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Abstract — In the paper, the electric and magnetic
fields from arelatively new design of 400 kV overhead
transmission line used in the Romanian power system
are computed and compared to the exposure limits
established by the International Commission on Non-
lonizing Radiation Protection (ICNIRP) for the
general public. The computations are carried out with
two dedicated software tools, called PowerMag and
Power ELT, which have been written in LabVIEW,
based on a 2D quasi-static analytical approach. This
approach, as well as the electric and magnetic field
distributions obtained for the considered 400 kV
transmission line, will be discussed in detail.
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. INTRODUCTION

Over the past 35 years, extensive research has been
conducted to determine if the extremely low frequency
(ELF) electric and magnetic fields like those from power
lines, in-house installations and household appliances can
affect the human health. Researchers from different fields
conducted numerous epidemiological studies regarding
the potential effects of ELF fields, such as cancer in
children and in adults, reproductive effects, neurological
effects, cardiovascular  disorders, immunological
modifications, etc. Most notably, a weak statistical
association was reported between childhood leukaemia
and chronic exposure to average ELF magnetic fields
above 0.3t0 0.4 uT [1-3].

The current consensus among various national and
international scientific organizations is that there are no
known adverse health consequences of exposure to ELF
fields at the levels generally found in residential and
occupational environments, including proximity to
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electric transmission and distribution facilities. Despite
this fact, the public frequently expresses concern about
ELF fields, often in the context of proposed new
transmission lines [4]. This is why the main objective of
our study is to compute the typical ELF electric and
magnetic field exposure from a relatively new design of
overhead transmission line used in the Romanian power
system, namely a 400 kV single-circuit line (SCL) with
geometry dictated by RODELTA type towers.

Further, the paper is organized as follows: Section Il
presents related results in the literature, including
previous developments of the authors; Section Il
describes the methods adopted for the computation of the
ELF electric and magnetic fields; Section IV investigates
the distribution of the ELF fields from the considered 400
kV SCL and check compliance with the ICNIRP
guidelines; the conclusions are drawn in Section V.

Il.  RELATED RESULTS IN THE LITERATURE

The ELF electric and magnetic fields from power
lines change very slowly in time, which means that they
can be considered as quasi-static. Hence, these fields may
be computed separately.

In 2D analysis, the common practice is to assume that
the power line conductors are straight horizontal wires of
infinite length, parallel to a flat earth and parallel to each
other. The electric field is usually computed by finding
the linear charge of the conductors [5-10], while the
magnetic field is usually computed by applying the Biot-
Savart law [10-16]. Such an approach has been adopted
in our paper as well.

Although most computer programs for calculating
electric and magnetic fields from overhead power lines
are developed in MATLAB, e.g. [6, 16-20], the software
tools used in this study have been written in LabVIEW,
which is a graphical programming environment
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commonly used for data acquisition, instrument control
and industrial automation [21-23]. The program for
computing ELF magnetic fields from overhead power
lines is called PowerMAG and has already been used in
[24] and [25], to investigate the magnetic field exposure
from typical 110 kV and 220 kV single- and double-
circuit lines of the Romanian power system. The program
for computing ELF electric fields from overhead power
lines is a completely new tool, called PowerELT. These
simulation tools are able to generate quite accurate lateral
profiles (along y-axis) of the electric and magnetic fields
at a specified height above the ground, as well as to
directly map the two fields in the cross section (yz-plane)
of the power line, between any two sets of user-defined
coordinates. As with other simulation programs, the
knowledge of the power line geometry, as well as of the
voltage and of the current respectively (amplitude and
phase), for each line conductor, is a prerequisite.

I1l.  DESCRIPTION OF THE METHODS

This section highlights the solution methodology for
determining the 2D distribution of both the electric and
magnetic fields.

A. Computation of the electric field strength

Assuming that the earth is perfectly conductive, the
electric field in the vicinity of a power line conductor
located at (y;, z) above the earth and having a linear
charge g; can be obtained by using the image method, as
presented in Fig. 1, where ry :\/(y— y, P +(z-z) isthe
distance between the conductor and the observation point
(v, 2 and r, :\/(y_yi Y +(z+z) is the distance
between the image conductor and the point (y, 2). The

influence of multiple conductors will be taken into
account by applying the superposition principle.
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Fig. 1. Single power line conductor model for computing the
eectric field strength in the yz-plane

In conformity with [8, 26-28], the total electric field
strength (from all power line conductors) can be
calculated with the formula:
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where & = 1/(36m:10°) F/m represents the electric
permittivity of the free space and n is the total number of
conductors.

