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ABSTRACT

Concern about the possible health effects from exposure to Extremely Low Frequency (ELF) electromagnetic fields is
increasing worldwide. This paper presents analyses of measurements of low frequency magnetic and electric fields
caused by conductors carrying current in the Oman electric power system. Measurements were taken during the summer
period at around 3 PM to capture peak loads. Field measurements were from severa high voltage environments which
include different types of electricity infrastructure comprising overhead lines, underground cables and substations. The
measured values were compared to the International Commission on Non-lonizing Radiation Protection (ICNIRP)
standards for both general public and occupational exposure. All the Oman values of electric and magnetic fields are

lower than the recommended values provided by ICNIRP.
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1. Introduction

Electric and magnetic fields are generated from electric
overhead transmission lines and al electric installations
and appliances. Owing to their widespread use nowadays,
people are being exposed in all places and times. Epide-
miological studies have indicated a statistical association
between childhood leukemia and long-term exposure to
magnetic fields [1,2] resulting in an increasing concern
about them. Subsequently, studies of workers in electric
utilities and workers exposed to radiation from cathode
ray tubes (such as computer monitors) were unable to
verify the origina conclusion [3]. Laboratory studies ro-
dents to determine the biological effects of low-frequency
magnetic fields also produced conflicting results, and,
since no studies had been performed on humans, this
topic is still debatable [4].

To protect people against the adverse effect of electri-
cal and magnetic fields, severa international commis-
sions have reviewed the biological effects of exposure to
low frequency electromagnetic fields and formulated
recommendations for exposure limits. These groups in-
clude the Advisory Group on Non-lonizing Radiation of
the UK’s National Radiological Protection Board (AG-
NIR) [5], Institute of Electrical and Electronics Engi-
neers (IEEE) [6], the International Agency for Research
on Cancer (IARC) [7], the International Commission on
Non-lonizing Radiation Protection (ICNIRP) [8], and the
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World Health Organization (WHO) [9].

Levels of electromagnetic fields in Oman, are ex-
pected to increase in the future owing to the growth in
the power demand which will require transmitting elec-
tric power at higher voltage and current levels compared
with the present levels. The maximum power demand in
the main interconnected system (MIS) in Oman is ex-
pected to grow from 3613 MW in 2010 to 6043 MW by
2016, an average increase of around 8.5% or 374 MW
per year [10]. Currently, the system interconnects seven
main power plants with around 3726 MW of net genera-
tion capacity and transmits power over 220 kV and 132
kV lines. The residential sector is the largest consumer
category taking more than half of the total system energy
[11]. The annua demand curve reflects the climate in
Oman and is highly seasonal. The average summer de-
mand is more than double of the average winter demand,
owing to the increase in residential demand during the
hot weather in summer. The demand peaks typically in
June reflecting the highest temperatures and intensive use
of air-conditioning.

2. Electromagnetic Fields

In the environment surrounding any conductor carrying
electric current, there exists an electric field and a mag-
netic field, together referred to as electromagnetic fields.
These fields often extend for considerable distances around

JEMAA



334 Measurement and Analysis of Extremely Low Frequency Electromagnetic Field Exposure in Oman

the conductor.

2.1. Electromagnetic Spectrum

Non-ionization radiation is referred to as radiation that
has enough energy to move atoms in a molecule around
or cause them to vibrate, but not enough to remove elec-
trons. Examples of this kind of radiation are radio fre-
guency, visible light, and microwaves. lonization radia-
tion is referred to a radiation range that has enough en-
ergy to remove tightly bound electrons from atoms, thus
creating ions. Examples of this kind of radiation are X-
rays and Gammarays[12].

Electromagnetic waves cover a wide range of frequen-
cies and wavelengths, which is called the electromagnetic
spectrum and comprisesionizing, optical and non-ionizing
radiations. The non-ionizing radiation is further subdi-
vided into static fields (0 Hz), extremely low frequency
fields (ELF), intermediate frequency fields (IF), and ra
dio frequency fields and microwaves (RF) as shown in
Table1[2].

2.2. Magnetic Fields

Magnetic fields are defined in terms of the force exerted
on a moving unit charge and thus are proportiona to the
flow of electric current, irrespective of system voltage
[13]. Magnetic fields induce currents in the body, which
are greatest near the body’s periphery and smallest at its
center. There are several factors that affect the level of
magnetic field produced by overhead transmission lines:
the arrangement of transmission lines, the amount of cur-
rent flow though the lines, the height of conductors from
the ground, the balance between phases, and the presence
of earth conductor [14-19]. It should be noted that higher
voltage lines usually carry higher currents and have lar-
ger spacing between conductors. Therefore, they produce
higher magnetic field, even though the magnetic field
does not depend on the voltage level.

