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Abstract

This paper is aimed at reducing the electric fieidderneath extra high voltage direct current trassion lines
using grounded shield wires. Two extra high voltdgect current transmission lines are modeledaralyzed.
One line is homopolar and the other is bipolarhtare operating at 400 kV. The electric field cidted at the
ground surface for the two transmission lines witidl without grounded shield wires. In addition, tight-of-
way limits for those transmission lines accordiogtte maximum allowable electric field strength eatculated.
The charge simulation method is used for calcujagtectric fields underneath the lines with andheitt
grounded shield wires. A soft computer techniquaels genetic algorithm was used also to deterntieebiest
location and number of grounded shield wires. Thaegic algorithm was applied to a 400kV monopolar d
transmission; the best location of grounded shigilgs is at 15m height above ground level for atinopm
number of five grounded shield wires at spacingrafbetween them.

Keywords: Charge Simulation Method, Electric Field CalculaticElectric Field Reduction, Shield Wires,
Direct Current Transmission Lines, Health Effe®gyht of Way.

1. Introduction

In recent years, extra high voltage direct curr@d@HVDC) transmission lines became widely used for
transmission of electrical energy because it hasymavantages compared with EHV ac transmissiops (1
Consequently, the possible effects of electriadBelinderneath EHVDC lines received an increasiterest in
research studies, e.g. electric field induction andrt circuit currents through conducting objgetg. parallel
metallic fences and large vehicles), the electigdf environmental impact on people and electreldfi
interaction with human beings near power lines (2).

Consequently, a precise calculation of the eledieid underneath overhead transmission lines becamery
important task in transmission line design. Thetele and magnetic field effect of operating traission lines
is an important issue that the electric utility egr is most often required to respond to regartie potential
hazards due to the public exposure to these figlds.effect of long term or chronic exposure taele fields is
currently under study in several countries.

Several studies have reported that children liviegr high voltage transmission and distributioredihad a
higher cancer and leukemia incidence than othddrem (3) did. However, limited studies have beeported
regarding adults who live near high voltage tramssion and distribution lines. Higher cancer incienvas
observed than other adults. In addition, varionediof research have suggested that exposurectooehagnetic
fields could lead to DNA damages in cells undetaiarconditions (4). Effects depend on factors sashhe
mode exposure, the type of cell and intensity amétibn of exposure.

Overhead transmission lines require strips of k@nde designed as right of way (ROW). These ROWsatso
support other uses besides the transmission liredsing the amount of power transmitted requiigher
voltages, therefore the transmission corridorsiaceeased, and in turn, the competition for land &OW
increased.

As voltages reach the HV and EHV levels, wider R@van that required by normal design codes may be
requested by regulatory agencies. This decrehsestiltiple use possibilities of any ROW and furtbeeates
pressure to minimize the amount of land set asida high voltage transmission line.

The reduction of the electric field at ground leigkthe most direct objective of efforts to minimithe field
effects of HVDC lines (11). In fact, most electfield effects occur close to ground level and amgcfion of the
magnitude of the unperturbed electric field at oreter above ground.

Some state regulatory staffs are considering cbrmtfoelectric field effects by controlling the maxim
allowable electric field at the edge of the ROW.

It has been recommended before to adopt electlid $irength in the 0.5 — 1 kVhrange at edge of the ROW
electric field strength standard in the 0.5 — 1 kVranges for dc transmission lines. Some regulastaffs
recommend a 1.5 kVinas a maximum allowable electric field at the edgROW (8).

