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(57) ABSTRACT 

A method and apparatus for horizontally drilling in Wells 
utilizing a shoe assembly at the down hole end of upset 
tubing. The shoe assembly includes a fixed Section and a 
rotatable Section Suspended below the fixed Section. An 
electric motor and associated batteries and a gyroscope 
carried on the rotatable Section enable an operator on the 
Surface to Selectively rotate and position the rotatable Sec 
tion to any desired angular location for drilling a hole in the 
well casing. After one or more holes have been cut in the 
casing, a drill assembly can be removed from the upset 
tubing and be replaced by a high preSSure blaster nozzle to 
bore into the formation Zones. The gyroscope enables the 
operator to accurately position the rotatable Section to the 
same locations at which the holes have been cut. The drill 
assembly includes an electric motor with an associated 
battery, flexible drive shaft, and a hole saw. 
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HORIZONTAL DIRECTIONAL DRILLING IN 
WELLS 

0001. This application claims the priority of U.S. Provi 
sional Patent Application No. 60/182,932, filed Feb. 16, 
2000, and U.S. Provisional Patent Application No. 60/199, 
212, filed Apr. 24, 2000. 

BACKGROUND OF INVENTION 

0002 The invention relates to not only new wells, but 
also to revitalizing preexisting vertical and horizontal oil and 
gas vertical wells that have been depleted or are no longer 
profitable, by improving the porosities of the Wells pay Zone 
formations. This is accomplished by providing a micro 
channel through the already existing casing, and out into the 
formation. 

PRIOR ART 

0003. After a well has been drilled, completed, and 
brought on-line for production, it may produce oil and gas 
for an unknown period of time. It will continue to produce 
hydrocarbons, until the production drops below a limit that 
proves to be no longer profitable to continue producing, or 
it may stop producing altogether. When this happens, the 
well is either abandoned or Stimulated in a proven and 
acceptable process. Two of these processes are called 
Acidizing and Fracturizing. Acidizing uses an acid to eat 
away a channel in the formation thus allowing the hydro 
carbons an easier access back to the well bore. Fracturizing 
uses hydraulic preSSure to actually crack and Split the 
formation along preexisting cracks in the formation. Both of 
these methods increase the formation's porosity by produc 
ing channels into the formation allowing the hydrocarbons 
to flow easier towards the annulus of the well which 
increases the production of the well along with its value. 
However, the Success of these operations is highly specu 
lative. In Some wells, it may increase the production rate of 
a well many times over that of its previous record, but in 
others, they may kill the well forever. In the latter case the 
well must be plugged and abandoned. Both Acidizing and 
Fracturizing are very expensive. Both require dedicated 
heavy mobile equipment, Such as pump trucks, water trucks, 
holding tanks, cranes along with a large crew of Specialized 
perSonnel to operate the equipment. 

0004. A more efficient method of stimulating a vertical 
well is to drill a hole in the well casing, and then bore a 
micro-horizontal channel into the payZone using a high 
preSSure water jet to produce a channel for the hydrocarbons 
to follow back to the well bore’s annulus. Once an initial 
lateral hole through the already existing casing, has been 
produced. The micro drill must be brought back to the 
Surface. Then a high pressure water jet nozzle is lowered into 
the well and through the above-mentioned hole in the casing 
and out into the pay Zone. It then produces a finite lengthened 
channel out radially away from the well bore into the 
pay Zone. Once this is completed, it to must be brought back 
to the Surface. 

0005 Because of the limitations of the present technol 
ogy, the entire drill String is then manually rotated from the 
surface to blindly rotate the drill shoe (located at the bottom 
of the drill String) for the next drilling and boring operation. 
The process is repeated until the desired number of holes/ 
bores has been reached. 
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0006. It is very difficult and imperfect to rotate an entire 
drill string, so that the exit hole of the shoe, which is located 
at the bottom of the drill String, is pointing exactly in the 
desired direction. For example, if the well casing is tilted or 
off-line, the drill String may bind So that the top portion 
rotates while the bottom portion (including the shoe) may 
not actually move or move less than the rotation at the 
Surface. This is due to the fact that all of the applied torque 
does not reach completely to the bottom of the drill string 
due to friction encountered up hole from the Shoe. 

