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@ Apparatus and method for forming an enlarged underground arcuate bore and installing a conduit therein.

6 An apparatus and method for drilling a pilot bore hole (B)
along an underground arcuate path (P) between two surface
locations (O, E). The pilot bore hole (B) is drilled in one direction
with & drill string (10) having a leading pipe section (10A) of a
reduced diameter to provide increased fiexibility. Upon comple-
tion of the pilot bore hole (B), a reamer (48) connected to a
product conduit (46) is connected to the drill string (10). Drill string
(10) pulls the reamer (48) and product conduit (46) along the pilot
bore hole (B) in an opposite direction for enlarging the bore hole
€\ (B)toreceive the product conduit (46). A spud bit (34) has a fiator
< blunt leading end portion (34A) with a discharge opening (34D)
therein to discharge high velocity drilling fiuid into the formation at
~ a location offset from the longitudinal axis of the drill string (10) to
assist in guiding the drill string (10). An in-hole hydraulic motor
W™ (70) is provided in an embodiment (Fig. 7) for rotating the drill bit
€\ (78), and the longitudinal axis of a drive shaft (74) for the drill bit
(78) is offset from the longitudinal axis of the drill pipe string (10) to
assist in a deviation of the drill bit (78).
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APPARATUS AND METHOD FOR FORMING
AN ENLARGED UNDERGROUND ARCUATE BORE AND
INSTALLING A CONDUIT THEREIN

Background of the Invention

The present invention relates to an apparatus and
method for drilling a pilot bore hole along an underground
arcuate path between two surface locations, and then
enlarging the pilot bore hole for installing a conduit
therein, such as pipe, casing, cable, or a pipeline.

Heretofore, directional drilling apparatus has been
provided for drilling an underground pilot bore hole along
an arcuate path between two surface locations, and then
enlarging the pilot bore hole for receiving a product
conduit, such as a pipeline therein. A common apparatus
and method has utilized a drill pipe string of a rela-
tively small diameter less than two inches (2") with a
drill bit thereon forming a relatively small diameter
pilot bore hole, which is followed by a relatively large
diameter washover pipe such as around five inches (5") in
diameter or more, in concentric relation to the drill
string and having cutting blades on the leading end
thereof for enlarging the initial pilot bore hole. Upon
completion of the pilot bore hole as enlarged by the
washover pipe, the drill string has been refioved and the
washover string then connected to a reamer at the exit end

for pulling the reamer and connected product conduit along
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the initial bore hole for reaming to a desired diameter to
receive the product conduit.

Thus, the method and apparatus employed heretofore
for forming a pilot bore hole normally has included two
separate cutting or drilling steps prior to the reaming
operation, the first cutting step being the drilling of a
small diameter bore hole from a drill bit with a rela-
tively small diameter light weight drill string, and the
second cutting step resulting from an enlarging of the
bore hole by the washover string in concentric relation to
the drill string. Thereafter, the reaming operation has
taken place to enlarge the pilot bore hole to receive the
product conduit or pipe.

Heretofore, a relatively small diameter drill pipe
string of around one and three-fourths inches (1-3/4") in
diameter has been utilized for such pilot bore holes as it
was found desirable to have a relatively lightweight drill
pipe or string, particularly when drilling under streams
where sand and clays are normaliy encountered with water
also being present at times. Under the weight of the
drill string, the drill string could sink under certain
conditions and it was accepted as common practice in the
industry to employ a relatively small diameter drill
string in order to keep the weight of the entire drill
string at a minimum and to provide flexibility. Such a
small diameter drill pipe string thus necessitated the use
of a separate washover string in order to provide the
necessary strength for the subsequent reaming operation
and pulling of the production conduit through the enlargéd
bore holé.

The utilization of two separate cutting steps or
procedures for forming the pilot bore hole prior to the
reaming operation results in a costly operation.

Other directional drilling apparatus and methods for

underground arcuate bores or openings not employing a
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washover pipe following the drill string have utilized
other types of reamers or cutters which enlarge the
initial pilot bore hole by a cutter or reamer moving in
the same direction as the initial drill pipe string

forming the pilot bore hole.

Summary of the Invention

This invention is directed to an apparatus and method
for drilling in one direction of travel a pilot bore hole
along an underground arcuate path between two earth
surface locations, and then enlarging in an opposite
direction of travel the initial pilot bore hole for
receiving a product conduit therein. The apparatus and
method utilized to accomplish this comprise two separate
cutting operations, the first being a pilot bore drilled
by a conventional drill pipe string but utilizing at least
for a majority of the drill pipe section an increased
diameter of around three and one-half inches (3-1/2")
which increases the strength of the pipe string as com-
pared with common industry practice heretofore. The
increased strength drill string thus eliminates the
necessity of having a separate washover string as the
increased drill string strength is adequate for the
torsional or rotational stresses developed in the subse-
quent reaming operation and pulling of the production
conduit through the enlarged bore hole.

