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ITU-T Recommendation K.57

Protection measures for radio base stations sited on power line towers

Summary

This Recommendation specifies measures to be taken with respect to safety and risk of damage to
equipment through earth potential rise, when power line towers are used for locating radio base
stations. It also considers the special lightning protection scheme, which is needed for this type of
installation.

This is of special concern when power is fed from the low-voltage network, which is the most
common situation. Different options are described.

Three appendices are attached:

Appendix I, titled "Guide on the coordination of the isolation level required for the power supply
circuit and the potential rise of power line towers", gives information on how to determine the
required isolation voltage level due to the EPR at an earth fault in the tower.

In Appendix II, titled "Guide on the LV feeding arrangement", more details on the low-voltage
feeding options are given.

Finally, Appendix III, titled "Characterization and control of the EPR zone of tower earthing and
estimation of the minimum length of the junction section", presents simple calculations for
estimation of the EPR for the determination of the length of the so-called junction cable.

It also shows graphs of the EPR and touch voltage when grading frame earths around the equipment
cabinet are installed.

Source

ITU-T Recommendation K.57 was approved by ITU-T Study Group 5 (2001-2004) under the ITU-T
Recommendation A.8 procedure on 6 September 2003.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications. The ITU Telecommunication Standardization Sector (ITU-T) is a permanent organ of
ITU. ITU-T is responsible for studying technical, operating and tariff questions and issuing
Recommendations on them with a view to standardizing telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure e.g., interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some
other obligatory language such as "must" and the negative equivalents are used to express requirements. The
use of such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others
outside of the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property,
protected by patents, which may be required to implement this Recommendation. However, implementors
are cautioned that this may not represent the latest information and are therefore strongly urged to consult the
TSB patent database.

© ITU 2004

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of ITU.
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ITU-T Recommendation K.57

Protection measures for radio base stations sited on power line towers

1 Scope

This Recommendation specifies measures to be taken with respect to safety and risk of damage to
equipment through earth potential rise, when power line towers are used for locating radio base
stations.

Special arrangements for lightning protection at these installations are also covered.
It considers both the power feeding and the connection to the telecommunication network.
It also mentions the risk of disturbances to the transmitting antenna.

Lightning protection of radio base stations is treated in ITU-T Rec. K.56.

2 References

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the
currently valid ITU-T Recommendations is regularly published. The reference to a document within
this Recommendation does not give it, as a stand-alone document, the status of a Recommendation.

— ITU-T Recommendation K.8 (1988), Separation in the soil between telecommunication
cables and earthing system of power facilities.

— ITU-T Recommendation K.33 (1996), Limits for people safety related to coupling into
telecommunications system from a.c. electric power and a.c. electrified railway
installations in fault conditions.

— ITU-T Recommendation K.52 (2000), Guidance on complying with limits for human
exposure to electromagnetic fields.

— ITU-T Recommendation K.56 (2003), Protection of radio base stations against lightning
discharges.

— IEC 61643-1 (2002-01), Surge protective devices connected to low-voltage power
distribution systems — Part 1: Performance requirements and testing methods.

— IEC 61643-12 (2002-02), Low-voltage surge protective devices — Part 12: Surge protective
devices connected to low-voltage power distribution systems — Selection and application
principles.

3 Definitions and abbreviations

3.1 Definitions
This Recommendation defines the following terms:

3.1.1 potential grading earth (PGE): An electrode system laid at small depth around the
equipment cabinet(s) for controlling the step and touch voltages. It is bonded to both the tower and
the cabinet(s) earth.
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3.1.2 directly earthed power system: HV and MV power systems, whose neutral is connected
to earth through a low impedance or directly.

3.1.3 non-directly earthed power system: HV and MV power systems, whose neutral is
connected to earth through a high impedance (resistor or inductor), or arc extinguishing (Petersen)
coil or isolated.

3.2 Abbreviations

This Recommendation uses the following abbreviations:

EPR Earth Potential Rise

HV High Voltage (Voltage levels exceeding 100 kV a.c.)

LV Low Voltage (Voltage levels not exceeding 1000 V a.c.)

MOV  Metal Oxide Varistor

MV Medium Voltage (Voltage levels lying between LV and HV)

RBS Radio Base Station

SPD Surge Protective Device

T-EPR  Tower-earthing potential rise

Z-EPR  Zone of the earth potential rise

4 General

Locating radio base station antennas in power line towers is mainly of interest in rural areas, where
there are no tall buildings, where antennas may be installed. At the same time, some precautions
have to be taken in order to make the installation safe and not to cause damage to the equipment.

At every power line tower with a radio base antenna, there is a cabinet located near the tower or
between the tower legs. This cabinet is sometimes elevated, if possible. The location of the
equipment cabinet is not a safety issue, but rather a question of accessibility to the tower.

This cabinet is hosting equipment for transmitting and receiving and has cable connections for
power feeding and signal transmission.

There is a transformer cabinet for power supply in close proximity to the equipment cabinet or in a
dedicated part of the cabinet.

The antenna may be mounted below or above the phase conductors or even above the overhead
earth wire(s), if any.

The power line may belong to a directly or non-directly earthed power system.

There are two phenomena that have to be considered:

. Earth potential rise in case of earth fault at the tower — This problem is treated by isolating
that part of the RBS equipment, which has external metallic connection, against its cabinet
and equipment, which is bonded to the tower.

. Lightning hitting the tower — This problem is handled by bonding the above-mentioned
parts of the RBS equipment through suitable SPDs in order not to jeopardize the isolation
for EPR.

For further information, see I1.2.
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4.1 Earth fault characterization of directly earthed power systems

When an earth fault occurs in a power system with directly earthed neutral, there will be an earth
potential rise, EPR, at the feeding substations, and also at the fault location, which may be the
tower, where the radio base station is installed. In most cases the EPR will be much higher at the
fault location because the equivalent impedance to the earth at this point is much higher than at the
substations.

For further information, see Appendix I.

4.2 Earth fault characterization of non-directly earthed power systems

When an earth fault occurs in a power system with non-directly earthed neutral, the EPR will be
very small due to the small amplitude of the fault current. However, double earth faults may also
occur. In that case the fault current will be much higher and result in a substantial EPR at both fault
locations.

4.3 Earth potential rise (EPR)

When a single earth fault on a power line of a network with directly earthed neutral or a double
earth fault on power line(s) of a network with non-directly earthed neutral occurs, a large EPR will
appear at the tower, maybe tens of kVs. The EPR, as a general term, involves the two kinds of
potential rise as explained in the following.

4.3.1 Tower-earthing potential rise (T-EPR)

The tower potential rise is the potential of the earthing (footing) of tower with respect to the remote
earth occurring during earth fault.

The amplitude of the T-EPR depends on a number of different factors such as:

a) earth fault current amplitude;

b) earth resistance of the pole;

c) aerial and underground earth wires, if applied;
d) distance to the feeding power stations;

e) span between the towers.

The factors mentioned in items d) and e) have of secondary importance.

NOTE 1 — When the power line is equipped with aerial or underground earth wires, the majority of the fault
current returns through these wires and only a fraction of the earth fault current flows through the tower
footing. The T-EPR can be characterized by the product of that fraction (3I(E) of the zero-sequence
component (31p) of the earth fault current that is passing through the tower footing, and the earthing
resistance (R) of the tower, i.c., 3[,ER.

The T-EPR may be calculated or preferably measured in order to determine, whether special arrangements
are not needed, which is unusual; see Appendix .

NOTE 2 — When the power line is not equipped with earth wires, the whole of the fault current flows through
the tower footing. The T-EPR can be calculated by the product of the zero-sequence component (31y) of the
earth fault current, and the earthing resistance (R) of the tower, i.e., 3[jR.

The T-EPR shall be calculated for each given case by considering the actual conditions of the tower holding
the base station.

4.3.2 Zone of the earth potential rise (Z-EPR)

The zone of the earth potential rise (Z-EPR) is that area surrounding the tower of the power line
where earth potential with respect to the remote earth occurs in case of single phase to earth fault, or
in case of non-directly earthed network, double earth fault. This potential falls more or less rapidly
in the earth ("potential funnel") as the distance from the tower footing increases. The magnitude and
the way of decrease of the potential depends on the following factors:
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a) the magnitude of the T-EPR causing the Z-EPR;
b) the geometry (size and structure) of the earthing system,;

c) soil characteristics (geological nature, stratification, etc.).

More detailed characterization of the Z-EPR is given in Appendix III.

5 Power supply

The RBS equipment may be powered in the following ways:

1) From the LV network through an isolating transformer in order to separate the EPR area
from the surrounding: This is most commonly used.

2) From a MV power network: In this case you can use the MV/LV transformer as isolation
between the EPR area and the surrounding.

3) From the HV power line itself for example through capacitive voltage divider or
inductively coupled loop: This method is expensive and hardly used.

For further information, see Appendix II.

5.1 Feeding from the LV network

Figure 1 shows the arrangement, when the equipment cabinet is powered from the LV network.

Power line
tower

Public LV Junction
_ network point
Coupling Feeding LV line
point

___________________ %/ (box)

Junction cable
typical length range [m]

30<1<60 / “h

Feeding cabinet

K.057_F01

Figure 1/K.57 — Typical arrangement of LV feeding

Apart from what is described in the different options below, the following shall be observed:

. The cable shall not be stapled towards earthed parts in the transformer cabinet.

. The cable shall approach the cabinet perpendicular to the power line in order to avoid
induced voltages.

. If the ground does not allow buried cable, aerial cable may be used.

. In order to protect the LV network, other measures have to be fulfilled that may be required

by the LV network operator.

