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(57) Le procede de remplacement d’une conduite
enterree (1) existante par une conduite de remplacement,
consiste a positionner une unite de forage (35) au-dessus
de la conduite a remplacer, a faire fonctionner 1’unite de
forage pour mtroduire et guider une tige de forage
flexible (40), a travers la terre, jusqu’a 1’extrémite
ouverte de la conduite a remplacer, a faire fonctionner
I"unit¢ de forage pour mtroduire la tige de forage sur
toute la longueur de la conduite a remplacer, a fixer a
I"extrémiteé avant de la tige de forage une téte ayant une
partie arriere d’alésage conique (45), a fixer a I’extrémite
arricre de la téte d’alesage la conduite flexible de
remplacement, a faire fonctionner 1'unit¢ de forage en
appliquant une force de traction et un couple de rotation
a la tige de forage, ce qui provoque la rotation laterale de
la téte d al€sage arricre et la destruction par meulage de
la conduite existante, en méme temps que la conduite de
remplacement est tirée dans le canal dans lequel elle doit
¢tre placee.
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(57) A method of replacing an existing buried pipe (1)
with a replacement pipe comprising the steps of
positioning a drilling unit (35) over the pipe to be
replaced, operating the drilling unit to drive and guide a
flexible drill stem (40) through the earth into an open end
of the pipe to be replaced, further operating the drilling
unit to extend the dnll stem through the pipe to be
replaced, attaching to the leading end of the drill stem a
conical back reaming bit (45), attaching to the trailing
end of the back reaming bit a flexible replacement pipe,
and operating the drilling unit to apply a pulling force
and rotational torque to the drill stem, causing the back
reaming bit to be driven and rotated laterally into and
through the existing pipe to grind away the existing pipe
and simultaneously pulling the replacement pipe into the
pipe channel.
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(57) Abstract

A method of replacing an existing buried pipe (1) with a replacement pipe comprising the steps of positioning a drilling unit (35)
over the pipe to be replaced, operating the drilling unit to drive and guide a fiexible drill stem (40) through the earth into an open end of
the pipe to be replaced, further operating the drilling unit to extend the drill stem through the pipe to be replaced, attaching to the leading
end of the drill stem a conical back reaming bit (45), attaching to the trailing end of the back reaming bit a flexible replacement pipe, and
operating the drilling unit to apply a pulling force and rotational torque to the drill stem, causing the back reaming bit to be driven and
rotated laterally into and through the existing pipe to grind away the existing pipe and simultaneously pulling the replacement pipe into the

pipe channel.
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METHOD FOR REPLACING BURIED PIPE

FIELD OF THE INVENTION

) This invention generally relates to a method for
S replacement of a buried pipe without extraction of the pipe
through means of surface excavation. More particularly, the

invention concerns a method for grinding an existing buried

pipe which 1s i1n need of replacement into a pulverized
debris which i1s driven and washed through the interior

10 channel of the existing pipe by a fluid lubricant. Grinding
of the existing pipe may occur simultaneously with
installation of a replacement pipe whose diameter may be
larger than the diameter of the existing pipe. More

specifically, the present invention relates to a method of
15 applying a pulling force and rotational torque to a back
reamling bit by means of a flexible hollow dxill stem

connected thereto and located within and through the

existing pipe; the torgue and pulling force being provided

by a drilling unit of the type typically used with
20 directional boring systems, the drilling unit being located

at ground level. The pulling force provided by the drilling

unit pulls the back reaming bit and attached replacement

pipe laterally through the channel of the existing pipe.

The rotational torgue applied by the drilling unit to the

25 drill stem rotates the back reaming bit, grinding the

existing pipe into a pulverized debris.
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BACKGROUND OF THE INVENTION

The present invention is, in general, applicable to
replacement of clay tile sewer pipes, concrete pipes,
plastic pipes and metal pipes. However, for illustrative

purposes, the invention is discussed herein as it applies to

replacement of a clay tile sewer pipe.

portion at the other end. Sections of clay sewer pipe are

placed end to end, with the tapered end of each section

fitting into the bell end of the proceedling pipe section.
Clay sewer pipes deteriorate over time. Shifting of
the ground causes cracking of clay sewer pipes, and tree

roots growling into pipe fissures cause further cracking.

Settling of the ground may cause pipe joints to pull apart.
Clay sewer pipes which become disjointed or which become

cracked lose their function and are necessarily replaced.

It 1s, therefore, desirable to provide a means for

=

replacement of clay sewer pipes.

A typical method of replacement of clay sewer pipes
comprises the steps of excavation of a trench over the

length of the pipe to be replaced, exposing the pipe;

extracting the pipe, and replacing the pipe with a new sewer

pipe. However, streets, structures, and utility lines iying

over a sewer pilpe in need of replacement often make

excavation of the pipe impracticable. It is, therefore,

F

desirable to provide a means of sewer pipe replacement which

2
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does not require disturbance of structures and utilities
lving over the pipe to be replaced.
A method of replacing a deteriorated existing sewer

pipe without disturbing overlying structures is to slide a

5 flexible plastic replacement pipe through the channel of the
existing pipe. However, such method results in utilization
of a replacement pipe whose cross sectional area is
substantially less than that of the existing pipe, resulting
in reduced carxrying capacity. Often it 1s desirable or

10 necessary to increase, rather than reduce, the carrving

gr—
—
—

capacity o1

the existing pipe. An increased carxrying

capacity requires that the diameter of the replacement pipe

be greater than the diameter of the existing pipe. It is,
therefore, desirable to provide a method for replacing an

15 existing clay sewer pipe with a replacement pipe whose
diameter is greater than that of the existing pipe, and
without disturbing overlying structures.