The drill string is thrust along a predetermined
arcuate path to form an initial pilot bore hole of a
relatively small diameter, such as around five inches
(5"), for example. After the drilling of the initial
pilot bore hole and exit of the drilling string from the
exit surface opening, a reamer and connected production
conduit are attached to the drill string, and the drill
string is then pulled back through the pilot bore hole in
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an opposite direction of travel with the reamer enlarging
the bore hole to a diameter sufficient to receive the
production conduit therein. The enlarged opening may be
around thirty inches (30") in diameter for a production
conduit, such as a pipeline, around twenty inches (20") in
diameter thereby providing a five inch (5") annulus
between the production conduit and the enlarged opening.

In order to provide the desired flexibility in the
leading end pipe section of the drill string, such as is
desirable when relatively soft formations are encountered,
the leading end pipe section having the drill bit thereon
may be provided of a diameter smaller than the diameter of
the regular drill string sections, or a different wall
thickness or different type of material may be utilized
for the leading pipe 'section to provide the desired
flexibility. Preferably, the drill string sections except
for the leading pipe sections are over around three
inches (3") in diameter and sections of three and one-half
indhes (3-1/2") in diameter have been found satisfactory.
The leading drill pipe section of this invention is
preferably below three inches (3") in diameter. Thus, the
leading drill pipe section or sections may be provided
with an increased flexibility and the length of the
leading end section may be varied. Any reduced diameter
drill pipe section or sections are preferably removed at
the surface location adjacent the exit opening prior to
the attachment of the reamer and production conduit to the
drill string. Thus, a constant diameter drill string may
be provided for pulling the reamer and following product
conduit through the pilot bore hole in a reverse or
opposite direction of travel.

Under certain conditions it may be desirable, such as
for relatively long arcuate paths, to provide drill pipe
sections in the drill string of an increasing strength

from the leading end thereof to the power means for
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thrusting the drill bit and/or rotating the drill string
in the reaming operation. The increased strength pipe
sections compensate for the increasing friction of the
drill string along its length. Drill pipe sections having
an increased strength may be provided independently of any
increased flexibility, if desired. 1In some situations, it
may be desirable to have less flexibility on the leading
end drill pipe sectiomns.

Another feature of this invention utilizes an in-hole
hydraulic motor positioned within the leading drill string
section for rotating the drill bit, such as might be
desirable where relatively hard formations are encoun-
tered. When a leading pipe section for the drill bit is
provided utilizing the in-hole hydraulic motor, the
longitudinal axis of the drive shaft for rotating the
drill bit is parallel to but offset from the longitudinal
axis of the drill string. This offset results in the
deviation or deflection of the drill bit a predetermined
amount in the desired direction of travel as the leading
pipe section rides along the surface of the pilot bore
hole formed by the drill bit opposite the desired direc-
tion of deviation.

An object of this invention is to provide an appara-
tus and method in which a conventional drill string com-
prising a plurality of drill pipe sections is thrust along
an arcuate path to the desired surface exit opening, and
then a reamer and production conduit are pulled, upon
connection to the drill string, back through the pilot
bore hole in a minimum of time.

A further object is to provide a drill string for
drilling the pilot bore hole having a leading pipe section
with an increased flexibility for drilling through rela-
tively soft formations, or for utilizing various lengths

of leading drill pipe sections as may be desired.
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Another object is to provide a drill string for
drilling the pilot bore hole having drill pipe sections of
increasing strength to compensate for the increasing
friction of the drill string along the pilot bore hole.

An additional object is to provide in a drill string
for drilling the pilot bore hole an in-hole hydraulic
motor for rotating the drill bit relative to the drill
string, and having its rotational axis parallel but offset
from the longitudinal axis of the drill string to provide
a desired deflection or deviation to the drill bit.

Another object is to provide a spud bit for drilling
a bore hole having a novel shape particularly adapted for
use with discharge nozzles for a high velocity drilling
fluid.

Other objects, features, and advantages of this
invention will become more apparent after referring to the

following specification and drawings.

Description of the Invention

FIGURE 1 is a perspective schematic cross-section of
the initial drilling operation in drilling an inverted
arcuate pilot hole or bore from an earth entry opening to
an earth exit opening and utilizing the apparatus and
method of the present invention;

FIGURE 2 is a perspective schematic cross-section
similar to Fig. 1 but showing the enlarging of the initial
pilot bore hole by a reamer and the pulling of the produc-
tion conduit and reamer therethrough by the initial drill
string;

FIGURE 3 is a schematic side elevation, partly in

section, of the entrance end of the pilot bore hole
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showing the thrust and rotating device for the drill
string;

FIGURE 4 is an exploded view of a crossover sub for
connecting adjacent drill string lengths or sections of

different diameters;

FIGURE 5 is a schematic side elevation of the leading
end of the drill string showing a deflecting spud bit for
forming the initial pilot bore hole shown in Fig. 1;

FIGURE 5A is an end elevation of the spud bit shown
in Fig. 5;

FIGURE 6 is a schematic side elevation of the end of
the drill string connected to a reamer and production
conduit at the exit opening of the small diameter pilot
bore hole for pulling the reamer and production casing

through the enlarged opening formed by the reamer; and

FIGURE 7 1is a schematic cross-section showing a
modified drill bit arrangement in which an in-hole motor
driven by drilling fluid is utilized, such as may be
required for certain types of formations or bore hole
lengths.

Referring now to the drawings for a better under-
standing of our invention, reference is made to Fig. 1 in
which an arcuate pilot bore hole is illustrated at B
extending along an underground path shown at P. Path P
extends from an earth surface entrance opening O to an
earth surface exit opening E underneath an obstruction
shown as a river R.