. As an alternative to a LV cable in plastic pipe, a MV cable which has the required
insulation level, may be used for power supply. This shall be installed at least 50 m nearest
to the tower. The MV cable shall not contain screen, i.e., MV cable manufactured without
screen for this purpose is required.
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The applicable protection practice, such as the way of connecting and selecting SPDs, is
significantly affected by the feeding arrangement, especially the structure of the junction cable that
together with the isolating transformer are commonly protected with the SPDs applied at the
feeding cabinet of the RBS.

5.1.1 Options for the junction cable structure

The junction cable can be classified in two main categories according to the absence or presence of
screen. It is preferred to be underground, but it may be overhead.

5.1.1.1 Junction cable without metallic screen and neutral

In this case the metallic parts of the cable are only the three phase conductors. The voltage stresses
(lightning impulse and 50-Hz potential rise) occur between the phase conductors and the earth.
Regarding the ways of providing the appropriate insulation with respect to the earth, the options are
the following:

a) LV three-core cable with additional increase of isolation to earth: The additional isolation
shall be provided by insulating jacket on the cable or placing the junction cable in
watertight insulating tube.

b) MYV cable without metallic screen: In this case, the required isolation to earth is provided by
essentially the core insulation itself, which is further increased by the plastic sheath (jacket)
of the cable.

NOTE 1 — MV cables with the required voltage level (10 kV or above) are generally manufactured

with metallic screened cores. Therefore, the cable without screen may be manufactured by special
order.

NOTE 2 — The required MV cable may be three single-core cables (typical for voltage levels of
20 kV or above).

5.1.1.2  Junction cable with metallic screen or neutral

In this case the typical cable is the LV three-conductor cable with concentric copper wire screen
around the core bundle. When a four-core screened LV cable is used, the neutral conductor shall be
bonded to the screen at the terminals of the junction cable. According to the protection principle, the
screen is earthed at the junction point (outside the EPR zone), thus the voltage stresses (lightning
impulse and 50-Hz potential rise) occur between the screen and the earth especially in the vicinity
of the tower. The required isolation to earth shall be provided by additional insulating jacket on the
cable or placing the junction cable in watertight insulating tube.

NOTE - The screen carries the surge current diverted by the MV SPD; thus, its total cross-sectional area
shall be at least 35 mm”.

5.1.2  Options of protection schemes at the feeding cabinet and junction point

Three options are recommended corresponding to the different feeding arrangements.

5.1.2.1  Scheme for junction cable without metallic screen and neutral

The type and ways of connection of SPDs are in case of junction cable without metallic screen and
neutral (see Figure 2, Option 1):

1) At the feeding cabinet, MV SPD (e.g., MOV) is connected between each phase conductor
and the tower earthing.

2) At the junction point, LV SPD is connected between each phase conductor and the earth.
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«— —>
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Figure 2/K.57 — Junction cable without screen protected by MV arresters at the feeding
cabinet and LV SPD at the junction box connected between each phase
conductor and the earth: Option 1
5.1.2.2  Scheme for junction cable with metallic screen or neutral

In case of junction cable with metallic screen with or without neutral, the type and ways of
connection of SPDs are classified in the following two options:

a)

b)

6

Applying MV SPD arrester only to the screen

According to this protection scheme the type and ways of connection of SPDs are as

follows (see Figure 3, Option 2):

1) At the feeding cabinet a single MV SPD arrester is connected between the screen and
the tower earthing.

2) At the junction point the screen is directly earthed and no LV SPD at all is applied.

NOTE 1 — When applying this protection scheme, it is assumed that the voltages of the phase
conductors are, practically, equalized with the voltage of the screen due to the close inductive and
capacitive coupling between the screen and the phase conductors.

Applying the combination of MV SPD arrester and LV SPDs
According to this protection scheme the type and ways of connection of SPDs are as
follows (see Figure 4, Option 3):

1) At the feeding cabinet a single MV SPD arrester is connected between the screen and
the tower earthing, and LV SPDs are connected between each phase conductor and the

screen.

2) At the junction point the screen is directly earthed, and LV type SPD is connected
between each phase conductor and the screen.

NOTE 2 — When applying this protection scheme, the voltage equalizing between the screen and the
phase conductors is ensured by the LV SPDs.
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Figure 3/K.57 — Junction cable with screen protected by a single MV arrester connected
between the screen and the tower earthing at the feeding cabinet and the screen is
directly earthed at the junction point: Option 2
Junction point LV junction cable Feeding cabinet Isolating transformer Equipment cabinet
(box) with screen | . _
AN l 1\
e L) N
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K.057_F04
LV arresters «— —
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Figure 4/K.57 — Junction cable with screen protected by a single MV arrester connected
between the screen and the tower earthing at the feeding cabinet and the screen is directly
earthed at the junction point; in addition LV arresters are connected between
each phase conductor and the screen at both the feeding cabinet
and the junction box: Option 3

5.1.3 Protection of the feeding line including the coupling point

The connecting line, between the junction and coupling points including the coupling point itself,
should be protected according to the requirements of low-voltage power distribution systems such
as given in [EC 61643-1 and IEC 61643-12. The protection scheme, especially the bonding and
earthing conditions, shall also comply with the requirements for subscriber premises given in ITU-T
Rec. K.31.
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5.1.4 Protection of MV/LYV transformer located in the zone of EPR

In case of RBS fed from MV/LV transformer located in the zone of EPR, the following means of
protection shall be applied:

a) Equalizing through a copper wire of at least 35 mm® between the HV tower earthing and
the earthing bar at the transformer;

b) MV SPD (e.g., MOV or similar) arrester connected between each phase conductor on the
MYV side and the earthing bar at the transformer;

NOTE 1 — This is normally applied to protect the transformer against lightning surges coming from
the MV line.

C) LV-type SPD is connected between each phase conductor and the tower earth in the feeding
cabinet of the RBS.

NOTE 2 — This LV-type SPD is applied for the protection of the equipment of the radio base
station.

5.1.5 Protection when feeding from MV/LYV transformer located outside the EPR zone and
only serving the RBS

In case of RBS fed from MV/LV transformer located out of the EPR zone, but not very far (less
than 50-60 m), the applicable protection scheme is the following:

a) The LV/LV isolating transformer shall be installed in the feeding cabinet.

b) The LV feeding line is considered as junction section; therefore it shall be protected
according to point 5.1.2 using that option, which corresponds to the actual installation.
NOTE 1 — The protection scheme given in 5.1.2.2 a) is not recommended especially when the
power metering facilities are installed at the location of the MV/LV transformer.

C) MYV SPD shall be connected between each phase of the MV side and the earthing at the
MV/LV transformer.

NOTE 2 — This is normally applied to protect the transformer against lightning surges coming from
the MV line. The MV SPD may not be necessary when the transformer is fed by well-shielded MV
cable.

5.2 Feeding from a MV network

As an alternative the equipment cabinet may be powered from a distribution network, typically
10 to 20 kV. In this case you get a higher insulation level on cables and transformer automatically.
The isolating transformer is then substituted with a distribution transformer; see Figure 5. However,
the screen of the MV cable should be isolated and protected by MV-type SPD against the tower
earthing according to 5.1.2.2 and Figure 3. The required screen-to-earth isolation shall be provided
by additional insulating jacket on the MV cable or placing the cable in watertight insulating tube
along the junction section (see Table I11.2).

53 Feeding from the HV line

No method is known at present that is justified technically and economically. This method of
feeding the RBS is therefore not recommended.

6 Requirements on the antenna system

Following are the requirements on the installation of the RBS.

. Coaxial cables between equipment cabinet and antenna(s) shall be placed in a suitable way
in dedicated cable ducts or clamped to the tower structure, in order that maintenance and
fault repair of the equipment and the towers are not complicated.

. Underground cables between equipment cabinet and tower shall be laid in isolated pipes.
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. Communication equipment, antenna and accessories shall be type-approved according to
national regulations and requirements.

. The antennas will be placed in strong electric fields, where they may be exposed to corona
and sparks. The owner of the antennas must be aware of this in order to avoid degraded
function of the antennas.

. Depending on the type of tower and the location of the antenna(s), the levels of electric and
magnetic field strengths from the power line may be achieved from the power company.

. If antennas are placed above the overhead earth wires, they shall be provided with lightning
protection; see ITU-T Rec. K.56.

7 Telecommunication cables

In order to avoid problems of induction and EPR at earth faults, the telecommunication should use
metal-free fibre optic cables or radio links; see Figures 6 and 7.

If metallic cables are used for the telecommunication, they shall be constructed and connected
under the same conditions as the LV power supply. It means that they shall:

. have an adequate isolation level,
. be laid in an insulating, water-tight, plastic tube;
. be terminated via a transformer;
. be provided with feasible over-voltage arrestors.

The transition point should not be closer than the point, where the EPR is expected to be 650 V.
This voltage level is the limit for short-term overvoltage with a duration of <0.5 s. Other levels may
be chosen with reference to ITU-T Rec. K.33.

See also ITU-T Rec. K.8.

8 Earthing arrangements

The earthing arrangements are important for the safety and protection of the equipment. The
following shall be applied:

. Metallic parts of the antenna shall be bonded to the coaxial screen and earthed to the
metallic structure of the tower.

. The other end of the screen shall be connected to the earth of the equipment cabinet.

. PGE system shall be laid about 0.3 m deep around the equipment cabinet for the control of

the touch and step voltages. This can be implemented as either single or double frame
system corresponding to the actual potential level to be controlled. The grading electrodes
shall be bonded both to the cabinet earth and to the legs of the tower at least at two corners
(see Figure II1.14). The bonding shall be applied diagonally, when the cabinet is located
between the legs (see thick line bonds in Figure I11.15). Guidance is given for the proposed
locations of the grading frames in Appendix III (see II.2.2 b) and the above-referred
figures).

