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Abstract: - This paper presents some important components of the electromagnetic environment associated with
the presence of overhead power lines, taking into account different frequency ranges which are identified
during operation regimes in the electromagnetic field in vicinity of overhead power lines. The interferences in
the range of RI waves can be significant. RI interference usually comes from incidental radio frequency
emitters which include overhead power lines. The rich harmonic content of some electronic devices
(computers, television sets) means that they can interfere over a very broad spectrum. This paper points out the
influence of the dissymmetry of the voltage system upon the magnitude of the intensity of the electric field.
Key-Words: electric field, magnetic field, disturbances, interferences, induced voltages induced current,
corona discharge, crossed over lines
or substations. Their intensity becomes more
important as the rated voltage is higher.
The most difficult problem is to find out the value of
the induced current in living organisms immersed in
an electromagnetic field and the induced voltages
from inductive or capacitive coupling in different
metallic structures which could cause annoying
contact currents or even deadly currents for the living
or electrical equipment dysfunctions.
For its quantification, is necessary to use the concept
of the class of emplacement having the meaning of
an ensemble of emplacement areas with similarities
from point of view of nature and density of the
electric or electronic equipment, the installing
conditions or electromagnetic disturbances. The
severity level characterizes each class for different
kind of electromagnetic disturbances witch accede to
the equipments/ systems by different ports of them.

1. Electromagnetic environment
Electromagnetic environment (EME), a component
of the natural environment, represents the totality of
the electromagnetic phenomena that coexist in a
certain place at a certain time. The EME includes
useful as well as disturbing electromagnetic signals
along with propagation parameters like speed,
attenuation and reflection coefficients which are
depending on local material properties as dielectric
permittivity, magnetic permeability or electric
conductivity. All these draw up a parameter set of the
environment that could vary with time.
The EME can be characterized by:
- active electromagnetic emission sources: artificial
sources
(electrical
equipments,
industrial
installations) or natural sources (atmospheric
phenomena, cosmic radiations);
- measurable values (currents, potentials, the
intensity of the electric, magnetic or
electromagnetic field).
The effects generated by the electrical installations
can be classified as: quantifiable effects, evaluated
by measurable physical values and non-quantifiable
effects manly evaluated by direct perception (fig.1).
The electromagnetic pollution (electromagnetic
impact) is referring to all the aspects associated with
presence of the electromagnetic fields of different
frequencies in the vicinity of the electric power lines
ISSN: 1790-5079

2. Values referring to electromagnetic
impact and limitations
2.1 Values referring to impact
a. Frequency ranges of electromagnetic emissions
- in the SLF range, (30 to 3000) Hz the power
frequency (50/60 Hz) electric and magnetic field and
field harmonics emitted in the vicinity of power lines
and electric substations in normal operation
conditions
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Fig.1 Components of the quantifiable and non-quantifiable impact

- in the MF range (3 105 to 3 106)Hz the
radio-frequency electromagnetic field (0.15 to
3 MHz) generated by the corona discharge
developed on phase conductors and insulators of the
overhead power lines;
- in the VHF range (3 107 to 3 108) Hz the
TV-frequency electromagnetic field generated by the
corona discharge.
Electric component of the electromagnetic field is
quantified by its intensity E (V/m), and the magnetic
component by its induction B (T).

ITU) that could be affected by the presence of the
electric equipment.
To identify these field components, the authors have
used analytical and experimental methods,
appropriate to specific phenomena of low and high
frequencies electromagnetic fields.
b. Values attached to the effects of the emissions
Induced potentials and currents in objects and
human bodies
c. Indicators attached to emissions effects
- SA (Specific Absorption) – defined as the electric
power absorbed by mass unit:
⎛ dW ⎞
SA = ⎜
⎟ (W / kg )
⎝ dm ⎠

(1)

- SAR (Specific Absorption Rate) - defined as the
electric power absorbed by mass unit:
SAR =

Fig.2 Frequencies affected by the overhead lines emission

(W / kg )

(2)

The relations below could be also used to evaluate
SAR:

Figure 2 points out those regions of the
electromagnetic standard spectrum (according to
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with: Ei is the electric field in human tissues (in
V/m) σ is the human body conductivity (in S/m),
ρ is the volume density (in Kg/m3), Ci is the mass
caloric capacity (in J/kg oC), T is the body
temperature (in oC), J is the density of the induced
current (in A/m2);
- Exposure dose evaluating the cumulative effect of
the exposure and defined as the intensity of the
magnetic field multiplied by the exposure duration.
Standard limits for the exposure to electromagnetic
emissions
.

Some remarks:
- The Directive 2004/40/CE does not provide the
long time duration effects.
- The Publication ICNIRP 7/99 establishes the
limit values, without time duration limits.
- The Directive 2004/40/CE is not referring to the
exposure during the live work (under voltage).
- Knowledge of the electromagnetic fields impact
could be important in this case, taking into
account their large variations in space and time
(especially for the magnetic field).
- Taking into account the cumulative effect, the
magnetic doze could be evaluated at 14
mT.h/year the domestic dose is of o,13 μT/h.