For these above reasons, electric field must becestito overcome its harmful effects on the petipieg or
work nearby the transmission lines. One of the eagiies is to use grounded shield wires undernbathirte
conductors (5-11). This is the main objective & finesent paper.
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For a simple physical system, it is usuallygioie to find an analytical solution. However, immy problems
the physical systems are so complex that it iseexéty difficult, if not impossible, to find analgal solutions.
Hence, in such cases numerical methods employecelémtric field calculations. The existing numelica
methods include the Finite Difference Method (FDihg Finite Element Method (FEM), the charge sirioila
Method (CSM), the Surface Charge Simulation MetH8€CSM).The Surface Charge Simulation Method
(SCSM) often called the Integral Equation MethddM). CSM has many advantages when compared with the
other numerical methods for calculating electrédds
Therefore, the charge simulation method is usedhia paper for calculating electric fields undethea
homopolar and bipolar EHV transmission lines witid avithout grounded shield wires.

2. Calculation method

The idea of charge simulation method (CSM) is v@mgple (12, 13). For the calculation of electrieldis, the
distributed charges on the surface of the electavdereplaced by N number of fictitious chargexgthinside
the electrode at a radiug Bs shown in Fig. 1. In order to determine the ritages of the fictitious charges,
some boundary points are selected on the surfaekectrode. The number of boundary points is seteegual
to the number of fictitious charges. Then it isuiegd that at any one of these boundary pointsptitential
resulting from superposition of effects all thetifious charges is equal to the known electrodemiml. Let,Q,

is the |" fictitious charge and/ is the known potential of the electrode. Then adicy to the superposition
principle,

V=Y PijQj &
j=1

WhereP; is the potential coefficient, which can be evaldadealytically for different types of fictitious arges.
When Eq. (1) is applied to N boundary points, @de to the following system of N linear equations N
unknown fictitious charges, then

[PInv [Qln = [V]n (2)
Where [P] = potential coefficient matrix, [Q] = cohn vector of known potential of contour points.

Equation (2) solved for the unknown fictitious ofp@s. As soon as the required charge system iswiet=t, the
potential and the field intensity at any point, sidé the electrodes can be calculated. While thengial is
found by Eq. (1), the electric stress components calculated by superposition of all the stresstorec
components.

For a Cartesian coordinate system, the x, y coatdif; and E would then be for a number &f charges.

N apij N

EFZ&Q; :Z(fx) Qj 3)(
=1 j=1 ij
N apl N

Ey:za_]Qj =Z(fy) Q 4)(
= 0y i=1 ij

Where {);, (f,); are "field intensity coefficients" in the x andlirection.

3. Using GA

Genetic algorithms as explained in chapter three @ finding the global optimum solution by usingedt
random search in any kind of system complexity. hdatatical properties such as differentiability, \exity,
and linearity are of no concern for those algorghrfihis is the biggest advantage of this searclowver
traditional optimization techniques.

The problem of minimizing the electric field at tharface of ground level by means of grounded dhigfes
has received considerable attention as previougliamed in details in the above sections of thiapter.

A new approach is introduced in this section taupedthe electric field at ground level; this appto#s based on
genetic algorithm. The genetic algorithm is usedétermine the best locations and number of grodisthée!d

wires underneath EHVDC transmission line.

The search of any genetic algorithm starts witredom generation of a population of strings, eamtegation
consists of a group of population and each pomratbnsists of a group of strings. The number figs in a
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population must be even, each string is divided amhumber of substrings equals to the numbereoptbblem
variables and each substring consists of a nhumbgertes to represent one of the variables in aicedoding
system. Floating point, decimal point, and binasging systems could be used. In this study, tharlinoding
system is used. Evaluate each string in the pdpaldty using the fitness function which maps thehbem
objective function.

The objective function will use in genetic algonitho optimum, can write as

Objective function=minimize (electric field)

The first step of the main program of genetic atbar is to set the ranges of the systems variafiles. GA
begins its operation by initializing the input pdégtion which consists of a number of citizens. Eaitlzen in
this population is a choice of the number of gradhdhield wires and their location (spacing betwé&em and
height from ground level) in other words, eachzeiti can be considered as a separate solution girtidem
suggested by the GA. Usually, this initial popuatis chosen randomly i.e. each element in thisujadion is
selected within its range according to a uniforstrihuted probability function.