. The earthing system of the equipment and transformer cabinets shall be bonded to the
earthing of the tower through a copper wire of at least 35 mm®. Note that this may require
cathodic protection when different metals are used in the earthing network.

9 Installation and maintenance

Installation and maintenance of the equipment located in the tower such as antennas and cables, are
restricted to people specially trained with knowledge about electric and magnetic fields from power
lines, normally linesmen of the power company. However, special caution has to be observed

ITU-T Rec. K.57 (09/2003) 9



concerning the risk of exposure to electromagnetic fields from the RBS antenna(s). For guidance,
see ITU-T Rec. K.52.

The installations on ground are normally done by specially instructed RBS people.

National regulations may require further restrictions on this type of work.

10 Examples of installations
Figures 5 to 7 give examples of installations.

Figure 8 shows an installation where unauthorized access is prevented.

MYV feeding

RBS MV/LV transformer
(50 kV; 50 Hz)

(125 kV; lightning)

ITTT

‘ \
\ MYV overhead line

Equipotential
conductor

EPR 50 kV max EPR <1500 V

K.057_F05

Figure 5/K.57 — MV power feeding of RBS

Copper/Optical
conversion cabinet
L I

T T —

Equipotential
conductor Copper cable
Optical cable without
metallic screen
EPR 50 kV max \
EPR <650 V

K.057_F06

Figure 6/K.57 — Connection to a telecommunication network via optic fibre
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Figure 7/K.57 — Connection to a telecommunication network via radio link
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Figure 8/K.57 — Elevated location of RBS in power tower
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Appendix I

Guide on the coordination of the isolation level required for power
supply circuit and the potential rise of power line towers

1.1 Scope of the investigation

The tower-earthing potential rise (T-EPR) investigations presented in this appendix aim at

sensitivity analysis performed by a multiconductor solution technique [I.1], to provide guidance on

the identification of the potential relevant to given conditions in practice.

The analysis performed covers the following optional conditions:

1) Length, L, of the power line (km): 15 or 60;

2) Location of the fault: near the origin (km 1), middle (km L/2) or near the end (km L — 1) of
the line, and also step-like varying;

3) Earthing resistance of the substations at the lines origin/end (€2): 0.1/0.1 or 0.1/1;
4) Way of supply: single end (1 x 10 kA) or both ends (2 x 5 kA);
5) Shield-wire (sw) and counterpoise (cp) options: two sw, only one sw or one sw + cp;

6) Earthing resistance of the tower (£2)/soil resistivity (2m): 8/50, 25/500 or 50/2500;

7) Mean span between the towers.

The results are related to phase-to-earth fault current with a magnitude of 10 kA, which is
considered as a base. Considering that the investigated phenomenon is practically linear, the
obtained T-EPR values can be recalculated to any actual earth fault current proportionally to the
ratio of that earth fault current and the 10-kA basic current.

1.2 Investigated options, parameters

I.2.1  Line structure options

The conductor arrangements of the investigated 400-kV power lines are identified in Figure I.1. The
shown two-line arrangements are investigated according to the following three options:

A Horizontal phase conductor arrangement with two shield-wires (sw) (Figure 1.1 a);
B Compact triangular phase conductor arrangement with one shield-wire (sw) (Figure 1.1 b);
C As in point B but with one shield-wire and one counterpoise (cp).

The counterpoise is a bare copper wire of 35 mm?” laid along the route of the line in about
0.5-m depth. The towers are not metallically connected to the cp. However, the spark gaps,
installed between the tower earthing and the cp, are striking and connecting the tower to the
cp when T-EPR exceeds about 3 kV. Thus, for this condition, no connection is assumed
between the tower earthing and the cp, except at the faulty tower.

12 ITU-T Rec. K.57 (09/2003)
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Structure of the phase conductor system: 3 % (3 x 593) mm?

Structure of the shield (earth) conductor system: 1 x 241 mm?
Counterpoise can additionally be applied in a depth of 50 cm.

b) Arrangement of line with single shield-wire (case B)
which may be equipped with counterpoise as well (case C)

Figure I.1/K.57 — Line structures assumed in the investigations
(normal span: 333 m)

The assumed mean span between the towers is 333 m (1/3 km). Investigations have also been made
for mean spans of 200 m and 500 m for the checking of the effect of the span length.

The simulation calculations have been performed for line lengths of:

- Code L15: "short line" of 15 km;
— Code L60: "long line" of 60 km.
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1.2.2 Parameter options

1.2.2.1 Substation earthing

The following two options are simulated regarding the earthing resistances of the substations at the
line ends:

- Case code S1: low resistance at both ends, i.e., 0.1 ©/0.1 Q;

— Case code S2: low resistance at the origin (S end at km 0) and higher impedance at the
other (R atkm L) end, i.e., 0.1 /1 Q.

1.2.2.2 Tower-earthing resistance and specific earth resistivity

The specific resistivity of the earth is affecting two kind of parameters used in the simulations. The
specific resistivity of the surface soil layer essentially influences the resistance of the tower
earthing. The earthing resistance — assuming a given earthing electrode structure — is, in principle,
proportional to the specific resistivity of the soil embedding the electrode system.

The specific resistivity of the deeper earth layer has a certain effect on the series self- and mutual
impedances, both with earth return, of the line. The effect is quite small for self-impedance and also
for mutual impedance, when the span between the conductors is not big, such as the spacing
between the phase and shield-wires.

It follows that no strict but certain correlation should be assumed between tower-earthing resistance and
the specific earth resistance. Therefore, the following options are considered in the simulation study:

Case Resistivity

code Tower earthing [Q] Specific [Qm]
R1 8 50
R2 25 500
R3 50 2500

1.2.2.3 Fault locations

The calculations have been performed for every simulated option for fault location at the middle
(km L/2) of the line.

In case of one-sided (1 x 10 kA) current injection, the following fault locations have also been studied:
- at 1-km distance from each line end;

— varying with 1-km steps for the 15-km long line and 2-km steps for the 60-km long line.

1.2.2.4 Magnitude and way of fault current injection

The potential rise is linked with the Iy zero-sequence current component. In case of phase-to-earth
fault, the 31y zero-sequence current is equal to the fault current at the faulty point. In the studies
31p=10 kA fault current magnitude is assumed at the faulty point. Along the line, I, current is
assumed in each phase, thus the effects of the positive and negative sequence current components are
neglected. Practically it means the consideration of the "average" effects between the phase and
shield-wires, or in other words the neglecting of the small differences due to the fault occurrences in
different phases.

Regarding the current distribution between the line sections at both sides of the faulty point, the
following two extreme conditions are simulated:

- 1 X 10 kA current flow only in one direction, i.e., between km 0 and the faulty point;

- 2 X 5 kA current flow half-by-half, i.e., 3Ip = 5 kA both between km 0 and the faulty point,
and the faulty point and km L line sections.
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In an actual case, the current distribution is affected by the relative location of the faulty point, but it
is basically determined by the zero-sequence impedances of the substations, which is highly
influenced by the transformers with earthed neutral located in the substations at the line ends.
However, the one-side current flow occurs, at least temporarily, during the tripping process, due to
the non-simultaneous switch-off at both ends of the faulty line.

L3 Analysis of the results

I.3.1 Qualitative analysis

First of all, a qualitative analysis of the results on the tower potential rise has been made to identify
the relative importance of the different conditions listed in I.1. The key result is the potential of the
shield-wire(s), because, due to the metallic connection between tower and shield-wires, the
potential rise of a given tower is identical with the potential of the shield-wire at the place of the
tower in question.

This qualitative analysis is mainly made by the use of plots containing the most representative
results of the simulations.

The highest potential rise occurs, of course, at the faulty tower (see Figures 1.2, 1.3 and 1.4). The
shield-wire potential is decreasing with increase of the distance from the faulty point. The
shield-wire potential tends to drop to zero in that side of the line from where no zero-sequence
current is fed to the fault (see the right side plots in Figures 1.2 and 1.3). In contrast to this, the
shield-wire potential tends to drop to zero at first, and behind this section it is increasing, when
approaching the substation, which feeds zero-sequence current to the fault (see the left side plots in
Figures 1.2 and 1.3 and also both side plots in Figure 1.4).

Regarding the effect of the fault location, it can be stated that the potential rise of the faulty tower
practically does not vary except near the line ends (in the end-effect zones), where the potential
decreases to approach the potential rise relevant to the substation earthing (see Figure 1.5). It is
worth mentioning that this decreasing tendency is strictly valid only with the assumption that the
earth fault current magnitude is constant. In practice, magnitude of the earth fault current increases
when the fault occurs closer to the substation. These counter-effects can mainly compensate each
other in practical cases.

The effect of the mean span on the tower potential rise of the faulty tower vs. the fault location is
demonstrated for line structure having only one shield-wire in Figure [.6. It can be seen that the
tower potential rise increases with the increase in the mean span.

For the sake of completeness, the shield-wire current profile is plotted in Figure I.7. The following
tendencies can be observed, when zero-sequence current (3Ip = 10 kA) is fed only from one (left)
side:

. Shield-wire current is flowing in both directions, but significantly higher on the feeding
side.
. Shield-wire current tends to drop to zero in that side of the line from where no

zero-sequence current is fed to the fault.

