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"This invention relates to new and -useful im-
provements in directional drilling apparatus.

In :the directional drilling and side-tracking of
bore holes, ‘it has become the general :practice
to drill a deflected or offset bore which extends
atan angle from the mmain well bore. Because
‘this deflected bore is .of o smaller .diameter than
the diameter of the main well bore, itis some~
‘times difficult to follow up with a reaming oper-
ation. The deflected or offset bore:is of 2 smaller
diameter because the drilling ‘s ‘performed off
-of the face:of a whipstock or by means of @ ‘de-
‘flecting tool which must:ebviously be under gauge
as compared to the main well bore. It has be-
icome -the practice ‘to enlarge the smaller de-
flected 'bore by ‘means .of :a reamer, 'such as -any
-of ‘the ‘well known 'pilot reamers now-in general
use. Because of the small diameter of the .de-
‘flected bore, difficulty has been experienced in
causing the pilot of the reamer to enter said
bore. :

TItis one-object of the present invention topro-
‘vide -an ‘improved directional drilling -apparatus
which is so -constructed that reaming -out -of a
previously formed -deflected bore -of relatively
ssmall ‘diameter may be -efficiently carried -out.

Amn, Important object ‘of the invention 'is te
provide an improved ‘directional drilling appara~
tus-which includes an-elongabe pilot:stem or pipe
which s -combined ‘with -a reaming it and which
‘Tunctions to ‘accurately guide said reaming ‘bit
‘Jownwardly along the smaller diameter-deflected
‘bore, whereby efficient follow up reaming -of said
‘pore ‘may ‘be accomplished.

Another object of the present invention is to -
“provide gh improved apparatus,-of the character

described, ‘wherein an -€longate pilot -element is
detachably ‘connected with the reaming 'bii ‘and
is mrranged to be urged toward -one side of the
mein wéll bore by means ‘of flvid pressure, where-
by a rotation -of the drill 'pipewill cause the guide
8lement to find the deftected bere which has been
previously formed -and which is:of -a -smaller :di-
ameter than the main well bore; the detachable
-connection between the €longate-element-and ‘the
reaming bit permitting said bit to be detached
from said €lement after the latter is-disposed in

the deflected ‘bore, whereby it subsequently Tunc-

‘tions as -a guide for guiding ‘the bit within such
-geflected bore.

A-still further object of the'invention is to pro-
vide an improved reaming -apparatus, of the
-character ‘described, ‘which is ‘so ‘constructed that
when the reaming bit and drill ‘pipe move down-
wardly along the-gtidestem, a clearance between
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2
the bore of the -drill pipe and said stem is pro-
vided to provide free-circulation through the drill
pipe -and reaming bit.

A particular -object of ‘the invention is to pro-
vide an improved apparatus, of the character de-
seribed, ‘wherein the .€longate .guide or pilot ele-
ment or stem may be removed by a suitable re-
trieving tool at -any time following its -discon-
nection with the reaming bit-so that a well sur-
vey instrument or other ool ‘may, if -desired, be
run downwardly through the drill pipe and ex-
tend outwardly through the bit to allow a-survey
operation to'be performed.

The construction ‘designed 4o carry out the
invention will be hereinafter described together
with other features of the invention.

The invention will be more readily ‘understood

from a reading -of the following specification and

by reference to the accompanying drawing,

‘wherein an example of the invention is shown,

and wherein:

Figure 1 is‘a view of a ' well bore illustrating the
improved - apparatus, :constructed in accordance
with the invention, lowered within a well bore,

Figure 2 is a-similar view illustrating the pilot
or guide element of the apparatus moved radially
‘to one side of the well bore by means of the fluid
pressure,

Figure 3:is a similar view illustrating the ream-
ing operation which is performed within the de-
‘Aected well bore, and .

Figure 4 is an enlarged, transverse, vertical,
-sectional view of the lower ‘portion of ‘the -drill
pipe and the upper ‘portion .of the pilot or guide

€element and ‘illustrating the connection there-

‘between.