2.2 Standard limits for the exposure to
electromagnetic emissions
Even without a general international agreement, a
constant interest towards the principal problems
exists and some settlement about the limit values of
the electromagnetic fields in the vicinity of the
transmission lines was emitted by different
international organizations, each structure having
different competences:
- IRPA-International
Radiations
Protection
Association; ICNIRP- International Non-Ionized
Radiations Protection Committee;
- CENELEC-Commission
and
European
Committee for Standardization ;
- EU/GD V –European Union – GD V: Directive
2004/40/CE [1] Parliament and Council of Europe.
The limit values (basic restrictions defined as
specific values in regard to biological effects which
must be control and reference levels defined as
measurable parameters used to verify the basic
concordance restrictions) for electric and magnetic
field in 0÷10 kHz range are the followings [1, 2]:
- basic restriction for electric field for an exposure
parallel to the field of the whole body: 42 kV/m
(peak value) in the range (0 – 0.1) Hz; 30 kV/m
(peak value) at f > 0.1 Hz and f > 50Hz.
- basic restriction for magnetic field is 2 mT.
- reference values are established by the access
category (table 1).
Table 1
Acces
s
Profes
-sional

Public

f
0.025…0.82
kHz
0.065…1
MHz
0.025…0.82
kHz
0.15…1MHz

Electric
field
[kV/m]

Magnetic
induction
[mT]

500/f*

25/f*

610

2.0/f

250/f*

5/f*

87

0.92/f*

3. ELF electric and magnetic fields
High-voltage lines generate electric and magnetic
fields in their neighborhood. Due to the geometry of
overhead transmission lines a wide expansion of the
field is obvious. In the extremely low frequency
range (ELF), electric and magnetic fields are
effectively uncoupled. This is because the
wavelength of ELF electric and magnetic fields at
50 Hz are large in relation to the size of objects of
interest. The magnitude of the electric field is
related directly to the voltage of the source and the
magnetic field to the current.
Development of mathematical techniques for
calculates the electromagnetic field quantities,
requires first, a geometrical model of the technical
device capable to reflect the physical behavior of the
high-voltage transmission line and second, some
assumption concerning the electromagnetic field
sources (i.e. phase voltages and currents).
The geometry of the problem involves small
diameter conductors above a large flat conducting
ground plane. The common practice is to assume
that power line conductors are straight horizontal
wires of infinite length; in fact, they are periodic
catenaries, the sag of which depends on individual
characteristics of the line and on environmental
conditions. Two approaches are possible: (i) to
assume that the line has conductors parallel to each
other and to a flat earth (is an accepted
approximation for lines whose conductors remain
the same distances apart along the span) or, (ii)
taking into account the sag of the line by dividing
each span into many cylindrical straight line
segments, each with a certain charge distribution (to
compute electric field) or representing a current (for
evaluation of magnetic field). Consideration of
catenary's effects in the literature is scarce [3], since

Induced
current
(mA/ m2)
10

2

* with f in Hz.
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most often they are assumed to be negligible.
Nevertheless, whenever analysis of the power line is
concentrated on phenomena in close proximity to
the conductors, the straight wire approximation
should be critically reviewed, because the effect of
the catenary on the amplitude of electric or magnetic
field may be significant in some cases.
The knowledge of the voltage and currents
(amplitude and phase) is a prerequisite to calculating
the electric and magnetic fields of a line. While the
voltage throughout the power system is known
reasonably accurately and does not vary much with
time, the current varies considerably. Therefore it is
not generally an easy task to determine the currents.
This occurs for different deterministic and random
reasons analyzed in [8].
The electromagnetic field's sources are usually
assumed to be only symmetric sinusoidal voltage
and current 3-phase systems with constant
magnitudes values. In the real world, these
assumptions are rarely fulfilled: the 3-phase systems
are unbalanced and the magnitudes are submitted to
fluctuations. The main source of current and electric
charge unbalance in the transmission systems are
the un-transposed lines, [4]—[7] as asymmetrical
phase spacing of a transmission line results in the
unbalance of line self and mutual impedances and
partial capacitances. In the same time the presence
of harmonics can affect the shape of the current,
which remains periodic but is no more sinusoidal.
The problems listed above can affect the electric and
magnetic field values predicted by the most
sophisticated computation methods. Therefore, in
the paper we will try to evaluate the influence of
some of these factors.
The tower top geometry of the single-and doublecircuit suspension towers that will be used for
exemplification purposes are those represented in
figure 3; they are typical arrangements used in the
Romanian network. The 400 kV line has
twin-bundle conductors per phase; the other lines
have a single conductor.
As line conductors are located at different heights
above the earth that has a finite conductivity, both
electric and magnetic field evaluation use an
appropriate form of the method of images to take
into account the presence of a dissipative
environment:
- for the electric field the mirror charge of a
conductor is placed in a symmetrical location
beyond the earth surface,
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- for the magnetic field the virtual mirror current of
a conductor is placed considering a reference
mirroring plane situated at a complex distance p
beyond the ground surface.

Fig. 3 Typical geometry for lines’ towers

The specification of coordinates required for the
evaluation of the conductor's image contribution to
the electric and magnetic field are represented in
figure 4. The complex distance can be computed as,

p=

ρearth
jωμ 0

where ρearth-earth electric resistivity
μ0-magnetic permeability [H/m].

(4)
[Ωm],

Fig. 4 Complex image for electric and magnetic field

The magnitude of p is represented in figure 5 as a
function of frequency for different values of the
earth resistivity; the magnitude of p is smaller for
higher frequencies and more conductive ground.

3.1 Electric field evaluation
There are several methods for electric field
evaluation; the Charge Simulation Method (CSM),
152
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ground wires are at a floating potential imposed by
the coupling with phase conductors; in normal
service conditions, the overall electric charge is zero
and they do not contribute to the electric field near
the ground. The geometry of each line imposes a
certain degree of asymmetry for the charge
distributions as it can be observed in figure 6. We
think that the degree of asymmetry can be related to
the level of the electric field under the line.

the Finite Difference Method (FDM) and the Finite
Element Method (FEM) are very commonly used
for field analysis of HV insulation systems, [8-9].
The CSM is suitable for unbounded problems, but