The charges g; on conductors are determined from the
phase voltages and Maxwell potential coefficients, using
the matrix equation:

[a]=[p] V],

where [q] is the column vector of the linear charges on
each conductor, [V] is the column vector of the potentials
of the conductors and [p]™ is the inverted matrix of the
Maxwell potential coefficients. These coefficients are
calculated on the basis of line geometry and conductor
radius, using the expressions:
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in which R; represents the radius of the conductor i, Dj; is
the distance between the conductor i and the conductor j,
and D'ij is the distance between the conductor i and the
image of the conductor j.

If the line conductors are bundled (as in the case of a
400 kV transmission line), the conductor radius R will be
replaced by an equivalent radius Req, given by [29]:

Req _ NIR_d(N—l) ,

where N is the number of individual conductors in bundle
and d is the separation distance between conductors. Eq.
(5) is valid for up to three conductors per bundle.
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B. Computation of the magnetic flux density

In 2D analysis, the ELF magnetic fields from
overhead power lines can easily be computed using the
Biot-Savart law, the image method and the superposition
principle. According to [10-13, 25], a simple, yet
reasonable formula for calculating the total magnetic flux
density at any observation point (y, 2) in the vicinity of an
overhead power line is:
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where |; represents the phase current carried by the i-th
conductor — located at (y;, z) with respect to the

coordinate system in Fig. 2 — in the positive x-direction,

s =y(y—y F+(z—z) is the distance from the
observation point (y, 2 to the i-th conductor,
n=y(y-yF+(zrz+o0-j)f s the “complex
distance” from the observation point (y, 2) to the i-th
conductor’s image, xo = 4m107 H/m represents the

magnetic permeability of the free space, and n is the total
number of conductors.

(vi, 2)

! ?rd

Fii

z+o(1)

-li O Image current

Fig. 2. Sngle power line conductor model for computing the
magnetic flux density in the yz-plane

As it can be seen in the simplified power line model
in Fig. 2, the image current for each conductor — equal in
amplitude and opposite in direction to the conductor
current — is buried in the earth at the “complex depth”

z +8(1-j), where 5§=503/p,/f represents the skin

depth of the earth, pq is the earth resistivity and f is the
frequency. Since the earth resistivity typically ranges
from 10 Qm to 1000 Qm, the image currents are normally
located at hundreds of meters below the ground.

IV. RESULTS AND DISCUSSIONS

As already stated, for the purpose of this study, a 400
kV single-circuit overhead transmission line with
geometry dictated by RODELTA type (suspension)
towers has been considered. Each of three phases (R, S
and T) consists of three standard ACSR 300/69 mm?
conductors, separated by a distance of 0.4 m. The radius
of an individual conductor is 12.57 mm, leading to an
equivalent conductor radius of 126.22 mm.

The input data, including the geometrical parameters
of the line, as well as the voltage and current information
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(RMS value and phase), are given in Table 1. Note that
the specified z values correspond to an “average height”
of the conductors above the ground, calculated as z =
Zmax — (2/3)'s [30, 31], where z is the maximum
conductor height (at the tower) and s is the conductor sag.

Table 1. Input data for the 400 kV overhead transmission line.

yi (m) | z (m) U; (kV) Li (A)
R -7.5 12.6 231 20° 1000 « -30°
S 0.0 23.6 231 2 -120° | 1000 £« -150°
T 7.5 12.6 231 2 120° 1000 « 90°

A. Thedistribution of the electric field

Fig. 3 shows the lateral profiles of the total RMS
electric field strength and of its transversal components,
at the height of 1 m above the ground. The maximum
electric field strength — 4903.2 VV/m — is registered at a
distance of 9 m from the centerline, accounting for
98.06% of the exposure limit established by ICNIRP for
the general public, 5000 V/m [32]. At 37.5 m distance
from the centerline, which represents the semi-width of
the safety / protection zone for 400 kV overhead
transmission lines [33], the electric field strength
decreases to 562.9 V/m, accounting for 11.26% of the
ICNIRP exposure limit. At the centerline, a field strength
value of 2467.1 V/m is registered.
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Fig. 3. Lateral profiles of the total RMSelectric field strength
and of its transversal components at 1 m above the ground

Fig. 4 shows the distribution of the electric field from
the ground level up to 10 m above the ground. At 50 m to
100 m distance from the centerline, no significant
differences can be observed between the electric field
strength values calculated at various heights.

