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Abstract: Problem statement: Several studies have investigated the impact exftedmagnetic field
generated by high voltage power lines on envirorimEhne evaluation of electric and magnetic field
quantities are of paramount interest in the charawtion of electromagnetic environment of the
proposed line. The purpose of this study was tdyaeathe behavior of electromagnetic fields
generated by power lines in an area of strong oijoul. Approach: The method applied in this study
was gradual; examined the effects of different tiogs between the different neighboring lines on
behavior of electric and magnetic fields. Lateesth lines will be used as a source of disturbance
applied to the auditory implants EMResults: The implications of experimental results were also
compared and discussed with new stand&whclusion: The maximum intensities of electric and
magnetic fields measured for the circuit of threeed close to each other, within the EI-HADJAR
substation were significantly lower than the ICNIR&ference levels for occupational and no
occupational exposures.

Key words: Electromagnetic compatibility, low frequency, higbltage transmission lines, inductive
coupling, capacitive couplingpltage lines, electrical energy, electromagneéicls

INTRODUCTION on the precautionary principle, which is an apphoac
based on the idea that absence of evidence of harm,
Electrical energy can be considered indispensablprecaution must be (Hender and Soltan, 2007).
for all areas of society, industrial, domestic @odial, However, the relationship between the electromagnet
in such a way that it is difficult to imagine a ham fields exposure and occurrence of alleged diselaass
activity that does not have some relationship withnot yet been proved. In this context various
Electricity (E). Electrical energy is transportedrh the  occupational health organizations have established
power station to the substations through overheatimits of exposure to EM fields in the study andj
electric lines and from there to the final usenotigh  places. Among these organizations are cited the
distribution networks of medium and low voltage. ICNIRP and standard IEEE guidelines which set &bas
Energy is transported by the electromagnetic fteltt  restriction on the density of electric current indd in
is propagated throughout the line, since the highthe body by ELF fields (ICNIRP, 1998) mainly to &o
intensity electromagnetic fields can induce impatta electrical shock hazards, minimize burn hazards and
voltages and currents in conducting elements ldcate reduce interference with medicals implants (Babouri
their proximity. Many publications have studied the and Hedjiedj, 2007). To characterize low frequency
effects of electromagnetic fields and human safety electromagnetic fields generated by high voltaged;
the vicinity of power lines and stations of mobile some authors have developed mathematical models for
communication (Chiang and Tam, 2008) and for thethe characterization of the electromagnetic envirent
evaluation of electromagnetic fields and modelirffg oin the vicinity of power lines, based on solving
electrical coupling (Djaleét al., 2007).The 2007 Euro- Maxwell's equations and Laplace for simple
barometer survey showed a strong concern andeometries. In practical terms, these models areheo
preoccupation of the European population tomost suitable due to their complex mathematical and
electromagnetic fields (The Electromagnetic Fieldsinaccuracy in the calculations. This justifies ti®ice
Special Eurobarometer 272a/Vague 66.2-TNS), thef experimental technique with well-defined exp@sur
effects of electromagnetic fields on human heath a conditions to determine the levels of electric and
discussed and existing scientific researchers agmre  magnetic fields near power lines. Experimental
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characterization of low frequency electromagneticlines and the currents in conductors when meastineg
fields has been conducted in several publicationglectromagnetic field are mentioned in (Table e T
(Paraskevopoulost al., 2009; Noret al., 2008; Cip0_ pannrochement between the geometric heights of the

e al., 2005; National Radie}tion Laboratory, 200.5)'conduct0rs of lines B (90KV) and C (220KYV) is dositt
The mastery of techniques for measuring

electromagnetic fields radiated by power lines andP€ing an old line of 220 kV that is now used ak¥0

their compatibility, at our reference center (LGEG)