Fig. 5 Penetration depth as a function of frequency and
soil resistivity
Fig. 6

becomes complicated for problems including
dielectrics. On the other hand, the FDM and FEM
are suitable for multi-dielectric cases, but require
truncation of the domain for unbounded problems.
For the rather complicated and time consuming
three-dimensional electric field calculation in the
vicinity of transmission lines and substations, an
effective numerical calculation method based on
CSM [10] was used. For a better representation of
non-uniform charge distribution, the conductors
were subdivided into small segments with linear
charge density. In order to represent a segment with
linear charge density, the expressions for potential
and electric field produced by a generalized finite
line type of charge that was named "finite slant line
charge" were analytically derived. Due to the
generality of the finite slant line charge, it can be
easily used without any coordinate transform. The
first step is to determine the charge distributions
using the boundary conditions (i.e. conductors'
potentials); knowing the charge distributions the
electric field in a given point above the ground will
be computed as the sum of all elementary
contributions. Each elementary contribution consists
in the elliptic polarized electric field generated by a
real or virtual conductor. The analyzed lines have
one ground wire bound to the ground at each tower,
except for the 400 kV simple circuit compact line
which has two segmented ground wires. The single
ground wire is at zero potential, as it is bound to
earth, and has a charge distribution due to the
coupling with phase conductors. The 2 segmented
ISSN: 1790-5079

If the three-phase system is balanced, the resulting
electric field above the ground can be obtained as a
vector with the horizontal and vertical components
complex quantities (phasors):
G
G
G
E( y , z ) = E Y ( y , z ) ⋅ e y + E Z ( y , z ) ⋅ e z

E Y ( y, z ) = EY ( y, z ) ⋅ exp(− jωϕY ( y, z ))

(5)

E Z ( y, z ) = EZ ( y, z ) ⋅ exp(− jωϕ Z ( y, z ))
The field vector in (5) has an elliptic polarization as
the two components are not in phase.
There are several ways to extract the information
concerning the electric field's lateral profile using
the complex form of the field:

Fig. 7 example of polar representation of the lateral
profile, electric field, vertical component (400 kV)

(a) a polar representation of the vertical and the
horizontal components gives the evolution of the
phasors in the complex plane as the distance from
the centre of the line is increased, figure 7;
153
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(b) a profile for the magnitude of the horizontal and
vertical component gives an information on the
exposure to the field inside the right of way of the
line (figure 9);
(c) the profile of the RMS value calculated with

ERMS = EY2 + EZ2
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amplitudes of the components, and no with their
effective values.
The field exposure increase with increasing voltage
(figure 9) but the extension of the exposure and its
level strongly depends upon the tower geometry as
it can be seen in figure 10.
For the electric field, the r.m.s value is practically
imposed by the vertical component as the main
direction of the elliptic vector given by the angle
ALFA is almost a vertical one.
The major and minor semiaxis of the elliptic vector
represented in figure 10 define a domain which
includes all the actual values of the electric field.

(6)

can be compared with measured values;

Fig. 8 Elliptic vector’s main parameters

(d) in time-domain, the elliptic polarized vector is
represented by an ellipse (the basic Lissajous figure)
whose main parameters are those represented in
figure 8, and can be calculated using the complex
values of the space-components.

3.2 Influence of line voltage and geometry on
the electric field
For the tower tops geometries in figure 3 the electric
field computation at midspan produces the results
represented in figures 9 and 10. The profiles are
given at 1.8 m above the ground. They are in good
agreement with measured [11] or computed [12]
profiles for similar line geometry.

Fig. 10. Lateral profile of elliptic vector’s parameters for
400 kV lines simple and double circuit

3.3 Magnetic –field evaluation
Assuming that the overhead phase bundles are
replaced with equivalent single conductors;
assuming these conductors carry sinusoidal currents
directed along the -axis, with complex amplitudes
(phasors) denoted by ,I1, I2, and I3, and assuming no
other currents are present, the complex amplitude of
the magnetic induction field vector in a point above
ground is obtained, from Ampère’s law, as a
summation of elementary contributions of all
conductors (real and virtual):
μ nC
2G
2G
B Q ,C = 0 ∑ ( yQ − yk ) e y + (zQ − z k ) ez
2π 1
(7)
G
G
μ 0 nI
2
2
BQ,I =
∑ (yQ − yk ) e y + (zQ + zk + 2 p ) ez
2π 1
where

[
[

Fig. 9

However the actual values may be greater than those
predicted by the r.m.s. value profile because the
time representation of the field is dealing with the
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d Qk =
DQk =
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with geometrical elements from figure 2.
The magnetic induction vector in the time domain
can be determined from (7) using

[

3.4 Influence of line voltage and geometry on
the magnetic induction

]

b Q (t ) = 2 Re B Q exp( jωt )

For the analyzed configurations the results can be
seen in figures 11 and 13 for simple and doublecircuit configurations, in terms of effective values of
the magnetic induction horizontal and vertical
components.

yielding, in general, an elliptically polarized field in
the y-z plane, whose RMS value is obtained from

BRMS = BY2 + BZ2

(8)

as well for the electric field.
The summation in (7) extends over all phase
conductors, ground wires and their images.
The first step required to conduct a correct
analysis—prior to magnetic-field computation—
consists in the determination of all system currents
based on prescribed phase-conductor currents IC
I C = [I1; I 2 ; I 3 ]
(9)
This problem is apparently a complicated one, for
induction effects make each and every conductor
current depends on the remaining ones.
Multicoupling was handled using matrix techniques
that have already proven effective in the analysis of
multi-conductor transmission lines MTL, [12].
The technique is based on the per-unit-length series
impedance matrix of the MTL - Z'. Since the
standard procedure for computing Z' has been
established elsewhere [13]—[14], details will not be
revealed here.
For the twin-bundle conductors per phase case, the
current is not equally divided between the two
sub-conductors because of the induction effect. To
compute the sub-conductors currents the phase
bundles were divided into two sub-conductor sets
taking into account as individual conductors:
[ΔU a ] [Z aa ] [Z ab ] [Z aG ] [I a ]
[ΔU b ] = [Z ba ] [Z bb ] [Z bG ] ⋅ [I b ] (10)
[ΔU G ] [Z Ga ] [Z Gb ] [Z GG ] [I G ]

Fig. 11 Lateral profile for the magnetic induction

Fig. 12 Magnetic induction in time-domain; main features
of the elliptic rotating vector

In figure 12 the main features of the elliptic vector
are compared with the RMS value of the magnetic
induction, to point out the differences in between.
Because the magnetic induction depends upon the
current, one can see that the lateral profiles for lines
with different voltages are not so marked as for the
electric field. The highest values evaluated for the
magnetic induction are far away from prescribed
limits. The computed lateral profiles are in good
agreement with those computed in [15] using the
magnetic dipole method.