The next step is to calculate the electric fieldoagated with each citizen alone. The electriadfietimation is
done using a subroutine different from the GA mpaingram. It is dependent on the problem which GA is
interested in. This subroutine is considered, f@A& main program's point of as just an objectivecfion that
supplies GA with the fitness values regardlessotomplexity The purpose is to minimize the &ledield
and the biased roulette wheel method explainethapter three is used for reproduction.

Then the GA main program uses the calculated ftvadues and the citizens of the population to geeethe
next generation of citizens using the GA operafogproduction, crossover, mutation...........etc.). The new
generation is considered as a new input populatind the process is repeated for a certain number of
generations or until the acceptable error is redclfethis task is repeated for a certain numbegeferations
and the final resulting error doesn't meet the piat®e range of error, then the best citizen inléisé generation

is injected manually to the initial population ofrew running session Thus, if the GA program rums f
insufficient number of generations, the searchlmeompleted by running the program again usingthgious
GA best results without having to begin the seagdin from the starting point

4. Reaultsand discussions

Case study 1: A 400 kV homopolar transmission line with and without grounded shield wires:

1) Without grounded shield wires

The charge simulation method is applied to the IdMhomopolar transmission line shown in Fig. 2. Thdius
of pole conductors Ris 0.0383m, the clearance d between poles is 22ndhthe height H is a variable
parameter. The number of simulation line chargespaductor equals six. The simulation chargesaar@nged
around a cylinder of radius equal to 0.Q5Rhe potential error at selected contour pointesdnot exceed
0.001%.

Figure 3 shows the electric field at 1m height abthe ground level for the configuration shown ig.2. The
maximum field strength at 400 kV applied voltagefasind to be about 14.2 kVm-1 and corresponds to
minimum ground clearance H=10 m. Increasing the hright is the most effective parameter in linsigle
which reduces the maximum field stress at ground.

Figure 3 plots the field strength for differentdiheights of 10, 14, 18, 22 and 27 m. The maximefd &tress
values corresponding to these line heights are, 14.25, 8.54, 7.32 and 6.11 k¥mespectively. It is clear that
as the line height increases, the maximum fieldabses with a significant amount within the trarssioin line
corridor. Outside the line corridor, it is influesdt by a completely different way. Table 1 lists R@W widths
for the transmission line configuration shown igy.F2 for different line heights and the correspogdélectric
field stress at the border of ROW.

2) With grounded shield wires

The charge simulation method is applied to thestrdssion line shown in Fig. 4. The radius of palaductors
R. is 0.0383m, the clearance d between poles is 2Barheight H is 27 m from conductor to ground. Taius
of shield wires & is 0.0039 m, the spacing between grounded shiéldsws S and the height from shield
conductor to ground

The number of simulation line charges for both pmeductors and shield wires is equal to six. Tiheuktion
charges are arranged around a cylinder of radiualdéqg 0.05R for pole conductors and 0.Qkfor shield wires.
The potential error at selected contour pointshanline conductors and grounded shield wires didexoceed
0.001%.
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Different number of grounded shield wires, diffdrepacings S between grounded shield wires andrdiit
heights H from ground to grounded shield wires are studied.

Figures 5 and 6 show plots of the electric field.at height above the ground level for the confijarashown
in Fig. 4 at H=15m with different numbergrof grounded shield wires and spacings S=1 andogtween shield
wires.

From Figs.5 and 6, it is clear that the maximum elecfield decreases with the increase of the number n
of shield wires increase and the spacing S in betwd@able 2 lists the ROW widths for the transnoissi
line shown in Fig. 4 for spacing of one and fiveteng and its percentage reduction due to the pceseh
shield wires.

Case Study 2: A 400 kV bipolar transmission line with and without grounded shield wires
The grounded shield wires are centered undernesth pole as shown in Fig. 7. The configuration ro$ t
transmission line is the same as that in Fig. 4.

Figures 8 and 9 show the electric field at 1m hiegdfove the ground level for the configuration shawFig. 7
at H=15m with different spacings S between shield wéed different numbers;of grounded shield wires.