a precursor to involvement in experimental researclExperimental investigation: Measurements of electric
on the impact of EMF on the biological environmentand magnetic fields have been conducted in the free
generally and on health particularly. In this comtee  space under the high voltage lines in order toeachia
conducted this study in collaboration with characterization of the electromagnetic environnaet
multidisciplinary research teams: CHU of Annaba(th to draw the profile of the electric field and matiméeld
University Hospital) and SONELGAZ (Algerian near the 220 and 90 kV lines located a few meters f
electricity company), whose aim is to develop studygach other, taking into account the inductive and

protocc:lls_l_trel?tmg q tot theh. eIectroma}gnch(:j f'el ldS capacitive coupling between the different phases. |
compatibility. 1n orger 1o achieve a regiona literature  much mathematical and experimental

on the experimental characterization of low fre n . . .
P e approaches to obtain the earth resistance valufislct

electromagnetic fields in the laboratory, this wik ! .
made available to the concerned partners. In thdys Sit€ Were published (Noet al., 2008).In our case the

the experimental measurement of electric ancf@rth is considered as a perfect conductbnen,
magnetic field have been made in the post-El Hadjafeasurements were made at two meters intervalg alon
which provides interconnection between the Far Eastlirection perpendicular to the power lines, in tstar
region of Algeria and Tunisia, This position has afrom the central pylon A and when moving in an east
particular interest given its location in an urterea. direction to the centre of pylon C, then in an west
It covers a range of voltage 220, 90 and 60 kV Wwhic direction to the centre of pylon B using an refeszhand
will permit us to highlight the effects of inducév calibrated electromagnetic field meter PMM8053A
and capacitive coupling on the distribution of therig 2 To avoid the perturbation of elemtifield
magnetic and electric field generated in the vigini 4o device is equipped with an isotropic probe

of the line circuits operating in parallel. ) . ] .
Experimental results show that the intensitieshsf t mounted on one-meter-high - non-conductingod.

fields identified for the proposed model lines are__ - 1- Geometrical model characteristics

well below allowable limits set by the Internatiéna Pylon A Bylon B Pylon C
Institute for Protection against Radiation Protemwti (90 kV) (90 kV) (90 kv)
(|CN|RP)’ the latter will be used for the Directions Mejaz el-Safa El-Kala Souk-Ahras
characterization of high voltage lines, as a sowfe :g:gm g; :22 Sﬂgzg ;Emg gg-gg gg-gg gg-g
electromagnetic interference of medical implantsycignt of the phase 3(m) 3710 5820 30.8
including auditory implants. Height of the cable guard (m) 43.60 32.80 33.3
Phase Spacing (m) 3.25 07.00 7.7
Length (km) 45.70 66.75 86.4
MATERIELSAND METHODS Nub of conductors by phase  01.00 01.00 01.0

Value of current by phase (A) O(unloaded line) 84.0 70.0

M odel description: To characterize the
electromagnetic environment of power lines, we
conducted our investigation in coordination witte th
Algerian company of electricity (SONELGAZ) at el-
Hadjar electrical post located in eastern Algeria.
Measurements have also been carried out underrP0 a
90KV lines located next to each other Fig. 1.

The lines B (90KV) and C (220KV) represents
respectively SOUK-AHRAS city and EL-KALA city
with a flat configuration, in the middle the line(B0KV)
represents Mejaz el-Safa city with a vertical
configuration. The distance between phase lines, th
clearance of conductors, cables Guard, the lengths Fig. 1: Model studied
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Electromagnetic field meter

= PMM 8053A

- Probe: 05Hz-40GHz

- Software acquisition

- Levelrange: 0.01 V/m-100 kv met 1 nT-
100 mT.

\ = J

Electric lield (V m 1)

Fig. 2: Characteristics of the measuring equipment

\ i
This instrument measures the electric and magneti - — - —k,
fields in three orthogonal directions in the freque =300 20 10 0 10 20 30 40
range 5-40 GHz, the field strength measured muosdire D (m)
constant. This is the only way to ensure that dange
field strengths are not present. The acquisitiordat
was done in real time by the computer software agek
The measurement results have been reported in &/m f
the electric field and pT for the magnetic field the
international system of units.

