IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF TEXAS

TYLER DIVISION
WHIPSTOCK SERVICES, INC. *
* CIVIL ACTION NO. 6:09CV114-LED
Plaintiff, *
sk
VS. * PATENT CASE
£
SMITH INTERNATIONAL, INC. *
Defendant. * JURY TRIAL DEMANDED
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COMPLAINT

COMES NOW, Plaintiff Whipstock Services, Inc. (hereinafter referred to as
“Whipstock” or “Plaintiff’) and files this, its Original Complaint, against Smith
International, Inc. (hereinafter referred to as “Smith” or “Defendant™) and as claim for

relief respectfully shows the Court the following:

I
PARTIES

1. Plaintiff Whipstock is a corporation duly organized and existing under the laws of
the State of Texas, having its principal place of business at 2103 Colby Drive, Baytown,

Texas 77520.

2. Defendant Smith is a corporation duly organized and formed in the State of
Delaware, having its principal place of business at 16740 Hardy Street, Houston, Texas
77032. Defendant’s registered agent for service of process in the State of Texas is

Capital Corporate Services, Inc., 800 Brazos, Suite 400, Austin, Texas 78701.



II.
JURISDICTION AND VENUE

3. This is an action for patent infringement pursuant to the laws of the United
States, including, 35 U.S.C. §271 and/or 28 U.S.C. §1331. This Court has subject matter
jurisdiction under 28 U.S.C. §§ 1331 and 1338. Venue is proper in this district pursuant
to 28 U.S.C. §§ 1400(b) and 1391(b) and (c) because the Defendant conducts business
within this judicial district, or has committed and continues to commit, or has contributed
and continues to contribute to, acts that constitute infringement of Whipstock’s U.S.

Patent No.5,769,166 in this judicial district and as alleged in this Complaint.

II1.
CAUSE OF ACTION

PATENT INFRINGEMENT

4, The contents of the preceding paragraphs are included by reference as if

fully set forth herein.

5. On June 23, 1998, U.S. Patent Number 5,769,166 (hereinafter referred to
as the “‘166 Patent”) was issued to John Duke for an invention entitled “Wellbore
Window Milling Method.” (See copy of ‘166 Patent attached hereto as Exhibit “A” and
incorporated herein). John Duke assigned all rights, title, and interest in and to the ‘166
Patent to Whipstock Services, Inc. (hereinafter “Whipstock™) on May 24, 2004, such that
Whipstock owns all rights, title and interest, in and to, the U.S. Patent No. 5,769,166.

(See copy of assignment attached hereto as Exhibit “B” and incorporated herein).



6. The ‘166 Patent is valid and presumed valid under 35 U.S.C. § 282.

7. Defendant had constructive notice of Whipstock’s ‘166 Patent.

8. Defendant has been, and/or is now, infringing one or more claims of the
‘166 Patent by making, using, selling or offering for sale, or inducing others to make, use,
sell, or offer for sale, that which is the claimed subject matter of Whipstock’s ‘166 Patent,
without Whipstock’s consent and in violation of the ‘166 Patent. Specifically, Smith is
using, offering for sale, and/or selling a method(s) that provides whipstock and milling

services as claimed in one or more claims of Whipstock’s ‘166 Patent.

0. Because Defendant has used, sold, or offered for sale, and/or induced
others to use, sell, or offer for sale, a method(s) that infringes Whipstock’s ‘166 Patent,
and/or has engaged in other acts that would constitute infringement of Whipstock’s ‘166
Patent, either literally or under the doctrine of equivalents, Whipstock’s ‘166 Patent is
thereby infringed directly, indirectly, contributorily, or by inducement of others.
Whipstock is therefore entitled to actual damages, which, at a minimum, constitute a
reasonable royalty. Defendant will continue to infringe the ‘166 Patent unless, and until,

enjoined by order of this Court under 35 U.S.C. §283.

10. Defendant’s infringement of Whipstock’s ‘166 Patent is willful, and
Whipstock is accordingly entitled to enhanced damages, pursuant to 35 U.S.C. § 284, in

an amount equal to treble the actual damages.



11. This is an exceptional case such that Defendant should be required to pay

Whipstock’s reasonable attorneys’ fees in accordance with 35 U.S.C. § 285.

IV.
REQUEST FOR INJUNCTION

12. The contents of the preceding paragraphs are included by reference as if

fully set forth herein.

13. Due to Defendant’s infringement of Whipstock’s ‘166 Patent,
Whipstock’s ability to practice the patented invention by using, offering for sale and/or
selling its method(s) for whipstock and milling services is being impaired, causing
irreparable harm and injury to Whipstock’s market share, business reputation, and

goodwill.

14. Plaintiff respectfully asks the Court for a preliminary injunction to stop
Defendant’s infringement of Whipstock’s ‘166 Patent and, after a hearing and a trial on

the merits, to grant a permanent injunction to Whipstock and against Defendant.

V.
REQUEST FOR A MARKMAN HEARING
15.  The contents of the preceding paragraphs are included by reference as if
fully set forth herein.



16. The harm Whipstock has suffered is renewed daily by Defendant’s
wrongful activities, as described herein. Consequently, a rapid resolution of this matter is

strongly warranted.

17.  Whipstock therefore further moves for the scheduling of a trial, including,
but not limited to, a Markman hearing regarding interpretation of the scope of the claims

of the '166 Patent, as soon as the Court’s docket will permit.

VI
DEMAND FOR JURY

18. Plaintiff hereby demands a jury trial of all issues so triable, pursuant to

Rule 38 of the Federal Rules of Civil Procedure.

