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A MILL DIVERTER HAVING A SWELLABLE MATERIAL FOR PREVENTING FLUID

FLOW PAST THE MATERIAL

Technical Field

[0001] Mill diverters, such as whipstocks, are used to

form lateral wellbores. The mill diverter includes a tapered

face such that a mill bit can create a window in a casing and

possibly cement. After creation of the window, a drill bit can

be used to form the lateral wellbore.

Summary

[0002] According to an embodiment, a method of

preventing fluid flow past a tapered face of a mill diverter in

a wellbore comprises: positioning the mill diverter in the

wellbore, wherein the mill diverter comprises: (a) a body; (b)

the tapered face, wherein the tapered face is located at one end

of the body; and (c) a swellable material, wherein the swellable

material: (i) is positioned circumf erent ially around the body of

the mill diverter adjacent to the tapered face; (ii) swells in

the presence of a swelling fluid; and (iii) prevents

substantially all of a fluid from flowing past the swellable

material after the swellable material has swelled; and causing

or allowing the swellable material to swell.

[0003] According to another embodiment, a method of

maintaining a pressure above a mill diverter in a wellbore

comprises: positioning the mill diverter in the wellbore,

wherein the mill diverter comprises: (a) a body; (b) a tapered

face, wherein the tapered face is located at one end of the

body; and (c) a swellable material, wherein the swellable

material: (i) is positioned circumf erent ially around the body of



the mill diverter adjacent to the tapered face; (ii) swells in

the presence of a swelling fluid; and (iii) prevents a loss of

pressure in the wellbore at a location above the swellable

material after the swellable material has swelled; causing or

allowing the swellable material to swell; and maintaining the

pressure in the wellbore at a location above the swellable

material .

[0004] According to another embodiment, the swellable

material prevents a first fluid having a first density from

mixing with a second fluid having a second density, wherein the

first fluid is located above the swellable material in the

wellbore and the second fluid is located below the swellable

material in the wellbore after the swellable material has

swelled .

Brief Description of the Drawing

[0005] The features and advantages of certain

embodiments will be more readily appreciated when considered in

conjunction with the accompanying figures. The figures are not

to be construed as limiting any of the preferred embodiments.

[0006] Figure 1 depicts a mill diverter having a

swellable material.

[0007] Figure 2 depicts the mill diverter positioned in

a wellbore wherein the swellable material has swelled.

[0008] Figure 3 illustrates a lateral wellbore being

formed using the mill diverter.

[0009] Figure 4 depicts the lateral wellbore completed.



Detailed Description of the Invention

[0010] As used herein, the words "comprise," "have,"

"include," and all grammatical variations thereof are each

intended to have an open, non-limiting meaning that does not

exclude additional elements or steps.

[0011] It should be understood that, as used herein,

"first," "second," "third," etc., are arbitrarily assigned and

are merely intended to differentiate between two or more fluids,

densities, etc., as the case may be, and does not indicate any

sequence. Furthermore, it is to be understood that the mere use

of the term "first" does not require that there be any "second,"

and the mere use of the term "second" does not require that

there be any "third," etc.

[0012] As used herein, the relative term "down", and all

grammatical variations thereof, means in a direction away from

the wellhead. Conversely, the relative term "up", and all

grammatical variations thereof, means in a direction towards the

wellhead. Moreover, the term "below" means at a location

farther away from the wellhead compared to another location; and

the term "above" means at a location closer to the wellhead

compared to another location. By way of example, reference to a

swellable material being above another component or device means

that the material is at a location closer to the wellhead

compared to the other component or device.

[0013] As used herein, a "fluid" is a substance having a

continuous phase that tends to flow and to conform to the

outline of its container when the substance is tested at a

temperature of 71 °F (22 °C) and a pressure of one atmosphere

"atm" (0.1 megapascals "MPa") . A fluid can be a liquid or gas.

A homogenous fluid has only one phase; whereas a heterogeneous



fluid has more than one distinct phase. A solution is an

example of a homogenous fluid, containing a solvent (e.g.,

water) and a solute. A colloid is an example of a heterogeneous

fluid. A colloid can be: a slurry, which includes an external

liquid phase and undissolved solid particles as the internal

phase; an emulsion, which includes an external liquid phase and

at least one internal phase of immiscible liquid droplets; a

foam, which includes an external liquid phase and a gas as the

internal phase; or a mist, which includes an external gas phase

and liquid droplets as the internal phase. There can be more

than one internal phase of a colloid, but only one external

phase. For example, there can be an external phase, which is

adjacent to a first internal phase, and the first internal phase

can be adjacent to a second internal phase. Any of the phases

of a colloid can contain dissolved materials and/or undissolved

solids. The external phase of a colloid can also be called the

base fluid.

