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ABSTRACT

This thesis presents an analysis of electromagnetic field effects which generated from
HVAC and HVDC lines near overhead line area. The study will be focused on 500 HVAC and
300 HVDC. Transmission systems, which are currently the highest voltage level in Thailand.
Because of low frequency range. The effects from electric and magnetic field can be separately
analyzed, A program developed from MATLAB will be used to analyze the electric field and
magnetic field from high voltage transmission line. Abilities of the program are enhanced in order
to perform the analysis of electric and magnetic fields in 3 Longitudinal Profile to, and present
the result of field intensities in form of surface graphic and contour graphic. The values of
electric and magnetic field, then lead to the analysis of the induced effect on large object near
the transmission lines. The comparison between HVDC and HVAC lines when some part of
human body touched large objects under high voltage transmission line Investigated. The degree
of effect are considered in term of induced current , voltage and stored energy for various
condition. Finally, the study provides suggestion to reduce the clectromagnetic field intensity as

solution for this problem.
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P = n{ X e } 2.8)
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LN X uaz Y ﬂﬁﬁ?vlé’iﬂﬂﬁllﬂﬁ

I (R 0 CIE 0 W | 0 C It 39 BN
Y 2mE|(x, —x ) (. —y, )] 2mel(x, —x,) (O, )Y

(G770, YN // @)L, —Y.)

L= - 2 (2.11)
L 277.'3[(.1'0 —x,,)'+(va —}',,)ZJ ZESl(xa _xn)2+();a +yn)2J

Bl \ A9 \$ B L ... (2.12)

¥ y=BoI+ € ), P (2.13)

maum s m(E) wyn x.y 1aq (x,,p,) 0o

E? =E; cos’(wt +0) +E; cos’(at +¢) (2.14)
liio
EF =E] +E; (2.15)
E

@ =tan" === (2.16)

EFI
El =E; +E; (2.17)

-1 E;y
¢ =tan~ —— (2.18)

g

2

; . dE -~ o 2
mﬁmu'lﬂ'ﬁwqqqmﬁad— = 0 Ay
r

—E;sin20 +E sin2¢

(2.19)
E}l cos 26’+E},2 cos 2¢

tan( 2e1 ) =
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E o = (E, cos(at, +0))° +(E, cos(at, +¢))* (2.20)
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(2.21)
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_1[Ev cos(wt, + ¢):|
angle = tan .
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Talsun (Electrostatic field )
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[ELECTROSTATIC]
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2.2.22 mwn i liegluaniizvesnisinalalssh (Corona free Condition)
aun I lwegluanizmising Inlsuivesmods I wssgenszuanseez

[ 3 v
nosannmlszy liihninavumelaussiu i qegevesszuuaaii
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Maxwell Potential coefficien t

l=1PT'] (222)

A o 9 1 1a d a P '
HanInsEUUNsIAUNIzuaass i lsUSuuaeumanimuesseiiug real part

. l=PI'F] . fo]=0 (2.23)

anfSuamwain [P ]1935nms@visumsinsedaun ihawde Ifhnszuaaduie

4
P, =t 1y 2 (2.24)
2ze | D, (a)

i 2 2 E
P, = 1 1..[(xa X4) +(Va+yb)] (2.25)

2re (xa—xh)2+(.ya -yb)z
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GROUND
FEF F PL LR L r
—(On IMAGE CHARGE

v (x,y)

U0 2.4 msdnnaauy iihnszudaselaeisaunalszy (Image Charge)

b 2
avuaglumssusessny Mimiuadeduaod I ws sganssuaaduan

auwdr e (x,.p,) Desu

(Qm)(xn _xa) \ (Qra)(xn _xa) .
E, , = \ . ! 4 (26)
“ T 2melx, —x, )2+ L -y )] 2melx, —x )+ 0,40,
P <t 1 @b _ 2 N, =) _
ya = 2 A 2 2 (2.27)
¢ Tomelx, —x, )40, -y 2w, —x) O, )Y
SR E O + BS AEEL F ... (2.28)
E =k, ,+E, , + ExQ\M (2.29)
maumWisi s g x,y laq (X, Y,) Ao
E*=E}+E] (2.30)

2.2.2.3 awn i luanzveansinalalsyn (Corana Saturation)
au I luanzessmsina la lsuinolunuimaduvesmoaa Tvvh

(R.O.W)[3] amnsont ldaums
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AWGIVBIT WA UM HBNUAN(m)
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I

= usenu IdueeszuL (kV)

2224 3zAUMINAlAl3MIZIgA (Degree of Corona Saturation)
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MINN 2.1 szaulalsundmsuaniizend

szaulnlsdmsvanIzeIMa

=K (G147
8 =l=gT

qg%’aummﬂﬂnﬁ (Summer fair Weather)

Positive (field and Current) peaks

50% Value Go = 9 kv/cm K = 0.037
95 % Value Go = 3 kv/cm K = 0.067
Negative (field and Current) peak

50 % Value Go = 9 kv/cm K = 0.015
95% Value Go =3 kV/em K =0.032

ggelu (Rain)

Positive (field and Current) peak

50 % Value Go = 6 kv/cm K = 0.058
90 % Value  Go = 6 kv/cm K = 0.087
negative (field and Current) peak

50 % WValue Go = 6 kv/cm K = 0.058
95 % Value Go = 6 kv/cm = 0.087

Az (Snow)
Positive (field and Current) peak

50 % Value Go 12 kv/cm K = 0.030

il

95 % Value Go = 11 kv/cm K = 0.045
negative (field and Current) peak

50 % WValue Go

Il

12 kv/cm K = 0.030

95 % Value Go 11 kv/cm

0.045

*UNAINIINDNA15D1984([3)
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oA :
MINN 2.1 (AD)

:
szaulnlsdmsvanIzeIna

g K (G,
S " = l —C !

qg%’auﬁmm?uga (Sumer Humidity / Fog)
Positive (field and Current) peak

50 % Value Go = 7.5 kv/cm K = 0.060

Il
i

95 % Value Go = 3 kv/cm K 0.086

q;l‘lj"lffﬂa (Spring fair weather)

Positive (field and Current) peak

50 % Value Go = 14.5 kv/cm K = 0.041
95 % Value Go = 11.0 kv/cm K = 0.086
negative (ficld and Current) peak

50 % Value  Go = 145 kv/cm = 0.021
95 % Value Go = 11.0 kv/cm K = 0.065

Fall fair Weather

Positive (field and Current) peak

I

50 % Value Go = 120 kv/cm K = 0.039

10.0 kv/cm K = 0.092

95 % Value Go
negative (field and Current) peak

12.0 kv/cm K = 0.017

50 % Value Go

95 % Value Go 11.0 kv/cm K = 0.070

szapvesmsinalalail (S,) duamesnuenveuvavesiuumaliives
awdaIvhnszuaesmdsves HVTRC 1wu aww i anwmuunivvesnszuasum
yoanumuiulszy i ImfSuadananiinieysznite SATURATED VALUE 30

4 @ P - o
ELECTROSTATIC VALUE @aamnnsouaasliiiuia deaunish 2.32 wazgdi 2.3 Tavh
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S (50%) wuwia mszaumsing ln 151naIna1e (Median) 551NN
Saturated Value 1ag Electrostatic Value

S (95%) wuwia Mszaumane lnlnhnszaugagannnsmaaou(3)

A =Y £=Y ﬂv " o £=9 L} £= L]
Faludnoriinusiazldassdumanalalsi S, (50%) lumsinsziamanuivy
4 a ! a i 0 da & & 0 @ '
au A iRannawds A nszuanss  andumau I inaduassadmsvaeda lnvh

9 o
!LSQZJ:QﬂESMﬂG’ISQﬂ“J150“11ﬂﬂﬁﬂ11ﬂ'|'5

E=E, +S,[Es -E,] (2.32)
iile
E = auwlihiidiaunmodeWfhaszuansa
E. = awwiithideawdudalaisi
E. = awwbhlunsdiawdslina lnT5u(Electrostatic field)
S = szavweansnalalsul

2.3 mnusimvanaeas iihnsegs

' =3 1 o
2.3.1 :mmsmmaﬂuuamm‘lﬂﬁnmqanssuaaau
° v ' 4 a4 a 1 Y = v
mimummﬁmmmmanﬂmmmmﬂm"lﬂﬁmsqqa"lﬂwmsmmnmmwu
' =4 A a @ o dw ' ' [
auNLuMan (H)mmmmﬁnwuﬁnumﬂszxm'lﬂﬁw U yptSe zvinannao v 1uds

RNNTUI(R)

3

1

&/ (2.33)
27R

& AUHUINAI AN
N (xg» ¥y

—
—

@
GROUND

s 7

1 a o ' ' a
s 25 msTnnzdauumimanainawd Mihnssuaady

60874



nseue i lnaluae i ezsenevdodrunitlusauess  nazdiunitiu

o & e ' i o4 aa
VIUIUIUANN AUl [ =1 + 1/ 1m3ﬂ1ﬂ']’mt‘1al’1lﬂuHJHIJI‘Hﬂﬂﬂlﬂﬂﬂ‘lﬂﬂ1ﬂ1ﬂlm$

real image

a,b,c wm x,y laq(X,,y,) @wsomlden

H = 21,8,,,(,)2(;5—%,) .\ ]Z] i{z,f(; ~Ya) )
1", = g Irem'(')Q(;le‘i_ X,) y Z L e (;fr::’, = 45)
Ry = V(X0 =X+ (0, =9 ) (2.36)
AaumiMAN I M Ye  x, .y, laq o
H? =Hy cos’ (@t +6) +H, cos’(wl +¢) (2.37)
W AL, (2.38)
B o 8 (2.39)
er
HY=H} +H, (2.40)
¢ =tan’’ i (2.41)
H’y
A Tihgagaiie al’:l{—’1 - 0wy
s By e Hy sin20 + H sin2¢ 555

H{ cos 20 + H cos 2¢

@ ' [} o ad ' w o =4
MANUFURUTIZNIN ANUTUEUILIMAN (H) uazganumuiiunanauiman

w
(B) euaums
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B = ufl (2.43)

tiio
B - avamuaduddnguiman (wh /m ). (Tesla )
o= AUND3AIAY0INIATAY 47 x 107 (H/m)
H =  anuduenusiman(4/m)

' =] "
232 aunnsimdnuumeasivhnszuanss
1 o 1 = v @ ' =

aumnsimanuumods Idhinscuaasslidsnuuzadwiuanuuimanlan  yuaw
] J 1 =3 ' 1 o " a ' 1 o a a
dalvhnszuanssmauunimandiuvgeiin lufusvesaumntiman lanuazdsum

¥ Vo — o w ) S N A Y - '
Ay lifoameR wxiduas waouyBon  oN la ausimanuumod s i nszuansslu
° g a @ " o [ Y- [ o "

mssnpuinnsanadwivausimanuua g lvhaszuaadumsamnssunnseua

T lifiduues SuIuaN

B R YEd
H | 2} real (1) i n (244)
. ,Z_l: 27R}:
A7 B \nch
H e real (1) i n (245)
T Z, 27R ]
RN =X 0 <v, ) (2.46)

3 ] =1
AAUIIIMANIN W YA X, .y, AD

H® =H; +H (2.47)

@ e o [ 9 [l a o ' w  d ] (=
MANUFURUSIZHIN AnuNauBMiman (M) teazganumuuuuvangiaimvan
w L] =i r
(B) /udun1s 2.43 IBULIAUINYU
[ 9 ] =1 " :: c; = :: -3 T e
Aanudyaimanuumod Il inszuaas wiusznums ovzaniuy Uy AUNmI
o & o a o ar ¥ =1
M3 Inaveasaa W (Power flow) alianmduwusduaunnnivanlan (earth ' field )
& ' P21 a [ (=1 o ] a [
Faoonalspanmsmunsenisaadrulugnezaszieglunuawamsiduad ROW M
y d ' oo 1 @
aumnlmanuueedd Wi nszuaas e luidnuazulsnldoumuawnilou I nszuaady
A ° (=1 a o r @ o c:-‘ ] =1 aa " o =
Fadhuwam v “ez hifimsmiionihuuiagdni  mszasiuanuuimanniumaiuia
wvnaoas lhussgenszuaess aunsaner hiwnsanmansgnuniae inganivnalny

TndaodaIihussganszuansala
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Tdsunsumsinsieramna ez awaminan

3.1 unin

= o g a a o)
msans i auy i uazauumimanTuineniwus i ld1dnmuansoveslisunsy
7w a o 1 v 4 a4 a i H
MATLAB 00354u 53  Fnszimanm vhaumimanifaduninaods Idus aga

™ &
ﬂ'szuﬁﬁammznixuﬁmwammmuﬂmiu Lateral Profile Longitudinal Profile

3.2 Tsupsadmsizrans ez mnumivan

Tsunsy MATLAB isawisaou lsunsuiisaenis ldanu lasldnnuauise
TudIu¥0s GUI (Graphic User Interface) deludauvaslusunsuiildmuauemnu Ivihuas
aumimdnfiaeiulsznon lWdodudivy 3 daude

1. dauvesdeyadunn(Input Data)

2. drmveslilsunsusiuaumauy ihwazauuudiman

3. @3UYDINIIUAAING (Output)

3.2.1 Ye3aduVN (Input Data)
Foyasunnnlsdmiududuls Wl sunsuimsdssnanasslsznouldae
syamofuwaziBuavesawdnih ih, Sundsmsnsmednivivuiuszuy X,Y 2 14,

=

3
9
¥
o ' - o é o
doyausauliy, nszudliihessmudsldfussgaianszuaadunaznszuaasaadnuaus
Foyadunn ludimvesmudslhussgenszuaadunoznszuans uiludu

T A P T TR AR T R T A S K

ELECTROMAGNETIC TOWER TRANSMISSION LINE PROGRAM
L e

71 3.1 wiharwsnves ldsunsudinnzdau iwihuasaunuuimdnninaoda Invh

nszuaaauuazavds M s aganszuans
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4 Insert

ansuaassvazdoavesmoa ni1 I taza umuIn1s 1vesmea Ty

@ a 4
ussganszudady lumsinsiziauilids

dutlsuaasivaziduavaiaienii Iddmaz Aumiianisnvesmoas

£
a a " g4 o 1 o
114 mmmﬂ:‘nﬂumuumaﬂmmuﬂﬂﬂﬁms aqans:uﬁaamm:ns:uﬂmq

Parameter Analysis View Help
,,:_;.-g.;hm e SRR S UL T TR
¢

Insert Parameter

| © Mono Polar Pocretis

:| = BiPolar

Y - = o a s A o
funlsuanssivaziBuaveanislnes lumsimsiziaun i uileAana
voalalsuvesawds IWiusaganszuansa
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ar ar = d 1] o
3.2.1.1 sumdsuanansazeaanualsl)sunsidmsizraus ez anumiman

veamoad vhisagansznaadunazmsasivbns sganseuans

NC - $nnuvesmedninumoda imodni-aelenosieanig

ANR - 91m2uBUNDLE lumedniuazawlonesioansng

SUBSPC = szozvnvesmudaniwesluBUNDLE (d1'luiiBUNDLE Trldawm
LATLD)

DIAM = (dUrIgUINA19ve3d10aniwes lUBUNDLE (m)

C — FumuanIIvesmeanimazao18110518aN5 128 1T XY
'Iﬂuéhnmﬁqﬁaﬂammﬁszﬁuﬁuﬁmﬂui;ﬂu?nﬁ’u (ORIGIN
COORDINATE) (m)

SAG = 3JTUTMIDUAIVDIAIWAINI (m)

Y — srauusadu Wi (vune gl ; astlyuaaeas dinszua
asalidmuamifugud) (kv)

I ‘ ns::uﬂ“lﬂﬁmumudﬂﬂﬁmsaqa @un e ; nasiyunamo
da Ihnssuansalismuaninugud) (ka)

SD = fumaEduuuinux ilFlumsiiasien

NPTF = aimauigmfwmuuuﬂuxﬁ“l%"lumﬁmswﬁ

DI — STUTMNIENIINANULAY X (fuiUs UGS NPTE)

VERT = sxu:mmqqﬁi:ﬁuﬁuﬁuiumﬁmﬁ:ﬁﬁum"lﬂﬁma:

AU uuKIMAN MUIATTIMIEEE §Awiiy_ 1was

NPTS = $aumsfnnassrnamasWihnsd 3 D Ssduiusfuduls

SAG
= aunsiounouaids i Gamzawds Iwihussganszuanas)

1 — mmsnareunnMs N 2 1inwizaods Infhuseganszuans)
Kp mMsnageuINAI i 2.1 (awizmods Idfhusaganszuaas)
Ph = szozvnszvIRANh awizaod s aganszuansa)

H = AMWBImIANil ((Rwizaode IR s agansznans)

3.2.2 Tlsunsuannamany v azassnsiman

az1lsznouTudrodmves Tsunsudmsusnnumaun ez aunuimaniu  Lateral

Profile Longitudinal Profile funvinanuds I wssganszaduuazaode I wsaganszuansa

¥ ] d a o [ ] ' d
Tudnvesmsaumimanainsizvesnun luglvesmizoanunuunivaumuiman (B)

P & o '
AMAUNITN 2.43 FanUTU GAUSS (1 TESLA= 10° GAUSS)



3.2.2.1 mwaalivbussganszuaady

( START |
S—— B ’/
|
v
INPUT
DATA  / (a\
Lo _ s am e o {
| B = \/((B_\. cos(wt | + f)° + (B, cos(wl | + qj)z)
\”}_7_.__.._. L ,,,,4,,,,,,,,,l,,
= —— ! DIS(3)=SD,SD=DS+DI,D=DIS())
| FOR J=1:NPTF | | j |
3 3 ‘ I
R e — | NO !
o Y !
| SET INITIAL VALUE SD=-35,DI=1 I IF J=NPTF
BXTR=0,BXT1=0,BYTR=0,BYTI=0
YES
OUTPUT
FOR I=1: NC

BY = "B_YTRZ +B,¥T12 ’

1

| BY =~BYTR?® +BYTI® 1
v
(&g

4 s ¢ o ° v Ood : o
5U7 3.5 armsamsiiauwes lsunsudadummimanvesaods Ivhnszuaady

aa
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e W
DJR R=1:NPTS l
e

b4

O

)=

FOR J=1:NPTF '

T

h 4

SET INITIAL VALUE SD=-35,DI=1
BXTR=0,BXTI=0,BYTR=0,BYTI=0

. _

FOR I=1: NC

¥ _——

BX =~BXTR® + BXTI*
BY =BYTR® +BYTI?

