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Mill for Use in a Wellbore and Method of Milling

This invention relates to a mill for use in a wellbore and to a method of milhng.
Mills are used, inter ahia, for cutting windows in the walls of tubulars pror to

sidetracking and similar operations.

One of the problems which arises with known mills i1s generally referred to as
“coring”. In particular, as the mill forms the window it reaches a position where the
centre of the mill is substantially in line with the wall of the tubular 1n which the
window 1s being formed. As the mill is rotated the tubular is milled away with the
exception of a solid bar of metal which enters a bore which extends longitudinally of the
mill.

Frequently, the solid bar of metal (referred to as a “core”) breaks away from the
tubular and the formation of the window continues unmimpeded. However, 1if the core
does not break then the whole milling operation can be delayed pending remedial
treatment.

The aim of the present invention is to help ensure that the core breaks away from
the tubular. '

According to the present invention there is provided a mill for use in a wellbore,
said mill comprising a bore for accommodating a core part from a tubular being milled,
charactenised in that at least a portion of said bore does not extend axially of said mill

to, in use, facilitate separation of the core part from the tubular being milled.

According to one embodiment of the present invention, there is provided a mill
for use in a wellbore, said mill comprising a body having a top and a bottom and a first
fluid flow channel extending longitudinally therethrough from top to bottom, the first
fluid flow channel having an upper end and a lower end, and a milling apparatus on the
body, wherein the lower end of the first fluid flow channel having an opening for, in use,
rece1ving a core of material from a tubular member milled by the mill, wherein at least a

portion of the first fluid flow channel is offset from the remainder thereof to facilitate

separation of the core from the tubular member.

The mill may further comprise at least one side fluid flow channel having an inner

end 1n fluid communication with the first fluid flow channel and an outer end in fluid
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communication with a space outside the mill so that, in use, fluid pumped down the first
fluid flow channel can flow out into the space.

The first fluid flow channel of the mill as described herein may comprise' an upper
portion and a lower portion, the upper portion extending through the body of the mill and
the lower portion extending through the body of the mill at an angle to the upper portion
so that separation of a core with an upper end passing through the lower portion and into
the upper portion 1s facilitated by receipt of the upper end of said core in the upper
portion of the first fluid flow channel.

The mill body may include a top body and a bottom body connected to the top
body, the top body includes the upper portion of the first fluid flow channel and the
bottom body including the lower portion of the first fluid flow channel.

The mill as described herein, may further comprise a coupling interposed between
and connecting together the top body and the bottom body, the coupling having a
coupling tluid flow bore therethrough in fluid communication with the upper portion of
the first fluid flow channel of the top body and with the lower portion of the first fluid
flow channel of the bottom body.

The coupling fluid flow bore may have an inner diameter larger than an inner
diameter of the upper portion of the first fluid flow bore and larger than an inner diameter
of the lower portion of the first fluid flow bore.

The upper portion of the first fluid flow bore is offset from the lower portion of
the first fluid flow bore, the coupling disposed so that entry of a core top end into the
upper portion of the first fluid flow bore is inhibited, the core top end passing from the
lower portion of the first fluid flow bore into the coupling fluid ﬂow.channel.

According to a further embodiment of the present invention, there is provided the
mill as described herein, wherein the lower portion of the first fluid flow channel can
have a lower opening at a bottom of the body, wherein the lower opening is located
substantially at the center of a lower portion of the body.

The lower portion of the first fluid flow channel can be located substantially at the

center of the body, the upper portion thereof is offset from said center, and the first fluid
flow channel may have an intermediate portion interconnecting the upper and lower
portions and at an angle to each of said upper and lower portions.

The mill as described herein, may have a first portion of the first fluid flow

channel located substantially at the center of the body, a second portion thereof may be
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offset from said center, and the first fluid flow channel may have an intermediate portion
interconnecting the first and second portions and at an angle to each of said first and
second portions.

The body may have a center at its lowest portion and the lower opening 1s offset
from said center.

According to another embodiment of the present invention there 1s provided a
mill as described herein, wherein the body may have a lower end with a lower surface
thereacross, said lower surface inclined upwardly from an outer edge of the lower end up
to a central point of the lower end to facilitate movement of the mill outwardly from a
tubular member being milled in a wellbore or wherein the body may have a lower end
having an outer lower surface around a circumference of the body, said outer lower
surface tapering inwardly from a level above a lowest boundary of the lower end to said
lowest boundary or, wherein the body may have a lower end with an extended outer
circumferential surface positionable substantially parallel to and for co-acting with an
inner surface of a mill guide in a wellbore or a combination thereof.

