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can be joined by lanyards to assist in keeping them spaced apart. At least some extensions preferably have bulbous tips, preferably at
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to different electrodes. The extensions, in one embodiment, are threaded mto collars adjacent to each electrode and selected to have
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ELECTRIC FIELD EXPANSION SYSTEM FOR LOW
VOLTAGE CONDUCTIVITY INSPECTION

Technical Field

The following invention relates to systems and mcethods for detecting defects
in underground pipes of various sizes and matenials, such as sewer pipes, which have
a potential to leak. More particularly, this invention relates to methods which involve
establishing an electric current that flows between ground adjacent to the pipe and an
interior of the pipe, which circuit increases 1n current amplitude when an electric
probe passing through a pipe lilled with electrically conductive fluid approaches
defects in the pipe, such as leaks. Such a system is often called electroscan. In
particular, this invention rclates to the clectrode systems of said probes and probes

which can be modified to be etfective in pipes of different diameters.

Background Art

The detection of Icaks in sewer systems and other underground pipes of various
sizes and matenals 18 often difficult, but necessary and important; leaks in such pipes
can increase costs assoctated with operation and maintenance, as well as potentially
creale hazards. Consequently, a need exists [or effectively identifying leaks in such
pipes. This need 1s especially great for large diameter pipes, which tend to be more
hazardous and difficult to inspect. Moreover, they are especially susceptible to
infiltration.  Unfortunately, onc of the most cffcctive forms of lcak dctection,
electroscan, has only been applied to small diameter pipes.

Large diameter pipes are generally inspected for defects by visual inspection
methods, such as closed-circuit television (CCTV). Cameras aid in the 1dentification
of structural defects, mapping of service tap and valve locations, and so on. However,
defects which leak can be very difficult to identify and are easily missed since the
camera cannot always see where water 18 exfiltrating, and many defects may be too
small or too difficult to locate visually. Asbestos cement pipes or pipes which have
becen lined using a cured-in-placc process further cxacerbatc these issucs.

Additionally, minerals that commonly deposit on the walls of the pipe may obstruct
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the view of a leaking defect. Furthermore, the flow in large diameter pipes cannot be
easily shut off or re-routed, and as such, large diameter pipes are nearly always active.
When parually [ull, the camera cannol view the enurely ol the pipe intenor, and
defects under the water line will most likely go unnoticed.

A more effective method, electroscan, has already vastly improved leak
detection for smaller diameter pipes. Described in detail in ASTM Standard F2550-
13, the electroscan method for defect detection measures variations in electric current
flow through walls of the pipe as part of a series circuit including a voltage source and
an electric current sensor, which collects data as the probe moves through a known
position within the pipc. Probes such as those disclosed in U.S. Patent Nos.
6,301,934 and 9,304,055 are incorporated herein by reference.

One such probe beneficial for use in conducting this electroscan is provided by
Electro Scan, Inc. of Sacramento, CA. Such probes effectively concentrate the

clectric currcent over a relatively short length of the pipe in which the probe is located,

'so that electric current intensity data gathered by the electroscan method can be

accurately correlated with the condition of the pipe directly adjacent the probe.
Additionally, if a pipe ts lined with a curcd-in-place mcthod, clectroscan 1s able to
1dentify defects that typically go unnoticed by other methods such as cameras. With
1ts significant advantages over CCTV and other inspection methods, electroscan has
been adapted for large diameter pipes.

An clectroscan system 1ncludes an clectric probe that has multiple cylindrical
electrodes attached, each generating an electric field. The probe 1s inserted into a pipe
wherein the electrnic fields must reach the walls of the pipe with sufficiently high
potential energy, in order to accurately locate any defects in the pipe wall. Because
the potential cnergy of an clectric ficld weakens rapidly with distance, the cylindrical
shaped electrodes must be close to the pipe wall to be effective. A conventionai
electnc probe sized to fit a large diameter pipe would generally be too large to
achicve insertion into said pipc. Furthcrmore, it would weigh too much to be casily
handled, and obstruct too much fluid flow. Thus, a need exists to adapt the electrodes

In an electroscan system to large diameter pipes.
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Disclosure of the Invention

In the present invention, apparatus and methods are given in which specially
shaped electrode extensions increase the potential energy ol an electric lield generated
by the probe near the wall of a buried pipe. The resulting increase in the effective
distance of the electric field allows the probe to be used in pipes of a greater range of
applications, including large diameter and uniquely shaped pipes .