The shield-wire current decreases to its induced steady value first, and behind this, generally
increases in the end-effect zone close to the substation, which feeds the zero-sequence current to the
fault.
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b) Line length: L = 60 km

B 400-kV line with 1 shield-wire without counterpoise
S1 Substation earthing: 0.1 /0.1 Q
F2 Fault location: L/2 km (F2)

1 X 10 kA current flow, only from the left side of the faulty point

Figure 1.2/K.57 — Shield-wire potential profile vs. length, parameter:
Tower-earthing resistance
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1 X 10 kA current flow, only from the left side of the faulty point

Figure 1.3/K.57 — Shield-wire potential profile vs. length,
with normalized length scale parameter: Line length
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a) 1 X 10 KA current flow, only in the left side of the faulty point
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b) 2 X 5 kA current flow, in both sides of the faulty point

B 400-kV line with 1 shield-wire without counterpoise
F2 Fault location: L/2 km (F2)
R2 Tower-earthing resistance: 25 Q

Figure 1.4/K.57 — Shield-wire potential vs. length profile, parameter:
Earthing resistances of the substations
S1=10.1 Q/0.1 Q, S2=0.1Q/1Q
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Figure 1.5/K.57 — Tower potential rise of the faulty tower vs. the fault location
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b) Line length L = 60 km

B 400-kV line with 1 shield-wire without counterpoise
S1 Substation earthing: 0.1 Q/0.1 Q
R2 Tower-earthing resistance: 25 Q

1 x 10 kKA current flow, only from the left side of the faulty point

Figure 1.6/K.57 — Effect of the mean span (parameter of the curves) on the tower
potential rise of the faulty tower vs. the fault location
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b) Line length: L = 60 km

B 400-kV line with 1 shield-wire without counterpoise
S1 Substation earthing: 0.1 /0.1 Q
F2 Fault location: L/2 km (F2)

1 x 10 kKA current flow, only from the left side of the faulty point

Figure 1.7/K.57 — Shield-wire current profile vs. length

1.3.2  Quantitative analysis

The studied conditions and parameters can be classified accordingly to their relative importance on
the tower potential rise magnitudes into the following three classes:

a) Negligible conditions and parameters are:
* Length of the line;

(See Figures 1.3 and 1.8, which indicate only a very small increase in T-EPR for shorter
line.)

»  Earthing resistance of the substations;
(See Figures 1.4 and 1.9.)

* Single (1 x 10 kA) or double (2 x 5 kA) sided fault (zero-sequence) current flow.
(See Figure 1.10.)
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b) Deciding conditions and parameters are:
» Earthing resistance of the towers (average);
(See Figures 1.2 and 1.8.)
*  Shield-wire number (one or two) and use of counterpoise.
(See Figure 1.8.)
It is worth mentioning that the magnitude of the fault current belongs also to the deciding

parameter. However, it is a design parameter, which should correspond to the actual value
(range) when estimating the T-EPR relevant to a given case.

c) Corrective condition is the span between the towers. Its relative importance is demonstrated
in Figures .11 and 1.12 for line lengths of 15 km and 60 km, respectively. The values of
correction factor for the calculations of the tower potential of lines with different spans are
given in Table [.2.

It is worth mentioning that the corrections needed in the tower potential rise due to the
differences in the span are less than +5% for lines equipped with shield-wire(s) and
counterpoise, and less than £25% for lines equipped only with shield-wire(s).

The tower potential rise values obtained from the simulations are given for the deciding conditions
in Table I.1. These values are related to 10-kA earth fault current and span of 333 m as reference
conditions. They can be recalculated to currents other than 10 kA proportionally to the current
magnitude. Similarly, tower potential rise can be recalculated to span values other than the mean of
333 m, by its multiplication with the correction factors given in Table 1.2.

Table I.1/K.57 — Potential rise of the faulty tower for the deciding conditions
and parameters per 10-kA earth fault current

Earthing Shield-wire configuration

resistance 1sw 2 sw 1sw+cp
& [kV] [Deg.] [kV] [Deg.] [kV] [Deg.]

8 4.663 31.40 3.237 22.62 0.872 19.68

25 8.208 32.45 5.589 25.13 2.290 20.08
50 11.413 37.70 7.432 31.32 4.316 22.63

sw  shield-wire

cp counterpoise
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(Base: The tower voltage for a 333-m span)

Line lengths [km]
Eart.h ing Spacing 15 60
wire
structure [m] Tower-earthing resistance [Q] Tower-earthing resistance [Q2]
8 25 50 8 25 50
200 0.77 0.76 0.77 0.78 0.77 0.77
1 sw 333 1.00 1.00 1.00 1.00 1.00 1.00
500 1.23 1.24 1.18 1.22 1.22 1.22
200 0.77 0.76 0.80 0.77 0.77 0.77
2 sw 333 1.00 1.00 1.00 1.00 1.00 1.00
500 1.24 1.21 1.14 1.22 1.22 1.22
200 0.95 0.92 0.89 0.95 0.92 0.89
Isw+1cp 333 1.00 1.00 1.00 1.00 1.00 1.00
500 1.03 1.06 1.08 1.03 1.05 1.08

NOTE - 1) 400-kV line configuration.
2) Fault location: L/2 km.
3) 2 x 5 kA current flow, only from the left side of the faulty point.

4) Substation earthing: 0.1 €/0.1 Q.

ITU-T Rec. K.57 (09/2003)
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1 x 10 KA current flow, only from the left side of the faulty point

K.057_FI.8

Figure 1.8/K.57 — Potential rise of the faulty tower for different tower-earthing
resistances and shield-wire/counterpoise options
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R2 Tower-earthing resistance: 25 Q
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1 x 10 kA current flow, only from the left side of the faulty point

Figure 1.9/K.57 — Potential rise of the faulty tower for different tower-earthing
resistance and substation earthing resistance options
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Figure 1.10/K.57 — Potential rise of the faulty tower for single (1 x 10 kA) or
double (2 x 5 kA) sided fault current flow and tower-earthing resistance options
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Figure I.11/K.57 — Tower potential rise of the faulty tower for different tower spans
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Figure 1.12/K.57 — Tower potential rise of the faulty tower for different tower spans
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1.4 Estimation of the required isolation level

The coordination of the isolation level required for the power supply circuit and the potential rise of
power line towers can be made on the basis of the potential rise of the faulty tower for the deciding
conditions and parameters contained in Table I.1.

1.4.1 Circuit representation of the faulty tower

From the simulation of the power line — including the shield-wire system — not only the potential of
the tower but also the current distribution at the faulty tower is obtained as shown in the detailed
scheme of part a) of Figure 1.13. These voltage and current values allow the identification of the
input impedance of the shield-wire(s) seen in both directions, i.e., Zg(l) and Zg(r), and their
parallel equivalent, i.e., equivalent driving point impedance of the shielding-wire system seen from
the faulty tower (see part b) of Figure 1.13). The phasor values Zs, are listed in Table 1.3. These are
related to the one-side faulty current flow (1 x 10 kA) but identical values were obtained for the
two-side (2 x 5 kA) faulty current flow in spite of the significant difference in the shield-wire
current distribution.

The driving point impedance is in the range of 0.1 to 1.2, which is quite low compared to the
resistance of the tower earthing. As a conclusion, the potential rise of a given tower is determined
by the average value of the earthing resistances of the neighbouring 5 to 10 towers, rather than the
tower in question itself. In other words, the T-EPR of a given tower cannot be significantly reduced
by the improvement of resistance of that tower only.

Table 1.3/K.57 — Driving-point impedance seen from the faulty tower

Earthing Shield-wire configuration

resistance 1sw 2 sw 1sw+cp
1l [€2] [Deg.] (€] [Deg.| [€2] [Deg.]

8 0.491 33.2 0.336 23.5 0.090 19.9

25 0.844 335 0.570 25.7 0.232 20.3
50 1.162 38.5 0.752 31.8 0.435 22.8

sw  shield-wire

cp  counterpoise
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b) Equivalent scheme

B 400-kV line with 1 shield-wire without counterpoise
R2 Tower-earthing resistance: 25 Q

L15 Line length: L = 15 km

S1 Substation earthing: 0.1 /0.1 Q

1 x 10 kA current flow, only from the left side of the faulty point

Figure 1.13/K.57 — Circuit representation of the faulty tower

1.4.2 Coordination of the isolation and earth fault current levels

Potential rise of the faulty tower for the deciding nine conditions and parameters are given in
Table I.1 for 10-kA earth fault current. The modulus of these T-EPR values are reproduced in
Table 1.4 and these are considered as U, base values for isolation level coordination.

Table 1.4/K.57 — Base tower potential rise (T-EPR) values
for isolation level coordination

Earthing Shield-wire configuration
resistance 1 sw 5 o Low+p
= [kV] [kV] [KV]
8 4.663 3.237 0.872
25 8.208 5.589 2.290
50 11.413 7.432 4316
sw  shield-wire
cp  counterpoise
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By the use of U, base T-EPR values the following two kinds of design values can be determined:

1) The required isolation voltage, U, for a given earth fault current can be determined by the
following expression:

1
Ui =Up—5 kY]

where:

Uy, is the base voltage, corresponding to the average earthing resistance and
shield-wire configuration of the line under study, taken from Table 1.3;

I,r 1s the earth fault current, in kA, of the power line tower containing the base
station in question.

For example, let us assume the following conditions for the power line, the tower of which contains
the base station:

a) the power line is equipped with two shield-wires;
b) the average value of the earthing resistance of the towers is around 25 Q;
c) the phase-to-earth fault current relevant to the tower holding the base station: /,,= 21 kA.

