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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to a
method and system for evaluating and repairing a dis-
tressed pipeline by installing a coating on the inside of
the pipeline. More specifically, the present invention re-
lates to system and method wherein a device is drawn
along a pipeline to simultaneously assess the interior sur-
face of the pipeline, assess the structural condition of the
pipeline wall and apply a curable resin system to coat
the interior of the pipeline.
[0002] Throughout developed parts of the world, there
are numerous pipeline conduits that run underground in
order to provide utility services to businesses and resi-
dences. These utilities include water lines, sewer pipes,
storm water drains, and the like. Since these pipelines
are installed underground, they are constantly subjected
to numerous environmental pressured that cause the
pipeline to deteriorate. For example, the pipeline may
deteriorate due to ordinary aging, corrosive action of the
fluids being transported in the line, environmental condi-
tions such as groundwater exposure, or other reasons.
Over time, all of the wear factors that impact on the pipe-
line result in holes, cracks, structural breakdown and oth-
er defects in the line that must be repaired in order to
prevent fluid leakage and pipeline collapse problems.
[0003] In some instances, the concern is that foreign
matter, which is initially part of the actual construction of
the pipeline, may begin to flake off of the interior surfaces
of the damaged pipeline and enter the fluid flow within
the pipeline. For example, ductile iron piping has a clay
liner surface that upon failure may allow rust to enter the
fluid flow. Similarly, transite pipes that contain asbestos
reinforcing fibers may release asbestos into the drinking
water contained therein as the wall of the pipe begins to
deteriorate. Finally, the potential exists for the introduc-
tion of substances that flow from the surrounding under-
ground environment into the pipeline or for the water that
is being carried through the pipeline conduit to flow out-
wardly through the cracks leading to a loss of water pres-
sure and other problems.
[0004] Further, the wall materials of the pipeline itself
may breakdown and deteriorate from the outside in. As
the materials breakdown, corrode or otherwise wear the
strength of the wall itself is compromised. Should the
walls deteriorate significantly, the pipeline is at risk of
failure.
[0005] The traditional approach to repairing the above-
identified issues entailed digging up the effected pipeline
and replacing it. Given the millions of miles of installed
pipeline in the United States alone, this solution would
be prohibitively expensive. Further, such pipelines are
typically located beneath streets and right of ways where
digging would create traffic flow problems and require
extensive repaving of roadways as the replacement proc-
ess was completed. In the case where transite pipelines

