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ABSTRACT

A tubular channeling unit (¢) including a grounded external metal or conductive
polymer (4) and an internal longitudinal cavity, and method for laying such a tubular
channeling unit by suspension on a high voltage aerial power line system including at
least two towers (a) supporting a set of high voltage electrical conductors (b)

suspended from the towers at a specified height above the ground and at a minimum

predetermined safety level.

Recommended Figure: Fig. 2
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A TRANSMISSION CONDUIT AND METHOD OF INSTALLATION

BACKGROUND OF THE INVENTION

Field of the Invention
The invention relates to a new concept for the laying of transmission,

conduction and communication lines, and particularly, it details improvements in the
laying of channeling lines for applications such as signal transmission, energy and
fluid conduction and other purposes.

The invention has been particularly developed for its application in the laying
of optical fibers within a channeling line placed on towers for high voltage
transmission lines. In application, however, the new channeling unit may be applied
to other transmission, conduction and communication applications which may be
continued within the cavity of a specially designed tubular channeling structure. In
order to simplify the descnption herein, the specification will be directed to the laying
of optical fibers. It is to be understood, however, that the same concepts or similar
concepts may be applied to other types of signal or power transmission lines and the
conduction of fluids gencrally.

From the analysis of electric and magnetic field configurations in high voltage
transmission lines, it has been discchrcd that there are two particular positions and a
zone in which the channeling line may be most optimally placed so as to minimize
the electromagnetic effects. Thus, a zone is defined that presents scveral advantages
for the laying of channeling lines of application means. In addition, the invention

further contemplates that the channeling lines may also be formed from a dielectric

‘ sheathing, and placed within the zone while maintaining the several advantages for

the installation of the channeling lines.
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Descrption of Related Art

The transmission over large distances of communication signals or clectrical
power and related applications, may be carried out by the installation or "laying" of
cables. The laying is accomplished using any of the three known procedures:
underground, underwater and acrial installation.

Underground installation consists of burying the cables lodged in pipes and
hermetic sheaths. This method has scveral inconveniences, such as the high
installation and opcrating costs particularly when 1t is necessary to make repairs or
modifications in the network forcing the continuous excavation and covering of
ditches. At the same timc, underground installation may become dangerous,
generally becausc the cables are not visible and might be cut or damaged during
excavations.

Undcrwater installation is accomplished through the laying of submarinc
cables or of cables which lie in the bed of rivers and lakes. It is yet a more expensive
technology than the underground method discussed above, as it may require laying
cables at very deep depths in order to avoid accidents caused by large ships or other
aquatic transportation systems. Iurther, the cables must be provided with hermetic
sheaths of great resistance to the hydraulic pressures and to the degradation produced
by the underwater environment.

Aerial installation is accomplished through the use of poles, towers or other
supports which hold in place the cables and which are arranged at a certain distance
from the ground level, designated as the "safety level.” The access to an aerial
system is easier and quicker than underground or underwater cables, making possible
the direct repairs and modifications of the network and of its connections. The laying
of optical fibers on high voltage overhead lincs would allow the set up of a
communications network of high quality, using the towers of Preexistent clectrical

networks and their right-of-way, with a noticeably lower cost than the cost of an
underground installation.
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The aerial laying of optical fibers may be carried out utilizing the foilowing
techniques:

Laying over high voltage conductors

The tower suspended, high voltage power line systems generally include at the
upper part of the tower at least one metallic cable designated as being a security cable
or "guard wire". The aim of this security cable is to protect the high voltage network
and its supporting structures from possible atmosphere electric discharges such as
lighting. The determination of the characteristics of such a cable are governed by two
main conditions:

-Structural requirements, taking into account the span length, or the distance

between towers, and the action of the wind, ice and snow loads.

-Electric requirements, taking into account the short-circuit current and the

potential maximum current pulse of a lightning strike.

For the laying of optical fibers, one of the known methods contemplates
replacing the guard wire with a specially designed combination of a security cable
and optical fibers. In this apparatus, the security cable performs the function of the
guard wire and supports the optical fibers, simultaneously.

At present, with respect to the installation method for such a combination
cable/optical fiber assembly, there are three options. First, installation on un-
energized lines may be accomplished when a new power line system is installed, and
the cable/optical fiber is incorporated during the procedure of the high voltage line
installation.