It is known that clay sewer plipes may be replaced in
situ by means of a driving or pulling machine, such as a
20 pneumatic hammexr or a hydraulic ram; such machine being
axially aligned with an end of the existing pipe. Axial
alignment of such machines requires excavation of a pit at

an end of the existing pipe for sub-ground level

installation and operation of the machiline. The process of

25 excavating a pit at an end of the pipe to be replaced,
lowering a machine such as a hydraulic ram or pneumatic

hammer into the pit, installation of the machine for

operation, removing the machine, and closing the pit after

N
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pipe replacement, is an expensive, time consuming and labor
intensive process. The process also involves personal
safety hazards. Below ground operation of a pneumatic
hammer or hydraulic ram exposes the machine operator to a
risk of cave in of the walls of the pit. Also, in many
instances, ground water will flow into a pit dug for
operation of a hammer drill or hydraulic ram, Ccreating a
need for dewatering operations. It i1s, therefore, desirable
Lo provide a pipe replacement system wherein power driven

equipment utilized in the process is located above ground.

THE PRIOR ART

Patent No. 4,925,344 issued to Peres Deceased, et al.,
and Patent No. 4,507,019 issued to Thompson are exemplary of
the prior art. Neither the Peres Patent nor the Thompson
Patent disclose or teach the novel and beneficial steps and
processes of the present invention.

In Peres, a pit is dug so that a pipe expanding and
jJacking machine may be placed below ground level in axial
alignment with the existing pipe being replaced. The pipe
expanding and jacking machine, through a hollow drill stem,
supplies a pushing force, and applies rotational torgque to a
Lluted drill head, which is axially aligned with the ripe to
be replaced. Simultaneously with grinding of the existing
pipe, sections of a replacement pipe are extended into the
channel behind the grinding head. The pipe expanding and

Jacking machine is mounted on tracks to provide for forward

SUBSTITUTE SHEET (RULE 26)
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Jjacking in incremental lengths and to provide for backward
motion to receive successive replacement pipe sections.
The method of the Thompson patent 1s similar to Peres

in that a boring and jacking machine is positioned below

5 ground level on tracks in a pit in axial alignment with the
existing pipe to be replaced. Instead of grinding the
existing pipe through use of a grinding head, the Thompson
method utilizes a conical pipe expanding section, which is

rotated and either driven or pulled through the channel of

10 the existing pipe by the boring and jacking machine.
Passage of the pipe expanding section through the existing

pipe fractures the existing pipe allowing the channel

thereof to be expanded.

15 SUMMARY OF THE INVENTION

A feature of the invention described herein is to
provide a novel method for replacement of sewer pipes or

other types of utility pipes, wherein an existing in ground

plipe 1s ground and pulverized 1in place by means of a

20 flexible hollow drill stem located within and through the
channel of the existing pipe; the drill stem being rotated
and pulled by a drilling unit of a type typically used with
directional boring systems which drilling unit is mounted at
ground level; and the drill stem having attached at its

25

opposite end a back reaming bit. Torgue and pulling force
applied by the drilling unit to the drill stem imparts

rotational and lateral motion to the back reaming bit

through the channel of the existing pipe, grinding,

5
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pulverizing, and removing the existing pipe, and
simultaneously pulling into place a replacement pipe.

It is also a feature of the invention described herein
Lo provide a novel method for in ground pipe replacement
which permits replacement of the existing pipe with a

replacement pipe having a diameter equal to or larger than

the diameter of the existing pipe.

It is a further feature of this invention to provide a
novel method for in ground pipe replacement wherein
structures, roads and in ground utilities lving over the
existing pipe remain undisturbed.

It is another feature of the present invention to
provide a novel method for in ground pipe replacement
wherein excavation for below ground level installation and
operation of power driven machinery is not required.

It is andther and further feature of this invention to
provide a novel method for in ground pipe replacement
wherein substantially all matter and material making up the
existing pipe is pulverized, driven, and washed along the

channel of the existing pipe, and thereby is removed from

the channel.

It i1s another feature of this invention to provide a

novel method for in ground pipe replacement wherein the

grade or slope of the existing pipe is preserved and matched

by the replacement pipe.

It 1s a further feature of this invention to allow pipe

replacement operations to be conduced within a manhole,

avoiding the need of a drill stem insertion pit.

6
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Further or other objects and beneficial attributes of
the invention described herein will be apparent to those
skilled in the art upon familiarization of the disclosure
herein. The form of the invention herein described is

5 illustrative of the function of the invention in general.
The details of this disclosure are not to be construed as
limiting the scope of the present invention.

The novel aspects of this invention are accomplished

through a back reaming and replacement pipe pulling

10 operation that occurs in one or more passes through the
channel of an existing pipe which pipe is in need of
replacement. To accomplish this, a pit is excavated at both
ends of the section of the existing pipe to be replaced.

One end of the section of the existing pipe serves the

15 purpose of insertion of the replacement pipe and the other

end serves the purpose of drill stem insertion. Wherxre the

existing pipe is sloped, it is preferable that the lower end

of the existing pipe sexrve as the drill stem insertion end.

Often a pipe maintenance manhole will be located at an end

20 of the section of pipe to be replaced. When a manhole is

pp—

present, the manhole may take the place of the drill stem

insertion pit.

The existing pilpe exposed at the bottom of the pits, or
pit and manhole as the case may be, is fractured or cut, and
25 a section thereof is removed allowing for respective

insertions of the replacement pipe and the drill stem. The

wall of the replacement pipe insertion pit which faces the

exposed opening of the existing pipe is sloped away from the

7
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opening, allowing a replacement pipe lying at ground level
Co be flexibly bent and pulled downward into the pit.