In (10), subscripts a and b refer to the partition of
phase bundles into two sub-conductor sets; subscript
G refers to ground wires. Taking into account that
the conductors belonging to a given phase bundle
are bonded to each other, and that ground wires are
bonded to earth (tower resistances neglected), we
can make
ΔU G = 0 ΔU a = ΔU b
(11)
Conditions (11) applied to the equation system in
(10) yields the unknown currents as a function of
prescribed ones.
At this point we must emphasized that all terms in
Z' are frequency dependent, and depend also upon
the complex distance p.
ISSN: 1790-5079
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3.5 The effect of unbalanced currents on the
magnetic induction
The sources of unbalanced currents and their effects
on MTL were addressed in [16-17]. The study
considers the following two types of current
unbalance in double-circuit lines:
- through unbalance;
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harmonic magnetic field will not cancel in the same
way as the fundamental current.

- circulating unbalance.

Fig. 13 Magnetic induction vector, r.m.s value, double
circuit configurations at different nominal voltages

First, we considered the current unbalance
dependence on phasing of double-circuit lines;
arrangements, such as abc—abc are known as the
super bundle (SB) arrangement, while arrangements
such as abc-cba are referred to as the low-reactance
(LR) arrangements [17]. The net-through and
circulating current unbalance depends on the line
phasing. We have tested the importance of this
factor by simulating unbalanced regimes type LR
and SB for a double circuit 110 kV line of 100 km
length. The lateral profiles for the RMS value of the
magnetic induction are represented in figure 14 and
the differences between the balanced and
unbalanced regimes are represented in figure 15. A
type LR arrangement yields to a highest influence
on the RMS induction value than the SB
arrangement.

Fig. 14 Influence of current unbalance

Fig. 15 Influence of current unbalance for the LR (ABCCBA) and SB (ABC-ABC) arrangements

3.6 The effect of frequency and harmonics on
the magnetic induction
Measurements on power lines show that harmonic
currents of significative magnitude exist. These
currents occur because of imperfect generation
machinery and nonlinear loads on the lines that may
include HVDC converter stations and some large
industrial loads. In the paper we will present an
attempt to evaluate low-frequency magnetic fields
produced by overhead power line currents of several
harmonic orders. The analysis is conducted in the
framework of quasi-stationary regimes where wavepropagation phenomena are of little relevance.
All the currents were supposed to have the same
magnitude (i.e. 100 A). In figure 16 were
represented the lateral profiles for the magnetic
induction produced by a 110 kV simple circuit line
if the phase currents are currents with harmonics
orders 1 5 7 11 and 13. As it can be observed, the
ISSN: 1790-5079

Figure 16 Influence of harmonics (110 kV – SC and earth
resistivity 100Ω.m)

In figure 17 the differences between the harmonic
magnetic field and the fundamental one are
represented versus the distance to the center of the
line. The tendency observed in figure 15 is
confirmed by the results plotted in figure 16: the
highest differences are situated far from the center
of the line.
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guide plane. Taking into account the relatively low
attenuation of this propagation, the disturbance is
the result of the aggregation of the effects of all the
current impulses injection over some tens of
kilometers.
The disturbance field level is done by the formula:
NP = 20 log

4. Electric field of high frequency due
to overhead electric lines
4.1 High frequencies phenomena on overhead
electric lines
The high and very high voltage power lines are
sources of high frequency electromagnetic fields
due to the corona discharges on the conductors, as
well as on the insulation.
Going back to the base phenomena, the disturbance
field is mainly due to the free charges that appear
near the line cables; the charges are emitted as
impulses if the onset electric gradient Ecr is reached
(Peek’s formula):
(kVmax/cm)

(10)

kd is the atmospheric factor, r (in cm) is the radius
of the conductor. The surface state of the conductor
is very important, the formula above (10) being true
only for smooth surfaces. The charges quantity and
their movement are function of the local conditions
(the form and the nature of the irregularities) as well
as the electric field configuration. A rapid variation
of the potential around the cables will appear.
The high frequency disturbances are caused by the
propagation along the conductor of the currentpulses injected by the corona discharge; each
spectral component of the pulses will behave
differently, depending of its associated wavelength.
The impulse emitted during the positive alternating
voltage will have the most important contribution to
the disturbance field.
A system of two orthogonal fields associated with
the spectral current components (one electric and
one magnetic) in the range of 0.15-30 MHz (RI
domain) will propagate along the line and forms a
ISSN: 1790-5079

E0

[dB]