The electrically conductive electrode extensions preferably radiate from the
clectrodes ol the probe, and carry the electric current closer to the pipe wall. The
resulting electric field has a consistent electric potential near the pipe wall. Each
clectrode preferably has a plurality of cxtensions, and cach extension is in contact
with only one electrode.

The extensions are stiff enough to support the weight of the probe, and flexible
enough to deflect when passing an obstruction. After being deflected, the extension
returns to its original shapc. To prevent contact between cxtensions of scparate
electrodes, there 1S electrical insulation between them, such as in the form of a lanyard
spanning space between the extensions circumferentially and bulbous tips on the
cxtensions, formed at lcast partially of non-conductive material.

The electrode extensions attach and reattach so they can be replaced, or
different sized extensions can be used. This also allows the probe to be used in
different sized pipes.

The clectrode extensions have a small cross-sectional arca compared to that of

the probe and pipe, allowing {luid to easily flow past.

Brief Description of Drawings

Figure 1 is a front view of the clectric probe and the clectrode extensions within

a bunied underground pipe.

Figure 2 1s a detailed side view of the electrode extension system attached to a
probe with a collar and clamps.

Figure 3 1s a detailed front view of the electrode extension system attached to a
probe with a collar and clamps.

Figure 4 1s a side view of an electrode extension.
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Figure 5 1s a perspective view of the electric probe fitted with two sets of
clectrode extensions and with a central electrode not yet fitted with electrode
extensions o reveal more ol the probe configuration.

Figure 6 1s an additional perspective view of the electric probe fitted with three

sets of electrode extensions as 1t would typically be used.

Best Modes for Carrying Out the Invention

Relerring to the drawings, wherein like reference numerals represent like parts
throughout the various drawing figures. The system 1s consistent with a prior art
systcm described in ASTM (ASTM Intcrnational, formerly known as “Amcrican
Society for Testing and Matenals”) Standard F2550-13 described as *“Standard
Practice for Locating Leaks in Sewer Pipes By Measuring The Variation of Electric
Current Flow Through the Pipe Wall.” While this ASTM standard applies to locating
Icaks 1n scwer pipes, clectroscan systems and clectrode extensions arc not limited to
only sewer pipes.

Figure 1 generally depicts an electric probe 10, comprising electrodes 20), and
utilizing an clectrode extension systcm 30 according to this invention. The clectric
probe 10 1s shown within a buried pipe P 1n this figure, buried in the carth E.

The electric probe 10 1s preferably of a type similar to that disclosed in U.S.
Patent Nos. 6,301,954 and 9,304,055, incorporated herein by reference. However, all
suitable clectric probes are contemplated. For cxample, appropriate clcctric probes
may be directed toward inspecting waler pipes, sewer pipes, or other pipes of various
s17zes and maternials carrying at least minimally electncally conductive fluid. Smaller
sized probes are preferred, although larger sized probes can be approprate.

With particular refcrence to Figures 1-3, basic dcetails of the clectrode extension
system 30 are described. A set of electrode extensions 40 is coupled to a single
electrode 20 through an electrically conductive collar 50. As one collar 50 attachment
mcthod, the collar 50 1s juxtaposcd bctween two cyhindrical clamps 52 that arc
mounted on the electrode 20. A bolt 64 or other fastener spans ears 62 on the clamps
60 to tighten the clamps 52 down onto one of the electrodes 20 for electrically

conductive contact therebetween. The clamps 60 prevent the collar 50 from

effectively moving.
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Turning to Figure 4, an electrode extension 40 1s covered with a thin layer of
relatively flexible rubber insulation 42 between a tip 44 and a root 46 which are
typically not insulated. The up 44 of the electrode extension 40 is not covered by the
insulation 42. The electrode extension 40 is preferably made of spring steel for its
elastic properties, but other materials can be suitable. Any electrically conductive
material that 1s sufficiently durable can be considered, including different types of
steel, and other alloys. While more ¢lastic matenals are preferred, stiffer materials
may be used. In such a case, a hinge of some form would likely be incorporated to
allow the electrode extension to deflect, such as when encountening an obstacle.