With the pit or pits excavated, a drilling unit of a
type typically used with directional boring systems is
located at ground level above the existing pipe at a point
laterally and outwardly removed from the drill stem
insertion end of the existing pipe so that the angle between
Che ground level and a line extending from the drilling unit
to the drill stem insertion and is approximately 30°. The
drilling unit is preferably of a type capable of
simultaneously applying rotational Lorque and a pulling or
pushing force to a successively jointed hollow drill stem,
and 1s further capable of performing a fluid assist wherein

a fluid is simultaneously pumped by the drilling unit into

and through the hollow channel of the drill stem. The drill
stem preferably is capable of electronic guidance through
the soil by a steering means such as a steering bit guided
by an electronic sensing and steering module affixed to the
leading end thereof.

With the drilling unit so located, a steering bit and

electronic guidance module is affixed to the end of the
drill stem and the bit and the drill stem are driven and
guided along a path into and through the earth by the
drilling unit. Preferably, the path of the drill stem is an

upwardly concave arc extending from the drilling unit

through the earth toward the existing pipe. Such arced
passage 1s guided to cause the end of the drill stem to come

into close proximity with the existing plipe and to cause

38
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said end to be substantially parallel with the existing
pipe. The steering bit is then further driven and guided
substantially parallel with the existing pipe until it
protrudes from the wall of the drill stem insertion pit.
Where a manhole takes the place of the drill stem insertion
pit, an aperture is broken or cut through the wall of the

manhole to allow for passage of the steering bit into the

manhole space.

After the steering bit and guidance module of the drill
stem protrude from the wall of the drill stem insertion pit
or manhole, as the case may be, the bit and module are

P

removed. The end of the drill stem is then plugged, and the

drill stem is further extended and guided to enter the
exposed opening of the existing pipe. The drill stem is
then further extended through the length of the section of

existing pipe to be replaced until the end of the drill stem

protrudes into the replacement pipe insertion pit. There,

the plug is removed from the end of the drill stem.

A back reaming bit whose outside diameter is greater
than the outside diameter of the replacement pipe is then
fixedly attached to the end of the drill stem. The back
reaming bit preferably is conical and has a helical cutting

blade fixedly attached to its outer surface. The back

reaming bit also preferably has a hollow interior chamber

which, when the bit is attached to the drill stem, forms a
continuous passage for the flow of fluid from the interior

channel of the drill stem into the chamber. The back

reaming bit also preferably has a plurality of apertures

S
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forming passages from the interior chamber to the exterior
surface of the back reaming bit. The back reaming bit also
preferably has a swivel connecting means such as a rotatable
eye fixedly attached to its trailing end for towing a
replacement pipe without rotating the replacement pipe.

After the back reaming bit is attached to the drill
stem, the end of .a flexible replacement pipe is pulled
downward into the replacement pipe insertion pit for
attachment to the back reaming bit. To facilitate such
attachment, the replacement pipe is plugged, the plug having
and attaching means such as a clevice. The attaching means
of the plug is aligned with the swivel connecting means of
the back reaming bit, and the back reaming bit is Fixedly
and rotatably attached to the replacement pipe by means such
as a pin inserted through the clevice and eve.

With the mechanically connected sequence of the
replacement pipe, the back reaming bit, the drill stem
located within and through the existing pipe, and the
drilling unit in place, the back reaming and replacement
pipe installation operation commences. The drilling unit is
operated to simultaneously apply a pulling force and
rotational torque to the drill stem, causing the back
reaming bit to rotate about the axis of the drill stem, and

causing the back reaming bit to move laterally into and

through the channel of the existing pipe, toward its drill
stem insertion end. Said lateral motion causes the helical
blade of the back reaming bit to come into contact with the

existing pipe. Upon such contact, grinding and

10
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pulverization of the existing pipe takes place. Grinding of
the existing pipe progresses at a rate of 100 feet to 200
feet per hour.

While the existing pipe is being ground away the
drilling unit is operated to perform a fluid assist. In the
fluid assist, a fluid composed of water and a polymer
lubricant mixed a ratio of approximately one-half gallon of
polymer to 500 gallons of water is pumped into the interior
channel of the drill stem, causing the fluid to flow through
the drill stem into the hollow internal chamber of the back

reaming bit, and causing the fluid to emit from the

apertures in the back reaming bit. The fluid lubricates the

helical blade of the back reaming bit as it grinds the
existing pipe. The fluid also lubricates the wall of the
channel rearward of the back reaming bit reducing friction
between channel and the replacement pipe. The fluid also
causes pulverized debris from the existing pipe and

surrounding ground to flow along the channel of the existing

pipe toward the drill stem insertion pit or manhole, as the
case may be. If the ground surrounding the existing pipe is
sandy or composed of loosely compacted soil, the f£luid

pumped through the drill stem may further comprise bentonite

mixed at a rate of approximately 100 lbs. per 500 gallons of
watexr. A bentonite fluid mixture serves the additional

function of stabilizing the earthen channel left after

removal of the existing pipe, preventing coliapses Oor cave-

s

ins of the channel.

11
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As the back reaming bit rotates and moves laterally
through the existing pipe, a pulling force is applied to the
swivel connecting means at the trailing end of the back
reaming bit; which in turn pulls upon the attaching means of
the plug attached to the end of the replacement pipe. Thus,
Che replacement pipe is pulled into and through the channel
while the grinding process progresses. The back reaming
bit, while moving laterally through the existing pipe, acts
as a piston, forcing fluid, pulverized debris from the

existing pipe, and soil or sand from the channel wall toward

the drill stem insertion end of the existing pipe. The

fluid, soil and debris emits as a sludge from the opening o:

I

the existing pipe into the drill stem insertion pit or
manhole. The sludge may then be pumped out of the pit or

removed manually for disposal elsewhere. At completion of

the process, the back reaming bit emerges into the drill
stem i1nsertion pit or manhole, followed by the end of the
replacement pipe. When the end of the replacement pipe
emerges into the drill stem insertion pit or manhole, the

Pipe replacement operation is complete.