(11)

with Ep is the intensity of the disturbing field, E0 is
the intensity of reference field usually of 1 mV/m .
Atmospheric conditions as rain weather, fog, dew,
drops of water reduce the onset level of the gradient
and consequently, affect the disturbance level [26].
To point out the random character of the
disturbances generated by the overhead power lines
some levels are defined:
the level of 99% - the greatest possible level;
the level of 95% - the average level on the rain; it is
of 5 dB lower than 99% level and it is the most
stable and reproducible disturbance level; it
represents the reference level of a line;
the level of 50% is readable on the cumulative curve
for all kind of weather; it can vary with 10 dB
during an year;
the level of 80% is readable on the cumulative curve
for all kind of weather, is considered as
„characteristic level” and reference level to establish
the limit values.
The spectral components above 30 MHz (TV range
frequencies) will have the wavelength of the same
order than the dimensions of the overhead power
line. In these conditions the effect of these
components along the line will be neglected. At
these shorter wavelengths an efficient radiation may
occur.
At the same time, other emissions sources like
hardware or insulators may have an important
contribution to the disturbance level of the power
line due to the presence of different kind of gap-type
discharge on the insulators and their armature.
The high frequency currents generated by all the an
substations equipments will be injected in the
overhead power lines, increasing the disturbing field
of the first or second overhead power lines spans.
The analysis of the inference due to corona
discharge uses the generation function G(t) or ,in
frequency, Γ(ω) as a quantitative measure of the
discharge and it is correlated with the current
injected i(t) by corona discharge in power line
conductors:

Figure 17 Magnetic induction harmonics in percentages
of the fundamental as a function of lateral distance

⎛
0.308 ⎞⎟
E cr = 31 k d ⎜1 +
⎜
r k d ⎟⎠
⎝

Ep

i(t ) =
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C
C
⋅ G (t ) ; i(ω) =
⋅ Γ(ω)
2πε 0
2πε 0
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Γ(ω) points out the intrinsic generation effect due to
corona , while i(t) is depending of the geometry of
the capacities systems, e.g. of the geometry of the
power line .

transmission line for rain and fair weather (curves 1
and 4) as well as the random variation of the values
through mean square deviation σ.

5. The mutual influence of crossing
lines

4.2 Analyzing method and results
The analytical methods to analyze the disturbance
high frequencies field due to overhead power lines
use the concept of the excitation function Γ [29,30].
The excitation function includes the magnitude and
the rate of the variation of the space charges that are
related to the electric gradient at the conductor’s
surface. The relation for Γ is[25]:
(13)
Γ = 50 − 540 / E max + 74 log d − 10 log n
for the Romanian conductors, similar with the
CIGRE relation [25]:
(14)
Γ = 70 - 585/ Emax + 35 log d - 10 log n
where Emax is the maximum electric field strength
at the conductor’s surface, d and n the diameter and
the number of sub-conductors in the bundle.
By using the modal analysis and the Γ excitation
function, the evaluation of the radio noise generated
by an overhead power line is mainly performed by
calculating the matrix of modal currents [mki]
coefficients:

5.1 Coupling phenomena in this case
Along their routes, high voltage overhead power
lines cross over other power lines of lower rated
voltage which results in an enhancement of the
electric field intensity on the conductor surface that
may trigger corona discharges on lines that usually
do not exhibit this phenomenon or may amplify the
high frequency currents.
The influence of the corona discharges due to the
increase of the electric field intensity is perceptible
up to 1 km distance on each side of the crossing
point. This enhancement depends on the crossing
angle, as well as, of the voltage levels of the two per
lines.
90

80

70

1
60
NP (dB/microV/m]

⎡
⎤
[m ki ] = 1 ⎢ 1 ⎥ [N]−1 [C] [Γi ]
2 ⎢ αk ⎥
2 π ε0
⎣
⎦

(15)

where αk represents the attenuation coefficient of
propagation mode k, [N]-1 is the inverse of the Clark
modes matrix, [C] is the matrix of capacitances, and
[Γi] is the diagonal matrix of unitary generation
functions.
The matrix of unitary modal currents:
[I ki ] = [N]⋅ diag(m ki )
(16)
The unitary modal field produces by phase k on
phase I at distance x from the electric line is:
N'

⎡

i =1

⎣

h + 2p

h

⎤

∑ I ki ⎢⎢ h i2 +i x 2 + (h i + i2p)2 + x 2 ⎥⎥

H 0ki (x ) = 60

⎦

2

2

H k ( x ) = 20 log H 0 k1 + H 0k 2 + H 0 k 3 + Γk
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Fig.18 The RI level of a 400 kV overhead power
line, 3 conductors/ phase :
1-RI in the rain; 2 – RI rain + σrain ; 3 – RI rain σrain ; 4 – RI fair weather ; 5 - RI fair weather +
σfw ; 6 - RI fair weather - σfw
The disturbance corridor in fair weather: 2 x 70m;
The disturbance corridor in the rain: 2 x 190 m.

(17)

If a charged body generates an electrostatic field E 0
and in the neighborhood of the source a body,
initially free of charge is located, on the surface of
this one an electrical charge will appear.
The charge will vary along its surface.

(18)

Figure 18 depicts the transverse profile of a high
frequency electric field generated by a 400 kV
ISSN: 1790-5079

2
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where p is penetration depth of the magnetic fields
in the earth.
The RI field generated by each phase under certain
working and meteorological conditions:
2
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f (t ) = λ ⋅

b

∫a K(t, s)f (s)ds + g(t )

(22)

This equation can be solved numerically by
choosing an appropriate approximation of the
integral like the Gaussian quadrature rule [28,29].
The discrete form of the Equation (3) is [25,28]:
f (t i ) = λ

1
R (PM )
⋅
σ(M ) ⋅
⋅ n '⋅dS + 2 ⋅ ε 0 ⋅ E 0 ⋅ n
2 ⋅ π SP
R3

(

)

(19)
and the notations corresponds to figure 19.

By using matrix notations, equation 4 becomes:

(I− λK~ )⋅ f = g

(25)
As a result, solving of the integral equation is
reduced to a linear system equation with N variables
where N represents the number of quadrature nodes.
The analytical results point out the existence of
coupling
phenomena
between
overhead
transmission lines of different rated voltage.
Thus, the effect of the coupling induction
phenomenon between a 220 kV transmission line
crossed over by a 400 kV line calculated with the
same software is presented in figure 20. The
gradient is increased with about 20 %.