The base voltage corresponding to the first two conditions is: U, = 5.589 kV. Considering the third
condition too, the isolation voltage required for the power feeding facilities (isolating transformer,
cabling) is given as:

21

Ui :5.589E=11.737 [kV] (I-1)
The required isolation voltage level — as a rounded value —is 12 kV.
2) The permissible phase-to-earth fault current, I, corresponding to different pre-defined
isolation voltage levels (Uj;) can be determined by the following expression:
U.
I, =10—2%- kA I-2
ef Ub [kA] (I-2)

where:

U, 1s the base voltage, corresponding to the average earthing resistance and
shield-wire configuration of the line under study, taken from Table 1.4;

Ui 1s the pre-defined isolation voltage levels of the power feeding facilities
(isolating transformer, cabling), e.g., those listed in the first column of
Table L.5.

From an engineering design point of view, it can be assumed that a series of isolation transformers
are manufactured with given isolation voltage levels. In this case, the permissible earth faults,
classified according to the isolation levels, can be identified for the average earthing resistance and
shield-wire configuration of the line under study by using expression I-2.

For example, let us assume the following conditions for the power line, the tower of which contains
the base station:

1) the power line is equipped with two shield-wires;
2) the average value of the earthing resistance of the towers is around 25 €.
Furthermore, as a third condition:

3) the isolation voltage level of the power feeding facilities (isolating transformer, cabling)
Us=20kV.
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The base voltage corresponding to the first two conditions is: U, = 5.589 kV. Considering the third
condition too, in the tower holding the base station is given as:
20
I, =10——=35.785 kA
775589 LKA

The rounded value of the permissible earth fault current is 36 kA according to the value given in the
8th row and 4th column of Table L.5.

Table 1.5/K.57 — Permissible earth fault current corresponding
to different isolation levels

0 1 2 3 4 5
Iso:ztation Average Permissible e?l:;l; fault current
le:e(;s 3%ihe ri:st:lai:cge for shield-wire configuration
i}; 2(‘;;31; of the towers 1 sw 2 sw 1 sw+cp
[KV] 12 [KA] [KA] [KA]
1 8 21 31 115
2 10 25 12 18 44
3 50 9 13 23
4 8 32 46 172
5 15 25 18 27 66
6 50 13 20 35
7 8 43 62 229
8 20 25 24 36 87
9 50 18 27 46
10 8 107 154 573
11 50 25 61 89 218
12 50 44 67 116
sw  shield-wire
cp counterpoise

The permissible earth fault currents are determined for 10-kV, 15-kV, 20-kV and 50-kV isolation
voltage levels and the above identified power line parameter options and the results are listed in
rows 1 to 12 and columns 3 to 5 of Table L.5.

The selection of the required isolation voltage level shall be made on the basis of the real earth fault
current magnitudes. The magnitudes of the earth fault currents are generally available as maximum
and average values for each HV level of a national grid.

The maximum fault currents are relevant to a fault in the substation; thus, such high currents never
occur in cases of power line faults.
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I1.1

Appendix I1

Guide on the LV feeding arrangement

LV feeding arrangement

The low-voltage feeding is composed of the following elements (when proceeding from the tower
to feeding network, see Figure 1):

1))

2)

3)

4)

S)

Isolating transformer, installed in the feeding cabinet, is LV/LV type, i.e.,
400 V/(400/230) V, preferably delta/why (D/Y) connected.

NOTE 1 — The delta connection has the advantage that there is no neutral conductor, thus no 4th
MYV SPD (medium voltage type surge protective device) is needed and it can feed unbalanced loads
as well.

Junction cable is the last section of the LV feeding line, entering the Z-EPR zone, between
the cabinet of the isolating transformer and the junction point. Its minimum length shall be
greater than the measure of the Z-EPR zone and right of way (falling distance) of the HV
power line (at least 30 m).

NOTE 2 — The junction section might be an aerial line in that exceptional case, where the national
regulations allow the use of aerial lines in the right of way zone of the HV lines.

Junction point is the connection of the junction cable and connecting LV line section. The
junction shall be equipped with:

* alow-voltage type surge protective device, LV SPD;

* low-resistance (below 10 ) earthing;

* power-metering facilities, if appropriate.

The connecting line is the section of the LV feeding line between the point of coupling to
the feeding network and the junction point.

NOTE 3 — The connecting lines may feed a few customers too, especially if the lines are long
(many hundreds of metres). In this case, very good earthing is required at the junction point or each
customer shall be equipped with LV SPD.

The coupling point can be at any point of a LV public network or the LV terminals of a
MV/LV transformer used only for the RBS but located outside the zone of Z-EPR. The
coupling shall be equipped with:

« aSPD

NOTE 4 — The SPD is not necessary when customers equipped with SPD are fed from the
connecting line and no power-metering facilities are installed at the junction point.

* low resistance (below 10 Q) earthing

NOTE 5 — In case of TN(-C-S) LV network the resultant impedance seen at the coupling point
to the earth can be low enough without the application of additional earthing electrodes.

* power-metering facilities, if appropriate
NOTE 6 — The power metering can be made at the coupling point only in that case when no
customer is fed from the connecting line.

NOTE 7 — In case of RBS fed from MV/LV transformer located in the zone of Z-EPR and
equipped with potential equalizing conductor (see Figure 5), the feeding transformer acts as an
isolating transformer as well. Thus, low-voltage type SPD shall be applied in the feeding
cabinet of the RBS and MOV in the MV side (this is normally applied to protect the
transformer against lightning surges coming from the MV line).
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I1.2 Protection principles

The protection of LV feeding system involves the protection against power frequency (50 Hz)
overvoltages due to earth faults and the impulse stresses caused by the lightning strokes to the tower
hosting the RBS.

I1.2.1 Protection against power frequency EPR

The earth fault current causes a power frequency (50 Hz) electrode potential rise (T-EPR) on the
tower earthing itself and a progressively decreasing earth potential rise (Z-EPR) around the tower.
The magnitude of the T-EPR can be estimated according to the "Guide on the coordination of the
isolation level required for power supply circuit and the potential rise of power line towers" given
as Appendix L.

The principle of the protection is isolation of the LV feeding system, entering the Z-EPR, against
the potential rise. The potential of the conductors of the feeding line is fixed to remote earth. (The
phase conductors are earthed through the neutral earthing (assuming TN system) whilst the neutral
and the cable screen, if applied, are directly earthed.) The primary winding of the isolating
transformer is also on the potential of remote earth due to its metallic connection to the feeding line.
On the other hand, the neutral of the secondary winding is bonded to the tower earthing.

Under the above conditions, the protection can be provided by the appropriate:

1) isolation of the primary (delta) winding of the isolating transformer with respect to the
secondary winding and to the iron core and to any other metallic part of the cabinet;

2) isolation of the phase conductors and any metallic part (neutral screen) of the LV junction
cable with respect to any earthed part of the cabinet and tower and to the earth in the Z-EPR
zone,

3) power frequency withstand of the SPD (MOV or similar device), i.e., appropriate selection

of its rated voltage (U,).

NOTE — Rated voltage (U,) is the rms value of the power frequency voltage, which can be applied
during 10 consecutive seconds between the surge arrester terminals after maximum prior duty. It
characterizes the surge arrester withstand to power frequency overvoltages (temporary
overvoltages).

The continuous operating voltage (U,.), i.e., the maximum rms value of power frequency voltage,
which can be continuously applied between the arrester terminals, is 80% of U..

I1.2.2 Protection against lightning-generated surges

When lightning strikes a tower hosting an RBS, the majority of the lightning current is flowing to
the earth through the earthing of the tower. Thus a similar, but impulse type, EPR occurs as the EPR
due to earth fault currents as described above. The magnitude of the impulse type tower T-EPR is
essentially determined by the product of the magnitude of the lightning current and earthing
impedance of the tower. Their ranges are for the lightning current 10 to 100-kA peak and for the
earthing impedance 5 to 20 Q. Therefore, the tower potential rise ranges from 50 to 2000 kV
(Typical value: 50 kA x 10 Q =500 kV peak).

I1.2.2.1 Protection of the isolating transformer

The above impulse type overvoltage could occur between the windings and between the primary
winding and earthed parts of the isolating transformer. It is not feasible to design the isolating
transformer for such a high insulation level. For example, an isolating transformer designed for
20-kV power frequency insulation level can withstand around 70-kV impulse voltages. Therefore,
the impulse overvoltage should be equalized by SPDs, connected between primary side terminals
and the tower earthing to which the neutral of the secondary winding is connected as well.
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The SPD shall comply with the following requirements:

1) Maximum residual voltage lower than the lightning impulse withstand of the isolating
transformer.

NOTE — The maximum residual voltage is the maximum peak value of the voltage between the
surge arrester terminals at nominal discharge current. It characterizes the ability of the surge arrester
to limit the overvoltage level.

The maximum residual voltage is typically three times U..

2) Voltage (U,) rated high enough to ensure that the surge arrester withstands the highest
power frequency tower potential rise. Considering the possible magnitude of the tower
potential rise (10 to 40 kV) MV SPD surge arresters are needed for the protection of the
isolating transformer (typically metal oxide varistor, MOV).

The fulfilment of this requirement is very important to guarantee the recovery of the
isolation state for power frequency subsequent to discharging the lightning impulse.

3) Nominal discharge current, corresponding to the largest lightning current for which
protection is intended. The current (/) entering the LV feeding line through the protectors
is a fraction of the lightning current (/;) and may roughly be approximated according to the
parallel connected impedance of the earthing resistance of the tower (R) and the surge
impedance of the LV line (Z;0) as:

1 K 1 K 1
Ry +Z,0 F T 100 "
In the last part of the formula it is assumed that the surge impedance of the cable-like LV
feeder ranges from 80 to 90 Q; thus, Z;yp + R = 100 Q.

11.2.2.2 Protection of the junction cable

The MV SPDs connected to the primary side terminals of the isolating transformer inject lightning
impulse into the junction cable. The magnitude of the injected surge voltage with respect to the
tower and also to the earth in the vicinity of the tower is equal to the residual voltage of the MV
SPDs. Consequently the voltage stress across the cable, i.e., phase conductors to earth in case of
unscreened cable or screen to earth in case of screened cable, is equal to the residual voltage of the
MYV SPDs in the vicinity of the tower.

The identification of the voltage stress of the junction cable is more difficult farther away from the
tower. The magnitude of the injected surge voltage with respect to remote earth is the lightning
impulse potential of the tower diminished by the residual voltage through the MV SPDs. This
represents a surge having a few hundreds kV peak. However, the peak value of the impulse wave
would appear in the cable only in the case when the wave could travel such a distance, that the peak
of the wave would be at a point in the LV feeding cable, which is out of the EPR zone. The
geometrical extension along the LV line of the front of the wave is about 300 m, even assuming a
very steep wave with front time of 1 us. The junction cable is typically 50-150 m in length (see
Appendix III). Its conductors are terminated to the earth by either LV SPDs (phase conductors) or
directly earthed (neutral conductor and screen if applied), which are providing practically short
circuit at the junction point. This short-circuit-type termination causes negative reflected voltage
wave, which tends to diminish the incoming wave. The resulted voltage remains below about 1/10th
of the peak as far as the junction cable remains short.

With the above conditions it can be assumed that the voltage stress of the LV cable is not higher
even to the remote earth, i.e., outside the EPR zone, than the residual voltage of the MV SPDs
protecting the isolating transformers. However, the high insulation level should be maintained along
the whole length of the junction cable.
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Finally, it should be noted that the explanations above are of a qualitative kind, neglecting the
effects of a couple of factors, i.e., the potential rise at the earthing of the junction point, and the
effect of the connecting feeding line section. Precise design values for actual conditions can be
obtained from quantitative analyses, e.g., by ElectroMagnetic Transient Program (EMTP)
simulation.

I1.3

Selection of the design values for the protection

The design values for the characterization of the protection elements can be identified in the
following way and logical order.

11.3.1
a)

b)

b)

36

Voltage level of the isolating transformer

The insulation voltage level at 50 Hz of the primary winding of the isolating transformer
shall be higher than the maximum rms value of the tower potential rise due to earth fault. It
is essentially determined by the magnitude of the earth fault current, the average value of
earthing resistances of the towers, the shield-wires and counterpoise. For the selection of
the required isolation level, guidance is given in Appendix I.

However, the following power frequency voltage levels of isolation between the windings
and between the primary winding and earthed parts are relevant for the most practical
applications:

* 10 kV rms, for the most practical cases up to 20-kA earth fault current;

* 20 kV rms, when the average value of the earthing resistances are high and for severe
earth fault current, i.e., up to 40 kA.

In addition, the impulse voltage dielectric strength of the primary winding shall be higher
than the residual voltage of the applied MV SPDs (MOV or similar). Informative values for
characteristics of typical MV SPD are given for the above isolation levels in Table II.1.

MYV SPD (MOY or similar) characteristics

Rated voltage (U,) of the MV SPD shall be equal to or higher than the maximum rms value
of the ERP of the tower concerned, due to earth fault.

Table I1.1/K.57 — The characteristics of MV SPD (MOYV or similar) corresponding

to two typical voltage levels of the isolation transformer

MYV SPD (MOYV) arrester characteristics
Isolation level Rated voltase Continuous R.esidual voltage
of the transformer ge, operating voltage, with 8/20 pus wave
[KV rms] U, U
[KV rms] KV ¢ at 10 kA at 20 kA
[kV rms] [KV peak] | [kV peak]
10 10 8 28 32
20 20 16 56 64

Nominal discharge current shall correspond to the highest lightning current, which should
be diverted by the arrester.

NOTE — The nominal discharge current is the peak value of the lightning current impulse having a
8/20 bi-exponential impulse wave shape, which is used to classify surge arresters. The energy

absorption capacity, given in kJ/kVy., is also used to characterize the discharge capability of the
protector.

The diverted current is a fraction of the lightning current. Its value, in per cent, is roughly equal to
the earthing resistance, in ohms, of the tower, where the RBS is installed (see 11.2.2.1 b)).
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A MOV with nominal discharge current of 20 kA can provide protection for a lightning current of at
least 100-kA peak, when the earthing resistance is below 20 €. In case of lower earthing resistance,
MOVs with nominal discharge current lower than 20 kA can provide appropriate protection.

11.3.3 LV SPD characteristics

The nominal discharge current of the LV SPDs shall be equal to or higher than that of the MV SPDs
in case of LV SPDs connected between each phase conductor and earth at the junction point
according to I1.3.2 b).

NOTE - Considering 11.3.2 b), the applied LV SPD shall have at least the nominal discharge current of
20 kA.

In other cases the selection and application of LV SPDs shall comply with the requirements
specified in the IEC standard series of IEC 61643 especially IEC 61643-1, [II.1], and IEC 61643-
12, [11.2].

11.3.4 Junction cable

11.3.4.1 Isolation withstand voltage

The isolation withstand voltage of the junction cable to earth shall be higher than the rated voltage
and the residual voltage of the applied MV SPD (MOV) for power frequency and surge voltage (see
the informative values given in Table I1.2).

These withstand voltages shall be ensured between the metallic structures and earth between which
the MV SPD are applied, i.e., between the phase conductors and earth in case of Option 1, whilst
between the screen and the earth in cases of Options 2 and 3.

NOTE - The required voltages withstand between the isolated fittings and earthed parts of the feeding
cabinet can be ensured by sufficient clearance distances. The minimum clearances for the maximum
apparatus voltages and the respective insulation levels according to IEC 71 are as follows:

Table I1.2/K.57 — Informative values for the required voltage
withstand and clearances

Maximum voltage for Rated lightning impulse | Minimum clearance
apparatus withstand voltage (indoors)
[KV rms] [KV peak] [mm]
12 75 90
24 125 160

11.3.4.2 Length of the junction cable

The minimum length of the junction cable shall be greater than the measure of the EPR zone and
right of way (falling distance), where applicable, of the HV power line (at least 30 m; for more
details, see Appendix III).

On the other hand, unnecessary extension of the junction cable should be avoided as far as possible,
to reduce the cost of this section having increased isolation level and to prevent the occurrence of
overvoltage due to the travelling wave phenomenon (see 11.2.2.2 and also Appendix III).

11.4 Options for the feeding of multiple RBSs

In some cases more than one RBS — e.g., operated by different service providers — may be mounted
in the same power line tower. The possible feeding options of this multiple RBS operation are
demonstrated in Figure II.1 with the assumption of two RBSs. More and more elements of the
feeding system become commonly used, when proceeding from options a) to c) thus resulting in the
less installation cost, but on the other hand less flexibility in the operation and maintenance.
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The different feeding arrangements (see Figure II.1) can be characterized by the following main
features:

a)

b)

38

Each circuit element is separated, i.e., duplicated from the junction point to the feeding
cabinet. A separate consumption (kWh) meter for each RBS can be installed either at the
junction point or at the separate compartment of the feeding cabinet. It is worth mentioning
that the LV SPDs could, in principle, be combined and replaced by a single set connected to
the common (feeding line) branch.

The junction cable, the MV SPD and LV SPD at the feeding cabinet and the junction point
respectively are common for the two RBSs. Separate consumption meters for each RBS can
only be installed at the separate compartments of the feeding cabinet.

The junction cable, the SPDs and the isolating transformer are used commonly. The feeding
is separated only on the secondary side of the isolating transformer. The consumption of
each RBS can be measured by subsidiary meters installed in separate compartments on the
feeding cables at the secondary side. A meter for common consumption — including the loss
of the isolating transformer — can be installed either in the primary side compartment of the
feeding cabinet or at the junction point.
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Appendix 111

Characterization and control of the EPR zone of tower earthing and estimation
of the minimum length of the junction section

III.1  Characterization of the zone of EPR of the tower earthing
III.1.1 EPR for actual tower footings

This clause describes characteristics of the zone of the earth potential rise (Z-EPR) occurring
around the tower footing due to the current injected to the earth through the earthing electrode
system of a high-voltage power line tower. It also presents a collection of figures obtained on the
one hand from field measurements and on the other hand by simulation studies.

The profile curves of Z-EPR vs. distance in per cent, normalized to the earthing potential (V), are
given in Figure III.1. These profiles were obtained from measurements made in the field around the
footing of a 220-kV power line, the measures of which are given in part b) of Figure III.1. Part a) of
the referred figure shows measured Z-EPR profiles vs. distance at the surface of the earth in the
specified four directions [III.1].

Part b) of Figure III.1 shows the normalized potential profiles with log-log scaling, thus providing
better comparison between the profiles of different directions indicated in the figure for further
distances.

3D plots of Z-EPR are given in Figure II1.2 in two different scalings. These were obtained from
simulation [IIL.2] of the earthing system of a 220-kV line, the structure of which is given in
Figure I11.3.

Profiles of Z-EPR normalized to the tower potential, at a depth of 0.5 m, perpendicular to the route
of the line, through the centre point between the legs of the tower, are plotted for two different earth
resistivities in Figure I11.4. This is a case where no ring conductor is installed.

On the base of the information provided, the following main conclusions can be made for practical
purposes:
— In the close vicinity of the tower footing, the change in the EPR is quite rapid. Therefore,

the bonding for potential equalization of the different cabinets, e.g., feeding and
RBS equipment, is of essential importance.

— The specific resistivity of the earth affects the magnitude of the earthing potential, T-EPR
and Z-EPR, but does not affect the magnitude and the profile of the normalized Z-EPR (see
Figure 111.4).