In Fig. 8, the maximum electric field stress is BV without shield wires. It decreases with the preseof
shield wires and becomes 1.86, 1.7 and 1.6 k¥on 1, 2 and 3 wires respectively. With the inaeaf n above
three, there is no noticeable reduction change animmum electric field. With the increase of the raen of
grounded shield wires over three, there is no edtichange in maximum electric stress.

In addition, Fig. 9 shows the electric field dibtriion at 1m above the ground level with 3m spadiatyveen
shield wires.

Table 3 lists the ROW for the transmission linevehan Fig. 7 for S=1, 3m and its percentage reductue to
presence of shield wires. It is noted from thedabit the saving of ROW in case of bipolar trassion line
with three shield wires equal three and spacinftS8ree meters reaches up to 44%.

Case Study 3: The use of GA on 400 kV monopolar Transmission Line with shield wires

The genetic algorithm is applied to a 400 kV higitage direct current transmission line shown ig. B. The
radius of pole conductors £.0383 m, the clearance between poles is d=22henheight H=27 m from
conductor to ground level, the radius of groundeitld wires g=0.0039 m, the spacing between grounded
shield wires is S, the height from grounded shigiicts to ground level Kl and the number of grounded shield
wires are n.

The previously explained genetic algorithm is usedetermine the number of grounded shield wiresk tair

best location to reduce electric field at the szefaf ground level to reduce ROW. The ranges ofitipeit

variables of the proposed system are:

Number of grounded shield wires is between onesindhe spacing between grounded shield wiregia/den
0.1 and 6 m and the height from grounded shielésiio ground level is between 1 and 15 m.

As mentioned before, the number of bits in a binstring needed to represent the parameters is t3in lai

binary code shown in Tables 4 and 5.

Calculating the objective function at the selectedividuals and applying the genetic algorithm sgtn

process using the roulette wheel method to selhecchromosomes, which will be used in generatirgriéw
generation, this illustrated in Table 6.

After reproduction by using roulette wheel methddelection

String 2 and string 3 receiving one copy in theingapool.

String 1 receiving two copies.

String 4 receiving no copies.

Applying the genetic operators, crossover processthsa probability of 95% and mutation processhwét rate
of 0.001 on the selected individuals and put therihé new generation, this process is illustratediables 7, 8,
9 and 10.

Floating point GA with maximum number of generasiasf one thousand and population size of fifty ased.
The solution converged after one hundred and twgaierations to a number of five grounded shieteésviThe
spacing between grounded shield wires equal siempeatnd the height from ground level to groundedigh
wires Hs equal to fifteen meters.

5. Conclusions

The maximum electric field at the ground level (oneter above ground surface) for homopolar andl&ipo
transmission lines decreases with the increasdefspacing S between shield wires irrespectivehef t
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height Hand the numberof wires.

The maximum electric field at the ground level (oneter above ground level) for homopolar and bipola
transmission lines decreases with the increaseeofitmber giof shield wires whatever the spacing S or the
height H of the grounded wires.

The ROW of homopolar and bipolar transmission lidesreases with the increase of the numhesfn
shield wires whatever the spacing S or the heiglfithe wires.

The ROW of homopolar and bipolar transmission lidesreases with the increase of the spacing S batwe
shield wires irrespective of the height &hd number ns of grounded wires.

GA approach has showed that its results are mangrate than the previous experience based reHudiso
shows that the best location of grounded shieleesvis at height of 15 m above ground level for five
grounded shield wires at spacings of 6 m.
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Table 1: ROW widths for the homoploar transmisdine.
Required ROW

(m)
71

51
42.5
80
57
46.5
87
61.5
50
93
65
52.25
99.5
69
54.5

Table 2: ROW widths for the homopolar transmisdine with S of 1, and 5m and Hs=15m
Percentage reduction