SUMMARY OF THE INVENTION 

0007. The invention provides a method and apparatus 
that allows the for the drilling and completion of a plurality 
of lateral holes in the well casing in one Step, removal of the 
drill, then lowering of the blasting nozzle and re-entering 
each of the holes in Succession to horizontally bore into the 
formation without interruptions or without having to turn the 
entire drill String at the Surface to realign with each hole. 
0008. In accordance with the invention, the shoe assem 
bly consists of a fixed Section and a rotating working Section. 
The fixed section is threaded into the down hole end of upset 
tubing, Such as Straight tubing or coiled tubing or any other 
method known in the art, to lower the entire shoe assembly 
to a desired depth. The fixed Section provides a central 
channel or passage to allow a drill apparatus (with a flexible 
drill shaft and a special cutting tool) to be inserted into the 
assembly. 

0009. The rotatable working section is attached to the 
fixed Section by a specially designed guide housing and ring 
gear that facilitates the turning of the turns the rotating 
Section within the well casing. The ring gear converts the 
rotation of a motor driven transfer bar or drive shaft, turned 
by a self contained bi-directional variable speed DC motor, 
into rotation of this section. The DC motor is controlled by 
an operator at the Surface and is powered by a Self-contained 
lithium battery. The rotating Section has a rotating vertical 
bore that passes through the center of the ring gear and into 
an elbow-shaped channel that changes the direction of the of 
the flexible shaft and cutter from a vertical entry into a 
horizontal exit to allow the drilling of holes in the well 
casing. 
0010) A gyroscope in the rotatable section communicates 
the precise angular position of the rotatable Section to the 
operator on the Surface via a multiconductor cable or by 
wireleSS transmission to allow the operator to align the 
rotating Section to the desired position to cut the hole. The 
operator can then reorient the rotatable Section of the Shoe 
assembly for Sequential drilling operations, if desired. When 
the drill is retracted and the water jet nozzle is then lowered 
back through the Shoe, the operator again reorients the Shoe 
assembly. 
0011. The drill apparatus, comprised of a housing, a shaft 
and a bit, may be of any type desired that will fit inside the 
upset tubing and through the shoe. The bit preferably is a 
hole cutter comprised of a hollow cylindrical body with a 
Solid base at one end and a Series of cutters or teeth at the 
other end. The terminal end of the body is serrated or 
otherwise provided with a cutting edge or edges. AS the 
Serrated edge of the cutter contacts the inside of the well 
casing, it begins to form a circular groove into the casing. AS 
pressure is applied, the groove deepens until a disc (coupon) 
is cut out of the casing. 
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0012 Sensors can be installed in the shoe assembly so 
that lights or alarming devices, on the operator's console 
located at the Surface can indicate a variety of information: 

0013 a. The drill has entered the-shoe and is seated 
correctly. 

0014) b. The bit has cut through the casing and the 
hole is completed. 

0.015. A core can be substituted for the hole cutter that 
would allow for the side of the casing and part of the 
formation to be cored. The cores could be brought to the 
Surface to show the condition of the casing and the thickneSS 
of the cement. A mill can be substituted for the cutter to 
allow the casing to be cut in two if the casing was damaged. 
The use of a cutter and motor can be replaced with a Series 
or battery of Small shaped charges to produce the holes in the 
side of the casing. If the well bore is filled with liquid, the 
shoe can be modified to accept a commercial Sonar device. 
This creates a system that can be rotated a full 360 degrees 
to reflect interior defects or imperfections. If the well bore 
is devoid of liquids, the Shoe can be modified to accept a 
Sealed Video camera. This creates a System to provide a 360 
degree view of all interior defects and imperfections. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a vertical cross-sectional view of appa 
ratus constructed in accordance with the invention and 
positioned in a deep well casing, 
0017 FIGS. 2A through 2E are cross-sectional views of 
the apparatus on a Somewhat enlarged Scale corresponding 
to the bracketed areas shown in FIG. 1; 
0.018 FIG. 3 is a transverse cross-sectional view of the 
apparatus taken in the plane 3-3 indicated in FIG. 2A; 
0.019 FIG. 4 is a transverse cross-sectional view of the 
apparatus taken in the plane 4-4 indicated in FIG. 2B; and 
0020 FIG. 5 is a vertical cross-sectional view of a 
modified form of certain parts of the apparatus. 