2.3. Electric Fields

The electric field describes the force exerted on a unit
electric charge, thus the field is produced by electric
charges irrespective of their state of motion and is related
to the system voltage and not to current level [13]. Elec-
tric fields from nearby power lines and appliances induce

Table 1. Electromagnetic spectrum.

currents in the body as well as charges on the body’s
surface. This is because the charge on power lines alter-
nates from positive to negative many times per second.
The strength of an electric field near a power line de-
pends on the voltage of the line, the distance between the
power line to point of measurement, the arrangement of
power lines, the radius of current carrying conductors,
and the balance of the phases[14,15].

2.4. Shielding of Fields

Electric fields are easily perturbed by materials with a
high relative permittivity and even more significantly by
conducting objects [13]. Electric fields can be shielded
by any structure such as buildings, fences or even trees,
thus attenuating the values from nearby power lines.
Magnetic fields are perturbed by materials that have avery
high relative permeability. Magnetic fields are shielded
by structures containing large amounts of magnetic ma-
terials such asiron and its alloys.

3. Standards

Different standards that define the maximum permissible
exposure levels for electromagnetic exist as for example
by those from ICNIRP [7] and |EEE [5].

3.1. International Commission on Non-lonizing
Radiation Protection (ICNIRP)

ICNIRP is an international commission of scientific ex-
perts in the area of biological and health effects of elec-
tric and magnetic fields [7]. The main objective of this
standard is to establish guidelines for limiting exposure
to electric and magnetic fields that will provide protec-
tion against al established adverse effects. Guidance is
given for two categories. occupational and general public
exposures. Occupational exposure refers to adults exposed
to electromagnetic fields at their workplace, generally
under known conditions. General public exposure refers
to individuals of all ages and of varying health status,
who are unaware of their exposure to fields. Table 2
presents the relevant ICNIRP reference levels for 50 Hz.

3.2. IEEE

The purpose of the |EEE standard is to define an exposure
levels to protect against adverse effects from exposure to
electromegnetic fieldsfrom 0 - 3 kHz [5]. The standard was
developed with respect to established mechanisms of the

L - Optical lonization
Non-ionization radiation I I
= — radiation _ radiation Table2. ICNIRP standards:
S e e 300Hz- 100 kHz- rays ICNIRP levelsfor 50 Electic field strength  Magnetic flux density
100kHz 300GHz Visble grays Hz (V/m) (uT)

Magnetic Video  TV,FM  light . o ve General public 5000 200
resonance Power lines display radio, cell sources .

imaging units phone Occupational exposure 10000 1000
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biological effects in humans from electric and magnetic
field exposures. For 50 Hz the maximum permissible
exposures are as follows:
* Magnetic field: 904 uT (head and torso), 75,800 uT
(armsand legs);
e Electric field: 5kV/mto 10 kV/m.
It is obvious that the IEEE limit for magnetic fields are
much higher than ICNIRP s reference value.

3.3. Other Standards

Scientists of the International Electromagnetic Fields Al-
liance (IEMFA), recommend reduced exposure limits for
electromagnetic radiation from power lines and tele-
communications technologies [20]. They recommend that
global governments should adopt lower exposure guide-
lines to protect current public health and that of future
generations. The new recommended valueis 0.1 uT which
is approximately 1000 - 10,000 times lower than the cur-
rent ICNIRP/IEEE standards [20,21]. They conclude that
the ICNIRP/IEEE public safety limits are inadequate and
obsolete with respect to the prolonged, low intensity ex-
posures that are common today.

4. M easurement Results

All measurements were taken at 1 m height above ground
level using calibrated EMDEX 1l 50 Hz Electric Field
Probe for the electric field measurement and EMDEX |1
50 Hz megnetic field meter for magnetic field measurement.

T~

The specified profiles used by KEMA were followed dur-
ing the measurement [22,23]. The reference values cho-
sen for these measurements are the values recommended
by (ICNIRP) [7], as shown in Table 2. The measured
values for the electric and magnetic fields strength were
compared to the ICNIRP standards for both General Pub-
lic exposure (for locations accessible by public) and Oc-
cupational exposure (operational location where no pub-
lic accessis alowed).

4.1. Measurements near Grid Station

There are several source of electromagnetic fields exist at
the grid station. They consist of double circuit overhead
transmission lines, transformers, cables and capacitor banks.
Severa profiles were taken inside the grid station, near
the walls, transformers, and capacitor banks. A schematic
overview is presented in Figure 1. The maximum meas-
ured value of the magnetic field near the borders of the
grid station was 3.5 UT aong Profile 1, as presented in
Figure 2. The maximum measured value inside the grid
station (excluding the control rooms) was 8 puT aong
Profile 2 near transformers, as shown in Figure 3. The
maximum measured value inside the control room (Pro-
file 3) was 7.5 T, whereas the maximum measured value
exceeds 180 uT inside the large control room aong Pro-
file 4 (Figure 4). This can be explained by the fact that
very high current was flowing through the busbar inside
the large control room.
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|: Transformer
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Control
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e

Figure 1. Schematic overview of grid station.
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Figure 2. Profile 1, magnetic field.
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Figure 4. Profile 4, magnetic field.