The replacement pipe typically is composed of any one

of several plastic or polymer materials. Where a non-

segmented plastic or polymer replacement pipe is to be

installed, the pipe is laid out at ground level along the
prath of the existing pipe with the end of the replacement
pipe lying over and flexibly bending downward into the
replacement pipe insertion pit for attachment to the swivel

connecting means of back reaming bit. Where a segmented

12
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replacement pipe is to be installed, the joints thereof may
be fixedly connected by means of solvent welding, or by a
temporary internal tension means such as a cable extending
from the trailing end of the replacement pipe to its leading
end. Fixed connection of the segments of a segmented
replacement pipe allows such a pipe to be pulled into the
pipe channel, much the same as a non-segmented replacement
pipe.

The method of pipe replacement described above is not
necessarily accomplished through a single pass of the back
reaming bit through the channel of the existing pipe. While
the final pass necessarily pulls the replacement pipe into
and through the channel, any number of passages of a back
reaming bit through the existing pipe may be performed prior
to the final pass. Such additional passes may be utilized
where successively larger back reaming bits progressively
grind away the existing pipe. Back reaming is not
necessarily performed on the final pass. Provided that the
pipe channel has been sufficiently widened, a pulling means,
preferably a drill stem pulled by the drilling unit, may be

extended through the pipe channel and fixedly attached to

the end of the replacement pipe. The replacement pipe is

then pulled 1nto and through the channel by the pulling

means.

After a section of existing pipe is replaced, the pit,

or manhole, at either end of the section may facilitate

repetition of the process upon the next contiguous section

of existing pipe to be replaced.

13
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BRIEF DESCRIPTION OF THE DRAWINGS

The drawings appended hereto are submitted so that the
features and objects of the invention briefly described
above may be understood in further detail. Such drawings
illustrate only typical embodiments of the invention, and
are not to be construed or considered as limiting in scope.

The invention may admit other equally effective embodiments .

IN THE DRAWINGS

Figure 1 is a sectional view depicting above ground and
below ground articles and machines utilized in the method of

this invention.

Figure 2 is an alternate partial sectional view wherein
a manhole takes the place of a drill stem insertion pit.

Figure 3 depicts the back reaming bit connected to the
drill stem, while in the process of grinding away an
existing pipe and simultaneously towing a replacement pipe.

Figure 4 is a crogs-sectional view of the back reaming

bit, the sectional plane being perpendicular to the axis of
rotation thereof and intersecting the internal chamber

thereof.

DETAIL AND DESCRIPTION OF PREFERRED EMBODIMENT

Fig. 1 depicts a paved road 5 overlying an existing

sewer pipe 1, buried within the ground 3, which pipe is

deteriorated and in need of replacement. The width of the
paved road 5 defines the length and location of the removal

segment 10 of the existing pipe 1 to which the method is

14
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applied. The slope or grade of the removal segment 10 is
determined, and at its lower end a drill stem inserxrtion pit
15 is excavated, cutting through and exposing the first end
of the removal segment 10. Alternately, referring to

Fig. 2, a pre-existing sewer pipe malntenance manhole 16 may

take the place of the drill stem insertion pit 15.

Referring to Fig. 1, at the second end of the removal

segment 10, on the other side of the road 5, a replacement
pipe insertion pit 20 is excavated, cutting through and
exposing the second end of the removal segment 10. The wall
of the replacement pipe insertion pit 20 facing the opening

e
—

of the removal segment 10 is sloped away from the opening

allowing a flexible replacement pipe 30 to be pulled

downward therein.

A drilling unit 35 of the type typically used with

directional boring systems 1s positioned at ground level

above the existing pipe 1, and at a point laterally and
outwardly removed from the first end of the removal segment
10 such that the angle between the ground level and a line

extending from the drilling unit 35 to the first end of the

removal segment 10 is approximately 300. The drilling unit

35 is then operated to drive, bore, and gulde a flexible

hollow drill stem 40 downward through the earth in an arced

path calculated to cause the end of the drill stem to enter
and traverse the drill stem 1inserxrtion pit 15. Refexring to

Fig. 2, where a manhole 16 takes the place of the drill stem

insertion pit 15, an aperture 17 1is broken oxr cut through

the wall of the manhole 16 to allow passage of the drill

15
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stem 40. Upon passage of the end of the drill stem 40 into
open space of the drill stem insertion pit 15 or the manhole
16, the drilling unit 35 is operated to extend the end of
the drill stem 40 into the opening of the first and of the
removal segment 10.

Referring again to Fig. 1, upon insertion of the end of

the drill stem 40 into the opening of the first end of the

removal segment 10, the drilling unit 35 is operated to
further extend the drill stem 40 through the channel of
removal section 10, causing the end of the drill stem 40 to

protrude from the second end of the removal segment 10 into

the replacement pipe insertion pit 20. A back reaming bit
45 is then fixedly attached to the end of the drill stem 40.
Referring to Fig. 3, the leading end of the back reaming bit
45 is conical, having a helical cutting blade 46 on its
outer periphery. The back reaming bit also has a swivel
connecting means 48 fixedly attached to the trailing end

thereof. Referring to Fig. 4, the back reaming bit 45 has a

hollow interior chamber 60 whose open space 1is continuous
with a hollow fluid assist channel 61 which, referring to
Fig. 3, lies within the drill stem 40. Referring to Fig. 3
and Fig. 4, the back reaming bit 45 has a plurality of f£luid
assist apertures 47 for emission of fluid 62 from the back
reaming bit.