B. Distribution of the magnetic field

Generally, the magnetic field from a power line varies
widely with time because the current in the conductors
depends on the power consumption. In this study, we
assumed a current of 1000 A, considerably higher than
the average loading for the selected 400 kV line.
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Fig. 4. The distribution of the total electric field strength from
the considered 400 kV single-circuit line, from the ground level
up to 10 m above the ground

Fig. 5 shows the lateral profiles of the total RMS
magnetic flux density and of its transversal components,
at the height of 1 m above the ground. The maximum
magnetic flux density — 14.01 uT - is registered at the
centerline, accounting for only 14.01% of the exposure
limit established by ICNIRP for the general public, 100
uT [32]. At 37.5 m distance from the centerline (the
semi-width of the safety / protection zone), the magnetic
flux density decreases to 2.16 uT, accounting for 2.16%
of the ICNIRP exposure limit. A value of 0.3 uT is
registered at about 108 m distance from the centerline.
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Fig. 5. Lateral profiles of the total RMS magnetic flux density
and of itstransversal components at 1 m above the ground

Fig. 6 shows the distribution of the magnetic field
from the ground level up to 10 m above the ground. At 50
m to 100 m distance from the centerline, no significant
differences can be observed between the magnetic flux
density values calculated at various heights.

Computations performed at mid span (where the
conductors are the lowest) revealed that the magnetic
field at 1 m above the ground cannot exceed 50% of the
ICNIRP limit. As for the electric field, towards the mid
span, it may reach two times the ICNIRP limit.
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Fig. 6. The distribution of the total magnetic flux density from
the considered 400 kV single-circuit line, from the ground level
up to 10 m above the ground

V. CONCLUSIONS

The 400 kV overhead transmission lines can be
considered as one of the major sources of ELF electric
and magnetic fields, which can induce electrical currents
within the human body. According to the computations
performed in this study, the typical ELF electric and
magnetic fields under the considered 400 kV single-
circuit transmission line do not exceed 4903.2 V/m
(98.06% of the ICNIRP limit for 50 Hz electric fields)
and 14.01 uT (14.01% of the ICNIRP limit for 50 Hz
magnetic fields) respectively. At 37.5 m distance from
the centerline, which represents the semi-width of the
safety / protection zone, the electric field decreases to
562.9 V/Im (11.26% of the ICNIRP limit), while the
magnetic field decreases to 2.16 uT (2.16% of the
ICNIRP limit). At mid span, the electric field may reach
two times the ICNIRP limit, but the magnetic field cannot
exceed 50% of the ICNIRP limit.

VI.  ACKNOWLEDGMENT

The authors express their gratitude to The National
Power Grid Company Transelectrica for their useful
support.

REFERENCES

[1] Ahlbom, A., Day, N., et al., A pooled analysis of magnetic
fields and childhood leukaemia, British Journal of Cancer,
Vol. 83, No. 5, 2000, pp. 692-698.

Greenland, S., Sheppard, A.R., et al., A pooled analysis of
magnetic fields, wire codes, and childhood leukemia.
Childhood Leukemia-EMF Study Group, Epidemiology,
Vol. 11, No. 6, 2000, pp. 624-634.

Kheifets, L., Ahlbom, A., et al., Pooled analysis of
recent studies on magnetic fields and childhood
leukemia, British Journal of Cancer, Vol. 103, No. 7, 2010,
pp. 1128-1135.