4.2. Measurements near 132 kV and 33 kV
Overhead Lines

This location contains three 132 kV and one 33 kV over-
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head transmission lines (OHTLS) as shown in the sche-
matic diagram in Figur e 5. The maximum measured value
of the magnetic field along Profile 1, which is perpen-
dicular to OHTLSs, as presented in Figure 6, is 4.5 pT.
This value was measured almost underneath the middle
of 132 kV OHTL. Along Profile 2, the measurement is
almost constant with an average of 0.21 uT because the
profile was taken in parallel with OHTLs. The maximum
value near the office was 0.2 pT. The maximum meas-
ured values of the electric field along Profile 1 are 0.94
kV/m, 0.48 kV/m and 0.42 kV/m, as shown in Figure 7.
These values were respectively measured underneath the
132 kV OHTLs. The maximum value of the electric field
along Profile 2 was 0.13 kV/m which was near the office.

4.3. Measurements near 220 kV Overhead
Transmission Lines

The source of the fieldsin this case is only double circuit
220 kV OHTLs. The starting point of the profile was
taken in the middle of the two towers. The maximum
measured value of eectric field was 2.7 kV/m and it was
recorded underneath the 220 kV OHTLs. The value of

132kV

Measurement profile

—

Profile Profile 2
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l

Figure 5. Schematic overview of 132 kV and 33 kV over-
head lines.
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Figure 6. Profile 1, magnetic field.
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the electric field decreases as the distance from the line
increases, as shown in Figure 8. The maximum mess-
ured value of the magnetic field was 4.3 pT occurred
undernesth OHTL and then the values decreases with the
increase in the distance, as presented in Figure 9.

4.4, Measurements around Distribution
Transformer

In this site, a fenced distribution transformer is placed
between a number of houses as shown in Figure 10. The

1
0.9
/

205 \
T Vv

08
Eoqalo )
Zodl |
'%0_4

‘503

Q

0.1 .
0

0 20 40 60 80 100 120 140 160
Distance (m)

Figure 7. Profile 1, electric field.
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Figure 9. Magnetic field.
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transformer is fed from 11 kV line through cable. The
maximum measured value of the magnetic field was 5.5
UT aong Profile 1. Profile 2 was taken around the trans-
former fence and at a distance of about 20 cm from the
transformer fence. Figure 11 illustrates the measured
value of the magnetic field along Profile 2 which has a
maximum value of 9 uT close to the transformer.

The maximum measured value of the electric field was
0.0375 kV/m aong Profile 2. This value was measured
underneath 11 kV OHTL. The electric field along Profile
1 wasvery small.

4.5. M easurements around and inside the Fence
of a Distribution Transformer

In this site, the electromagnetic field sources are coming
from several underground cables, a distribution trans-
former, and a switch box. A schematic overview is given
in the Figure 12. Because there was no OHTL nearby
and the transformer was connected to ground, the electric
field inside and outside the structure was zero. The
maximum value of the magnetic field measured was 135
UT, asshown in Figure 13. This value was measured inside
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Figure 10. Schematic overview of the location.
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Figure11. Profile 2, magnetic field.
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the transformer structure (Spot number 4) between the
switch box and the transformer. The maximum measured
value of the magnetic field outside the structure was 16.1
UT, along Profile 2 near the switch box, as presented in
Figure 14. The maximum measured value of the mag-
netic field along Profile 1 was 6 pT which was near the
fence of the house.
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Figure 12. Schematic overview of the location.
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5. Conclusions

Electric and magnetic fields were measured at several
locations in Oman power system. The measurements were
performed in severa high voltage environments (includ-
ing 220 kV, 132 kV, 11 kV, and 415 V), as well as near
several types of electricity infrastructure (including grid
stations, distribution transformers, overhead transmission
lines and underground cables). All measured values of
electric and magnetic fields are lower than the recom-
mended values provided by ICNIRP.

The maximum values for electric fields were measured
underneath 220 kV overhead lines; however the values
are lower than the recommended limit (5 kV/m). It was
found that the highest values for magnetic fields were
measured inside the grid stations and substations, with
values exceeding 180 uT in some places. Nevertheless,
these locations are not accessible by general public and
the limit value for occupationa exposure was 1000 uT.
In addition, the highest values for magnetic fields in ar-
eas where members of the general public would be ex-
posed to the fields were at the boundaries of substations,
with a maximum value of 16 uT being measured. Yet,
this is significantly lower than the maximum value sug-
gested by the ICNIRP.

It is expected that the level of electromagnetic fields,
in Oman, will increase in the future owing to the growth
in power demand which may require transmitting the
electric power at higher voltage and current levels. Thus,
new measurements should be carried out to verify that
the general public is exposed to permissible exposure
levels.
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