VIIL
PRAYER FOR RELIEF

WHEREFORE, Plaintiff prays for the following relief from the Court and Jury:

a. That the '166 Patent be adjudged infringed by the Defendant under all
applicable provisions of Title 35, United States Code;

b. That the Defendant, their officers, directors, employees, agents and all
those acting in concert with the Defendant be preliminarily enjoined and after the final
hearing, permanently enjoined pursuant to 35 U.S.C. §283, from all future activities
infringing the '166 Patent, and/or inducing or contributing to the infringement of the '166
Patent by others, including making, using, selling and/or offering for sale the claimed

subject matter of the ‘166 Patent;



c. That Defendant be required to account to Plaintiff for all sales, revenues,
and profits derived from Defendant’s infringement of the ‘166 Patent and to prepare and
deliver to the Court a complete list of entities, including all sales, revenues, and/or profits
derived from these entities, for whom Defendant has provided whipstock and milling
services which infringe the '166 Patent, pursuant to all applicable provisions of Title 35,
United States Code;

d. That this Court award Plaintiff actual and compensatory damages resulting
from Defendant’s infringing activities, together with pre-judgment and post-judgment
interest and costs, as provided by 35 U.S.C. § 284;

e. That this Court order that damages, so found or assessed, be enhanced or
trebled as a result of willful, deliberate, wanton and reckless infringement by Defendant,
as provided by 35 U.S.C. § 284;

f. That this Court order that, because this is an exceptional case, Plaintiff be
awarded and Defendant be ordered to pay the reasonable attorneys’ fees incurred by
Plaintiff in connection with this action, as provided for by 35 U.S.C. § 285;

g. That the Court issue an Order granting Plaintiff a Markman hearing on
claim interpretation as soon as the Court’s docket will permit; and

h. That Plaintiff be awarded such other and further relief as may be just and
appropriate.

Respectfully submitted

Andy Tindel w/ permission of Lead Attorney

Guy E. Matthews (Lead Attorney)
State Bar No. 13207000
omatthews @ matthewstirm.com




C. Vernon Lawson
Texas Bar No. 12058150
viawson @matthewsfirm.com

Robert M. Bowick
Texas Bar No. 24029932
rbowick @matthewsfirm.com

Lee N. Joseph
Texas Bar No. 11030300
lioseph@matthewsfirm.com

Matthews, Lawson & Bowick, P.L.L.C.
2000 Bering Dr., Suite 700

Houston, Texas 77057

Telephone: (713) 355-4200

Facsimile: (713) 355-9689

Andy Tindel

Texas Bar No. 20054500
PROVOST*UMPHREY LAW FIRM, LLP
112 Line Street, Suite 304

Tyler, Texas 75702

Telephone: (903) 596-0900

Facsimile: (903) 596-0909

Email: atindel@andytindel.com
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1
WELLBORE WINDOW MILLING METHOD

RELATED APPLICATIONS

This is a division of U.S. application Ser. No. 08/590,747
filed on Jan. 24, 1996 entitled “Wellbore Milling Guide”.
BACKGROUND OF THE INVENTION

1. Field of the Inveation

This invention is directed to milling tubulass in a wellbore
and, in one aspect, to methods for guiding a mill in a
wellbore and apparatus usefnl in such methods.

2. Description of Related Art

An opening or a window is formed in a tubular, e.g.
casing, in a wellbore with a milling tool with a mill, that has
metal cutting structure on its surface. Typically the tool is
threadably atiached to a section of drill pipe or other heavy
iubular components comprising a bottom hole zssembly that
is in 4 well to cut a window through the side of 1 piece of
casing. In certain methods the milling tool is assisted in
generating a window by a device known as a whipstock, 2
wedge shaped object, anchored in the casing wellbore which
serves to support the milling tool and forcibly direct it
outward through the side of the casing, facilitating formation
of the window.

In certain methods a whipstock is not wtilized, and the
ability of the milling tool to generate the window without the
wedge shape forcing it through the casing is severcly
inhibited and often practically impossible. This is primarily
due 1o the face that, without the whipstock, the only force
avoidable to urge the mill sideways into the casing is the
inherent stiffness of the milling ol and associated drill pipe
sversing a curve in the casing (see FIG, 1). In many
ses, side loading on the miiling tool is not suflicient
initiate and maintain cutting action.

{n some cases a whipstock utilized in a downhole appli-
cation for generating 2 window in casing is susceptible to
damage from the aggressive cutting surface of a mill and, if
not protected, is inadvertently damaged or cut away.

There has long been a need for an efficient and effective
milling guide and method of its use. There hus long been a
need for a method for milling a window in a tubular at a
desired location without the use of a whipstock. There has
long been a need for & milling method which does not result
in damage to a whipstock.

SUMMARY OF THE PRESENT INVENTION

The present invention, in one embodiment, discloses 2
method for milling a whular of a string of wbulars in a
wellbore, e.g. a piece of casing in a cased wellbore, the
method including: installing a mill guide in a wbular at a
desired location at which a window is to be milled out of the
wbulur; inserting a milling too} through the tubular siring
and through the mill guide; guiding the milling tool; and
miiling the window through the tubular. In one aspect the
miil guide has a generally cylindrical hollow body with an
end opening disposable at the desired location in the tubular
and sized, shaped and coafigured so that the milling appa-
ratus simuitancously conlacts the tubular on ope side and the

interior of the mill guide on the other side; thus the mill 4

guide supports the mill on onc side and directs the milling
100! against the tbular on an opposing side. A mill guide
according to this invention may also be used in drilling to
direct a drili against a wbular and-or {0 direct a drill into a
forpation through which a wellbore extends.

The mill guide s rachored in a tubular 1o be milled with
any suitsble anchor apparatus, ncludiog but act lmiied o

25

3

44

45

56

[
i

o

o
“n

2
packers or movable members of slips with teeth to engage
the tubular’s interior. The mill guide can be installed using
a tubular string, wireline, or coiled tubing.