The mill as described herein may further comprise a mill guide in contact with the
bbdy of the wellbore mill, said mill guide may comprise a hollow body with an upper end
and an upper end opening and a lower end with a lower end opening, the lower end
opening having a slanted portion to permit the mill to contact an interior portion of the
tubular in the wellbore at the desired milling location while the mill also contacts a
portion of the lower end of the mill guide.

According to yet another embodiment of the present invention, there is provided a
method of milling an opening in a selected tubular of a tubular string in a wellbore,
which method comprises the steps of installing a mill as described herein on a working
string into the wellbore at a selected desired point for milling the opening in the tubular,
and rotating the mill to mill an opening in the selected tubular.

The method may further comprise creating a core of material of the selected
tubular member by milling down the selected tubular, said core received through said
opening into at least the lower end of the first fluid flow channel, and separating with
said mill said core from said selected tubular member.

The method may further comprise positioning a mill guide in said tubular string
in said wellbore, said mill guide comprising a hollow body with an upper end and an

upper end opening and a lower end with a lower end opening, the lower end opening
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having a slanted portion to permit the mill to contact an interior portion of the tubular in
the wellbore at the desired milling location while the mill also contacts a portion of the
lower end of the mill guide, and urging said mill toward said selected tubular with said
rnill] guide, ‘

The method described herein may further comprise positioning a whipstock in
said tubular string 1n said wellbore, and contacting said whipstock with said mill to divert
said mill toward said selected tubular.

The method may further comprise rotating said mill with a downhole motor
disposed in said working string.

The working string may be a string consisting of tubulars from the group
consisting of pipe and coiled tubing.

According to still another embodiment of the present invention, there is provided
a mill for use in a wellbore, said mill comprising a mill body with milling apparatus
thereon and a top and a bottom and a side exterior surface, at least one flushing fluid flow
channel extending down from the top of the body to an exit opening on the side exterior
surface, fluid pumpable from above the wellbore mill down into the flushing fluid flow
channel and out from the exit opening to move material milled by the wellbore mill up
away from the wellbore well, and a core channel extending from a bottom center opening
at a bottom of the mill body and up thereinto for receiving a core of material from a
tubular milled by the wellbore mill, the core channel at an angle to a longitudinal axis of
the mill body.

The core channel may have a top end within the mill body beyond which the core
does not move or the core channel has a core channel opening on the side exterior surface
through which a portion of the core may move or a combination thereof.

The mill as described herein may include at least one intermediate fluid flow
channel with fluild communication with the at least one flushing fluid flow channel and
the core channel for providing flushing fluid into the core channel.

The mill as described herein may include at least one intermediate fluid flow
channel is at an angle of at least 90° to the core channel.

The mill may further comprise a mill guide in contact with the body of the
wellbore mill, said mill guide comprising a hollow body with an upper end and an upper
end opening and a lower end with a lower end opening, the lower end opening having a

slanted portion to permit the mill to contact an interior portion of the tubular in the
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wellbore at the desired milling location while the mill also contacts a portion of the lower

end of the mill guide.
According to a further embodiment of the present invention, there is provided a
mill for use in a wellbore, said mill comprises a body having a top and a bottom, a

millihg apparatus on the body, and a core bore insert channel extending up from the

bottom of the body for receiving a core bore insert for holding therein.

The mill may further comprise a core bore insert within the core bore channel, the
core bore insert having a first core channel therethrough with a first diameter for
receiving a core milled from a wellbore tubular.

The core bore insert may be removably held 1n the core bore channel.

The mill may further comprise at least one second core bore insert emplaceable in
the core bore 1nsert channel of the wellbore mill body, the at least one second core bore
insert having an inner diameter different from the first diameter of the first core bore
insert.

The mill, as described herein, may have an amount of milling material on at least
a portion of the first core channel to facilitate separation of a core from a tubular.

According to another embodiment of the present invention, there is provided a
core bore insert for insertion within a core bore insert channel in a body of a wellbore
mill, the core bore insert comprising a body with a top and a bottom, a first core channel
extending from the bottom of the body toward the top and having a first core channel
inner diameter, and the first core channel sized to receive a core milled from a wellbore
tubuluar by the wellbore mill.