[0014] Oil and gas hydrocarbons are naturally occurring

in some subterranean formations. A subterranean formation

containing oil or gas is sometimes referred to as a reservoir.

A reservoir may be located under land or off shore. Reservoirs

are typically located in the range of a few hundred feet

(shallow reservoirs) to a few tens of thousands of feet (ultra-

deep reservoirs) . In order to produce oil or gas, a well is

drilled into a subterranean formation.

[0015] A well can include, without limitation, an oil,

gas, or water production well, or an injection well. As used

herein, a "well" includes at least one wellbore. A wellbore can

include vertical, inclined, and horizontal portions, and it can

be straight, curved, or branched. As used herein, the term

"wellbore" includes any cased, and any uncased, open-hole

portion of the wellbore. It is common for a well to include a



primary wellbore and one or more lateral wellbores extending

from the primary wellbore. A s used herein, the term "wellbore"

also means any wellbore whether it be a primary wellbore or a

lateral wellbore. A s used herein, "into a well" means and

includes into any portion of a wellbore, including into a

primary wellbore and/or into one or more lateral wellbores.

[0016] A drill bit can be used to form a primary

wellbore. A drill string can be used to aid the drill bit in

drilling through the subterranean formation to form the

wellbore. The drill string can include a drilling pipe. During

drilling operations, a drilling fluid, sometimes referred to as

a drilling mud, may be circulated downwardly through the

drilling pipe, and back up the annulus between the wall of the

wellbore and the outside of the drilling pipe. The drilling

fluid performs various functions, such as cooling the drill bit,

maintaining the desired pressure in the well, and carrying drill

cuttings upwardly through the wellbore annulus.

[0017] After the primary wellbore is drilled, a tubing

string, called casing, can be placed into the wellbore. The

casing can be cemented in the wellbore by introducing a cement

composition in the annulus between the wall of the wellbore and

the outside of the casing. The cement can help stabilize and

secure the casing in the wellbore.

[0018] It is often desirable to form one or more lateral

wellbores extending into a subterranean formation from a primary

wellbore. A lateral wellbore can be created in a vertical,

inclined, or horizontal portion of the primary wellbore or in

multiple locations of combinations thereof. In order to form a

lateral wellbore, a window can first be created. This is

generally accomplished by placing a mill in the primary

wellbore. The mill includes a mill bit, which can be the same

as, or similar to, the drill bit that was used to form the



primary wellbore. The mill can be attached to a drill string,

which is located inside the casing. A drilling fluid is

circulated downwardly through the drill string and up through

the annular space between the outside of the drill string and

the inside of the casing. A mill diverter can be placed at a

location adjacent to the desired window location. An example of

a common mill diverter is a whipstock. The mill diverter

includes a sloped portion, commonly called a tapered face, where

the sloped portion is much like the hypotenuse of a right

triangle. The mill diverter commonly includes a fishing or

retrieval mechanism and a setting or anchoring mechanism. The

fishing mechanism can be used to remove the mill diverter after

the mill diverter is no longer needed. The setting mechanism

can be used to secure the mill diverter to the inside of the

casing and help the diverter remain stationary.

[0019] The mill is then advanced through the primary

wellbore until it engages the tapered face of the mill diverter.

The mill is then directed laterally, i.e., in a direction away

from a central axis of the primary wellbore, towards the casing.

The grade of the sloped portion of the mill diverter can dictate

how quickly the mill comes in contact with the casing and also

the length of the window. The mill is advanced down the mill

diverter until the mill has cut through the casing and the

cement, and penetrates the subterranean formation. The mill

bit, or a different drill bit, can be used to extend the lateral

wellbore a desired distance into the subterranean formation. A

casing or liner can then be inserted into the lateral wellbore.

The casing or liner can be connected to the casing in the

primary wellbore such that fluid is directed from the lateral

wellbore and into the primary wellbore (or vice versa) , without

fluid leakage into the formation. The casing or liner can also



be cemented in the lateral wellbore in the same manner as

cementing was performed in the primary wellbore.

[0020] Of course there can be more than one lateral

wellbore formed. There can also be one or more secondary

laterals that extend off of a primary lateral to create a

branching network of wellbores. A s used herein, the term

"lateral wellbore" means a wellbore that extends off of a

primary wellbore or off of another lateral wellbore, for

example, a secondary, tertiary, and so on, lateral wellbore.