In certain embodiments it is desired to form a window at
a curved area of a tubular. The lower end of the mill guide,
in certain embodiments, is shaped to conform and corre-
spond to the shape (e.g., curved, slanred, non-straight, etc.)
of the wbular to be milled. In certain aspects, the lower end
of the mill guide does not contact 2 tubular in which it is
disposed and in other aspects it contacts and rests against an
interior of a casing sectionor other tubular for added support
. [n other embadiments the mill guide’s lower end is curved
or slanted to conform to and correspond (0 the shape of the
concave or wedge-shaped portion of a whipsiock. In meth-
ods employing such a mill guide, the mill guide is disposed
adjacent the whipstock and, in one aspect, in contact wilh its
concave or wedge-shaped portion. In such a method the
whipstock can provide support for the mill guide and
enhance the mill guide’s ability 1o direct the mill 1o the
tubular to be milled.

In another aspect a mill guide according 1o the presen
invention is secured in a fubular above ground and this
tubular is introduced inio a wellbore and moved to a desired
location therein. In one aspect the mill guide is formed
integrally of a such a tubular.

Te provide support for a mill of a milling ool used wiih
a mill guide according to this invention, in certain embodi-
meants the drill pipe, other tubulass, or centralizing apparatus
cannected to the milling tool are sized and disposedt so that
after milling is completed and surfaces of the mill have
oxited the mill guide, the drill pipe, ete. 1o contacts ihe mill
guide’s interior surface. Thus the mill continues fo be
supported by and directed by the mill guide. After milling is
completed, the milling tool is removed from the welf base
and, if desired, the mill guide is retrieved from the wellbore.
In one aspect, the mill guide and milling apparimius are
retrieved together and-or as a unit.

It is, therefore, an object of at least certain preferred
cmbodiments of the present invention to provide:

New, useful, unique, eficient, nonobvious wellbore mill-
ing methods for guiding a milling wol to mill # hole, slot, or
window in a twbular in a wellbore;

Such 2 method useful with or withont a whipstock;

Such & method in which a milling tool guided by a mill
guide continues to be directed 10 a wbular to be milled afier
milling surfaces of the milling tool have exited the mill
guide;

Such 3 method in which a whipstock’s concave member
is protected by a mill guide during milling; and

Apparatus useful in such methods, including & mill guide
with a hollow body and a lower opening configured lo
facilitate milling at a desiced location by directing & mill
against a wbular to be milled.

Certain embediments af this jovention are not limied o
apy parficular individual feature disclosed here, but include
combinations of hem distinguished from the prior art in
their structures and functions. Features of the invention bave
been broadly described so that the detailed descriptions that
follow may be better undersiood, and in order that the
contributions of this invention to the arts may be betier
appreciated. There are, of course, additional aspects of the
invention deseribed below and which may be included in the
subject matier of the claims to this inveation, Those skifled
in the ari who bave the bepefit of this inveation, its
icachings, and suggestions will appreciate that the concep-
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iions of his disclosure may be used as a creative basis for
designing other structures, methods and systems for carrying
out and practicing the present invention. The claims of this
ipvention are to be read 1o include any legally equivalent
devices or methods which do not depart from the spirit and
scope of the present invention.

The preseat invention recognizes and addresses the
previously-mentioned problems and long-felt needs and
provides a solution to those problems and a satisfactory
meeting of thosc needs in its various possible embodiments
aud equivalents thereof. To one of skill in this ari who has
Ibe benefits of this invention’s realizations, teachings,
disclosures, znd suggestions, other purposes and advantages
will be appreciated from the following description of pre-
ferred cmbodiments, given for the purpose of disclosure,
when taken in conjunction with the accompanying drawings.
The detail in these descriptions is not intended to thwart this
patent’s object ta claim this invention no matter how others
may later disguise it by variations in form or additions of
further improvements.

DESCRIPTION OF THE DRAWINGS

A more pariicular description of embodiments of the

invention briefly summarized above may be had by refer-

ences to the embodiments which are shown in the drawings
which form a part of this specification. These drawings
illustrate ceriain preferred embodiments and are not to be
used to improperly limit the scope of the invention which

may have other cqually effective or legally equivalent ;

embodiments.

FIG. 1A is a schematic side view, partially in cross-
section, of a prior art system with a mill inside a casing to
be milled. FIG. 1B is a schematic side view, partially ip
cross-section, of a prior art system with a mill inside 1 casing
to be milled.

FIG. 2A is & side view in cross-section of a mill guide
according to the present invention anchored in a wellbore
casing. FIG. 2B is a top end cross-sectional view of the mill
guide and casing of FIG. 2A.

FIG. 3 is a side view of the system of FIG, 2A inclhuding
a milling apparatus.

FIG. 4 is a side view, partially in cross-section of a system
according 1o the present invention.

FIG. 5 is a side view of a starting bar according to the
present invention.

FIG. 6 is a side view in cross-section of a sysiem
according to the present invention.

FIG. 7A is a side view partizlly In cross-section of a
system according to the present invention. FIG. 7B is a
partial view of the system of FIG. 7A. FIG. 7C is a partial
view of the system of FIG. TA.

FIG. 8 is a side view partially in cross-section of the
system of FIG. 7A.

FIG. 9 is a side cross-sectional view of a mill according
to fhe present invention.

FIG. 10 is a bottom end view of the mill of FIG. 9.

F1G. 1A is a side cross-sectional view of a copnection
apparatus according ‘o the present invention. FIG. 1B is a
side view of part of the apparatus of FIG, 11A. FIG. 11C s
a cross-sectional view along line 11C—11C of FIG. LA
FIG. 11D is a side view of a system according (o the present
invention with the conmection apparatus of FIG, 11A.

FIG. 12A s a side view of a mill according 1o the present
invention. FIG. 128 is «n end view of the mill of FIG. 12A.
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F1G. 13 is a side view of a prior arl walermelon mill.

FIG. 14 is a side view of a prior art watermelon mill.

FIG. 15A is a side view of a sysiem usciul i a method
according to the present inveation. FIG. 15B is a side view
of another step of the method of FIG. 15A.

FIG. 16 is a side view of a system useful fn a method
according (o the present invention.

FIG. 17A is a side view, partially in cross-scction, of a

, mill according to the present invention. FIG, 17B is a side

view of the nill of FIG. 17A. FIG. 17C is a cross-sectional
view along line 17C—17C of FIG. 17A. F1G. 17D is an end
view of the mill of FIG. 17A.

