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ABSTRACT: Tbc l i i s l  dccadc has nitiiesscd 
growiiig public coiiccrii ovcr possible ;idvcrsc licaltli 
cl'fccls of magnclic ficlds produccd by geiicratioii, 
traiisinission aiid iitilizatioii oT clcctric powcr. 
Nunicroiis works cxaniincd iiiagnclic ficlds 
ciiiaiialiiig frani coiivcntioixilly tlcsigncd 
traiisiiiission lines. This papcr, in coiitrasl, cvalu;itcs 
iiiagiictic ficlds aroiiiid 21 220-66 kV, GO kui, 
lransniission liiic scgmciit spccially crcclcd i n  Egypl 
Thc optiiiiuni phase arrangciiicnl of Ihc 2211 and 66 
kV circuils is sought in vicw or Ihc lowest pcak 
iuagnctic field valuc. Fiirlhermorc, llic iiiciiii 
magnctic licld prevailing ovcr a potential cxposurc 
area is dclcriiiiiied near llic line, namely, ovcr an 
area cxtciiding 50 iii oii bolli sidcs of  thc linc span. 
The cflccl ol  line discoiincclioii oii magnetic field is 
investigalcd. Being vital l o  hunian cxposurc 
iisscssiiieiit tlic variation or magnetic ficld 
iiiidcrneath llic linc :iloiig a Iiuniaii  hcight is 
prcscntcd and discusscd. 

1. INTRODUCTION 

rd due 10 cxposurc to cslrciiicly 
low frcqucncy (ELF) clcc1rom;ignclic ficlds ciiiittcd 
by clcclric powcr systeiiis and installAons Iiavc 
becoiiic a major public aiid ciiviroiiiiicnlal coiiccrii. 
During the last fcu  ycars llrc iiircrcsl has sliiricd 
Trorn clcclric to iiiagiictic ficlds wlicre [ l ie laltcr arc 
now gcncrally bclieved to rcprcscnt more potential 
hirzard to living organisms [1,2]. To obtain accurate 
infonii;itian on tlic possible biological elfccts of 
cleclric power syslcins and inslallalions, many 
aiialytical and cxpcriiiicntal stiidics liavc been 
initiated i n  rcccnl years. Computalional cfTorls werc 
cmployed to cvalu:ilc magnetic fields in tlic vicinity 
or different powcr liiic coifigurations, i n  siibslations, 
in homes and i n  work pl;iccs. l o  predict acciiratcly 
IIic inagiiitudes of inagnctic liclds, niaiiy 
invcsligalors carricd out ineasiircd programs ill thc 
vicinity of powcr lincs, in occupational environiiicnts 
aiid in Iiomcs 13-51, 
This work contributes to the knowlcdgc oii iiiagnetic 
ficlds by investigating a 220-66 kV coinmon-tower 
.6O kin, powcr linc scgiiienl crcctcd from Nwib;\a 10 

Daliab in Sinai Pciiiiisula . Tlic 220 kV line is a 
double circcuit with AAAC conductor bundles or 
2s22.7 iiiin and 30 ciii bundle spacing. The 66 kV 
liiic is a double circcuit with AAAC conductor of 
22.7 niiii in diaiiieler. Tlic maximum line sag and 
the span leriglli arc 11.5 in and 360111, respcclivcly, 
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as  spccificd by Egypliaii Elcctricily Aulhority Fig, I 
shows Ilic compound towcr with its associated 
diiiicnsions. 