B = J(B, cos(ar 1+ B) +(B, cos(art+¢)*)

S

%,

N

1 o o o o " o . w
3Un 3.6 Taamsamsiiauves ldsunsudnnuaunmuuimanvesameods i nszuaady
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Y

FOR I=1:NC |

| YEZ
Y

DEQ(I)=DIAM(I)

74._.;7; —
6.4

b ‘ DEQ(I)=SUBSPC(I)*(ANR(I)
IF ANR=1 > ‘_DIAM(I)/SUBSPC))"N(I)

e
|
NO

IF 1=9

MES
QREAL(:,R)=inv(P(:,:,R))*VR
QIMAG(:,R)=inv(P(:,:,R))*VI

FOR J=1:NPTF |
|

SET INITIAL VALUE : SD=-35,DI=1
EXTR=0,EXTI=0,EYTR=0,EYTI=0

L FOR I=1:NC

EX=sqrt(EXTRA 2+EXTIA2)
EY=sqrt(EYTRA2+EYTI~2)

h 4

LEW = J(E, cos(ar1+ B))* +(E, cos(wi 1 +¢))?)

e —

h 4

DIS())=SD: SD=DS+DI: D=DIS(J)

<\r”/
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( START )
e
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e A4 y
/ INPUT /‘f
/ DATA / o
;_.ﬁf,if / La \.‘__,....;_u
v -
ii\\ l)
b, SRR FOR R=1:NPTS
FOR I=1:NC —‘ —"'i_ I
[—ﬁ— G

YES

v /S

DEQ(1)=DIAM(I)

DEQ(I)=SUBSPC(I)*(ANR(I)
*DIAM(1)/SUBSPC))~N(I)

. NO
IF ANR=1 P
B |

FOR J=1:NPTF ]

—

b A

[

|

SET INITIAL VALUE : SD=-35,DI=1
EXTR=0,EXTI=0,EYTR=0,EYTI=0

QEQ

IF I=NC

NO

YES
'k|/
Y
FOR R=1:NPTS )

|
Y

T

A 4
FOR I=1:NC

L 2

EX=sqrt(EXTRA 2+EXTI*2)
EY=sqrt(EYTRA2+EYTIA2)

h 4

4

| QREAL(:,R)=inv(P(:,:,R))*VR
QIMAG(:,R)=inv(P(:,:,R))*VI

[
i DIS(J)=SD: SD=DS+DI: D=DIS(J)
I

NO

YES

‘ Evpr = J(Ey cos(ar 1 + B))? + (E, cos(ai 1 +¢)?)
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i ———

FOR J=1:NPTF

f T gt

! |
\ h 4 -

l SET INITIAL VALUE SD=-35,DI=1
[ BXTR=0,BYTR=0

|
|

y

|
|
FOR I=1: NC l

B = VBXTR? + BYTR’

L ——4f

b,

I DIS(J)=5D,SD=DS+DI,D=DIS(J) ‘

|

|
s

: o o ] d "
7% 3.9 Tarmsamshnuvesllsunsudmnadummimanvesaoda i nszuaasa
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e
e W e e

FOR R=1:NPTS

| SET INITIAL VALUE SD=-35,DI=1
BXTR=0,BYTR=0

T

'

FOR I=1: NC

= ¥

i
| B = JBXTR® + BYTR®

N E——
|
1
|

A 4

| DIS(J)=SD,SD=DS+DI,D=DIS(J)

5

" ° o ' o '
110 3.0 amsamshinuveslilsunsufnuagunnimanvesmods lihnszuaass
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NO

’ oV
| E; =1.31(1 —e ™' F'Hy—

H

P8 Y‘\
P

A

v

FOR 1=1:NC

. YES
Y
DEQ(I)=DIAM(I)

NO

FOR J=1:NPTF

.

SET INITIAL VALUE : SD=-35,DI=1

EXTR=0,EYTR=0

DEQ(I)=SUBSPC(I)*(ANR(I)
*DIAM(I)/SUBSPC))AN(T)

;
‘e
o

|

L« NFi=NE

YES
Y

‘ QREAL(:,R)=inv(P(:,:,R))* VR

|
O

51 3.1 dnsamsiauveslilsunsudnnuaum Idfwesmods Iddnssuanasa
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. r A
[ § =] —p K(G-Go) FOR R=1:NPTS
| =

i (J,\‘
F4 &

V /
E- =]:\I l'_‘ -VIPIH S r
s =131 -y i

FOR J=1:NPTF
| =

SET INITIAL VALUE : SD=-35,DI=1
EXTR=0,EYTR=0 ||
B

DEQ(I)=SUBSPC(I)*(ANR(I)
*DIAM(I)/SUBSPC)) ~N(I)

| ~
=‘ ’ E. = VEXTR? + EYTR® ]

DEQ(I)=DIAM(I)

| r
E, =E +S(Es -E,) )
Ave 3 _

\
|
NO - i . = ‘
|

|
IF I=NC DIS(2)=SD: SD=DS+DI: D=DIS()) J

NO ?Cv‘)
YES

J FOR R=1:NPTS
L

QREAL(:,R)=inv(P(:,:,R))*VR

37 312 dansdamsiamvesllsunsusnnaau e smods Wi nszianss
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3.2.3 Msuandna(Output Data)

wiosnnanmannsovesTisunsy MATLAB Tudruvesmsuanmaamsaiiszuans
wadws lugUuunvesday  wwunsinlu Lateral  Profile Longitudinal Profile taz
awsauaasinudu i i musimaniuudulnses3(CONTOUR)  daana

AUAIDUN

M3190 3.1 Avu1Rans s wiauy Wi uasau M anvesaode 500 kv 29931A07

waaua s Invh o nvh AUINIAAD
(13103) (kV/m) (mG)
-35 1.219 91.813
-34 1.397 96.977
-33 1.515 102.562
32 1.645 108.612
&V 1.788 115.173
-30 1.946 122.296
-29 2.121 130.038
-28 2.314 138.458
-27 2.526 147,622
-26 2.760 157.598
25 3.016 168.454
-24 3.295 180.259
L 3.598 193.078
2 3.923 206.962
31 4.268 221.949
-20 4.629 238.045
-19 5.000 255.218
18 5.369 273.378
-¥7 5.724 292.368
-16 6.048 311.946
-15 6.321 331.781
-14 6.522 351.454




= '
MITIN 3.1 (D)

32

ramuansvivh auinvh AULUINED
(tua3) (kV/m) (mG)
-13 6.630 370.483
-12 6.629 388.352
11 6.511 404.568
10 6.278 418.710
-9 5.947 430.479
2 5.549 439.725
E 5.128 446.461
-6 4.736 450.850
-5 4.425 453.193
‘a 4.230 453.909
4 4,149 453.521
2 4.145 452.618
1 4.169 451.779
0 4181 451.444
1 4.169 451.779
2 4.145 452.618
3 4.149 453.521
4 4.230 453.909
5 4.425 453.193
6 4.736 450.850
7 5.128 446.461
8 5.549 439.725
9 5.947 430.479
10 6.278 418.710
1 6.511 404.568
12 6.629 388.352
13 6.630 370.482
14 6.522 351.454
15 6.321 331.781
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AN 3.1 (D)
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rwaRuas v alvivh CATRPITHARE)
(1A3) (kV/m) (mG)

16 6.048 311.946
17 5.724 292.368
18 5.369 273.378
19 5.000 255.218
20 4.629 238.045
21 4.268 221.949
22 3,923 206.962
23 3.598 193.077
24 3.295 180.259
25 3.016 168.454
26 2.760 157.598
27 2.526 147.622
28 2314 138.458
29 2.121 130.038
30 1.946 122.296
31 1.788 115.173
32 1.645 108.612
33 1.151 102.562
34 1.397 96.977

35 1.219 91.813




GROUND LEVEL OF ELECTRIC FIELD WITHIN R.O.W.

T SepRp ey |

s

ELECTRIC FIELD STRENGTH- (kV/m)

5 : i ': i i ; : .
-40 -30 -20 -10 0 10 20 30 40

RIGHT OF WAY WIDTH-(meters)

30 313 drvdensanuduau Indnszuaady 500 kv 2svsifen

GROUND LEVEL OF NAGNETIC FIELD WITHIN R.O.W.
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S AT QN2 D315 ST Y /48

260 fon-<e-- :

: : E : PN
(1] L g m—T e S o \I ------- 1

MAGNETIC FLUX DENSITY-(mGAUSS)
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RIGHT OF WAY WIDTH-(meters)
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GROUND LEVEL OF ELECTRIC FIELD WITHIN R.O.W.

A S A
(WAN)-HLONIYHLS 01314 214103713

SPAN LENGTH-(meters)

v
=

sHadal 3 ua 500 kV 1R

bad

o

duauy Wwns

S GRREVY

1 3.15 A79819A51

it

GROUND LEVEL OF MAGNETIC FIELD WITHIN R.O.W.
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(ssnegu)-ALISNIA XN14 JILINOYI
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R ¢

og

SPAN LENGTH-(meters)
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4 @ " =y ] =1 ]
ﬂ]il@ﬁ 3.2 mamawamnmswﬁﬂum"lﬂﬁum:ﬁumunmammmwm 300 kV HVDC

(MONOPOLAR)
waauaeInvh anlvidh auBBIHan
(tunI) (kV/m) (mG)
-20 7.2453 119.26
-19 7.9223 125.93
=18 8.6715 133.26
17 9.5016 141.33
-16 10.4220 150.22
1% 11.4444 160
-14 12.5770 170.72
-13 13.83 182.38
¥ 15.21 194.95
-11 16.719 208.23
-10 18.346 221.88
9 20.069 235.29
-8 21.851 247.59
57 23.058 257.66
-6 23.341 264.33
% 23.406 266.67
-4 23.234 264.33
3 , 22.844 257.66
-2 22.289 247.59
-] 21.636 235.29
0 20.946 221.88
i 20.268 208.23
2 19.635 194.95
3 19.068 182.38
4 18.577 170.72
5 18.166 160




g; "
MINN 3.2 (D)

waauae I anulvlvh aunnLinan
(un3) (kV/m) (mG)
6 17.832 150.22
7 17.567 141.33
8 16.605 133.26
9 15.215 125.93
10 13.959 199.26
11 12.82 113.13
12 11.783 107.64
13 10.837 102.56
14 9.9709 97.911
15 7 9.1779 93.633
16 8.4505 89.69
17 7.7829 86.046
18 7.1695 82.672
19 6.6057 79.54
20 6.0874 76.626

GROUND LEVEL OF ELECTRIC FIELD WITHIN R.O.W.
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GROUND LEVEL OF NAGNETIC FIELD WITHIN R.O.W.
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W
e 5 ’ﬂfrﬂdtf’f/

R
RN
TR
TR
IR

(3

)
iRl

WE
R
;’ap%ﬁ%ea

‘.f..»d,.f A

Wl

15

10

SPAN LENGTH

a

LUANTI 3 UA 300 kV 1111 MONOPOLAR

sueru IWding

WA

N 3.19 AI9U13A5)

51



GROUND LEVEL OF MAGNETIC FIELD WITHIN R.O.W.

SPAN LENGTH-(meters)
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n,: 9 o v a d v
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' =1 bt ¥ e o = a P @
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a 4 (] o ;:; = [ = =1
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e 3.3 deyamodaliv 230 kv 29959

anuazdeya awaaivivh 230 kv
(29931)
| 1. Ao IaIon i X Y
A -467 | 2080
B -4.78 14.60
C -5.10 8.40
o4 4.67 2080
B’ 4.78 14.60
A’ 5.10 8.40
OHG1 | -430 | 3337
| OHG2 | 430 33.37
anymzYea wwddlih 230k |
(29939)
2. 15IAUYDITIUE seAY - | yuila
A 2415 0
2415 120
c 2415 -120
G 2415 -120
B’ 241.5 120
A’ 241.5 0
OHG1 0 0
OHG2 0 0
3. foyamu’lWi (2 Bundle) 1@ UHIUENA13 0.03391 m
4. Yoyamulonesion 1A URIFUOINA10.009144 m




Fllfl'N'ﬂ (ﬂ’])

anvuzdoya awaa v 230 kv
(2995§)
2. nszua Ivhuosmoda seay | yula

A 225kA 0
B 2.25kA 120
C 2.25kA -120
C’ 2.25kA -120
B’ 225kA | 120
A’ 225 KA 0

OHGI 0 kA 0

OHG?2 0 kA 0
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Bipolar Operation
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GROUND LEVEL OF ELECTRIC FIELD WITHIN R.O.W.
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4.2 awwivhrezaummimannifadugage

muanbuz Inssadavosmoda IWiusegs (OVERHEAD  LINE) auw v uas

v o o M4 a a e ) a o, ; & o b o
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4.3.1 mwadIvhusaganszuaaay 500 kv

PYagiiuawda IMdwsaganszuaadu 500 kv lulszmaInoiisauninndi 2,200
sevs-Alawns Tusnnuiimieendiumuds i sqenszuaady 500 kv #ildmuini
A1 4 1d1 YUIA 795 MCM ACSR/GA Laz@wdInil 4 1du vuIa 1272 MCM ACSR/GA
dmsuiidendmieniiuaiods 500 kv AlFmodnhe 4 @dunna 795 MCM
ACSR/GA 39TMa%1in29931E7 (SINGLE CIRCUIT ) uae 2993§) (DOUBLE CIRCUIT) i
dumzuna299snareauonnezinuandaiums Inssaadadaiinnuuandaiulu
139990952 02AIUN VO AVALUIN TN (ROW.) tazszoz1ae T ( Span Length )

AW WazDeAnIgy 4.2 uaz 4.3

unInihr A wn'iwhh B

T smmhaunih = 490 wes
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c‘ ¥ 1 a d'.
31 4.3 doynveuaas I wsagansTuaady 500 kv 23951882
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31N 4.4 doyaveuads I s aganszuaady 500 kv 29954
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a . o ¢ " o
4.3.2 windmeslumsimnzvaw ivhuezannnimangaga

= o ' d A a -g YV = £ o "
mmmﬂ:wmlm"lﬂﬁum:’dmmmmanmﬂwuqaim ‘ﬂxi“ﬁﬂﬁ'ﬁllﬂ'j’lt'ﬁﬂﬂnlﬂuﬂ

¥ ¥
anieate  asdumisaniesinetivzinsanIddni i egganniiuduiiuszozminiy

szoza)aoanunia i idiga (500 kv I 13 1was)

13.51, ?'iq ¥ g
bw.ss,ﬁ |, 10.65 " ' _'_88A 1124 Cgoxg
o I s - 77’{
i ; 11.0 ke
13.60 . 0457
| 00 o0
: B
0o 0o 5%1—9 | og lifq_.f_%c’
00 10.65 OO 10.65 ©, S 11.00
ek |
‘ [eYe) 00
j T oo 15.84 Ao‘o
13.00 —NN—™
t |
' 13.0 :
| * SA—1
y t’é y ‘L»é

§ ° 1 [, L | “ d ' a
st 4.5 dumisvesanidnihlumsiinnziaunIddwazausimangaga 500 kv

t:'i = o’ a s 1 =1
M3en 4.1 windiees lumsimsedau ihuazawimimangaga

dnuuzdoya awaa I 500 kv awa s Wi 500 kv
(24931A02) (29939)
1. AN UYRIdI8A I X Y X Y
A |-10.65 13.00 A -5.620 | 35.00
B 0.00 13.00 B -6.820 | 24.00
C 10.65 13.00 g -7.920 | 13.00
- : - c 5620 | 35.00
- - - B’ 6.820 24.00
= : : re 7.920 | 13.00
OHG1 | -10.65 | 26.60 | OHGl | -470 | 4851
OHG2 | 10.65 | 26.60 | OHG2 | 4.70 48.51




MINN 4.1 (519)

anvuzdeya e I 500 kv awea I 500 kv
(19931A07) (19939)
2. 13 IAUYDIA WA seay | ywida s¥AU | yua
A 525 kV 0 A 525 0
B 525kV | 120 B 525 120
C 525kV | -120 C 525 -120
- & 525 -120
- - B’ 525 120
A? 525 0
OHGL | 0kV 0 OHG] 0 0
OHG2 | 0kV 0 OHG2 0 0
anyusdoya awda i s00 kv atwds W 500 kv
(39931A07) (29939)
2. nszuaIfyosmo seAy | e sgay | yula
as A | 3.15kA 0 A 3.15kA 0
3.15kA 120 B 3.15kA 120
C 315kA | 120 C 3.15kA | -120
- - - o 3A5kA | -120
- . B’ 3ISKA | 120
A’ 3.15kA 0
OHG! | 0kA 0 OHGl | OkA 0
OHG2 | 0kA 0 OHG2 | O0kA 0
anyuzdoya awda I 500 kv awaa Wi 500 kv
(29931R07) (29939)

3. foyamulnih

(795 MCM ACSR/GA)

IAURIFUENA19 0.02772 m

idurguina1s 0.02772 m

3 L4
4. Yoyamulenesian

(3/8 INCH (EHS))

IAUHIUENA13 0.009144 m

t@URIFUINAI2 0.009144 m




= ¢ v -] -:; o v v LY
4.4 wamanngrmnuihiazmnusivdngagandmmiannesng

4 a o 1 w -
ﬂ]ﬁ]Qﬁ 4.2 Hafﬂ5'Jlﬂ'i'Iz‘ﬂﬁWUﬁQ‘lﬂﬂ1llﬁiq0ﬂ5$LlﬁﬁﬁU 500 kV 23931907

waduag Tl mod e I s sganszuaaan 500 kv
(A 70 1IA3) 29931763 (SINGLE CIRCUIT)
au v (kV/m) ﬁumull'mgﬂ(mGauss)
-35 1.219 91.813
-34 1.397 96.977
-33 1.515 102.562
-32 1.645 108.612
-31 1.788 115.173
-30 1.946 122.296
-29 2.121 130.038
-28 2314 138.458
27 2.526 147.622
-26 2.760 157.598
-25 3.016 168.454
-24 3.295 180.259
-23 3.598 193.078
-22 3923 206.962
-21 4.268 221.949
-20 4.629 238.045
-19 5.000 255.218
-18 5.369 273.378
-17 5.724 292.368
-16 6.048 311.946
-15 6.321 331.781
-14 6.522 351.454
-13 6.630 370.483
-12 6.629 388.352
-11 6.511 404.568
-10 6.278 418.710




d. Al
MITNN 4.2 (AD)

waauae T

(M0 70 11A3)

e I wssganseuaadn soo kv

239951A87 (SINGLE CIRCUIT)

a1y I (kv/m)

) [~
AUIWBUIHaN(mGauss)

<9 5.947 430.479
-8 5.549 439.725
L, 5.128 446.461
-6 4.736 450.850
=5 4.425 453.193
-4 4.230 453.909
-3 4.149 453.521
¥ ) 4,145 452618
-1 4.169 451.779
0 4.181 451.444
1 4.169 451.779
2 4.145 452.618
3 4.149 453521
4 4.230 453.909
S5 4.425 453.193
6 4.736 450.850
7 5.128 446.461
8 5.549 439.725
9 5.947 430.479
10 6.278 418.710
11 6.511 404.568
12 6.629 388.352
13 6.630 370.482
14 6.522 351.454
15 6.321 331.781
16 6.048 311.946
17 5.724 292.368
18 5.369 273.378




AN 4.2 (AD)

54

waavay Ty

(W10 70 WAS)

awd Ivhusaganszuaadu 500 kv

13951987 (SINGLE CIRCUIT)

o WA (kV/m) AN AN(mGauss)

19 5.000 , 255.218
20 4.629 238.045
21 4.268 221.949
22 3.923 206.962
23 3.598 193.077
24 3.295 180.259
25 3.016 168.454
26 2.760 157.598
27 2.526 147.622
28 2314 138.458
29 2.121 130.038
30 1.946 122.296
31 1.788 115.173
32 1.645 108.612
33 1.151 102.562
34 1.397 96.977

35 1.219 91.813
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m3ef 4.3 wamsanswads s sganseuaady 500 kv 2995y

waauao Tl awaa s sgenszuaaay 500 kv
(IMAY 60 tWA3) 239937 (DOUBLE CIRCUIT)
v Ty (kV/m) ﬂunuu.imaﬂ(mGauss)

-30 0.764 72.120
29 0.871 77.092
-28 0.991 82.503
-27 1.126 88.396
-26 1.280 94.818
-25 7 1.453 101.820
-24 1.648 109.456
23 1.866 117.780
22 2111 126.849
-21 2.382 136,716
-20 2.682 147.429
-19 3.010 159.025
-18 3.365 171.524
-17 3.741 184.921
-16 4.134 199.174
-15 4.531 214.194
-14 4.290 229.833
-13 5.2823 245.879
-12 5.596 262.0501
-1 5.837 278.008
-10 5.982 293.374
-9 6.012 307.767
-8 5912 320.844
-7 5.678 332.337
-6 5318 342.085
5 4,848 350.042
-4 4300 356.261




d. A
A1INN 4.3 (A0D)

wenauay T

(1IN 70 1WAT)

awda s sganszuaady 500 kv

29951287 (DOUBLE CIRCUIT)

aww v (kv/m) AUMINAN (mGauss)
-3 3.715 360.863
2 3.155 364.003
-1 2.714 365.820
0 2.535 366.414
1 2.714 365.820
2 3.155 364.003
3 3.715 360.864
4 4.300 356.261
5 4.848 350.042
6 5318 342.086
< 5.678 332.337
8 5.912 320.844
9 6.012 307.767
10 5.982 293.374
11 5.837 278.008
b 5.596 262.051
13 52D 245.879
14 4.920 229.834
15 4.531 214.195
16 4.134 199.175
17 3.741 184.922
18 3.365 171.525
19 3.010 159.025
20 2.682 147.429
21 2.382 136.716
22 2.111 126.846
23 1.866 117.781