FIG. 18A is a side view, partially in cross-section, of &
mill accorcling io the present invention. FIG. 188 is an end
view of the mill of FIG. 18A.

FIG. 19A is an exploded side view, partially in cross-
section, of a mill according 1o the present invention. FIG.
19B is an end view of an inner mill of the mill of FIG. 19A.
FIG. 19C is an end view of an inner mill of the mill of FIG.
19A.

FIG. 20 is a side view, partially in cross-section, of a mill
according o the present lnvention.

FIG. 21 is a side view, partially inn cross-section, of a mill
according to the presenf nvention.

FIG. 22A is a side cross-sectional view of a mill sccording
to the present invention. FIG. 22B is a side cross-sectional
view of an inoer mill of the mill of FIG. 22A. FIG. 22C is
a top view of parts of the mill of FIG. 22A. FIG. 22D is a
perspective view of the mitl of FIG, 228.

FIG. 23Ais a side cross-seciional view of a mill according
to the present invention. FIG. 23B is a wp view of the mill
of FIG, 23A.

DESCRIPTION OF EMBODIMENTS
PREFERRED AT THE TIME OF FILING FOR
THIS PATENT

FIG. 1A shows a prior art mill M attached to drill pipe P
in a casing C. When the mill M contacts the inierior of the
casing C at a point T, the mill M tends (0 be deflected away
from the point T. The stiffness of the drill pipe P (and other
drill pipe and items in a string above and conpecled to the
drill pipe P, not shown) is, in most cases, insufficient o
prevent the mill M from deflecting away from the interior of
the casing C.

FIG, 1B shows a prior art mill L attached to a drill pipe
R in a casing $ with a curved portion V. When the mill L
contacts the interior of the casing S at a point N of the curved
portion V, the mill L. is deflected away from the point N.

FIGS. 2A and 2B show a mill guide 10 according to the
present invention with a hollow cylindrical body 9 having a
bore 8 therethrough, an open top end 7 and an open boltom
end 6. The mill gride 10 is disposed in a picce of casing §
which is part of a string of casing (not shown) in 2 wellbore
in the earth. An anchor 4 (cr anchors) holds the mill guide
10 in place at a desired Jocation in the casing with an
cpening 3 of the mill guide’s botiom end 6 disposed and
criented so that a mill passing through the mil] guide 16 will
mill a desired area of the casing, creating 4 desired hole, slet,
opeuting, or window. The boitom end 6 of the mill guide 10
is formed or cut 1o have a desired shape 2. This shape 2 may
be made te carrespond o a curved portion 1 of the casing 5.

As shown in FIG. 3, & mill 11 oo & string of drill pipe 12
has been intraduced through the casing 5 and the mill guide
16 1w contact the casing § and begin 16 will 2 hole there-
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through. A body 13 of the mill 11 has a length such that at
least about a fourth of the desired opening is milled {and in
other aspects substantially all of the desired opening) while
the mill body 13 remains in contact with a side 30 of the
bottom ¢nd 6 of the mill guide 10, thus providing a con-
tinuous reaction support during part or substantailly all of
the milling. The side 30 may be the same thickness as a side
32 which is shorter than the side 30; or the side 30 may be
thicker than the side 32. The interior of the side 30 may one
or more additional layers of material thereon. Such malerial
may also inhibit the mill from milling the side 30. This
additional material may be apy desired practical thickness
and may be any known suitable material, including, but not
limited to, steel, carbide steel, stainless steel, known alloys,
and hardfacing material. Such a layer or layers may be added
by any known method (¢.g., welding or hardfacing) or may
be formed integrally of the side 30.

FIG. 4 shows a mill guide 15 with a hollow body 16, a top
open end 17, a bottom ¢nd point 18, a side opening 19, and
a slanted side member 21. A whipstock 20 disposed in 2
casing 22 in a wellbore 23 hus a concave surface 24 which
corresponds 1o the shape of the slanted side member 21. The
mill guide 15 is made of a strong metal, e.g. steel, so that the
slanted side member 21 protects the concave surface 24
from the effects of a mill 25 on flexible pipe 26. The
whipstock 20 and the side openiug 19 are positioned so that
a window 27 is cut at a desired location on the casing 22. As
shown in FIG. 4 the window 27 has only becn partially
nnlled and will be completed as the mill 25 moves down the
slanted side member 21. Tt is within the scope of this

invention for the mill guide 15 and the whipstock 20 to be 4

connccted together; to be formed integrally as onc member;
or for the mill guide 15 to be releasably connecied to the
whipstock (e.g. but not limited to, by one or more shear studs
or shear lugs). In another aspect the mill guide and the
whipstock are installed separately.

The embodimenis of FIGS. 5, 6, 7A, 7h, 7C, and 8
correspond to the embodiments of FIGS. 1C, 2B, 2A, §, 3,
and 2B respectively as shown in U.S. Pat. No. §,429,187,
with like numerals indicating like structure. FIG. § illus-

trates a starting bar 601 which is like the starting bar 60,

previously described, but which has a solid milling end 602
which is dressed with any known milling inserts and-or
milling material or matrix 603. As shown in FIG. 6, upon
receipt of the starting bar 601 within the starting mill 40, the
solid milling end 602 is disposed so that the milling material
603 is flush with milling material on the lower end of the
starting mill 40. In this position the slarting bar 601 is, in
certain embodiments, held in place within the starting mill
40 and prevented from rotating and from falling therefrom
by any suitable holding mechanism.