In the drawings, the numeral 18 designates a
main well bore which has been drilled in the
usual manner. A deflected -or angular well bore
it which has a diameter.smaller than the diame-
ter-of the main well bore extends from the lower
end of said main bore and is ordinarily disposed
at an angle thereto. The smaller or deflected
‘bore {1 has been formed by means of a drill bit
which has been :deflected off of a whipstock -.or
«other defiecting tool; it is possible that said bore
may have been formed by means of any of ‘the
well known knuckle joint deflecting tools which
-are in general use.

After the smaller defiected bore 11 has been
formed, it is ‘necessary that said ‘bore be reamed
to substantially the same size as the main well
bore 10 and it is for this purpose that the im-
proved -apparatus is designed. This apparatus
includesthe usual tubular-drill pipe 12 which has
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a reaming bit 13 connected to its lower end. The
reaming bit includes the usual cutters 14 and is
provided with an axial bore 15 which extends en-
tirely through its shank. The bit shank is ex-
ternally threaded whereby it may be connected
through the usual tool joint 12a¢ with the drill
pipe 12. ,

An elongate tubular pilot or guide element
16 which is illustrated as a section of pipe or
tubing 6 has its upper end connected with a
sub 17, the latter having an external diameter
which is slightly larger than the external di-
ameter of the element or stem (6, whereby an
external, annular shoulder I8 is formed at the
upper portion of the guide element or stem. The
tubular pilot or guide element {6 is adapted to
extend downwardly through the reaming bit 3
and the external shoulder {8 is adapted to engage
an annular seat 19 which is formed at the upper
end of a removable landing ring 20 which is
removably mounted within the bore I5 of the
shank of the bit i3. This landing ring has a
tight press fit in the reaming bit so as to be rotat-
able with the bit, but may be removed by hammer
blows when the bit is disconnected. This dis-
poses the sub {7 within the bore 12b of the tool
joint {2a¢ and the lower end of the element (6
extends a considerable distance below the ream-
ing bit 13. The lower end of the pilot or guide
element or stem 16 is closed and spaced slightly
above this lower end, a radial port 21 is provided
in the wall of said element. Thus, any fluid
flowing downwardly through the tubular element
or pipe (6 will be ejected through the relatively
small port or orifice 2i. The pressure of this
ejecting fluid striking the wall of the well bore
will tend to urge the lower end of the pilot or
guide element in a direction opposite to that
side on which the port 2i is located.

The pilot or guide element (& is arranged to
be connected in its seated position to the drill
bit 13 by means of a frangible shear pin 22. As
is clearly shown in Figure 4, the shear pin ex-
tends through the upper portion of the element
and has its ends engaged within openings formed
in the landing ring 20 press fit mounted within
the shank of the bit 13. The bore (6a of the
pilot or guide element {6 has its upper end com-
municating with the bore {Ta¢ of the upper sub
1T. The bore 11e terminates short of the upper
end of the sub and is in communication with
longitudinal passages 23 which extend from the
top of the sub to said bore. A fishing or retriev-
ing neck 24 is preferably formed integral with
the upper end of the sub {71 and the longitudinal
pbassages 23 are disposed around the shank of
said neck. A suitable packing ring 25, prefer-~
ably of the O ring type is mounted on the sub
T and seals the joint between the exterior of said
sub and the bore 12b of the tool joint (2a.