— The differences of the Z-EPR profiles in different directions are only significant in the close
vicinity of the tower footing. At further distances from the tower footing, the Z-EPR
profiles in different directions are practically identical and decrease with the distance x
according to 1/x (hyperbolic) pattern. The later statement allows for the equivalent
hemispheric representation of the tower earthing for practical purposes.

III.1.2 Representation of the Z-EPR by equivalent hemisphere concept

It is well known from the technical literature [III.3] that the Z-EPR can be described with very
simple expressions, when a hemisphere or an equivalent hemisphere replaces the actual electrode.

These simple formulae also assume homogeneous soil at least in the surface layer.

40 ITU-T Rec. K.57 (09/2003)



The Z-EPR of a hemispheric electrode at a distance x is given by:

v, =P (I11-1)
2T x

where:
p 1is the resistivity of the soil; and
I 1is the current flowing through the earthing electrode

The earthing potential V, of the tower becomes:
V,=R-1 (I1-2)
where R is the earthing resistance of the power tower.

Making the ratio of V,/V, the following expression is obtained:

%
Yoo P 1 (I11-3)
V 2R x

e

Finally, the minimum distance xn,, from the centre of the electrode, where the earth potential V is
equal to a stipulated value can be obtained as:

Xy = — < (111-4)

where the following values are assumed to be known:

p the specific resistivity of the surface soil at the location of the tower holding
the RBS

R earthing resistance of the tower holding the RBS (the value considered in
Appendix I)

V. potential rise of the tower holding the RBS (the value obtained according to
Appendix I)

Vy admissible no load earth potential at the remote end of the junction section,
1.e., at the junction point.

When the junction cable is laid along a straight route, then xmin is equal to the required minimum
length of the junction section.
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Figure II1.1/K.57 — Z-EPR normalized by the earthing potential (in per cent) measured
around the footing of a 220-kV power line with the measures given in Figure I11.1 b)
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Figure I11.2/K.57 — 3D plots of Z-EPR at a depth of 0.5 m, p = 1500 Qm, earth fault current:
10 kA, number of earth wire: 1, earthing structure according to Figure I11.3
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Figure I11.3/K.57 — Arrangement and sizes (in mm) of earthing electrodes of a 220-kV
power line considered in the EPR simulation — Depth of electrodes: 1.7 m
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Figure I11.4/K.57 — Profiles of Z-EPR normalized by the tower potential, at a depth of 0.5 m,
perpendicular to the route of line through the centre point between the legs of the tower

III.2  Control of touch and step voltages by potential PGE

The investigation of the Z-EPR has show significant difference in the potential between the legs of
the tower and also beside the tower (see Figures I11.1, II1.2 and II1.4). This difference causes touch
and step voltages which can affect the staff working in the vicinity of the cabinet of RBS. The
possible control of touch and step voltages by PGE is investigated below.

I11.2.1 Effectiveness of the PGE
a) Applied simulation technique and basic parameters

The simulation calculations have been made by the CDEGS software package (see ref. [I11.2]). This
technique allows the consideration of the actual earthing electrode arrangement and the soil
resistivity and structure (even stratified earth).
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In the calculations, the following general conditions were considered:
. homogenous earth (specific resistivity of p = 50 Qm);
. frequency: 50 Hz (current injection: 1000 A to the tower, including the legs).

It is worth mentioning that only normalized values are considered in the evaluations, which are
affected neither by the specific resistivity of the earth nor by the magnitude of the injected current.

b) Arrangement of the tower earth and the potential grading earth electrodes simulation

The earthing electrode arrangement of the tower is the one specified in Table III.1 under case
code 9. The sizes are reproduced in Figure II1.7. In fact, the tower earth system is composed of four
square-form electrodes placed at the bottom of the tower foundation and bonded together through
the tower body (see Figure II1.14). The structure and the sizes of the tower earth are characterized
by:

. electrode material: steel, circular with a diameter of 30 mm;

. depth: 2.0 m;

. lateral size of the square-form electrode of each leg: 1.7 x 1.7 m;

. spacing between the centre line of the tower leg electrodes: 6.5 X 6.5 m.

The electrode arrangements and grading earth electrode frames are shown for the cabinet beside the
tower in Figure IIL.5, and for the cabinet between the legs of the tower in Figure I11.6.

The structure and arrangement of the simulated voltage grading earth frame electrode systems are as
follows:

. electrode material: steel, circular with a diameter of 20 mm;
. depth: 0.3 m;
. positions:

— Dbeside the tower (see Figure I11.5);

— Dbetween the tower legs centrally located (see Figure I11.6);
. sizes of the PGE (see Figure I11.7):

— outer frame 3.6 X 3.6 m;

— inner frame 2.4 X 2.4 m.

The sizes of the PGE frames are identical for the cabinet beside the tower and between the legs of
the tower. If only a single frame is assumed, it is the outer one.

| K.057_FIIl.5

Figure II1.5/K.57 — Arrangement of the tower-earthing electrodes and
potential grading double frame earth electrodes.
Cabinet location: beside the tower
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Figure I11.6/K.57 — Arrangement of the tower-earthing electrodes and
potential grading double frame earth electrodes.
Cabinet location: between the tower legs
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Figure II1.7/K.57 — Sizes of the tower-earthing electrode and PGE
double frame electrode, in m

C) Surface potential and touch voltage profiles

The CDEGS code provides a complete EMF solution of the electrode system providing, e.g., the
potential, current distribution, electric and magnetic field in any place of the surrounding area. This
result can be further processed, thus resulting in the touch and step voltages, etc.

A general overview is provided by the 3D plot of the potential at a given level of the earth, like the
one shown in Figure II1.2.
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For the quantitative analysis of the results, the profiles of the earth surface potential to remote earth
and the touch voltage between the cabinet earthing (bonded with the tower earthing) and the earth
surface near the cabinet are given vs. length in three representative directions for the following two

cabinet locations:

beside the tower (see Figures I11.8, 111.9 and I11.10);
between the tower legs (see Figures I11.11, I11.12 and I11.13).
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Figure I11.8/K.57 — Profile of touch voltage (pu, Base: T-EPR) for cabinet beside the tower.
Profile: X direction, in centre line of the grading electrode frame
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Figure I11.9/K.57 — Profile of touch voltage (pu, Base: T-EPR) for cabinet beside the tower.
Profile: Y direction, in centre line of the grading frame and tower-earthing electrodes

ITU-T Rec. K.57 (09/2003)

47



1.0 pu

Single frame

K.057_FIIl.10

Figure II1.10/K.57 — Profile of touch voltage (pu, Base: T-EPR) for cabinet beside the tower.
Profile: direction 45° through the centre point of the PGE frame
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Figure I11.11/K.57 — Profile of touch voltage (pu, Base: T-EPR)
for cabinet between the tower legs.
Profile: X direction, in centre line of the PGE frame
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Figure I11.12/K.57 — Profile of touch voltage (pu, Base: T-EPR)
for cabinet between the tower legs.
Profile: X direction, in centre line of the tower-earthing electrodes
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Figure I11.13/K.57 — Profile of touch voltage (pu, Base: T-EPR)
for cabinet between the tower legs.
Profile: direction 45° through the centre point of the grading electrode frame

For the judgement of the effectiveness of the PGE frame, the profiles are given for the following
investigated options:

. no PGE frame (solid brown profile);
. single PGE frame (dotted blue profile);
. double PGE frames (solid red profile).
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The electrode potentials are the following for the basic conditions given in I11.2.1 a).

Electrode potentials in V
Cabinet location Applied PGE frame
None Single frame Double frame
Between legs 2746 2554 2530
Beside the tower 2746 1870 1844

It is worth mentioning that when dividing the above voltage values by 1000 A, the earthing
resistance of the electrode system will be obtained.

Considering that the profiles are given as normalized values, neither the value of p nor the injected
current magnitude affects the results.

The vertical scale of the plots is per unit (pu). The base is the electrode potential rise (T-EPR).

Small filled or empty circles placed above the length scale indicate the positions of the PGE frame
or the tower-earthing frame mesh along the profile direction. These help in the qualitative analysis
of the effectiveness of the applied grading electrodes.

The pu value can easily be recalculated to voltage relevant to an actual line condition on the basis of
the information given in Appendix I, particularly in Table I.1.

For example, let be the touch voltage u, = 0.15 pu. (Corresponds to Figure IIL.8, i.e., Cabinet beside
the tower, use of single PGE frame, location side of the cabinet just above the PGE frame.)

The tower holding the RBS should belong to a line characterized by:

1) average tower-earthing resistance of 25 €;

2) two shield-wires;

3) mean span around 330 m (no span correction factor can be considered);
4) phase-to-earth fault current /,,= 15 kA.

Taking into consideration conditions 1) and 2), the tower-earthing potential rise taken from
Table 1.1 is: U, = 5589 V/10 kA.

The value of the touch voltage when considering condition 4) as well is obtained as follows:

]ef 15
U =u xU, L =0.15%5589—> = 0.15x8384 = 1258 V
AT 10

The touch voltages relevant to the three investigated PGE frame options are:

Applied PGE frame
Touch voltage
None Single Double
pu 0.805 0.15 0.08
For the actual condition, in V 6751 1258 671

d) Analysis of the results

The presented profiles clearly show the effectiveness of the PGE frames in reducing the touch and
step voltages. The PGE effect is shown at the side of the cabinet in the X direction profiles going
through the centre line of the PGE frame (see Figures III.8 and III.11), while it is shown at the
corner region of the cabinet in 45° profiles (see Figures II1.10 and III.13). The Y direction profile
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for that arrangement, when the cabinet is beside the tower (see Figure I11.9), provides values both
for the surrounding area of the cabinet and for that of the tower legs.