A core bore may further comprise milling material on at least a portion of the core

channel to facilitate separation of a core from a tubular.

The core bore mnsert may further comprise at least one additional core bore insert
having an inner diameter different than the first core channel inner diameter.

The core bore insert, as described herein, may further comprise at least ohe
additional core bore insert, said at least one additional core bore insert having a length
different than the first length wherein the first core channel has a first length from one
end thereof to the other.

The core bore channel can extend all the way through the body from top to

bottom.
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or a better understanding of the present 1invention,
reference will now be made, by way of example, to the
accompanying drawings, in which: -

Fig. 1A is a side view of a first embodiment of a
mill according to the present invention;

Fig. 1B is a cross-section of the mill shown 1n Fig.
1A;
Fig. 1C is a cross-section on line 1C-1C of Fiqg.1B;

Figs. 2 to 11 and 12A are side views, partly in
Cross-section, of eleven further embodiments of a mill
according to the present invention:

Fig. 12B shows, to an enlarged scale, a detail of
the mill shown in Fig. 12A; and

Fig. 12C is a simplified end view of the detail shown in
Fig. 12B.
Referring to Figs. 1A, 1B and 1C there 1s shown a

mill 300 which has a body 302, milling surfaces 304, and
fluid courses 306 between the milling surfaces 304. An

upper 1internally threaded end 308 provides for releasable
connection to a workstring of pipe or coiled tubing.

A central bore 310 extends from the top of the body
302 downwardly and communicates with fluid bores 312 that
provide a path for fluid to exit the body to flush milled
cuttings and debris up and away from the mill and with a
bore 314 that extends from the lower end of the central
bore 310 down to the bottom of the pody 302.

The milling surfaces 304, the lower end of the body
302, and the interior surface of at least a lower portion
of the bore 314 may be dressed with milling material,

€.g. but not limited to milling inserts and/or crushed

tungsten carbide matrix milling material. By using such
material in the bore 314 the separation of a core from a
tubular being milled is facilitated. It 1s also within

the scope of this invention to dress the upper end of the

bore 314 or the whole bore 314 and/or the lower end of
the central bore 310 with such material.

The bore 314 (and the bores 1n the other embodiments
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embodiments) . In one aspect, the bore diameter is
slightly larger than the wall thickness of the tubular
being milled. In another aspect the bore diameter is

significantly larger than the width of & core Dbeing
produced by milling so the core does not impede washing
fluid flow out from the bore 314 and, 1n such a case, one
or more fluld flow bores like the fluid flow bores 312
may be optional.

As shown in Fig. 1B, there is a bend 1n the
compound bore 310-314 where the bore 314 meets the bore
310 so that the top of a core proceeding to the bend (or
into the angled portion of the bore 314 1tself) 1s held
and more easily twisted away from a tubular being milled,
thus 1inhibiting or preventing damaging “coring” of the
mill by a core that moves unimpeded up into a mill’s
inner body. Such coring can result in a cessation of
milling and/or in the production of a relatively large
core that 1s difficult to manipulate and remove,
particularly if it drops from the mill’s lnterior and
falls down into the wellbore.

Fig. 2 shows a mill 320 with a pody 322 having a
threaded top end 324; a lower end 326 dressed with
milling material 328; a top flow bore 330 extending from
the top of the body 322 downwardly; washing fluid
channels 332 in fluid communication with the bore 330 and
the space outside the mill 320: a core bore 334 extending
up from a lower opening 336; and a twist bore 338
interposed between and in fluid communication with the
top flow bore 330 and the core bore 334. As with the
bend between the bores 310-314 (F1g. 1B), the twist bore
facilitates the holding of the top of a core and
separation of the core from a tubular peing milled. As
shown the bores have essentially the same inner diameter,

but it is within the scope of this invention for all
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three diameters to be different; for the twist bore to be
larger or smaller in inner diameter than the other two
bores; for any two of the bores to have a sSimilar inner
diameter; and, in one aspect, for the core bore to be
slightly larger than the width of a core to be produced
and for the twist bore and/or top bore to be larger or
smaller in inner diameter than the core bore {(all as with
all multi-bore mill embodiments disclosed herein):; and,

- depending on the core bore diameter, the washing fluid

channels (at  least one, two, or three 1in certain
embodiments) are optional for all multi-bore mill
embodiments herein. In cross-section the bore 330 is
supstantially in the center of 3 cylindrically shaped
body 322, as is the bore 334 in =1 lower cylindrical
bottom piece 339,

It i1s within the scope of this invention to employ
any bend angle between two bore portions (e.g. as with
the top and core bores of Fig. 1B) and/or to use any
bent, twisted, curved, helical, or undulating
intermediate bores to receive and hold a core top end to
facilitate the core’s separation from a tubular being
milled. Such an intermediate bore itself may 1nclude a
plurality of sub-bores at angles to each other.