Second, for the installation to be carried out on an operational ‘preexistent
power line system, to replace the guard wire with a combination cable/optical fiber, it
is necessary to disconnect the electric supply to the power lines to carry out the
installation. This situation involves an economic loss due to the stoppage of the
electric service, and to the corresponding payments for such service.

Third, in order to avoid inconveniences caused by the interruptions in the

services, it is possible to accomplish installation with the lines energized on an
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opcrational preexistent power line system. However, special installation tcchniques
must be used which allow the laying of combination guard wire cable/optical fibers
with the high voltage lines energized. These methods are more expensive and slower,
and involve higher nsks to workers installing the cables.

Laying below the high voltage conductors may be possible using a cable made
up of diclectric materials, which protect and support the optical fibers when they are
laid below the energized conductors. This method makes possiblc installation with
the energized lines at a lower cost, with less interruptions in the service and with a
lower load on the towers by the effects of the wind due to the lower height at which
the cable is held.

In order to support the cable, there exist two options. First, a dielectric cable
may be self-supported using a central core of aramidic fiber such as the product sold
by the DuPont corporation under the tradename "KEVLAR," to support the
mechanical stress. Support may also be provided by a "messenger cable" of aramidic
fiber which supports the dielectric cable which contains the optical fibers.

In ecither of these options, the cable design must take into account the
structural requirements, the function of the length of the span (or distance between the
towers), and the action of the loads caused by atmospheric factors (wind, ice and
snow). Nevertheless, the use of dielectric materials on the sheath of the optical cable
makes it necessary to take into account, particularly, the environmental
electromagnetic conditions, which generate the following inconvcniences:

(a) Degradation of the dielectric sheath of the cable by electromagnetic
effects which has forced the use of the method only on lines of the same voltages or
lower than 66KV, or in acrial lines with middle and high tension superior to S0KV.

(b) Degradation of the external sheath due to the environmental
conditions, the action of the wind, erosion, solar rédiation, rain and ice, etc.

(c) Degradation of the external sheath due to the effect of the regional

fauna such as mainly, the birds which sit on or peck the sheath.
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On the other hand, the existence of structural limitations due to the cable

design, or its use in spans superior to 100m, has not been allowed in layings with
spans superior to 150m.

The installation of metallic channeling lines in an aerial, high voltage,
transmission system causes changes in the impedance of the line under normal
operating conditions. These changes are due to the capacitive (electric) and inductive
(magnctic) coupling between the power carrying conductors of the high voltage
transmission system and the channeling line. Moreover, the inductive coupling causes
parasitic currents to flow in or on the channeling line. The effects of these couplings
are not cancelled by the transposition of the power line conductors, since, for safcty
reasons, the channeling line has to be groundcd at each support tower. On the other
hand, dielectric covered channcling lines present several inconveniences. In
particular, the degradation of the dielectric cover due to the effects of the electric field

surrounding the power conductors.

BRIEF SUMMARY OF THE PRESENT INVENTION

The invention detailcd herein addresses and solves many of the problems
raised by prior installation systems and apparatus. The method and apparatus
contemplate the laying of a cable within a grounded tubular sheath, which sheath may
carry inside the optical fibers. The tubular sheath is secured to the power line tower
structures within an installation envelope defined at its lower limit by the
standardized security limit or safety lcvel for the power line towers, and inside the
protected area defined at its upper limit by the guard wire.

This technological development, though the simplicity of its features offers
the following advantages. First, it simplifies noticeably the installation of the optical
fiber cable on towers having energized lines. Second, it minimizes the necessity of
the programmed power cuts on the electric wires during installation of the optical

fibers. Third, it is easily handled during installation, service and repair. Fourth, it
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offers an appropriate protection to the optical fibers against the electromagnetic and
environmental effects, extending the useful life of the cable. Fifth, it places a smaller
load on the towers in comparison with a laying on top of the structure, due to a
smaller lever arm. Sixth, it diminishes the electrical requirements of the cable, since
it doesn't act as the guard wire. Seventh, it allows the designer a greater freedom for
the choice of the mechanical parameters of the cable, reducing noticeably the costs,
for example, making possible the use of smaller sections and optimizing the design
for different lengths. Eighth, it scparates the mechanical requirements from the
electrical ones, this makes it possible to improve the cable design, reducing
noticeably its costs and simplifying the installation.