(2]

(3]



[4] Research on Extremely Low Frequency Electric and
Magnetic Fields from Alternating Current Transmission
Lines — Summary Evaluation of the Evidence, Report
prepared by Exponent for Manitoba Hydro Transmission
Planning & Design, 15 May 2015.
https://www.hydro.mb.ca/projects/mb_mn_transmission/pd
;s/eis/mmtp tdr_socioec_low_frequency_electric_study.pd

[5] E)Isen, R.G., Topic #6. Field Computation Models — A
Calculation of ELF Electric and Magnetic Fields in Air:
Synopsis, EMF Engineering Review Symp., Charleston,

April 28-29, 1998. httg [hwww.emf-
data.org/symposium98.htm.
[6] Marincu, A., Gregonici, M., Musuroi, S., The

Electromagnetic Field Around a High Voltage 400 kV
Electrical Overhead Line and the Influence on the
Biological Systems, Facta Universitatis, Series: Electronics
and Energetics, Vol. 18, No. 1, 2005, pp. 105-111.

[7]1 Milutinov, M., Juhas, A., Pr8a, M., Electric Field Strength
and Polarlzatlon of Multl Threephase Power Lines, Proc.
of 8" Int. Conf. on Applied Electromagnetics, Nis,
September 3-5, 2007, pp. 1-4.

[8] Elhabashi, S.M. and Ehtaiba, J.E., Electric Fields Intensity
around the New 400 kV Power Transmission Lines in
Libya, Proc. of 6" WSEAS Int. Conf. on Circuits, Systems,
Electronics, Control and Signal Processing, Cairo,
December 29-31, 2007, pp. 390-398.

[9] Razavipour, S.S., Jahangiri, M., Sadeghipoor, H.,
Electrical Field around the Overhead Transmission Lines,
World Academy of Science, Engineering and Technology
(WASET), Vol. 6, No. 2, 2012, pp. 168-171.

[10] Milutinov, M., Juhas, A., Prsa, M., Electromagnetic Field
underneath Overhead High Voltage Power Line, Proc. of
4" Int. Conf. on Engineering Technologies, Novi Sad,
April 28-30, 2009, pp. 1-5.

[11] Olsen, R.G., Deno, D., et al., Magnetic fields from electric
power lines: theory and comparison to measurements,
IEEE Transactions on Power Delivery, Vol. 3, No. 4, 1988,
pp. 2127-2136.

[12]Olsen, R.G., Electromagnetic Fields from Power Lines,
IEEE International Symposium on EMC, Dallas, 1993, pp.
138-143.

[13]Maruvada, P.S., Turgeon, A., Goulet, D.L., Sudy of
Population Exposure to Magnetic Fields due to Secondary
Utilization of Transmisson Line Corridors, |EEE
Transactions on Power Delivery, Vol. 10, No. 3, 1995, pp.
1541-1548.

[14] Filippopoulos, G. and Tsanakas, D.K. Analytical
calculation of the magnetic field produced by electric
power lines, IEEE Transactions on Power Delivery, Vol.
20, No. 2, 2005, pp. 1474-1482.

[15] Moro, F. and Turri, R., Fast Analytical Computation of
Power-Line Magnetic Fields by Complex Vector Method,
IEEE Transactions on Power Delivery, Vol. 23, No. 2,
2008, pp. 1042-1048.

[16] ztoupis, I.N., Gonos, I.F., Stathopulos, I.A., Calculation of
Power Frequency Fields from ngh Voltage Overhead
Linesin Residential Areas, Prof. of 18" Int. Symp. on High
Voltage Engineering, Seoul, August 25-30, 2013, pp. 61-
66.

[17]Gouda, O.E., Amer, G.M., Salem, W.A., Computational
Aspects of Electromagnetic Fields near H.V. Transmission
Lines, Energy and Power Engineering, Vol. 1 No. 2, 2009,
pp. 65-71.

243

[18] Santos, J.S., Henrique, C.E.A,, et. al., A Matlab based
software for measument of transmission line fields, 2011
IEEE Power & Energy Society Innovative Smart Grid
Technologies Conf. (ISGT), Anaheim, 2011, pp. 1-6.

[19] Nafar, M., Magnetic Field Calculation Around 230 kV
Bundled Transmission Lines, International Journal of
Engineering Innovation & Research, Vol. 2, No. 6, 2013,
pp. 463-466.

[20] Xiao, L. and Holbert, K.E., Development of software for
calculating electromagnetic fields near power lines, North
American Power Symp. (NAPS), Pullman, 2014, pp. 1-6.

[21]Lunca, E., Ursache, S., Neacsu, O. Graphical
Programming Tools for Electrical Engineering Higher
Education, International Journal of Online Engineering
(iJOE), Vol. 7, No. 1, 2011, pp. 19-24.