FIG. 9 and 10 itlustrate a mill 150 according 1o the present
invention with a mill body 152, an upper threaded end 154,
a lower milling end 156, a recess 158, and milling inserts
and-or milling matrix material 1539, An inner milling mem-

ber 160 is rotatably dispesed in the recess 158. The inner s

milling member 160 has a lower end 164 dressed with
milling inserts and-or milling material 166. 1t is within the
scope of this inveation for the mill 150 to be & windew mill
or any other mill en which an inner mill is useful. The recess
158 and, therefore, the inner milling member 160 may be
located anywhere on the lower milling end 156, including,
bul not limited (o, in the center of the lower milling end 156
or, as shown in FIGS. 9 and 19, off-center, A pin 165 whose
end 167 rides in a recess 169 holds the taner milling member
168 in the mill body 152.

FIGS. I1A-11D) lustraie a whipstock syster: 260 accord-
ing to the present invention with a whipstock 202 having 2
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concave face 204, connection apparatus 206 for releasably
connecting the whipstock 202 to an anchor apparatus 208.
The anchor apparatus may be any known anchor device or
anchor-pacleer. As shown, the anchor apparatus 208 is like
that disclosed in U.S. Pat. No. 5,341,873, co-owned with the
present invention.

The connection apparatus 206 has a shear pin 210 which
is designed and configured 1o shear under a desired foree,
¢.g. 95000 pounds. The shear pin 210 cxtends through a hole
212 in a neck 214 of & fishing member 216. A relief channcl
211 provides fluid relief. A lower end 218 of the fishing
member 216 is connected to the anchor apparatus 208 e.g. by
welding. An upper end 220 of the fishing member 216, once
exposed, provides a member which can be speared or
grappled by fishing equipment to facilitate removal of the
anchor apparatus 208 from a casing or wellbore once the
whipstock 202 has been separated from the anchor apparatus
208 by shearing the shear pin 210 and remaving the whip-
stock 202. This eliminates the need for milling away the
whipstock 202 and eliminates problems encountered in such
milling when a mill, instead of milling the whipstock, Is
forced away from the whipstock by the concave face 204. A
hole 230 provides fluid relief.

An end 222 of the whipstock 202 has a recess 224 which
receives and holds the neck 214 of the fishing member 216,
The shear pin 210 extends into holes 226 in the end 222 of
the whipstock 202. A recess 228 receives a portion of an end
of a part of the whipstock which is welded in place.

FIG. 12A shows a window mill 250 according to the
present invention. The mill 250 has a body 252, an upper
threaded end 254, a lower milling end 256, a plurality of
milling blades 258 with milling inserts 264 and-or desired
matrix milling material secured thereto, and an inner fluid
flow borc 262 with a lower narrow bore 264. Milling
material and-or inserts 263 may be used on the surface of the
bore 264. Fluid flowing through the narrow bore 264 flows
faster than fuid flowing in the bore 262. Fluid jets 265 direct
fluid under pressure out past the blades, preferably with one
jet per blade, to inhibit the nesting of cuttings and to
facilitate fluid circulation and the upward removal of cut-
tings.

FIG. 13 shows a prior art watermelon mill 270 with a
body 272, an upper threaded end 274, a lower end 276 and
a plurality of blades 278 covered with milling inserts and-or
matrix milling material 279. Quier surfaces 277 of the blades
278 are ground down to a smooth finish,

FIG. 14 shows a mill 290 like the mill 270, but with rough
outer surface 297 on its blades 298; 1.¢., the outer surfaces
297 are covered with milling maierial 299 which is not
ground smooth. The mill 290 has & body 292, an upper
threaded end 294 and a lower end 286, but to inventor's
knowledge no such mill has been used in the prior art to mill
an opening in or window through a tubular such as casing
until the outer surfaces 297 have been first gronnd smocth.

FIG. 15A shows a milling system 300 contacting a
concave 304 of a whipstock 306 in a casing 308. The milling
system 300 has a starter or window mill 310 and a water-
melon mill 312. The window miil may be any window mill
available in the prior ant or disclosed herein. In one aspect
the window il has a smooth finish lateral outer surface.
‘The watermelon mill preferably has blades 314 with rough
outer surfaces 316, One or more pieces of drill pipe or onc
or more drill collars are connected ubove the watermelon
mill 312. For flexibility, a single joint of drill pipe is used in
the string above the wuter melon mill. As shown in FIG,
15A, 2 casing pivot point O is created during milling sbout



5,769,166

7

which the watermelon mill and associated neck 322 are
pivoled into the casing (fo the left on FIG. 20A).

FIG. 16 shows a milling system 350 in a casing 352 in a
wellbore, 354, The system 350 has a window mill 369, a first
watermelon mill 362, aod a second watermelon mill 364.
“T'he muills may be any conventional prior art mills or any mill
disclosed herein. The second waterrnelon mill 364, in certain
embodiments, has blades 374 with rough dressed outer
surfaces 376. The first watermelon mill 362, in certain
embodiments, has blades 366 with smooth outer surfaces
368. The milling system 350 has milled a casing window
356 andl bas moved down on a concave 358 of a whipstock
sysiem 359 (like that of U.S. Pat. No. 5,341,873 or FIG.
11D) anchored in the wellbore 354,

In one method according to the present invention, a
whipstock system with a starter mill releasably secured
thereto is run into casing in a wellbore, The whipstock
system Is oriented as desired and anchored in place. The
starter mill is released from the whipstock and rotated to mill

off a lug oo the whipstock’s coneave to which the starter mill 2

was shear pinned. Preferably the starter mill starts a window
and mills off the lug, but does not mill the concave. The
starter mill is then removed from the casing and a milling
system like the system 300 is run into the casing. The
watermelon milt 312 has blades 314 which are rough
dressed with known matrix milling materials 316. The mill
310 is sized, configured, and positioned as is the neck 322
and the watermelon mill 312 is spaced apart from the
window mill 310 so that the watermelon mill 312 does not
mill the whipstock 306 or ifs concave 304 (see FIG. 15B).
Both the starter mill 318 and ihe watermelon mill 312 mill
out a window 320 from the casing 308. In one aspect a neck
322 of aboul eighteen fo twenty inches separates the window
mill 310 and the watermelon mill 312 {c.g., in one aspect, for
milling a window about 12 to 15 feet long in a twbular; e.g.
casing ranging in outer diameter from 27%" 10 16” or larger).
Any lip created by the windew mill 310 on the casing 308
is smoothed and finished by the window mill 310 and by the
watermelon mill 312, The window mill 310 may be like the
mill of FIG. 12A and have blades with a smooth outer
surface. Thus, in one aspect, a window about 15 feet in tofal
length is created while using a whipstock with a concave that
is about 12 fect long; i.e. a portion of the casing window is
created above the whipstack. In one such method the first
trip with the starter mill requires thirty minutes to four and
a half hours of milling (depending in part on the weight and
grade of casing) and employs 2 single joint of drill pipe
above the starter mill; and the second trip requires about
three and one-half (o cight hours of milling time. With one