DESCRIPTION OF PREFERRED EMBODIMENT 

0021. The entire contents of U.S. Provisional Patent 
Application No. 60/182,932, filed Feb. 16, 2000 and U.S. 
Provisional Patent Application No. 60/199,212, filed Apr. 
24, 2000 are incorporated herein by reference. 
0022 FIG. 1 and FIGS. 2A through 2E schematically 

illustrate components of a cylindrical Shoe assembly 5 
capable of horizontally drilling into vertical well casings 20 
and boring into hydrocarbon payZones in oil and gas wells. 
It will be understood that the invention has other applica 
tions from the following description, Such as employing a 
coring bit that would core into the side of the well casing 20 
and part of the Surrounding formation to determine the 
casing condition and the composition of the Surrounding 
formation, using a milling tool to cut the well casing 20 in 
two, employing a Series or battery of Small shaped charges 
to produce holes in the Side of the casing 20 or to use a video 
camera or Sonar device to locate and determine interior 
defects and imperfections in the well casing 20. 
0023 The cylindrical shoe assembly 5 is composed of a 
fixed section 10, below which a rotatable working section 11 
is attached. 
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0024. The fixed section 10 is threaded into the down hole 
end 51 of upset tubing 52, or Straight tubing or coiled tubing. 
The upset tubing 52 enables the shoe assembly 5 to be 
lowered to a desired depth within the well casing 20. The 
fixed section 10 has a central channel or passage 53 to allow 
for the insertion and retraction of a drill apparatus 12 that is 
comprised of sinker bars 9 of a selected total weight to 
insure Sufficient pressure for cutting, a battery 13, a drill 
motor 57, chuck 58, a flexible drill shaft 59 and a cutter 61. 
The sinker bars 9, battery 13 and drill motor 57 are threaded 
into each other and the total apparatus 12 is vertically 
Supported from the Surface for raising and lowering by a 
high strength stranded wire cable 8 as known in the art. The 
down hole housing of the drill motor has a Self aligning 
Surface, Such as used on a universal down hole orientation 
Sub known in the art, to Self align the drill apparatus 12 with 
antispin lugs 16 fixed into the inner wall of the channel 53 
to prevent the apparatus 12 from rotating. The chuck 58 is 
threaded onto a shaft 62 of the drill motor 57. The flexible 
drill shaft 59 is silver Soldered or otherwise fixed to the base 
of the chuck 58. A ramp 14 with a cam surface 54 is welded 
into a slot in the channel 53 of the fixed section wall on 
which a mechanical Switch 15 rides to turn the drill motor 57 
on. A proximity Sensor 50 in a inner guide housing 64 Senses 
the presence of the chuck 58; a signal from the Sensor is 
transmitted in a multi-conductor cable. The multi-conductor 
cable 17 that conducts Signals for controlling the rotation of 
the working Section 11 and indicating its angular position to 
the operator on the Surface via a gyro 36. This cable is 
banded to the exterior of the wall 52 of the drill string from 
the shoe to the Surface. This is to keep it from Snagging on 
the inside of the well casing 20 and becoming damaged 
while tripping in or out of the hole, as shown in FIG. 3. 
0025 The fixed inner guide housing 64 threaded into the 
down hole end of the fixed section 10 provides a shoulder 65 
onto which a cylindrical end cap 18, into which the rotating 
section 11 is threaded, sits supported by oil filled thrust 
bearings 19 that allow the rotating section 11 to turn within 
the well casing 20. 
0026. The rotating section 11 comprises a cylindrical 
cutter Support body 23, a cylindrical motor housing 24, a 
cylindrical battery/gyroscope housing 25, and a metal shoe 
guide 37. A ring gear 21, detailed in FIG. 4, is welded to or 
otherwise fixed to the base of the inner guide housing 64 to 
convert the turning of a transfer bar or drive shaft 22 into 
rotation of this Section 11 in respect to the upper fixed 
Section 10. The inner guide housing 64 also provides an 
annular clearance to allow free rotation of the flexible drill 
shaft chuck 58 that is threaded onto the drill motor shaft 62. 

0027. A rotating vertical sleeve 26 sealed by an o-ring 27 
is recessed in a counter bore in the inner guide housing 64. 
The sleeve 26 passes through the center of the ring gear 21 
and is pressed or otherwise fixed into the cylindrical cutter 
support body 23. The body. 23 is threaded into or otherwise 
fixed to the cylindrical end cap 18. At it's lower end, the 
body 23 is threaded into the cylindrical motor housing 24. 
The rotating sleeve 26 guides the hole cutter 61 and the 
flexible drill shaft 59 into an elbow-shaped channel 29, of 
circular cross-section, formed in the cylindrical cutter Sup 
port body 23, that changes the direction from a vertical entry 
into a horizontal exit. A hardened bushing 28, in the cutter 
Support body 23 works as a bearing to Support the hole cutter 
61 for rotation and guides the hole cutter 61 in a radial 
direction. 