MINN 4.3 (AD)

waaney T awda Tihussganszuaady 500 kv
(MAY 60 tUA3) 393§ (DOUBLE CIRCUIT)
au I (kv/m) AUMUIMAN(mGauss)

24 3.295 | 109.456

25 3.016 101.821

26 2.760 94.818

27 2.526 88.396

28 2314 82.503

29 2.121 77.092

30 1.946 72.120

Figure No. 1

317 4.8 msTnszvaum ihnszuaady 500 kv 29955
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4.5.1 moaa i nsags 500 kv 29931087

SEURILATIHA Y 490 Luey
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18.14 m
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) Figure No. 1
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J Figure No. 1

71 4.19 Mgz iihnaeassusvessnhamde liinszuaady 500 kv
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4.6 mwadInvhnszuansa 300 kv

Tassmsszuuda i @ouTvaTne - vuaie szosii 2 T85uoiannauznI TN
vk dieduit 8 Tunaw 2536 WuszuudeIimuIAs IRy 300 KV AITUEASY (HVDC)
WU Point to Point awsananiasundsans Wil 300 Mw szndrsaeniilWilusags
AADALIY BUNDAZIAT JIMIATIVAT H1IINWWLAY Ino-u sy Yszuw 24 Alawas Ay
aonil Iihus e n3u (GURUN) veslWiwiaise (TNB) foaag'ﬁ%’jmmﬁ (KEDAH) 8g¥19
nsonay Inoanade  Uszaina 86 Alawas  laoneadiauy  MONOPOLAR e
panaoundaan Wi 300 MW aeanmia seurde ave. wazms I wasdald
wioumsdmivvnoszuyluetiaald Suaeeses Bipolar) eriuamusnly
msuanlasundaandlididu 600 MW mwds HDVC daneadnlaold dniv uuvaes
2995 (BIPOLAR) - tivesasfumaanli#idn 300 MW BIPOLAR @e'l 5211 MONOPOLAR
AW130309 UNAINUABLIDE 300 MW 1 300 KV 1000 A ## DC Terminal vesamiiuas
szuuMIe (Rectifier Station) WeTeAIMWANI3030951 Overload 18gadia 450 MW 1y
10w dmsumsidmluannsiiimuanafoumdsaninihgaiu. Tavaunsoldld

4 2 B A o — B Y aw
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v A v B

FEUZMINTENININET = 450 1UAT

422 szueviissennumadliiinszuansa + 300 kv

=D.

31

= o d ] 3
4.6.1 windimeslumsamnzianuldhasawnunimangiga

311 4.23 dwumialumsTinseiau Ihuazauumimangagauumeds i

NIZUARNIIE 300 kV
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a.; =3 o = o ' o
M3 4.4 Wee lumsiasziauy Iddwasausimangaga

anvaedoya awda I 300 kv awda Wi + 300 kv
(MONOPOLAR) (BIPOLAR)
L MM UUBINUANN X Y X ¥
A -5 8.5 A 5 8.5
B 5 8.5 B 5 8.5
€ -5 14.5 C -5 14.5
D 5 14.5 D 5 14.5
E 0 15.5 E 0 14.5
anwuzdoya awds Tt 300 kv awaa Wi +300 kv
(MONOPOLAR) (BIPOLAR)
2. UTIAUYRITBE sEau |yl 58U | yula
A +300kV 0 A +300kV 0
B |0 0 B [-300kV | 0
Q) &8 0 C 0 0
D |0 0 D 0 0
E |0 0 E 0 0

wde Iwih 300 kv

awda A + 300 kv

anyuzdeya
(MONOPOLAR) (BIPOLAR)
3. nszua Iihvesmods seau- | e seau | yula
A 1000 A 0 A +1000A | 0
B 0 0o |B -1000A | 0
C 0 0 & 0 0
D 0 o |D 0 0
E 0 o |E 0 0
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M3 4.4 (90)
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dnuuzdoyn awaa I 300 kv awda i + 300 kv
(MONOPOLAR) (BIPOLAR)

4. Joyamolvih @urguinag iduriiguina

2 BUNDLE 0.0303 m 0.0303 m
(ACSR/GA CARDINAL )
5. NEUTRAL CONDUCTOR idurigudnans durgudnans
(477 MCM ,ACSR/GA HEN) 0.022 0.022
6.0PGW idureudnans idurigudnag
(12 CORES SINGLE - MODE 0.012m 0.012m
DISPERSION -SHIFTED
7. USIRUINTIROUING1(G)

23.2kV/ecm

(GRADIENT VOLTAGE)

a d ] o - ° 1 b4 Y
4.62 wamsamnznmny IlthsazanunpimangagandimuIane

MaA 4.5 wansdnsieiasds T s ganszuansa 300 kv MONOPOLAR

o TNV s sganseuan s e 300 kv

waauae Wi MONOPOLAR
(1A 40 1WIAT) aum 1WA (kv/m) / .
ULV AN(mGauss)
nAlnA Huan

20 7.2453 9.8595 119.26
-19 7.9223 10.74 125.93
-18 8.6715 11.705 133.26
-17 9.5016 12.763 141.33
-16 10.422 13.925 150.22
-15 11.444 15.199 160
-14 12.577 16.597 170.72
-13 13.83 18.131 182.38

nunumeg  81MANA(SUMMER FAIR WEATHER ) K(+) = 0.03711ag Go(+)=9 kV/cm

K(-) = 0.01500% Go(-)=9 kV/em HUAN(RAINNING) K = 0.058 L1z

Go=6 kV/m
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ﬂ' L]
M1519N 4.5 (AD)

awda I ws agansznanse 300 kv
wataueo Wi MONOPOLAR
(MY 40 UAT) auw I (kv/m) s
AU an(mGauss)
2IMAlna Wuan
12 15.21 19.807 194.95
-11 16.719 21.634 208.23
-10 18.346 23.611 221.88
-9 20.069 25.73 235.29
-8 21.851 27.976 247.59
K 23.058 29.426 257.66
o, 23.341 29.603 264.33
5 é3.406 29.643 266.67
-4 23.234 29.536 264.33
5 22.844 29.293 257.66
2 22289 28.947 247.59
1 21.636 28.539 235.29
0 20.946 28.109 221.88
1 20.268 27.686 208.23
2 19.635 27.292 194.95
3 19.068 26.938 182.38
4 18.577 26.632 170.72
5 18.166 26.375 160
6 17.832 26.167 150.22
7 17.567 26.002 141.33
8 16.605 24.704 133.26
9 15.215 22.703 125.93

HUIUNA t)‘lﬂ’lﬁﬂﬂa(SUMMER FAIR WEATHER ) K(+) = 0.037182 Go(+)=9 kV/cm
K(-) =0.01518% Go(-)=9 kV/cm Nuﬂn(RAINNING) K =0.058 11ag Go=6 kV/m




d‘ "
MINN 4.5 (AD)

70

o I ws aganszuanse 300 kv

waauao T MONOPOLAR
(MR 40 1A5) o I (kvim) -
AU AN(mGauss)
oimalna Huan

10 13.959 20.875 119.26
11 12.82 19.203 113.18
12 11.783 17.67 107.64
13 10.837 16.264 102.56
14 9.9709 14.972 97.911
15 9.1779 13.786 93.633
16 8.4505 12.695 89.69
17 7.7829 11.692 86.046
18 7.1695 10.769 82.672
19 6.6057 99191 79.54
20 6.0874 9.1373 76.626

Figure No. 2

 STRENG:

*ELECTRIC FIELD

; §

71 4.24 msTinsedauw IMihnszuansa £ 300 kv (@1malnd)
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) Figuie No. 2

.
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I nssiuansa+ 300 kV (WHunn)
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M1319N 4.6 ﬂ’li"jlﬂi'l:ﬁﬁu’lllull'maﬂﬂ‘ixuﬁﬂﬂi 300 kV BIPOLAR

mwda I s sganszuans e 300 kv

waduan I BIPOLAR
(MY 40 1119A3) o vl (kvim) g
AU AN(mGauss)
21melna Huan
-20 6.9579 9.6803 45.6910
-19 7.6145 10.5482 50.0807
-18 8.3405 11.4987 55.0842
17 9.1441 12.5405 60.8060
-16 10.0345 13.6827 67.3674
-15 11.0207 14.9351 74.9063
-14 12.1119 16.3077 83.5749
-13 13.3155 17.8077 93.5304
-2 14.6354 19.4488 104.9185
=11 16.0685 21.2286 117.8408
-10 17.6014 23.1466 132.3037
-9 19.2049 25.1913 148.1479
-8 20.8323 27.3405 164.9709
5 21.8419 28.6878 182.0812
-6 21.8755 28.6888 198.5405
-5 21.6319 28.5369 213.3333
5 -14.9044 -28.5369 213.3333
6 -15.2373 -28.6888 198.5405
7 -15.1914 -28.6678 182.0812
8 -14.4915 -27.3405 164.9709
9 -13.3725 -25.1912 148.1479
10 -12.1987 -23.1466 132.3037
11 -11.0411 -21.2286 117.8408
12 -9.9456 -19.4488 104.9185




M319N 4.6 (AD)

awad I s sgansznansa 300 kv

warduae I BIPOLAR
(i1 40 WA5) v (kv/m) o
UM AN(MGauss)
oimalnA Huan

13 -8.9367 -17.8097 93.5304
14 -8.0239 -16.3077 83.5749
15 -7.2069 -14.9351 74.9063
16 -6.04799 -13.6827 67.3674
17 -5.8350 -12.5405 60.8060
18 -5.2633 -11.4987 55.0842
19 -4.7561 -10.5482 50.0807
20 -4.3055 -9.6803 45.6910

) Figure No. 3

7L

31 4.27 msTnszdaunIiinszuansa + 300 kv BIPOLAR (81 eind)
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) higure No. 2
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J Figure No. 2

31l 436 msdinsizdaun Iihnszuans 300 kv TuTuTna(Hunn;CONTOUR)

4.7.2 wunlulna) (BIPOLAR)

. Figure No. 1
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J Figuie No 4
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31l 4.48 n1sasizviau Ilihinszudnse 300 kv TuTwar (CONTOUR)
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ﬂ'lif’l“l’lﬂ;l ( 500 kV Nusu'?un)

adu ey i - (kv/m)

! ond ® 71377 500 kV (23931RY7) el

0 T T T T T T T

40 30 20 -10 0 10 20 30 40
waaume T - (uas)

71l 450 manisdanazdunuauduawy Ivhvesmoda Iihus sqanszuaady 500 kv

19931AY7

-
NIIA NI (500 KV NILALT)

At uau W=k V/m)

X a1nins00kV (N mﬁm)

1 RRRK NI3AIUI 500 kV (1958 *x
O m7iAS00kY (193f)
0 T T T T T T T
-40 -30 -20 -10 0 10 20 30 40

waduaw Ih-uas)

3% 4.51 mamisdanazmuruanuduaun Idvhvesaeds Iddws sganszuaadu 500 kv
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MITAT I (500 kV 1I9ILADI)
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31 4.52 wamsIauessiua Ut Iimanyesmod Il sganszurdy

500 kV 29951087

{udenaninmsiadiuwan Iduonms Mirhondanvalsemalneinsia

v 4 Aaa .3 ¥ AV @ ~ ' °
au It uazauumimannnadn S ldninnisiassiaumnaie lanmsfiim
woauvnus gy I uumsd Iiwazviinmsia HazmsLnszua Ivaanuana1enu

o [ é U [ U = d o
Tusuziimsia Feawnsagaiwaninnisialalumaman o Tasamisitimesvazins

Sadulidansan 4.7 uaz 4.8

MINN 4.7 M5 Twasuesmeaa i 500 kv 23931R07

500 kV. THA TAGO - NONG CHOK

19951907 BUS VOLTAGE(kV) CURRENT (A)

517.02 590

3190 4.8 A1z Inanvesauds Wi 500 kv 23939

500 kV MAEMOH- THA TAKO

BUS VOLTAGE(kV) CURRENT(A)

293 d 2 = ¥
NNl WITN2 199N WIN2

517.81 517.81 592 590
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anpstavesaeds I usege uazlunsims iz Longitudinal Profile vosaum Ivduay

guivan mswasuudaslawszozndeudveams Tevh

a.-; [ 3 ] (=1
AN 4.9 mmmmmﬂum"lﬂﬂnmzﬁmmmmaﬂqdqﬂ

aoda Irliwsage au i 10cv/m) AUMLIMAN (mG)

1. 500kV 73951R87 6.630 453.909
2. 500kV 9959 6.012 366.414
3. 300 kV IuluIwal (@1madnd) 23.406 266.670
4, 300 kv 1uluInar (Huan) 29.643 266.670

5. +300 kv 1ulwa@imealnd) 21.875(¥2170)
» 246.154

-14.904(3701)

6. +300 kv lulnaeuan) 28.688(1712N)
» 246.154

-28.688(v7a1)
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5.1 pam

a @ o v o a @ Y o 3 ﬂ ¥ 4'4 1 9
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5.2 wansznuvesmnuwhnuinganhvinalnalndmedslvhusga

5.2.1 malameasldihusagenszuaady

mamiloniudlesnnmuny IWihduiaganihmuldmods Iiiusegeanssuaady
ﬁ?aﬁuﬂﬂﬂﬂgmsaﬁh “Electrostatic  Effect” | $u310 130915001191 15im03 Tu
Usingmseli gty nszualvifunilunh (nduced Current) - ussdu IWfhiinasendag

(Potential of the object) WAIMMATAN1UIAY (Stored Energy)

r

5.2.1.1 anuFunus seuenszngindmdsnimazamnniidinssdu
% e

NuaU

e Tagaathnsedgmelaaum Wi iduusd Iidhezmiieni vildiRadsey

Tihazauuuingani dwaaslddsauns 5.1
g =EHC,, (5.1)

A‘I -~ d‘ L d.y = o ' c:q A.l et s o [}
1o E fo auwIdihfszduiuay o dundsidnsan (e lulidaganh)

EH do ussaulvihnanaseniag

= 1 = o 1 v ar df =
C, Ao mamhFuaugszninaiagnuinuay
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€QE DISPLACEMENT CHARGE PER UNIT AREA
(; s EQUVALENTAREA )

h
EFFECTIVE Teo = JWEQES
HEIGHT \ s 0
=7 s T T T

51U 5.1 msmdenihmelaauwihessuaady

. 2 1¢: 3 4 .
Fatunszua A mionit (nduced Current) Fuilumamivnaun Il umiioni

@ o = o da " 5 o o v e
fuiagaaunsanosanlugivensedenresna (Short- Circuit Current) A lnaniningani

asgHuAY
Iy = joq (5.2)
I = joEHC,, (53)
I = (joe, EXH)C,, /£,) (5.4)

Ty =GwE, E S) (5.5)
P 2 o oo
o P Ao nizuaFommesna (woud :A)
jowe, E Ao acmamuuavosnszua Wi aowdl de msamas: A/m’)

3

{ o o o o
(H)C,,/€,),S fin Wunauyadvesingani (Miwas: m’)
e s ' g da ad 1
FUABUNIIAIIUNIAINTSUATOAYDTNANTUADUAIL
' o v :‘w ] 3 =) F 4 o ) o
1. wsmauw i a1 dumiandeganiney dsaunsoni ldsindaniensia
i 4 ¢ ” o o
2. MIMURauYadveIngani

o v =] o A a 3 ¥ ar '
3. ﬂ']u'Jﬂ-lﬂ'lfnﬂ53Llﬁ‘ﬁﬂﬂl‘ﬁﬂiﬂﬂ'ﬂ1ﬂﬂ‘|]1]ﬂ1ﬂ1ﬂﬂu'lil.lﬂﬁ'lﬂﬂﬂﬁ']]



90

uuadudiunda
anviaytne

dumbifRansana ——-o’

nsmmmauw‘lﬂﬂj searvIata I

(Span Length)
wwantage—=

vaurpaLAuEIn I
(Right-of-Way Edge)

30 5.2 Aumuslumsiesawansznudaedaganilndaoda liius g

3
s 1 s o -3 o = A s o s '
sresonins iy Mihseniedagdmbiuiudugaliunnuduiusiussninnszua
a g a a Ll a o o o a 4
FoAr0i i (Induced Current) uAzBUNMANTYRITARANI NAD ATIWAILMIIIAE AT UL

=t o g =
WUNUNUAU

Ig¢ —

V:Igc Z“

a L4 = o A v [ o o
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ANUTURAO(H)
H=[1.25x1.8)+(1.0+5.01+1.0)x3.3)}/8.26

H=3.07 LU®3

11 Shape Factor
A/B=(8.26/2.485) =3.32
AB = 8.26x2.485 =2052m

H/B = (3.07/2.485) = 1.24

Wo13w19IN3UN5.22 1o H/B = 1.24 uaz A/B =332 9214 SAAB)=6.0 Aatiu
S = 6.0 x (AB)

S= 6.0x20.52=123.12 m"

dieanuuauw i Da iy 6.63 kvim

Isc =2.270 mA

den ey Wil Sty 1.219 kv/m

Isc =0.417 .mA

wonuduauy T Hadlu 6.012 kvim

Isc =2.060 mA

dionanntuau 1WA Bauily 0.764 kV/m

Isc =0.262 mA
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310 5.23 2995AUYAIITNINANUAZI0USIND TUAN1IZ Steady state 100G Tuan i v

Voo = 1o I(jCy) (5.8)
walnuazaugaga = CV,. (5.9)
110
4
Ve = ussanlWdhsgnhaiaganivisuduiudusnzilaes
(open-circuit voltage)
C, = mamhdusunvesiagiisuiuninall]
M3199 5.2 naasnssamnszummionihusoussgaiauy IWvhaee
aunlnin I Ve WAz Ay
E=6.63 kV/m 2.27 mA T225 YV 52.20 mJ 4 -
11193 0UTINNT
E=1.219 kV/m 0.417 mA 1327 V 1.76 mJ C, =1000 pF
E=6.012 kV/m 2.06 mA 6557V 42.99 mJ []
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HAUMNY
mmsnmmiﬁ%mn
T, =85.63x123.12 = 10,542 1A
I =10.542 uA
mmsnn%aﬂ"lﬁﬂf'aan

1.,.(DC)=-111.589 x123.12 = -13,738 nA

1_(DC) =-13.738 uA
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3UM 5.42 Shape factor ¥893AQANIIZUNI T MDY

o A g2 o a w '
21N Shape Factor ﬁ:!“uq'\ﬁuﬂﬁuuﬂﬂﬂﬂaiﬂ'U'iﬁ'.;lﬂ ﬂggﬂﬂ1ﬂuﬂ‘ﬂ1ﬂaﬁﬁ1ﬂ3u
SETMINAMUGURALADN 1NN INVDEAVIINA (H/B) HAZOAT1dIUTTHINIMIIABANUNA

YBINIINVITNN (A/B)

1 o 3 oo 1
M3 5.3 uaaINsiaumaszidrenes Aauusnussyanoldmods luvwsags

NITUANI
AB H/B S/(AB) Is¢(DC) uA
20.52 0.25 2.1 3.69
20.52 0.5 3.9 6.85
20.52 1.0 47 8.26
20.52 2.0 9.05 15.90
20.52 4.0 20 35.14
20.52 7.0 40 70.29