Figl. 220-66 kV towcr coiiligiiralion 
diiiiciisions in iiictcrs 

11. EASE CASK 

A tlircc-dimciisional magnctic ficld coiiiputatioii 
Icchniquc is iiscd in llic prcseiil work. I1 is bascd oii 
a modcl in whicli tlic line conduclors arc siliinlatcd 
by counectcd straight-linc ciirrcnt scgniciits 161. 
Magnetic ficlds are calculated assiiniing that tlic two 
circiiils are a t  Cull load, i.e. with 1200 A linc 
ciirrciils for 220 kV linc arid 600 A for 66 kV linc. 
Tlic rclativc pcrtncability is tinily cvcrywlicrc l o r  
boll1 air and ground. Tlic magnetic ficlds iirc 
calculalcd at onc inctcr abovc ground lcvcl t~iilcss 
otlicnvisc iiiciilioiicd. Tlic bas-basc pliasc 
arrangciiieiil ofllic linc is taken as abciabc froiii top 
lo bottom for 220 kV circuit and abc-cba, i.c. 
syiiiinctric, Tor 66 kV linc. 
Pig.2 shows tlic Iatcral distribution of niagiictic ficld 
of llic b:isc casc arraiigciiiciit ai mid-span. Tlic rate 
of dccay of rlic iiiagiictic ficld values is very high in 
llic iireii betwen thc outermost conductor or IIIC 220 
kV liiic and the oiitcriiiost conductor oftlie 66 kV 
linc. The rate or decay becomes significantly lcss 
beyond thc outermost conduclor of tlic 66 k V  linc. 
Thc maximum field values occiir wider tlic 
outcriiiost coiidiiclors ofthe 220 kV line mlicrc high 
caricellation efkci is expccted a1 the center liiic. 
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111. EFFECT OF CIRCUIT DISCONNECTION 

Tlie effect wliicli circuit disconnection lias on 
magnetic field bencath the linc is examined. All 
possiblc coinbinalions of circuit discoiinection of llic 
basc case arc iwestigated. Tlic effect of complete 
discounection of llic 66 ItV linc on magnetic field is 
shown in Fig.3, wlicre niagnctic fields dccreasc in 
the arca iinincdiatcly underncalh the linc. Beyond 
tlic outerninst conductor of tlie 66 kV linc llie field is 
approxiinately nnclianged. This incans that tlic 
iiiagnctic fields cuianating from the 220 kV line is 
dominant in areas far from llie line. 

rcduccd. Only one peak -under tlic outermost 
conductor of thc 220 kV circuit- develops on tlie far 
side. The magnetic ficld in llie area under tlic line 
decrcases, while that far froin tlie line is only slightly 
afkcted. 

D i s t a n c e  f r o m  c e n t e r  l i n e  ( m )  

Fig.4 Eflcct of66 kV linc disconnection 
2 5  1 

I I 
- 6 0  . A 0  - 3 0  ~ 2 0  - 1 0  0 1 0  2 0  5 0  4 0  I O  

D t s t a n c e  f r o m  c e n t e r  lhne ( r n )  

Fig.2 Magnetic ficld distribution of basc line 
1 2  , , 

D i s t a n c e  f r o m  c e n t e r  l ine  ( m )  

Fig3 Efkct of 220 ItV line disconncction 

Fig.4 sliows the efrcct of disconncction of the 220 
kV circuit. It is sccn that rate ofdccay ofmagnctic 
ficld in tlie presencc of the 66 kV linc only is greatcr 
tliari that of the 220 kV line alone, causing the 
inagnctic field at points lar from tlic line to be 
relativcly smaller. 
Tlic cfFect of discoiiuection of only onc of the four 
circnits is slio\rn in Figs. 5 aiid 6. Fig.5 sliows the 
crfcct of discouiieclioii of the left-hand sidc 220 kV 
circuit. The inagnetic ficld in tlie area undcr tlic line 
decreascs. The peak inagnctic field on the far sidc of 
the disconnected circuit is slightly deceased. Tlic 
effect of disconnection of tlic left-band side 66 kV 
circuit is shown in Fig.6. Tlie magnetic field 
underneath tlic disconnected circuit is greatly 

5 0  r'\ 4 0  -30 - 2 0  - 1 0  0 IO 2 0  30 4 0  

D i s l a n c e  f r o m  c e n t e r  l inc  ( "1 )  

Fig.5 Disconncclion of one circuit of 220 kV linc 

I 
- 1 0  - 4 0  -30 - 2 0  ~ 1 0  0 1 0  2 0  30 4 0  ! 

D ~ s l a n c e  f r o m  c e n t e r  l i n e  ( m )  

Fig.6 Disconncclion orone circuit of 66 kV linc 

IV. EFFEC'I OF PHASE ARRANGEMENT 

A large niniibcr of phasc arrangeuienl combiuatioiis 
or the 220 kV circuit and 66 kV circuit are 
tlieorctically possible. Specifically, 36 dikrent  
pliasc arrangeinents are possible for each of tlic 220 
kV and (lie 66 kV lines, resulting in an extrcnicly 
large number of combinations. Redundancy can be 
avoided if arrangcuicnls tllat bear the same effect arc 
cliniinated tlius reducing thc phase arrangcinents of 
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rangeincnts 
3 at 
i0in 
irT) 
0.38 
1.84 
1.24 
1.24 
1.77 
0.53 
0.53 
1.11 
1.11 
1.85 
1.85 
0.74 
0.74 
2.08 
1.26 
1.26 
1.90 

llic 220 kV lincs to only six “nniquc” arrangcnients. 
Tliosc six arrangcmcnts Tor tlic 220 kV linc arc 
sliowii iii Tablc 1 as the) interact with llic 36 pliase 
arrangement oftlie 66 kV line. 