Referring to Fig. 1, a flexible replacement pipe 30
composed of a plastic or polymer material is positioned at

ground level in approximate alignment with the path of the

existing pipe 1. The end of the replacement pipe 30 is

16

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

CA 02226979 1998-01-15

WO 97/04263 PCT/US96/11975

flexibly pulled downward into the replacement pipe insertion
pit 20. Referring to Fig. 3, the replacement pipe 30 has a
plug 31 fixedly attached to and occlusively sealing the bore
of the replacement pipe 30; the plug 31 having an attaching
means 32 adapted for fixed attachment to the swivel
connecting means 48 of the back reaming bit 45 . Referring
to Fig. 1, within the replacement pipe insertion pit 20 the
end of the replacement pipe 30 is guided to cause, referring
to Fig. 3, the attaching means 32 of the plug 31 to come
into close proximity with the swivel connecting means 48 of
the back reaming bit 45. The attaching means 32 is then
fixedly attached to the swivel connecting means 48, by means
such as a pin 33.

Referring to Fig. 1, the drilling unit 35 is then
operated to apply a pulling force to the drill stem 40,
which in turn pulls the back reaming bit 45 laterally into
the opening of the second end of the removal segment 10.
Simultaneocusly with applyving such pulling force, the
drilling unit 35 1is operated to apply rotational torgque to
the drxrill stem 40 causing the back reaming bit 45 to rotate.

Referring to Fig. 3, the lateral pulling force and

rotational torque transmitted through the drill stem 40 to
the back reaming bit 45 causes the helical cutting blade 46
to grind the removal segment 10 into a pulverized debris 48.

et

Simultaneously with grinding of the removal segment 10,

the drilling unit 35 is opéréted tb-perform a fluid assist

wherein a fluid 62 preferably composed of water, a polvmer

lubricant and, optionally, bentonite is pumped by the
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drilling unit 35 into the end of the drill stem 40 which is
opposite the back reaming bit 45. Referring to Figures 3
and 4, such pumping causes the fluid 62 to pass through the

fluid assist channel 61. The fluid 62 then emits from the

fluid assist channel 61 into the hollow back reaming bit
chamber 60. The fluid further emits from the fluid assist
apertures 47 into the channel of the removal segment 10.
Referring to Fig. 3, fluid 62 emitted from the fluid assist

apertures 47 of the back reaming bit 45 serves the function

earthen channel 55 rearward of the back reaming bit 45

r

LR

reducing friction upon the replacement pipe 30. If the

fluid 62 is

comprised of bentonite, such fluid serves the

.

further function of stabillizing the earthen channel 55,
preventing cave ins. The fluid 62 serves the further
function of washing pulverized debris 48 toward the first
end of the removal segment resulting in removal of the
replacement segment 10 from the channel 55. Referring to
Fig. 1 and Fig. 3, pulverized debris 48 and fluid 62 emitted
from the back reaming bit 45 which is washed down the
channel of the removal segment 10 is deposited as a sludge

50 on the floor of the drill stem insertion pit 15 or,

referring to Fig. 2, on the floor of the manhole 16, as the
case may be.
Referring to Fig. 3, the grinding operation of the back

reaming bit 45 creates a pipe channel 55 of a diameter

sufficient to allow the replacement pipe 30 to be

'

simultaneously slidably pulled therethrough. The process o
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grinding away the removal segment 10 and simultaneously
drawing the replacement pipe 30 into the pipe channel 55
continues until the back reaming bit 45 and the end of the
replacement pipe 30 emerge from the opening at the first end
of the removal segment 10. Upon emergence of the end of the
replacement pipe 30 from the opening at the first end of the

removal segment 10, the pipe replacement process for that

- segment 1is complete.

In view of the foregoing, it is evident that the
present invention lis one well adapted to obtain all of the
objects and features hereinabove set forth together with
other objects and features that are inherent from the method
described hereinabove.

While the foregoing is directed to the preferred

embodiment, the scope thereof is determined by the claims

which follow.
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WE CLAIM:

1. A method of replacing an existing pipe with a
replacement pipe; the existing pipe having a first end and a
second end; the existing pipe being buried within the ground; the

interior surface of the existing pipe initially defining a

replacement pipe chéannel; the replacement pipe channel having a
first end and a second end corresponding to the first and second
ends of the existin¢ pipe; the existing pipe and the ground
surrounding the existing pipe comprising a solid matter
surrounding the radial periphery of the replacement pipe channel;
and the exterior diameter of the replacement pipe being greater
than the interior diameter of the existing pipe; said method
comprising the steps of:

(A) positioning a drilling unit of the type typically used
with directional boring systems, the drilling unit having and
peing capable of driving, pulling, rotating, and guiding a drill
stem, the drill stem having a first end and a second end, such
positioning allowing the first end of the drill stem to be driven

and guided by the drilling unit into close proximity with the

first end of the replacement pipe channel;

(B) operating the drilling unit to drive and guide the
first end of the drill stem into close proximity with the first
end of the replacement pipe channel;

(C) operating the drilling unit to extend the first end of
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the drill stem into the first end of the replacement pipe channel
and through said channel to protrude from its second end:

(D) fixedly attaching to the drill stem a back reaming bit
for grinding and pulverizing the existing pipe, the back reaming
pit having a leading end and a trailing end, the leading end of
the back reaming bit being fixedly attached to the first end of
the drill stem, the back reaming bit having fixedly attached to
1ts trailing end a swivel connecting means, and the back reaming
pit having a diameter greater than or equal to the diameter of
the replacement pipe;

(E) fixedly attaching an end of the replacement pipe to the
swivel connecting means of the back reaming bit;

(F) operating the drilling unit to rotate and pull the
drill stem, causing the back reaming bit to rotate and move
laterally into the second end of the replacement pipe channel and
through said channel, causing a portion of the solid matter

surrounding said channel to be ground into a pulverized debris,

and simultaneously pulling the replacement pipe into and through

the replacement pipe channel.