must be repaired, an additional issue regarding the need
to dispose of large quantities of asbestos waste must be
addressed.
[0006] In an attempt to overcome many of these prob-
lems related to the traditional digging methods, a number
of methods for renovating existing underground pipelines
have been developed. Many of these methods employ
the installation of a lining on the interior of the damaged
pipeline using a lining hose and a calibration hose. For
example, U.S. Patent 4,714,095 (Müller) discloses a
method of salvaging an underground sewer pipe with a
lining hose and calibrating hose. The lining hose includes
an inner layer, which is treated with a first resin, and an
outer layer, which is not treated with a resin. The lining
hose is placed into the pipe conduit. A surface region of
a calibrating hose, which will contact the inner layer of
the lining hose, is coated with a second resin. Then, the
calibrating hose is introduced into the lining hose. The
resins harden so that the lining hose becomes attached
to contact surfaces of the calibration hose.
[0007] U.S. Patent 4,770,562 (Müller) discloses anoth-
er method of salvaging an underground pipe conduit. A
lining hose having an inner layer that is saturated with a
resin is used. The lining hose includes an outer layer,
which is perforated to form flow-through openings for the
resin of the inner layer. The lining hose is introduced into
the pipe conduit. Then, the lining hose is shaped to con-
form to the pipe by introducing an auxiliary hose into the
lining hose and injecting fluid into the auxiliary hose. The
resins harden to form a lining structure in the pipeline.
After the curing step, the auxiliary hose can be kept in
the lining hose or it can be removed using ropes or cables.
[0008] U.S. Patent 5,653,555 (Catallo) discloses a
method of lining a pipe conduit using multiple curing res-
ins. A lining hose, which is coated with a high-strength
resin, is first positioned inside of the conduit. The lining
hose is then expanded into contact with the inside surface
of the conduit by inverting a calibration hose. The cali-
bration hose has a layer of corrosion-resistant resin. The
high-strength and corrosion-resistant resin layers are
cured by the application of a heated fluid. The cured lining
hose and calibration hose form a rigid self-supporting
structure. The calibration hose is not removed from the
liner.
[0009] U.S. Patent 5,680,885 (Catallo) discloses a
method of rehabilitating a damaged pipe conduit using a
lining hose and calibration hose. The inner layer of the
lining hose is soaked with an excess volume of resin.
The calibration hose contains a resin-absorbent layer.
The calibration hose is placed in the lining hose and in-
verted by the application of heated water. After inversion,
the resin- absorbent layer of the calibration hose contacts
and adheres to the resin-coated layer of the lining hose.
Upon curing, the calibration hose becomes an integral
part of the liner.
[0010] U.S. Patent 5,706,861 (Wood) discloses a
method of lining a section of a pipeline by a "cured in
place" system using a lining tube and inflatable bladder.
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The lining tube is impregnated with a curable synthetic
resin and carried into the pipe conduit on an annular in-
flatable bladder. The bladder is inflated and the lining
tube is cured to the pipeline. Then, the bladder is peeled
away from the cured lining tube and removed from the
pipe conduit by ropes.
[0011] U.S. Patent 8,402,911 (Weisenberg) discloses
a method and a remotely controlled robotic apparatus for
applying a structural membrane lining in conduits.
[0012] U.S. Patent Application No. 5,675,251 (Ma-
clean) discloses a device for inspecting the integrity of
water distribution pipelines, the device is constructed of
housing units connected by flexible connectors.
[0013] WO 01/76780 (Brown) discloses apparatus for
cleaning a pipeline and carrying a payload of instrumen-
tation and sensors using a train of substantially spherical
pigs connected by an articulated member.
[0014] U.S. Patent 6,820,653 (Hagen) discloses a mul-
ti-module pipe inspection and repair device that includes
a base module, a camera module, a sensor module, an
MFL module, a brush module, a patch set/test module,
and a marker module.
[0015] Although the above-described conventional
methods may be somewhat effective in repairing pipe-
lines, they still suffer from various problems. For exam-
ple, problems arise concerning the inversion of a felt liner
because it is relatively delicate and tends to break or rip
during the inversion process. Also, pulling prior art liner
tubes around corners is very difficult resulting in fractures
in the sealing at such joints. Also, the pipeline joints found
at corners and periodically along the length of the pipeline
forms voids that cannot be completely filled by the prior
art methods. Thus, the prior art methods can do nothing
to improve the strength of the pipeline at its joints. Another
difficulty is that once a liner has been installed, the iden-
tification of lateral supply pipe branches are difficult to
identify and clear.
[0016] Further, none of the methods above provide for
a real-time analysis of the condition of the pipeline. While
these systems place a liner in the pile, they do not make
a determination relating to the interior surface condition
or structural wall condition of the pipeline. As a result the
lining process simply takes a one size fits all approach
that may not actually address the issues with the pipeline.
Further, the approach may result in too much or too little
material being added to the pipeline relative to the pipe-
line condition.
[0017] In view of the foregoing, there is a need for a
method and system for rehabilitating a pipe that both
evaluates the condition of the interior surface of the pipe-
line as well as the condition of the pipeline wall while
further applying an interior coating for repair of the pipe-
line. There is also a need for a method and system that
can be drawn along the interior of a pipeline that interac-
tively controls the thickness of an applied coating based
on a real-time evaluation of the condition of the interior
surface of the pipeline as well as the condition of the
pipeline wall