The clectrode extension 40 preferably has a circular cross-scction.  Other cross
sections are considered, including those that change along the length of an electrode
extension 40. Electrode extensions 40 can vary in number and arrangement, but
typically extend radially from collars 50 on each of the electrodes 20 of the probe 10.

Other ways of connecting or coupling clectrode extensions 40 to an clectrode 20
are considered. For example, an electrode extension 40 may be threaded at one end
that screws into a threaded hole directly 1n an electrode 20. Each electrode extension
40 may bc pcrmanently connccted or removably coupled individually to the clectrode
20, e1ther directly or through a collar 50.

More specifically, the probe 10 in a typical embodiment includes three
electrodes 20 along a length thereof, with the probe 10 being of elongate form and
with two guard clectrodes 20 closcer to a distal end 18 and a proximal cnd 16 of the
probe 10, and with a sensing electrode 20 between the two guard electrodes 20. A
sidewall 22 of the probe 10 spaces these three electrodes 20 rom each other. Most
preterably with this invention, each ol the electrodes 20 includes a plurality of
cxtensions 40 cmanating thercfrom. The probe 10 could be manufactured to includc
the electrode extensions 40 of the electrode extension system 30 built into the probe
10, or the electrode extension system 30 could be provided as a retrofit system which
can be rctrofittcd onto an cxisting clectrode probe 10.

Each of the electrodes 20 1s generally in the form of an electrically conductive
matertal which form parallel rings oriented in planes that are perpendicular to an
elongate central axis of the probe 10 extending between the ends 16, 18. These

electrodes 20 have an outermost circumferential surface which is desired to be

brought into close proximity with a wall of a pipe P being inspected. When a larger
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diameter pipe P 1S involved, rather than merely builld a larger probe, with this
invention the electrode extension system 30 1s utilized to etfectively bring each of
these electrodes 1nto close proximity with walls ol the large diameter pipe P.

Close proximity can include physical contact with the walls of the pipe P, but
achieves eftfectiveness in sensing pipe P defects when the electrodes 20 are
clectrically at least within a couple of inches of the pipe P wall. The electrode
extension system 30 achieves this close proximity to the pipe P wall in two ways.
First, the extensions 40 themselves extend out from the electrodes 20 of the probe 10
toward the wall of the pipe P. Additionally, the probe 10 will rest on a lower surface
of thc pipe P 1n most circumstances undcr forces of gravity. Extensions 40 below the
probe 10 will typically abut the surface of the large diameter pipe P and hold the
probe 10 generally near a center of the pipe P. Then, the electrode extensions 40
above the probe 10 extend up from the probe 10 to within close proximity to upper
portions of the pipe P wall. To assist in probe 10 centering, at least onc float 70 can
be added to bring the probe closer to neutral buoyancy (Figure 6).

As an example, if a twenty-four inch diameter pipe P is to be inspected and if
the probc 10 has a diameter of four inches, with the clectrodes 20 on the probe 10
including the two guard electrodes 20 and the sensing electrode 20 also having a
diameter of four inches, the electrode extension system 30 including the electrode
extensions 40 can each extend nine inches long. In such an arrangement, the probe 10
modificd with the clectrode extension system 30 will have an effective diameter of
twenly-two 1nches. Typically some of the electrode extensions 40 will have tips 44
that will be in contact with the wall of the pipe P and some of the electrode extensions
40 will be up to two inches away from the wall of the pipe P.

Close proximity is thus achicved whilc still maintaining clcarance to allow the
probe 10 with the electrode extension system 30 to easily pass through the pipe P and
navigate corners and other obstructions which might be associated with the pipe P.

While the short distance of less than a few inches is ideal, the system 30 can be

mimmally eftective with greater distances, such as with the tips 44 just closer to the

pipe P wall than just a center of the pipe. Furthermore, by forming the electrode
extensions 33 either of flexible materials (e.g. spring steel) and/or with hinge
mechanisms (e.g. coil spring joints like those on a whip antenna), the electrode

extensions 40 can collide with the wall somewhat and deform in a resilient manner to
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allow for navigation of the probe 10 through the buried pipe P even when including
the electrode extension system 30.