While exit opening E is shown as a surface exit
opening in the drawings, the terms "exit opening", "sur-

face exit opening" or "surface location" as used in the



05

10

15

20

25

30

35

o 0209217

specification and claims shall be interpreted as including
an opening beneath the surface at which a product conduit
is connected to the drill string to be pulled through the
bore hole, such as an underground cable.

A drill string indicated generally at 10 includes a
leading end pipe section 10A of a small diameter, an
adjacent end section 10B of an intermediate diameter, and
following pipe sections 10C of uniform diameter. Drill
string 10 is utilized to drill small diameter pilot bore
hole B along path P. A plurality of lengths or sections
of pipe string 10 are normally positioned adjacent en-
trance opening O such as shown at 10C in broken lines in
Fig. 1.

As pointed out above, drill string pipe sections
utilized heretofore in association with a separate wash-
over pipe string have been of a diameter around one and
three-fourths inches (1-3/4") since the washover string
was relied upon for rotation of the reamer and pulling of
the production conduit. However, the present invention
eliminates the washover pipe and instead, provides a
higher strength drill pipe string having a diameter of
three and one-half inches (3-1/2"). Such an increased
diameter provides a stiffer pipe string than used hereto-
fore.

Under certain types of conditions encountered such as
relatively soft formations, it is desirable to have a
smaller, more flexible leading end section on drill
string 10 in order to achieve easily the necessary or
desired deflection. As shown in Fig. 1, sections 10C are
of the normal or regular diameter of three and one-half
inches (3-1/2"). However, leading section 10A is formed
of a smaller diameter pipe and is around two and three-
quarters inches (2-3/4") in diameter, while pipe sec-
tion 10B is of an intermediate diameter of two and seven-
eighths inches (2-7/8"). By using a drill string with two
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or more graduated diameters, different length pipe sec-
tions may be easily utilized as might be desirable under
certain conditions, and this has been found to be particu-
larly useful where relatively soft ground conditions are
encountered where a smaller, more flexible leading end
pipe section is desirable for obtaining the desired
deflection necessary to follow arcuate path P.

While increased flexibility is obtained by having
pipe sections 10A and 10B of a smaller diameter than
sections 10C, it is to be understood that sections 10A
and 10B could, if desired, provide increased flexibility
by other means, such as by being made of a more flexible
high strength material without being of a reduced diame-~
ter, or by having a different wall thickness without any
change in external diameter.

It is also desirable for a relatively long arcuate
path P to have trailing pipe sections of the drill string
of a strength greater than the leading pipe sections.
During a thrust action, the drill string is pushed from
the entrance opening O along the bore hole B, and portions
of the length of the drill string are in contact with the
surface of the bore hole B during the pushing action
thereby to generate sliding frictional resistance which
has to be overcome. The greater the length of the drill
string, the greater the amount of sliding friction.
Likewise, upon rotation of the drill string during a
reaming action, the torsional or rotational stresses in
the drill string are higher at the power source providing
rotation. Thus, it is desirable to have drill pipe
sections adjacent the power source of an increased
strength. It may be desired to have drill pipe sections
of graduated increasing strength from the drill bit end to
the power source. Further, it may not be desirable to
have the diameter of the drill string greater than around
three and one-half inches (3-1/2"), or to have the leading
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pipe sections of an increased flexibility. Under such
conditions, the strength of the drill pipe sections,
particularly those sections adjacent the power means for
thrusting the drill bit along a relatively long arcuate
path P, such as over five hundred feet (500') in length,
are preferably of an increased strength. Such increased
strength could be provided, for example, by making the
pipe sections of high strength materials or increasing the
wall thickness of such pipe sections. The utilization of
drill pipe sections with different strengths thereby
eliminates the necessity of having a separate washover
pipe following the drill string in concentric relation, as
a specific drill string section can be designed for the
specific strength required at its location in a drill
string.

As shown in Fig. 3, an inclined ramp is shown at 12
and has a hydraulic motor 14 mounted on a carriage 16 for
axial movement along a suitable guideway on ramp 12, such
as by a suitable pulley or cog wheel 18 moving along a
taut cable 20, for example. Motor 14 may be used, selec-
tively, to rotate a connecting shaft 22 which is connected
at one end to a joint 24 attached to section 10C of drill
string 10, thereby to rotate drill string 10, if desired.
Shaft 22 is connected at its other end to a swivel 26
which is in turn connected to a hose 28 through which a
suitable drilling fluid is circulated. Carriage 16
reciprocates back and forth as drill pipe sections are
added by making and breaking joint 24.

Drilling mud circulated through hose 28 is supplied
to the drill pipe and out suitable fluid passageways (not
shown) at the drill bit for possible return to a sump
shown at 30 adjacent the end of entrance opening O which
receives the drilling fluid and cuttings from the drilling
operation. A suitable hose shown at 32 returns the

drilling fluid or mud for removal of the cuttings, and
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again providing drilling fluid to hose 28 as is well known
in the art.

Drill string 10 is standard and normally made up of a
plurality of drill pipe sections which are added to the
drill pipe string at connector 24. The pipe sections are
advanced in the earth by advancing hydraulic motor 14
connected to a suitable source of hydraulic fluid (not
shown) down ramp 12.