Tablc 1 Pliase arrangcmcnls or 200 kV &66 kV lincs 
Pliasc arrangement (220 kV) 

I I1 r r r  IV V VI B a1 
25111 
(tW 
1.14 
6.17 
3.99 
3,99 
5.15 
2.39 
2.39 
3.78 
3.78 
6.30 
6.30 
3.08 
3.08 
6.79 
4.38 
4.3X 
6.51 

7 
X 
9 

All shown pllasc arrangements conibiii a t’ ions arc 
cxaniined, wliere tlie niagnetic ficld distribution was 
prodiiced for each casc. Tablc 2 shows those pliasc 
arraiigcnients which gavc tlic lcast niiignelic field 
sortcd by tlic corrcsponding pcak magnetic field. In 
tlic first coluinii the roiiiaii number indicates tlic 220 
kV pllasc arraiigeiiient wliile the iicighboring 
nnnibcr iiidicalcs the 66 kV phase arraiigcrnent as 
given in Tablc 1. Tlic table elso gives thc lalcral 
locatioii of thc pcak magnetic field and ficld value at 
the conventional right-of-way or tlic 220 kV line, i.c. 
25111 froni ccntcr line, and also at donble that 
distancc. It is sceti that the “oplimnni” phase 
arrangcment, i.c. tliat giving tlie least niagnctic licld, 
is abcicba for 220 kV linc combined with tlic pliasc 
arrangement abciabc Tor 66 kV line. 
As an indication of the level of exposurc o f a  human 
prcsciil in tlie general vicinity or a power line the 
“mean” magnetic field ovcr tlie entire exposure arca 
is songlit. This arca is defined as that boiindcd by 
straight lines at 50in rrom llic ccnter line on both 
sides of the powcr line and cxlcnding over one wholc 
liiic spwn. Field values at 1 iii abovc gronnd within 
that arca werc dctcrniined and averaged oul Tor a 
nunibcr of pliasc arrangeinenl. Tablc 2 shows that 

b c a  b c a  25 b a c  b a c  
b c a  c a b  26 b a c  a c b  
bc ii a b  c 27 b a c  c b a  

larger pcak fields do not necessarily produce larger 
nican cxposnre fields. Howevcr, it is intercsling lo 
note that the phase arrangcmcnt VI1 which gives tllc 
lowcsl inaxininin magnetic also gives tlic lowcsl 
nicaii cxposiire magnetic field valuc. 

Table 2 
Pliasc 
arrang. 

VI I 
v I 4  
I1 1 
I11 25 
1V 25 
VI 4 
VI 29 
I1 22 
111 29 
v 18 
V 36 
VI 19 
VI 25 
I 3 6  
I1 19 
Ill I 
V 32 

__ 

___ 

1.9x 
4.61 
3.39 
3.39 
4.81 
2.90 
2.90 
3.36 
3.36 
5.06 
5.06 
3.44 

5.13 
3.86 
3.86 
5.29 

3.44 ~ 

~ 

In conlrast, Table 3 shows tlie “worst” pliasc 
arrangciiients, i.c. tlmsc giving tlic largest pcak 
fields sorted by pcak field. It is sccn lliat thc absolute 
worst pliasc arrangeinent is abc/abc for 220 kV linc 
combined with pliasc arrangement abdcba for 66 kV 
linc. It is interesting l o  note that casc was considcrcd 
carlicr in the paper to bc the “base casc”. It is also 
indicated that llic worst cases havc a highcr ratc of 
decay of magnetic field beyond tlic ontermost 
condoctor or the 220 kV circnit. The ‘‘best’’ pliasc 
arrangcinent of Tablc 2 is sccn to resiill in a 
reduction of pcak magnetic field of aboiit 64% 
coniparcd. to that or tlic “worst” casc. This ract 
reflccts tlie relevance of phasc arrangeiiicnt and the 
need for sucli factor to be considered in dcsigning 
powcr lines. 
Table 3 indicatcs that the “worst” pliasc 
arrangcnient (16) also gives the largcsl iiieaii 
exposnre iiiagnctic field. 