Fig. 3: The profile of electric field

RESULTS

The profiles of electric and the magnetic field
measurements are shown in Fig. 3-4. They reveal th
effects of inductive and capacitive coupling ané th
changes of the direction of the power lines througt
different locations on the intensities of fieldsamared.

Figure 3 clarifies the field strength distributiam - P
1m height above the ground for the circuit of lines . , , ) , , ‘
considered. This figure reveals that the maximuinesa 300 <200 -10 0 10 20 300 40
of the electric field decrease, when increasing the D (m)
ground clearance level which is highly dependent on
the voltage of the line, while the location at whiwe
measured the maximum values is the centerline of th
pylon C (220kV). When we move from the right of the
line A (90 kV) uncharged, with a vertical arrangerme
R-S-T of phases to the 7 m point, the intensitythaf

Magnetic field (V m™ ')
-

Fig. 4: The profile of magnetic field

The conductors of the line A are located at a Hedgh
30,6m with a separation between phases of 3,25m and
electric field generated increases and reaches no current flowing through. At the moment of

) _ ) easuring the magnetic field, mean currents of @47
maximum value of 401 V . In the 14 m point, R'_ circulated respectively through the conductors thof t
S-T horizontal arrangement of the phases of the Imlines B and C. As is observed in the figure maximum
B causes a cancellation of the quantities of electr ;5,65 of the magnetic field are obtained in thetee
field in the intermediate zone between the twodine o agch line (the centers of the lines are locate2d m
A and B, the electric field intensity measured @t o, the line B on the right and -23m for the lineoG the
point is 166 V ni". left. the maximum value of the field is reachedtlhe

Figure 4 shows the transverse profile of thecenter of the line B and is below (2, 81 uT, thidues
corresponding magnetic field depending on theremain well below the maximum limit 100 uT set by
distance to the axes of the pylons for the cirings  European regulations). As can be seen, the value
A, B and C neighbors, both with the conductors inmeasured under the line C on the left (1.78 push
vertical and horizontal simple arrangement R-S-T. lower than the previous value.
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DISCUSSION general public has limits of 100uT for the magnetic
field (B) and 5 kvm® for Electric field (E). These
To argue ours experimental results, we are basegsults will be used to study the interference @ |
on the tow fundamental principles related tofrequency electromagnetic fields with medical inmpéa
electromagnetic compatibility of high voltage power (hearing aids), as part of a research project ef th
lines. The effect of electric field to induce cunt® in  laboratory LGEG in collaboration with the CHU
the wires parallel to the electric field lines (eaflive  (University Hospital) of Annaba.
coupling) and the effect of magnetic field to indua
voltage in the loops perpendicular to the fieldein ACKNOWLEDGMENT
(inductive coupling). These phenomena could be
respectively modulated in an equivalent electrical ~ This study was supported by SONELAZ “Algerian
circuit by mutual capacitances and inductancesait ~ National Company of Electricity”. We thank the
be seen in the previously figures that the low diestpy director of the company Mr. Benkirat Messoud; The
electromagnetic fields are located close to the lin €ngineers design office of the national electricity
conductors; they have brought space relativelydmg ~ €Ompany of Annaba and team operating of the
field strengths inversely proportional to the dista subst_atlon El-Hadjar for their contnbyuon in aehing
from the source. The maximum electric field meagure of t,h's study. We thank Mr. D,af” Mo_urad LGEG
is highly depending on the voltages of the linester Engineer Laboratory for her technical assistance.
away from the lines the electric field strengthréeses
rapidly. The intensity of magnetic field measured under
the line C on the left is much lower than this meed
under the line B on the right, evidently, this isedto
the fact that a smaller current circulates throdigé
latter and the height at which the conductors efright

line are placed is inferior to that of the condustof . N e
the left line P i located ¢ h oth Conference of the IEEE Engineering in Medicine
e left line Power lines located near to each other are  _ | Biology Society, Aug. 22-26, IEEE Xplore

coupled; the coupling appears in the profiles dof th Press Lyon op: 5683-5686. DOI:
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