In the operation of the apparatus, the assem-
bly is made up as illustrated in Figures 1 and 4
with the elongate pilot or guide element or stem
16 extending downwardly a substantial distance
below the reaming bit {3. The external shoulder
18 at the upper end of the guide or pilot element
is engaged with the seat 19 of the landing ring
20 and the shear pin 22 is connecting the element
with the bit, whereby the pilot or guide element
may be lowered and raised within the main well
bore 18 by means of the drill pipe 12. A{ this
time the sub {71 at the upper end of the guide
element 16 is disposed within the bore 12b of the
tool joint i2¢ and the packing ring 25 forms a
seal between said sub and the bore of said joint.
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The assembly or apparatus is lowered to the
bottom of the main well bore and because the
guide element is disposed substantially axially of
the drill pipe, the lower end of the pilot or guide
element will engage the shoulder A which has
been formed between the main well bore and the
smaller deflected bore i1f{. TUpon reaching this
position, a pump pressure is applied through the
drill pipe and drilling fluid is pumped down-
wardly through said dril] pipe. This fluid under
pressure will flow through the longitudinal pas-
sages 23, then through the bore [Ta of the sub 17
and finally into the bore 18¢ of the tubular pilot
or guide element 6. As has been noted the lower
end of this element is closed with the result that
the fluid under pressure is directed outwardly in
a forcible stream through the restricted radial
port or passage 21 and the force or pressure of
this fluid striking the wall of the main well bore
10 will deflect the lower end of the pilot or guide
element into contact with the opposite wall of the
well bore. Deflection will readily take place be-
cause the tubular pilot is of considerable length,
such as ten feet or more. This length permits
considerable flexibility at the lower end of the
tube, at least enough to move the few inches to
one side of the main bore. In a well where the
main bore is, say, 9 inches in diameter, the de-
flected bore will be 5% or 6 inches. Thus, the
end of the tubular pilot need only be moved, at
the most, only 3% inches to reach the side of the
main bore if the pilot is about 2% inches in di-
ameter. There will also be some “sloppiness” at
the frangible pin, but this is not a necessity al-
though it may be of some assistance where the
deflection must be greater than noted. The drill
pipe {2 is then slowly rotated and a slight down-
ward pressure is applied thereto and it will be
evident that as soon as the lower end of the pilot
or guide element 16 moves opposite the smaller
deflected bore (1, the pilot or guide element will
immediately enter said bore. The drill pipe is
then lowered until the lower end of the guide stem
or element 16 is engaged with the lower end of the
deflected bore {i. The weight of the drill pipe is
then imposed on the shear pin 22 to fracture or
shear said pin and thereby disconnect the ream-
ing bit 13 from the pilot or guide element.

The drill pipe and reaming bit are then moved
downwardly with the pilot or guide element 16
remaining stationary because of its engagement
with the lower end of the deflected bore ilf.
Upon reaching the shoulder A, the drill pipe is
rotated to rotate the bit 13 and thereby ream out
the smaller deflected bore 11 to substantially
full gauge or the same size as the main well bore
10. It will be evident that during the reaming
operation, the pilot or guide element functions
to guide the reaming bit throughout the length
of the smaller deflected bore. It is also pointed
out that as the drill bit and drill pipe move down-
wardly with respect to the pilot or guide element
and its connected sub 17, the sub moves upwardly
into the drill pipe which has a slightly larger bore
than the bore of the tool joint 12a¢. This means
that the drilling fluid which is circulated down-
wardly through the drill pipe may freely by-pass
the sub 1T and may also by-pass around the ex-
terior of the tubular pilot or guide element 16,
whereby there is substantially no obstruction to
the necessary drilling fluid must be ecirculated
during the reaming operation. .

After the smaller deflected bore (I has been
drilled out to full size, as shown in Figure 3, it
may be desirable to obtain a survey of the de-
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flected :bore ito determine :or .check s direction
-and dnclination. If such survey s deshrable or
meressary,:a suitable retrieving-orfishing todl «mot
shown) s dowered through ithe -well pipe and is
-engaged with the retrieving or fishing neck 2%
mnd dhe entire pilot :or guide element 4§ His we-
trieved through the wrill pipe. ~The pipe @nd bit
-are tthen raised slightly -off bottom and asuitable
well ‘surveying instrument may ke dropped -or
Jowered-through the:drill pipessoasito extend out-
wardly bslow the reaming bit 3. It is noted
that the shioulder :19 «on the danding ring 20 :pro-
vides :a support for such instrament. In this
manner a survey-of the inclination and deviation
waf sthedeflected 'bore may beaccomplished before
the drill pipe iand reaming bit are.removed. The
survey instrument may be recovered seither with
ithe drill pipe-or by means:of :a -wire line :or cable,
as-desired.