Leading small diameter pipe section 10A has a spud
bit 34 on its leading end. Spud bits of various types are
well known generally in the art for directional drilling
or the like. However, spud bit 34 as shown in Figs. 5
and 5A is particularly adapted in the present invention
for discharging a high velocity drilling fluid from its
leading end at a location closely adjacent the formation
thereby to obtain a highly effective excavating action to
advance the drill string. It is important to note that
spud bit 34 preferably discharges fluid in a direction
parallel to the axis of the drill string as shown by the
arrows in Fig. 5. For this purpose, spud bit 34 has a
flat or planar forward end portion 34A, an inclined
intermediate planar end portion 34B leading from forward
end portion 34A to form a ramp, and a rear planar shoul-
der 34C. An arcuate shoe or wear plate 35 is secured to
the outer periphery of pipe section 10A adjacent rear
shoulder 34C. It is noted that bore hole B has a diameter
larger than the maximum diameter of any portion of the
drill string moving through the hole.

A discharge opening 34D or discharge nozzle which may
be threaded within end portion 34A to form opening 34D is
provided in the face formed by planar end portion 34A.
Thus, opening 34D is positioned at the leading end of spud
bit 34 directly adjacent the formation to be excavated for
discharging a jet of high velocity drilling fluid therein.

The drilling fluid may be pressurized from around one
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hundred (100) psi to around two thousand (2000) psi, for
example. The longitudinal or discharge axis of discharge
nozzle 34D is parallel to, but offset from, the longi-
tudinal axis of drill string 10 to aid in deflecting end
section 10A in the direction of the offset. Discharge
opening 34D is of sufficient depth such that pressurized
fluid is preferably discharged therefrom in a direction
parallel to the longitudinal axis of drill string 10 to
erode and/or excavate the formation. It is apparent that
end section 10A may be guided also by rotation of the
drill string through a defined angle. To provide an
effective guiding action, the offset of nozzle or open-
ing 34D, or the offset of the center of the volume of
fluid being discharged in the event more than one dis-
charge opening is utilized, should be at least greater
than around threefourths inch (3/4"). As an example, with
a spud bit having a diameter of five inches (5") as shown
in Fig. 5A, nozzle 34D is around threeeighths inch (3/8")
in diameter and offset one inch (1") from the longitudinal
center line of section 10A.

It may be desirable under certain conditions to have
more than one discharge nozzle, but in any event, the
center of the combined jets of drilling f£luid being dis-
charged is parallel to and preferably offset from the
longitudinal axis of section 10A in the desired travel
path. The ramp formed by inclined planar end portion 34B,
rear shoulder 34C, and shoe 35 ride along the surface of
bore hole B opposite the desired direction of deviation
and aid in guiding pipe section 10A along travel path P.
Under certain conditions it may be desirable to have a
ramp to aid in guiding pipe section 10A, such as ramp 34B,
extending across the entire leading end of the spud bit
without any separate planar end portion such as shown
at 34A. Spud bit 34 thus moves along path P in a thrust-

ing action without being rotated except for a
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predetermined partial rotation to obtain angular orien-
tation to guide pipe section 10A.

While spud bit 34 has been developed primarily for
use in drilling a pilot bore hole along an arcuate path
between two surface locations, it is obvious that spud
bit 34 may be utilized for other types of directional or
down-hole drilling as well known in the art.

Arcuate path P can be controlled or guided without
withdrawing of the drill string from the earth primarily
by orientation of spud bit 34 by a partial rotation of the
drill string through a defined angle, but such control may
also be dependent on such factors or parameters, for
example, as the thrust on the drill string and the volume
of drilling mud passed to the drill string, as is well
known in the art. For further details concerning the
deviation or deflection of the drill string for direc-
tional drilling or the like, as well known in the art,
reference is made to U.S. patent no. 2,646,254 dated
July 21, 1953 and U.S. patent no. 3,713,500 dated Jan-
uary 30, 1973, as examples,

For connecting two pipe sections of different diam-
eters, such as shown in Fig. 4, a crossover sub indicated
generally at 36 is illustrated having a threaded male
end 38 adapted to be threaded within a female end 40 on
pipe section 10A, and having a female connection 42 on an
opposite end thereof adapted to receive the male threaded
end 44 of adjacent pipe section 10B. A similar crossover
sub 42 is provided between sections 10B and 10C. The
diameter of bore B is sufficiently larger than the diam-
eter of pipe string 10 to provide an annulus to permit the
discharge of the drilling fluid and cuttings from bore B.
Utilizing a drill pipe string of a maximum diameter around
three and one-half inches (3-1/2"), bore B may be around
five inches (5") in diameter to provide adequate clearance

for the flow of cuttings and drilling fluid from bore B.
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When leading drill section 10A reaches exit opening E
and pilot bore hole B is completed, it is now necessary tc
enlarge the pilot bore hole for receiving the production
conduit shown in the drawings as a pipeline 46. The
production conduit may be any of several types of continu-
ous conduit, such as, for example, casing, pipe, cables,
or the like, and more than one production conduit may be
installed in enlarged opening D. For this purpose, a
reamer indicated generally at 48 is shown in Fig. 6.
Reamer 48 has cutting teeth 50 thereon and is coupled
at 52 to the end of the first drill section 10C of the
uniform diameter of three and one-half inches (3-1/2") for
rotation by drill string 10 and motor 14. The end drill
pipe section 10A, or at least the drill bit and any
associated instrumentation (not shown), is removed for
connection of drill string 10 to reamer 48. It may be
desirable to remove both sections 10A and 10B from the end
of the drill string 10 prior to the connection of ream-
er 48 if it is desired that drill string 10 be of a
uniform diameter and strength for rotating reamer 48 and
pulling production pipe 46 through bore hole B.