2. A method of replacing an existing pipe with a
replacement pipe; the existing pipe having a first end and a
second end; the existing pipe being buried within the ground; the

interior surface of the existing pipe initially defining a

21

.



CA 02226979 2000-02-22

replacement pipe channel, the replacement pipe channel having a
first end and a second end corresponding to the first and second
ends of the existing pipe; the existing pipe and the ground
surrounding the existing pipe comprising a solid matter
surrounding the radial periphery of the replacement pipe channel;
and the exterior diameter of the replacement pipe being greater
than the interior diameter of the existing pipe; said method
comprising the steps of:

(A) positioning a drilling unit of the type typically used
with directional boring systems, the drilling unit having and

being capable of driving, pulling, rotating, and guiding a drill

stem, the drill stem having a first end and a second end, such
positioning allowing the first end of the drill stem to be driven

and guided by the drilling unit into
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close proximity with the first end of the replacement pipe
channel;

(B) operating the drilling unit to drive and guide the
first end of the drill stem into close proximity with the first
end of the replacement pipe channel;

(C) operating the drilling unit to extend the first end of
the drill stem into the first end of the replacement pipe channel
and through said chennel to protrude from its second end;

(D)  performinc a series of one or more back reaming
operations, each back reaming operation comprising the steps of
fixedly attaching tc the first end of the drill stem a back
reaming bilt for grinding and pulverizing the existing pipe, the
back reaming bit having a leading end and a trailing end, the
leading end thereof being attached to the first end of the drill
stem, and the back reaming bit having a diameter greater than the
diameter of the replacement pipe channel; operating the drilling
unit to pull and rotate the drill stem causing the back reaming
pit to rotate and to move laterally into and through the
replacement pipe channel, causing a portion of the solid matter

surrounding sald channel to be ground into a pulverant debris,

P
p—

and causing the back reaming bit to emerge from the first end o:

—

the replacement pipe channel; detaching the back reaming bit; and
operating the drilling unit to extend the first end of the drill

stem 1nto the first end of the replacement pipe channel, and
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through said channel to protrude from its second end; the
performance of said series of back reaming operations causing the
replacement pipe channel to be widened in increments:

(E) fixedly attaching to the drill stem a back reaming bit
for grinding and pulverizing the existing pipe, the back reaming
pit having a leading end and a trailing end, the leading end of
the back reaming bit being attached to the first end of the drill
stem, the back reaming bit having fixedly attached to its
trailing end a swivel connecting means, and the back reaming bit

having a diameter greater than the diameter of the replacement

P

pipe channel and greater than or equal to the diameter of the

replacement pipe;

(F') fixedly attaching an end of the replacement pipe to the
swivel connecting means of the back reaming bit;

(G) operating the drilling unit to rotate and pull the
drill stem, causing the back reaming bit to rotate and to move
laterally into and through the replacement pipe channel, causing
a portion of the solid matter surrounding the replacement pipe
channel to be ground into a pulverized debris, and simultaneously

pulling the replacement pipe into and through the replacement

pipe channel.

3. A method of replacing an existing pipe with a

replacement pipe, the existing pipe having a first end and a
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second end, the existing pipe being buried within the ground; the
interior surface of the existing pipe initially defining a
replacement pipe channel, the replacement pipe channel having a
first end and a second end corresponding to the first and second
ends of the existing pipe; the existing pipe and the ground
surrounding the existing pipe comprising a solid matter
surrounding the radial periphery of the replacement pipe channel;

and the exterior diemeter of the replacement pipe being greater

than the interior diameter of the existing pipe; said method
comprising the steps of:

(A) positioning a drilling unit of the type typically used
with directional boring systems, the drilling unit having and
being capable of driving, pulling, rotating, and guiding a drill

stem, the drill stem having a first end and a second end, such

positioning allowing the first end of the drill stem to be driven
and guided by the drilling unit into close proximity with the
first end of the replacement pipe channel;

(B) operating the drilling unit to drive and guide the

[ —

1rst end of the drill stem into close proximity with the first

end of the replacement pipe channel;

(C) performing a series of one or more back reaming
operations, each back reaming operation comprising the steps of
operating the drilling unit to extend the first end of the drill

stem into the first end of the replacement pipe channel, and
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pulverizing the existing pipe, the back reaming bit having a

leading end and a trailing end, the leading end of the back

reaming bit being attached to the first end of the drill stem,
and the back reaming bit having a diameter greater than the
diameter of the replacement pipe channel; operating the drilling
unit to pull and rotate the drill stem, causing the back reaming
blt to rotate and mcve laterally into and through the replacement
plpe channel, causing a portion of the solid matter surrounding

said channel to be ground into a pulverized debris, and causing

the back reaming bit to emerge from the first end of the
replacement pipe channel; and detaching the back reaming bit; the
performance of said series of back reaming operations being
terminated when the diameter of the replacement pipe channel is
greater than or equal to the diameter of the replacement pipe;

(D) extending a pulling means into the first end of the
replacement pipe channel and through said channel to protrude
from its second end;

(E) fixedly attaching said pulling means to an end of the
replacement pipe; and,

(F)  pulling the replacement pipe by said pulling means into

and through the replacement pipe channel.

26
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4 . The method of Claim No. 3, wherein the step of
extending the pulling means comprises operation of the drilling
unit to extend a drill stem into the replacement pipe channel,

and wherein the step of pulling the replacement pipe comprises

operation of the drilling unit to pull the replacement pipe into

and through the replacement pipe channel.

