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Abstract

High Voltage transmission lines are a channels for electric power transmission at extra high voltage .So, in the
vicinity of the transmission network lines arises electromagnetic fields which its intensity dependent on the
amount of current that flowing in the conductor and the distance to the conductor. Nowadays, people are highly
concerned about the effects of high voltage transmission lines on their health. Probable risk for leukemia, breast
cancer, neuropsychological disorders and reproductive outcomes has been reported due to this exposure. In this
research it has been analyzed the magnetic field at ground level under 400 kV network extended in Tikrit city
with a common configuration .The aim of research is to investigate the probability of health hazards of the
exposure to electromagnetic fields emitted from high voltage transmission lines. research had been conducted in
two ways ,mathematical calculation and practical measurements and comparing these measurements with the
international standards reference values. results indicate that they fall within the safe limits recommended by the
World Health Organization, and this means that there is no risk of exposure to these areas if the exposure is for a

short time and is within acceptable limits.
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1. Introduction :

Humans are continuously exposed to electromagnetic
fields (EMF) emitted from some sources such as
electric transmission lines , telecommunication and
radio-television antennas. Thus, EMFs of various
frequencies are ubiquitous in our environment. Power
transmission lines and high voltage cables carrying
electrical currents with very low frequency produce
electromagnetic fields. Scientists have wondered for a
long time about the health hazards resulting from
these fields on peoples and the living organisms . So
,a lot of researches have been conducted on this
topic[1].

However, the results of researches, did not give any
definitive conclusions for the development of clear
rules and unambiguous of this issue. Based on the
researches and studies , the World Health
Organization classified electromagnetic fields as the
fields which may be cause some disease. With the
increasing awareness of people about the negative
health effects caused by electromagnetic fields
emitted from high power transmission lines,
investigations on this issue had been raised day by
day. Several research articles presented survey results
showing that the exposure to magnetic fields
increases the cancer occurrence[2]. Studies linked the
childhood leukemia to transmission line generated
magnetic field exposure. This triggered research in
both biological and electrical engineering fields. The
biological research were studied the magnetic field
effect on cells and performed statistical studies in

order to determine the correlation between field
exposure and cancer occurrence[3].

Nowadays, a multi-line power system is present in
our neighborhood to satisfy increasing need for
electric power. To distribute power from the power
plant to the load center it will be required a network
starting from the transmission line until the
consumer, so that in the vicinity of the transmission
line and distribution network it will be a strong
electromagnetic field caused by currents that are
drawn by their Conductors [4]. Electromagnetic field
(EMF) is a form of energy emitted by charged
particles. In classical physics, EMF is considered to
be produced when charged particles are accelerated
by forces acting on them. Electrons are responsible
for emission of most EMF because they have low
mass, and therefore are easily accelerated by a variety
of mechanisms[5,6].

Figure (1) shows how the electric field is
concentrated into human bodies because of the
conductive material, mainly water, that allows the
field to carry a current to earth, parallel to the electric
field lines. On the other hand, magnetic fields induce
circular currents perpendicular to the magnetic field
lines. The dotted lines show the directions of the
induced currents, parallel to the electric field and
perpendicular to the magnetic field .The fields are
oscillating at (50Hz), so the induced currents within
our hodies are also oscillating at this frequency [7].
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Fig.(1): Low frequency electric and magnetic fields induce weak electric currents in humans body [7].

1.1 Standard guidelines limits :

There are European and ICNIRP (International
Commission on Non-lonizing Radiation Protection)
standards. In these criteria, the frequencies of

different Electromagnetic fields have a "reference
value”. In 1990, the World Health Organization
(WHO) set the limit values for the fields electric and
magnetic fields are shown in table (1) [8]

Table (1): Recommendation limits the strength of electric and magnetic fields [8].

Public Area Occupational Area
Organization e qy/my T B(uT) | E(kvim) | B(uT)
ICNIRP 5 100 10 500
European Union | 5 100 10 500

Investigation of magnetic field has been performed in
three steps:

- Mathematical calculation.

— Practical measurement.

— Comparison the results with the international
standard limits values .