In order to better understand the grcat impact that the new cable laying system
has on the rcduction of the acquisition and operating costs, in comparison with the
traditional techniques, attached as Appendix A is a graphic represcntation of an

installation cost analysis.

BRIEF DESCRIPTION OF THE FIGURES

For a better clanty and comprchension of the method and apparatus of this
invention, it is illustrated with different drawings in which it has been represented in
onc of its preferred embodiments to be understood as an illustrative example.

Figure | is a view in pcrspective corresponding to a supporting tower of high
voltage lines, on which may be seen the laying of the new tubular channeling unit;

Figure 2 is a schematic detail of the tower, which has bcen marked to illustrate
the zone where the new tubular channeling unit is laid;

Figure 3 1s a cross section of the new tubular channeling unit, showing the
tubular shape of its sheathing, the layers that form it and the channel defined therein,
that in this embodiment corresponds to a set of cables of optical fibers;
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Figure 4 is a schematic of two towers Where it is shown the installation of the
new tubular channeling unit, with reference to the safety or security level about the
ground, and one of the high voltage cables.

Figure 5 is a schematic diagram of a tower and the clectrical conductors
thercon; . A

Figure 6 is a perspective drawing of a section of the power line system,
including the channeling line of the present invention;

Figure 7 graphically depicts the clectric field intensity been plotted for a
metallic or conductive channeling line placed as shown in Figure 6;

Figure 8 graphically depicts the electric field intensity plotted for the
installation of the metallic or conductive channeling line placed in a first alternative
position;

Figure 9 shows the clectric field configuration without the metallic or
conductive channeling line.

Figure 10 shows the intensity of the magnetic field (H -field) sustained by the
power conductors.

DETAILED DESCRIPTION OF THE FIGURES AND
THE PREFERRED EMBODIMENT

In the figures it may be observed that the following distances are kept: first,
the minimum distance between a low voltage cable and the tubular channeling unit,
whatever the lags that one or the other may present in the laying; and second, the
minimum distance between the tubular channeling unit and the safety limit (safety
level), that the regional rules or the rules of each country state with respect to the
ground, the electrical and mechanical minimum distances to the energized
conductors, as well as the location of the tubular channeling unit inside the protected

zone defined by the guard wire.
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In the different figures, the same reference numbers indicate the equivalent or
corresponding parts, and the assemblies of various elements have been marked with
designations as listed, for convenience, at the end of the specification.

Taking into account thc aims defined, the improvements in the laying of
channeling lines for various applications, such as signal transmission, energy and
fluid conduction and other purposes; of the type that use high voltage aerial line
systems mainly formed by support towers (a) having a set of high voltage conductors
(b), which, at the top include & guard wire (2) laid among such towers (a). The set of
high voltage conductors (b) are laid among the towers (a) at a certain distance from
the ground, arranged over the predetermined level (s); and then, in a zone delimited at
the lower side by such level (s) and inside the guard wire protection zone (p), along
all the distance among the towers, it is arranged a tubular channeling unit (c), that,
laid among the same towers (a), has a grounded external metal sheathing (4), forming
an internal longitudinal cavity, that forms the channeling unit for the wvarious
applications such as optical fiber cables (6).

The invention consists of a lengthened tubular channcling unit (c¢) having
special features, which is laid in a special zone of the towers (a) that supports the high
voltage lines (b), without damaging or altering their structures, and without changing
the guard wire (2) arranged in the highest zone of such towers (a).

For new high voltage installations, the laying of the lcngthened tubular
channeling unit (c), is made possible during the arrangement of the towers (a) without
the system being energized.

By comparison, if it is applied to preexistent installations, the laying of the
ncw cable may be undertaken with the network cnergized, without the nccessity of
making cuts in the power line transmission of the installation.

Specifically, the tubular channeling unit (c) consists of the extcrnal metal
sheathing (4), for example, of iron, that sheathes or coats an aluminum pipe (5), with
a longitudinal cavity defined within this pipe (5), which is prepared to channel

through it transmission application apparatus such as communication lincs, signal
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transmission lines, energy conductors, liquids or gaseous fluids or any of the other
applications mentioned above.

