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Abstract. The analysis of factors and approaches to the conditioning of the electromagnetic impact of 330 kV overhead transmission lines on ecological systems has
been carried out. The analysis performed enabled to reveal that the world experience, recording the introduction of the transmission lines of the carrying capacity
and reduced environmental impact, including the compact and controlled self-compensating lines, is expedient to take into consideration in the process of the object
design, as compared with the transmission line of the conventional construction, operated in Ukraine. The technique of electromagnetic field of the 330 kV overhead
transmission lines calculation is improved for the ecological systems and to clarify the width of the sanitary protection zone. Unlike other technique, the given
one takes into account the line clearance and the sag of, also this technique is universal as it enables to calculate and analyze the variation of the electromagnetic
field of the overhead transmission lines of different construction not only on the line route, but also at a distance from it.
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BADANIE ODDZIALYWANIA ELEKTROMAGNETYCZNEGO NAPOWIETRZNYCH LINII
PRZESYLOWYCH 330 KV NA SYSTEMY EKOLOGICZNE

Streszczenie. Przeprowadzono analize czynnikow i podejs¢ do uwarunkowan oddziatywania elektromagnetycznego napowietrznych linii przesytowych
330 kV na systemy ekologiczne. Analiza pozwolita stwierdzié, ze doswiadczenia $wiatowe, odnotowujgce wprowadzenie linii przesylowych o wigkszej
nosnosci i mniejszym oddziafywaniu na srodowisko, w tym linii kompaktowych i sterowanych samokompensujgcych, sq celowe do uwzglednienia
w procesie projektowania obiektu, w porownaniu z linig przesylowq o konstrukcji konwencjonalnej, eksploatowang na Ukrainie. Technika obliczania pola
elektromagnetycznego napowietrznych linii przesylowych 330 kV zostata udoskonalona pod kqtem systemow ekologicznych oraz w celu uscislenia
szerokosci strefy ochrony sanitarnej. W odréznieniu od innych technik, ta uwzglednia przeswit i zwis linii, a takze jest uniwersalna, gdyz umozliwia
obliczanie i analize zmiennosci pola elektromagnetycznego napowietrznych linii przesylowych o roznej konstrukcji nie tylko na trasie linii, ale takze

w pewnej odleglosci od niej.

Stowa kluczowe: napowietrzna linia przesylowa, budowa, pole elektromagnetyczne, system ekologiczny, strefa ochrony sanitarnej

Introduction

Rates of commissioning of objects of electric power systems
of Ukraine reached their peak values in the 60-70s of the last
century. Nowadays with the same rate electric engineering objects
overstep their 50-year limit. In the process of operation,
the conditions of electric power systems changed, these changes
are characterized by an increase of the transmitted power density
both in normal modes and in emergency modes, necessity
of the compact realization of the electric energy objects due
to considerable rise in the value land, increased requirements
concerning the reliability, controllability and automation, as well
as a more rigid ecological policy.

Increase of the compactness and ecological safety
of the electric energy objects in the requirement of the present day,
the necessity to apply new approaches for the assessment
of the priority decisions.

Right of ways under overhead transmission lines with
the account of their considerable length can reach considerable
size. For electrical — of 35 — 750 kV the area of the disposed
territories as a result of the overhead transmission lines passage
is 21,179.55 km [5].

This problem is extremely actual for the territories with the
developing infrastructure, where the value of land increases
exponentially. To reduce the disposal of territory under
the overhead transmission lines and decrease the ecological impact
so-called non-conventional line find wide application along with
the overhead transmission lines of the conventional construction:
compact overhead lines (COL); controllable self-compensated
overhead lines (CSCOL); overhead lines with circuits of different
voltage classes (combined overhead lines); overhead lines
with insulated conductors (OLIC) [1].

1. Aim of the paper

Analyze factors and approaches, regulating electromagnetic
impact of the overhead lines on the ecological systems.
Improve the technique of the electromagnetic field strength — fir
the determination of their impact on ecological systems
and to — the width of the sanitary-protection zone, depending
on the construction of the lines.