The electrically conductive collar 50 of each set ol electrode exlensions 40
preferably has an inner cylindrical surface opposite an outer cylindrical surface. The
inner cylindrical surface is configured so that it comes into electric contact with the
electrode 20 to which 1t is attached, the electrode 20 either being one of the guard
electrodes 20 or the sensing electrode 20. This collar 50 could be formed 1n two
halves and allowed to come together to surround and come 1nto contact with the
electrode 20 to which it 1s electrically attached, or could be in the form of a flexible
strap which 1s wrapped around the clectrode 20 or a ring slid onto the probe 10 from
an end 16, 18. Preferably, the inner cylindrnical surface of the electrically conductive
collar 50 i1s formed of a material which resists corrosion and which can readily
achieve an electric connection to the associated electrode 20 to which 1t is electrically
attachcd.

[f desired, this inner cylindncal surface of the electrically conductive collar 50
could be roughened or could have a series of teeth or prongs which can be pressed
tightly against thc associated clectrode 20 to ensurc intimate physical contact and
electrical connection with the associated electrode 20, even 1f some degree of
oxidization, corrosion or other surface condition might otherwise resist making of a
sound electric contact therebetween. The electrically conductive collar 50 could
attach by itseltf without any further supports, such as by clamping dircctly onto the
associated electrode 20 of the probe 10 (see Figure 6). However, most preferably the
electrically conductive collar 50 is sandwiched between a pair of cylindrical clamps
60 to carry the structural load securing the electrically conductive collar 50 to the
assoclatced clectrode 20, rather than requiring the clectrically conductive collar 50 to

also make this physical connection.
If the probe 10 1s built to include the electrode extension system 30 therein, the

clectrodes 20 themselves can merely be tormed with threcaded bores and the clectrode
extensions 40 can have threaded roots 46 which thread into these threaded bores. In
such a system, electrode extensions 40 of differing lengths could be swapped out to
provide the electrode system 30 for the probe 10 matching a diameter of pipe P to be
inspected. 1t the pipe has some unique geometry which is other than circular in cross-

section, electrode extensions 40 having differing lengths could be utilized together to
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cause tips 44 of these electrode extensions 40 to follow the unique geometry of the
pipe P to be inspected. In such a manner, pipes having an oval cross-section or a
square cross-section or other cross-section could be effectively inspected.

With particular reference to Figures 4 and 5, the tips 44 of the electrode
extensions 40 shown in Figure 4 can have insulation 42 provided thereon which
typically would stop short of two ends thereof. The root 46 ends would be fitted with
an attachment structure to attach either to the electrically conductive collar 50, such as
through threaded bores 52 (Figure 3) or directly o one of the electrodes 20 of the
probe 10. The opposite and distal tip 44 end would typically be exposed to perform
the clectric ficld cstablishing and sensing function of this system.

This distal tip 44 could be fitted with a bulbous appendage 80 if desired. This
bulbous appendage 80 could be formed of electrically conductive material or of
insulative materal, provided that some portion of the distal tip is exposed sufficiently
clectrically to allow the clectric ficld to emanate therefrom, such as conductive paths
80 (Figure 4). The bulbous appendages 80 could thus act as bumpers to prevent
undesirable contact between distal tips of the electrode extensions 40 with other
clectrode cxtensions 40. The bulbous appendages can be provided with threaded
blind bores 82 into which threaded tips 44 of the extensions 40 can attach.

While Figure 5 only depicts two electrode extension systems 30 on two of the
guard electrodes 20, the system 30 of this invention would typically be utilized with
three such clectrode extension systems 30 of similar style (see Figure 6). The tips 44
ol the electrode extensions 40 can also have insulative (or potentially conductive)
circumferential lanyards 90 spanning a distance therebetween, which can tend Lo keep
adjacent distal tips of adjacent electrode extensions 40 (and especially extensions 40
of other clectrodes 20) from coming into contact with cach other and generally to
maintain their spacing circumferentially.