In a preferred but not restrictive cmbodiment, the longitudinal cavity of the
aluminum pipe (5), provides a channel for optical fiber cables (6) with their
correspondent sheaths, arranged around a diclectric core (7) as shown in Figure 3. By
the presence of the external metal sheathing (4), made of iron and combined with the
aluminum pipe (5), the new cable becomes self-supporting, with the characteristic
that its external sheath (4) is not degradable by the ionic or the environmental effects,
the action of the wind, erosion, ultraviolet radiation, rain or hydro-meteors, birds,
rodents, insects, etc.

The tubular channcling unit (c), is held or securcd through installation
accessories which will secure the tubular channeling unit to an appropriate ground,
and it is laid among the same towers (a), preferably in their columns (1) in a zone
delimited at the lower side by the security level stated by the current genéral or zonal
law, and inside the zone protected by the guard wire (p), and respecting the minimum
clectric and mechanical distances along the exteusion of the span as depicted in
Figure 4.

It has been contemplated that the external sheath may be formed of a metallic
tube, a tubular metallic mesh, a hollow metallic helicoidal cable, a conductive plastic
or polymer or some similar appropriate configuration.

The tubular channeling unit of the metallic or conductive sheath may have an
external carrier for example, through the supply of an occluded cable along a
longitudinal salient defining a figure "8" shape on the metallic or conductive sheath.
The tubular channeling unit may have an internal carrier such as an extended cable
along the cavity as a core. Further, the metal sheathing (4) may be formed of iron,
stecl, copper or any olher appropriate metal.

For cach line installation, in particular, this new apparatus and method allows
the designer to take into account or to consider the following concepts: the minimum

sepﬁration of the tubular channeling unit (¢) with respect to the nearest energized




10

15

20

25

-10-
conductors (3) along all the span among towers (a); the security regulations, the
losses due the parasitic current, the uncxpected line impedance modification; and the
effects of the ice and snow gathering, and the birds on the lines. From the structural
and clectric point of view, it will allow the sclection of the type of installation
accessory to use, and also the best fastening point on the tower structure (a).

When applied to preexistent towers (a), consideration of their structure design
and the foundations with respect to the additional load due to the metal sheathing (4)
of the tubular channeling unit (c) will be required.

The minimum height of the optical cable with respect to the ground, in order
to accomplish the regulating requirements, in particular with respect to the crossing
over of lines with roads and other electric lines, may also be accounted for. The
designer will also be able to take into account the requirements of grounding for the
different types of structures used. Finally, thc designer will have to verify that the
tubular channeling unit will be inside of the protection zone of the guard wire (p).

In order to optimize the positioning of the channeling line, a study of the
configuration of the electromagnetic fields in the transmission line has been carried
out. For this study the following points have been taken into consideration:

1. High Voltage power transmission lines are predominately designed to operate
under “balanced’ conditions. For a balanced condition, the vector sums both
of the instantanebus currents and the voltages with respect to ground on the
power conductors is zero,

2. Under normal balanced operating conditions, the current flowing through the
ground is negligible.

3. The inductive coupling and, as a first approximation, the capacitive coupling
of the channeling line with each power conductor may be both considered as
inversely proportional to the distance between the channeling line and the

conductor.

4. In amore precise analysis of the capacitive coupling, the effects of the ground

on the configuration of ¢lectric fields must be included.
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It was determined that since the coupling between parallel conductors is
inversely pro;xortiohal to the distance betwcen them, if a conductive element, such as
a channeling line with metallic or conductive sheath is placed in an equidistant
position with respect to the power conductors, the effects of the inductive coupling of
the power conductors on the channeling line will cancel out. This particular position
will be indicated as the Inductive Coupling Canceling Position (ICCP). Therefore, the
induced voltage will be negligible and no parasitic currents will flow through the
conductor positioned in channeling line lacatcd in the ICCP.

Further, for a channeling line or conductor placed within the ICCP, the
capacitive coupling will be small since, if the effects of the ground on the electric
ficld configuration are neglecled, in the cquidistant position the capacitive couplings
between the powcr conductors and the channeling line will also cancel out. However,
there will exist a residual capacitive coupling originated by the influence of the
ground on the electric fields configuration. This residnal coupling may be estimatcd
1n several ways, for instance, by means of the application of the theory of electrostatic
imagcs and the formalism of the coefficicnts of potential. This provides a greater
precision in the determination of the position where thc effects of the capacitive
couplings cancel out, indicated as the Capacitive Coupling Cancellation Position
(CCCP). This position has two remarkable properties. First, it is a local minimum of
the ¢lectric field intensity. Second, on a grounded metallic or conductive element
placed in the CCCP, no net electric charge will be induccd.