WMy A/B= 332 1o J,.(+) = 85.63 nA/Mm’
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V, =14 (DC)xR,, (5.21)
> L s
WAINUATANFIGA = EC”V” (5.22)
e C, = ManhsuauivessoussARouNNS 1A (pF)

' o
R, = ;mnnuamumuvessnesoous (M)

! o o o '
MI1N 5.5 uaaIMsAamIsiwesvusoussnanwldaaeds Iihinszuanss

I e P Voo WA
2
A/} (uA) (V) (n))
3TNl
85.63 10.542 10.542 55.56 R, =1MQ
C, = 1000 pF
(1]
-111.589 -13.738 -13.738 94.36
------- e @ (e 0
V| — J(+) = B5.63 nAfsg.m ; 3 ! Y J 4
Pl JOE 111589 nlsqm | b
AN NCARI A e
3 NIsa | N2
e i Wl S
2 7 | | A
iz :

Illll  EUTCRICES . S S
0 100 200 300 400 500 600 700 BOO 900 1000

Equipvalent Area:sq.m

3 [ v § = o '
3UN 5.46 wavoIndIUATTUADVIIANUNANYAoVBIT VS TNNVBIT WAL W

ATEUTATI + 300 kV
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5.3 MINATRUNANIZNUINMIMHENIIMIU{IR

3 v v a H&a 4 = ° v A o
lwietidumsnageuransznuiinavunnmsmiioniminaun Wi Fsdnuu
d. o :; E) ¥ L s ~ J o 5
nsmilenihieduvesszuuussau Ildnszuaaauzinavuludnyuzyes Capacitive Charging
: o w 4 o da d o s 4 -
Effect luvaighanvazmsmionivmnatuluszuuusau Idnszuaaswanavuludnyus
N300 Object Charging MNanNszy Il seuquinuaodsliiussgenszuanss Tani

v ™

nisnageuinelfuants i wsegs aomiumaluladwszeoundudnummisaianszl

9

o~ o

q o ar a a a 43 P o o a ar
dedaaanilasvau lihnszuaady watifaduInMsmtioninnevznaus sy Wi

a

s

ANA3ONINGAI w151ﬁuma§ﬁzﬁva%aaﬁaﬁmnlﬁnmucﬁmxﬁhﬂaméﬁumumaﬁmqﬁ'am
Fovsuiaui Wnan3uds daummnifhnszianse Suffuamniiadia (Sutc Field)
wsagu T ind s deusuna ﬁ’nymwmﬁum'lﬂﬁnmuf:ﬂ:”hjmqvhu'?ﬂqﬁaﬁ TLF
ﬁwmsmf'iuaﬁﬁﬁuﬁ:}muuﬂﬂmaﬁﬂqﬁ"sﬁﬁ&msmﬁmﬁw:ﬁﬂﬁ;ﬁﬂﬂsxgs%aﬁu (Surface

Charge) UNAAUVUIAYANN

5.3.1 laanlylumsnagey
Tumanldlunsmaasuimnnnudusuauaaivuig 1x1 wasiinssonsdugs
' . v
NIZHANSY nazuswugInszuaadueadeauw Idthasiuaue (Uniform Field) v1iniuii

o o @ o

° n’!’ ' ¥ Ao o o 4 ot [y o
aganienusen sy dwanihimsdanseau IMdisendeingdninunsng  uas

9
¥

' o @ o v o o o o =)
nszud Iihsgnindaganirluansgnsnadegl 524 - msnaaesil Siaeunamisallaei
auuAgwde dednganitegldmodewiusegansenanse wazmode i usagenszuaady

° Y a t:i o t:‘ ] 7 csc:{ Y 1 =
dluwarir ldiAamansenuluzduupmsmileniiuandnaiu vianquiii ldnanis manseny
vinauw I tioni vuiaganihamiseduinla Taold Model vosman dmasuvuia
P oA A o @ o R q 4 o
0.44 x 0.44 AT 1A NABIFMAsLUNUIAGANT  FamwisonINuNauyad (Equipvalent

Area) 18a 317 5.24

3% 5.47 dnvz Tueanldlumsnaaeuy
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H=40 cm 44 cm
T T
44 cm
gu Ivhnszuaadu
E(kV/m) Vae W) | Ve W) | Ascad) I(ud) | Suiiuaud
MU | NATDY A0 naATo M)
1 64.55 32 2.96 1.5 21.33
2 129.11 69 5.92 3.1 22.25
3 193.67 106 8.88 5 21.2
4 258.23 145 11.84 7 20.71
5 322.78 179 14.8 8 22.37
6 387.34 215 17.76 10 21.50
7 451.9 250 20.72 115 21.80
8 516.5 287 23.68 13 22.07
9 581.01 324 26.64 14.5 22.34
10 645.57 361 29.6 16 22.56

F- ¢ 2
WUNTUYaY(S) = 1.065 m

X =21.81




AIT1N 5.7 HAAINITNATDUNITZUZINANNTZOT 50 .31

rJ
rn

H=50 cm

Y
7 VAV A 4

44 cm

44 cm

auw Ihnszuaady
E(kV/m) Ve @) | Vo) | sc () I(pd) | Sumuauy
ATUIN n | Muw naTay ML)

AU
1 80.11 38 3.12 1.5 25.33
7, 160.21 83 6.24 » 25.93
3 24032 126 9.36 5 25.20
4 320.68 169 12.49 7 24.14
5 400.53 215 15.6 8.5 25.29
6 480.64 251 18.72 9.8 25.61
7 560.74 294 21.84 11 26.72
8 640.85 336 24.96 13 25.84
9 718.90 379 28.08 14.5 26.13
10 801.06 425 31.20 16 26.56
Aufiauyade)= 1.123 o ¥ =25 675
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MINN 5.8 UAAINTNATDUNTLOLINANNIEOE 60 .3,

H=60 cm 44 cm

A
VAV VAV AN AN AN Ay

44 cm
au IWvhnszuaady
E(kV/m) Ve W) | Ve V) | Lsc (1A) I(pd) | Buvinaud
A NATDY AU nagToy MQY)
1 98.02 49 7 3.23 : 1.6 30.62
2 196.04 101 6.46 3.2 21.56
3 294.07 153 9.69 L) 29.42
4 393.31 205 12.96 7 29.28
5 490.12 260 16.15 8.5 30.58
6 588.14 304 19.38 10 30.40
g 686.17 355 22.61 11.8 30.08
8 784.19 404 25.84 13 31.08
9 882.21 457 29.07 15 30.46
10 980.24 510 32.3 17 30.00
‘ﬁuﬁﬁnqaﬁ(S): 1.162 m’ X =30.348




urapulfanasaniagv)

aunlvdAivinnismasau(kvim)

710 5.50 waveanisiauazAnudndIniianaseungmaniiszoz 40 cm

wsadu Ihanaseniagv)

500
P — i, 44 v /— —*— il

aumThiiimsmaneukV/m)

31N 5.51 maveamsiauazimaudnd Inihanasouiagmaniiszog 50 cm

usasu hannsoudag(v)

1200

1000

800

600

400 -

200

mu T fivinsmaaouk v/m)

31N 5.52 waveamsiauazAnudnd IdihanasenIngmaniiszoz 60 cm



3197 5.9 uansnsnadeninggunssdmavuiszus 40 w0,

H=40 cm JL LW
20cm
s 7SS S S S T |4.—__ = ._,l
40 cm
au Idhnszuaady
E(kV/m) Ve W) | Vo) | Lsc(pd) I(pd) BuRLAUE
AU NAADY RV NATOU MQY)
| 143.79 49 4.4 1.3 37.69
2 281.60 97 8.8 2.7 35.92
3 431.37 144 13.2 4 36
4 oY= 191 17.6 5 38.2
5 718.96 238 22 6.5 36.61
6 862.75 285 26.4 8 35.625
7 1006.54 932 30.8 9 36.88
8 1150.34 376 35.2 10.5 35.08
9 1294.13 423 396 12 35.25
10 1437.92 470 44 13.5 34.8
ﬁuﬁﬁuy‘aﬁ(sh 1.583 m’ X =32.68




MINN 5.10 uanINIsnadoUIngIUnsIdmaounszes 50 .u.

129

H=50 cm —l— 40cm
20cm
Ve PV A T |4—>{
40 cm
aum Ivhnszuaady
E(kV/m) Voe WY | Vo) 1 g (uA) 1(pA) dunLA
GRUTRLY naaoY A1 e Q)
1 188.60 59 4.9 1.4 42.14
2 401.80 119 9.8 2.8 42.50
3 602.7 161 14.7 4.0 40.25
4 803.6 203 19.6 4.8 42.29
5 1004 274 245 7.0 39.14
6 1205 327 29.4 8.0 40.87
7 1406.3 381 343 9.0 42.33
8 1607.2 433 39.2 11.0 39.36
9 1808.1 489 441 12.0 40.75
10 2009 545 49 13.5 40.37
ummass)= 1.76 m’ ¥ = 41.00




NN 511 nanamsnadeuinnginsd@maouiiszoy 60 %1
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40cm
H=60 cm
20cm
FP 7T 7 t PR
40 cm
v IMdhnssuaany
E(kV/m) VW) | Vo) | Asc (1) I(pA) | Buiuaud
My NAADY fun NAAOY MQ)
1 326.67 66 6.67 1.4 47.14
2 653.35 129 13.34 2.8 46.07
3 980.03 197 20.01 4.0 49.25
4 1306.70 266 26.68 5.1 53.20
5 1633.40 336 33.35 6.5 51.69
6 1948.00 401 40.02 8.1 50.12
7 2286.73 468 46.69 9.5 49.26
8 2613.41 533 53.36 11.0 48.45
9 2940.09 603 60.03 13.0 46.38
10 3266.70 675 66.70 14.0 48.21
; = o 2 s
WUNAUYAU=2.4 m X = 48.977
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Cah
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i Thiiinismageukvim)

1 5.53 wavesmsTauazdunudnd IWihannsouingdivacunszos 40 cm
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s
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g 2000
=
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= 1000
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avn I ihnsmageukv/m)

5.54 HavpInsiauaziudnd ihanas e iagdimduiszes 50 cm

, |
—*— mudu

B nanou

T I snaTeukvV/m)

U0 5.55 wavesmsiauazsnnudnd Ivfthnnaseuingdivavufiszos 60 cm
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H.1)

132

H=40 cm 44 cm
r
7 P H—
auw ihnszuanse 44 cm
useulvhanasening(v)
ELkN/m) s - g
ATaNn| ATIN2 ATIN3
50 15.940 16.180 16.400
40 11.900 11.690 11.620
30 8.8670 8.9150 8.8170
20 6.1280 6.1850 6.3990
10 3.6870 3.5490 3.7040

Ed

WU AUUAS(SINIOUT 065 m’

Stopped X 2005/05/21 15:08:34
CH1=20V 5ms /div
DC 10:1 (5ms/div)
NORM:200kS /s

29,60V - Rms
© Freq 50i25Hz °

8.915v Avg -1.660V

3 o ' " s J " s I P
31 5.56 MetenuanAndsenIumumandunsaiau I 30 kvim fAiszoz 40 em

-Trlgmr-
Mode : AUTO
Type : EDGE CH1 £
Delay : 0.0ns
Hold Off : MINIMUM




A1319N 5.13 UARINITNATOUINANNTLUL 50 %.3

W
(e

[ ]
h
H=50 cm 44 cm
r
i e
i Iihnszuaase 44 cm
usanu lvhanaseuiagv)
Bk Vi) 2 e, Tz
AsaNI AFINn2 A3IN3
50 40.450 42.000 42.220
40 21.780 27.330 28.050
30 10.280 12.970 12.840
20 7.0200 7.0880 6.7470
10 4.1440 4.0390 4.1210
a4 o ¢ oW 2
NUNTUYAs(SINIAIL 123 m
Stopped 3 2005/05/21 15:48:37
CHI=20V Smsydiv
DC 10:1 : . (Smsydiv)
: NORM:200kS /s

P-P 33,60V : Res 12,97V .  Avg 8.402v

77777777777 High 21.60V Freq 50;00Hz
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : o.ov Main : 10K Mode @ AUTO
BW @ FULL CH2 : o.0v Zoom @ 10K Type : EDGE CH1 4
Delay : 0.0ns

Hold OFF :  MINIMUM

314 5. 57 @redranudeAndszniaukumandunsafauw i 30 kvim

15282 50 cm




M54 5.14 LEARINITNATDUINANNTZOE 60 ¥.1
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A
H=60 cm 44 cm
v
7 Vd 7 ki_ - >l
aun Iwhnsznansa 44 cm
usedunihanasauiag(v)
E(kV/m) B - T A
ATINI AT ASIN3
50 58.340 57.350 59.760
40 22.350 21.440 22.070
30 16.370 17.780 16.680
20 8.5240 8.5060 8.0950
10 4.2950 4.1480 4.4080
J - o 1 e 2
WUNUYAS(SIMINYL.162 m
Stopped 3 2005/05/21 18:2931
CHI=20V : ; . Smsyav
DC 101 (Smsydiv)
Do X NWAE DI a1 & NORMZ00KS/s

=Tracel= P-P 40,80V

¥ : Rmgs ;
: High 28:00v : Freq 50;00Hz
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : o.ov Main : 10K Mode : AUTO
BW @ FULL CHZ2 : 0.0v Zoom @ 10K Type : EDGE CH1 4
Delay : 0.0ns
Hold OfF : MINIMUM

i L 1 ' a o 1 ] [ o
31N 5.58 @redunnuaAndssnrumaniunsanau i 30 kvim

5202 60 cm




M350 5.15 urasmsnadevingUnssdimasuiaszus 40 @

(98]
n

‘L : 40 cm
H=40 cm
Vv avayd 7 T }4__4

v Iifhnszuanse 40 cm
usaeu vhanasening(v)
E(kV/m) T >~ 2 A
ATINI AsIN2 Asan3
50 33.940 31.140 30.200
40 18.210 17.210 16.290
30 11.450 11.060 11.150
20 7.4650 7.0140 7.1110
10 42820 4.1330 4.3200
d? = o "o 2
AUNduYad(SINIAY1.583 m
n Stopped ¥ 2005/05/21 17:01:30
CHi=20vV : [ ; 7 T Smsydiv
DC 101 : : : : ! (smsydiv)

QONORMAOE/S

............................. i : : S -
=Tracel= P-P 36,00V @ Rms 11,06V . Avg 2.018V
~° High 1600V . Freq 50,00Hz ;
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 ; 0.0v Main : 10K  Mode : AUTO
BW : FULL CH2 : 0.0V Zoom : 10K  Type : EDGE CH1 £

Delay : 0.0ns
Hold Off :  MINIMUM

; o ' Vo W 4 1 o 7
N 559 Arednnuadndsznheiagdmasununsanaum i 30 kv/m

520 40 cm




M1 5.16 uapINInaaeuiagzUnssding

BUNIZUE 50 W1
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H=50 cm i

40 cm
T 77 7777 1 e e g
aun IWdinszuanse 40 cm
usaiu Iihanaseningv)
E(kV/m) & i T

ATInI A3aN2 A59N3

50 45.690 45.020 44.590

40 27.390 24.100 24.000

30 14210 14.080 13.440

20 8.8280 8.7120 8.8100

10 4.9410 5.1140 5.0760

3

WuRaugad(SIMIiU1.76 m’

o Stepped X 2005/05/21 17:26:36
CH1=20V T Sms/div
DG 11 (5msydiv)

..............................................................................................

=Tracel= P-P 45,40V . Rms 14,08V . Avg 6.378V

: High 2080y . ErEQ BLOME st
=Filter= =0ffsel= =Record Lengih= =Trigger=
Smoothing : OFF CH1 : o0.ov Main © 10K Mode : AUTO
BW : FULL CH2 : 0.ov Zoom @ 10K Type : EDGE CH1 4
Delay : 0.0ns

Hold Off : MINIMUM

H ar [} v a o ' o - - ar o
7N 5.60 ArvdnnuanAndszniniag@mdsuiunsanau i 30 kvim

N3202 50 cm
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M13197 5.17 HARININATDVINFUNTITMAOUNIZOL 60 5.1

: 4
H=60 cm i b

VAV A A4 TF—,I

auw Iifhinszuoass 40 cm
usenuihnnaseniagv)
E(kV/m) & - B

Asad1 Asan2 AsaiN3
50 55.000 55.230 58.110
40 32.170 32.340 31.510
30 20.380 21.260 18.960
20 10.670 7 10.660 10.350
10 V 5.7590 5.7600 5.3960

Ed

a o o Vo 2
WUNDTUUAY(S) IN1AU 2.4 m

1 Stopped b 2005/05/21_17:52:28
CHI1=20V 4 3 3 g : . Smsydiv
DC 101 3 R 4 ] : (Smsydiv)

QQNORME0KELS

=Tracel= P-P 64,00V Rms  21;26V Avg 12,60V
: High 3840V Freq b50;00Hz : ;
=Filter= =0ffsel= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0v Main : 10K Mode @ AUTO
BW @ FULL CH2 : 0.0v Zoom @ 10K Type : EDGE CH1 4
) Delay : 0.0ns
Hold Off :  MINIMUM

i ar ' 1 o o ' ar = = [y —
71 5. 61 @redrnnuandAndsznaiag@maouiunsanaui Wi 30 kvim

N520T 60cm
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vinkamsnaaeumsmmnszad I wmidoninuiagdnimeldaun Ihnszuaady

v v ¥ .
wunnaumsh 54 aszud Idhmtionhuuiagulsduassdumauy i wazamun
s w W v A 4 4 A 4 &
auyadvesinganit lumsnaaeuiagiidhuman uazginssmmaoy dioaum Id i
o q ¥ = o a1 A 4 P ” A
Wuwarir ianse Indwiionihiiswiuin  Tumsnaaouiiszoz 40 ,50,60 wu. Aoty

ot @ o

[y o @ o w o @ A 3 4 a = = [y
amwgalinuiagani Jagani1dsune 185udnd Iihgedu  deiivsuSoumoudy

o o o d

[ v " 4 ]
Faganihegmuldmods Indhus sgawasinmsmunmgaliniaganindensmunud

a

@ o = vy

’q Y leg ° 9 =Y o ' a a a o
avyad iivnalvgdu duwavh I¥manhduaudgsznieiaginihiianievas @uiuaus

Sl 03 ' o ar ' o J s c: = s
UMPWUXe =1/ 2nfc ) ﬂawawﬂﬁﬁﬂiﬂﬂﬁmnﬂiamﬂqg_wu auﬁswmzmﬂnuwuﬁ

¥ @ W o @ o o ‘ . ] g 1 o
Wedudanuingaai1e191dsuma Spark discharge 11ia39InAWAIANG INHIszHUYE
AIAGAIN

v as 1 ] ar ar s a 3 -
Tudmvosaum Iwihnszianssdnd Il manaseuingiunsnaninavuiianTeun
anszue IWhmiioniludagiibainaun Minszuaasawlsduam . anumuuniuees
g - o o o ' 3 ] ar ]
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GROUND LEVEL OF ELECTRIC FIELD WITHIN R.O.W.

||||||||||||

Fmm————

B

ey

20

-0 ¢-20 {( =10 0 10
RIGHT OF WAY WIDTH-(meters)

-40

(W/AX)-HLONIHLS 01314 214103713

TWv1500 kv 23959

¢
TUauUI

-

M 6.1 WANTITUAI

i

GROUND LEVEL OF ELECTRIC FIELD WITHIN R.O.W.