If itis not desired to-obtain assurvey, the pilot
:and ;guide element 16 “will -be :xremoved ‘when the
«drill pipe :and reaming -bit are brought to the
surface. From the forsgoing it will -be seen that
a simple and efficient apparatus for reaming a
smaller diameter deflected ibore is provided. The
elongate .pilot -or guide stem -or «element {6 is
normally attached to the drill pipe so as to be
lowered therewith through the main weéll ‘bore.
‘Upon ‘teaching -bottom, -the pressure fluid which
s pumped -downwardly threugh the drill pipe is
wtilized to-deflect the lower -end «of the pilot -ele-
ment into 'a position where it will readily enter
ithe deflected -bore 1. Upon ‘its «entry inte said
bore, the pilot element is readily detached from
the drill pipe, whereby the drill pipe and ifs
reaming bit may move downwardly with refer-
ence to said element. During the reaming op-
eration, the pilot or guide element forms an
axial guide to assure that the reamer will fol-
low the deflected bore Il. The pilot or guide
element may be retrieved either with the drill
pipe when the latter is removed or may be re-
covered and brought to the surface by means
of any well known retrieving or fishing tool. The
‘removability of the pilot element independently
of the drill pipe makes it possible to accomplish
a well surveying operation before the drill pipe
and reaming bit are brought to the surface.

The foregoing description of the invention is
explanatory thereof and various changes in the
size, shape and materials, as well as in the de-
tails of the illustrated construction may be made,
within the scope of the appended claims, with-
out departing from the spirit of the invention.

What I claim and desire to secure by Letters
Patent is: :

1. A drilling apparatus including, a drill pipe
adapted to be lowered within a well bore, a ream-
ing bit having an axial bore secured to the lower
end of the drill pipe, an annular support within
the drill pipe, a tubular pilot element extending
through the drill bit and projecting a substan-
tial distance therebelow, the upper end of said
element being enlarged and supported upon the
support within the drill pipe, whereby said ele-
ment cannot pass completely through the pipe
and bit in a downward direction, and releasable
means normally securing the element to the drill
pipe and bit so that the element may be lowered
therewith, said element comprising a tubular
conductor having a radial port in its lower por-
tion and having its lower end closed, whereby
pressure fluid pumped downwardly through the
drill pipe and conductor will be ejected out-
wardly through said port and will function to
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dtefledt said ‘conductor Tadially against the wall
of the well bore so that subsequert rotation of
ithe ®nill ‘pipe, bit and conductor ‘will xrotate the
fower erd of fhe conductor in ia path adjacent
+the wall of the bore.

2. /A drilling ;apparatus including, :a drill pipe
adapked tobelowered within a well‘bore, a ream-
ing it hving an axial bore secured to the lower
-endd ©f sthe drill pipe, an anmular support within
the drill pipe, 1a tubular pilot element extending
through the drill bitand projecting:a:substarntial
-digtance ‘therebelow, the upper end of :said ele-
et being ienlarged :and supperted upon ¢hesup-
port within sthe «drill pipe, whereby said €lement
canmat pass completely through the pipe.andhit
in w9, :downward «diregtion, releasable means ner-
‘maily securing the eélement ito the drill pipe aod
‘it iso that the-element maybe lowered therewith,
said elementcomprising s tubular conductor hav-
inga radial portiinits lower portionand havingits
Jower :end closed, whereby pressure Huid pumped
downwardly through the drill pipe and wonduc-
tor will tbe ejected -outwardly ‘through said port
sand will funetion to :deflect said:conductor radi-
wlly against the wall of the well bore:so that.sub-
sseguent rotation:of the (drill pipe, bit and conduc-
torwill rotate the lower end-of the conductor in.a
path adjacent the wall of the bore, detachmertt
:0f the releasable .means permitting downward
mowement «f ithe drill pipe and bit with respect
4oitheconductor, whereby said bit'is guided by the
conductor during:a reaming ioperation,and means
dor -circnlating @ drilling Fuid downwardly
through the drill pipe and around the exterior of
the pilot conductor during the reaming opera-
tion.

