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CABLE-FAULT-LOCATING PIPES PROTECTORFLEX® OMP

ARE A PROVEN SOLUTION FOR FINDING CABLE DAMAGES
Mikhail Dmitriev, PhD
St. Petersburg polytechnic university, info@voltplace.com

During the construction of high-voltage cable lines (CL) in Russia and abroad, cables
are increasingly placed not in the open ground, but in the ground in polymer pipes. Some
difficult sections of the CL route can have a length of up to 700 m, and the total length of
all pipe sections of the route in some cases reaches 90% of the overall CL. As laboratory
studies and accumulated operational experience show, full-fledged tests of CL in polymer
pipes and the search for cable outer sheath damages are impossible without the use of
special Cable-Fault-Locating pipes Protectorflex® OMP.

CABLE OUTER SHEATH DAMAGES AND ITS RESULTS

Damage of cable outer sheath is the most common type of all cable damages. Their
reasons may be as follows: abrasive action of the soil when pulling the cable, exceeding the
permissible pulling forces, non-compliance with the minimum allowable bending radius,
laying at low temperatures, the impact on the cable sheath of the sharp edge of the pipe ends
(if the pipes are not equipped with protective funnels), acts of vandalism, filling the route
with soil with foreign inclusions, excavation work near laid cables, the consequences of
short circuits in the cable itself or in adjacent phases / lines, manufacturing defects, violation
of transportation and storage conditions.

If for some reason the outer sheath is damaged, then moisture begins to penetrate from
the ground into such a cable. Water molecules, once in the insulation, cause the development
of defects there, progressing under the influence of phase voltage, which over time leads to
a short circuit of the insulation and expensive repair of the CL.

Thus, to ensure reliable operation of the CL, the most important task for any network
company is to monitor the condition of the cable outer sheath — as part of acceptance tests
after cable installation and then regularly during the operation of the CL.

CABLE OUTER SHEATH TESTING AND DAMAGE LOCATING
WHEN LAYING IN POLYMER PIPES

The sheath tests are carried out by applying a DC voltage of 10 kV between the cable
metallic screen and the ground for 1 min. The most serious outer sheath damages of high-
voltage cables occur at the construction stage of the CL, and therefore special attention
should be paid to the acceptance tests of the CL after cable installation.

If the test voltage is applied between the cable screen and the ground, then a current
should flow from the screen through the place of outer sheath damage into the ground. The
appearance of this current, recorded by the indications of the cable test equipment, allows
us to conclude that there is sheath damage. Unfortunately, when the sheath damage is in the
polymer pipe, the latter prevents the output of current from the screen into the ground, and
therefore the test equipment will not record the presence of outer sheath damage, the cable
outer sheath will mistakenly be assumed to be operable, and the CL will be enabled to
normal operation under network continues voltage (Figure 1).
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Fig.1. Cable testing in a conventional pipe. Fig.2. Cable testing in CFL-pipe.

An effective solution to the problem of testing cables in polymer pipes is the use of
Cable-Fault-Locating pipes Protectorflex® OMP pipes. CFL-pipes, unlike conventional
ones, do not isolate the cable from the ground and do not prevent the current from leaving
the cable metallic screen through the sheath into the ground (Figure 2) — thereby such pipes
contribute to the determination of all outer sheath damages, allowing you to get objective
information about the condition of the CL.

The guaranteed demonstration of all facts of cable outer sheath damages is an
important step towards improving the reliability of the CL and the entire network. However,
another task that CFL-pipes can solve is the exact search (localization) of the damage points
along CL route. Standard search methods (bridge method, step voltage method, etc.) work
only if there is a possibility of current output from the cable screen through the outer sheath
into the ground, which means their use is difficult in the case of laying cables in conventional
polymer pipes. Only CFL-pipes Protectorflex® OMP provide rapid localization of the cable
outer sheath damage, thereby reducing the time and cost of work.

APPLICATION EXPERIENCE OF CFL-PIPES PROTECTORFLEX® OMP

The first inspection of the CFL-pipes Protectorflex ® OMP was carried out in 2018
by the forces of PJSC "Federal Test Center" (PJSC "FITC"), which is the part of the biggest
Russian grid company PJSC "Rosseti". An ordinary polymer pipe and a CFL-pipe were laid
in the ground, then a cable with a damaged sheath was tightened in them and attempts were
made to identify the fact of outer sheath damage and localize its exact location. According
to the official protocol of PJISC "FITC", of the two pipes used, the cable sheath damage was
detected only in CFL-pipe (and with high accuracy up to 1 m), whereas in a conventional
pipe, the cable sheath mistakenly behaved as fully serviceable.