Drilling mud continues to be supplied through drill
string 10 and pipe section 10C to the cutting area adja-
cent reamer 48 where it is discharged through suitable
perforations as is well known. Shaft 54 extends from
reamer 48 and has an enlarged diameter end thereof at 56
received within a swivel indicated generally at 50 so that
reamer 48 can rotate relative to production pipe 46. An
equally satisfactory and effective method and means could
be utilized by a separate threaded sleeve connection
between shaft 54 and reamer 48 as shown in Fig. 3 by
connector 24, Enlarged end 56 of shaft 54 is mounted
within bearings 58 on opposite sides thereof for transmit-
ting thrust to swivel S50 and to permit relative rotation

between reamer 48 and production pipe 46. Preferably
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pipe 46 enters the bore hole B without any rotation at all
although in some instances it may be desirable to rotate a
production conduit being installed. Swivel body 50 has a
clevis defining two spaced arms 60 on the side thereof
opposite shaft 54, and an extension 62 on a sleeve 66 is
pivotally connected to arms 60 by pin or bolt 64.

Sleeve 66 is shown in Fig. 6 threaded onto an end of
production pipe 46 which is formed of a plurality of
welded sections as common for pipelines. It is to be
understood, however, as well known in the art, that
sleeve 66 could be secured by other means to a production
conduit, such as, for example, by welding, bolted con-
nection, or other types of threaded connections. Ream-
er 48 is of a diameter larger than a diameter of produc-
tion casing 46 so as to form a suitable annulus 68 in the
enlarged diameter opening D. For example, if production
casing or pipe 46 is of a diameter of twenty inches (20"),
reamer 48 may be of a thirty inch (30") diameter to
provide a five inch (5") annulus 68 about the periphery of
pipe 46. Annulus 68 may be utilized for cementing of
conduit 46 in position.

After pipe 46 has been pulled through the enlarged
opening D from surface location at opening O, sleeve 66 is
removed from production casing 46 and production casing 46
may be cemented or secured in position.

Referring to Fig. 7, a modified form of end section
is shown at 10D for an in-hole motor 70 which is used
where relatively hard formations may be encountered.
In-hole motor shown at 70 is positioned within an enlarged
diameter end portion 71 of drill string section 10D and is
a hydraulic motor driven by drilling fluid received by the
drill string. The longitudinal axis of the drill string
is shown along line 72 while the longitudinal axis of the
rotating drill bit shaft 74 is shown at 76. A drill
bit 78 is connected to the end of shaft 74 for rotation
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therewith. While hydraulic motor 70 is shown schemati-
cally in Fig. 7 as being separate and larger than
shaft 74, it is to be understood, as well known in the
art, that motor 70 and shaft 74 may be combined and of a
single continuous diameter such as illustrated schemat-
ically by shaft 74.

It is noted that axis 76 is offset from but parallel
to axis 72 to aid in deflecting end section 10D a prede-
termined amount in the desired direction of travel. While
axis 76 is shown as offset above axis 72 in Fig. 7 to
deflect end section 10D upwardly, it may be offset later-
ally or downwardly by limited rotation of the drill string
through a defined angle if a different path of travel is
desired. It is noted that other parameters may be util-
ized to aid in the control of direction of the drill
string along the desired travel path P as indicated above
for the embodiment shown in Fig. 5, and, in addition, the
speed of rotation of drill bit 78. Enlarged diameter end
portion 71 has a beveled leading end 79 which rides along
the surface 80 of bore B opposite the direction of the
offset and as a result of the offset directs bit 78 in the
direction of the offset. The amount of offset along with
the other parameters set forth for the embodiment of
Fig. 5, and the speed of rotation of drill bit 78, deter-
mine the amount of deviation or deflection. Motor 70, as
well known in the art, has a conventional stator and rotor
with drive shaft 74 connected to the rotor. Drilling
fluid passes through the rotor and stator to effect a
rotation of shaft 74 and drill bit 78, as well known in
the art. '

While the bore hole B formed by drill bit 78 is
illustrated diagrammatically in Fig. 7 of a diameter not
greater than the diameter of enlarged end portion 71, it
is to be understood that the diameter of bore hole B

formed by bit 78 is always of a diameter greater than the
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diameter of end portion 71 in order to provide a suitable
annulus for the flow of drilling fluid and cuttings from
drill bit 78.