5.2 Algorithm for evaluating the effect of the
crossing over of the power lines and
results
In the case of the intersection of two power lines,
integration is performed along a curve on the
surface where the induced charge is maximal and
the electric field is perpendicular on the surface of
the crossed line, respectively. This simplification
can be used since the conductor radius is very small
in comparison to the distance between the lines.
The computations are based on the principle of the
superposition of effects: the lower voltage line is
considered un-energized, thus without electrical
charge.
For the source line it is assumed that the charge is
located entirely in the middle of the conductor.
Thus, equation (19) takes the form:

σ(r ) =

(23)

where: f(ti) – the value of the unknown function at
quadrature abscissas ti ; g(ti) – the value of the g(t) at
quadrature abscissa ti; wj – the integration weight
associated to abscissas tj; f(sj) - the value of the
unknown function at quadrature abscissas sj; K(ti, sj)
– the kernel value at points ti, sj; λa constant.
Let fi be f(ti), gi the vector g(ti), and Kij the matrix
K(ti, sj). It is defined:
~
(24)
K ij = K ij w j

This charge tends to cancel out the electric field
inside the body. The equation, which describes this
phenomenon[[27]:

∫

∑ w jK(t i , s j )f (s j ) + g(t i )
j=1

Fig. 19 The electric field source and a body
victim

σ(P ) =

N

1
b
⋅ ∫a σ(r1 ) ⋅ K (r , r1 ) ⋅ dr1 + 2 ⋅ D 0 n (r ) (20)
2⋅π

where r is the position vector of the calculation
point and r1 is the position vector of the current
point,
K (r, r1 ) =

(r − r1 ) ⋅ n
r − r1

3

(21)

represents the derivative of the Green function along
the n ' direction; D0n (r ) is the electric induction at
the calculation point.
Equation (7) is a Fredholm equation of second kind
which general form is:

ISSN: 1790-5079

Figure 20
Distribution of surface gradient of a 220 kV line
over crossed by an 400 kV line at π/4
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The figure 21 presents the over crossing of two high
voltage transmission lines: one of 400 kV and
another on 750 kV.
Other remarks with respect to the influence of the
crossing angle upon the electric field intensity are
the followings:
- The maximal and minimal values of the electric
field on each phase decreases slightly with the
decrease of the crossing angle and tends to a
value corresponding to the parallel running of the
two lines;
- The maximal values of the field on the external
phases shift towards remote distances, which
correspond to the projections of the distances
between the higher voltage line phases on the
lower voltage line.
The calculations point out that the length of the over
crossed line presents a substantial increase of the
electric field that does not exceed 50m on both sides
from the external phases of the field source line.

Marilena Ungureanu, Adrian C-Tin Rusu,
and Ileana Baran

The calculation frequency is 0.5 MHz [26,28].

Fig. 22 Comparison between the high frequency
fields of a 220 kV line: blue– single power line ; red
– power line crossed over by a 400 kV line

5.3 Effect of the power lines crossing over

The measurements show that the high frequency
electric field due to this increase of the conductor
gradient is observed on a length of the “victim” line
of about 500m on both sides from the crossing point
(fig. 24).

A more important coupling effect is pointed out in
the case of a 400 kV line crossing over a 220 kV
line or 750 kV with 400 kV lines.
The analytical result is given in figures 20 and 21,
but the physical result is visible by the appearance
of high frequency electric fields around the
conductors in the range of radio frequencies appear
in figures 22 and 23
The variation of the maximal electric field intensity
on the surface of the conductors of a 400kV
overhead power line crossed over by a 750 kV for a
crossing angle of π/4 given in figure 21 leads to an
increase of the disturbing field at the same value
obtained by rain weather (fig.22).

5.4 The corridor of an overhead power line
from the point of view of RI disturbances
The scope of the limit values established for the
electromagnetic disturbances in the frequency range
of 0.15 MHz-30 MHz from overhead power lines
and high voltage equipment is the protection of
broadcasting, communications, navigation and lifesupport services.
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Fig. 21 The electric gradient profile for a crossing
of a 400 kV with a 750 kV line at angle π /4
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Fig. 23 High frequency field (0.5 MHz) in the ase
of a 400 kV overhead line crossed over by a 750
kV line
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Voltage
(kV)
400
750

phase
mm2
5x300
3x300 2

Table 2

Maxim values of the gradient
[kV/cm]
radius
Phase
Phase
Phas
[mm]
A
B
eC
1,2575
14,6
15,7
14,6
1,2575
18,62
19,92
18,6
2

750 kV
400 kV
400 kV
220 kV

75

65
60
NP [dB]

55
50
1
3-a

40

Phase
conductors
5x300 mm2
3x300 mm2
2x450 mm2
1x450 mm2

Fair weather
2 x 102
2 x 70
2 x 86
2 x 41

N p = E 0 − K log

35
2

30

0

10

20

30

40

50

60

d[m]

Fig.24 High frequency electric field in dB arounda
400 kV line (3x450 mm2 Ol-Al) over crossed by

a 750 kV line (5x450 mm2 Ol-Al):

D p = 10

1-in the first span after the over crossing;
2 – in the second span after crossing: 3 -in the
middle of the span of a 400kV line (measured
values): a-fair weather; b–rain.