BRIEF SUMMARY OF THE INVENTION

[0018] In this regard, the present invention provides an
apparatus as defined in claim 1. Thus, it provides a meth-
od and system for evaluating the interior surface and ex-
terior wall conditions of a pipeline while also dynamically
installing a repair coating in a pipeline, such as an un-
derground water pipeline. Installing such a coating ena-
bles a damaged pipeline to be repaired and salvaged
and placed in a condition for normal use. Further, the
evaluation process allows a determination to be made
as to whether the pipeline requires the installation of fur-
ther reinforcing material such as a liner. In accordance
with the method of the present invention, the interior sur-
face of the pipeline to be repaired and salvaged is first
prepared by removing excess debris and dirt. The prep-
aration is preferably performed with the appropriate sur-
face preparation material based on the pipe material and
condition.
[0019] The system of the present invention is towed
into the pipeline and drawn back therethrough. As the
system is drawn back, one module in the system evalu-
ates the surface condition of the interior of the pipe and
another module evaluates the structural condition of the
wall of the pipe. Based on the evaluation data obtained
from the two modules an epoxy material is applied to the
interior surface of the pipe using a spin cast machine that
is drawn behind the two modules. Preferably, a layer of
epoxy is applied to the interior surface of the host pipe
to the appropriate thickness using a machine such as a
spincast machine that coats the walls of the pipe as it
travels there along.
[0020] This invention operates in a smart manner to
reduce the time required to evaluate and repair a pipeline.
Further the system applies only the amount of material
needed to repair the existing condition of the pipe in real
time.
[0021] Therefore, it is an object of the present invention
to provide a new and novel system and process for lining
the interior surface of a pipeline to repair and salvage the
pipe so that is can be used normally in a leak-free con-
dition. It is another object of the invention to provide a
structural lining process that effectively seals all cracks
and faults in an existing pipeline. A further object of the
invention is to provide a lining process that evaluates the
condition of the pipe and used that data to apply the re-
quired coating thickness to effect a repair that is relatively
inexpensive to carry out compared to prior art processes
without sacrificing the integrity of the sealing and repair
accomplished by the process of the present invention.
[0022] These together with other objects of the inven-
tion, along with various features of novelty that charac-
terize the invention, are pointed out with particularity in
the disclosure and drawing annexed hereto and forming
a part of this disclosure. For a better understanding of
the invention, its operating advantages and the specific
objects attained by its uses, reference should be had to
the accompanying drawings and descriptive matter in
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which there is illustrated a preferred embodiment of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] In the drawings which illustrate the best mode
presently contemplated for carrying out the present in-
vention:

FIG. 1 is a representational view of a small diameter
piping system in the context of a residential dwelling;
and

FIG. 2 is an illustration showing the piping system
being filled with epoxy resin with an example appa-
ratus of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Now referring to the drawings, the method and
system for repairing a pipeline in accordance with the
teachings of the present invention is shown and generally
illustrated in the figures. In summary, the system of the
present invention is used to simultaneously inspect and
repair a damaged underground pipeline, such as a water
line, so that it can used in the normal course without un-
desirable leaks. As can be understood, cracks and leaks
in a fluid line are undesirable to the associated pressure
drops and flow inefficiencies. Further, in a cracked pipe-
line, particles commonly break off from the inner surface
of the pipeline thereby contaminating the fluid that flows
through the pipeline.
[0025] Referring first to Fig. 1, a side cross-section
view of a typical pipeline installation is shown. The pipe-
line or host pipe 6 is installed in the ground 7 where a
number of cracks 8 exist representing undesirable leaks.
The pipeline 6 includes a horizontal section 6a and a
vertical section 6b. A common pipeline 6, as shown in
Fig. 1, is typically made of concrete, coated ductile iron,
clay tile or transite. Foreign matter, such as dirt, accu-
mulates on the inner wall surfaces 9 over time. The debris
(not shown) forms hard scale deposits on the wall sur-
faces, and these scales are difficult to remove. Similarly,
if the pipeline 6 is constructed of ductile iron, as the in-
terior coating fails, rust deposits will build up on the inte-
rior surfaces 9 of the host pipe 6. Also, degradation of
the pipeline 6 over time causes bits of the pipeline 6 struc-
ture itself to break off, a process that is further exacer-
bated as cracks appear therein.
[0026] In addition to a breakdown of the inner surface
of the pipeline, the walls of the pipeline themselves begin
to deteriorate. The cracks and external breakdown of the
pipe wall cause further deterioration of the pipeline integ-
rity.
[0027] Typically in a repair process the inside surface
9 of the pipeline 6, to be repaired, is preferably first pre-
pared to remove the aforementioned debris and dirt to
ensure a good bond, as will be described in detail below.