2. Main materials of the research

Analysis of factors and approaches to the normalization
of the electromagnetic impact of the overhead transmission lines
on the ecological systems. Relatively the impact of the AC
overhead transmission lines on the ecological systems, the criteria
of the harmful impact assessment are established, principles
of regulation and protection measures. Numerous international
organizations, such as the World Health Organization (WHO),
the  International  Electrotechnical ~Commission  (IEC),
the European Committee for Electrotechnical Standardization
(CENELEC), the Commission of the European Union (CEU),
National Commissions, deal with problems of the normalization
of electromagnetic field influencing the staff and population.

Main factor of the overhead transmission lines of 330 kV,
determining the width of the sanitary-protection zone
and influencing the ecological systems in electromagnetic field
(EMF), characterized by the electromagnetic field strength.
All the manifestations of the negative impact on the ecological
systems may be divided into groups [1, 7, 10, 14]:

1. Impact of the electromagnetic field on the living organisms.

2. Impact of the harmonic noise on communication lines.

3. Interaction of overhead lines with  engineering
communications.

Acoustic impact of overhead lines on the environment.

5. Interaction of overhead lines with the natural landscape.

&

artykut recenzowany/revised paper

eNolel

IAPGOS, 2/2022, 50-55

This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License.
Utwor dostepny jest na licencji Creative Commons Uznanie autorstwa — Na tych samych warunkach 4.0 Miedzynarodowe.


https://www.scopus.com/affil/profile.uri?afid=60109473
https://www.scopus.com/affil/profile.uri?afid=60109473
user
Stempel


p-ISSN 2083-0157, e-ISSN 2391-6761

Normalization of the factors of AC overhead lines impact,
their coordination with the results of numerous and sometimes
contradictory medical research is extremely complex task,
especially taking into simultaneous and interconnected impact
of several factors. The importance of the consideration of EMF
impact on the ecological systems all over the world is caused
by the necessity of the objective assessment of the real danger
for human health. Such an approach is determined also
by the economic reasons as the observance of the sanitary norms
and provision of the normalized width of the sanitary-protection
zone for overhead lines (OHL) is connected with the considerable
expenditures.

By its frequency characteristic electromagnetic field (EMF)
of the overhead lines (OHL) is referred to the low-frequency
range. As a rule, the staff maintaining the overhead installations
is exposed by the short-term impact of the strong EMF.
The population main remain in the zone of the weak fields of the
industrial frequency, for instance, living near an overhead lines.

Nowadays the attention of the biophysicists and medical
scientists is drawn not only to the study of the effects of short-
term impact of the strong fields, but to the determination
of the long-term consequences impact of weak low-frequency
EMF, up to the super weak ones with the intensity
of approximately 0.1 A/m (0.12 uTl), comparable with
the intensity of low-frequency earth geomagnetic field.

It is known that the intensity of EMF near 330 kV overhead
lines and higher may reach the boundary of the individual field
susceptibility, when a person by indirect indication (hair stirring,
pin sensation between the body and clothing) can determine
the field. Approximately 5% of people feel the presence of EMF,
starting from the intensity of 7 kV/m, and 60% do not feel
the field with the intensity of up to 20 kV/m. Intensity of the EMF
of 5 kV/m, acceptable by the standard, determined by biological
impact be acceptable, taking into account the possible
unfavorable. Action of the electrical charges in the process
of the human contact with surrounding objects. By the results
of the research the intensity of the EMF, when 80% of people
do not feel pain sensations at the discharges, equals 5.2 kV/m
[6, 8, 10, 11].

Negative impact of EMF of the industrial frequency
was disclosed as a result of the examination of the staff, servicing
energy objects, experiments on the laboratory animals and study
volunteers, carried out since the 60s of the last century, further
in the studies of numerous researchers. International recognition
of the biological activity of EMF required the residence
time regulation. As a result, in the USSR state standard
GOST 12.1.002-84 was elaborated and approved. For the staff
of the unrelated organizations and the local population the
following norms were established: 20 kV/m for the in accessions
location; 15 kV/m for unpopulated areas. Besides, admissible
intensity 0.5 kV/m is normalized this allows the stay of a person
in the electrical field for 24 hours a day.

International recommendations are based on the revealing of
the negative impact on the organism, manifested directly at the
moment or immediately after impact to EMF, and do not take into
account possible long-term exposure to the impact of weak EMF
[4,7,12,13, 15].