As with probes of other electroscan systems, the probe 10 typically includes
both a conductor 14 and a pull linc 12 cxtending from the proximal end 16 of the
probe 10. The conductor 14 completes a portion of the electric circuit in which the
probe 10 1s a port. The pull line 12 moves the probe 10 through the pipe P. The
conductor 14 and pull line 12 could conceivably be integrated together at least
partially. Preferably the extensions 40 extend radially and have equal spacing. As an

alternative, the extensions 40 could extend in some other lateral but not strictly radial
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direction. Spacing could be less regular, but benefits from having spacing of less than
twice an average spacing between each extension 40 and adjacent extensions 40 for a
more uniform electric field inside of the pipe P.

This disclosure 1s provided to reveal a preferred embodiment of the invention
and a best mode for practicing the invention. Having thus described the invention in
this way, it should be apparent that various different modifications can be made to the
preferred embodiment without departing from the scope and spirit of this invention
disclosure. When structures are identified as a means (o perlorm a function, the
identification is intended to include all structures which can perform the function
specificd. When structures of this invention arc identificd as being coupled togcether,
such language should be interpreted broadly to include the structures being coupied
directly together or coupled together through intervening structures. Such coupling
could be permanent or temporary and either in a rigid fashion or in a fashion which
allows pivoting, sliding or other rclative motion while still providing some form of

attachment, unless specifically restricted.
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Industrial Applicability

This invention exhibits industrial applicability in that it provides an
apparatus and system and method for allowing the use of electroscan technology 1n
large diamcter pipes, without requiring larger diameter probes.

Another object of the present invention 1s to provide an apparatus and system
[or increasing the electric potential of the electric lield near the pipe wall.

Another object of the present invention i1s to provide an apparatus and system
for dcereasing the cross-sectional arca of the probe.

Another object of the present invention 1s to provide an apparatus and system
[or stabilizing the location of the probe within the pipe.

Another object of the present invention is to provide an apparatus and system to
allow the physical boundarics of the probe to move when passing an obstruction and
to subsequently return to their original position.

Another object ol the present invention 1s 10 provide an apparatus and system
for allowing the use of the same probe in a variety of different size, shape, and
matcrial pipes.

Another object of the present invention 1s 10 provide an apparatus and system
for preventing discrete electrodes from making contact with each other.

Another object of the present invention is to provide an apparatus and system
for evenly distributing the electric fields generated by the probe.

Other further objects of this invention which demonstrate its 1ndustrial
applicability, will become apparent from a careful reading of the included detailed
description, from a review of the enclosed drawings and from review of the claims

included herein.

10
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CLAIMS
What 1s claimed 1s:

Claim 1: A probe for establishing one portion of an electric circuit within a

pipe to be scanned for defects, the probe comprising 1n combination:

a proximal end opposite a distal end;

al least one electrode on said probe;

an elongate flexible conductor extending axially away from said proximal
cnd of said probe, said conductor also forming a portion of the clectric circuit;

said at least one electrode electrically coupled to said elongate tlexible

conductor: and

at least one electrically conductive extension extending laterally from said

at lcast onc clectrode between said proximal cnd of said probe and said distal end of

said probe, and increasing an effective diameter of said at least one electrode of said

probe.

Claim 2: The probe of claim 1 wherein a plurality of extensions extend

radially from said at least one electrode.

Claim 3:  The probe of claim 2 wherein said plurality of cxtensions arc spaced
apart with 4 maximum spacing between said plurality ol adjacent exlensions not more

than double an average spacing between adjacent extensions.

Claim4: Thec probc of claim 2 whercin at least onc lanyard cxtends
circumferentially and joins portions of at least some of said extensions together which
are coupled to a common electrode, said lanyard joining portions of said extensions

on locations upon said extensions which arc spaced from said clectrode from which

said plurality of extensions extend.

Claim 5:  The probe of claim 2 wherein at least one of said plurality of

extensions tncludes a bulbous appendage at a tip of said extension opposite a root

where said extension joins to said electrode, said bulbous appendage formed at least

11
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partially from non-electrically conductive material, such that said bulbous appendage

can keep said tip of said extension from coming into electric contact with other

extensions extending from said probe.