-30 -20 -10 0 10 20 30
RIGHT OF WAY WIDTH-(meters)

.40

(W/ANHLONIHLS 1314 21819373

=

00 kV N3LA07

6.2 WAN15AI

wauw v s

s
as

a

31



MAGNETIC FLUX DENSITY-(mGAUSS)
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GROUND LEVEL OF ELECTRIC FIELD WITHIN R.O.W.
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GROUND LEVEL OF MAGNETIC FIELD WITHIN R.O.W.
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GROUND LEVEL OF ELECTRIC FIELD WITHIN R.O.W.
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GROUND LEVEL OF MAGNETIC FIELD WITHIN R.O.W.
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6.2.1.4 mivaieamaua (Phase Sequences)
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6.2.3 NMIIAEAN (pole sequence)

Neutral O
Pole © O —k
Pole o Y —]E—~

y
| L MK o aan 00 g 7

NN 639 ANuUZMIIAA NI Tn

VINEART3H1983[1] HanInMITAINdnEUEMITANENIMIIR 638 Wuwarh
Tau I uazsnuuimindounadly - sawrsednseduesau i Taolide
wan191n 1511 (Corona free condition) 18 Gaanuaiztaiaa ihnszuaasswuuise biios
Tawluwlsemalne  Fninawauuimefamedumsanauy i ludveseny Iihada

(electrostatic field) A31l 6.39



172

O Y
Neutral conductor
Pole conductor? -300 kV 6m
b ‘r
O O A
Fole +300 KV N
O O -y
¥ 3
H
X
Fy S L Os VUl 2 S Pa

319 6.40 Awmiamsdansaniiuwning + 300 kv nvuluina

GROUND LEVEL OF ELECTRIC FIELD WITHIN R.O.W.
10 T T T T T

' ' v I '
L e e e o e SRR
v h v i

8 1] 7==.300 kv of Thailand

ELECTROSTATICS FIELD (kV/m)

50 40 30 200 -10 0 10 20 30 40 50
RIGHT OF WAY WIDTH-(meters)

gﬂﬁ 6.41 aAnnau WA ada(Corona free conditon) + 300 kv Tulwan



173

GROUND LEVEL OF MAGNETIC FIELD WITHIN R.O.W.
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GROUND LEVEL OF ELECTRIC FIELD WITHIN R O W
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|| Source: Bonneville Power Administration ||

[
I

+500 kV TRANSMISSION LINE

CORONA AND FIELD |

EFFECTS

PROGRAM |

B o B o

+INPUT DATA LIST +

+PREDICTION OF 500 kV DL-TOWER

+ 0

PHYSICAL SYSTEM CONSISTS OF 8 CONDUCTORS, OF WHICH 6 ARE ENERGIZED PHASES

+COMB XX XX XX XX XX
+ 1.500 2.000 3.000

+ PH-A
+ PH-BI
+PH-C1
+PH-C2
+PH-B2
+PH-A2
+OHG-1
+0OGH-2

0

17 A

6 8 5250

-5.62
-6.82
92
5.62
6.82
7.92
-4.70
4.70
1.0

LINE GRADIENTS COMPUTED BY PROGRAM

-000

35.00
24.00
13.00

35.00
24.00
13.00

49.76
49.79

1.00

1.00 .00

(METRIC UNITS OPTION)

XX XX

1.000 75.000 1.000 10.000

4

4

1
1

33.910
33.910
33.910
33910
33910
33.910
9.144

9.144

1.000
45.70 303.10 .0 4.50
45.70 303.10 120.0 4.50

45.70 303.10 -120.0 4.50

45.70 303.10 -120.0 4.50

45.70 303.10 120.0 4.50

45.70 303.10
.00 .00 .0
.00 00 0

.0 450
.00
.00

.00

.00

.00
.00
00
.00
.00
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COMBINED OUTPUT OF AUDIBLE NOISE, RADIO NOISE. TVI, OZONE CONCENTRATION,

GROUND GRADIENT AND MAGNETIC FIELD

500 kV TRANSMISSION LINE
PREDICTION OF 500 kV DL-TOWER

525.0KV

DIST. FROM MAXIMUM SUBCON NO.OF SUBCON VOLTAGE PHASE CURRENT CORONA
CENTER OF TOWER HEIGHT GRADIENT DIAM. SUBCON SPACING L-N ANGLE LOSSES
(METERS) (METERS) (KV/CM) (MM) (CM) (KV) (DEGREES) (KAMPS) (KW/KM)

PH-A1 -5.62 35.00 13.80 3391 4.00 45,70 303.10 .00 4.500 1.828

PH-BI -6.82 24.00 13.09 3391 4.00 4570 303.10 120.00 4.500 1.301

PH-C1 -7.92 13.00 13.60 3391 4.00 4570 303.10 -120.00 4.500 1.667
PH-C2 562 3500 13.79 33.91 400 4570 303.10 -120.00 4.500 1.828
PH-B2 6.82 2400 13.09 3391 400 4570 303.10 120.00 4.500 1.301
PH-A2 7.92 13.00 13.60 3391 4.00 4570 303.10 .00 4.500 1.667
OHG-1 -470 4976 639 9.14 1.00 .00 .00 .00 000 .000
OGH-2 470 4979 637 9.14 1.00 .00 .00 .00 000 .000

AN MICROPHONE HT.= 1.5 M, RI ANT. HT= 2.0 M, TV ANT. HT.= 3.0 M,ALTITUDE= .0M
RI FREQ= 1.000 MHZ, TV FREQ= 75.000 MHZ, WIND VEL.(OZ)=1.000 M/SEC, GROUND
CONDUCTIVITY = 10.0 MMHOS /M

E-FIELD TRANSDUCER HT.= 1.0M, B-FIELD TRANSDUCER HT. = 1.0M

LATERAL DIST AUDIBLE NOISE RADIO INTERFERENCE TVI OZONE
FROM (RAIN) (FAIR) (RAIN) (FAIR) TOTAL FOR RAIN RATE OF ELECTRIC

MAGNETIC
REFERENCE L50 L50 L50 L50 RAIN 1.00 MM/HR AT 0. M LEVEL GRADIENT  FIELD
(METERS) DBA DBA DBUV/M DBUV/M DBUV/M PPB KV/M GAUSS
-40.0 41.3 163 474 304 7.6 000000 199 05620
-39.0 414 164 476 306 79 2000000 233 05944
-38.0 415 165 477 307 8.2 2000000 271 06292
=37.0 416 166 479 309 8.4 000000 314 06667
-36.0 41.7 167 482 312 8.7 .000000 362 07072
-35.0 41.8 168 484 314 9.0 -000000 417 07509

-34.0 419 169 486 31.6 9.2 .00V000 479 07982



-33.0
-32.0
-31.0
-30.0
-29.0
-28.0
-27.0
-26.0
-25.0
-24.0
-23.0
-22.0
-21.0
-20.0
-19.0
-18.0
-17.0
-16.0
-15.0
-14.0
-13.0
-12.0
=11.0
-10.0
-9.0
-8.0
-7.0
-6.0
-5.0
-4.0
-3.0
-2.0

-1.0

1.0
20
3.0

43.1
432
433
435
436
43.7
439
44.0
44.1
44.3
44.4
445
44.6
44.7
44.8

44.9
45.0
45.0
45.1
45.1
45.1
45.1
45.1
45.1

45.1

45.1
45.1
45.1

17.0
17.1
17:2
173
17.5
17.6
17.7
17.8
17.9
18.1
18.2
18.3
18.5
18.6
18.7
18.9
19.0
19.1
19.3
19.4
19.5
19.6
19.7
19.8
19.9
20.0
20.0
20.1
20.1
20.1
20.1
20.1
20.1
20.1
20.1
20.1
20.1

49.0
49.2
494
49.6
49.7
49.9
50.1
50.5
51.2
51.9
52.6
3.3
54.1
54.8
55.6
56.3
57.1
57.8
58.5
o1
59.6
60.1
60.4
60.6
60.7
60.6
60.4
60.1
59.7
59.2
58.6
57.9
572
579
58.6
59.2

318
32.0
32.2
324
32.6
32.7
32.9
33.1

33.5
34.2
34.9
35.6
36.3
354

37.8
38.6
393
40.1
40.8
41.5
42.1
42.6
43.1
43.4
43.6

43.7

436

43.4

427
422
41.6
40.9

40.2
40.9
41.6
422

95
9.8
10.2
10.5

10.8

1.5
1:1.9
122
12.6
13.0
13.4
13.8
14.3
14.7
15.1
15.6
16.0
16.4
16.8
=
17.5
17.8
18.0
18.1
18.2
18.1
18.0
17.8
17.6
17.2
16.9
16.5
16.1
16.5
16.9
172

000000

000000

000000
000000
000000
000000
.000000
.000000
.000000
.000000
000000
000000
000000
.000000
.000000
.000000
000000
.000000
.000000
.000000
000000
.000000
.000000
.000000

.000000
.000000
.000000
000000

000000
000010
000131

.000534

001251

002162
003121
.004029

004840

4.469
4.900
5322
5.715
6.056
6.318
6.477
6.547
6.407
6.158
5713
5.271
4.685
4.061
3.466
3.001
2.814
3.001
3.466
4.061

08494
09048
09650
-10303

11013

11786
12628
13545
14546
15637
16826
18121

19531

21061

22718
.24503
26417
28454
30599
32833
35126
37436
39715

41911

43967
45835
47477
48869
50006
50894
51552
.52000
.52260
52345
52260
.52000
51552



4.0
5.0
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
320
33.0
34.0
350
36.0
37.0
38.0
39.0
40.0

45.1
45.1
45.1
45.0
45.0
44.9
44.8
44.7
44.6
445
44.4
443
44.1
44.0
439
43.7
43.6
435
43.3
432
43.1
42.9
42.8
427
426
42.5
423
422
42.1
42.0
419
418
41.7
41.6
415
41.4

41.3

20.1
20.1
20.1
20.0
20.0
19.9
19.8
19.7
19.6
19.5
19.4
19.3
1941
19.0
18.9
18.7
18.6
18.5
18.3
18.2
18.1
17.9
17.8
174
17.6
17.5
17.3
17.2
17.1
17.0
16.9
16.8
16.7
16.6
16.5
16.4
16.3

5957
60.1
60.4
60.6
60.7
60.6
60.4
60.1
59.6

59.1

48.8
48.6
48.4
48.1
47.9
47.7
47.5

47.4

427

434
436
43.7
436
434
43.1
42.6
42.]
41.5
40.8
40.1
39.3
386
37.8
37.1
36.3
356
34.9
342

335

32.9
32.7
32.6
32.4
322
32.0
31.8
31.6
314
31.1
30.9
30.7
30.5
30.4

17.6
17.8
18.0
18.1
18.2
18.1
18.0
17.8
17.5
17.2
16.8
16.4
16.0
15.6
15.1
14.7
14.3
13.8
13.4
13.0
12.6
12.2
11.9
11.5

10.8
10.5
10.2
9.8
9.5
93
9.0
8.7
8.4
8.2
79
7.6

005542
006144
006661
007105
007491

007829

008127
.008392
.008648
.009021
009677
010622
011729
012869
013953
014942
.015822
016599
017282
.017881
018409
018875
019287
019652
019975
020261
020513
.020734

020927
021093
021235
.021355
021453
021532
021593
021637

021665

4.685
5271
5.773

6.158

314
271
233
199

50894
50006
48869
47477
45835
43967
41911
39715
37436
35126
32833
30599
28454
26417
24504
22718
21061
19531
18121
16826
15637
14546
13545
12628
11786
11013
10303
09650
09048
08494
07982
07509

07072
06667
106292
{05944
05620
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I CORONA AND FIELD |
[ EFFECTS PROGRAM Il

[| Source: Bonneville Power Administration ||

o S
+ INPUT DATA LIST +
B aw a a  Jan E  EE R AR R EERS
+230 kV TRANSMISSION LINE
+PREDICTION OF 230 kV WA1-TOWER

+ 0 0 6 8 2415 1.00 1.00 .00
(METRIC UNITS OPTION)
LINE GRADIENTS COMPUTED BY PROGRAM
PHYSICAL SYSTEM CONSISTS OF 8 CONDUCTORS, OF WHICH 6 ARE ENERGIZED PHASES

+COMB XX XX XX XX XX XX XX

+ 1.500 2.000 3.000 .000 1.000 75.000 1.000 10.000 1.000

+ PH-A1 A -467 2080 2 33.910 40.00 13943 0 225 .00
+ PH-B1 A -478 14.60 2 33910 40.00 139.43 120.0 225 .00
+PH-CI -5.10 8.40 2 33.910 40.00 139.43 -1200 2.25 .00
+PH-C2 4.67 20.80 2 33910 40.00 139.43 -120.0 2.25 .00
+PH-A2 5.10 840 2 33910 40.00 13943 0 225 .00

+OHG-1

A
A

+PH-B2 A 478 1460 2 33910 40.00 13943 1200 225 .00
A
A -430 3337 1 9144 00 .00 .0 .00 .00
A

+OGH-2 430 3337 1 9.144 00 .00 .0 .00 .00

+ 41 -400 1.0

COMBINED OUTPUT OF AUDIBLE NOISE, RADIO NOISE, TVI, OZONE CONCENTRATION,

GROUND GRADIENT AND MAGNETIC FIELD
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230 kV TRANSMISSION LINE

PREDICTION OF 230 kV WAI-TOWER

241 5KV

DIST. FROM MAXIMUM SUBCON NO.OF SUBCON VOLTAGE PHASE CURRENT CORONA
CENTER OF TOWER HEIGHT GRADIENT DIAM. SUBCON  SPACING L-N ANGLE LOSSES
(METERS) (METERS) (KV/CM) (MM) (CM)  (KV) (DEGREES) (KAMPS) (KW/KM)
PH-Al -4.67 20.80 10.29 3391 2.00 40.00 13943 .00 2250 111

PH-BI1 -4.78 1460 10.39 3391 200 40.00 13943 120.00 2250 .118

PH-C1 -5.10 8.40 1046 3391 200 40.00 139.43 -120.00 2250 .123
PH=C2 4.67 20.80 10.29 3391 2.00 40.00 139.43 -120.00 2250 .111
PH-B2 4.78 14.60 10.39 3391 200  40.00 139.43 120.00 2250 .118
PH-A2 5.10 840 10.46 3391 200 40.00 13943 .00 2250 .123
OHG-1 -430 3337 204 9.14 1.00 .00 00 .00 .000 000
OGH-2 430 3337 204 914 1.00 .00 00 .00 .000 .000

AN MICROPHONE HT= 1.5M, RIANT. HT.= 2.0M, TV ANT. HT.= 3.0 M,ALTITUDE= .O0M
RI FREQ= 1.000 MHZ, TV FREQ= 75.000 MHZ, WIND VEL.(OZ)= 1.000 M/SEC, GROUND
CONDUCTIVITY = 10.0 MMHOS /M

E-FIELD TRANSDUCER HT.= 1.0M, B-FIELD TRANSDUCER HT. = 1.0M

LATERAL DIST ~ AUDIBLE NOISE RADIO INTERFERENCE TVI OZONE
FROM (RAIN) (FAIR) (RAIN) (FAIR) TOTAL FOR RAIN RATE OF ELECTRIC

MAGNETIC
REFERENCE L50 Ls0 L50  L50 RAIN  1.00 MM/HR AT 0. M LEVEL GRADIENT  FIELD
(METERS) DBA DBA DBUV/M DBUV/M DBUV/M PPB KV/M GAUSS
-40.0 25.1 N 299 129 -6.5 000000 067 01309
-39.0 252 20 302 132 -6.2 000000 067 01399
-38.0 253 3 305 135 -6.0 000000 068 01498
-37.0 254 4 309 139 317 000000 068  .01607
-36.0 25.5 S5 312 142 -5.4 .000000 067 01726
-35.0 25.7 7 315 145 <572 000000 066  .01856
-34.0 25.8 8 319 149 -4.9 000000 064 .02000
-33.0 259 9 322 152 -4.6 .000000 .061 02158
-32.0 26.1 1.1 326 156 -4.3 .000000 056  .02333

-31.0 262 1.2 329 159 -4.0 .000000 051 02527



-8.0
-7.0
-6.0
-5.0
-4.0
-3.0
-2.0
-1.0

1.0
20
3.0
4.0
5.0
6.0

284
28.6
28.8
29.0
29.2
2305
29,7
299
30.2
30.4
30.6
30.8
30.9
31.0

31.1

31.2
31.2
31.2
31.1
31.1
31.1
31.0
30.9

1.9
2.1
2.3
2.4
2.6
28
3.0
32
3.4
3.6
3.8
4.0
4.2
4.5
4.7
4.9
52
5.4
5.6
5.8
59
6.0
6.1
6.1
6.1
6.2
6.2
6.2
6.1
6.1
6.1
6.0
59

337
34.1
345
349
353
35.7
36.1
36.7
373
38.0
38.6
39.2
39.9
40.9
42.1
433
44.6
459
472
48.5
49.8
50.9
51.8
523
32,5
522
51.6
50.7
49.5
483
495
50.7
51.6
522
52.5
523

16.3
16.7

17.1

18.7
19.1

19.7

352
355
353

-3.6
-3.3
219
-2.6

-1.8
-1.4

-9

1.0
1.6
22
2.8
35
4.1
4.9
5.6
6.4
7.2
8.0
8.7
9:3
S
9.8
9.7
92
8.6
79
7.1
79
8.6
9.2
9.7
9.8
9.7

000000
000000
.000000
000000
000000
.000000
.000000
000000
000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
-.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000001
.000081
.000434
.000953
.001458
.001889
.002247
.002547
.002799
.003011

044
035
025
019
031
054
{085
125
175
237
314
409
525
668
.842
1.052
1.304
1.603
1.950
2339
258
3.180
3.560
3.842
3.964
3.883
3.584
3.098
2.498
1.899
1.564
1.899
2.498
3.098
3.584
3.883
3.964

02741
02980
03246
03543
03876
04249
04669
05143
05680
06289
06981
07771
08675
.09709
.10897
12260
13825
15614
17650
19942
22481
23228
.28083
30924
.33575
35868
37683
.38988
39825
40278
40419
40278
39825
38988
37683
35868
33575
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7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
25.0
26.0
27.0
28.0
29.0
30.0
31.0
32.0
33.0
34.0
35.0
36.0
37.0
38.0
39.0
40.0

30.8
30.6
30.4
30.2
299
29.7
295
29.2
29.0
28.8
28.6
284
28.2
28.0
27.8
27.6
274
273
27.1
26.9
26.8
26.6
26.5
26.3
26.2
26.1
23.9
258
25.7
255
254
253
252
25.1

4.5
4.2

4.0

1.2

1.1

51.8
50.9
49.8
48.5
472
459
44.6
43.3
42.1
40.9
39.9
39.2
38.6
38.0
37.3
36.7
36.1
3537
353
349
34.5
34.1
3T
333
329
32.6
322
31.9
31.5
31.2
30.9
30.5
30.2
29.9

348
339
328
315
30.2
28.9
27.6
26.3
25.1
23.9
22.9
222
21.6
21.0
20.3
19.7
19.1
18.7
18.3
17.9
17.5
17.1
16.7
16.3
15:9
15.6
15.2
14.9
14.5
14.2
13.9
13.5
13.2
12.9

9.3

8.7

8.0
7.2
6.4
5.6
49
4.1
3:5
2.8
2.2
1.6
1.0

-46
-4.9
-5.2
5.4
-5.7
-6.0
6.2
6.5

003191
003387
03808
004420
005037
005574
006017
006377
006667
006899
.007082
007223
007328
.007402
.007449
007474
.007479
.007467
.007442
007404
.007357
007302
.007240
.007173
007102
007027
006950
006872
006792
006711
006630
006548
006467
006387

3.842
3.560

3.180

.067
068
068
067
067

30924
.28083
25223
22481
19942
17650
15614
13825
12260
10897
09709
.08675
07771
.06981
.06289
05680