5. The method of Claim No. 1, Claim No. 2, or Claim No. 3,
wherein the drill stem has a fluid assist channel therethrough,
the fluid assist channel having a first end and a second end
corresponding with the first and second ends of the drill stem:
wherein the drilling unit is further capable of performing a
fluid assist, wherein a fluid is pumped by the drilling unit into

the second end of the fluid assist channel; wherein at least one

pack reaming bit used therein has a hollow interior back reaming
bit chamber forming a continuous passage for the flow of the

fluid from the fluid assist channel into the back reaming bit

chamber, each such back reaming bits having a plurality of fluid
assist apertures for emission of the fluid from the back reaming
bit chamber into the replacement pipe channel; and further
comprising the step of operating the drilling unit to perform a
fluid assist, causing the fluid to flow through the fluid assist
channel, into the back reaming bit chamber, and to emit from the

fluid assist apertures, thereby lubricating the back reaming bit
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and the wall of the replacement pipe channel, and washing the

pulverized debris toward the first end of the replacement plpe

channel; said fluid assist being performed during at least one

e

passage of the back reaming bit through the replacement pipe

channel.

0. The methoc of Claim No. 5, further comprising the step

of adding a polymer lubricant to the fluid prior to operating the

drilling unit to perform the fluid assist.

7. The method of Claim No. 6, further comprising the step
of adding bentonite to the fluid prior to operating the drilling

unit to perform the fluid assist.

8. The method of Claim No. 1, Claim No. 2, or Claim No. 3,
wherein the step of fixedly attaching the back reaming bit
further comprises selection and attachment of a back reaming bit

further having a helical cutting blade fixedly attached to its

outer periphery.

9. The method of Claim No. 1, Claim No. 2, or Claim No. 3,

further comprising the step of fixedly attaching a plug to the

end of the replacement pipe which i1s pulled into the second end

of the replacement pipe channel, the plug having an attaching
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means fixedly attached thereto by which the plug and attached
replacement pipe may be pulled into and through the replacement
pipe channel, said step being performed prior to the step of
pulling the replacement pipe through the repiacement pipe

channel.

10. A method ¢of replacing an existing pipe with a
replacement pipe; the existing pipe having a first end and a
second end; the existing pipe being buried within the ground; the
interior surface of the existing pipe initially defining a
replacement pipe channel; the replacement pipe channel having a
first end and a second end corresponding to the first and second
ends of the existing pipe; the existing pipe and the ground
surrounding the existing pipe comprising a solid matter
surrounding the radial periphery of the replacement pipe channel;
and the exterior diameter of the replacement pipe being greater

than the interior diameter of the existing pipe; said method

comprising the steps of:
(A) positionling a drill stem driving means capable of

driving, pulling, and rotating a drill stem, the drill stem

having a first end and a second end, such positioning allowing

the first end of the drill stem to be driven by the
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drill stem driving means into close proximity with the first end
of the replacement pipe channel;

(B) operating the drill stem driving means to drive the
first end of the drill stem into close proximity with the first
end of the replacement pipe channel;

(C) operating the drill stem driving means to further drive
the first end of the drill stem into the first end of the
replacement pipe channel and through said channel to protrude
from 1ts second end;

(D) fixedly attaching to the drill stem a back reaming bit

for grinding and pulverizing the existing pipe, the back reaming
pit having a leading end and a trailing end, the leading end of
the back reaming bit being fixedly attached to the first end of
the drill stem, the back reaming bit having fixedly attached to
1ts trailing end a swivel connecting means, and the back reaming
Plt having a diameter greater than or equal to the diameter of
the replacement pipe;

(E) fixedly attaching an end of the replacement pipe to the

swivel connecting means of the back reaming bit;

(F) operating the drill stem driving means to rotate and

pull the drill stem, causing the back reaming bit to rotate and

move laterally into the second end of the replacement pipe
channel and through said channel, causing a portion of the solid

matter surrounding said channel to be ground into a pulverized

30
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debris, and simultaneously pulling the replacement plpe 1into and

through the replacement pipe channel.

11. A method of replacing an existing pipe with a
replacement pipe; the existing pipe having a first end and a
second end; the existing pipe being buried within the ground; the
interior surface of the existing pipe initially defining a
replacement pipe channel, the replacement pipe channel having a
first end and a seccnd end corresponding to the first and second
ends of the existing pipe; the existing pipe and the ground
surrounding the existing pipe comprising a solid matter
surrounding the radial periphery of the replacement pipe channel;
and the exterior diameter of the replacement pipe being greater
than the interior diameter of the existing pipe; said method
comprising the steps of:

(A) positioning a drill stem driving means, the drill stem
driving means being capable of driving, pulling, and rotating a
drill stem, the drill stem having a first end and a second end,
such positioning allowing the first end of the drill stem to be
driven by the drill stem driving means into close proximity with

the first end of the replacement pipe channel;

(B) operating the drill stem driving means to drive the
first end of the drill stem into close proximity with the first

end of the replacement pipe channel;
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(C) operating the drill stem driving means to drive the

first end of the drill stem into the first end of the replacement
pipe channel and through said channel to protrude from its second

end;

(D) performing a series of one or more back reaming

operations, each back reaming operation comprising the steps of

fixedly attaching tc the first end of the drill stem a back

h—

reaming bit for grinding and pulverizing the existing pipe, the
pack reaming bit having a leading end and a trailing end, the
leading end thereof being attached to the first end of the drill
stem, and the back reaming bit having a diameter greater than the
diameter of the replacement pipe channel; operating the drill
stem driving means to pull and rotate the drill stem causing the
pack reaming bit to rotate and to move laterally into and through
the replacement pipe channel, causing a portion of the solid
matter surrounding said channel to be ground into a pulverant
debris, and causing the back reaming bit to emerge from the first
end of the replacement pipe channel; detaching the back reaming

bit; and operating the drill stem driving means to drive the

first end of the drill stem into the first end of the replacement
pipe channel, and through said channel to protrude from its

second end; the performance of said series of back reaming

operations causing the replacement pipe channel to be widened in

increments;
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(E) fixedly attaching to the drill stem a back reaming bit
for grinding and pulverizing the existing pipe, the back reaming
bit having a leading end and a trailing end, the leading end of
the back reaming bit being attached to the first end of the drill
stem, the back reaming bit having fixedly attached to its
trailing end a swivel connecting means, and the back reaming bit
having a diameter greater than the diameter of the replacement

pipe channel and greater than or equal to the diameter of the

replacement pipe;