Preferably, the inner wall surfaces 9 of pipeline 6 are
cleaned by injecting highly pressurized water into the
pipeline. The pressurized water stream strikes the inside
walls forcefully and scrubs the walls. For example, the
water is provided at up 30,000 psi (2,068 bar) to ensure
a clean surface.
Even higher pressure can be used, if necessary. Known
water spraying devices are used for this step of the proc-
ess. The injected water substantially removes the foreign
debris to leave a clean inner wall surface 9 remaining.
While high-pressure water is preferably used, air or
steam may be used instead. Also, additional cleaning
agents are not preferably used but such cleaning agents
could be added to the water, air or steam to assist in
cleaning depending the application and environment. Af-
ter surface cleaning is complete, any standing water left
remaining, such as that on the bottom of the pipeline 6,
must be removed. High-pressure air, using known air
blowing equipment, is injected into the pipeline to clear
it of any remaining water and cleaning media.
[0028] With the inner surface 9 of the pipeline 6 cleaned
and prepared, the apparatus of the present invention is
introduced into the pipeline as depicted at Fig. 2. The
apparatus is a towable inspection and coating system
that is arranged to have at least three spheres on spaced
apart linked relation. One of the spheres 12 includes
scanning equipment therein to read and map the condi-
tion of the interior surface of the pipeline. Such scanning
equipment may include but is not limited to cameras
and/or laser scanners. Another one of the spheres 14
includes scanning equipment for detecting the structural
condition of the pipe wall and the thickness of the pipe
wall. Preferably such equipment includes a sonar device.
Another one of the spheres 16 is formed to house a coat-
ing device, such as a spinning spray head system, to
apply a coating to the interior surface of the pipeline.
[0029] It should be noted that the coating device is pref-
erably housed in the last sphere 16 of the inspection and
coating system so that none of the coating and inspection
system is drawn through the freshly applied coating ma-
terials. The relative positioning of the other spheres 12
and 14 is not critical as the interior surface scanning and
the exterior pipe wall scanning can be performed in any
order making the relative ordering of those spheres 12
and 14 not critical to the present invention.
[0030] An umbilical feed line 18 connects all of the
spheres and serves both as a tow line for the coating and
inspection system as well as an electronic communica-
tion line with a control computer 20 and a feed line for
supplying a coating material to be applied via the coating
device. In operation the first and second spheres 12, 14
scan the condition of the pipeline and feed the data to
the computer 20 via the umbilical line 20. The computer
20 using the data determines the thickness of the re-
quired coating to be applied in order to fill cracks or voids
in the pipeline. Once the computer 20 determines the
coating thickness it regulates the flow rate and/or speed
of the coating device in order to increase or decrease the
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coating flow in order to properly replace the lost structural
value of the pipeline.
[0031] The arrangement of the spaced apart spheres
connected by a flexible umbilical allows for the system
to be drawn through pipelines that include bends rather
than requiring repairs to be made in straight runs only.
This arrangement introduces flexibility that allows the de-
vice to be drawn around tight bends in pipelines without
getting caught or snagged at the corners.
[0032] The coating device applies a quick setting resin
10 that is sprayed onto the surfaces of the inside wall
surfaces 9 in accordance with this invention. The resin
10 is sprayed on to wall surfaces 9 using known epoxy
"spinning" technology where a the coating device is con-
tained in the last sphere 16 that is passed through the
section of the pipeline 6 to be coated. Details of such an
applicator need not be discussed in detail herein as such
apparatuses are well known in the art.
[0033] Based on the data collected about the condition
of the pipeline, it can be determined whether further re-
mediation of the pipeline beyond the application of a coat-
ing is needed. In such a case an engineer can review the
data and determine if further reinforcing is needed in the
form of a liner application.
[0034] Many different types of curable resins can be
used for coating the inside walls 9 of the pipeline 6 and
the inner layer of the liner if needed. Preferably the quick
setting resin is or a moisture curing type and contains a
light colored pigment agent. The thermosetting resin
should have good adhesive strength and have high
strength (for example, high flex modulus, flex strength,
tensile modulus, and tensile strength properties.) Slow-
curing resins may be used. For example, polyesters; vinyl
esters such as urethane-based vinyl esters, and bisphe-
nol A-fumarate based vinyl esters; and epoxy resins can
be used. Epoxy resins are particularly preferred. For ex-
ample, the assignee of the present invention employs an
epoxy product under the product number S301 for resin
10 and an epoxy product under the product number T301
for resin 17. The quick setting resin 10 is applied to the
inside pipeline walls 9 and the thermosetting resin 17 to
the felt inner layer 16 of the lining hose 12 in an uncured,
liquid form.
[0035] It can therefore be seen that the present inven-
tion provides a method and system for evaluating the
interior surface and exterior wall conditions of a pipeline
while also dynamically installing a repair coating in a pipe-
line, such as an underground water pipeline. The system
further provides a smart coating application such as a
layer of epoxy that is applied to the interior surface of the
host pipe to the appropriate thickness based on the pipe
condition as determined by the two modules. For these
reasons, the instant invention is believed to represent a
significant advancement in the art, which has substantial
commercial merit.
[0036] While there is shown and described herein cer-
tain specific structure embodying the invention, it will be
manifest to those skilled in the art that various modifica-