.05143

.04669
.04249
03876
.03543
.03246
.02980
02741
02527
02333

02158
02000
01856
01726
01607
.01498
01399
01309
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MAGNETIC FIELD

R.O.W. SINGLE CIRCUIT DOUBLE CIRCUIT
ATUIT 11370 AW 11370

-35 17.19678 7.16 9.8456
-34 18.16388 7.05 10.46527
33 19.21002 7.26 1113605
32 20.34315 7.34 11.86297
-31 21.57201 7.43 12.65164
30 22.90623 9.1 13.50821 11.84
29 24.35627 9.82 1343949 12.26
78 25.93346 11.04 15.45294 13.66
27 27.64991 12.04 16.5567 14.09
26 29.51831 12,6 17.75962 14.6
25 31.55167 13.1 19.07115 14.8
24 33.76283 13.6 205013 15.4
23 36.16372 14.4 22.06046 16.2
22 38.76436 15.1 23.75904 16.4
-21 41.5714 15.6 25.60711 17.6
-20 44.58624 16.2 27.61363 19.2
19 47.80267 17 29.78561 19
18 51.20416 18.6 321268 20.2
17 54.76102 193 34.63612 20.2
A% 58.42802 20.4 37.30573 21.4
=¥5 62.14304 21.8 40.11894 22.2
-14 65.82789 22 43.0482 23
13 69.39196 235 46.05356 23.6
-12 72.73897 24 49.08247 252
-11 75.77627 25.1 52.07129 26.2
-10 78.42508 25.6 54.94936 28.2
9 80.62932 26.4 57.64526 29.4
-8 82.36119 27.2 60.09453 29.6
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MAGNETIC FIELD

R.O.W. SINGLE CIRCUIT DOUBLE CIRCUIT
ATUIN M350 ATUIN 11590
i 83.62287 28.2 02.24722 31
& $4.44499 29.1 64.07314 314
& 84.88372 29.8 65.56347 32.6
-4 85.0178 30.8 66.7282 33.2
3 84.94514 31 67.5903 342
2 84.77611 31 68.17827 34.8
-1 84.61902 31.2 68.51862 34.6
0 84.55625 31.2 68.62986 35.6
] 84.61902 ' 312 68.51862 35.2
2 84.77611 30.8 68.17827 35
3 84.94514 30.2 67.5903 34.8
4 85.0178 296 66.7282 34
5 84.88372 28.6 65.56347 34.4
6 84.44499 28.1 64.07314 32.6
7 83.62287 27.6 62.24722 30.8
3 82.36119 > 60.09453 31.6
9 80.62932 26.5 57.64526 30.4
10 78.42508 258 54.94936 30.6
11 75.77627 242 52.07129 29.2
13 72.73897 234 49.08247 28
13 69.39196 214 46.05356 27.8
14 65.82789 20.9 43.0482 26
15 62.14304 20.1 40.11894 26.4
16 58.42802 19.8 37.30573 26.2
17 54.76102 18.2 34.63612 24.6
18 51.20416 17 32.1268 25.2
19 47.80267 16.5 29.78561 24.6
20 44.58624 15.4 27.61363 23.6
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R.O.W SINGLE CIRCUIT DOUBLE CIRCUIT
AN ER[2) AUIW ER[

21 415714 14.4 25.60711 998
22 38.76436 13.2 23.75904 21.8
23 36.16372 12 22.06046 20.8
24 33.76283 1232 20.5013 18.6
25 31.55167 1.2 19.07115 17.4
26 29.51831 102 17.75962 16
27 27.64991 9.6 16.5567 15.4
28 25.93346 9.2 15.45294 14.2
29 24.35627 8.76 14.43949 12.4
30 22.90623 818 13.50821 12.2
31 21.57201 7.81 12.65164
32 20.34315 7.36 11.86297
33 19.21002 7.23 11.13605
34 18.16388 7.19 10.46527
35 17.19678 7.03 9.8456
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ELECTRIC FIELD

R.O.W, SINGLE CIRCUIT DOUBLE CIRCUIT
AUIN N30 AMUIN MmN

-35 1.33551 0.78
-34 144571 0.8
-33 1.56728 0.82
43 1.70148 0.85
a1 1.8497 1.1
30 2.01341 1.3 0.79118 1.83
29 2.19421 1.4 0.90096 1.89
8 2.39371 1.7 1.02516 2.09
97 2.61353 1.9 1.1656 2.32
26 2.85519 2.15 1.32425 2.49
25 3.11999 2.45 1.50323 2.51
24 3.40878 2.57 1.70471 2.77
23 372172 2.89 1.93084 3.11
22 4.05792 2.96 2.18362 3.13
21 141501 3.15 2.46463 3.43
20 4.78855 326 2.77482 3.45
19 5.17148 3.45 3.11401 3.79
-18 5.55353 3.57 3.48041 4.15
-17 5.92084 3.79 3.86998 4.17
16 6.25593 3.98 4.27577 451
15 6.53829 4.15 1.68719 4.81
-14 6.74589 428 5.08956 4.85
=13 6.85765 474 5.46405 5.03
-12 6.85678 498 5.78822 5.06
-11 6.73455 5.13 6.03755 5.32
-10 6.49385 5.26 6.18781 5.23
9 6.15163 5.19 6.21826 53
8 5.7398 4.85 6.11489 5.09
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ELECTRIC FIELD

R.O.W. SINGLE CIRCUIT DOUBLE CIRCUIT
AI M3 AU M33a

7 5.30388 434 5.87332 4.83
-6 4.89855 3.74 5.50044 481
5 4.57746 3.56 5.015 445
4 4.3756 3.48 44478 4.43
3 1429149 3.68 3.84297 4.04
2 4.28744 3.72 3.2637 3.6
1 4.31202 372 2.80748 332
0 432511 3.82 2.62231 323
1 131202 3.69 2.80748 3.26
2 4.28744 3.71 3.2637 332
3 4.29149 3.68 3.84297 3.45
4 13756 3.48 4.4478 392
5 4.57746 3.56 5.015 4.13
6 1.89855 3.89 5.50044 4.17
7 530388 423 5.87332 453
8 5.7398 485 6.11489 4.55
9 6.15163 5.19 6.21826 491
10 6.49385 53 6.18781 5.21
11 6.73455 5.24 6.03755 5.36
12 6.85678 5.12 5.78822 5.36
13 685765 5.06 5.46405 5.28
14 6.74589 4.98 5.08956 5.3
15 6.53829 4.85 4.68719 5.06
16 6.25593 4.83 4.27577 5.11
17 5.92084 4.76 3.86998 4.79
18 5.55353 427 3.48041 4.81
19 5.17148 4.15 3.11401 4.49
20 4.78855 3.89 2.77482 4.45
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ELECTRIC FIELD

R.O.W SINGLE CIRCUIT DOUBLE CIRCUIT
AMUIN 11590 ATUIN M390

21 4.41501 3.69 2.46463 4.17
22 4.05792 3.59 2.18362 411
23 372172 3.46 1.93084 3.77
24 3.40878 336 1.70471 3.59
25 3.11999 3.23 1.50323 3.43
26 2.85519 2.95 1.32425 3.04
27 2.61353 2.56 1.1656 2.72
28 239371 2.35 102516 2.45
29 219421 2.1 0.90096 2.13
30 2.01341 1.96 0.79118 1.98
31 1.8497 1.7
3 1.70148 1.45
33 1.56728 112
34 1.44571 0.83
35 1.33551 0.81
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EPRI Comments on the IEEE Standard for Safety Levels With Respect 1o

Human Exposure to Electromagnetic Fields, 0 to 3 kHz (2002)

The Institute of Electrical and Electronics Engineers (IEEE) recently published a standard for human exposure to electric and
magnetic fields in the frequency range of 0 to 3 kilohertz (kHz).l This standard was developed over several years by Subcommittee
111 of the IEEE Standards Coordinating Committee 28 (SCC-28), now know as the IEEE International Committee on

Electromagnetic Safety (ICES).

The IEEE Standard is founded upon a careful examination of the current understanding of biological effects of
electrostimulation. The Standard explans the extrapolation from internal dose to external exposure and characterizes the
uncertainties associated with this process in detail. The resulting standard is a detailed and complex document with discussions

of neurophysiological processes

Other organization that have developed guidelines for electric and magnetic exposures in this Frequency range are the American
Conference of Governmental Industrial Hygienists (ACGIH), through its Threshold Limit Values (TLVs’); the National Radiological
Protection Board (NRPB) in the United Kingdom;l and the Intemational Commission on Non-lontizing Radiation Protection

(ICNIRP) and affiliate Of the Word Heaith Organization (WHO).
Description of the Standard

GENERAL Approach

Scope

The IEEE Standard recommends limits on exposures to magnetic fields, electric filds, contact currents in the frequency range of 0
to 3000 hertz (Hz) Exposure limits are dervived for both controlled (occupational) and uncontrolled (publicly accessible)
environments, for uniform and nonuniform fields, whole and Extremity exposures;and for pulsed fields and multiple-frequency

exposures. This commentary does not Cover the last two factors.

The ICES states that the limits are intended to protect against the following adverse short-term effects:
®  Aversive or painful stimulation of sensory or motor neurons
®  Muscle excitation that may lead to injury while performing hazardous activities
®  Excitation of neurons or direct alteration of synaptic activity within the brain
®  Cardiac excitation

®  adverse effects associated with induced potentials or forces rapidly moving ions with the body,

such as blood flow

Potential chronic effects associated with long-term exposure are not considered, the ICES states, for two
Reasons: (1) there is not sufficient reliable evidence that community or occupational exposures cause adverse
chronic effects, such as cancer, and (2) there is no confirmed mechanism that would provide a basis for predicing

long-term effects.

Basic Restrictions and Maximum Permissible Exposures

For effects involving a known internal mechanism of field interaction, limits for acceptable exposures are
Derived from a basic restriction for an internal body dose below which no adverse effects occur in humans.
Given the basic restriction, physical and biological models are used to estimate exposure limits for external
fields. Exposure limits, referred to in this standard as maxiumum permissible exposures (MPE) and in other

guidelines as reference levels, represents the fields level below which the basic restriction will not be exceeded.
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However, exposures above the MPE may or may not cause the basic restriction to be exceeded. Thus. the
basic restriction is the ultimate determinant as to whether the standard is exceeded.

When an internal mechanism is not known or quantified for an effect, exposure limits are derived from
external field and current levels known to cause adverse reactions, as in the case of aversive spark discharges
during electric field exposure. In such cases, the MPE level is derived directly from data on empirical effects
and no basic restriction applies.

Adverse Effects and Mechanisms

In establishing basic restrictions for electric and magnetic field exposures, the IEEE Standard assumes that
the in situ electric field is the fundamental electric parameter responsible for electrostimulation effects. This
assumption is based on a contemporary understanding of neurophysiological effects. It allows for a more
accurate derivation of MPE levels than does the previously relied-upon assumption that intemnal current
density is the relevant parameter. *

Magnetic field exposure limits are extrapolated from permissible in situ electric field doses using simple
elliptical induction models. Electric field and contact current limits are derived directly from data on sensory
responses to external fields and currents.

Threshold Multipliers

For both occupational and general-public exposures, conservative assumptions are employed to ensure that
limits are based on excitation thresholds below those of the vast majority (> 99 percent) of healthy adults. To
derive limits, threshold multipliers (safety factors) are applied to empirical data. These multipliers account
for overly sensitive individuals, including children, and for uncertainties in both the determination of
adverse-effect thresholds and the extrapolation from internal dose quantities to external exposure levels. The
response thresholds used in deriving limits for the general public are generally lower than those for
controlled environments.

Magnetic Fields

Basic Restrictions

The IEEE Standard links the in situ electric field to effects in specific excitable tissues in the brain, heart, and
peripheral nerves. The basic restriction on the electric field in the body varies by anatomical location and
frequency, and is different for individuals in controlled environments than for the general public. The effect
with the lowest exposure threshold for a given location in the body and a given frequency determines the
MPE level for that exposure.

For example, 60-Hz head and torso MPE levels are determined by the basic restriction derived from the
threshold for synaptic excitation in the brain; 60-Hz MPE levels for limbs are determined by the basic
restriction for peripheral nerve (20-micrometer neuron) pain. Above 759 Hz, the MPE levels for the head and
torso are determined by the basic restriction for peripheral nerve stimulation in the torso. At very low
frequencies (< 0.153 Hz for head and torso; < 10.7 Hz for extremities), adverse effects associated with
induced potentials and forces on rapidly moving charges in the body determine MPE levels.

Maximum Permissible Exposures

MPE levels for magnetic field exposures are given in Table 1 as a function of frequency. The whole-body
(head and torso) MPE level for uniform 60-Hz magnetic fields in a controlled environment is 2.71 millitesla
(mT) or 27.1 gauss (G). For arms and legs, the occupational MPE level at 60 Hz increases to 63.2 mT

(632 G). Whole-body MPE levels for the general public are lower by a factor of three than those for
controlled environments. Exposures above these levels require evaluation to determine compliance with the
basic restriction.
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Table 1. IEEE uniform magnetic field maximum permissible exposure levels '

Frequency, Hz Exposure Limit, mT
Controlled Environment® General Public®
Head and torso Limbs Head and torso Limbs
<0.153 353 118
0.153-20 54.3/f
20-759 2.71 0.904
759-3350 206 1/f 637/f
<10.7 353 353
10.7-3350 3790/f 3790/f

* For nonuniform fields, limits apply to the maximum field on the body

[EEE, Institute of Electrical and Electronics Engineers; Hz, hertz; mT, millitesla; f, frequency in hertz

Nonuniform Fields

The IEEE Standard MPE levels are given in terms of uniform, single-phase fields over the body or a portion
of the body. For nonuniform fields, the standard specifies that the maximum field on the body is to be
compared with the MPE level. Most realistic magnetic field exposures at fields near guideline levels are not
uniform. Comparing the highest measured field over the body with the MPE levels for uniform fields may be
overly conservative; that is, exposure in measured fields that exceed MPE limits may not exceed the basic
restriction. Evaluation of nonuniform magnetic field exposures can determine whether the basic restriction
on the in situ electric field is in fact exceeded for such exposures. °

Electric Fields

Basic Restrictions

For electric field exposure, the thresholds for sensing contact currents and spark discharges and perceiving
the field occur at much lower electric field levels than do the thresholds for direct electrostimulation. The:s,
the MPE levels for electric field exposures are determined by sensory responses to external conditions rather
than by an internal response to induced electric fields. :

The short-term effects that electric field limits seek to avoid are annoying field perception, painful spark
discharges, and aversive or painful contact currents. The currents and spark discharges can occur when an
ungrounded person standing in an electric field touches a conductive path to ground. Field perception is
enhanced when a person situated in an electric field is also well grounded.

Empirical data are available for the external conditions under which aversive shocks from spark discharges
and contact currents and annoying field perception take place. *™* The MPE levels for electric field
exposure at 60 Hz are derived directly from the external field levels below which spark discharges are not
aversive. These conditions apply to a person standing upright in a uniform, vertical field. Above 282 Hz for
controlled environments, and above 368 Hz for general-public environments, the contact current MPE levels
are the basis for setting MPE levels for electric fields.

In controlled environments, spark discharges can be mitigated through the use of appropriate work clothing,
grounding measures, and other work practices, allowing the MPE level to be increased to 20 kilovolts per
meter (kV/m). At this level, however, field perception is also a consideration: 50 percent of standing adults
perceive the field, and about 5 percent experience annoying sensations on the body caused by hair vibration.
The 20-kV/m limit can be exceeded in controlled environments if no ground is within reach.
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Maximum Permissible Exposures

MPE levels tor whole-body electric field exposure are given in Table 2 as a function of frequency. The MPE
level for 60-Hz uniform electric field exposure in a controlled environment is 20 kV/m. The MPE level for
the general public is 5 kV/m. except on transmission line rights-of-way, where the limit is 10 kV/m.

Table 2. IEEE uniform electric field maximum permissible exposure levels '

Frequency, Hz Exposure Limit, kV/m
Controlled Environment * General Public *
<1 220° = 5F
1-272 [368]" 20 5°
272 [368]°-3000 5440/f 1840/f
> 3000 1.813 0614

* For nonuniform fields, limits apply to the average field over the body
® On power line rights-of-way, the recommended limit is 10 kV/m

¢ Limits below | Hz are not less than those at 1 Hz

4272 Hz for controlled environment; 368 Hz for general public

IEEE, Institute of Electrical and Electronics Engineers; Hz, hertz; kV/m, kilovolts per meter; f, frequency in hertz

Nonuniform Fields

The IEEE Standard MPE levels would apply directly to electric field exposures under transmission lines,
where the fields are uniform. However, in nonuniform fields on or near grounded structures, spatial
averaging over the body is used to determine whether the MPE level is exceeded.

Contact Currents

The IEEE Standard also establishes MPE levels for contact currents that occur when an individual touches a
grounded object when standing in an electric field. These limits are independent of frequency between 0 and
3000 Hz. The MPE levels for contact currents in controlled environments are 3 milliamperes (mA) and

1.5 mA for grasp and touch contacts, respectively. The MPE level for the general public 15 0.5 mA for a
touch contact. (Grasp contacts do not apply to the general public.)

The contact current limits, and hence the electric field MPE levels, apply only to an ungrounded person
touching a grounded conductor, and may not protect a grounded person touching large conductive objects
that are insulated from ground. Limits on 60-Hz contact currents due to electric field induction on large
objects located under transmission lines are established in the National Electrical Safety Code (NESC). ’

EPRI Comments
Occupational Exposure

The 60-Hz magnetic fields in certain power company work environments can on rare occasions exceed the
MPE levels and TLVs® cited in the IEEE, ACGIH, and ICNIRP guidelines. """ However, the generally
nonuniform nature of these magnetic fields makes the likelihood of noncompliance much less probable. ° In a
nonuniform field, the in situ electric field may fall below the basic restriction after ac:ounting for spatial
variation of the field over the entire body. The nonuniform fields associated with realistic €Xposures in power
company environments also make the exceedance of the more stringent basic restriction of

10 milliamperes per square meter (mA/m?) found in the ICNIRP guidelines unlikely .
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Exposures to electric fields in the electricity industry will generally be below the IEEE Standard MPE level
of 20 kV/m. However, exposures for workers climbing towers near conductors at S00 kV or higher can result
in whole-body average fields above this level. In these cases, body orientation with respect to the field may
mitigate field perception and spark discharges relative to those experienced when standing in a vertical field.
For performing bare-hand maintenance on high-voltage transmission lines, work practices generally require
the wearing ot hooded conducting suits and gloves as shielding.

Fields enhanced by corona-generated ions near high-voltage direct-current (HVDC) lines can sporadically
exceed 20 kV/m. "> The IEEE Standard specifies a minimum MPE level (based on the occurrence of spark
discharges) of 20 kV/m for electric fields below 1 Hz. Below 1 Hz the MPE level can be increased if the
leakage resistance to ground of an individual standing in the field mitigates spark discharges. This provision
would generally allow the high static electric fields found under HVDC transmission lines to comply with
the IEEE Standard.

General-Public Exposure

The magnetic fields in spaces accessible to the general public are very unlikely to exceed the 60-Hz MPE
level of 0.9 mT (9 G) cited in the IEEE Standard. Similarly, static magnetic fields near power facilities are
very unlikely to exceed the static field limits established for the general public under this guideline.

The IEEE Standard explicitly increases the general-public MPE level for 60-Hz electric fields from 5 kV/m
to 10 kV/m on transmission line rights-of-way. Exposure of the general public would not exceed the MPE of
10 kV/m, except in limited areas under some 765-kV lines.

Public use of HVDC transmission line rights-of-way could result in exposures to static electric fields above
20 kV/m. However, realistic leakage resistances make it unlikely that such exposures would exceed an MPE
level based on potential spark discharges.