[0021] Several issues can arise during lateral wellbore

formation. Generally, after a mill diverter is positioned in a

wellbore, fluids can by-pass the mill diverter and flow from an

area above the mill diverter, past the mill diverter, and into a

section of the wellbore located below the diverter. This fluid

by-pass can cause several problems. First, some fluids can be

detrimental to the mechanisms of the mill diverter. For

example, some wellbore fluids can be corrosive or erosive to the

mechanisms or generally impair proper functioning of the

mechanisms. Moreover, for cementing operations, by-pass of the

cement below the tapered face can render removal of the diverter

impractical as the cement can harden and set around the fishing

mechanism. Second, for a given operation (e.g., milling,

drilling, stimulation, cementing, etc. ) the amount of fluid

needed to perform that operation is calculated before the

operation commences. A loss of fluid into wellbore portions

below the mill diverter can render such calculations meaningless

and increase the overall amount of fluid needed for the

operation. By way of example, if a window has been formed and a

drilling operation is needed to extend a lateral wellbore into

the subterranean formation, and if the drilling fluid is lost

below the mill diverter, then the volume of drilling fluid

required for drilling the lateral is increased above the



calculated volume. Third, by-pass of a fluid below the mill

diverter can cause a loss of pressure in a desired wellbore

portion. For example, a fluid having a higher density could mix

with another fluid having a lower density and cause a loss in

the desired pressure from the different fluids in the wellbore

portion. Fourth, cleaning operations for removal of solid

debris generated during wellbore formation are also ineffective

if there is a loss of containment of the area t o b e cleaned or

the loss of control over the volume and rate at which the fluid

is applied.

[0022] Therefore, there is a need t o eliminate a fluid

by-pass and maintain predictable areas of operations in a

wellbore and also t o protect the functionality of wellbore tool

components for lateral mill diverters (such a s multi-lateral

whipstocks), down-hole milling apparatuses, single and dual bore

deflectors, through-tubing lateral re-entry windows, and re

entry milling and lateral wellbore reference anchors.

[0023] It has been discovered that a swellable material

can b e placed on the body of diverter. The swellable material

can swell in the presence of a fluid and create a seal in an

annular space between the inside wall of a casing and the

outside body of the diverter in the wellbore. The swellable

material can b e selected such that it is capable of preventing

fluid by-pass, capable of withstanding a pressure exerted on the

swellable material, and also insusceptible t o corrosive or

erosive fluids. The swellable material can b e axially

constrained on the top and bottom such that the swellable

material expands in a radial direction only. A s the swellable

element swells, it expands radially and seals the annular space.

[0024] According t o an embodiment, a method of

preventing fluid flow past a tapered face of a mill diverter in

a wellbore comprises: positioning the mill diverter in the



wellbore, wherein the mill diverter comprises: (a) a body; (b)

the tapered face, wherein the tapered face is located at one end

of the body; and (c) a swellable material, wherein the swellable

material: (i) is positioned circumferent ially around the body of

the mill diverter adjacent to the tapered face; (ii) swells in

the presence of a swelling fluid; and (iii) prevents

substantially all of a fluid from flowing past the swellable

material after the swellable material has swelled; and causing

or allowing the swellable material to swell.

[0025] According to another embodiment, a method of

maintaining a pressure above a mill diverter in a wellbore

comprises: positioning the mill diverter in the wellbore,

wherein the mill diverter comprises: (a) a body; (b) a tapered

face, wherein the tapered face is located at one end of the

body; and (c) a swellable material, wherein the swellable

material: (i) is positioned circumferent ially around the body of

the mill diverter adjacent to the tapered face; (ii) swells in

the presence of a swelling fluid; and (iii) prevents a loss of

pressure in the wellbore at a location above the swellable

material after the swellable material has swelled; causing or

allowing the swellable material to swell; and maintaining the

pressure in the wellbore at a location above the swellable

material .

[0026] According to another embodiment, the swellable

material prevents a first fluid having a first density from

mixing with a second fluid having a second density, wherein the

first fluid is located above the swellable material in the

wellbore and the second fluid is located below the swellable

material in the wellbore after the swellable material has

swelled .

[0027] Turning to the Figures, Fig. 1 depicts the mill

diverter 100. Figs. 2 - 4 depict the mill diverter 100 in a



wellbore 11. The wellbore 11 can be part of a well system 10.

The wellbore 11 extends down into a subterranean formation 20.

The wellbore 11 can be a primary wellbore or a lateral wellbore.

The wellbore 11 can have vertical, horizontal, inclined,

straight, or curved sections, and combinations thereof. A t

least a section of the wellbore 11 is a cased-hole wellbore.

The cased-hole section can include a casing 15. The casing 15

can be cemented in the wellbore 11 via cement 13.