As a result of numerous researches, carried out in recent
decades the biological activity of weak low-frequency fields
was revealed. This result turned but to be unexpected, because
as a rule, the intensity of the bioeffects increases in proportionally
the intensity of the acting factor. Swedish, Finnish, American,
Canadian, French researchers identified carcinogenic effect
up weak EMF.

Simultaneously, there appeared studies, denying these
observations. Nowadays, approximately 30% of the studies prove
that weak EMF of the industrial frequency can increase
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the number of a cancer related disease, 30% of studies claim
the opposite and in 40% of cases scientists neither agree
nor disagree, considering that epidemiological studies must
be well-planned taking into account the variety of the factors
of the environment and professional activity [4, 7, 15].

In 1996, World Health Organization (WHO) initiated
the International EMF Project. The aim of the given project
is to collection, analysis, generalization and coordination
of the results of all the investigations, carried out in this field.
In 2001 WHO issued information message, recommending to keep
to the “precautionary principle” regarding the impact of low-
intensity EMF and by all available means limiting the impact
of EMF on human. In 1998, the International Committee ICNIRP,
one of the participants in the WHO Project, released
the document, regulating the permissible levels of EMF
for the population.

All developed countries realize their programs to studying the
impact of electromagnetic radiation on human and environment.
For instance, Austria, Germany, Czech Republic, Australia, Spain,
Italy and other counties, follow the recommendations suggested
by ICNIRP, recording the regulation of EMF [4, 7, 12-15].

In general case, the parameter which determines the degree
of EMF impact on a human is the density of the current induced
in the body. In greater part of the International Standards
non-dangerous for the organism density of current 10 mA/m?
is considered as the initial value for establishing of the admissible
levels of EMF parameters. Equivalent intensity of EMF,
corresponding to this density, can then be decreased, applying
the factor of margin for the conditions of the industrial impact
and for the population. Reference level, obtained in such a way
is fixed as normalized levels [7].

Such an approach to the normalization of the factors is often
used abroad. In Ukraine and in some other countries,
as the parameter, determining admissible levels of field intensity,
maximum admissible current, flowing across the human body
in case of the contact in the zone of EMF impact with the isolated
machine or other large insulated object is considered.
Environmental legislation functioning in Ukraine, defines
principles, rules and ecological system. So-called sanitary
regulation, regulating maximum permissible levels of the electric
field intensity, formed by A.C. electric transmission installation
of the industrial frequency [14].

Staying of the people, not electrical engineering staff,
in the zone of EMF impact nowadays in Ukraine is regulated
by the intensity of EMF, which is on the territory of the residential
area —1 kV/m. But it should be noted that such level of EMF
intensity is on the boundary of sanitary-protection zone
of the overhead lines, limits of which on the both sides from
the projection of the outer conductors on the earth are: 20 m — for
330 kV overhead lines and 40 m — for 750 kV overhead lines
and for the overhead lines bellow 330 kV sanitary-protection
zones are not established [10, 14].

As the organization of the boundaries of sanitary protection
zone of the overhead lines is connected not only with considerable
economic expenses, but also with the exclusion of land.
This circumstance caused the necessity to perform the additional
calculations of EMF impact factor in the points, remote from
the conductors of the line and indicate the boundaries
of the sanitary-protection zone. As in Ukraine conventional
overhead lines are used, then all normative documents correspond
to certain construction realization. Taking into consideration the
world experience, regarding the introduction of the transmission
lines of enhanced carrying capacity and decreased ecological
impact, to which compact and controlled self-compensating
overhead lines, are referred to, it is expedient to consider them
and compare with the conventional overhead lines.
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3. Method

Formation of the technique of EMF intensity calculation
for the determination of 330 kV overhead lines impact on the
ecological systems and adjustment of the width of sanitary-
protection zone, depending on the construction of the lines.

From the point of view of determination of EMF impact
on the ecological systems, that is determined by the value of EMF
intensity, the problem is reduced to finding the potential of the
conducting body placed in the field of the overhead line (Fig. 1).