Claim 6: The probe of claim 1 wherein said probe includes at least three
clectrodes including two guard electrodes and one electrode between said two guard
electrodes, and wherein a plurality of extensions extend from each of said guard

electrodes and wherein a plurality of extensions extend [rom said electrode between

said guard electrodes.

Claam7:  The probe of claam 1 wherein said at least one electrically

conductive extension is removably attachable to said probe.

Claim 8 The probc of claim 7 wherein said at lcast onc electrically

conductive extension includes a threaded root which threads into a hole for receiving

said extension.

Claim 9:  The probe of claim 8 wherein a plurality of electrically conductive
extensions having different lengths can each be removably attached to said at least
one electrode of said probe, such that an effective diameter of said at least one

clectrode of said probe can be adjusted by sclecting an extension having a diffcrent

length.

Claim 10: The probe of claim 9 wherein a collar of electrically conductive

matcrial 18 attached to said at lcast onc clectrode, said collar including a plurality of
threaded bores extending radially thereinto, each of said threaded bores receiving a

root of an electrically conductive extension.

Claim 11: The probe of claim 10 wherein said collar is formed of at least two
halves which are removable attachable to each other and tightenable to hold said

collar tightly and in electric contact with said at least one electrode.
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Claim 12: The probe of claim 10 wherein lateral clamps clamp onto said probe

and to said collar to hold said collar 1n position adjacent to said at least one electrode.

Claim 13: The probe of claim | wherein at least one float 1s attached to said
probe, said float having a mass and volume sclected to cause the probe to be closer to

neutrally buoyant in water than the probe would be without said at least one float.

Claim 14: A method for establishing an electric circuit within a pipe to be
scanned for defects, the pipe having a larger diameter than a probe forming a portion
of the clectric circuit, the mcthod, including the steps of placing the probe within a
pipe to be scanned, the probe having a proximal end opposite a distal end, a least one
electrode on the probe, an elongate flexible conductor extending axially away from
the proximal end of the probe the conductor forming a portion of the electric circuit,
the at lecast onc clectrode clectrically coupled to the clongate flexible conductor and a
plurality of electrically conductive extensions extending laterally from the at least one
electrode between the proximal end of the probe and the distal end of the probe, and
increasing an cffective diameter of the at least one clectrode of the probe;

selecting extensions having a sufficient length to cause their tips to be
closer to a wall of the pipe than a center of the pipe when the probe is at a center of
the pipe with extensions extending radially from the probe; and

attaching the extensions of said selecting step to the probe.

Claim 15: The method of claim 14 including the further step of removing the
extensions from the probe and attaching extensions having different lengths to the

probe.

Claim 16: The method of claim 14 including the further step of binding at least

somc of the plurality of cxtensions together with a lanyard cxtending therebetween on

portions of the extensions spaced from the probe.

Claim 17: The method of claim 14 wherein said attaching step includes
providing roots of the extensions with threads thereon and providing a threaded bore

electrically coupled at least indirectly to the at least one electrode.
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Claim 18: An improvement o a probe used (o lorm a portion of an electric
circuit to evaluate defects within an electrically conductive fluid containing pipe, with
the probe locatcd within the pipc, and thc probe having at Icast threc clectrodes
including two guard electrodes and an electrode between said two guard electrodes,
and with an elongate flexible conductor extending axially away [rom a proximal end
of said probe opposite a distal end, as a portion of the electric circuit, the
Improvement comprising:

a plurality of extensions exitending laterally {rom atl least one of the
clectrodes on said probe, said extensions increasing an effective diameter of the probe
to allow the probe to function more cffectively within pipes having a diamcter larger

than the probe.

Claim 19: The probe of claim 18 wherein said plurality of extensions are

removably attachablc to the probe.

Claim 20: The probe of claim 19 wherein a collar of electrically conductive
matcrial 1s attached to at least one of the clectrodes of the probe with an insidc
diamcter of said collar similar to a diameter of said electrode, and with an outside
diameter of said collar provided with threaded bores extending radially thereinto, and
with said plurality of extensions each having a root with threads thereon to allow said
extensions to be threaded into and out of said threaded bores and said collar for

removable attachability to the probe.
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