2. Experimental work :

shield
wire
.'\Q‘,\ ! ;
R4
A B C =
e 3> :
O 10.2m O 10.2m O
! v-shape
! insulator
Y=18m :

\L Earth Surface
XY=0
Fig. (2). Transmission line with single horizontal
configuration

The magnetic field of overhead high voltage lines can
be found by superimposing the individual
contributions of the phase conductors .The geometry
considered to evaluate the magnetic field at p (x,y) is
illustrated in figure (3).
The electric current in a cylindrical transmission line
conductor generates magnetic field surrounding the
conductor. The magnetic field lines are concentric
circles. At each point around the conductor, the
magnetic field strength or intensity is described by a
field vector that is perpendicular to the radius drawn

2.1 Mathematical Calculation :

The magnetic field generated by the 400KV
transmission lines had been calculated under the line
in one meter above the ground surface. conductors
are arranged horizontally, average conductor height is
18 m, distance between conductors is (10.2)m as
shown in figure (2).

from the center of the conductor. [9] .The magnetic
field vector is perpendicular to the radius of the
circular magnetic field line. The H field vector is
divided into horizontal and vertical components. The
location of both the observation point and the
conductor is described by the x ,y coordinates.
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Fig. (3) : Geometry to find the magnetic field at
the point p ( x, y) due to the phase conductor
The magnetic field intensity is calculated by using the
ampere law as shown in Equ.(1):[9].

r 136



Tikrit Journal of Pure Science 18 (3) 2013

I I
H= = oY)
2.mr 2 [ (X)*+ (Y )2
Where :
H: is the field intensity in A/m
I :is the current in the conductor
r: is the distance from the conductor
(X,Y) : are the coordinates of the observation point.
The horizontal and vertical components of the field
are calculated from the triangle formed by the field
vectors. The angle is calculated from the triangle
formed with the coordinate’s differences :[10].
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In a three-phase system, each of the three-phase
currents generates magnetic fields. The phase currents
and corresponding field vectors are shifted by 120°.
The three-phase currents are :
=1 =1 1;=1e""
The three-phase line generated field intensity is
calculated by substituting the conductor currents and
coordinates in the equations describing the horizontal
and vertical field components. This produces three
horizontal and three vertical field vectors. The
horizontal and vertical components of the three-phase
line generated magnetic field are the sum of the three-
phase components:[10]
Hx = Hx; + Hx, + Hxs (6)
Hy = Hy: + Hy, + Hys  (7)
Where Hx is the horizontal component of three-
phase generated magnetic field, Hy is the vertical
component of three-phase generated magnetic
field,Hx 1, Hx_2, Hx_3are the horizontal
components of phases 1, 2, and 3 generated magnetic
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field. The vector sum of the horizontal and vertical
components gives the three-phase line generated total
magnetic field intensity: [10]

Haphase = [(HX)2 +(Hy )2]1/2 (8)

BBphase = HO-HSphase (9)

to=4m. 107 H/m

The mean current in the conductors at the moment of
the measurements was 482 A (approximately 60% of
its full load value) with a light unbalance between
phases (485, 472, and 488 A for the phases A, B, and
C, respectively).

2.2 Practical measurements :

Practical measurements are conducted by using the
electromagnetic field tester (EMF Tester) illustrated
in figure (4).

Fig.(4) :Electromagnetic field tester (EMF tester)
type band pass ac gauss meter
This device is a low cost, portable, single axis model
with large, easy-to-read 3% digit display. What makes
this meter unique is the very narrow band pass filter
which only allows the calibration frequency to be
read. Which gives very accurate readings without
distortion from harmonics. The device specifications
data are indicated in table(2).
Table(2): The(EMF Tester) specifications data

Axis | Range Resolution | Frequency Accuracy
1 0-199.9mG | 0.1 50/60 +6 Hz | 3%

3. Results and Discussion :

Mathematical calculations and practical

measurements are conducted in both sides of the
transmission line in a step of 10 m from the center

field, and Hy 1, Hy 2, Hy 3 are the vertical . > L
components of phasesl, 2, and 3 generated magnetic line as indicated in figure (5).
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Fig. (5) : direction of magnetic field measurement points.
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Table (3): Calculated and measured magnetic flux density (B ) in micro Tesla at (1 m) under 400 KV
overhead horizontal line with 485,472 and 488 A in each phase respectively.

Distance from the Calculated B Measured B
line center (m) (uT) (uT)
-50 1.8 1.7
-40 2.3 2.2
-30 3.1 2.41
-20 4.9 3.6
-10 5.2 47
0 7.6 7.36
10 6.1 6.0
20 5.7 55
30 4.2 4.0
40 35 3.3
50 2.1 1.9
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fig. (6) : Graphical representation of calculated and measured results

Results of calculated and measured magnetic fields
under the transmission line are shown in table (3) ,
where the maximum magnetic field for the existing
line is 7.6 pT which is very close to the measured
value 7.36 uT . And the graphical representation of
results illustrated in figure (6). High values of
electromagnetic field (EMF) can cause negative
health effects to peoples who have been exposed to
these fields due to working in substations or living
close to high power transmission lines , so there is a
need and obligation according to WHO to calculate
and measure these fields. In some countries as a result
of their work safety standards for power transmission
lines established on the electric and magnetic fields.
4. Conclusion :

The measurement of magnetic fields and
implementation of new techniques that enhance the
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