For the determination the EMF intensity of 330 kV overhead
lines of various construction (Fig. 1), the following initial data
are used: U — the voltage of the overhead lines (OHL), kV;
H — dimensions of the conductors of overhead lines, m;
H,, — dimensions of the steel wires of the overhead lines, m;
S,, — distance from the axis of the overhead line to the steel wire,
m; S, — distance between phase circuits, m; S; — distance between
phases, m; a — the distance between the conductors in a phase, m;
n — the number of conductors in a phase; reng — radius of the
overhead line wire, m; r, — radius of the steel wire, m;
L — horizontal distance from the axis of the outer conductor of the
overhead line to the calculated point, m (towards the middle phase
with the sing “-”); h — coordinates of the preset point, m;
Ah — differentiation step, m.

=

4

Fig. 1. Schematic representation of the overhead line for the determination of EMF
intensity

Calculation of the field parameters is possible to perform
using Maxwell equation for the system "conductors — steel wires —
earth" [2, 3, 9]:

U = Zaij -G @)
n=1

where U — phase voltage of the overhead line conductors; a;; — are
potential coefficients; g; — are charges of conductors per unit
length.

Potential coefficients aj; are determined from the following
relations:

Proper potential coefficients i = j

1 H.
oy =—In— )

2re T,
where Hj; — is the distance between the i'" conductor and its mirror
reflection; r;; — is equivalent radius of the conduction or steel wire.

Mutual potential coefficients i #j

1 H.
ay=——In— (©))
2me T
where H; — is the distance between i conductor and mirror
reflection of the jth conductor; rj; — is the distance between i and

i conductors.
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Using the system of equations (1) the potential coefficients of
the impact object ¢, are identified

H.

= ——In 2L )
2me Xy,
where H,, — is the distance between the j™ conductor and object; r;
— is the distance between i"" and j™ conductors; L — is the distance

to the object.
Using the second group of Maxwell equations for the
determination of the charges on the conductor’s capacitive

coefficients S are formed:
g; = Zﬂu 'Uij ®)
n=1

However, it should be noted that the given technique does not
require the calculation of the charge on the conductors and the
system of equations (4) is used only for the formation of the
capacitance coefficients S, which are determined by the formula:

4 =)' JAij /A 6)
where A — is the matrix determinant, composed of the coefficients
a of the Maxwell equations system (1); A; — is the algebraic
complement of the i™ and j™ elements.

In the process of improvement of the given model the

symmetry of the three-phase system of voltages l.]l,UZ,U3 was
taken into account:

U, =U
U,=U-a )
U,=U-a’

where @ and o are complex operators of voltage vector rotation,
a=-05+j0.86;a°=—-05-j0.86

Potential L'JA in the present point is determined using (1 — 7):
U, =UX 5, -05(8,+ 4 )]+
+U" jO.86[(B; - B ) et;,]

Having denoted the active and reactive parts of U A Dy U A2

®)

and L,'lAp correspondingly for the module UA we will write down

UA :\/Uja—‘rujp (9)

While determining the field strength at point A, we will
change its vertical component. Having determined the potential at

point U, in point A at height h and UA‘ in the point A" at the h —
Ah the field strength is determined by expression:

u,-u
-_A A 10
E, " (10)
The obtained value E, corresponds to the vertical component
of the average strength of the electric field in the region of the
human head of a person of 1.8 m of height.

the equation:

4, Results and discussion

Improved technique of calculation unlike other techniques,
takes into account the dimension of the line and the sag
of the conductor as well it is universal because it enables
to calculate and analyze the change of EMF of 330 kV overhead
lines of different constructions.

Application of modern technical facilities enables to solve
the given task with extreme accuracy. The developed technique
was used to compose the block-diagram for automatic calculation
of the zone of electromagnetic impact of 330 kV overhead lines
on the ecological systems (Fig. 2).
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]
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Fig. 2. Block-diagram for automated calculation of the zone of electromagnetic
impact of the overhead transmission lines on the ecological systems

Modification of the EMF strength of the overhead lines
of 330 kV depends on the dimension and construction of the lines,
this is proved by the results of the calculations, performed
according to the improved technique (1-10), using block-diagram
(Fig. 2) by means of the programming platform the PowerCalc
(Copyright Inprise Corporation) and presented in tables 1-3,
and figure 3-5.

Fig. 6 presents the generalized graphical representation
of the span of the 330 kV overhead transmission line.