It must be noted that in many cases the CCCP will be close to the ICCP, as
long as the influence of the ground on the electric fields configuration may be
neglected, for instance, when the distance between the power conductors of the line is
appreciably smaller than the height of the power conductors with respect to the
ground.

Upon determining the equidistant ICCP position, a Zone of Minimum
Inductive Coupling (ZMIC) may be defined. This ZMIC is the locus of the points

such that the differcnce of the distances of the channcling linc to two of the power




10

15

20

25

-12-

conductors is less than or equal to a certain maximum difference. Therefore, the
limits of the ZMIC may be graphically portrayed as the intersection of hyperbolae
with their focus placed at the position of thc power conductors. The maximum
difference of the distances may be determined as a function of the maximum
allowable coupling between the channeling linc and the power conductors. For
instance, by selecting a maximum value of the voltage by unit length induced on a
metallic or conductive sheathed channeling line, it is possible to determine the
maximum difference of distances from the power lines to stay below the maximum
valuc of the induced voltage.

For each line installation, in particular, this method allows consideration of
the following conccpts: the minimum separation of the tubular channeling unit with
respect to the energized conductors along all the span among towers; the sccurty
regulations; and the effects of ice and snow loading.

The installation of the channeling line within the ZMIC presents the following
advantages for the placement of channeling lines with a metallic or conductive
sheath, since, when the line is under normal operating conditions, the induction of
parasitic currents on the channeling line are minimized and the change of the
impedance of the line is small. Furthermore, on a high voltage power line operating
under normal conditions, the ZMIC has several advantages for the placcment of
channeling lines with a dielectric sheathing; it minimizes thc degradation of the
dielectric sheath due to the effccts of electric fields and it is 'possible to use a
conductive element, for instance, a metallic cable ("messenger wire") to support the
channcling line. Since the net induced charge over the conductive element will be
kept at a2 minimum, the dielectric sheath will not be affected by the electric field
originated by the net induced charge in the conductive element.

EXAMPLE OF APPLICATION

e e e e e e ettt e s

As an illustration of the concepts in this application, the results of the
calculations for a 132 Kv three-phase transmission line are presented bclow. A

schematic diagram of the disposition of the towers and the conductors is depicled in
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Figurce 5. In all cases the linc is assumed to be under normal operating conditions,
with a positive phases sequence and a current of 100 A per phase, at a frequency of
S0 Hz. Figure 6 is a perspective drawing of a section of the line, including the
channeling line, for the assembly depicted in Figure 5.

The diameters and positions, at mid-span, of the power conductors and the
guard wire are summarized in the following table, wherein the X coordinate

represents the distance to the axis of the transmission line and the Z coordinate the

height above ground levcl.
™ Conductor X [m) Z[M] Diameter [cm)
Phase 1 2.6 8.725 2.54
Phasc 2 26 7.025 2.54
Phasc 3 2.6 10.425 7.54
G.W. 0.5 19.650 1

The calculated coordinates of the coupling cancellation positions are

Position X [m] Z[M]
ICCP 0.278 8.725
CCCP 0.417 8.522

In Figurc 7 the electric field intensity has been plotted for. a metallic or
conductive channeling line placed at the ICCP, while Figure 8 shows the results for
the installation of the metallic or conductive channcling line at the CCCP. In both
cases the channeling line is assumed to be grounded at each tower; the calculations
have been carried out assuming a phase angle of 0' for Phasc 1.

From the comparison of both figures it may be concluded that the placement
of the metallic or conductive channeling line at the CCCP minimizes the effects on
the electric field configuration.
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Figure 9 shows the electric field configuration without the metallic or
conductive channeling line. The electric field intensity is indicated at the CCCP and
the ICCP (for instance, for the installation of totally dielectric channeling lines).

Figure 10 shows the intensity of the magnetic field (H -field) sustained by the
power conductors, in order to compare the voltage induced by unit length on a
metallic element placed at the CCCP and the ICCP (for example, for the installation
of a channeling line).