prior art method to create such a casing window (created s

with a system according to this inveation in about four hours
of mitling) about ten hours of milling or more are typically
required and more than two trips are ofien needed. By using
a window mill with a fluid flow bore, hetter circulation is
achicved, higher pump pressure may be used, “coring” of
the mill by a casing siiver or point is inhibited or eliminated,
and cuttings are effectively removed. With such a system
relatively less torque is needed, reducing wear and tear on
various compoeneats, ¢.g. tubular ends.

By using a watermelon mill with blades with outer
surfaces that are dressed rough with milling mairix material
andfor inserts (i.e., the surfaces are not ground smooth), an
clongated window is produced which reduces or ¢liminates
the need for reaming oul the window once milling ceases. In
one event fishing is necessary at or below the window {c.g.
w fish out a mill or other flem), the elongated window
facifitates fishing and ailows relatively large fishing wals w0
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be ¢mployed. Use of a rough blade outer surface watermelon
mill also results in a reduced torgue requirement as com-
pared to milling with a mill with smooth blade outer surfaces
(<SOD” mill). Often cuttings produced with a ROD mill are
smaller than those produced with a SOD mill and it is easier
io circulate the smaller cuttings up the welibore, Also large
cuttings may be incficiently re-milled if (hey are nol circu-
lated upwardly.

In the situation in which & window is completed in &
two-trip method, as the milling system leaves the window
and starts to drill into the adjacent formation, the ROI mull
smooths out any lip on the casing at the bottom of the
window. Any hole in the formation made by a SOD mill
which is worn and semewhat undergauge is reamed out by
the ROD mill which follows the SOD mill.

if a larger casing window is desired, an additional trip
may be used with the two-trip method described above. For
the third trip a milling system 350 (FIG. 16) is used with a
rough dressed outer blade surface window mill 360; a
smooth ground outer blade surface watermelon mill 362;
and a rough dressed outer blade surface watermelon mill
364. Alternatively, if it is not desired 10 raise the window as
much as it is by using a rough top walermelon mill, the
blades of the mill 362 may have outer surfaces dressed rough
and the mill 364 may have blade outer surfaces ground
smooth. Also, both mills may have rough-dressed blades.
The window mill may be a typical prior art solid mill or a
mill as in FIG. 12A. In one aspect a single drill collar is used
above the top watermelon mill., In other aspects two or more
drill collars are used. The watermelon mill 362 will move
tightly down the face of the whipstock’s concave and mill
off any casing lip that may bave been left by previous
milling. [n one situation on a third trip with an assembly
including a SOD window mill, 2 ROD watermelon mill
above it, and a SOD watermelon mill, such an assembly
smooths out and elongates the top of a window created on
the second trip. By using a ROD watermelon mill instead of
the SOD watcrmelon mill the window is further enlarged
and elongated, ¢.g. if an oversize liner is to be run through
the window. By using on¢ or more drill collars a stiffer
assenbly is formed which facilifates control of the forma-
tion of the top of the window and facilitates the smoathing
out of rough places on the window, including any lower
window lip left by a second trip. In one aspect a small

; portion of the bottom of the window is intentionally not

milled out during a second trip. Not only does a stiffer
assembly nsed in a third trip finish milling the window and
smooth out the lower casing lip, it also better directs the
milling assembly into formation adjacent the window and
inhibits the tendency of the milling assembly to drift back 1o
the annulus between the casing and the wellbore and back o
the casing itself.

The previously described two-trip prior art milling
method that required abeut ten hours of milling requires an
additional eight to ten hours of milling using two smooth-
surfaced blade waztermelon mills and, typically, such a
three-trip method requires about six days of rig time. Insuch
a method, the window mill may “core™ on the sccond trip,
i.e., an edge of the casing attempts to bore np into the cemer
of the mill. The window mill may jump over early on tbe
second trip down the face of the concave and leave a ledge
in: the bottom of the casing window; and (he cssing window
may not be raised high cnough and a drilling assembly
introdaced into the casing may hang on the ledge.

A three-trip method according to the present invention, io
one aspect, takes three 1o faur days of rig time il the window
mill does not “core” on the second irip (aad such coring 18
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inhibited or eliminated by using a mill with a center bottom
thole, e.z. & mill as in FIG. 12A).

FIG. 17A-17D illustrates a mill 400 according to the
present invention which has a body 402, an upper Lhreaded
end 404, a longitudinal Auid flow bore 406, a plurality of
blades 408 (optional) on a lower end 412 of the body 402,
and matsix milling material 414 on the blades 408 and lower
end 412. Milling inserts may be used on the blades 408 in
any known manner, combination, or pattern. Any known
insert may be used, with or without chipbreaker(s), and in
combination with any known matrix milling material.

‘The partial cross-sectional view at the lower end 412 of
the mill 400 shows that the matrix milling material 414 (and
milling inserts if they are also used or used in place of the
matrix milling material) extends up into the lower end of the
fluid flow bore 406. Such a use of matrix milling material
(and-or inserts) may be used on a flow bore of any type of
mill, including but not limited to a window mill, including

but not limited 1o any mill described berein. A plurality of

flow bores 416 in fluid communication with the fluid flow
bore 406 provide a path for fluid discharge past the blades
408.