While preierred embodiments of the present invention
have been illustrated in detail, it 1is apparent that
modifications and adaptations of the preferred embodiments
will occur to those skilled in the art. However, it is to
be expressly understood that such modifications and
adaptations are within the spirit and scope of the present

invention as set forth in the following claims.
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WHAT IS CLAIMED IS:

1. Apparatus for drilling an arcuate underground pilot
bore hole along a predetermined inverted arcuate path
between two spaced earth surface locations; said apparatus
comprising:

a drill pipe string including a plurality of connect-
ed pipe sections extending from one surface location into
a bore entrance opening of the pilot bore hole;

means at said one surface location to apply a thrust
on said pipe string;

said drill pipe string having a leading pipe section
with a drill bit thereon and being of a flexibility
greater than the other pipe sections; and,

means to circulate drilling fluid during the drilling
operation.

2. Apparatus as set forth in claim 1 wherein the in-
creased flexibility of said 1leading pipe section is
achieved by said leading pipe section being of a diameter
less than the other pipe sections.

3. Apparatus as set forth in claim 2 wherein a crossover

sub connects the leading pipe section with the adjacent
pipe section.

4, Apparatus as set forth in claim 2 wherein both the
leading pipe section and the immediately adjacent pipe
section have a diameter less than the remainder of the
pipe sections thereby to form a relatively long length
flexible end for the drill string.

5. Apparatus as set forth in claim 2 wherein the diame-

ter of the leading pipe section is less than around three
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(3) inches and the diameter of the reqular drill pipe

sections is more than around three (3) inches.

6. Apparatus for drilling an arcuate underground pilot
bore hole along a predetermined inverted arcuate path
between two spaced surface locations in one direction of
travel, and then reaming an enlarged opening along the
pilot bore hole in an opposite direction of travel while
simultaneously placing a production conduit therein; said
apparatus comprising:

a drill pipe string including a plurality of threaded
connected pipe sections extending from one surface loca-
tion into a bore entrance opening of the pilot bore hole,
said string including pipe sections of different strengths
and a leading pipe section with a drill bit thereon;

means at said one surface location applying a thrust
on said pipe string in said one direction of travel to
force said pipe string in a thrust action along the
arcuate path in said one direction of travel to an exit
opening at the other surface location;

means to circulate drilling fluid through said drill
string during the drilling operation;

a reamer connected to said drill string at the other
surface location after the pilot bore hole is drilled
between said spaced surface locations to form an enlarged
opening along the pilot bore hole;

a production conduit connected to said reamer and
following said reamer through ‘the enlarged opening formed
by the reamer;

said means at said one surface location including
means for pulling said drill string, said reamer, and said
production conduit along the enlarged opening in an
opposite direction of travel, said pulling means at said
one surface location rotating said drill string and reamer

simultaneously with the pulling action; and
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said means to circulate drilling fluid providing
drilling fluid for said reamer during the reaming opera-
tion.

7. Apparatus as set forth in claim 6 wherein

n

z2icd pipe
sections adjacent said means applying a thrust zare of a
greater strength than the pipe section at the leading end
of said pipe string.

8. Apparatus as set forth in claim 6 wherein the drill

bit on said leading pipe section comprises a spud bit.

9. Apparatus as set forth in claim 6 wherein a swivel
connects said reamer and said production conduit to each

other to permit relative rotation therebetween.

10. Apparatus for drilling an arcuate underground pilot
bore hole along a predetermined inverted arcuate path
between two spaced earth surface locations; said apparatus
comprising:

a drill pipe string including a plurality of connect-
ed pipe sections extending from one surface location into
a bore entrance opening of the pilot bore hole;

means at said one surface location to apply a thrust
on said pipe string;

said drill pipe string having a leading pipe section
with a drill bit thereon and being of a strength less than
the pipe sections adjacent said means to apply a thrust;
and

means to circulate drilling fluid through said drill

pipe during the drilling operation.

11. Apparatus as set forth in claim 10 wherein said

leading pipe section is of a smaller diameter than the
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diameter cf the pipe sections adjacent said means to apply

a thrust.

12. Apparatus as set forth in claim 10 wherein said
leading pipe section 1is of the szme diameter as the
remaining pipe sections but has a decreased wall thick-

ness.

13. Apparatus as set forth in claim 10 wherein said
leading pipe section 1is of the same diameter as the
remaining pipe sections but formed of a more flexible high
strength material than at 1least the majority of the

remaining pipe sections.

14. Apparatus for drilling an arcuate underground pilot
bore hole along a predetermined inverted arcuate path
between two spaced surface locations in one direction of
travel, and then reaming an enlarged opening along the
pilot bore hole in an opposite direction of travel while
simultaneously placing a production conduit therein; said
apparatus comprising:

a drill pipe string including a plurality of threaded
connected pipe sections extending from one surface loca-
tion into a bore entrance opening of the pilot bore hole,
said string including pipe sections of different strengths
and a leading pipe section with a drill bit thereon;

at least some of the leading'pipe sections being of a
reduced strength relative to at least some of the trailing
pipe sections, and at least some of the leading pipe
sections being of an increased flexibility relatively to
at least some of the trailing pipe sections;

means at said one surface location applying a thrust
on said pipe string in said one direction of travel to

force said pipe string in a thrust action along the
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arcuate path in said one direction of travel to an exit
opening at the other surface location;

means to circulate drilling fluid through said drill
string during the drilling operation;

a reamer connected to said drill string at the other
surface location after the pilot bore hole is drilled
between said spaced surface locations to form an enlarged
opening along the pilot bore hole;

a production conduit connected to said reamer and
following said reamer through the enlarged opening formed
by the reamer;

said means at said one surface location including
means for pulling said drill string, said reamer, and said
production conduit along the enlarged opening in an
opposite direction of travel, said pulling means at said
one surface location rotating said drill string and reamer
simultaneoﬁsly with the pulling action; and

means operatively connecting the production conduit
to the reamer;

said means to circulate drilling fluid providing
drilling fluid for said reamer during the reaming opera-
tion.