tions and rearrangements of the parts may be made with-
out departing from the scope of the underlying inventive
concept and that the same is not limited to the particular
forms herein shown and described except insofar as in-
dicated by the scope of the appended claims.

Claims

1. An apparatus for inspecting and coating interior sur-
face walls of a pipe system (6) comprising:

a control computer (20);
a plurality of housings (12, 14, 16);
an umbilical tether (18) connected to said control
computer (20), for towing said housings (12, 14,
16) through said pipe system (6); and for trans-
mitting data between the control computer (20)
and said apparatus, and connecting said hous-
ings (12, 14, 16) to one another;
first scanning equipment for evaluating a condi-
tion of interior surface walls of said pipe system
(6) contained in a first of said housings (12);
second scanning equipment for evaluating the
structural condition of the wall of said pipe sys-
tem (6) contained in a second of said housings
(14); and
a coating device contained in a third of said
housings (16) to apply a coating material (10) to
said interior surface of said pipe system (6),
wherein the control computer (20) is configured
to receive and record data about the conditions
of said pipe system (6) from said first and second
scanning equipment, and control a rate of appli-
cation by said coating device based on the con-
ditions of said pipe system (6), wherein said
coating material (10) is supplied to the coating
device from the umbilical tether (18).

2. The apparatus of claim 1, wherein said housings (12,
14, 16) are spherical.

3. The apparatus of claim 1, wherein said scanning
equipment is selected from the group consisting of:
cameras, laser scanners and sonar.

4. The apparatus of claim 1, wherein said coating de-
vice is a spinning spray head.

5. The apparatus of claim 1, wherein said housings (12,
14, 16) are in spaced apart relation and connected
via said umbilical tether (18) allowing said apparatus
to be flexible.

Patentansprüche

1. Einrichtung zum Prüfen und Beschichten von In-
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nenoberflächenwänden eines Rohrsystems (6), die
Folgendes umfasst:

einen Steuercomputer (20);
mehrere Gehäuse (12, 14, 16);
ein Versorgungsseil (18), das mit dem Steuer-
computer (20) verbunden ist, zum Ziehen der
Gehäuse (12, 14, 16) durch das Rohrsystem (6)
und zum Übertragen von Daten zwischen dem
Steuercomputer (20) und der Einrichtung und
zum Verbinden der Gehäuse (12, 14, 16) mit-
einander;
eine erste Abtastausrüstung zum Bewerten ei-
nes Zustands von Innenoberflächenwänden
des Rohrsystems (6), das in einem ersten der
Gehäuse (12) enthalten ist;
eine zweite Abtastausrüstung zum Bewerten
des strukturellen Zustands der Wand des Rohr-
systems (6), das in einem zweiten der Gehäuse
(14) enthalten ist; und
eine Beschichtungsvorrichtung, die in einem
Drittel der Gehäuse (16) enthalten ist, um ein
Beschichtungsmaterial (10) auf die Innenober-
fläche des Rohrsystems (6) aufzubringen,
wobei der Steuercomputer (20) konfiguriert ist,
um Daten über die Zustände des Rohrsystems
(6) von der ersten und der zweiten Abtastaus-
rüstung zu empfangen und aufzuzeichnen, und,
um eine Aufbringungsgeschwindigkeit durch die
Beschichtungsvorrichtung basierend auf den
Zuständen des Rohrsystems (6) zu steuern, wo-
bei das Beschichtungsmaterial (10) der Be-
schichtungsvorrichtung von dem Versorgungs-
seil (18) zugeführt wird.

2. Einrichtung nach Anspruch 1, wobei die Gehäuse
(12, 14, 16) kugelförmig sind.

3. Einrichtung nach Anspruch 1, wobei die Abtastaus-
rüstung aus der Gruppe ausgewählt ist, die aus Fol-
gendem besteht: Kameras, Laserscanner und So-
nar.

4. Einrichtung nach Anspruch 1, wobei die Beschich-
tungsvorrichtung ein sich drehender Sprühkopf ist.

5. Einrichtung nach Anspruch 1, wobei die Gehäuse
(12, 14, 16) in einem Abstand voneinander angeord-
net und über das Versorgungsseil (18) verbunden
sind, was der Einrichtung ermöglicht, flexibel zu sein.

Revendications

1. Appareil pour inspecter et appliquer un revêtement
sur les parois de surface intérieure d’un système de
tuyaux (6) comprenant :

un ordinateur de commande (20) ;
une pluralité de boîtiers (12, 14, 16) ;
une attache ombilicale (18) connectée audit or-
dinateur de commande (20), pour tracter lesdits
boîtiers (12, 14, 16) à travers ledit système de
tuyaux (6) et pour transmettre des données en-
tre l’ordinateur de commande (20) et ledit appa-
reil, et connecter lesdits boîtiers (12, 14, 16) l’un
à l’autre ;
un premier équipement de balayage pour éva-
luer un état des parois de surface intérieure dudit
système de tuyaux (6) contenu dans un premier
desdits boîtiers (12) ;
un second équipement de balayage pour éva-
luer l’état structurel de la paroi dudit système de
tuyaux (6) contenu dans un deuxième desdits
boîtiers (14) ; et
un dispositif de revêtement contenu dans un troi-
sième desdits boîtiers (16) pour appliquer un
matériau de revêtement (10) sur ladite surface
intérieure dudit système de tuyaux (6),
l’ordinateur de commande (20) étant configuré
pour recevoir et enregistrer des données sur
l’état dudit système de tuyaux (6) à partir desdits
premier et second équipements de balayage, et
commander une quantité appliquée par ledit dis-
positif de revêtement sur la base de l’état dudit
système de tuyaux (6), ledit matériau de revê-
tement (10) étant fourni au dispositif de revête-
ment à partir de l’attache ombilicale (18).

2. Appareil selon la revendication 1, lesdits boîtiers (12,
14, 16) étant sphériques.

3. Appareil selon la revendication 1, ledit équipement
de balayage étant choisi dans le groupe constitué
de :
caméras, scanners au laser et sonar.

4. Appareil selon la revendication 1, ledit dispositif de
revêtement étant une tête de pulvérisation rotative.

5. Appareil selon la revendication 1, lesdits boîtiers (12,
14, 16) étant espacés l’un de l’autre et connectés
par le biais de ladite attache ombilicale (18), ce qui
permet audit appareil d’être flexible.
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