FIGS. 18A and 18B show a mill 420 according to the
present invention with a body 422, an upper threaded end
424, a longitudinal fluid flow bore 426, & plurality of
sub-bores 428, a lower body end 432, and matrix milling
material 434 on the lower end 432, An amount of matrix
milling material 436 extends up into a lower end 438 of the
longitudinal fluid flow bore 426 and, as shown in FIG. 18B,
encircles the interior of the lower end 438, Milling inserts
may be used in any known manaer with or in place of the
matrix milling material.

FIGS. 19A-19C show a mill 450 according to the present

igvention with a body 452, a lower body end 462, an upper

threaded cnd 454, a longitudinal fluid flow bore 456 with a
lower end 468, a plurality of sub-bores 458, and matrix
milling material 464 on the lower body end 462. A fluid
sub-bore 472 is in fluid communication with the longiludinal
fluid flow bore 456 and a recess 474 in which is rotatably and
releasably mounted an inner mill 470 which rotates adjacent
a top thrust bearing 476 and a side cylindrical bearing 478.
A fluid flow bore 485 extends through the inner mill 420. A
removable pin 480 extends through a hole 482 in Lhe body
452 and has an end 484 that projects into and is releasably
held in a groove 486 in the inner mill 470. Matrix milling
material 488 is on a lower end 492 of the inner mill 470
Milling inserts may be used in any known manner with or in
place of the matrix milling material.

FIG. 20 and 21 show alternative embodiments of the mill
420. As shown in FIG. 21, a rolatably inner mill 494 (like the
inner mili 470) may have a lower end 496 that projects
downwardly beyond a lowermost surface of the lower body
end 462. As shown in FIG. 26, an inner mill 498 may have
a lower end 499 thai does not project downwardly beyond
the lower body end 462 and which is recessed upwardly
away from the lowermost surface of the body end 462.

FIGS. 22A-22C show s mili 500 according to the present
invention with 4 body 502, a lower body end 512, an upper
end 504, a fluid flow bare 506 with a lower end 508, a
sub-bore 518, and matrix milling material 514 on the lower
body end 512. The fluid sub-bore 518 is in fluid communi-
cation with the fluid flow bore 506 and a recess 524 in which
is rotatably und refeasably mounted an inner mill 520.
Suitable bearings may be used with the tiner mill 520. Fluid
flow bores 525 extends through the inner mill 520. A
removable pin like the pin 480 and a hole like the hole 482

-
wn

40

&G

&

o

10

and a groove like the groove 486 releasably hold the inner
mill 520 ia the body 502. Matrix milling material 528 is on
a lower end 522 of the inner mill 520. Milling inserts may
be used in any known manner or pattern with or in place of
the matrix milling material. In the embodiment shown in
FIG. 22A coactiug recesses 530 on the bedy 502 and 331 on
the inner mill 520 form a groove in which is movably
disposed one, and preferably a plurality, of ball bearings 504
which hold the inner mill in the body 502. Such bearings
may be inserted into the groove through a suitably posi-
tioned opening on the body 502 which is then closed off.

The body 502 has a gear 826 projecting downwardly with
teeth 527 that mesh and coact with teeth 537 of a gear 536
that projects upwardly from the inner mill 520. Rotation of
the body 502 ihus imparts rotation to the inner mill 520. Any
known gearing and gear ratio may be used.

For additional driving force to rotate the inner mill 520 (or
for an alternative in which no gears are used), vanes or flutes
are provided on the top of and/or on the sides of the inner
mill 520. The force of fluid flowing through the fluid flow
bore 506 and the flow hore $18 hitting the vanes or flutes
turns the inner mill 520.

FIGS. 23A~238 show a mill 550 according 1o the present
invention with a body 552, a lower body end 562, an upper
end 554, a fluid flow bore 556 with a lower cud 558, a
sib-bore 568, and matrix milling material 564 on the lower
body end 562. The fluid sub-bore 568 is in fluid communi-
cation with a recess 574 in which is rotatably and releasably
mounted an inner mill 570. Suitable bearings may be used
with the inner mill 570. Fluid flow bores 575 exfend through
the inner mill 570. A removable pin like the pin 480 and a
hole like the hole 482 and a groove fike the groove 486
releasably may be nsed to hold the inner mill 570 in the body
552, Matrix milling material 578 is on a lower end 572 of the
inner mill §70. Milling inscrts may be used in any kiown
manner or paltern with or in place of the matrix milling
material. [n the embodiment shown in FIG. 23A coacting
recesses 580 on the body 552 and 581 on the inner mili 570
form a groove in which is movably disposed one, and
preferably a plurality, of ball bearings 584 which hold the
inner mill in the body 352, Such bearings may be inseried
into the groove through a suitably positioned opening on the
body 5§52 which is then closed off.

The body 552 has a gear 576 projecling downwardly with
teeth 577 that mesh and coact with teeih 587 of a gear 586
that is rotatably mounted to the body $52 on a shaft 383, The
inner mill 570 has gear teeth 589 formed on an interior
surface thereof that mesh with the teeth 587, Rotation of the

, body §52 thus imparts rotation to the lnner mill 570, Any

known gearing and gear ratio may be used. Seals 565 and
567 seal the interface between the body 552 and the inner
mill 379. Additional driving force (or driving foree) may be
provided to the mill 570 as described above for the milf 520.

In conclusion, therefore, it is seen that the preseat iven-
tion and the embodiments disclosed herein and those cov-
ered by the appended claims are well adapted to carry out the
objectives and obtain the cads set forth. Certain changes can
be made in the described and in the claimed subject matter
without departing from the spirit and the scope of this
invention. 1t is realized that changes are possible within the
scope of this invention and it is further intended that cach
clement or step recited in any of the following claims s o
be understood as referring lo all equivalent clements or
steps. The following claims are inteuded to coves the invea-
tion as broadly as legally possible in whatever form its
principles may be utilived. The invention claimed hereis is
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new and novel in accordance with 35 US.C. §102 and
satisfies the conditions for patentability in §102. The inven-
ton claimed ferein is not obvious in accordance with 33
U.S.C. $103 and satisfies the conditions for patentability in
$103. This specification and the claims that follow are in
accordance with all of the requirements of 35 US.C. §112.