[22] Lunca, E., Ursache, S., Salceanu, A., LabVIEW Interactive
Smulations  for Electromagnetic =~ Compatibility,
International Journal of Online Engineering (iJOE), Vol. 8,
No. 2, 2012, pp. 11-14.

[23]Lunca, E. and Salceanu, A., Virtual Instrumentation
Approach for Teaching EMC Concepts, Electronics and
Electrical Engineering, Vol. 117, No. 1, 2012, pp. 75-80.

[24] Lunca, E., Istrate, M., et al., Computation of the Magnetic
Field Exposurefrom 110 KV Overhead Power Lines, Proc.
of 7" Int. Conf. on Electrical and Power Engineering, lasi,
October 25-27, 2012, pp. 628-631.

[25] Lunca, E., Istrate, M., Salceanu, A., Comparative analysis
of the extremely low-frequency magnetic field exposure
from overhead power lines, Environmental Engineering
and Management Journal, Vol. 12, No. 6, 2013, pp. 1145-
1152.

[26] Al Salameh, M.S.H. and Hassouna, M.A.S., Arranging
Overhead Power Line Conductors Using Swarm
Intelligence Technique to Minimize Electromagnetic
Fields, Progress in Electromagnetics Research B, Vol. 26,
2010, pp. 213-236.

[27]0Ouadah, M. and Zergoug, M., Analysis of the
Electromagnetic Interferences between Overhead Power
Lines and Buried Pipelines, Mediterranean Journal of
Modeling and Simulation, Vol. 1, No. 1, 2014, pp. 13-23.

[28] Braicu, S.F, Czumbil, L., et. al., Evaluation of the Electric
and Magnetlc Field near High Voltage Power Lines, Proc.
of 5™ Int. Conf. on Advancements of Medicine and Health
Care through Technology, Cluj-Napoca, October 12-15,
2016, pp. 141-146.

[29] Grigshy, L.L., Electric Power Generation, Transmission,
and Distribution — Third Edition, CRC Press, 2012.

[30] Costea, M., Baran, I., Leonida, T., Capacitive Induced
Voltages in Parallel Transmission Lines, U.P.B. Sci. Bull.,
Series C, Vol. 76, No. 4, 2014, pp. 199-206.

[31] Fernandez, J.C. and Soibelzon, H.L., Sugested Location of
the Equivalent Horlzontal Conductor  when Replacing
Catenary, Proc. of 18" Int. Conf. on Electricity
Distribution, Turin, June 6-9, 2005, pp. 1-4.

[32] ICNIRP, ICNIRP Guidelines for Limiting Exposure to
Time-Varying Electric, Magnetic, and Electromagnetic
Fields (up to 300 GHZ), Health Physics, Vol. 74, No. 4,
1998, pp. 494-522.

[33] ANRE, NTE 003/04/00 — Normative document regarding
the congtruction of aerial electricity lines with voltages
about 1000 \% (in Romanian), 2014,
https://ro.scribd.com/doc/207928871/Normativ-NTE-003-
04-00-Constructia-Liniilor-Aeriene-Cu-Tensiuni-de-Peste-
1000V.



https://www.hydro.mb.ca/projects/mb_mn_transmission/pdfs/eis/mmtp_tdr_socioec_low_frequency_electric_study.pdf�
https://www.hydro.mb.ca/projects/mb_mn_transmission/pdfs/eis/mmtp_tdr_socioec_low_frequency_electric_study.pdf�
https://www.hydro.mb.ca/projects/mb_mn_transmission/pdfs/eis/mmtp_tdr_socioec_low_frequency_electric_study.pdf�
http://www.emf-data.org/symposium98.html�
http://www.emf-data.org/symposium98.html�
https://ro.scribd.com/doc/207928871/Normativ-NTE-003-04-00-Constructia-Liniilor-Aeriene-Cu-Tensiuni-de-Peste-1000V�
https://ro.scribd.com/doc/207928871/Normativ-NTE-003-04-00-Constructia-Liniilor-Aeriene-Cu-Tensiuni-de-Peste-1000V�
https://ro.scribd.com/doc/207928871/Normativ-NTE-003-04-00-Constructia-Liniilor-Aeriene-Cu-Tensiuni-de-Peste-1000V�



