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(57) Abrégée/Abstract:

A one trip whipstock system includes both a one trip combination mill and associated whipstock. The one trip combination mill
comprises an upper cutter and lower cutter below the upper cutter. The upper cutter and lower cutter are joined by a cone that
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(57) Abrege(suite)/Abstract(continued):
widens towards the upper cutter. In operation, a whipstock Is connected to the driling sub by shear bolts. A guide lug on the
whipstock faces the drilling sub between the lower cutter and upper cutter for riding on the cone when the drilling sub Is advanced

along the whipstock.

Preferably the shear bolts connect to the lower cutter. Also, the, lower cutter has smaller gauge than the

upper cutter, to such an extent that the relative gauge sizes of the lower cutter and upper cutter permit the upper cutter to exit
casing during drilling before the lower cutter exits casing. Further, there may be provided a watermelon mill and a string mill above
the upper cutter and the watermelon mill, string mill and the upper cutter preferably have the same gauge. To reduce outer
diameter wear on the upper cutter, it has a square leading edge.
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ABSTRACT OF THE DISCLOSURE

A one trip whipstock system includes both a one trip combination mill and associated
whipstock. The one trip combination mill comprises an upper cutter and lower cutter below
the upper cutter. The upper cutter and lower cutter are joined by a cone that widens towards
the upper cutter. In operation, a whipstock is connected to the drilling sub by shear bolts. A
guide lug on the whipstock faces the drilling sub between the lower cutter and upper cutter
for riding on the cone when the drilling sub is advanced along the whipstock. Preferably the
shear bolts connect to the lower cutter. Also, the lower cutter has smaller gauge than the
upper cutter, to such an extent that the relative gauge sizes of the lower cutter and upper
cutter permit the upper cutter to exit casing during drilling before the lower cutter exits
casing. Further, there may be provided a watermelon mill and a string mill above the upper
cutter and the watermelon mill, string mill and the upper cutter preferably have the same

gauge. To reduce outer diameter wear on the upper cutter, it has a square leading edge.
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TITLE OF THE INVENTION
One Trip Milling System

NAMES OF INVENTORS
Leonardo Ritorto
Dave L. Heinley

FIELD OF THE INVENTION

This invention relates to downhole drilling systems in which whipstocks are used to

deviate a well.

BACKGROUND OF THE INVENTION

A vanety of one trip milling systems are known, such as shown in United States
patent no. 5,109,924, issued May 5, 1992. Other examples of one trip milling systems are
shown in Canadian patent applications 2,242,026 (published 1998/06/30); 2,221.435
(1997/11/18), 2,225,207 (1996/07/08), 2,182,535 (1996/08/01); 2,200,937 (1997/03/25);
2,033,048 (1990/12/21); and United States patent 5,771,972 (1998/06/30). In general, these one
trip milling systems include an initial or pilot mill, followed by a second mill on the drill
string, and are used in association with a whipstock that is anchored in the well by a variety
of means. The pilot mill rides on the whipstock and is deflected outward into contact with
casing in the well to mill an initial window. A following mill then mills the edges of the

window and drilling then follows the path established by the following mill through the

casing.

SUMMARY OF THE INVENTION

In a one trip milling system, the object is to avoid having to make more than one trip
to complete the deviation of the well. One problem is that as the mill advances through the
casing, 1t can become worn, with the result that the diameter of the deviated wellbore

becomes smaller, thus making tight spots in the well that can impede drilling. It is an object of
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the present invention to provide an improved one trip milling system that maintains the mill in
full gauge throughout the milling procedure.

There 1s thus provided in accordance with an embodiment of the invention, a one trip
whipstock system which includes both a one trip combination mill and associated whipstock.
The one trip mill comprises an upper cutter and lower cutter below the upper cutter. The
upper cutter and lower cutter are joined by a cone that widens towards the upper cutter. In
operation, a whipstock is connected to the drilling sub by shear bolts. A guide lug on the
whipstock faces the drilling sub between the lower cutter and upper cutter for riding on the
cone when the drilling sub is advanced along the whipstock. Preferably the shear bolts
connect to the lower cutter. Also, the lower cutter has smaller gauge than the upper cutter, to
such an extent that the relative gauge sizes of the lower cutter and upper cutter permit the
upper cutter to exit casing during drilling before the lower cutter exits casing. Further, there
may be provided a watermelon mill above the upper cutter, and optionally but preferably a
string mill above the watermelon mill and the watermelon mill, string mill and the upper
cutter preferably have the same gauge. To reduce outer diameter wear on the upper cutter,
and thus maintain the gauge of the cutter during drilling, the upper cutter has a square leading
edge.

These and other aspects of the invention are described in the detailed description of

the invention and claimed in the claims that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

There will now be described preferred embodiments of the invention, with reference
to the drawings, by way of illustration only and not with the intention of limiting the scope of
the invention, in which like numerals denote like elements and in which:

Fig. 1 shows a one trip combination mill according to the invention, with watermelon
mill and string mill;

Fig. 2 shows a one trip combination mill according to the invention installed on a

whipstock; and
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Fig. 3 shows a one trip combination mill according to the invention just after

commencement of the milling procedure.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

In this patent document, “comprising” means “including”. In addition, a reference to
an element by the indefinite article “a” does not exclude the possibility that more than one of
the element is present. The terms upper and lower or above and below refer to the
conventional uphole and downhole directions during drilling.

An exemplary one trip whipstock system as shown in Fig. 1 incorporates a drilling sub
10, which includes both a one trip combination mill 12, a watermelon mill 14 above the one
trip combination mill 12 and a string mill 15 above the watermelon mill 14. The one trip
combination mill 12 has a lower cutter 16 and above that an upper cutter 18 joined by a cone
20 that widens towards the upper cutter 18. The watermelon mill 14 preferably has the same
gauge as the upper cutter 18, and likewise the string mill 15. The watermelon mill 14 differs
from the string mill 15 by the string mill 15 having a more aggressive action caused by a
steeper face on the cutting surface, for example a 15° slope on the string mill 15 compared
with a 7° slope on the watermelon mill 14. The watermelon mill 14 and the string mill 15 may
be interchanged in position. The function of the watermelon mill 14 and string mill 15 is to
round off and smoothen the rough edges of the window created by the one trip combination
mill and assist in avoiding tight spots in the deviated well bore.

The dnilling sub 10 is used in association with a whipstock 26 as shown in Figs. 2 and
3. The whipstock 26 is for the most part conventional, and is set in a well in conventional
manner. The dnlling sub 10 is connected to the whipstock 26 by shear bolts 22 with the
lower cutter 16 resting in a pocket 23 in the concave face 25 of the whipstock 26. The shear
bolts 22 are in themselves conventional and it is known to use shear bolts in association with
one trip milling systems. In this particular design, the shear bolts 22 are threaded into the
lower cutter 16. A guide lug 24 is provided on the whipstock 26 uphole of the shear bolts 22.
The guide lug 24 may be welded to the whipstock, and is located in a position such that the
guide lug 24 faces the drilling sub 10 between the upper cutter 18 and the lower cutter 16 on
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the one trip mill 12. In this position, the guide lug 24 rides on the cone 20 (or, equivalently,
the cone 20 rides on the guide lug 24) when the drilling sub 10 is advanced along the
whipstock 26.

The lower cutter 16 has smaller gauge (R1) than the gauge (R2) of the upper cutter
18, as for example 3.375” compared with 4.75”. The relative gauge sizes of the lower cutter
16 and upper cutter 18 are chosen so that the upper cutter 18 exits the casing 28 during
drilling before the lower cutter 16 exits the casing 28. For this purpose, it is preferred that the
dnll string be relatively stiff so that the effective pivot for the drilling sub 10 is high in the
hole. This causes the upper cutter 18 to move outward nearly the same amount as the lower
cutter 16 when the cone 20 rides on the guide lug 24. As a consequence, due to the enlarged
upper cutter 18, it exits the casing first, although the lower cutter 16 makes a smaller opening
in advance of the upper cutter 18. The principle of operation of the relative gauge sizes is
illustrated in Fig. 3. L is the distance between the square forward cutting edges of the upper
cutter 18 and lower cutter 16. 9 is the angle between the central axis of the drilling sub 10
and the downhole direction, that is, it is the slant angle of the drilling sub 10 in the hole as it
is deflected by the guide lug 24. The slant angle depends on the stiffness of the drill string.
For any given drill string, to ensure that the upper cutter 18 exits the casing first, the equation
(R2-R1)/L > sin 6 should be satisfied.

As the upper cutter 18 advances along the whipstock 26, it grinds off the guide lug
26, and thus the matenial of the guide lug 26 should be easily millable. The cutters 18 and 16
should have square leading edges as shown, so that the faces 30 and 32 carry out the milling
of the casing, thus avoiding wear on the outer diameter 34 of the upper cutter 18. By square
in this context is meant that the leading faces 30 and 32 of the cutters 16 and 18 are
essentially perpendicular to the tool axis, different from the watermelon mill 14. In this
manner, the gauge R2 of upper cutter 18 defines the deviated borehole diameter, and the
deviated borehole diameter is maintained reasonably constant. It is preferred that cutters 16
and 18 be used with conventional blades as shown forming the square cutting edges of the
cutters. The blades on the cutters 16 and 18 are such as are used on mills by Black Max

Downhole Tools Inc. of Edmonton, Alberta, Canada, and are machined from the metal of the
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drilling sub. Each individual blade is coated in known fashion in the art of drill bits with
crushed carbide to provide the cutting surface on the cutters 18 and 16.

A fluid passage 36 passes through the entire one trip combination mill 12, string mill
15 and watermelon mill 14 and exits the forward end of the lower cutter 16 through holes 38,
of which there can be any number, for example eight. This allows for lubrication and cleaning
of the bore as drilling progresses.

To commence drilling, the whipstock is placed downhole in conventional manner. A
load is then placed on the whipstock to set slips and hold the whipstock in place. Next, a
higher load is placed on the string (of which the drilling sub 10 is a part) to shear the bolts 22
and allow the string to rotate. The drill string is rotated and advanced slowly. When the drill
string advances, the cone 20 rides over the guide lug 24 and forces the cutters 16, 18 to cut
into the casing. Once the one trip combination mill 12 has advanced and the cone 20 has slid
on the guide lug 24 to the largest diameter of the cone 20, the upper cutter 18 grinds the
guide lug 24 off and proceeds to cut the casing as it slides along the concave of the
whipstock. The one trip combination mill 12 eventually leaves the casing completely,
continues cutting through the formation 40 and completes the sidetracking manouevre. The
one trip combination mill 12 is then removed from the well bore.

Immaterial modifications may be made to the invention described here without

departing from the essence of the invention.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY OR
PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A one trip combination mill, comprising:

a drilling sub having an upper cutter and lower cutter below the upper cutter;

the upper cutter and lower cutter being connected by a cone that widens towards the
upper cutter; characterized in that

the upper cutter has a leading face perpendicular to the mill axis for cutting through

casing.

2. The one trip combination mill of claim 1 in which the lower cutter has a square leading edge

for cutting through casing.

3. A one trip whipstock system, comprising:
a drilling sub having an upper cutter and lower cutter below the upper cutter;
the upper cutter and lower cutter being connected by a cone that widens towards
the upper cutter;
a whipstock connected to the drilling sub by shear bolts;
characterized in that:
the upper cutter having a leading face perpendicular to the mill axis for cutting
through casing; and
a guide lug on the whipstock, the guide lug facing the drilling sub between the
upper cutter and the lower cutter for riding on the cone when the drilling sub

is advanced along the whipstock.

4. The one trip milling system of claim 3 in which the shear bolts connect to the lower cutter.

5. The one trip milling system of claim 3 in which the lower cutter has smaller gauge than the

upper cutter.

6. The one trip milling system of claim 5 in which the relative gauge sizes of the lower cutter and
6
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upper cutter permit the upper cutter to exit casing during drilling before the lower cutter exits

casing.

7. The one trip milling system of claim 3 further comprising a watermelon mill

above the upper cutter.

8. The one trip milling system of claim 7 in which the upper cutter and the watermelon mill have

the same gauge.

9. The one trip milling system of claim 8 further comprising a string mill above the upper cutter

and the string mill has a more aggressive milling action than the watermelon mill.

10. The one trip milling system of claim 9 in which the string mill and the upper cutter have the

same gauge.
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