[0028] The methods include the step of positioning the

mill diverter 100 in the wellbore 11. Of course, more than one

mill diverter 100 can be placed in the wellbore 11. A n example

of a mill diverter 100 is a whipstock. The mill diverter 100

can be placed in the wellbore 11 inside the casing 15. A s can

be seen in Fig. 1 , the mill diverter 100 comprises a body, a

tapered face 101, and a swellable material 102. The mill

diverter 100 can also comprise a setting mechanism 104. The

mill diverter 100 can be secured to the casing 15 via the

setting mechanism 104. Examples of suitable setting mechanisms

104 include, but are not limited to, a packer, a latch, a liner

hanger, a lock mandrel, an expanded tubular, mechanical slips,

or a collet. The setting mechanism 104 can function to secure

the mill diverter 100 within the casing 15 at the desired

location such that downward and rotational movement of the mill

diverter 100 under force is inhibited, and preferably

eliminated. The methods can further include the step of

securing the mill diverter 100 in the casing 15 adjacent to the

desired window location, wherein the step of securing can be

performed after the step of positioning the mill diverter 100 in

the wellbore 11.

[0029] The mill diverter 100 can also include a fishing

mechanism 103. The fishing mechanism 103 can be used in

conjunction with a fishing tool (not shown) in order to retrieve



the mill diverter 100 from the wellbore 11. For example, the

fishing mechanism 103 can include recessed portions that

correspond to raised portions on the fishing tool, such that the

fishing tool can engage with the fishing mechanism 103 and the

tool can latch onto the mechanism. The mill diverter 100 can

then be removed from the wellbore 11.

[0030] The mill diverter 100 also comprises the

swellable material 102. The swellable material 102 is

positioned circumferent ially around the body of the mill

diverter 100 adjacent to the tapered face 101. The mill

diverter 100 can also comprise two or more swellable materials

102. Preferably, the swellable material 102 is positioned

circumferent ially around the body of the mill diverter 100 at a

location between the tapered face 101 and any mechanisms of the

diverter (e.g., the setting mechanism 104 and the fishing

mechanism 103) . In this manner, after swelling, fluid is

prevented from coming in contact with the mechanisms of the mill

diverter 100.

[0031] The length of the swellable material 102 can vary

and can be selected such that the desired sealing area around

the body of the mill diverter 100 is achieved. The inner

diameter of the swellable material 102 can be selected such that

the swellable material 102 fits around the outer diameter of the

mill diverter 100 body. The typical inner diameter of a

swellable material 102 can range from 1 inch to 16 inches as

required by the outer diameter of the mill diverter in the

application. The thickness of a swellable element is the

difference between the largest outer diameter and the inner

diameter of the swellable material 102, measured at the axial

location of the largest outer diameter.

[0032] The swellable material 102 swells in the presence

of a swelling fluid. The swellable material 102 can swell in



the presence of a hydrocarbon liquid (hydrocarbon-swellable

materials) or swell in the presence of an aqueous liquid (water-

swellable materials). According to an embodiment, the swellable

material is a hydrocarbon liquid swellable material, and the

material is selected from the group consisting of natural

rubbers, nitrile rubbers, hydrogenated nitrile rubber, acrylate

butadiene rubbers, polyacrylate rubbers, isoprene rubbers,

chloroprene rubbers, butyl rubbers (IIR), brominated butyl

rubbers (BIIR) , chlorinated butyl rubbers (CIIR) , chlorinated

polyethylenes (CM/CPE), neoprene rubbers (CR) , styrene butadiene

copolymer rubbers (SBR), sulphonated polyethylenes (CSM) ,

ethylene acrylate rubbers (EAM/AEM) , epichlorohydrin ethylene

oxide copolymers (CO, ECO) , ethylene-propylene rubbers (EPM and

EDPM) , ethylene-propylene-diene terpolymer rubbers (EPT) ,

ethylene vinyl acetate copolymer, acrylonitrile butadiene

rubbers, hydrogenated acrylonitrile butadiene rubbers (HNBR) ,

fluorosilicone rubbers (FVMQ) , silicone rubbers (VMQ) , poly

2,2,1-bicyclo heptenes (polynorbornene) , alkylstyrenes , and

combinations thereof. One example of a suitable swellable

elastomer comprises a block copolymer of a styrene butadiene

rubber .

[0033] According to another embodiment, the swellable

material is a water-swellable material. Some specific examples

of suitable water-swellable materials, include, but are not

limited to starch-polyacrylate acid graft copolymer and salts

thereof, polyethylene oxide polymer, carboxymethyl cellulose

type polymers, polyacrylamide, poly (acrylic acid) and salts

thereof, poly (acrylic acid-co-acrylamide ) and salts thereof,

graft-poly (ethylene oxide) of poly (acrylic acid) and salts

thereof, poly (2-hydroxyethyl methacrylate) , poly (2-hydroxypropyl

methacrylate) , and combinations thereof. In certain

embodiments, the water-swellable material may be cross-linked



and/or lightly cross-linked. Other water-swellable materials

that behave in a similar fashion with respect to aqueous fluids

may also be suitable. The previous lists disclosing suitable

swellable materials is by no means an exhaustive list, does not

include every suitable swellable material example that could be

given, and is not meant to limit the scope of the invention.

The swellable material 102 can be selected such that it is

insusceptible to corrosive or erosive fluids. For example, the

swellable material does not degrade and maintains integrity.

[0034] The swelling fluid can be a hydrocarbon liquid or

an aqueous liquid. A s used herein, a "hydrocarbon liquid" means

a solution or colloid in which a liquid hydrocarbon is the

solvent or base fluid. A s used herein, an "aqueous liquid"

means a solution or colloid in which water is the solvent or

base fluid. The swelling fluid can also contain dissolved

compounds or undissolved compounds. For a colloid, the swelling

fluid can be an emulsion, a slurry, or a foam.

[0035] The methods include the step of causing or

allowing the swellable material 102 to swell. The step of

causing can include introducing the swelling fluid into the

wellbore 11 after the steps of positioning the mill diverter 100

in the wellbore 11 and/or after the step of securing the mill

diverter 100 to the casing 15. The swelling fluid can then come

in contact with the swellable material 102, which causes the

swellable element to begin swelling. The step of allowing can

include allowing the swellable material 102 to come in contact

with a swelling fluid, for example, a reservoir fluid or a fluid

already present in the wellbore.

[0036] The swelling of the swellable material 102 can be

delayed for a desired period of time. The desired period of

time can be the time it takes to position the mill diverter 100

in the wellbore 11 and also possibly secure the mill diverter



100 to the casing 15. The delay of swelling can be accomplished

by a variety of means. For example, the swellable material 102

and/or the thickness of the swellable material can be selected

such that swelling occurs at a desired time or rate, or the

swellable material can be fully or partially coated such that

the swelling fluid is delayed from coming in contact with the

swellable material. The coating can be a compound, such as a

wax, thermoplastic, sugar, salt, or polymer. The coating can be

selected such that the coating either dissolves in wellbore

fluids or melts at a certain temperature. Upon dissolution or

melting, at least a portion of the swellable material is

available to come in contact with the swelling fluid. One of

ordinary skill in the art will be able to select the best method

for delaying the swelling based on the specific conditions of

the well. As used herein, the term "bottomhole" means at a

location that the mill diverter is positioned.

[0037] According to an embodiment, the swellable

material 102 prevents substantially all of a fluid from flowing

past the swellable material 102 after the swellable material has

swelled. Preferably, the swellable material 102 swells at least

a sufficient amount such that the swellable material 102 creates

a seal in the annulus of the wellbore 11. Preferably, the

thickness of the swellable material 102 swells at least 5%,

preferably at least 20%, in volume after contact with the

swelling fluid. The swellable material 102 can be axially

constrained on the top and/or bottom such that the swellable

material expands in a radial direction only. As the swellable

material swells, it expands radially and seals the annulus. The

swellable material 102 is said to prevent "substantially all of

a fluid" from flowing past the swellable material to provide for

the possibility that some minute and unintentional quantities of

fluid may flow past the swellable material. Such trace amounts



of fluid may unintentionally flow past the swellable material.

However the trace amounts that may be present should not be so

great as to render the swelled swellable material ineffective as

a seal. According to an embodiment, the swelling fluid is

allowed to remain in contact with the swellable material 102 for

a sufficient time for the swellable material to swell and expand

to a sufficient size. The sufficient size can be a size such

that the seal is created. Preferably, the seal is maintained

for the time necessary to complete the oil or gas operation.

The seal and the prevention of fluid flow around the swellable

material can help protect any mechanisms of the mill diverter

from becoming damaged. For example, during cementing of a

lateral wellbore that is formed above the mill diverter, if the

cement were able to flow past the swellable material, then the

cement could set and damage any mechanisms, or could also make

access to the mechanisms impossible.

[0038] According to another embodiment, the swellable

material 102 prevents a first fluid having a first density from

mixing with a second fluid having a second density, wherein the

first fluid is located above the swellable material 102 and the

second fluid is located below the swellable material. The first

density can be higher or lower than the second density. This

method is useful when control of the well system is dependent on

different density fluids being maintained in two or more

sections of the wellbore. For example, if a lower density fluid

is required at the location below the mill diverter and a higher

density fluid is required above the mill diverter, then the two

fluids are prevented from mixing via fluid by-pass of the

swellable material 102 and having each fluid's density change.

The prevention of the fluid by-pass allows for greater control

over the well system by being able to maintain the desired



pressure in each section based on the density of the fluids

located in each section.