20

,

(27)

(

E 0 + R p − Sp
K

+1,3)

(28)

6. Coupling phenomena with metallic
pipelines

The admitted values permit to define the corridor or
boundaries within which the user of the above
frequencies would not normally operate in
compliance with CISPR/B [30].
The “corridor” is an abstract pathway beneath and
alongside an overhead power line within which the
reception or communication services is not
protected in the above frequencies.
The “right of way” represents the pathway beneath
and alongside an overhead power line which the
owner or operator of the overhead power line has
legal entitlement.
The recommended values are set at 20 m from the
line or from boundaries of the installation. For the
zone corresponding to geographical emplacement of
Romania the limit values is 33 dB/μV/m
The width of the corridor obtained by measurements
in compliance with CISPR/B-25 for the Romanian
conductors is presented in table 2.
ISSN: 1790-5079

Dp

where: E0 is the level noise at 20 m from the
nearest phase of the over power line in dB/1mV/m;
K=36 for kilometric waves and 33 for hectometric
waves.
The protected distance as corridor of the overhead
power lines is:

3-b

25

Rain
2 x 251
2 x 190
2 x 222
2 x 87

The relation used to calculate the corridor of the
over power line is:
Np = Sp - Rp
(26)
where: Np is the level of a noise admitted at the
distance Dp, in dB/1mV/m; Sp is the level of
protected signal, in dB/1mV/m; Rp is the ratio
between useful signal and noise, in dB; Dp is the
protected distance, in m.
The relation describing the attenuation with the
distance is [25, 27]:

70

45
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6.1 Coupling phenomenon
The appearance of dangerous potentials on the
structures located in the vicinity of the overhead
transmission lines is due to inductive and capacity
coupling. The structures are very different:
buildings, pipelines or other lines.
In the case of the pipelines, telecommunication
cables or other structure, important induced voltage
can appear. The maximum of their magnitude takes
place if a ground fault appears, but in the normal
operating conditions the magnitude is smaller than
previous case, reaching nevertheless some tens of
volts.
The induced voltages in metallic structures in the
close proximity of overhead power lines depend on:
the line geometry, the pipeline position in respect to
power line and the pipeline parameters. International
recommendations prescribe a 10 kV/km·kA limit
value for the inductive voltage on the pipeline
surface [15,23].

161

Issue 9, Volume 3, September 2007

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT

Marilena Ungureanu, Adrian C-Tin Rusu,
and Ileana Baran

6.2 Analyze method of coupling phenomena
and results
The following cases are presented:
a) The length of the pipeline is bigger than the
length parallelism with few km without an earth
connection
E
V(x ) =
⋅ e −γ ⋅(L − x ) − e −γ ⋅x
(31)
2⋅γ
ends of the parallelism

(

V (0 ) = V (L ) = Vmax =

)

(

E
⋅ 1 − e − γ ⋅L
2 ⋅γ

)

The potential variation along the pipeline:
V (y ) = Vmax ⋅ e −γ ⋅y

(32)
(33)

Fig. 26 Case a) of parallelism

b) The pipeline exceeds with few km the parallelism
only to one end, figure 17

(

)

E
⋅ eγ ⋅ x − e − γ ⋅ x ⋅ e − γ ⋅ L ;
2 ⋅γ
E
V (0 ) = 0; V (L ) = Vmax =
⋅ 1 − e − 2⋅γ ⋅L
2⋅γ

V (x ) =

Fig. 25 The equivalent scheme for coupling
phenomenon between the pipeline and the power
line; Za and Zb are the pipeline impedances at the
ends

(

)

(34)

A typical configuration is depicted in the figure 25
and 27 ; the equations for the circuit are:
d U( x )
+ ZI(x ) − E(x ) = 0
dx
d I(x )
+ YU(x ) = 0
dx

−

(29)
Fig. 27 Case b) of parallelism

The analytical expression of the inductive voltage
is:
V(x ) = − Z c ⋅ A ⋅ e γx − B ⋅ e −γx
(30)
where:

(

Zc =

z
y

The figure 28 depicts inductive and capacitive
induced voltage obtained by PEM program [25]

)

7. Conclusions

is the characteristic impedance of the

The paper presented some important components of
the electromagnetic environment associated with the
presence of the overhead power lines, taking into
account different range of frequencies which were
identified during the operation regimes in the
electromagnetic field in the vicinity of the overhead
power lines.
- The electric and magnetic field from power lines
(transmission and distribution) near ground
surface can be correctly predicted by using
hybrid methods involving the sampling of the

conductor-earth circuit;
γ = z ⋅ y - the propagation coefficient
z - the longitudinal impedance per meter of the same
circuit
y - the longitudinal admittance per meter of the
same circuit.
The expressions of the constants A and B are
different in respect to the pipeline connection to
earth [15].
ISSN: 1790-5079
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catenary into a number of segments caring
charge distributions or currents;

-

-

by inductive coupling

-
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from incidental radio frequency emitters. These
include electric power transmission lines. The
appearance of dangerous potentials on the
structures located in the vicinity of the overhead
transmission lines due to inductive and capacity
coupling. The structures are very different:
buildings, pipelines or other lines.
The effect is greater in the case of the lines
crossed over and which could become a source
of corona discharge and, consequently, a source
of disturbances.
In the case of the pipelines, telecommunication
cables or other structure, the important induced
voltage can appear. The maximum of their
magnitude takes place if a ground fault appears,
but in the normal operating conditions the
magnitude is smaller than previous case,
reaching nevertheless some tens of volts.
The rich harmonic content of these devices
(computers, televisions) means that they can
interfere over a very broad spectrum.
Characteristic of broadband RFI is an inability to
filter it effectively once it has entered the
receiver chain.
The analyzing method was appropriate with the
high frequency field radiated by an electric
power line, different from an electric field
oriented towards a particular direction to a
specific point of a measurement location [27].