For ease of manufacture, shipping, and/or assembly
any mill disclosed herein may be made of multiple pieces
that are threaded together, welded together, or otherwise
secured together for use. For example the mill 320 may
be made of two pieces, shown schematically as a top piece
336 above a line 337 (F1g. 2) and a bottom piece 339
below the line 337. Appropriate threading, in certain

embodiments, is used with exXxtensions for the threads if
needed.

Fig. 3 shows a mill 340 with 3 cylindrical body 342
having a threaded top end 344; a lower end 346 dressed
with milling material 348: 3 top flow bore 350 (off
center 1n the body 342) extending from the top of the
body 342 downwardly; washing fluid channels 352 in fluid
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mill 340; a core bore 354 (substantially centered in the
pody) extending up from a lower opening 356; and a twist
pore 358 interposed at an angle between and in fluid

milled. In the mill 340, the top bore 350 is offset from
a center orf the body 342 and the core bore is essentially
at the center. These positions may be reversed.

Fl1g. 4 shows a mill 360 (similar to the mill 300)
with a body 362 having a threaded top end (not shown); a
lower end 366 dressed with milling material 368; a top
flow bore 370 extending from the top of the body 362
downwardly; washing fluid channels 372 in fluid
communication with the bore 370 and the space outside the
mill 360; a core/fluid bore 374 extending up from a lower
opening 376; and a twist bore 338 interposed between and
in fluid communication with the top flow bore 370 and the
core bore 374. As with the bend between the bores 310-
314 (Fig. 1B), the twist bore facilitates holding of a

being milled. It a core does not move up to the twist

bore, the angle of the core/fluid bore 374 alone
facilitates core separation.

Fig. 5 shows a mill 380 having a c¢ylindrical
threaded top part 383 with a bottom threaded end 384 and
a Top threaded end 385; a lower part 386 with a top
threaded end 387 and a bottom end 389 dressed with
milling material 388; a top flow bore 390 (off center) in
the top part 383 extending downwardly at an angle from
center; washing fluid channels 392 in fluid communication
with a core bore 394 and the Space outside the mill 380;
the core bore 394 eXtending at an angle from a
longitudinal axis of the lower part 386 up from a lower
opening 396 to a top end of the lower part 386; and a
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flow bore 390 and the core bore 394. The coupling 398
and parts 383 and 386 may be marked exteriorly so that

mis-aligned with a bottom opening 381 of the top flow
bore 390 so that entry is inhibited or prevented of a top

end of a core passing up through the coupling 398 into
the bottom opening 381. A coupling such as the coupling
398 (with either exterior or interior type threads, or
one type on one end and the other type on the other end)
may be used with any mill disclosed herein and any such
mill may be made up with a Lop part and bottom part as 1s

the mill 380. A line (as the 1line 337, Fig. 2)

separating two such mill pieces can be positioned through

a twist or bent bore or either above such a bore or below
1t for any embodiment herein.

Fig. 6 shows a mill 400 with a cylindrical mill body
402 and a top threaded end 404. A flushing fluid flow
channel 406 extends from the top of the body down into a
broader «cylindrical part 408 of the body where it

bottom center opening 416. The core channel 414 is
disposed and sized for receiving a core of material
formed when the mill 400 mills an opening in a tubular in
a wellbore in the earth. The core channel 414 is offset
with respect to the flushing fluid flow channel and the
core channel 414 is at an angle to a longitudinal axis of
the mill body 402. Matrix milling material 418 and/or
milling inserts (e.g. of tungsten carbide) is applied to
an interior surface at the lower end of the core channel

