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Abstract. The paper is related to an important topic of the exposure of the general public to electric and magnetic fields in
the vicinity of transmission overhead power lines. The analysis is carried out for the real situation where there is an
intersection of the planned 110 kV double-circuit overhead power line with the existing 400 kV line. The analysis is based
on the results of electric field strength and magnetic flux density calculations. The calculations are carried out using a
software based on the Partial Element Equivalent Circuit numerical method. The results obtained by using this software
were previously verified by comparing them with the results obtained with the model based on infinite straight-line
conductors, for the case when there is only one power line. During the analysis of electric and magnetic field calculation
results at the location of the intersection, the influence of different phase sequences on the 110 kV line is also analyzed. All
the results obtained by calculations are compared with the reference levels prescribed by the legislation on protection of the
general public from electromagnetic fields. The method presented in the paper can be used when it is necessary to analyze
the levels of electric and magnetic fields at the location of the intersection of the overhead power line which is planned for
the construction with an existing overhead line and to carry out an assessment of compliance of the field levels with the
prescribed limits.
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1. INTRODUCTION

The paper is related to an important topic of the
general public protection from non-ionizing radiation,
i.e. low frequency electric and magnetic fields originating
from overhead power lines. The topic related to the
influence of electromagnetic fields originating from
power facilities and lines as well as possible mitigation
techniques was analyzed by several working groups [1-4].
The influence of overhead power lines on the
environment from the standpoint of electromagnetic
fields is a topic that requires detailed analysis. Due to
their length and proximity to residential areas, overhead
power lines are one of the most important sources of low
frequency electromagnetic field in the environment.
Knowing the levels of electric and magnetic fields in the
vicinity of overhead power lines is of great importance
for planning the construction of new power lines near
residential areas as well as for the construction of
residential buildings near existing power lines.

When planning the construction of a new overhead
power line it is necessary to carry out the evaluation of its
influence on the environment from the aspect of
electromagnetic fields. The obtained results of electric
field strength and magnetic flux density have to be in
compliance with the reference levels prescribed by
international [5-7] or national [8-10] legislation. The
evaluations are based on electric field strength and
magnetic flux density measurements for the situation
before the implementation of the project and on
calculations for the situation after the project realization.
Calculations carried out for the situation after the project
implementation have to take into account the influence
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of both the analyzed power line and the existing sources
of electromagnetic fields along the power line route. Only
in the case when the assessment carried out in the
specified way shows that the electric and magnetic field
levels will be within the prescribed limits, it is possible to
proceed with the project implementation. Measurements
are carried out in accordance with the relevant standards
[11-14], while calculations can be based on various
methods. Different methods for the calculations of
electric field strength and magnetic flux density are
presented in [14—26]. The model used for calculations
has to be previously verified in order to obtain reliable
results which will be used for the assessment of
compliance with the reference levels prescribed by
national or international legislation. The model can be
verified by comparing the results with the results
obtained by another software or by measurements. In
this paper the method based on comparison of the results
obtained by using two calculation models was applied.
The measurement and calculation uncertainty [19] have
to be taken into account in the conformity assessment.

The situation of the intersection of two transmission
lines is analyzed in the paper. Since the new 110 kVline is
intersecting with an existing 400 kV line it is necessary to
determine the field levels at the location of intersection.

2. SERBIAN AND INTERNATIONAL LEGISLATION ON
PROTECTION FROM NON-IONIZING RADIATION

Recommendation 1999/519/EC [6] establishes a
framework for harmonized protection of the general
public from non-ionizing radiation to which all the
European Union countries should adhere in adopting
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local regulations. The reference levels of exposure of the
general public to power frequency (50 Hz) electric and
magnetic fields, prescribed by [6], are set to 5 kV/m and
100 T, respectively. These reference levels are equal to
those given by the International Commission on
Non-Ionizing Radiation Protection (ICNIRP) in the
ICNIRP guidelines from 1998 [5]. In the ICNIRP
guidelines from 2010 [7] the reference levels for power
frequency (50 Hz) electric and magnetic fields are
5kV/m and 200 pT.

The Republic of Serbia fulfilled the requirements of
[6]in 2009 by adopting the Law on Protection from Non-
Ionizing Radiation [8] and six rulebooks. The subject of
the Rulebook on Limits of Exposure to Non-Ionizing
Radiation [9] are the so-called “increased sensitivity
areas” which include “residential areas where people can
stay 24 hours a day, schools, homes, preschools,
maternity wards, hospitals, tourist facilities, children
playgrounds and areas of undeveloped parcels of land
intended, according to the urban development plan, for
the specified purposes, in accordance with
recommendations of the World Health Organization”.
Rulebook [9] established the reference levels, which are
2 kV/m for electric field strength and 40 uT for magnetic
flux density. These reference levels refer to RMS values of
the power frequency (50 Hz) field in the increased
sensitivity areas. The comparative review of reference
levels for power frequency electric field strength and
magnetic flux density prescribed by international and
Serbian legislation is given in Table 1.