V. HUMAN EXPOSURE TO MAGMETIC 
FIELD 

Exposing a hninan to power-frcquency magnctic 
field induces electromotive forces within tlic liuman 
body which drives circulating cnrrcnts in organs and 
tissnes wliere the cnrrent inagnitndes are priniarily 
deterniiiicd by tlie prcvailing conductance. Tlic 
induced einf ,and in turn the ciirrcnts, at a givcn spot 
within tlic body is proportional to the magnetic field 
inlcnsily at tliat spot. Tliercfore, it is relevant to 
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examine the distribution of magnetic field along tlie 
human body. Since the permeabilities of human 
bodies and free space are equal a hinnan body is 
“transparent” to magnetic fields. This ,in turn, 
means that the distribution of field along the body is 
not changed by the abscnce of the body, i.e. in the 
space where the body is to be prcscnt. Consequently, 
the variation of magnetic field along :I virtual erect 
human in space was examined. 

Table 3 
Phase 
arrang. 

1 6  
I 2 7  
I 3  
v 30 
V 6  
1V 24 
IV 6 
v 3  
IV 20 
V 27 
130 
I 2 0  
1 2  
IV 27 
JV21 
111 24 

~ 

__ 

__ 

Bmax 
(PT) 

~ 

28.05 
26.91 
26.91 
26.84 
26.84 
26.78 
26.78 
26.34 
26.34 
25.98 
25.94 
25.37 
25.37 
25.19 
25.19 
24.88 

~ 

”T 
X 
(111) 

4 
4 
-4 
3 
-3 
-5 
5 
-3 
6 
-3 
3 
5 
-5 
5 
-5 
-5 

- 

- 

lgelne 
Bat 
50m 
0 
1.92 
2.08 
2.08 
1.73 
1.73 
1.65 
1.65 
1.71 
1.72 
1.78 
1.98 
2.03 
2.03 
1.84 
1.84 
1.07 

~ 

~ 

B at 
25111 

5.06 
6.1 1 
6.11 
5.06 
5.06 
4.49 
4.49 
4.7s 
4.91 
5.32 
5 71 
5.91 
5.91 
5.44 
5.44 
3.52 

(p) 

__ 

~ 

Meail 
(PT) 

~ 

7.31 
7.16 
7.16 
6.87 
6.87 
6.61 
6.61 
6.67 
7.11 
7.00 
7.08 
7.14 
7.14 
6.11 
6.11 
5.57 
~ 

The variation of the magnetic field values along a 
human height moving in latcral direction at mid- 
span for the base case (which is also the “worst” 
case) and the case of “optimum” phase arrangement 
are shown in Figs.7 and 8, respectively. The relative 
increase of magnetic field nndcr the line along the 
liumsn hcight of the optimum pliasc amngernenl is 
more significant than that of the base case. 

VI. CONCLUSIONS 

Tlic following conclusions are peninent to the case 
of two power lines 220 and 66 kV carried by a 
common tower: 
I .  Complete disconnection of citlier the 220 kV line 

or the 66 kV line resnlts in reducing the 
magnetic field values under the line whilc the 
distribution becomes symmetric around the 
center line. 

2. Disconnection of only one circuit causes a 
distortion of inagnctic field distribution which is 
particularly obvious in the case of the 66 kv line. 

3. The phase arrangement abdcba of 220 kV line 
combined with abdabc phase arrangement for 66 
kV line gives the all-out lowest field which is 
64% lower than the case with maximom field. 

4. The opliinuin phase arrangement gives also tlie 
lowest mean exposure value underneath tlic line. 

5.Thc increase of magnetic field under the line 
along a liniuan hcight in case of the optimum 
phase arrangement is relatively quitc significant. 

0 I 
- 5 0  - 4 0  - 3 0  - 2 0  - 1 0  0 10 2 0  3 0  4 0  50 

Distance f r o m  c e n t e r  1,“s ( rn )  

Fig.7 Efleet of height above ground of basc lioc 
1 6  I 

D i s t a n c e  f rom center line ( m )  

F I ~  8 EKccl of height above gronnd of optmuin 
pliasc arrangement line 
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