Summary

The [EEE Standard represents a clear advancement in the development and documentation of exposure
guidelines in the designated frequency range. This advancement is accomplished by (1) assuming that the in
situ electric field is the principal physical parameter defining the interaction of fields with the human body;
(2) accounting for different interaction thresholds at specific locations in the body; (3) using the lowest
demonstrated internal or external field threshold for interaction as the determinant of MPEs; (4) explicitly
documenting the extrapolation from sensory responses such as field perception associated with external
electric field and current exposures to the electric field MPE levels; and (5) introducing empirically based
adjustments to thresholds to account for uncertainties,

Implementation of the IEEE Standard is expected to have minimal impact on current electric power company
practices. One possible exception is that the design of 765-kV lines might need to be changed to meet the 10-
kV/m limit for general-public exposure on rights-of-way. On the other hand, implementation of the ICNIRP
guidelines, which specify lower MPE levels for both occupational and general-public exposure, could have
an impact on transmission line design, work practices, and right-of-way management. "’

For a comparison of IEEE guideline limits with those set by ICNIRP, * ACGIH, * the NRPB, 3 and the
European Union, '® which recently adopted ICNIRP limits for public exposure, see Table 3, below.
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Table 3. Comparison of exposure guideline limits for 60-Hz fields and contact currents

IEEE ICNIRP ACGIH NRPB EU
2002 1998 2000 1993 1999
Occupational
Electric Field, kV/m 20 83 25 12 NA
Magnetic Field, mT 2.71 042 1.0° 13 NA
Contact Current, mA 1.5 1.0 NA 1.0 NA
General Public
Electric Field, kV/m 5 472 NA 12 472
Magnetic Field, mT 0.904 0.083 NA 1.3 0.083
Contact Current, mA 0.5 0.5 NA 0.5° 0.5

* For persons with cardiac pacemakers or other medical electronic devices, the limit is 0.1mT.
*For children. The limit for adults is 1.0 mA.

IEEE. Institute of Electrical and Electronics Engineers; " ICNIRP, International Commission on Non-lonizing
Radiation Protection; * ACGIH, American Conference of Governmental Industrial Hygienists ; NRPB, National
Radiological Protection Board, P EU, European Union; ' kVim, kilovolts per meter; mT, millitesla; mA,
milliamperes

For further technical information, please contact

e Rob Kavet at 650-855-1061 (rkavet@epri.com)
Press contact:

e Jackie Turmer at 650-855-2272 (jturner@epri.com)
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Bmoothing © OFF CH1 & ooV Bmoothing : OFF  CH1 oV Main D 0K Mede : AUTO
BW : FULL o ooV BW : PULL cHe : oov Zoom : WK

Type : EDOE CH1 §
: 00

Hald Off @ MINIMUNM

Stovoed
40 kV/m
Stopped g 2005/05/21 1504:16
CH=Z0V Sme /div
DC 1 (Sms/div)

.
.

ARRZ00S 2

=Tracel= P-P 30,40V Rmp  B.067V Avg =1.760V
High 9.600v Fr?lq 50.00Mz
i
+
1
wEiters =Offsets =Record Lengths =Trigger=
Smoothing : OFF CH1 : ooV Main 0 10K Mode : AUTO
BW @ FULL cHz : sov Zoom : 10K  Type : EDOE CH1 £
Delay : 0.0ns
Hold OFF MINDGUM

30 kV/im

10 kV/m

» .
@
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Stopped _ L 7005,/ /21 _AS0I0R2 S’"%m‘ i 2005/05/21 150018
CHI=Z0V — Sajdv | =20V : ; Sms/div
DG Wt (5ma/div) BE; o (5ma/div)

NORMZIOKS /3 NORMEZ00KS /5
+
i
+
+

'
:
eTracel= PP 57.50v | Rmp 16.18V g 4.12ev 1
High 28.00v - Freq 50.00Mz =Tracel= P-P 22,40V R 6.185V fvg  =2.004v
i i High 4.800v Freq 50.00Hz
i
= Her= =Offset= =Record Lengths =Trigger=
Smoothing : OFF CHI : oov Main 10K Mode : AUTO Fiters wOtisets 4 L -Th
D AAL H Zoom . EDGE Al G engt rigger
Lt S e o Smoothing © OFF CH1: OOV Main: 10K  Mode : AUTO
Hold OFF ©  MINIVUM BW : FULL CHZ : oov Zoom : 10K  Type : EDOE CH1 £
Nelayw N Mna
50 kV/m 20 kV/m
ste, y 2005/05/21 150750 Stopped ¥ 2005 /05 /21 150955
CH1=20V ! Sms /div CH1=20V T Sms /div
pC Wx) 1 (S /aiv) DC oMy 1 (Sms/div)
1 NORM200KS /5 1 . NORALC200KS /%
b : i :
; : \ N
. i
i H
t F|
:
+ .
¥
! 3
f i
Tracal= P-p 39,20V Ih“ 11.60v) Avg -285.0mV | lsTraceis pP—p 12, 80v R 3. samv
7 . Migh 15.20v . Freq 50.25Hz A High 2.400v Freq  50.00HZ
3 i H -
t 1
b *
1 4 ) (-1 1
'H.".' -.:m-u -n-c-c_: Length= _-:”w- Filers =Of fset= =Record Lengths =Triggers
w""'.'m'"" o gg 5 m m". : T -y EDCE Cn F Smoathing : OFF  CHI : nov Maln I 10K Mode I AUTO
" X . box aor BW : FULL CHZ oov Zoom @ 10K Type : EDGE CH1 §
i MINDAU Delay : 0.0ns
oot | i Hold OFF @  MINIMUM
40 kV/m 10 kV/m
Stopped ] 2005 /05/21 150834
CHI=20V . Sma/div
DC 1T i (Sms/div)
. NORMZODKS /3
AN, |V RN .
!
: : 1
=Tracels P—P 29,60V Rmp  8.915v Avg -1.660V
P High 9.600v Freq 50,254z
=Filers =Offset= =Record Lengths =Triggers
Smoothing : OFF CHI oov Main 106 Mode : AUTO
BW  FULL CHZ ooV Zoom @ 10K Type : EDOE CH1 £
Delay © 00ns
Hold OfF MINDMUM

30 kV/m

’ " (9 ¢ S 4
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2005/05/21 1516238

16,40V

Sma/div
(5ms /div)
NORMCZ00KS /5

217

Stopped 2005/05/21 151250
CHImZ0V Sms /div
pC 1T (3ma/av)
NORMEZ00KS /8

3

%

=Tracel= P-P 55,209 R fvg 5.154v =Tracel= P-P 24,00V Rmb 6.399v Avg -2.065V
High 26.40v _Freq  50.00Mz i High 5.600V Freq 50.00Hz
=Fiter=s =Otfset= =Record Lengths =Trigger= =Filer= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 @ 0.0V Main . 10K Mode : AUTO Smoothing : OFF CH1 @ ooV Main : 10K  Mode : AUTO
BW © FULL oz - ooV Zoom @ 10K Type : EDOE CH1 £ BW : FUAL CHZ : oov Zoom @ 10K Type : EDOE CH1 #
Delay : 0ons Delay : 0.0ns
Hold Off : MINIMUM Hold OFF MININMUM
50 kV/m 20 kV/m
Stopped 3 2005/05/21 1571448 Stopped 4 2005/05/21 151158
CHI=20V . Sms/div CHiw20V + Sms /div
oC W1 f (Sms/div) oC 11 1 (5ms/div)
1 NODMEZ0(KH /5. i + NORM200KS /s
Joeee i
! 1
# ‘ ;
3 B’

fvg -1.808v

e

e S

¥
m=Tracels P-P 41,60V Red 11,62V Avg -348. 9w
High 15,80V . Freq 129.oMz - : i
: ;
wFiters =Offsetn =Record Lengthe =Triggers
Smwothing : OFF CH1 oov Main © 10K Mode ! AUTO
BW @ FULL oz ooV Zoom : 1K  Type : EDOE CH1 §
3 fons
Hold Off ©  MINDAUM
40 kV/m
Stopped 3 2005/05/21 151331
R
CHI=20V - Sms /div
DC X1 T (Sms /div])
t NORM200KS /S

|=Tracel= P—P 30,40V Rmp  8.817V Avg -1.847V
: High 9.600V Freq 50,.25Hz
i
it
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 @ oov Main 10K Mode @ AUTO
BW © FULL oMz ; ooV Zoom @ 10K Type : EDOE CH1 £
Delay : 0.0ns
Hold Off MINDUM

30 kV/m

=Tracel= P-f 13,60V Rm  3.704v
High 1.600¥ . Freq 50,00Hz :
wFiters =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH) ! 0.ov Main I 10K Mode : AUTO
BW : FULL CH2 : 0ov Zoom : 10K  Type : EDGE CH1
10 kV/m

» [
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v

Stopped 2005/05/21 1544102
CH1=ZDV Sms /div
oc 1K1 (5ms/div)
NORMCZO0KE /5

Stopped 2005/05/21_15:41:23
© CHIm20V Sms /v
oA T3] (5ms/div)
NORM200KE /o

F R T = .}

:
I v: . A
e G e D e
i
I : }
mjracel=s P-p 59,20V Rm§ 40, 45 Avg 36,14V =Tracels P—§ 28,00V B R} 7.920v Aavg 360 . D
High B2.40V L freq____.'!ll_._nmz__ 3 % B H!gl} VI.QIIIN 3 Fraqr Sn.ﬂmz
=Fater= =Offset= =Record Lengths =Trigger= =Fllers =0fFset= =Record Length= =Trigger=
Smouthing : OFF CH1 : ooV Main ! 10K Mode : AUTO Smoothing © OFF GH1 : ooV Mam © 1K Mode : AUTO
BW : FULL CHZ oov Zoom @ 10K Type : EDOE CHt 4 BW . FULL CHZ © o.ov Zoom O Typc'_mclltf
Detay : 00ns Delay : 0.0ns
Hold Off MINTMUSM Hold OFff : MINIMUM
50 kV/m 20 kV/m
Stopped ] 2005/05/21 15:42:43 Stopped 2005/05/21 154045
CHI=20V I Sms/div CHI=20V 5ms /div
DC 101 b (5ms fdiv) DC 11 © (smsydiv)
= i NORMZ200KS /s

AOP TS/

FRPRNE TSP RN S

. A 1 : : H
=Tracels P-P 15,20v Rmp 4.744y Avg -1.743Y
St PR, BO0Y) M7 ( FRhg  52:0DHZ -
4 i N s T
i
=fFiters =0ffset= =Record Length= =Triggers
Smoothing . OFF CH1 ooV Main I 10K Mode . AUTO

BW [ FULL cH2 ooV Zoom @ 10K Type : EDGE CH1 §

=Filter= =0Offsets =Record Length= =Triggers
OFF CH1 : ooV Main : 10K  Mode : AUTO
BW : FULL CH2 0.0V Zoom : 10K Vype : EDGE CH1 4
Delay : 0Ons
Hold OFf !  MINIMUM
40 kV/m
Stopped i 2005/05/21 15:41:56
[ cHi=z0v Sms/div
oCc ;1 - (5ms/div)
NORM200KS /5

i I o BYR S

R

a ¥

+

High 16.00vV

[ares

=Tracels P-p 37,60V . Rmp 10,28v - Avg  4.889V
Freq 50;00Hz :
!

=Fiters =0ffsel= =Record Lengths
Smoolhing : OFF CH1 o.ov Main
BW @ FULL CH2 : ooV Zoom

=Trigger=

106 Mode : AUTO

10K Type : EDGE CH1 £
Delay : 0.0ns
Hold OFF : MINIMUM

30 kV/m

10 kV/m

» »
or =4
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Stopped o
CHI=20V
oc i

Ao

00 /U /21 154754

Sma /div
(Sma/div)
NORM200KS /3

e it

Stopped y 2005/05/21 155100
CHI=20V } Sma fdiv
i (5 /div)
+ NORM200KE /2.
A
+
i
}
| 1
gl s e
=Tracels P-p 52.00v Rwm} 42.00v frvg 39.22v
High 59.20v Freq 50.00Mz
=Fter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ooV Main 0 1K Mode : AUTO
BW @ FAL cHZ : oov Zoom : 10K Type : EDGE CH1 §
Delay : 0.0ns
Hold Off MINIMUM
50 kV/m
Stepped | 2005/05/21 15:49:39
CHIm20V I Sms/av
oc 1K1 i (Sms/div)
NOGAE2U0KE )
B

¥
. I
¥ 1
1
sTracels P-p 46,40V Rmp 27,33V Avg  23,92v
High 44i80v Freq 50.25Hz
=Fiters =0t fsetw =Record Length= =Trigger=
Smosthing : OFF CH1 : ooV Main @ 1K Mode © AUTO
BW [ FULL cH2 : oov Zoom : 10K  Type : EDGE CH1 F
Delay : 0.Dns
Hold Off @  MINIMUM
40 kM/m
Sto, q 2005/05/21 15:48:37
CHI=ZOV 1 Sms /div
DC 1E1 1 (Sms/div)
] 1 NORM200kS /5

=Traceis

P-P  33.60V 12.07v fvg  B.402V
_High 21.60v  Freq 50,004z
1
|
' -
=Filter= =Oftset= =Record Length= =Trigger=
Smoothing : OFF CHI : oov Main © 1K Mode | AUTO
BW @ FULL CHZ : oov Zoom : 10K

Type : EDGE CH1 £
Delay :
Hold OfF -

0.0ns
BINTMUM

30 kV/m

S2ULHTEUIIANAN AUATTIA 50 %.1. NAADUASI

=lracels P-p 271,207 R 7.088Y RAvg 2.723v
High 9. 600V Freq 50.00Hz
=tilers =Otfset= =Record Lengths =Triggers
Smoothing © OFF CH1 : oov Main 0 Mode . AUTO
BW @ FULL o 0.0v Zoom : 1K  Type : EDOE CH1 £
Detay D.0ns.
Hold 011 MINIMUM
20 kV/m
Stopped 3 2005/05/21_15:47:07
CH1=20V + Sma/div
DCc 101 1 (5ms/div)
N MORCINE/S
™ '
I{ T
=Tracel= P-p 15,20V Rmp  4.030% Avg -1.574v
High 3.200v Freq 50.00Hz .
=Fillers =0ffsets =Record Length= =Triggers
‘Smoothing : OFF CH1 : 0.ov Main @ 10K Mode : AUTO
BW @ FULL CH2 : o.ov Zoom : 10K Type : EDGE CH1 4
Delay : 0.0ns
Hold OFff :  MINIMUM
10 kV/m

¥
as
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Stopped q S /05/21 155651 Stopped o 3 2005 /05/21 155420
e : el CHi=20V o Sme/div
oC 101 ; (5ms/div) pC 101 ; (Sms /div)
t : NORMZO0KS /5.
+
' '
e T
; !
R R TR RS
=Tracel= P-P 53,60V Rmbp  42.22v avg 39,35V
High 60.00v Freq 49.75Hz
: =Tracel= P-P 26,40V Rmf  6.748Y fAvg  2.192v
: High 8.800V Fréq 50,00Hz
=Fiters =Offset= =Record Length= =Trigger= :
Smoothing : OFF CHI : nov Main @ 10K Mode : AUTO t
BW | FULL cHz2 oov Zoom @ 10K Type . EDGE CH1 £
Detay : 0.0ns =Filter= =Offget= =Record Lengih= =Trigger=
Hold Off : MINIMUR Bl\‘mlhl'lg : OFF CH1 : oov Main 10K Mode : AUTO
50 kV/m 20 kV/m
Sto, 3 2005/05 /21 155553 Sto 3
pped 3 2005/05/21 15511
CHI=20V t © - Sms/div CH1=20V + 5ms /div
DC w1 I (5Sms/div) pc 1 X . (Sms/div)
i NORMZ200KS /s : NORM200KS /s
In 3 ¥ I
e e S S e e R Y - .
1
i - i
,,,,,,,,,, ,[ ; i
15 4
s 1 -
=Tracel= PP 47,20V Rm 28,05v - Avg 24,97V =Tracels PP 15,20V Rmb 4121V Avg —1.434V
_High 44.80v Freq  50.00Hz __High 3.200v Freq 50.25Hz
! I
i 3
1 4
I
=Filters =Offsetm =Record Length= =Trigger= =Fiterm =Offselw =Record Lengths =Trigger=
Smoothing : OFF CH1 : ooV Main © 10K Mode : RUTO Smoothing : OFF CH1 ; 0oV Main : 10K  Mode : AUTO
BW @ FULL CHZ : nov Zoom : 10K  Type : EDGE CH1 £ BW ! FULL CcH2 : oov Zoom : 10K  Type : EDGE CH1 &
Delay : 0.0ns Delay : 0.0ns
Hold Off :  MINIMUM Hold OFf :  MINIMUM
40 kV/m 10 kV/m
Stopped 3 2005/05/21 1555:10
CHI=20V 4 5ms /div
DC 101 bt (Smsydiv)
1 + NORM200KS /5

In +
s g
+
:
t
1
=Tracel= P-p 33,60V Rté 12,84Y Avg 8.808Y
~High 20.80v Fr‘eq 50, 00Hz
H +
+
t
+
=Filter= =0ffsel= =Record Length= =Triggers
Smoothing : OFF CHI1 : oov Main @ 10K Mode @ AUTO
BW  FULL CHz2 : o.ov Zoom [ 10K Type . EDGE CH1 4
Delay © 0.ons
Hold OFF MINIMUM
30 kV/Im

»
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Stopped Ll 2005/05/21 183821 Stopped 4 2005 /05721 182245
CHI=S0V Sms /div CHImZOV + Sanves Jaliv
[Tt 3] 1 (5ms /div) DC 11 i (Sms/div)
¢ NORM200kB /5. - NORM2KS /5
T ' i ‘.
1 4
sfewssvsansnbasenbosrmmaaad] | | s s s sl il
I i
4
In v i +
ad . G B N | <R LI VO (N (SRR W T S oo
i Tl 1
; \ i
B = I S I RUST RIS + b ¥ :
'Y T + d
T i
I i
=Tracel= P-p  78.00v Red 58,34V Avg 54,75V =Tracels P-p 31,20V RmB  B.52aV Avg  3.76av
High 80.00v Freq 50;00Hz : High 13.60V Freq 50;00Hz ;
L b i D D = Mt o B
I i
i ¥
3 1
=Fiter= =0ffset= =Record Length= =Trigger= =Filter= =0ffsel= =Record Length= =Trigger=
E’lmlh.vg D OFF CH1: 0.0v Main 0K Mode | AUTO Smoothing : OFF CH1 ooy Main 10K Mode : AUTO
BW : FULL CHZ : o.ov Zoom @ 10K Type : EDOE CH1 £ BW @ FULL CH2 : ooy Zoom © 10K Type : EDGE CH1 &
Detay : 0.0ns Delay : 0.0ns
Hold OFf :  MINIMUM Hold OFf :  MINIMUM
50 kV/m 20 kV/im
Stopped g 2005/05/21 183718 Stopped 4 2005/05/21 182219
CH1=20V 1 L Sms/div CH1=20V Sms/div
DC 101 1 . (Sms/div) oec 101 . (5msydiv)
< NORMZ200kS /s NORM200kS /s
™~ i By ¢ o EOUSO . VR ). Wb ' . S A oo .
i
+
| |
T

T
+
T
Q.4 : J... . B ANAAAETENA L8 o AN . . . -
=Tracel= P-P 66,40V Rm 22,35V Avg =Tracel= P-P 1840V
: High 45.60V Freq 50:00Mz - : High 4&.p00Y
=Fiter= =0ffset= =Record Lenglh= =Trigger= =Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 @ ooV Main I 10K Mode : AUTO Smoothing : OFF CH1 ooV Maln ! 10K Mode : AUTO
BW | FULL CH2 o.0v Zoom © 10K Type : EDOGE CH1 £ W o FULL CH2 : ooV Zoom : 10K Type : EDGE CH1 #
Delay : 0.0ns Detay : 0.0ns
Hold OFf ©  MINIMUM Hold Off ©:  MINIMUM
40 kV/m 10 kV/m
Stopped | 2005/05/21 18:24:17
CHI=2Z0V ' Sms /div
oC 1001 . (Sms/div)
'NORM200KS /s