Table 1. Comparative review of reference levels for power
frequency (50 Hz) electric field strength and magnetic flux
density prescribed by international and Serbian legislation

ICNIRP|Recommendation |ICNIRP|Rulebook
1998 [5] 1999/519/EC [6] 2010 [7]  [9]
Electric
field |5kV/m 5kV/m 5kV/m| 2 kV/m
strength
Magnetic
flux [100 uT 100 uT 200 uT| 40 uT
density

According to the Rulebook on Sources of Non-
Ionizing Radiation of Special Interest, Types of Sources,
Methods and Frequentness of their Testing [10], before
the construction of a new electromagnetic field source or
the reconstruction of an existing one, it is necessary to
carry out an evaluation study in order to confirm that
electromagnetic field levels will not exceed the prescribed
reference levels after the realization of the project. This
study is obligatory when planning the construction or
reconstruction of 110kV, 220kV and 4o00kV
transmission overhead power lines. In order to proceed
with the project implementation, the study has to
demonstrate that the field levels after the project
realization will be within the prescribed limits.

3. ANALYZED SITUATION OF 110 KV AND 400 KV
OVERHEAD POWER LINES INTERSECTION

The situation of an intersection of 110 kV double-
circuit and 400 kV single-circuit overhead power line is
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Figure 1. Intersection of the 110 kV and 400 kV overhead lines

analyzed. The situation is presented in Figure 1. Profiles
P1 and P2 which are perpendicular to the axes of the
110 kV and 400 kV lines are also shown in Figure 1. The
angle between the axes of these two power lines is 20°.

The 110 kV overhead power line is a line whose
construction is planned and it will intersect with the
existing 400 kV line. For that reason, it is necessary to
analyze the levels of electric and magnetic fields at the
location of their intersection in order to confirm that the
field levels will be within the prescribed limits after the
construction of the 110 kV line. Since the 110 kV line is
planned for construction, the analysis has to be based on
field calculations. The calculations have to be carried out
using appropriate software tools, which are previously
verified, in order to obtain reliable results which will be
used for the assessment of compliance with the
prescribed reference levels. The towers of the 110 kV and
400 kV overhead power lines on the analyzed span are
presented in Figures 2 and 3.
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Figure 2. The 110 kV overhead power line tower
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Figure 3. The 400 kV overhead power line tower
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4. CALCULATIONS OF ELECTRIC FIELD STRENGTH AND
MAGNETIC FLUX DENSITY

4.1 Calculation methods

The calculations of electric field strength and
magnetic flux density are based on two different models.
In both cases, the overhead power lines are simulated by
a set of straight-line conductors, which are parallel to
each other and to the ground surface.

The first model (Model 1) is based on a
two-dimensional analysis using the method described in
[14, 15]. Electric field strength calculations are based on
the method of image charges, while magnetic flux density
calculations are based on Biot-Savart law. The power
lines are simulated by a set of infinitely long, straight-line
conductors. The software based on this model is
previously verified by comparing the results with the
results given in [14]. This model can be used when it is
necessary to calculate electric and magnetic fields in the
vicinity of one overhead power line or several overhead
power lines with parallel routes. However, the model
cannot be used for modelling complex geometries and
power line intersections. For that reason, it is necessary
to use more complex models for the analysis of electric
and magnetic fields at the location of the power lines
intersection.

The second model (Model 2) is based on the Partial
Element Equivalent Circuit (PEEC) numerical method
which is described in detail in [27, 28]. In this case, the
power line conductors have a finite length of 1000 m.
The calculations were carried out using commercial
software [27, 28]. The software is based on the PEEC
full-wave numerical model, which is suitable for a wide
range of applications. The benefits of this calculation
method include the ability to model complex conductor
geometries, such as those found in intersections of
overhead power lines.

The calculations are performed for the power line
geometries presented in Figures 4 and 5 and for the data
specified in Table 2. The data given in Table 2 include
types/materials, cross sections (S) and radii (r) of phase
conductors and ground wires, as well as maximum
permitted load currents of the power lines during the
winter period (Imax) prescribed by [29]. The current Imax
is the maximum power line load during normal operating
conditions. The calculations are carried out for values of
the power line rated voltage (U), i.e. 110 kV and 400 kV.
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Figure 4. The 110 kV overhead line conductor disposition
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Figure 5. The 400 kV overhead line conductor disposition

Table 2. Main technical data referring to analyzed power lines

Ur Phase . [max
[kv] | conductors Ground wires [A]
Steel,
1o |ACSR240/40,1 o _ 35mm?, | 880
r=10.4 mm
r=3.75 mm
ACSR Steel,
400 | 2x490/65, | S=50mm? | 2740
=153 mm = 4.5 mm