What is claimed is:

1. A method for forming an opening in a tubular in &
wellbore extending through a formation, the method com-
prising

runniog a starter mill releasably secured 1o a whipstock

into the wellbore into a tubular through which it is
desired fo form an opening,

sccuring the whipstock at & desired location in the

wellbore,

releasing the starter mill from the whipstock,

rotating the starter mill to form an initial opening in the

tubular withoul milling the whipstock,

removing the starter mill from the wellbore,

introducing a milling system into the wellbore and into

the tubular at the location of the initial opening, the
milling system comprising a window mill, a neck
member connecled at its bottom (0 the window mill, a
watermelon mill, the neck member connected at its 10p
to the watermelon mill, the window mill having mifling
blades thereon with smooth finish outer surfaces, the
watermelon mill having milling blades thereon with
rough finish outer surfaces dressed with milling
material,

rotating the milling sysiem to mill the tubular o form a

completed opening therethrough, the watermelon mill
and neck member sized and disposed so that the
watermelon mill does not mill the whipstock,
removing ihe milling system from the wellbore,
inroducing milling apparatus into the wellbore at the
location of the completed window to enlarge the com-
pleted window, the milling apparatus comprising
a window mill with a pluralily of milling blades
thereon, cach blade dressed with milling material
and with an outer surface rough dressed with milling
malerial,
first watermelon mill with a plurality of milling
blades thereon, each blade dressed with milling
material and having an outer surface, the first water-
melon mill connected to and above the window mill,
a second watermelon mill connected 10 and above the
first watermelon mill, the second watermelon mill
faving a plurality of milling blades cach blade
dressed with milling material and having an outer
surface,

and the method further comprising

rotating the milling apparatus to clongate the compleied

window, and

wherein the ourer surfaces of the first watermelon
mill’s blades are smooth and the outer susfaces of the
second watermelon mill’s blades are rough.

2. A method for forming an opening in a tubular in a
wellhore extending rough a formation, the method com-
prising

rupning a sfarter mill relensably seeured 10 a whipstock

into the wellbore inio a tubuiar through which it is
desired 1o form an opening,

o

securing, the whipstock st a desired location in the g

wellbore,
releasing the starter mill from the whipstock,

o

10
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rotating the starter mill to form an initial opening in the
tubular,

removing the starter mill from the wellbore,

introducing a milling sysiem into the wellbore and into
the tubular at the location of the initial opening, the
milling system comprising a window mill, a neck
member connected at its bottom to ihe window mill, a
watermelon mill, the neck member connected at its fop
to the watermelon mill, the window mill having milling
blades thereon with rough finish outer surfaces dressed
with niilling material, and

rolating the milling system 1o mill the wbular 1o form a
completed opening therethrough, the watermelon mill
and neck member sized, corfigured, and disposed so
that the watermelon mill does not mill the whipstock.

3. The method of claim 2 wherein the window mill forms
an opening through the tubular with a lip and the method
further comprises

smoothing the lip by rotating the watermelon mill.

4. The method of claim 2 wherein the window mill
Comprises

a body with an upper ¢nd and a lower milling end,

a plurality of milling blades on the body with milling
material thereon, the blades having a smooth ouler
surface,

a first flow bore extending from the upper end through the
body 1o a second fluid flow bore in the lower milling
end, the second fluid ow bore having an inner surface,

fluid jet bores extending from the first fiuid flow bore 1o
an outer side of the body for directing fuid under
pressure out past the blades of ihe plurality of blades,
and

milling material on the inner surface of the second fluid
flow bore.

5. The method of claim 4 wherein the second fhid flow

bore is smaller in diameter than the first fluid fow bore.

6. The meihod of claim 2 whercin the completed window
has smooth edges.

7. ‘The method of claim 2 wherein ibe compleled window
is sufficiently long to facilitate fishing operations at or below
the completed window.

§. The method of claim 2 wherein rotating the milling
system produces cuttings of the tubular of sufficiently small
size to facilitaie circulation of the cuttings away from the
completed window,

9. The method of claim 2 further comprising

rotating the milling system to form a bole i the formation
beyond the tbular and beyond the completed window.

10. The mothed of claim 9 wherein by rotating the milling
system the window mill forms a hole beyond the tubular of
a first diameier and the watermelon mill moves and rotales
in said hole 10 enlarge said hole to a larger diameter.

11. The mothod of claim 2 further comprising

removing the milling system from the wellbore,

introducing milling apparatus inlo the wellbore at the
location of the completed window 1o enlarge the com-
pleted window, the milling apparatus comprising
a window mill with & plurality of milling blades

thereon, each blade dressed with milling material
and with an outer surface rough dressed with milling
material,

first walermelon mill with a pluratity of
blades thereon, cach blade dressed with milling
material and having an oufer surfuce, the first water-
melon mill connecied w and sbove the window mitl,

milling
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a second watermelon mill connected to and above the
first watermelon mill, the second watermelon mill
having a plurality of milling blades each blade
dressed with milling material and having an outer
surface,
and the mothod further comprising
rotating the milling apparatus to elongate the compleied
window.
12. The method of claim 11 wherein the outer surfaces of
the first watermelon mill’s blades are rough.
13. The method of claim 11 wherein the outer surfaces of
the second watermelon mill’s blades are rough.

Y
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14. The method of claim 11 whereint the outer surfaces of
the first watermelon mill’s blades are smooth and the outer
surfaces of the second watermelon mill’s blades are rough.

15. The method of claim 11 wherein at least one drill
collar connected above and to the second wawrmelon mill
forming a stiffencr assembly to facilitaie control

16. The method of claim 15 wherein the stiffencr assem-
bly inhibits a tendency of the milling apparatus to move back
toward the casing.
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