3. A drilling apparatus as set forth in claim 1,
wherein the releasable means connecting the pilot
element with the drill bit is a shear pin which
may be fractured when the pilot element is en-
gaging the lower end of the hore and the weight
of the dril] pipe is imposed thereon.

4, A drilling apparatus including, a drill pipe
adapted to be lowered within a well bore, a ream-
ing bit having an axial bore secured to the lower
end of the drill pipe, an annular support within
the drill pipe, a tubular pilot element extending
through the drill bit and projecting a substan-
tial distance therebelow, the upper end of said
element being enlarged and supported upon the
support within the drill pipe, whereby said ele~
ment cannot pass completely through the pipe
and bit in g downward direction, releasable means
normally securing the element to the drill pipe
and bit so that the element may be lowered there-
with, means for deflecting the lower end of the
pilot element radially into engagement with one
side of the well bore, whereby rotation of the drill
pipe and bit with the element attached thereto
rotates the lower end of the element in a path
adjacent the wall of said bore, and means on the
upper portion of the pilot element adapted to be
engaged by a retrieving tool, whereby when the
connecting means between the element and drill
pipe and bit is detached, said element may have
a line connected therewith by a retrieving tool
and be removed from the well bore independently
of the drill pipe and bit.

5. A drilling apparatus attachable to the lower
end of a drill pipe for enlarging an earth bore
smaller than a main earth well bore and which
has been drilled off therefrom at an angle, said
apparatus comprising a reaming bit having an

axial bore and being of a size to drill a bore of
greater diameter than the said small bore, means



2,688,468

7

securing the bit to the lower end of the drill pipe,
an elongated pilot element extending through the
bit bore and having its lower end projecting below
the bit a substantial distance and being of a size
to be received in the smaller bore, means com-
prising a frangible element for securing the upper
end of the pilot element to said bit whereby the
element may be lowered with the drill pipe and bit
and caused to extend into the smaller bore an ap-
preciable distance and when so positioned per-
mitting the element to be detached from the bit
by application of weight of the drill pipe suffi-
cient to shear the frangible means and thereby
allow for movement of the bit and pipe with re-
spect to said pilot element so that the bit when
rotated can be guided by the portion of the ele-
ment in the smaller bore and enlarge said smaller
bore without any appreciable change in its direc-
tion, and means for causing the lower end of pilot
element when it is in the main bore to assume a
position where it can enter the smaller bore when
the drill pipe is rotated.

6. A drilling apparatus attachable to the lower
end of a drill pipe for enlarging an earth bore
smaller than a main earth well bore and which
has been drilled off therefrom at an angle, said
apparatus comprising a reaming bit having an
axial bore and being of a size to drill a bore of
greater diameter than the said small bore, means
securing the bit to the lower end of the drill pipe,
an elongated pilot element extending through the
bit bore-and having its lower end projecting below
the bit a substantial distance and being of a size
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to be received in the smaller bore, means for re-
leasably securing the upper end of the pilot ele-
ment to said bit, said releasable means being of a
type maintaining the element connected to the
bit so the element may be lowered with the drill
pipe and bit and caused to extend into the smaller
bore an appreciable distance and when so posi-
tioned permitting the element to be released from
the bit by such manipulation of the drill pipe as
to allow for downward movement of the bit and
pipe with respect to said element so that the bit
when rotated can be guided by the portion of the
element in the smaller bore and enlarge said
smaller bore without any appreciable change in
its direction, and means for deflecting the lower
end of the pilot element when it is in the main
bore so it can be caused to enter the smaller bore
and then be subsequently released, said last
named means comprising a conduit through the
element from its upper end toward the lower end
with a radial port whereby fluid pumped down
the drill pipe can be laterally discharged from the
radial port and thereby deflect the element.
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