A summary of the relevant results, as a function of the phase angle, is given
below. Note that “IET” indicates the absolute valuc of the electric field intensity,
“THI"” the absolute value of the magnetic field intensity and Vi the voltage induced

per unit Iength on a metallic element.

1) Instantaneous values at Phase Angle 0°

Position | X[m] | Z[m] | 1BI[V/m] | THI[A/m] ]| Vi[V/m]
ICCP 0.278 |8.725 |1.064.10° 14.13 -6.44. 10
CCCP 0417 |8.522 [11.047.10° |13.87 -7.82.10°

i1) Instantaneous values at Phase Angle 60°:

Position | X[m] | Z2{m] | IEI[V/m] | IHI[A/m] | Vi[V/m]
ICCP 0278 |8.725 |7.809.10° 9.897 3.21.107
CCcCp 0.417 8522 [8665.10° 10.90 -9.90. 10

iii)  Instantaneous values at Phase Angle 120°:

Position | X(m] | Zim] | TEL[Vim] | BI[A/m] | Vi[V/m]
ICCP 0278 [8.725 [7.771.10° 9.897 3.21.107
CCCP 0417 |8.522 |7.442.10° |9.461 -2.08.10%

i) Instantaneous values at Phase Angle 240°:

Position | X[m)] | Z[m] TEI [V/m] | THI [A/m] Vi[V/m]
ICCP 0.278 |8.725 |7.809.10° | 9.897 321107
CCCP  [0417 [8.522 [8.665 10° | 1090 -9.90. 10%

v) Instantaneous values at Phase Angle 300°:
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Position | X[m] { Z{m] IEI {V/m] | IHI[A/m] Vi[V/m]
ICCP 0278 |8.725 |7.771.10° 9.897 3.21.107
CCCP 0.417 [8.522 [17.442.10° [9.461 -2.08.10°

The foregoing calculations are illustrative of the methodology by which the

system will have its own structural criteria, tower construction and voltage load
capacity, the determination of the ICCP, CCP and ZMIC will necessarily vary, but
may detcrmined utilizing the foregoing as a reference. Accordingly, for any given
power line configuration, it will be possible for those skilled in the art to determine
the ICCP, CCP and ZMIC, so that the channeling line may bc appropriately

positioned at, or proximate, these preferred locations in accordance with the present

invention.

List of the main references:

(a)
(b)
(©)
(d)
()
¢9)
(8
(h)
(i)
G
(k)
¢))
(m)

Support tower

High voltage cables

Tubular channeling unit

Security level

Limit of the protected zone by the guard wire
Tower columns (a)

Tower arms (a)

Guard wire

High voltage conductors laid at a lower height
External metal sheathing of (¢)

Aluminum pipe

Optical fiber cables

Dielectric corc

ICCP, CCP and ZMIC can be determined for a given power line system. Since each
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Certainly, when this invention begins to be used, it will be able to be modified
with respect to certain construction and shape details. But this will not mean to leave

the fundamentals ideas which are exposed in the appended claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A transmission conduit apparatus for installation on a high voltage
aerial power line system including at least two towers supporting a set of high voltage
electrical conductors suspended from the towers at a specificd height above the
ground in excess of a minimum predetermined safety level, the transmission conduit
apparatus comprising: |

a tubular channeling unit including a grounded cxternal sﬁeathing and an
internal longitudinal cavity; said tubular channeling unit being attached to said at
least two towers so as to be suspended in a Zone of Minimum Inductive Coupling
(ZMIC) such that the differcnce of the distances of said tubular channeling unit to
two of said electrical conductors is less than a predetermined maximum value.

2. The apparatus in accordance with claim 1 wherein the extcrnal
sheathing is a metallic or conductive tubular wall and the tubular channeling unit
further includes at least one pipe mounted within said sheathing, said at least one pipc
defining a channcling cavity.

3. The apparatus in accordance with the claim 1, wherein the external
sheathing is a steel tubular wall that sheaths at least one aluminum pipe that forms a
channeling cavity.

4. The apparatus in accordance with the claim 1, wherein the exteral
sheathing is a metallic tubular mesh that sheaths at least one pipe that forms a
channeling cavity.