(F) fixedly attaching an end of the replacement pipe to the
swivel connecting means of the back reaming bit;

(G) operating the drill stem driving means to rotate and
pull the drill stem, causing the back reaming bit to rotate and

Lo move laterally into and through the replacement pipe channel,

causing a portion of the solid matter surrounding the replacement
plpe channel to be ground into a pulverized debris, and
simultaneously pulling the replacement pipe into and through the

replacement pipe channel.

12. A method of replacing an existing pipe with a

replacement pipe, the existing pipe having a first end and a

second end, the existing pipe being buried within the ground; the
interior surface of the existing pipe initially defining a

replacement pipe channel, the replacement pipe channel having a

33
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first end and a second end corresponding to the first and second
ends of the existing pipe; the existing pipe and the ground
surrounding the existing pipe comprising a solid matter
surrounding the radial periphery of the replacement pipe channel;
and the exterior diameter of the replacement pipe being greater
than the 1nterior diameter of the existing pipe; said method
comprising the steps of:

(A) positioning a drill stem driving means, the drill stem

driving means being capable of driving, pulling, and rotating a

drill stem, the drill stem having a first end and a second end,
such positioning allowing the first end of the drill stem to be
driven by the drill stem driving means into close proximity with
the first end of the replacement pipe channel;

(B) operating the drill stem driving means to drive the
first end of the drill stem into close proximity with the first
end of the replacement plpe channel;

F

(C) pertorming a series of one or more back reaming

operations, each back reaming operation comprising the steps of
operating the drill stem driving means to drive the first end of
the drill stem into the first end of the replacement pipe

channel, and through said channel to protrude from its second

end; fixedly attaching to the drill stem a back reaming bit for
grinding and pulverizing the existing pipe, the back reaming bit
naving a leading end and a trailing end, the leading end of the
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back reaming bit being attached to the first end of the drill

stem, and the back reaming bit having a diameter greater than the
diameter of the replacement pipe channel; operating the drill

stem driving means to pull and rotate the drill stem, causing the

back reaming bit to rotate and move laterally into and through
the replacement pipe channel, causing a portion of the solid
matter surrounding said channel to be ground into a pulverized
debris, and causing the back reaming bit to emerge from the first
end of the replacement pipe channel; and detaching the back
reaming bit; the performance of said series of back reaming
operations being terminated when the diameter of the replacement
plpe channel is greater than or equal to the diameter of the
replacement pipe;

(D) extending a pulling means into the first end of the
replacement pipe channel and through said channel to protrude

from 1ts second end;

(B) fixedly attaching said pulling means to an end of the

replacement pipe; and,

(F) pulling the replacement pipe by said pulling means into

and through the replacement pilipe channel.

13. The method of Claim No. 12, wherein the step of

extending the pulling means comprises operation of the drill stem

driving means to drive a drill stem into the replacement pipe
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channel, and wherein the step of pulling the replacement plpe
comprises operation of the drill stem driving means to pull the

replacement pipe into and through the replacement pipe channel.

14. The methoa of Claim No. 10, Claim No. 11, or Claim No.
12, wherein the drill stem has a fluid assist channel
therethrough, the fluid assist channel having a first end and a
second end corresponding with the first and second ends of the
drill stem; wherein the drill stem driving means is further
capable of performing a fluid assist, wherein a fluid is pumped
by the drill stem driving means into the second end of the fluid
assist channel; wherein at least one back reaming bit used

therein has a hollow interior back reaming bit chamber forming a

continuous passage for the flow of the fluid from the fluid

assist channel into the back reaming bit chamber, each such back

reaming bits having a plurality of fluid assist apertures for
emission of the fluid from the back reaming bit chamber into the
replacement pipe channel; and further comprising the step of

operating the drill stem driving means to perform a fluid assist,

causing the fluid to flow through the fluid assist channel, into
the back reaming pbit chamber, and to emit from the fluid assist
apertures, thereby lubricating the back reaming bit and the wall
of the replacement pipe channel, and washing the pulverized

debris toward the first end of the replacement pipe channel; said

36
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fluid assist being performed during at least one passage of the

pack reaming bit through the replacement pipe channel.

15. The methoc of Claim No. 14, further comprising the step
Of adding a polymer lubricant to the fluid prior to operating the

drill stem driving means to perform the fluid assist.

16. The method of Claim No. 15, further comprising the step
of adding bentonite to the fluid prior to operating the drill

stem driving means to perform the fluid assist.

17. The method of Claim No. 10, Claim No. 11, or Claim No.
12, wherein the step of fixedly attaching the back reaming bit
further comprises selection and attachment of a back reaming bit
further having a helical cutting blade fixedly attached to its

outer periphery.

18. The method of Claim No. 10, Claim No. 11, or Claim No.
12, further comprising the step of fixedly attaching a plug to
the end of the replacement pipe which 1s pulled into the second
end of the replacement pipe channel, the plug having an attaching
means fixedly attached thereto by which the plug and attached
replacement pipe may be pulled into and through the replacement

pipe channel, sald step being performed prior to the step of
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pulling the replacement pipe through the replacement pipe

channel.

Ridout & Maybee
150 Metcalfe Street, 19" Floor
Ottawa, Ontario, K2P 1P1

Agents for the Applicant
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