[0039] According to yet another embodiment, the

swellable material 102 prevents a loss of pressure in the

wellbore 11 at a location above the swellable material after the

swellable material has swelled. For example, as seen in Fig. 2 ,

the location above the swellable material is the wellbore from

the wellhead down to the swellable material. Preferably, the

swellable material 102 is capable of withstanding a specified

pressure. As used herein, the term "withstand" and all

grammatical variations thereof, means without losing integrity,

for example, without losing the component's sealing capability.

The swellable material 102 can be capable of withstanding

pressures in the range of about 100 to about 1,500 pounds force

per square inch (psi) . In this manner, by preventing a loss of

pressure in the wellbore above the swellable material,

operations such as forming a lateral wellbore can be performed

without loss of fluid or pressure at the location of the

operation. According to certain embodiments, the methods

include the step of maintaining the pressure in the wellbore at

a location above the swellable material. The step of

maintaining can include introducing a fluid into the wellbore.

[0040] The methods can further include the step of

forming one or more lateral wellbores 11a after the step of

causing or allowing. A mill bit 210 can be advanced through the

wellbore 11 via a tubing string or wireline 220. As can be seen

in Fig. 3 , the mill bit 210, upon encountering the tapered face

101 of the mill diverter 100, can be diverted away from the

center axis of the casing 15. In this manner, the mill bit can

start to engage a portion of the casing 15 adjacent to the mill

diverter 100. The mill bit can start to break up the casing and

the set cement 13. As the mill continues advancing, the window



becomes longer. The mill is advanced until the desired window

has been formed. The grade of the tapered face 101 of the mill

diverter 100 can vary and can be used to help define the length

of a window. The mill bit or a drill bit can then be used to

form the lateral wellbore 11a. As can be seen in Fig. 4 , the

lateral wellbore can be completed after the step of forming the

lateral wellbore. The completion of the lateral wellbore 11a

can include introducing a casing 15a into the lateral wellbore

and can also include introducing a cement 13a into the annulus

between the casing and the wall of the lateral wellbore.

[0041] The methods can further include the step of

removing the mill diverter from the wellbore after the step of

forming the one or more lateral wellbores. The step of removing

can include, without limitation, milling a portion of the

swelled swellable material 102 or via a wash-over operation in

which a burn-shoe and wash-barrel assemblies are used to engage

a slip mechanism on the mill diverter 100. Preferably, a

sufficient amount of the swellable material 102 is removed such

that the fishing mechanism 103 or slip mechanism is accessible.

In this manner, a fishing tool can be positioned to engage with

the fishing mechanism 103 for removal of the mill diverter 100.

It is to be understood that the mill diverter 100 can also be a

permanent diverter that is to remain in the wellbore.

[0042] The methods can further include the step of

producing oil or gas from the subterranean formation 20. The

step of producing can be performed after any or all of the

following steps: the step of causing or allowing the swellable

material to swell, the step of maintaining the pressure on the

wellbore, the step of forming a lateral wellbore, and the step

of removing the mill diverter from the wellbore. The step of

producing can include producing the oil or gas via a production

well .



[0043] 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. While

compositions and methods are described in terms of "comprising, "

"containing," or "including" various components or steps, the

compositions and methods can also "consist essentially of" or

"consist of" the various components and steps. Whenever a

numerical range with a lower limit and an upper limit is

disclosed, any number and any included range falling within the

range is specifically disclosed. In particular, every range of

values (of the form, "from about a to about b ," or,

equivalent ly, "from approximately a to b,") disclosed herein is

to be understood to set forth every number and 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. Moreover, the

indefinite articles "a" or "an", as used in the claims, are

defined herein to mean one or more than one of the element that

it introduces. If there is any conflict in the usages of a word

or term in this specification and one or more patent or other

documents that may be incorporated herein by reference, the

definitions that are consistent with this specification should

be adopted.



What is claimed is :

1 . A method of preventing fluid flow past a tapered face of a

mill diverter in a wellbore comprising:

positioning the mill diverter in the wellbore, wherein the

mill diverter comprises:

(a) a body;

(b) the tapered face, wherein the tapered face is

located at one end of the body; and

(c) a swellable material, wherein the swellable

material :

(i) is positioned circumf erent ially around the

body of the mill diverter adjacent to the

tapered face;

(ii) swells in the presence of a swelling fluid;

and

(iii) prevents substantially all of a fluid

from flowing past the swellable material

after the swellable material has swelled;

and

causing or allowing the swellable material to swell.

2 . The method according to Claim 1 , wherein the wellbore is a

primary wellbore or a lateral wellbore.

3 . The method according to Claim 1 , wherein the mill diverter

further comprises a mechanism.

4 . The method according to Claim 3 , wherein the mechanism is

setting mechanism.

5 . The method according to Claim 3 , wherein the mechanism is

fishing mechanism.



6 . The method according to Claim 3 , wherein the swellable

material is positioned circumf erent ially around the body of the

mill diverter at a location between the tapered face and the

mechanism.