Line height Electricfield
H (m) (kV/m)
0.5
10 1
15
0.5
14 1
15
0.5
18 1
15
0.5
22 1
15
0.5
27 1
15
Number Electric Required ROW
of shield field (m)
wires (kV/m) S=1m S=6m
0.5 99.5 99.5
no 1 69 69
1.5 54.5 54.5
0.5 99 99
1 1 68.5 68.5
1.5 54.25 54.25
0.5 935 93
2 1 63.5 63.5
1.5 495 49
0.5 91.5 91
3 1 62 61.5
15 47.5 49
0.5 90 89
4 1 60.5 59.5
15 46 4475
0.5 88.5 875
5 1 59 58
1.5 44.75 42.25

a7

of ROW
S=1m S=6m
0.5% 0.5%
0.72% 0.72%
0.45% 0.45%
5.5% 6.5%
7.2% 8%
8.25% 10.1%
7% 8%
8.7% 10.8%
10.55% 10.1%
8% 10.55%
10.14% 13.76%
12.38% 17.9%
9% 12%
11.23% 15.9%
13.76% 22.47%
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Table 3: ROW widths for the bipolar transmissimelwith S of 1 and 3 m and Hs=15m
Number Electri Required ROW Percentage reduction
of shield cfield (m) of ROW
wires (kV/im
) S=1m S=3m S=1m S=3m
0.5 70.5 70.5

no 1 52.4 52.4
15 43 43
0.5 58.5 58.5 17% 17%
1 1 41.5 41.5 20.8% 20.8%
15 31 31 24.8% 24.8%
0.5 58 57.5 17.7% 18.4%
2 1 40.75 40.5 22.2% 22.7%

15 295 28.75 31.39% 33.1%

0.5 57.5 57 18.4% 19.1%
3 1 40 39.4 23.6% 24.8%

15 27.75 24 35.4% 44.18%

Table .4 Coding of variables of the proposed probfier the first generation

Ind. | # of grounded shield Spacing between groundedHeight from ground to
No. | wires shield wires grounded shield wires
Parameter Decimal | Parameter | Decimal Parameter Decimal
value value value value value value

1 1 0 0.1 0 1 0

2 3 1365 2.9815629 2000 7.83677210 4000

3 5 2730 5.1427350 3500 10.400562Q 5500

4 7 4095 6 4095 15 8191

Table 5 Coding of individuals for the first genéoat
Individual No.1 00000000000000000000000000000000000
Individual No.2 0101010101011111101000001111110@000
Individual No.3 10101010101011011010110010101010011
Individual No.4 11111112121112122111212211112111111111
Table 6 Selection process using roulette wheel

Individual Objective Ratio to total Expected count Actual count

No. function

1 4660.236 0.3636875 0.3636875x4=1.4547 2

2 4148.204 0.3237282 0.3237282x4=1.294 1

3 2289.388 0.1786651 0.1786651x4=0.7146 1

4 1716.018 0.133919 0.133919x4=0.5357 0

Table 7 Crossover processes

Ind. | Mating pool after reproduction Crossover
No. Mate site

1 00000000000000000000000000000/00000000 1 29

2 01010101010101111101000001111]10100000 2 29

3 000000000000000000000000000000]0000000 1 30

4 101010101010110110101100101010]1111100 3 30
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Table 8 Mutation process

Ind. | After crossover

No. Mutation site
1 0000000000000000000000000000010100000 18

2 0101010101010111110100000111100000000 30

3 0000000000000000000000000000001111100 36

4 1010101010101101101011001010100000000 13

Table 9 New populations
Ind. | New populations
No.
1 0000000000000000010000000000010100000
2 0101010101010111110100000111110000000
3 0000000000000000000000000000001111110
4 1010101010100101101011001010100000000

Table 10 Decoded values of new populations

Ind. | # of grounded shield Spacing grounded betweerHeight from ground to grounded
No. | wires shield wires shield wires

1 1 0.1461050 1.54694180

2 3 2.9815629 7.78207790

3 1 0.1000000 10.4005620

4 5 2.1920147 10.1886220
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