414 to facilitate separation of a3 core entering into the
core channel from a tubular pbeing milled.
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Fig. 7 shows a mill 420 with a Cylindrical mill body
422 and a top threaded end 424. A flushing fluid flow

the flushing fluid flow channel and, 1n one aspect, the
core channel 434 is at an angle to a longitudinal axis of

the mill body 422. A short horizontal intermediate flow

426 and the core channel 434. Matrix milling material
438 and/or milling inserts (e.g. of tungsten carbide) is
applied to an interior surface at the lower end of the
core channel 434 to facilitate separation of a core
entering into the core channel from a tubular being
milled. As with other embodiments, such milling material

may be used on all or any part of the bore to facilitate

opening 456. The core channel 454 is disposed and sized

for receiving a core of material formed when the mill 440
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channel in any of the mills shown) . Matrix milling
material 458 and/or milling inserts (e.g. of tungsten
carpbide) is applied to an interior surface at the lower
end of the core channel 454 to facilitate separation of 3

462 and a top threaded end 464. A flushing fluid flow
channel 466 extends from the top of the body down into a
10 proader part 468 of the pody where it continues into 3
lower fluid flow channel 470 having a bottom exit 472. A
core channel 474 extends up from the bottom of the body
462 from an opening 476. The core channel 474 is
disposed and sized for receiving a core of material
15 formed when the mill 460 mills an opening in a tubular in
a wellbore in the earth. The core channel 474 is offset
with respect to the flushing fluid flow channel and is at
an angle to a longitudinal axis of the mill body 462.
The core channel 474 ends at a top end thereof 475 which
20 a core may abut and beyond which the core will not move.
Matrix milling material 478 and/or milling inserts (e.q.
of tungsten carbide) is applied to an interior surface at
the lower end of the core channel 474 to facilitate
separation of a core entering into the core channel from

25 a tubular being milled.
Fig. 10 shows a mill 480 with a mill pody 402 and a
top threaded end 484. A flushing fluid flow channel 486
extends from the top of the body down into a broader part
488 of the body where it branches into a side fluid flow
30 channel 490 having a side exit 492 and 1ntermediate flow

496. The core channel 494 is disposed and sized for
receiving a core of material formed when the mill 400
35 mills an opening in a tubular in a wellbore in the earth.

The core channel 494 is offset with respect to the
flushing fluid flow channel and is at an angle to the
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longitudinal axis of the mill body 482. Matrix milling
material 498 and/or milling inserts (e.g. of tungsten

so that a core will not enter them. As with the mill of
Fi1g. 2, any mill described herein may be made of two or
more 1nterconnectible pieces. In one aspect such a
multipiece design facilitates creation of the various
interior channels.

Flgs. 11 and 12A show variations of the mill 380 of
F'ig. 5.

Fig. 11 shows a mill 380 with an interiorly threaded
channel 394a open at its bottom to the space below the
mill 380. A core bore insert 399a with an exteriorly
threaded body is removably secured in the channel 394a.
The core bore insert has a core channel 398a sized in

diameter and/or in length for receiving a core of

the channel 398a The threading on the insert is
preferably handed so that mill rotation does not unscrew
the insert. In addition to or instead of threaded

mating, a core bore insert according to this invention
may be welded in place and/or held in place with pins or
bolts through the mill body and insert body.

The mill 380 in Fig. 12A has a core bore insert 397,
like the core bore insert 399, but with a smaller

diameter core channel 396. The outer diameter of both
core bore inserts 399a and 397 is the same so that either
core bore insert 1is usable in a single mill. It 1s

within the scope of this invention to provide multiple
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(two, three, four or more) core bore inserts, each having
a different diameter and/or a different length to handle

Matrix milling material and/or inserts 395
(collectively “milling material”) may be used in the core

bore insert’s channel as described above for core bores
in other embodiments, on all or part of the channel.

In any core bore insert disclosed herein, the core

insert 1s removably or permanently emplaced.
Alternatively (or additionally) any channel in a mill

said axis. The core bore insert may 1tself contain a
multi-component channel with one part at an angle to
another part. Also, the core channel may extend for the
full length of the core bore insert and be in fluid

Or the core channel of the core bore lnsert may (like the

Yor Foer 3o 0 ok e A A LB et A A 0 ] S AR - 0 15 28 et
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The embodiments of the present invention in which an exclusive property or

privilege is claimed are defined as follows:

1. A mill for use in a wellbore, said mill comprising a bore for accommeodating a
core part from a tubular being milled, wherein at least a portion of said bore does not

extend axially of said mill to, in use, facilitate separation of the core part from a tubular

being milled.