After receiving the conclusion of PJSC "FITC", serial production of CFL-pipes was
launched, and over the past 3 years they have already found application at many facilities
during the construction of CL voltage classes up to 500 kV. For example, it was CFL-pipes
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Protectorflex® OMP that revealed the fact of serious damage to the 110 kV CL sheath at
the facility of PJSC "Rosseti Center and VVolga Region". During the acceptance tests of the
110 kV CL on the pipe section of the route, outer sheath damage was detected at one of the
three phases, the search for which by standard methods established that it was located in the
pipe 17 m from the cable joint (Figures 3 and 4). Removing the cable from the pipe showed
that the cable sheath really has a dangerous cut with a length of 14 mm and a depth of 6 mm,
through which the aluminum polymer tape and the screen wires are visible. After the repair
of the sheath, the cable was re-tightened into the its pipe and successfully passed repeated
acceptance tests, which allowed the 110 kV CL to be put into operation without loss of time
and additional costs.

Taking into account multiple proofs of their effectiveness, new CFL-pipes have been
added in all Russian regulatory documents, including those recommended for use by the
Unified Technical Policy of PJSC "Rosseti". In addition, CFL-pipes were awarded:

— by the Ministry of Energy of the Russian Federation (Diploma of the laureate of the
competition of innovative developments);
— by PJSC "Rosseti" (Diploma for the best technological solution).
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Fig.3. 110 kV CL in CFL-pipe. Fig.4. Cable outer sheath damage locating.
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FREQUENTLY ASKED QUESTIONS

1. Is CFL-pipe able to help in the case when the outer sheath damage was located in
the upper part of the cable cross-section and has no direct contact with the pipe?

The side surface of the cable is always subject to natural dusting, and the air in the
pipe has natural humidity, condensation forms on the surface of the pipe — this is enough for
the side surface of the cable to conduct current from the place of outer sheath damage to the
place of contact of the sheath with the pipe. The corresponding studies were done both in
2018 at PIJSC "FITC" and in 2022 at St. Petersburg Polytechnic University, where different
variants of the cable outer sheath damage location relative to the pipe were considered. For
example, Figure 5 shows how an arc appears along the surface of the cable, conducting a
test current from the place of sheath damage (at the top of the cable) to the place of contact
of the cable with the pipe. It is important to note that the lubrication of the cable during its
installation is an additional factor in increasing the conductivity of the cable surface (the use
of lubrication is prescribed by industry standards).
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Fig.5. Arc along the cable surface.

2. Can the semi-conductive layer (SC-layer) of the cable outer sheath solve the same
tasks as the CFL-pipes?

If the cable with outer SC-layer is laid in a conventional polymer pipe, then in case
of cable outer sheath damage, the test current will be able to pass through the SC-layer and
get into the ground at the ends of the pipe. But in order to localize the exact location of the
sheath damage on the pipe section of the CL route, it is important that the current goes into
the ground not at the ends of the pipe, but directly at the point of damage, and to solve such
a problem, CFL-pipes cannot be dispensed with.

3. Do I need CFL-pipes if the CL has temperature monitoring?

Monitoring allows you to measure the temperature of the cable screen along the CL
route, after which it is converted into the temperature of the cable core by mathematical
operations. Firstly, during the acceptance tests of the sheath, the temperature monitoring of
the CL is disabled. Secondly, cable outer sheath damage does not lead to a change in the
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temperature of the screen and the core, which means it cannot be detected by the monitoring
system, especially if its discreteness is up to 10 m, which is hundreds of times larger than
the size of a typical sheath damage.

4. Do | need CFL-pipes if the CL has a partial discharge (PD) measurement system?

PDs arise in places of incipient defects in the main insulation of the cable under the
influence of voltage applied to it, and they cannot occur in the cable outer sheath, since there
Is no sufficient voltage between the grounded cable metallic screen and the pipe/ground —
in other words, the measurement of the PD does not allow to determine the sheath damage.
In addition, the PD measurement system has not yet been installed at the time of acceptance
tests of the outer sheath.

5. Are CFL-pipes dangerous if they can pass electric current?

The electrical resistance of CFL-pipes is comparable to the resistance of the ground,
and therefore the laying of cables in such pipes from the point of view of electrical safety
Issues does not differ from the standard laying of cables in the open ground.

6. What is the reason of CFL-pipes usage on sections of CL laid by the HDD method,
if these sections can have a depth of up to 20 m, and therefore open excavation work for
cable repair is hardly possible on them?

If the damage was found at the stage of acceptance tests, then its elimination will be
handled not by the owner of the CL, but by the installation organization — if it is impossible
to made open groundworks, cable will be removed from the HDD pipe in order to repair the
cable outer sheath or pull a new cable.

7. Because CFL-pipes are expensive, how can we justify their use in the project?

The cost of such search pipes is comparable to the cost of conventional polymer pipes
(heat-resistant cable pipes) and does not lead to an increase in the cost of the project. When
conducting a feasibility study, it should also be taken into account that, unlike conventional
pipes, CFL-pipes allow:

— to identify cases of cable outer sheath damage that occurred during the installation of the
CL and further during its operation;
— quickly establish the exact locations of cable damage along the CL route.

Thus, the use of such CFL-pipes not only does not lead to an increase in the total cost
of construction of an object where the use of heat-resistant pipes is provided, but on the
contrary, leads to a reduction in the cost of operation and maintenance of the CL.


http://www.cflpipe.com/