1) Touch voltage reduction effect of the grading

The reduction effect of the grading frames can be characterized by the following touch
voltage values:

Application of the grading | Touch voltage range Remarks

None 0.33 t0 0.4 to 0.8 ® For cabinet beside the tower
Single frame 0.15t00.20 Above the grading frame
Double frame 0.05t0 0.10 In the zone above the frames

The reduction effect of the grading frames on the touch voltage can be summarized in the
following statements:

* A single PGE frame reduces the touch voltage by a factor of about 0.5 in relation to
that condition when no PGE frame is applied. This reduction level occurs in a narrow
zone just above the PGE electrode. The reduction rate can be even below 0.25, when
the cabinet is beside the tower.

* The application of a second grading frame provides an additional reduction rate of
0.33 to 0.50. This reduction level affects a wider zone above the double PGE frames.

2) Effect on the step voltage of the PGE

The step voltage is given by the gradient (steepness) of the earth potential profiles. The
following statements can characterize the effect of the PGE electrode system on the step
voltage:

* The application of the grading frames practically does not affect the step voltage
outside the outer grading frame (see, e.g., Figures III.11 and II1.12).

* The step voltage is significantly reduced in the zone above the double PGE electrode
frames.

» The step voltage is practically identical for the single and double PGE frame systems
outside the outer grading frame.

II1.2.2 Conclusions and proposals

a) Conclusions

The use of the PGE system effectively reduces the touch voltage to the cabinet body. This is a key
issue for the safety of staff working beside the RBS cabinet. Therefore, the use of the PGE system is
reasonable in any case and absolutely necessary in case of cabinets located beside the tower.

The PGE reduces the step voltage as well. However, in the case of a single PGE frame this
reduction is limited to a narrow path just above the PGE electrode. The step voltage is more
effectively reduced by double PGE frames, especially in the zone above the double PGE frames.

The PGE system does not reduce the step voltage in the area outside of the PGE system. It is worth
mentioning that the reduction of the step voltage is not a key safety issue in the outside zone. Such
kind of step voltage can occur in the surrounding area of any HV power line tower. No action is
made to reduce this step voltage. According to long time experiences no injuries to people have
been reported due to step voltages, which can occur in the surrounding area of power line towers.
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b)

Proposals for the application of the PGE

In order to avoid unsafe level of step and touch voltages, when approaching and entering the
equipment cabinet, PGE electrode frames shall surround the cabinet. The electrode arrangements
are shown in Figures II1.14 and II1.15 respectively for two typical cabinet locations, i.e., between
the tower legs or beside the tower. Regarding the implementation of the PGE system, the following
guidance can be stated:

52

The laying depth of the earth electrodes should be 0.3 m.

The minimum size of the electrode conductor should be 3.5 by 30 mm zinc-coated flat steel
or cylindrical steel with a diameter of 20 mm.

The PGE electrode shall be bonded both to the cabinet earth and to the legs of the tower at
least at two corners diagonally, when the cabinet is located between the legs (see
Figure I11.14).

If necessary, two vertical earth rods should also be installed and connected to the earthing
system.

When a single PGE frame is applied, it should be laid around the cabinet at a distance of
0.6 m from the periphery of the cabinet, including the metallic steps if any.

When a double PGE frame earth is applied, the frames should be placed £0.3 m from the
centre line assumed at a distance of 0.6 m from the periphery of the cabinet; i.e., the inner
and outer frame earths should be laid 0.3 m and 0.9 m distance from the periphery of the
cabinet, respectively. The use of this kind of double frame earth is preferable in case of
stringent conditions resulting in high potential rise especially for cabinets located beside the
tower.
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Figure I11.14/K.57 — Arrangement of the PGE system
in case of cabinet located beside the tower
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b) Application of double PGE frame

Figure I11.15/K.57 — Arrangement of the PGE system in case of
cabinet located between the tower legs

III.3  Estimation of minimum length values

For orientation purposes, estimated values are derived for the earthing electrode potentials equal to
the isolation voltage levels considered in Appendix .

The p/R value is needed for the estimation of the minimum length values by the expression III-4.
The estimation is based on the representation of the tower-earthing resistance R by an equivalent
hemisphere. The following relation applies between the equivalent radius r., of the hemisphere and
R:

rR=—7P (I11-5)

21r,,

The following expression is obtained for the p/R ratio with the rearrangement of the above formula:
P _ony (I11-6)
R “

The formula III-6 clearly shows that the p/R value is linked with the 7., by the multiplier 2.

The p/R ratios are identified by the following technique for practical purposes. The earthing system
of the tower footing, as a whole, is simulated by the CDEGS code [II1.2] for a series of actual
arrangements (in fact for 21 different cases). In the calculations, 1000 A (arbitrary value) is injected
to the electrode system. The CDEGS code solves the electromagnetic field problem of the inputted
electrode system embedded in homogeneous earth with a given specific soil resistivity p. (The
CDEGS code would allow the calculations for stratified earth structure as well.) The value of p has,
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arbitrarily, been selected to 50 Qm in the simulation calculations. One of the results of the
calculation is the potential rise of the electrode with respect to the remote earth. The earthing
resistance, R, of the tower-earthing system is obtained, by definition, as the ratio of the calculated
potential rise to the injected current considered in the calculation, i.e., 1000 A. Using the calculated
R value and the value of p assumed in the calculation, the p/R ratio is calculated for each simulated
earthing electrode structure. It is worth mentioning that the p/R ratio depends neither on the value of
p nor on the value of the injected current considered in the simulation calculations.

The structure and geometrical sizes of the earth electrode of each tower leg are demonstrated in
Figure II1.16.

Concrete
foundation

Earthing conductor
(tinned flat steel: 40 X 5 mm)

Earthing electrode frame
(circular steel, diameter: 28 mm)

A

I — K.057_FlIl.16

Figure I11.16/K.57 — Structure and geometrical sizes of the earth
electrode of a tower leg

The foundation of a tower is composed of either four legs (typical for a self-supporting tower
foundation) or two legs (typical for an H-frame suspension tower). Correspondingly to these
options, the calculations have been performed for earthing electrode arrangements containing four
or two frame electrodes (see in the 1st column of Table II1.1). The spacing between the legs (f; and
/>) of the foundation, the lateral sizes (a and b) of the frame electrode, and the depth of the earthing
electrode identify geometrical sizes of the electrode systems according to Table III.1.

The p/R values calculated for 21 earthing system structures are plotted in the last column of
Table III.1. Taking p/R = 18, which will cover about half of the values in the referred table, we get
with formula I11-4:

Vv 14
Xpmin = L igre _pole (I11-7)
2n V. V.
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When considering:

the earthing electrode potentials according to the isolating voltage levels used in

Appendix I:

V=10kV, 15kV, 20kV and 50 kV

the permissible stipulated no load earth potentials at the conversion cabinet for copper
telecom cable or at the junction points:

Ve=650VorlkV,15kVand2kV

the minimum lengths of the junction section obtained from formula I1I-7 are given in Table III.2.

Table I11.1/K.57 — Examples of values for the parameter p/R for different
tower-earthing arrangements

Tower earthing
. Sizes of the frame electrode [m]
Typical o/R
voltage | Case Legs b)
Arrangement level | code spacinga) Lateral Depth
[kV]
fl fz a b
120 1 3.6 1.3 1.8 13.3
A 120 2 3.7 1.3 1.8 13.5
220 3 45 | 4.0 1.4 1.6 14.1
120 4 4.8 1.6 1.6 15.5
120 5 72 | 43 1.4 1.8 15.8
b 120 6 4.5 2.0 1.9 17.1
a 220 7 6.0 1.7 1.8 17.4
‘3 400 8 6.8 1.7 1.6 17.6
o f
5 220 9 6.5 1.7 2.0 18.2
=
'f) 120 10 6.0 1.9 2.4 19.3
s f 400 | 11 |75 ]55| 20 20 | 194
= K.057_TIILA(1)
= 750 12 9.0 2.2 1.8 21.9
S| Self-supporting tower foundation
§ 400 13 8.2 2.3 2.4 22.9
‘E 220 14 7.0 2.8 2.0 23.1
750 15 10.0 2.4 2.9 25.7
220 16 9.0 3.0 2.8 27.3
Y 750 17 11.0 3.0 4.1 31.2
— . 4009 | 18 19.0 1.2 1.6 9.7
{[] 120 19 5.4 421 1.8 2.5 15.5
f
, o s 220 20 18.0 32125 2.9 18.1
Earthing electrode system of
H-frame suspension tower 7509 | 21 26.4 29 | 1.1 53 18.4
Y One value is only given when the spacing sizes between the legs of the tower foundation are identical,
i.e., fy = f, =f, or the tower foundation consists only of two legs with spacing f (see the upper and
lower schemes in the 1st column of the table, respectively).
®  One value is only given when the lateral sizes of the frame type earthing electrode are identical,
lLe.,a=b.
© Earthing electrode system of guyed H-frame suspension tower.
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Table 111.2/K.57 — Minimum required lengths of the junction section corresponding to the
isolation voltage levels (Appendix I) and admissible Z-EPR at the junction point

[L1]

[1.1]

Minimum length [m]

voll::lgit;(e)iflel, to conversion cabinet a) of the junction section

% for copper telecom cable

[kV] Admissible EPR at the junction point, V,
650 V 1kV 1.5kV 2 kV

10 44 29 19 14

15 67 43 29 22

20 28 58 39 29

50 221 144 96 72
? See Figures 5 and 6.
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