4.2 Comparison of the calculation results obtained
by two different methods

In order to confirm the validity of the obtained results
the initial calculations are carried out using both
methods. These calculations are performed for the
situation when there is only one power line. The results
of electric field strength (E) and magnetic flux density (B)
calculations for the case when there is only the 110 kV
double-circuit line are presented in Figures 6 and ;7. The
calculations are performed for the untransposed phase
sequence 048-048 of the 110 kV line, where 0, 4 and 8
represent the marks of the phases. The calculation results
for the case when only the influence of the 400 kV line is
taken into account are given in Figures 8 and 9. Marks 1
and 2 in Figures 6-9 refer to the models used for
calculations. The results presented in these figures are
the RMS values of the field along the lateral profile
(profile perpendicular to the power line axis) positioned
at 1 m height above the ground.
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Figure 6. Results of electric field strength calculations for the
110 kV overhead power line
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Figure 7. Results of magnetic flux density calculations for the
110 kV overhead power line
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Figure 8. Results of electric field strength calculations for the
400 kV overhead power line
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Figure 9. Results of magnetic flux density calculations for the
400 kV overhead power line

The highest values of electric field strength and
magnetic flux density obtained for 110 kV and 400 kV
power lines by using both methods are given in Table 3.

Table 3. The highest values of electric field strength and
magnetic flux density obtained for the 110 kV and 400 kV
power lines by using both methods

Power Emax [kKV/m] Bimax [1T]

line | Model 1 | Model 2 | Model 1 | Model 2
110 kV 1.88 1.90 14.93 14.89
400 kV 1.28 1.30 13.92 13.91
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From the results presented in Figures 6-9 and in
Table 3 it can be concluded that there is an agreement
between the results obtained by the applied methods.
Therelative deviation between the results of electric field
strength obtained by the two models is lower than 2.3%
in all calculation points and for both power lines. The
relative deviation between the results of magnetic flux
density is lower than 0.90% in all calculation points.

4.3 Calculations of electric and magnetic fields at
the location of 400 kV and 110 kV overhead power
lines intersection

Based on the presented results, it can be concluded
that there is an agreement between the results obtained
by the two models. Since the model is verified, the
calculations at the location of the power line intersection
can be carried out. These calculations are performed by
using Model 2. In order to obtain the highest values of
electric and magnetic fields, calculations are performed
assuming minimum phase conductor heights above
ground, which occurs at the phase conductor
temperature of +80°C. The power line geometries for this
case are shown in Figures 4 and 5.

The phase sequence of the 400 kV line is shown in
Figure 1. However, the phase sequence of the planned
110 kV double-circuit line was not determined, so it is
necessary to analyze the different phase sequences shown
in Figure 10 in order to obtain the highest levels of
electric and magnetic fields.
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Figure 10. The 110 kV overhead power line phase sequences

For each analyzed phase sequence the highest values
of electric field strength and magnetic flux density which
occur in the area of power line intersection are
determined. These values are presented in Table 4. The
highest values of electric and magnetic fields are
obtained for the untransposed phase sequence (048-
048) of the 110 kV line phase conductors. The calculation
results for this case are shown in Figures 11 and 12.

Table 4. The highest values of electric and magnetic fields
obtained for different phase sequences of the 110 kV line

Phase sequence | E [kV/m] B [uT]
048-048 2.22 26.58
048-084 2.17 26.01
048-408 1.69 23.52
048-480 1.60 26.58
048-804 1.50 24.32
048-840 1.45 26.48
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Figure 11. Results of electric field strength calculations at the
intersection of the 110 kV and 400 kV overhead power lines
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Figure 12. Results of magnetic flux density calculations at the
intersection of the 110 kV and 400 kV overhead power lines

The results presented in Figures 11 and 12 are the
RMS values of electric field strength and magnetic flux
density at 1 m height above the ground. As expected, the
maximum field levels are obtained near the intersection
of the power lines.

The results of electric field strength and magnetic flux
density obtained by calculations along lateral profiles P1
and P2, shown in Figure 1, are presented in Figures 13
and 14. These calculations are performed for the 048-
048 phase sequence since in this case the highest values
of electric and magnetic fields were obtained.
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Figure 13. Results of electric field strength calculations along
profiles P1 and P2
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Figure 14. Results of magnetic flux density calculations along
profiles P1 and P2

The highest values of electric field strength and
magnetic flux density shown in Figures 13 and 14 are
slightly lower compared to the values given in Table 4
since the highest field values given in Table 4 represent
the highest values in the entire intersection area.

From the presented results it can be concluded that
the obtained results are lower than the reference levels of
5kV/m and 100 puT prescribed by [5, 6].

5. CONCLUSION

In this paper the calculation results obtained at the
location of 110 kV and 400 kV overhead power lines
intersection are presented. The model used for
calculations is previously verified by comparison with the
model based on infinitely long straight-line phase
conductors. In order to obtain the maximum values of
electric and magnetic fields, the calculations are carried
out for different phase sequences of the 110 kV double-
circuit power line. It is shown that all the obtained results
are lower than the reference levels of 5 kV/m and 100 uT,
prescribed by the ICNIRP 1998 Guidelines and
Recommendation 1999/519/EC. The approach presented
in the paper can be used when it is necessary to calculate
the values of electric and magnetic fields in the vicinity of
new overhead power lines at the locations of the
intersection with existing overhead power lines in order
to demonstrate that the field levels after the construction
of the new power line will be within the prescribed limits.
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