0028. Various sized centralizing rings 60 and modified 
bushings 128, shown in FIG. 5, may be used so that the 
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Same Shoe assembly 5 can be used in casings of different 
inside diameters. These centralizing ringS 60 are Screwed, 
welded, bolted or otherwise fixed at selected locations on the 
outside of the shoe assembly 5. The centralizing ring 60 
should be notched, channeled or shaped like a Star So only 
a few points touch the casing, to allow for the free flow of 
fluid, gas and fines past the Shoe and up and down the inside 
of the well casing. This design also aids in the insertion and 
withdrawal of the shoe from the casing acting as a central 
izing guide within the casing walls 20. Alternatively, the 
bushing 128 can be integral with a centralizing ring. 

0029 While the preferred hole cutter 61 is a hole saw, 
other cutterS Such as a milling cutter or other cutters known 
in the art may be used. The preferred cutter 61 comprises a 
hollow cylindrical body with a solid base at its proximal 
end and cutting teeth or abrading elements known in the art, 
at the terminal end. A magnet may be located inside the 
hollow body and attached to the base to retain one or more 
coupons removed from the casing 20 when a hole has been 
completed. Alternatively, the coupon or disc may be left in 
the formation and Subsequently pushed out of the path of the 
boring nozzle by the high preSSure water. 

0.030. It has been found that surprisingly good results 
have been achieved in this application by using a Standard 
hole Saw as compared to conventional milling cutters. It is 
believed that this excellent performance comes from the 
ability of the hole saw to cut a relatively large hole while 
only removing a proportionally Small amount of material. 

0031) The multi-conductor cable 17 extends down 
through a slot 31 milled into the walls of the rotating section 
11. The multi-conductor cable 11 leads to and is connected 
through grommets 32 to a bi-directional, variable speed DC 
motor 30 in the motor housing 24. The DC motor 30, which 
is controlled by an operator on the Surface through the 
multi-conductor cable 17, and vertically stabilized by Secu 
rity plugs 33 to keep the motor from Spinning within the 
motor housing 24. This DC motor rotates the vertical 
transfer bar or drive shaft 22 extending upward, through a 
radial roller bearing 34 at each end of the shaft to aid in 
Support and rotation, to the ring gear 21, to turn the rotating 
Section 11. 

0.032 The multi-conductor cable 17 continues down 
through the milled slot 31 in the cylindrical battery/gyro 
scope compartment 25 to both the battery pack 35 and a 
gyroscope 36 which are Secured within the compartment 25. 
The DC battery pack 35 preferably comprises lithium bat 
teries or other power Supplies known in the art. The lithium 
batteries 35 provide power to the DC motor 30 and to the 
gyroscope 36. 