References:

[1]
[2]

a

[3]

Fig 28 Induced voltage along a pipeline located in
the vicinity of 400 kV power line by capacitive
coupling
- The electric field pattern near the ground is
sensible to the line inherent asymmetry which
influences the charge distributions;
- The standard magnetic field evaluation method
was adjusted to take into account the soil
resistivity and the earth return current;
- Unbalanced currents systems and current
harmonics can affect the predicted values if
neglected;
- The interferences in the range of RI waves could
be important. NP interference usually comes
ISSN: 1790-5079

[4]

[5]

[6]

163

CEI61000-2-5
„Classification
of
electromagnetic environment. Basic EMC
publication”
* * * – Directive 2004/40/CE du Parlement
Européen et du Conseil, “Journal officiel de
l'Union européenne” no. L 184/1 du 24 mai
2004.
*** Magnetic Fields from Electric Power
Lines.
Theory
and
Comparison
10
Measurements. A Report of the IEEE Magnetic
Fields Task Force, IEEE Trans, on Power
Delivery, vol. 3, no. 4, Oct. 1988, pp. 2127-35.
M. M. Adibi, D. P. Milanich, and T. L.
Volkmann, Asymmetry issues in power system
restoration, IEEE Trans. Power Del. vol. 14,
no. 3, pp. 1085-1091. Aug. 1999.
M. H. Hesse, Circulating currents in paralleled
un-transposed multi-circuit lines: I-numerical
evaluations. IEEE Trans. Power App. Syst, vol.
PAS-85, no. 7, pp. 802-81 I. Jul. 1966.
*** Circulating currents in paralleled
untransposed multicircuit lines: II-methods for
Issue 9, Volume 3, September 2007

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT

[18] Connor,Th., Koch,H.J., General aspects of
electromagnetic field for high voltage systems,
invited lecture, ISH 2003.
[19] Maddock,B,J., A Summary of Standards for
Human Exposure to electric and magnetic
fields at power frequency, Electra,179, 1998
[20] ----International Commission on Non-Ionizing
Radiation Protection (ICNIRP) - Guidelines for
limiting exposure to time-varying electric,
magnetic and electromagnetic fields, Health
Physics 1999
[21] Nowacki, T. a.o, Analysis of electromagnetic
field influence of technical personal working
around high voltage lines, ISH 2003
[22] Ungureanu Marilena, a.o Electric and
magnetic field generated by electric
equipments. Influences upon the environment,
WSEAS Transactions on Circuits, PES’05
[23] Ungureanu Marilena, Baran Ileana, a.o..,
Modern
method
for
monitoring
electromagnetic disturbances generate by
overhead transmission line upon the
environment, ISH, Netherlands 2003
[24] CIGRE WG 36.01 - Addendum to
Interferences produced by corona effect of
electric systems. EMC Aspects of Corona.
Electric and Magnetic Fields.
[25] G. Dragan, s.a. – Tehnica tensiunilor înalte,
vol.III, Ed. Academiei Române, Bucuresti,
2003
[26] Halkiadis,I.S., An electromagnetic and
ultrasonic interference on conductor aging,
Transactions on Systems, Issue 8, vol.4,
aug.2005
[27] Stratakis,D., a.oth., Measuring non-ionizing
electromagnetic fields from a specific direction,
Proceedings of the 6th WSEAS Int. Conf. on
Electronics, Hardware, Wireless and Optical
Communications, Greece, February, 2007
[28] Ungureanu Marilena, a.o., Electromagnetic
coupling phenomena of overhead power lines
in low and high frequency, Conference IEE on
EMC, Istanbul 2002
[29] Ungureanu Marilena, Roman Codruta, Citiriga
Victor, Modern method for monitoring the
electromagnetic disturbances at high and low
frequency generated by overhead transmission
line upon the environment" 3th MED POWER
2002
[30] CISPR/B-Measurements
of
interferences
regarding industrial, scientific, medical
equipments, high voltage power lines.

estimating current unbalance. IEEE Trans.
Power App. Syst.. vol. PAS-85, no. 7, pp. 812820, Jul. 1966.
[7] M. H. Hesse and J. Sabath, Untransposed
power line-analysis and tests. IEEE Trans.
Power App. Svst.. vol. PAS-90. no. 3. pp. 984992. May/Jun. 1971.
[8] R. G. Olsen, S. L. Backus, R. D. Stearns
Development and Validation of Software for
Predicting ELF Magnetic Fields Near Power
Lines, IEEE Transactions on Power Delivery,
Vol. 10, No. 3, July 1995, p.1525-1535
[9] H. Steinbigler, Combined application of finite
element method and charge simulation method
for the computation of electric fields, 3rd
International Symposium on High Voltage
Engineering, section 11-11, August 1979
[10] H. Okubo, M. Ikeda, M. Honda, and T. Yanari,
Electric field analysis by combination method,
IEEE Transactions on Power Apparatus and
Systems, vol. 101, no 10, pp 4039 - 4048,
October 1982
[11] CIGRE WG 36.01, Electric and magnetic
fields produced by transmission systems, 1980
[12] Elhabashi, M.S., Ehtaiba, E.J., Electric fields
intensity around the new 400kV power
transmission lines in Libya, Proceedings of the
6th WSEAS International Conference on
Circuits, Systems, Electronics, Control& Signal
Processing, Egypt, Dec, 2007
[13] J. B. Faria, Multiconductor Transmission-Line
Structures, New York, Wiley, 1993.
[14] R. H. Galloway, W. B. Shorrocks, and L.
M.Wedepohl,
Calculation
of
electrical
parameters for short and long polyphase
transmission lines, Proc. Inst. Elect. Eng., vol.
111, no. 12, pp. 2051–2059, Dec. 1964.
[15] Ungureanu Marilena, a.o Electric and
magnetic field generated by electric
equipments. Influences upon the environment,
WSEAS Transactions on Transactions on
Systems, Issue 8, vol.4, aug.2005
[16] C. Dubanton, Calcul approché des parametres
primaries et secondaires d’une ligne de
transport, EDF Bull. Direct. Etudes Rech.,
no. 1, pp. 53–62, 1969.
[17] M. H. Hesse, "Circulating currents in
paralleled untransposed multicircuit lines: Inumerical evaluations," IEEE Trans. Power
App. Syst., vol. PAS-85, no. 7, pp. 802-811, Jul.
1966.

ISSN: 1790-5079

Marilena Ungureanu, Adrian C-Tin Rusu,
and Ileana Baran

164

Issue 9, Volume 3, September 2007