7 . The method according to Claim 1 , wherein the mill diverter

further comprises two or more swellable materials.

8 . The method according to Claim 1 , wherein the swellable

material swells in the presence of a hydrocarbon liquid or

swells in the presence of an aqueous liquid.

9 . The method according to Claim 8 , wherein the swellable

material is a hydrocarbon liquid swellable material, and the

swellable material is selected from the group consisting of

natural rubbers, nitrile rubbers, hydrogenated nitrile rubber,

acrylate butadiene rubbers, polyacrylate rubbers, isoprene

rubbers, chloroprene rubbers, butyl rubbers (IIR), brominated

butyl rubbers (BIIR) , chlorinated butyl rubbers (CIIR) ,

chlorinated polyethylenes (CM/CPE), neoprene rubbers (CR) ,

styrene butadiene copolymer rubbers (SBR), sulphonated

polyethylenes (CSM) , ethylene acrylate rubbers (EAM/AEM) ,

epichlorohydrin ethylene oxide copolymers (CO, ECO) , ethylene-

propylene rubbers (EPM and EDPM) , ethylene-propylene-diene

terpolymer rubbers (EPT) , ethylene vinyl acetate copolymer,

acrylonitrile butadiene rubbers, hydrogenated acrylonitrile

butadiene rubbers (HNBR) , fluorosilicone rubbers (FVMQ) ,

silicone rubbers (VMQ) , poly 2,2,1-bicyclo heptenes

(polynorbornene) , alkylstyrenes , and combinations thereof.



10. The method according to Claim 8 , wherein the swellable

material is a water-swellable material, and the swellable

material is selected from the group consisting of starch-

polyacrylate acid graft copolymer and salts thereof,

polyethylene oxide polymer, carboxymethyl cellulose type

polymers, polyacrylamide, poly (acrylic acid) and salts thereof,

poly (acrylic acid-co-acrylamide ) and salts thereof, graft-

poly (ethylene oxide) of poly (acrylic acid) and salts thereof,

poly (2-hydroxyethyl methacrylate) , poly (2-hydroxypropyl

methacrylate) , and combinations thereof.

11. The method according to Claim 1 , wherein the swelling fluid

is a hydrocarbon liquid or an aqueous liquid.

12. The method according to Claim 1 , wherein the step of

causing comprises introducing the swelling fluid into the

wellbore, wherein the step of causing is performed after the

step of positioning the mill diverter in the wellbore.

13. The method according to Claim 1 , wherein the swellable

material swells at least a sufficient amount such that the

swellable material creates a seal in an annulus of the wellbore.

14. The method according to Claim 1 , wherein the thickness of

the swellable material swells at least 5% in volume after coming

in contact with the swelling fluid.

15. The method according to Claim 1 , further comprising the

step of forming one or more lateral wellbores after the step of

causing or allowing.



16. The method according to Claim 15, further comprising the

step of removing the mill diverter from the wellbore after the

step of forming.

17. The method according to Claim 1 , further comprising the

step of producing oil or gas from the subterranean formation

after the step of causing or allowing.



18. A method of maintaining a pressure above a mill diverter in

a wellbore comprising:

positioning the mill diverter in the wellbore, wherein the

mill diverter comprises:

(a) a body;

(b) a tapered face, wherein the tapered face is

located at one end of the body; and

(c) a swellable material, wherein the swellable

material :

(i) is positioned circumf erent ially around the

body of the mill diverter adjacent to the

tapered face;

(ii) swells in the presence of a swelling fluid;

and

(iii) prevents a loss of pressure in the

wellbore at a location above the swellable

material after the swellable material has

swelled;

causing or allowing the swellable material to swell; and

maintaining the pressure in the wellbore at a location

above the swellable material.

19. The method according to Claim 18, wherein the swellable

material is capable of withstanding a pressure in the range of

about 100 to about 1,500 pounds force per square inch.

20. The method according to Claim 18, wherein the step of

maintaining comprises introducing a fluid into the wellbore.



A method of preventing fluid flow past a tapered face of a

diverter in a wellbore comprising:

positioning the mill diverter in the wellbore, wherein the

mill diverter comprises:

(a) a body;

(b) the tapered face, wherein the tapered face is

located at one end of the body; and

(c) a swellable material, wherein the swellable

material :

(i) is positioned circumf erent ially around the

body of the mill diverter adjacent to the

tapered face;

(ii) swells in the presence of a swelling fluid;

and

(iii) prevents a first fluid having a first

density from mixing with a second fluid

having a second density, wherein the first

fluid is located above the swellable

material in the wellbore and the second

fluid is located below the swellable

material in the wellbore after the swellable

material has swelled; and

causing or allowing the swellable material to swell.