2. A mill for use 1n a wellbore, said mill comprising:

a body having a top and a bottom and a first fluid flow channel extending longitudinally
therethrough from top to bottom, the first fluid flow channel having an upper end and a
lower end; and

a milling apparatus on the body;

wherein the lower end of the first tluid flow channel having an opening for, in use,
recerving a core of material from a tubular member milled by the mill,

wherein at least a portion of the first fluid flow channel is offset from the remainder

thereof to facilitate separation of the core from the tubular member.

3. The mill as claimed in Claim 2, further comprising:

at least one side fluid flow channel having an inner end in fluid communication with the
first fluid flow channel and an outer end in fluid communication with a space outside the
mill so that, in use, fluid pumped down the first fluid flow channel can flow out into the

space.

4. The mill as claimed in Claim 2 or 3, whereih the first fluid flow channel
comprises an upper portion and a lower portion, the upper portion extending through the
body of the mill and the lower portion extending through the body of the mill at an angle
to the upper portion so that separation of a core with an upper end passing through the
lower portion and into the upper portion is facilitated by receipt of the upper end of said

core in the upper portion of the first fluid flow channel.

5. The mill as claimed 1n Claim 4, wherein

the mill body includes a top body and a bottom body connected to the top body,
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the top body includes the upper portion of the first fluid flow channel and the bottom

body including the lower portion of the first tluid flow channel.

6. The mill as claimed in Claim 5, further comprising a coupling interposed between
and connecting together the top body and the bottom body, the coupling having a
coupling fluid flow bore therethrough in flutid communication with the upper portion of
the first fluid flow channel of the top body and with the lower portion of the first fluid
flow channel of the bottom body.

7. The mill as claimed in Claim 6, wherein the coupling fluid flow bore has an inner
diameter larger than an inner diameter of the upper portion of the first fluid flow bore and

larger than an inner diameter of the lower portion of the first fluid flow bore.

8. The mill as claimed 1n claim 7, wherein the upper portion of the first fluid flow
bore is offset from the lower portion of the first fluid flow bore, the coupling disposed so
that entry of a core top end into the upper portion of the first fluid flow bore is inhibited,
the core top end passing from the lower portion of the first fluid flow bore into the

coupling fluid flow channel.

9. The mill as claimed in any one of Claims 2 to 8, wherein the lower portion of the

first fluid flow channel has a lower opening at a bottom of the body.

10.  The mill as claimed in Claim 9, wherein the lower opening is located substantially

at the center of a lower portion of the body.

11. The mill as claimed in Claim 9 or 10, wherein the lower portion of the first fluid
flow channel 1s located substantially at the center of the body, the upper portion thereof is
offset from said center, and the first fluid flow channel has an intermediate portion
interconnecting the upper and lower portions and at an angle to each of said upper and

lower portions.

12. The mill as claimed in Claim 9, 10 or 11, wherein a first portion of the first ﬂuid

flow channel 1s located substantially at the center of the body, a second portion thereof is
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offset from said center, and the first fluid flow channel has an intermediate portion

interconnecting the first and second portions and at an angle to each of said first and

second portions.

13.  The mill as claimed in Claim 10, wherein the body has a center at its lowest

portion and the lower opening is offset from said center.

14.  The mill as claimed in any one of Claims 2 to 11, wherein the body has a lower
end with a lower surface thereacross, said lower surface inclined upwardly from an outer

edge of the lower end up to a central point of the lower end to facilitate movement of the

mill outwardly from a tubular member being milled in a wellbore.

15.  The mill as claimed in any one of Claims 2 to 14, wherein the body has a lower
end having an outer lower surface around a circumference of the body, said outer lower

surface tapering inwardly from a level above a lowest boundary of the lower end to said

lowest boundary.

16.  The mill as claimed in any one of Claims 2 to 15, wherein the body has a lower
end with an extended outer circumferential surface positionable substantially parallel to

and for co-acting with an inner surface of a mill guide in a wellbore.

17.  The mill as claimed in any one of Claims 2 to 16, further comprising a mill guide
in contact with the body of the wellbore mill, said mill guide comprising a hollow body
with an upper end and an upper end opening and a lower end with a lower end opening,
the lower end opening having a slanted portion to permit the mill to contact an interior
portion of the tubular in the wellbore at the desired milling location while the mill also

contacts a portion of the lower end of the mill guide.