0033. The gyroscope 36 may be an inertial or rate type 
gyroscope or any other type of gyroscope known in the art. 
The gyroscope 36, fixed relative to the rotating Section 11 
and Specifically aligned to the exit hole of the cutter Support 
body 23, communicates the precise direction in degrees of 
the position of the rotating Section to the operator on the 
surface via the multiconductor cable 17. Alternatively, this 
data can be relayed by wireless transmissions to allow the 
operator to operate the motor 30 in order to turn the rotating 
section 11 to the desired position to cut a hole in the well 
casing 20, or to a previously cut hole-allowing the high 
preSSure water hose and jet blasting nozzle to begin the 
boring process (not shown). In the absence of the preferable 
gyroscope 36, other methods, known in the art, for indicat 
ing the angular position of the rotating Section 11 can be 
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used. This will provide a starting point and will be used to 
position the rotating Section 11 for initial and Sequential hole 
cutting and boring. 
0034 Abeveled cylindrical metal shoe guide 37 caps the 
bottom of the rotating Section 11 for ease in lowering the 
entire shoe assembly 5 through the well casing 20 to the 
desired depth. 
0035 A tail pipe 38, shown in phantom, may carry a 
gamma ray Sensor or other type of logging tool known in the 
art, and can be used to determine the location of a hydro 
carbon pay Zone or multiple payZones. This logging tool may 
be screwed into or otherwise attached to the shoe guide 37. 
A packer 39, shown in phantom, may be attached to the 
tailpipe 38. The packer 39 as known in the art, preferably 
made of inflatable rubber, is configured in Such a way that 
when it is expanded there are one or more channels, notches 
or passageways to allow the free flow of fluid, gas and fines 
up and down the casing 20. When expanded, the packer 39 
stabilizes the position of the shoe assembly 5 restricting its 
ability to move up or down the well bore thus reducing a 
potential problem of being unable to reenter holes in the Side 
of the casing. 
0036). In operation, when the well casing 20 is clear of all 
pumping, data collecting or other working or instrumenta 
tion fixtures, the entire shoe assembly 5 is threaded into the 
down-hole end of the upset tubing 52 or any other means by 
which to transport the entire assembly 5 to the desired depth 
within the well casing 20. 
0037. The technicians on the surface employ the high 
strength wire cable 8 to lower the drilling apparatus 12 down 
the inside of the upset tubing 52 into the fixed section of the 
shoe assembly 10. The design of the drill motor housing will 
ensure that the drill apparatus 12 will properly align itself 
and Seat into the anti-Spin lugs 16 in the fixed Section central 
channel 53. Sensors can be installed into the shoe assembly 
So that lights or other methods of indication on or at the 
control console, usually inside a truck, could provide a 
variety of information to the operator. 
0038. Once the shoe assembly 5 is at the desired depth, 
the operator then rotates the lower portion of the shoe by 
activating a rheostat or other controlling device located at 
the Surface, and monitors a readout as to the Shoe's direction 
via the signals provided by the multi-conductor 17. This 
engages the battery 35, bi-directional motor 30, and gyro 
Scope 36 assembly by which the operator can manipulate the 
direction of the shoe to the desired direction or heading 
based on customer needs. 

0039 Technicians on the surface lower the drilling appa 
ratus 5 so that the mechanical power on Switch 15 turns on 
the drill motor 57 at the proper rate, turning the flexible drill 
shaft 59 and cutter 61. As the serrated edge of the cutter 61 
contacts the wall of the well casing 20, it begins to form a 
groove in the casing 20. The Selected mass of weight of the 
sinker bars 9 provide the appropriate thrust to the cutter. The 
groove deepens until a disc or coupon is cut out of the casing 
wall. The proximity sensor 50 senses the presence of the 
chuck 58 in the annular clearance in the inner guide housing 
64, and indicates to the operator that the hole has been 
completed. 

0040. Once the operator has cut the initial hole he pulls 
the drilling apparatus up the hole approximately 20 feet to 
ensure that the flexible cable is not obstructing the shoes 
ability to be turned to the next direction, he again uses the 
data provided from gyroscope 36 in the battery/gyroscope 
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compartment 25 and Sends a signal to the bi-directional, 
variable speed DC motor 30 to turn the rotating section 11 
a specified number of degrees to cut the next hole. This 
proceSS continues at that Same desired depth until all the 
desired holes are cut in the well casing 20. Preferably, 
Several Sequential holes are cut at the same depth before 
bringing the drill apparatus 12 to the Surface. 
0041. Once the desired number of holes are cut in the 
well casing 20 at the desired depth and the drilling apparatus 
has been removed, the process of boring into the hydrocar 
bon pay Zones at that Same depth may begin. 
0042. The technicians on the surface connect a high 
pressure jet nozzle known in the art (not shown), to the 
discharge end of a high pressure hose (not shown), which is 
connected to a flexible coil tubing, and begin to lower the 
nozzle down the upset tubing 52 and into the shoe assembly 
5. Once the nozzle is seated in the elbow-shaped channel 29 
in the cutter Support body 23, the Suction connection of the 
hose is connected to the discharge connection of a very high 
pressure pump (not shown). The very high pressure pump 
will be of a quality and performance acceptable in the art. 
The pump is then connected to an acceptable water Source; 
usually a mobile water truck (not shown). 
0043. The technicians then advise the operator at the 
control console that they are ready to begin the boring 
process. The operator, using the information provided from 
the gyroscope 36, ensures that the cutter Support body 23 is 
aligned with the desired hole in the well casing and advises 
the technicians to begin the boring process. 
0044) The technicians turn on the pump, open the pump 
Suction valve and the high preSSure water in the hose forces 
the nozzle through the elbow-shaped channel 29 and the 
hole in the casing and into the hydrocarbon pay Zone (not 
shown). The design of the jet nozzle housing, as known it the 
art, provides for both a penetrating Stream of high pressure 
water to penetrate into the Zone, and Small propelling water 
jet nozzles located peripherally on the back of the nozzle to 
propel the nozzle into the Zone. The technicians on the 
Surface monitor the length of hose moving into the upset 
tubing 52 and turn the water off and retract the nozzle back 
into the elbow-shaped channel 29 when the desired length of 
penetration has been achieved. 
0.045 With information provided by the gyroscope 36, 
the operator, at the control console, now rotates the Shoe 
assembly to the next hole in line and the boring proceSS can 
be repeated again. Once the boring process has been com 
pleted at a specific depth and the boring nozzle retrieved to 
the Surface, the upset tubing 52 and shoe assembly 5 may be 
completely removed from the well casing, or alternatively 
raised or lowered to another depth to begin the proceSS once 
again. 