15. Apparatus as set forth in claim 14 wherein the
majority of the pipe sections in said pipe string have a
diameter over around three (3) inches.

16. Apparatus for drilling an arcuate underground pilot
bore hole along a predetermined inverted arcuate path
between two spaced surface locations in one direction of
travel, and then reaming an enlarged opening along the
pilot bore hole in an opposite direction of travel while
simultaneously placing a production conduit therein; said

apparatus comprising:
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a drill pipe string including a plurality of threaded
connected pipe sections extending from one surface loca-
tion into a bore entrance opening of the pilot bore hole,
said string including pipe sections of different strengths
and a leading pipe section with a spud bit thereon;

said spud bit having a planar forward end portion
forming a flat front face thereof, said flat face having a
discharge opening for receiving and discharging high
velocity drilling fluid directly into the adjacent forma-
tion, and an intermediate planar portion slanting rear-
wardly from said front face for riding along the surface
of the bore hole;

means at said one surface location applying a thrust
on said pipe string in said one direction of travel to
force said pipe string in a thrust action along the
arcuate path in said one direction of travel to an exit
opening at the other surface location;

means to circulate drilling fluid through said drill
string during the drilling operation;

a reamer connected to said drill string at the other
surface location after the pilot bore hole is drilled
between said spaced surface locations to form an enlarged
opening along the pilot bore hole; and

a production conduit connected to said reamer and
following said reamer through the enlarged opening formed
by the reamer;

said means at said one su?face location including
means for pulling said drill string, said reamer, and said
production conduit along the enlarged opening in an
opposite direction of travel, said pulling means at said
one surface location rotating said drill string and reamer
simultaneously with the pulling action;

said means to circulate drilling fluid providing
drilling fluid for said reamer during the reaming opera-
tion.
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17. Apparatus for drilling a pilot bore hole as set forth
in claim 16 wherein an arcuate shoe 1is secured to the
outer periphery of the leading pipe section adjacent said

spud bit for riding along a surface of the bore hole.

18. Apparatus for dfilling a pilot bore hole as set forth
in claim 17 wherein said spud bit has a lower planar
shoulder adjacent said arcuate shoe for riding along a

surface of the bore hole.

19. A method for drilling an arcuate underground pilot
bore hole along a predetermined arcuate path in one
direction of travel between two surface locations, and
then enlarging the pilot bore hole in an opposite direc-
tion of travel between the surface locations to receive a
production conduit therein, the bore hole being drilled by
a drill pipe string of connected pipe sections including a
leading drill pipe section of a smaller diameter than the
diameter of at least the majority of the remaining pipe
sections, said method comprising the steps of:

advancing the small diameter leading drill pipe
section with a drill bit thereon in one direction of
travel along the arcuate path from a surface entry loca-
tion to a surface exit location;

removing the small diameter leading drill pipe
section from the drill pipe string after exit from the
exit location;

attaching a reamer and production conduit connected
thereto to the drill string at the exit location after the
small diameter leading pipe section has been removed;

pulling the drill string, reamer, and production
conduit along the pilot bore hole from the exit location
to the earth entry location in an opposite direction of
travel with the reamer forming an enlarged opening to

receive the production conduit;
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rotating said drill string and reamer during pulling
thereof; and

circulating drilling fluid through said drill string
during the drilling and reaming operations.

20. A method for drilling an arcuate underground pilot
bore hole along a predetermined arcuate path in one
direction of travel between two surface locations defining
an entrance and an exit, and then enlarging the pilot bore
hole in an opposite direction of travel between the
surface locations to receive a production conduit therein,
the bore hole being drilled by a drill pipe string of
connected pipe sections including a leading drill pipe
section of a strength less than the strength of at least
the majority of the remaining pipe sections; said method
comprising the steps of:

providing thrusting means at the surface entrance
location to advance the drill string and small diameter
leading drill pipe section with a drill bit thereon in one
direction of travel along the arcuate path;

circulating drilling fluid through said drill string
during the drilling operation;

removing the small diameter leading drill pipe
section from the drill pipe string after exit from the
exit location;

attaching a reamer and production conduit connected
thereto to the drill string at the exit location after the
small diameter leading pipe section has been removed:

pulling the drill string, reamer, and production
conduit along the pilot bore hole from the exit location
to the entry location in an opposite direction of travel
with the reamer forming an enlarged opening to receive the
production conduit;

rotating said drill string and reamer during pulling

thereof; and
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circulating drilling fluid through said drill string

during the reaming operation.

