diameter of

the landing collar.

11.  The method of claim 1 wherein an inner portion of the landing collar
comprises a drillable material.

12. The method of claim 1 wherein the landing collar comprises a seating profile
capable of receiving a portion of the sealing nose of the diverter plug so as to form a sealing
surface.

13. A method of performing a multiple fracturing operation comprising;

providing a casing string in a well bore that penetrates a subterranean
formation;

providing a diverter plug, the diverter plug comprising a mandrel having a first
end and a second end, a compressible body attached to and surrounding a longitudinal portion
of the mandrel, and a sealing nose attached to the first end of the mandrel, providing a casing
string in a well bore;

providing a landing collar in a portion of the casing string, the landing collar
having a seating profile capable of mating with the sealing nose of the diverter plug;

perforating the casing string below the landing collar to form lower
perforations;

introducing a first stimulation fluid into the casing string:

stimulating a portion of the subterranean formation via the lower perforations;

perforating the casing string above the landing collar to form upper
perforations;

introducing the diverter plug into the casing string;

displacing the diverter plug down the casing string with a fluid so as to allow
the sealing nose of the diverter plug to contact a portion of the landing collar so as to form a
sealing surface and provide zonal isolation;

introducing a second stimulation fluid into the casing string; and

stimulating a portion of the subterranean formation via the upper perforations.

14.  The method of claim 13 further comprising the step of retrieving the diverter

plug by allowing the diverter plug to be positively displaced up the casing string.
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15. The method of claim 13 further comprising the step of retrieving the diverter
plug via a mechanical retrieval tool.

16.  The method of claim 13 wherein the step of perforating the casing string
above the landing collar is performed after the step of displacing the diverter plug down the
casing string with a fluid so as to allow the sealing nose of the diverter plug to contact the
seating portion of the landing collar so as to provide zonal isolation.

17. The method of claim 13 wherein a portion of the second stimulation fluid is a
recovered portion of the first stimulation fluid.

18.  The method of claim 13 wherein the first stimulation fluid is a fracturing flmd
and further comprising the step of introducing the first stimulation fluid into a subterranean
formation at a pressure above the subterranean formation fracture initiation and propagation
pressure.

19. The method of claim 13 wherein the fluid used to displace the diverter plug
down the casing string is the second stimulation fluid.

20. The method of claim 13 wherein the well bore is a deviated well bore.
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