0046. It is contemplated that the invention can be prac 
ticed with an assembly like that described above, but without 
a bi-directional variable speed DC motor 30, drive shaft 22, 
ring gear 21 and related components that enable the rotating 
section 11 to rotate in respect to the fixed section 10. In that 
case the shoe assembly 5 would comprise only fixed sub 
assemblies. In Such a case the entire assembly would be 
rotated by physically turning the upset tubing 52 from the 
surface. The data provided from the gyroscope 36 would be 
used to Similarly locate the hole cutting locations and boring 
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positions as described. While an electric motor is preferred 
for operating the cutter 61, a mud motor, known in the art, 
can alternatively be used. The mud motor is driven by fluid 
pumped through coil tubing connected to it from the Surface. 
0047 Apart from the specific disclosures made here, data 
and information from the proximity Sensor 50, gyroscope 
36, gamma ray Sensor, Sonar or other Sensors that may be 
used, may be transmitted to the operator on the Surface by 
optical fiber, electrical conduit, Sound or pressure waves as 
known in the art. Similarly, both the drill motor 57 and the 
bi-directional, variable speed DC motor 30 can be driven 
directly from the Surface through appropriate power cables. 
0048. It should be evident that this disclosure is by way 
of example and that various changes may be made by 
adding, modifying or eliminating details without departing 
from the fair Scope of the teaching contained in this disclo 
sure. The invention is therefore not limited to particular 
details of this disclosure except to the extent that the 
following claims are necessarily So limited. 

1-25. (canceled) 
26. Apparatus for drilling in a well, Said apparatus com 

prising a shoe assembly, a hole Saw, an electric motor 
operatively coupled to Said hole Saw, and a gyroscope, Said 
shoe assembly being adapted to be lowered into a casing of 
the well and to direct Said hole Saw in a predetermined 
direction at a depth at which a hole or holes are to be cut in 
a casing wall of Said well, Said shoe assembly having a 
longitudinal pathway adapted to receive Said hole Saw 
therein, and a lateral pathway oriented at an angle relative to, 
and in fluid communication with, Said longitudinal pathway, 
Said lateral pathway being adapted to receive Said hole Saw 
from Said longitudinal pathway and to direct Said hole Saw 
against Said casing wall, Said gyroscope being adapted to 
transmit a signal to indicate an angular location of Said hole 
Saw within Said well casing. 

27. Apparatus according to claim 26, Said hole Saw 
comprising a hollow cylindrical body having, at a Serrated 
end thereof, a Serrated edge comprising a plurality of cutting 
teeth. 

28. Apparatus according to claim 26, Said hole Saw further 
comprising a Solid base at a proximal end thereof opposite 
Said Serrated end. 

29. Apparatus according to claim 26, Said casing having 
an inner Surface and an Outer Surface, Said cutting teeth at 
Said Serrated edge being effective to cut a circular groove in 
Said inner Surface of Said casing during a drilling operation. 

30. Apparatus according to claim 29, Said cutting teeth 
being further effective to cut a coupon out of Said well casing 
during a drilling operation. 

31. Apparatus according to claim 26, Said Shoe assembly 
further comprising a Support body for Supporting Said hole 
saw adjacent an angular location at which it is desired to 
form a hole in Said well casing, Said gyroscope being fixed 
relative to Said Support body, and being adapted to transmit 
a signal to indicate the angular location of the Support body. 

32. Apparatus according to claim 27, Said hole Saw further 
comprising an arbor extending at least partly forward of Said 
Serrated edge of Said cylindrical body. 

k k k k k 