21. A method of drilling an arcuate underground pilot
bore hole along a predetermined path between two spaced
surface locations uéilizing a spud bit on a leading drill
pipe section of a drill string with a discharge nozzle in
a leading plahar front face of the bit directly adjacent
the formation to be excavated and eroded; said method
comprising the steps of:

advancing the leading drill pipe section of the drill
string having the spud bit thereon with the nozzle in said
planar face positioned directly adjacent the formation to
be excavated from a surface entry location to a surface
exit location;

and discharging drilling fluid from said nozzle in a
jet parallei to but offset from the longitudinal axis of
said drill pipe section to aid in quiding the drill pipe
section along the predetermined path.

22. The method of drilling an arcuate underground pilot
bore hole as set forth in claim 21 and further including
the step of providing a predetermined partial rotation of
said leading drill pipe section and said spud bit thereby
to change the direction of offset and the deviation of the
leading drill pipe section.

23. Apparatus for drilling a pilot bore hole along a
predetermined underground arcuate path between two spaced
surface locations comprising:

a drill pipe string including a plurality of connect-
ed drill pipe sections extending from one surface location
into a bore entrance opening of the pilot bore hole and

having a leading pipe section;
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means at said one surface location to apply an axial
thrust to said pipe string;

means to circulate drilling fluid through said drill
pipe string during the drilling operation; and

a spud bit on the leading pipe section of szaid pipe
string having a leading end face thereon and fluid dis-
charge nozzle means on said end face for discharging
drilling fluid in a jet offset from the longitudinal axis
of said leading pipe section to aid in guiding the pipe
string along the predetermined arcuate path, said leading
drill pipe section and said spud bit adapted to be par-
tially rotated a predetermined amount to change the
deviation of offset of said nozzle means and the deviation
of the leading drill pipe section.
24. Apparatus for drilling a pilot bore hole as set forth
in claim 23 wherein an arcuate shoe is secured to the
outer periphery of the leading pipe section adjacent said
spud bit for riding along the surface of the bore hole
opposite the desired direction of deviation.

25. Apparatus for drilling a pilot bore hole as set forth
in claim 23 wherein said spud bit has a lower planar
shoulder adjacent said arcuate shoe for riding along the

surface of the bore hole opposite the desired direction of
deviation.

26. A method of drilling an arcuate underground pilot
bore hole along a predetermined path between two spaced
surface locations utilizing a spud bit on a leading drill
pipe section of a drill string with discharge nozzle means
in a leading front face of the bit directly adjacent to
the formation to be excavated and eroded; said method
comprising the steps of:



05

10

15

20

25

30

- - 0209217

advancing the leading drill pipe section of the drill
string having the spud bit thereon with said nozzle means
in said front face positioned directly adjacent the
formation to be excavated from a surface entrance location
to a surface exit location;

discharging drilling fluid from said nozzle means in
a Jjet with the center of the drilling fluid jet being
discharged offset from the longitudinal axis of the
leading pipe section to aid in guiding the pipe string
along the predetermined arcuate path; and

providing a predetermined partial rotation of the
leading drill pipe section and the spud bit thereby to
change the direction of offset of said nozzle means and

the deviation of the leading pipe section.

27. Apparatus for drilling an arcuate underground pilot
bore hole along a predetermined inverted arcuate path
between two spaced surface locations in one direction of
travel, and then reaming an enlarged opening along the
pilot bore hole in an opposite direction of travel for
receiving a production conduit therein; said apparatus
comprising:

a drill pipe string including a plurality of connect-~
ed threaded pipe sections extending from one surface
location into a bore entrance opening of the pilot bore
hole, the drill pipe string including a leading pipe
section having a spud bit with a leading front face
thereon;

fluid discharge nozzle means on said front face for
discharging drilling fluid in a jet having its center
offset from the longitudinal axis of said leading pipe
section to aid in guiding the pipe string along the
predetermined arcuate path, said 1leading drill pipe
section and said spud bit adapted to be partially rotated

in a predetermined amount to change the directional offset
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of said nozzle means and the deviation of the leading
drill pipe section;

means at said one surface location applying a thrust
on said pipe string in said one direction of travel to
force said pipe string in a thrust action along the
arcuate path in said one direction of travel to an exit
opening at the other surface location;

means to circulate drilling fluid through said drill
string during the drilling operation;

a reamer connected to said drill string at the other
surface location after the pilot bore hole is drilled
between said spaced surface locations and after removal of
the spud bit from the drill string;

said means at said one surface location including
means for pulling said drill string and said reamer along
the pilot bore hole in the opposite direction of travel to
form an enlarged opening for receiving a production
conduit, said pulling means rotating said drill string and
reamer simultaneously with the pulling action.

28. Apparatus for drilling an arcuate underground pilot
bore hole as set forth in claim 27 wherein the leading
front face of said spud bit is a planar face extending in
a plane generally transversely of the longitudinal axis of
the drill string and having a plurality of discharge
nozzles therein for discharging drilling fluid in streams
directly against the formation, the center of the mass of
discharged fluid being offset from the longitudinal axis
of the drill string.

29. Apparatus for drilling an arcuate underground pilot
bore hole as set forth in claim 27 wherein the leading
front face of said spud bit is a planar face extending in
a plane generally transversely of the longitudinal axis of

the drill string, and said spud bit has an inclined planar
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lower surface extending from said planar front face and
adapted to ride along the lower surface of the pilot bore
hole.
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