Proceeding from the above-mentioned, it follows that
the improvement of the construction of 330 kV overhead
transmission lines not only increases their carrying capacity,
but also limits the strength of EMF near the overhead transmission
line, that leads to the decrease of the eliminated areas for overhead
transmission lines. Thus, in the process of overhead transmission
lines design, routes of which pass near the residential areas
or other places where people remain for a long time (play grounds,
gardens) it is expedient to include in the pre-project assessment
of the variants the analysis of electromagnetic situation near
the route of the overhead transmission line, in particular, consider
the strength value of EMF not only on the route of the line,
but also at a distance of more than 20 m from the projection
of the outer conductor, because with the distance from
the overhead transmission line, the strength decreases slower,
than at small distances, that is why, the given fact requires more
accurate calculation [16, 17].
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Table 1. Modification of the EMF strength for 330 kV overhead transmission lines
of the conventional construction

Dimension | Distance, E, Distance, E, Distance, E,
H, m m kV/m m kV/m m kVIm
10 20 0.997 20 0.997 28 0.466
12 20 121 23 0.922 32 0.445
14 20 141 25 0.936 34 0.486
16 20 1.58 27 0.941 36 0.493
20 20 1.78 30 0.976 44 0.462
24 20 1.84 33 0.962 48 0.485
26 20 1.83 34 0.965 50 0.489

Table 2. Modification of the EMF strength compact for 330 kV overhead
transmission lines

Dimension Distance, E, Distance, E, Distance, E,
H, m m kV/m m kV/m m kV/m
10 20 113 22 0.938 30 0.468
12 20 1.34 22 0.938 33 0.467
14 20 151 26 0.926 35 0.491
16 20 1.65 27 0.982 38 0.482
20 20 1.81 30 0.983 43 0.483
24 20 1.83 32 0.996 47 0.472
26 20 1.81 33 0.988 49 0.491

Table 3. Modification of EMF strength value for the controlled self-compensating
330 kV overhead transmission lines

Dimension | Distance, E, Distance, E, Distance, E,
H, m m kV/m m kV/m m kV/m
10 20 0.549 16 0.846 22 0.450
12 20 0.644 16 0.957 24 0.494
14 20 0.725 18 0.864 26 0.445
16 20 0.892 18 0.927 28 0.439
20 20 0.868 18 0.984 30 0.471
26 20 0.870 18 0.952 32 0.496

14
E kV

————— H=10 m

H=12m

——H=14m

-—-—-H=16 m

-~ H=20m

H=24 m

- H=26 m

Fig. 3. Dependence of EMF strength modification on the dimension of 330 kV
overhead transmission line of the conventional construction
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Fig. 4. Dependence of EMF strength modification of the dimension of compact
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Fig. 6. Generalized graphical presentation of the span of 330 kV overhead
transmission line: 1 — territory, normalized for the overhead transmission line, with
the account of sanitary-protection zone; 2 — the territory, calculated for the overhead
transmission line, with the account of sanitary protection-zone

For the realization of these tasks the following engineering
solutions can be used:

e decrease of the interphase distances at a result of carrying out
measures, aimed at reduction of the calculated overvoltage
ratio;

e transition from the conventional to compact and self-
compensating transmission lines of the increased carrying
capacity and reduced ecological impact;

e usage of the vegetation arrays to provide the ecological safety
of the lines.
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5. Conclusions

1. Analysis of the factors and approaches of the normalization
of the electromagnetic impact of the overhead transmission lines
of 330 kV on ecological systems enables to determine that the
world experience regarding the implementation of the overhead
transmission lines of the increased carrying capacity and
decreased ecological impact, which compact and controlled self-
compensating overhead lines are referred, it is expedient to take
into account in the process of the object design as compared with
the lines of the conventional construction, operated in Ukraine.

2. Technique of the 330 kV the electromagnetic field strength
for the determination of their impact on the ecological systems and
specification of the sanitary-protection zone width is improved.
Unlike other techniques, the given technique takes into account
the dimension of the line and sag of the conductor, it is universal
because it enables to calculate and analyze of the electromagnetic
field of the 330 kV overhead transmission lines of different
constructions. Realization of the given technique in the package
of programs APM of the designer of the overhead transmission
lines will enable determine with greater efficient the main
direction in the process of the object design, taking into account
electromagnetic situation not only on the route of the line, but also
at the distance from it.
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