S. The apparatus in accordance with the claim 1, wherein thc external
sheathing is a hollow hclicoidal cable that sheaths at least one aluminum pipe that
forms a channeling cavity.

6. The apparatus in accordance with the claim 1, wherein said tubular
channeling unit further comprises a supporting element.

7. The apparatus in accordance with the claim 6, wherein said supporting
clement is affixed externally to said extemnal sheathing,
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8. The apparatus in accordance with the claim 6, wherein the supporting
element is mounted within said external sheathing,

S. The apparatus in accordance with the claim 8, wherein the supporting
element is a steel cable which forms a core around which optical fiber cables are
arranged.

10.  The apparatus in accordance with the claim 6, wherein the tubular
channeling unit is self-supporting through said external sheathing.

11.  The apparatus in accordance with the claim 1, further comprising:

a plurality of transmission lines for optical signals mounted within and
extending through said tubular channeling unit.

12.  Thc apparatus in accordance with the claim 1, further comprising:

transmission lines for electromagnetic signals mounted within and extending
through said tubular channeling unit.

13.  The apparatus in accordance with the claim 1, further comprising:

a plurality of optical fiber cables mounted within and extending through said
tubular channcling unit.

14.  The apparatus in accordance with the claim 1, further comprising:
at Icast one clectric cable mounted within and extending through said tubular
channeling unit.

15.  The apparatus in accordance with the claim 1, further comprising:

a plurality of telephone cables mounted within and extending through said
tubular channeling unit.

16.  The apparatus in accordance with the claim 1, further comprising:

2 plurality of coaxial cables mounted within and extending through said
tubular channeling unit.

17.  The apparatus in accordance with the claim 1, further comprising:

scveral twisted pairs of cables for the transmission of signals in
communication systems mounted within and extending through said tubular

channeling unit.
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18.  The apparatus in accordance with the claim 1, wherein the tubular
channeling unit is suitable for allowing the contained transmission of fluids.

19.  The apparatus in accordance with the claim 1, wherein the tubular
channeling unit is suitable for allowing the contained transmission of fluids in
gaseous and liquid phases,

20. A method of laying a transmission conduit apparatus by suspension on
a high voltage aerial power line system including at least two towers supporting a set
of high voltage electrical conductors suspended from the towers at a specified height
above the ground in excess of a minimum predetermined safety level, the method of
laying the transmission conduit apparatus comprising:

providing a tubular channeling unit including a grounded external metal
" sheathing and an intemnal longitudinal cavity; and

attaching said tubular channeling unit to said at least two towers so as to
suspend said tubular chahneling unit in a zone such that the difference of the
distances of said tubular channeling unit to two of said electrical conductors is less
than a certain maximum value determined as a function of a maximum allowable
magnetic induction coupling between said channeling unit and said electrical
conductors,

21. . A method of laying a transmission conduit apparatus by suspension on
a high voltage aerial power line system including at least two towers supporting a set
of high voltage electrical conductors suspended from the towers at a specified height
above the ground in excess of a minimum predetermined safety level, the method of
laying thc transmission conduit apparatus comprising :

providing a tubular channeling unit including an external dielectric sheathing
and an internal longitudinal cavity; and A

attaching said tubular channeling unit to said at least two tfowers so as to
suspend said tubular channeling unit in a zonc such that the difference of the
distances of said tubular channeling unit to two of said electrical conductors which

ever is less than a certain maximum wvalue, that may be determined as a function of
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the maximum allowable electric field intensity on the dielectric sheathing of said
channeling unit .

22, A method of laying a transmission conduit apparatus by suspension on
a high voltage aerial power line system including at least two towers supporting a set
of high voltage electrical conductors suspended from the towers at a specified height
above the ground in excess of a minimum predetermined safety level, the method of
laying the transmission conduit apparatus comprising:

providing a tubular channeling unit including an external dielcctric sheathing
and an internal longitudinal cavity supported by a grounded element; and

attaching said grounded clement to said at least two towers so as to suspend
said tubular channeling unit in a zone such that the difference of the distances of the
said grounded element to two of said electrical conductors is less than a certain
maximum value determined as a function of the maximum allowable electric field

intensity on the dielectric sheathing of said channeling unit.

DATED this 12th day of February, 2001

PROFESSIONAL COMMUNICATIONS S.A.
By their Patent Attorneys
HALFORD & CO.
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