18. A method of milling an opening in a selected tubular of a tubular string in a
wellbore, which method comprises the steps of:

installing a mill as defined in any one of claims 1 to 17 on a working string into the
wellbore at a selected desired point for milling the opening in the tubular, and rotating the

mill to mill an opening in the selected tubular.
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19.  The method according to Claim 18, comprising creating a core of material of the
selected tubular member by milling down the selected tubular, said core received through
said opening into at least the lower end of the first fluid flow channel, and separating

with said mill said core from said selected tubular member.

20.  The method according to Claim 17, further comprising positioning a mill guide In
said tubular string in said wellbore, said mill guide comprising a hollow body with an
upper end and an upper end opening and a lower end with a lower end opening, the lower
end opening having a slanted portion to permit the mill to contact an interior portion of
the tubular 1n the wellbore at the desired milling location while the mill also contacts a
portion of the lower end of the mill guide, and urging said mill toward said selected

tubular with said mill guide.

21.  The method according to Claim 18, 19 or 20, further comprising positioning a
whipstock in said tubular string in said wellbore, and contacting said whipstock with said

‘mill to divert said mill toward said selected tubular.

22. The method according to Claim 18, 19, 20 or 21, further comprising rotating said

mill with a downhole motor disposed in said working string.

23.  The method according to any one of Claims 18 to 22, wherein the working string

1S a string consisting of tubulars from the group consisting of pipe and coiled tubing.

24. A mill for use in a wellbore, said mill comprising:

a mill body with milling apparatus thereon and a top and a bottom and a side exterior
surface,
. at least one flushing fluid flow channel extending down from the top of the body to an
exit opening on the side exterior surface, fluid pumpable from above the wellbore mill
down 1nto the flushing fluid flow channel and out from the exit opening to move material

milled by the wellbore mill up away from the wellbore well, and
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a core channel extending from a bottom center opening at a bottom of the mill body and
up thereinto for receiving a core of material from a tubular milled by the wellbore mill,

- the core channel at an angle to a longitudinal axis of the mill body.

25.  The mill as claimed in Claim 24, wherein the core channel has a top end within

the mill body beyond which the core does not move.

26. The mill as claimed in Claim 24 or 25, wherein the core channel has a core

channel opening on the side exterior surface through which a portion of the core may

MOove.

27.  The mill as claimed 1n Claim 24, 25 or 26, including at least one intermediate
fluid flow channel with fluid communication with the at least one flushing fluid flow

channel and the core channel for providing flushing fluid into the core channel.

28. The mill as claimed 1n Claim 27, wherein the at least one intermediate fluid flow

channel is at an angle of at least 90° to the core channel.

29.  The mll as claimed in Claim 27 or 28, further comprising a mill guide in contact
with the body of the wellbore mill, said mill guide comprising a hollow body with an
upper end and an upper end opening and a lower end with a lower end opening, the lower
end opening having a slanted portion to permit the mill to contact an interior portion of
the tubular in the wellbore at the desired milling location while the mill also contacts a

portion of the lower end of the mill guide.



CA 02307627 2000-04-28

WO 99/23345 PCT/GB98/03260
P
-t —{ ~ T w0
o £ 4
. ™ T oo

o Y
T T T T ""//// 4\

F/G.?

N
\

-
o m e
o L -t
ar
~
% o
o O
| o
N | wy ON v O
N v M N
e r v

— PP I IS Z// //' \
(72277777754 F P

“" ‘“\\‘. 5 =

D 30:095 3% & a0 0.0 4




CA 02307627 2000-04-28

WO 99/23345 PCT/(GB98/03260

|

N\ Y

e
o
O

QNN

T?.ig&A‘Q‘

FS
3
™~
- S-SR

So,
: e

at

N AL Z 7
>

N\ wwive

RSP P4 y

N v,

§
it

"

N\

‘l

.’.":C P ) f 3 J‘

@,




02307627 2000-04-28

CA

PCT/GB98/03260

WO 99/23345

3/4

LbL

(L 7

= <3

X7 7

FIG. 9

i

L

/ o

\ /

462

nm.‘\\



02307627 2000-04-28

CA

PCT/(GB98/03260

WO 99/23345

4/b

L}

<
N
9
L

T
T
9
l

L

380

/
i

L
= -
Y

LLO
O
Y

s

-3

= -
o= v
=P

=N NANF

s

LA L 4P

/

7
oz

- wre -— - h I

77X

L/

.
=9

2.7
o

k \ \)
- v .
- e

398a 395

%

"d“.ﬂ‘..".‘,‘ s 4

v N
o ©
o M

&
VI






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - abstract drawing