INTERNATIONAL SEARCH REPORT International application No.

PCT/US2013/027907
A. CLASSIFICATION OF SUBJECT MATTER

E21B 7/10(2006.01)i, E21B 7/08(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
E21B 7/10; E21B 43/12; E21B 43/14; E21B 7/08; E03B 3/1 1; E21B 7/06

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electromc data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: diverter, tapered face, fluid, swellable material, and wellbore

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2008-0296029 Al (ORTIZ, ALEJANDRO) 04 December 2008 1-2, 7-21
See paragraphs [0002H0003] , [0010H0014] and f igures 1-3 .

3-6

US 2003-0042024 Al (FREEMAN e t a l . ) 06 March 2003 3-6
See paragraphs [0021] , [0023] , [0025] and f i gures 1-3 .

US 2006-0266531 Al (HEPBURN e t a l . ) 30 November 2006 1-21
See paragraphs [0027]-[0035] , [0052] and f i gures 3-5 .

US 6241021 Bl (BOILING, JOHN S . ) 05 June 2001 1-21
See column 3 , ines 13-36 and f igures 3-4.

US 6883611 B2 (SMITH e t a l . ) 26 Apr i l 2005 1-21
See column 4 , ines 19-57 and f igures 2-3 .

I IFurther documents are listed in the continuation of Box C. See patent family annex.

Special categories of cited documents: later document published after the international filing date or priority
document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to b e of particular relevance the principle or theory underlying the invention
earlier application or patent but published on or after the international document of particular relevance; the claimed invention cannot b e
filing date considered novel or cannot be considered to involve an inventive
document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other document of particular relevance; the claimed invention cannot b e
special reason (as specified) considered to involve an inventive step when the document is
document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

11 November 20 13 ( 11. 11.2013) 11 November 2013 (11.11.2013)

Name and mailing address of the ISA/KR Authorized officer .. —

d fe b Korean Intellectual Property Office

j fc 189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, SONG, Ho Keun
¾ « 302-70 1, Republic of Korea

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-5580

Form PCT/ISA/210 (second sheet) ( y 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2013/027907

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2008-0296029 Al 04/12/2008 None

US 2003-0042024 Al 06/03/2003 BR 0101343 A 06/11/2001
CA 2341119 Al 28/09/2001
CA 2341119 C 29/07/2008
GB 0107743 DO 16/05/2001
GB 2361257 A 17/10/2001
GB 2361257 B 23/06/2004
MY 125968 A 29/09/2006
NO 20011557 A 01/10/2001
NO 20011557 DO 27/03/2001
US 6454006 Bl 24/09/2002
US 6786283 B2 07/09/2004

US 2006-0266531 Al 30/11/2006 CA 2491807 Al 29/07/2005
CA 2585489 Al 24/10/2007
CA 2585489 C 25/01/2011
GB 0707832 DO 30/05/2007
GB 2410515 A 03/08/2005
GB 2437632 A 31/10/2007
GB 2437632 B 06/04/2011
NO 20072086 A 25/10/2007
US 2005-0167109 Al 04/08/2005
US 7213652 B2 08/05/2007
US 7584795 B2 08/09/2009

US 6241021 Bl 05/06/2001 None

US 6883611 B2 26/04/2005 BR 0301340 A 09/03/2004
CA 2425036 Al 12/10/2003
CA 2425036 C 03/04/2012
CA 2766051 Al 12/10/2003
GB 0308428 DO 21/05/2003
GB 0602848 DO 22/03/2006
GB 0602852 DO 22/03/2006
GB 0602859 DO 22/03/2006
GB 0602862 DO 22/03/2006
GB 0602868 DO 22/03/2006
GB 2387614 A 22/10/2003
GB 2422624 A 02/08/2006
GB 2422625 A 02/08/2006
GB 2422626 A 02/08/2006
GB 2422627 A 02/08/2006
GB 2423103 A 16/08/2006
MX PA03003202 A 02/04/2004
US 2003-0192717 Al 16/10/2003
US 2005-0167110 Al 04/08/2005
US 2005-0167111 Al 04/08/2005
US 2005-0167112 Al 04/08/2005

Form PCT/ISA/210 (patent family annex) ( y 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2013/027907

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2005-0167113 Al 04/08/2005
us 2005-0167114 Al 04/08/2005
us 2005-0167115 Al 04/08/2005
us 2005-0167120 Al 04/08/2005
us 2005-0178555 Al 18/08/2005
us 7000703 B2 21/02/2006
us 7017668 B2 28/03/2006
us 7066272 B2 27/06/2006
us 7070000 B2 04/07/2006
us 7073600 B2 11/07/2006
us 7090022 B2 15/08/2006

Form PCT/ISA/210 (patent family annex) ( y 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