! . s
=Tracels P-pP 43, 20v Rmil 16.37v Avg 12,48V
High 25,60V Freq 50.00Hz :
i
i
1
=Fiter= =0ffsets =Record Lenglh= =Trigger=
Smoothing : OFF CH1 : ooy Maln 10K Mode : AUTO
BW  FULL cHz : ooV Zoom © 10K Type : EDOE CHY F
Delay : O.0ns
Hold OFf ©:  MINIMUM
30 kV/im
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Stopped ==
CHI=50V

DC 1001

A

T i e g

el

4
"y e o T e e e T S

2005/05/21 184

~ 5ms/div
(5msu/div)

NORMZI0KS /5

tJ
t2
rJ

Stopped | 2005/05/21 182903
CHI=20V : Sma /div
pC MKl 1 (5ms /div)
- ' NORM200KS /8
In +
!

e Tracels Pob  T8.B0V R 57,35V avg 52,78V =Tracets p-p 30, 40V Rw  B.506Y fvg  4.094V
-~ High B4.00V Freq S0.2%Mz High 12.80v freq S0:0miz
=Fiters =Offsel= =Record Lengths =Trigger= s ey oocd Lenge -m*r“i')"-
Smoothing : OFF  CHI : oy Mais :  Inc  Made > UTO ey coHz - 00V  Zoom : 10K Type : EDGE CHI 4
BW : FULL cHz : 0.0V Zoom : 10K  Type : EDGE CHI £ Dor: - A
Detay : 0.0ns Hold OFF :  MINIMUM
Hold Off ©  MINIMUM )
50 kKV/m 20 kV/m
Stopped b 2005/05/21 184412 Stopped 3 2005/05/21 182813
CHI=SGV : Sms/div CHI=20V : Sms/div
pC 101 x (5ms/div) DC 1001 1 (5ms/div)
: NORME200kS /5 o : NORM200KS /5
. 3 T i 3
b b :
1 1
+ 1
: !
n - 3 . s
N
i f./\..,'f\\ bt ..hﬁf\ ; : .J
e : ] :
) ' 4 weriaete
aTracels P-P 56,00V AmE 21,44V Avg 14,08V sTracel= P-Pp 16,00V 4.748v Avg -1.938V
High 36.00V Freq 50.00Hz i High 4.800vV Freq 50;00Hz i 2
. ! A 'Pq_P0i0
: | : :
T
t
=Filer= =0ffsels =Record Length= =Trigger= =Fiter= =Offsel= =Record Length= =Trigger=
Smoothing : OFF CHI1 : 0oV Main : 10K Mode ! AUTO Smoothing | OFF CH1 : 0oV Main : 10K  Mode : AUTO
BW © FULL oz : oov Zoom : 10K  Type : EDOE CH1 & BW : FULL cHz : ooV Zoom : 10K  Type : EDGE CH1
Frndan i R = i
40 kV/m 10 kV/m
Stopped 3 2005/05/21_18:29:31
CHI=20V : Sms/div
pC 101 : (5ms /Giv)
: NORM200KS /5

=Tracels P-p 40,80V Rmp 17,78V Avg 14,18V
High 28.00v Fl"Eq 50.00Mz
=Fiter= =Oftsets =fecord Lenglhe aTriggers
M*UZWF CHI ooV Main 10K Mode | AUTO
BW : FULL cHZ oov Zoom @ 10K Type : EDOE CH1 #
Delay : 0.0ns
Hold Off : MINIMU
" 0 [ 4 u‘:
30 kV/im SLULHNTENIANAN NUNT1IA 60 .1, NATOUA
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Stopped B 2005 /05 /21 _1R4LAR
CHI=50V Sma /v
DC (5ms /div)
NORM:Z00kB /8

PRI S AT SRS <]

Stepped
CHI=20v
nc oo

2005/05/21 183505

e bttt b b ot e

5me / div
(5 /div)
NORM2I0KS /5

3
T S

B e T e

}
i
}
e
1
i
3
: : -
=Tracel= P-P 56.00V Rmbs 16,68V fAvg 9.913v
High 28.80v Freq 62.89Hz
1
T
+
=Fliter= =0ffsetm =Record Lenglh= =Trigger=
Smoothing : OFF CH1 : o.ov Main @ 10K Mode @ AUTO
BW @ FULL CH2 : oov Zoom @ 10K Type : EDGE CH1 4
Delay : 0.0ns
30 kV/m

) ' o s S
FTUTHUINTEHINAUNAN NUNTIIA 60 F.U. NATOUAIING

; e e
L B
i i
: , i
=Tracel=s P—P  75,00v Rmp  58,76¥ - Avg 55,857 1
High 80,00V Freq 49,75Hz =Tracel= P-P 29,60V Rm§  B.095V Avg  685.0mV
1 High 11.20v Freq 50,00Hz : 3
T T
i +
3
3
=fBler= =Oftsel= =Record Lengih= =Trigger=
Smoathing @ OFF CHI oov Main @ 10K Mode : AUTO =Filter= =Offsel= =Record Length= =Triggers
BW @ FULL CH2 - 0.ov Zoom : 10K  Type : EDOE CH1 4 Smoothing ¢ OFF CHI @ oov Main : 10K Mode : AUTO
50 kV/m 20 kV/m
Stopped 3 2005/05/21 184304 Stopped | 2005/05/21 183359
CHI=50V it : Sms/div CH1=20V 3 Sms /div
pC 11 1 © (smsydiv) DC 101 I (5ms/div)
1.4 POEM00S /2. o Y NOFO200K 5 /6
T : : ?
! . ]
iF A e e BN P 2.1 !
1 5 ; 1
: i 1
In T M i
f ........... } 2
t : : 4
4 i
7 : f/ i
% 1 LS 3 J
1 o : !
1T 1
Ta T
T o
1 1
1 '
¥ Soma i
1 : ] : :
=Tracel= P-P 60,00V Rm 22,00V - Avg 14,24V =Tracel= P-P 16,80V Rmp  4.308V Avg =-1.255V
High 38.00v Freq 50:00Hz : : High 3.200v Freq 50.004z - .
‘ + i
t i
1 T
2 3
=Filter= =Offset= =Record Lengths uTrigger=s =Fillers =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 oov Main @ 10K Mode | AUTO Smoothing : OFF CHI : oov Main © 10K Mode : AUTO
RW * FIRI Y nm Fnom ¢ K Tune * FIWGF 41 K BW : FULL CH2 : ooV Zoom @ 10K Type : EDGE CH1 £
40 kVim
10 kV/m
Stopped 3 2005/05/21_18:47:17
CHI=20V { Sms /div
DC 10:1 1 (Smsydiv)
b : 1 NORM200KS /5




jae]
rJ
=y

mStopped

q 2005/05 /21 165730

CHI=20V
DC oW

m3topped

Praerer st kD

N 2005 /05 /21 165322
CH =20V Sms /div
[ oaR T3] (ms /aiv])
NORM200kS /8

¥ \...1'{ !
. it
j i
i
1
: ! ]
=Tracei= pP-—pP 87,20V Rmj 33,94V Avg 28,38V =Tracels P-—p  28.00v Hmp 7.465Y Avg 2.913v
_ High 54.40v _ Freq 50,004z High 1040V Freq 50.00Hz
: t i ;i
T
.......... g
=Filter= =Offsel= =Record Length= =Trigger= =Fliler= =Oftsel= =Record Lenglh= =Triggers
Smoothing © OFF CH1 © 0.0v Main 106 Mode : AUTO Smoolbing : OFF CH1 : Man 10K Mode : AUTO
BW : FULL CH2 : nov Zoom @ 10K Type : EDGE CHY £ BW : FULL CHZ : oov Zoom @ 10K Type : EDGE CH1 £
Delay : 0.0ns Delay 0.0ns
Hold OFF @  MINIMUM Hold OFf ©  MINIMUM
50 kV/m 20 kV/m
1 Stepped 2005/05/21 1657207 w Stopped 3 2005/05/21 16:52:25
CHI=20V g 5. CHI=20V Sms/div
DeC 1001 (Smsdiv) DC 101 (5ms/div)
i NORKEAMSLs NORM200KS /5

i o e i gl

=Tracels P-p

B e e e

B e

Avg -1.749v

15;20v Rwis  4.282V
High 4.800V Freq 50.00Hz ~
=Fiter= =0ffset= =Record Length= =Trigger= =Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CHI1 @ o.ov Main : 10K Mode : AUTO Smoothing : OFF CH1 : 0oV Main i 10K Mode @ AUTO
BW : FULL cHZ : ooV Zoom : 10K  Type : EDGE CHI £ BW @ FULL CHZ : ooV Zoom : 10K  Type : EDGE CH1 £
Delay © 0.0ns Delay : 0.0ns
Hold OFf :  MINIMUM Hold OFf :  MINIMUM
10 kV/m
40 kV/m 3
. Stopped 2005/05/21_16:54:31
CH1=20V Sms /div
DC 101 (Sms/div)
f NORM:200KS /S

36; 80V

Rmk 11,45V

=Tracel= P-P : Avg 5.806V
2 High 1B.40V Freq 5D:00HZz :
=Filler= =0Offset= =Record Lenglh= =Trigger=
8moothing : OFF CH1 : oov Main I 10K Mode : AUTO
BW [ FULL CHz2 : 0.o0v Zoom 1 10K Type . EDOGE CHY 4
Delay 0.0ns
Hold OfF MINIMUM

30 kV/m

FTUSHINTENIN Box 40 .3, NATOUATIN 1
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N

mStepped wSlepped i - 2005/05/21 17:00:27
CHI=Z0V CHI=20V . Sms /div
oC w1 DC 101 i (Sms/div)
i NORMZ00KS /5
i
+
}
4
1
i
i "
1
i
i
=Tracel= P-P 64,00V Rmb 31,14 Avg  24,79¥ =Tracels P-P 27,20V Rmp  7.p14V Avg —186.4mv
High 50:40V Friq 50, 00HZ : : : High 8.800V Freq 50,00Hz :
...... e o) i W oy aodt ; o :
=Filter= =Offgets =Record Length= =Trigger= wFiters =0Offsel= =Record Length= =Triggers
Smoothing : OFF CH1 o.ov Main . 10K Mode 1 AUTO Smoolthing : OFF CHI1 : ooV Main @ 10K Mode @ AUTO
BW : FULL CH2 : ooV Zoom : 10K Type : EDGE CH1 # BW @ FULL CHZ : o.ov Zoom @ 10K Type : EDOE CH1 £
Delay : 0.0ns Delay : O.ns
Hold OFFf :  MINIMUM Hold OFf :  MINIMUM
50 kV/m 20 kV/m
St 2005/05/21 170324 . Stopped 4 2005/05/21 165900
CHI=20V Sms/div CHI20V © Sms/div
DC 11 (Sms/div) Dq i (5ms/div)

ms!s

=Tracels P-P 48,80V

p-p

NoPsL00H /8.

Avg =1.983v

Rmj 17, 27v RAvg 8.923v =Tracels Rm; 4.133v
High 2880V _ Freq 50,00Hz : x 3 High Frrq 50.00Hz
: : : 1
1
=Filer= =0Offsel= =Record Length= =Triggers =Filers =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ooV Main @ 10K Mode : AUTO Smoothing : OFF CH1 ! o.ov Main I 10K Mode © AUTO
BW : FULL cH2 : ooV Zoom @ 10K Type : EDOE CHT £ BW : FULL cHZ : 0.0V Zoom @ 10K Type : EDGE CHY &
Delay : 0.0ns Detay : 0.0ns
Hold OFf : MINIMUM Hokd OFF : MINIMRMA
10 kV/Im
40 kV/m
1. Stopped 3 2005/05/21 17:01:30
CHi1=20v 5ms /div
DC 101 (Smsydiv)

. NORM:200KS /5.

=Filler= =Offsel=
Smoothing : OFF CHI | ooV
BW [ FULL CH2 ; ooV

=Record Lengthm
Main 10K
Zoom 10K

=Trigger=
Mode @ RUTO
Type : EDGE CHI &
Delay :
Hold OfF :

0.0ns
MINIMUM

30 kV/m

¥
s
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1n Stopped | 2005705721 171245 nSlopped y 2005/05/21 170846
CHI=Z0v ; Sma/dlv CHImZ0V + S /i
DC 1001 b (5maydiv) DC 0 i (Sme/div)
:  NORME200KE /8. 1 NORMZTNIKH /5
t : i
i :
4 +
: !
T
t :
; i
bt 'y
+ i
+ -
i i
1 -
I i
mTracel=s P—P 75,20V RII'? 30,20V Avg 22,57V =Tracels P-pP 28.00v Rmb 7.1y Avg -471.9mV
High 52,00V Freq 50.00Hz - : High B.000V Freq 50.00Hz
i : : b i
: i
! I
=Filler= =0ffsel= =Record Length= =Trigger= =Fillers =0Oftaels =Record Lenglh= =Trigger=
Smoothing : OFF CH1 @ 0.0V Main 10K Mode @ AUTO Smoothing : OFF CH1 | 0.ov Main 10K Mode : AUTO
BW @ FULL cHZ : o.ov Zoom : 10K Type : EDGE CH1 £ BW : FULL cHz : o.ov Zoom : 10K  Type : EDGE CH1 &
Delay ! 0.0ns Detay : O.0ns
Hold OFF MINIMUM Hold Off :  MINIMUM
50 kV/m 20 kV/m
. Stopped 3 2005 /05/21 171131 o Stopped y 2005 /05721 170752
CHI=20V + : Sms,/div CH1=20V B Sms /div
pC 1001 .3 P (smsydiv) oC 1001 (Sms/div)
: 4 L NORMZKS /5 e B e R R
........................
I
:
W.a N
: 1
\_/ !
T
..... - g : : :
aTracelms P-P  47.20V RmE  16,29Y ©  Avg 9.6V =Tracel= P-P 16,00V B 4.320v Avg =1.346V
High 25.60v Freq 50,00Hz & : : : High 4. req  50.00Hz : :
=Filter= =0ffset= =Record Length= =Trigger= =Fillerw =0ffseln =Record Length= =Trigger=
Smoothing : OFF CH1 : oov Main © 10K  Mode : AUTO Smoothing : OFF CH1 : nov Main : 10K Mode : AUTO
BW @ FULL CHZ : oov Zoom : 10K  Type : EDGE CH1 £ BW ! FULL CH2 : o.ov Zoom : 10K  Type : EDGE CH1 &
Delay © 0.0ns Delay : 0.0ns
Hold OFf :  MINIMUM Hold OFf @  MINIMUM
40 kV/m 10 kV/m
1. Stopped q 2005/05/21 17:0836
CHI=20V T T Ems/Gv
pC 11 T i (5ms/div)
- NORM:200KS /S -
¥
=Tracel= P-P 37.60v °  Rmk 11;15V 1.179v
High 15,20V Freq 50;00Hz !
i b -
=Fiter= =0ffset= =Record Length= =Trigger=
Smoothing © OFF CH1 : n.ov Main : 10K Mode : AUTO
BW : FULL CH2 : n.ov Zoom : 10K  Type : EDGE CHI &
Defay : 0.0ns
Hold OfF :  MINIMUM
30 kV/m 3 4

FLUTHIITZNL Box 40 .1, NATDUATIN
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2005/05/21 1723109

1a Stopped
T CH1=20V

DC o

L T I S B e S LR AR

O R e e L

=Tracel= P-P 84,80v Rmj 45, 69Y Mg 38,05Y
i High 69,60V Freq 50.00Hz i )
=Fiiters =Offsets =Record Length= =Trigger=

n Stepped

2005/05/21 12028

CHI=ZDV
(LRt A

SRETR. I SRV SR ]

Smoothing : OFF CH1 o.ov Main 10K Mode © AUTO
BW : FULL CHZ : 0.ov Zoom : 10K  Type : EDGE CH1 §
Delay : 0.0ns
Hold OFF @ MINIMUM
50 kV/m
1 Stopped 3 2005/05/21 172202
CHI=20V + Sms/div
DC 101 I (Sms/div)

e

NORM200KS /5

|

sTracels P—P 61,60V
© High 4640V

P PP

RmB 27,39V
50;00Hz

Frieq

bt

v

Avg 22,04V

b
3
i
i :
=Tracel= P-P 32.80V Rmb a.828vy Avg -68%.Bmv
High 10,40V Freq  50.00Hz &
e 2
1
i
1
=Filler= =Offsel= =Record Lenglh= =Trigger=
Smoothing : OFF CH1 : 0.0v Main @ 10K Made : AUTO
BW @ FULL CHZ : o.ov Zoom @ 10K Type : EDGE CH1 £
Delay : 0.0ns
Hold OFf :  MINIMUM
20 kV/m
nStopped 3 2005/05/21 _17:20:01
CHI=20V Sms/div
DC 1001 (5ms/div)
NORM200kE /5

Bk oo b

18,40V Rms

Avg ~-1.710v

=FBlers =Offsels =Record Lenglh= =Trigger=
Smoothing : OFF CH1 : ooV Main © 10K  Mode : AUTO
BW @ FULL CHZ : ooV Zoom : 10K Type : EDGE CH1 &
: Delay 0.0ns
Hold OFF :  MINIMUM
40 kV/m
n Stopped 3 2005/05/21 1721:19
CHI=20V I Sms/div
DC 131 i 1 (Sms/div)
: NORM200KS /5

i

b b e o ook

-
+
H
i
Rmg 14,21V Avg  4.946Y
Freq 50;00Hz : :
b
i
H +
: +
1
=Filler= =0ffsel= =Record Length= =Trigger=
Smoothing . OFF CH1 : oov Main I 10K Mode © AUTO

BW [ FULL CHz2 :

o.ov Zoom

10K Type : EDGE CH1 #
Delay : D.0ns
Hold OFF :  MINIMUM

30 kV/m

=Tracels P=p 4.841V
High ‘.BHIJ‘VV H Freq 50,.25Hz
3 5 : L
=Filter= =0ifsel= =Record Lengths =Trigger=
Smoothing : OFF CH1 : 0.0V Main 10K Mode © AUTO
BW : FULL CHZ : 0.0V Zoom : 10K Type : EDGE CH1 &
Delay : 0.0ns
Hold OFf : MINIMUM
10 kV/m

¥ .
W =4
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—t

mStopped

y 2005/05/21_17:20:48

mStopped IS /U5 /20 V2538
CH1m20V Sms /div
DC Kl (Smu/div)
NORMZ200KS /5

S e

8.712v

Fep bt

=Tracel= P-P 81,20V =Tracel= P—P 32,80V Rmils 2.107v
: High 69:.60v High 12.00v Freq  50;00Hz :
wFiiter= =Offsel= =Record Lengths =Triggers =Filler= =0ffsel= =Record Lengih= =Triggers
Smoothing | OFF CH1 @ ooV Main © 10K Mode : AUTO Smoothing ;| OFF CH1 : 0.0V Main : 10K Mode : AUTO
BW I FULL CH2 : n.ov Zoom I 10K Type : EDGE CH1 £ BW :© FULL CH2 : ooV Zoom : 10K Type : EDGE CH1 4
Delay : 0.0ns Delay : 0.0ns
Hold Off ©  MINIMUM Hold Off ;  MINIMUM
50 kV/m 20 kV/m
. Stopped q 2005/05/21 _17:25:16
CH1=20V b Sms/div
DC. 101 T (Sms/div)
...................................... £\ HORMZDDKS /5
T
-3
%
:
.................... s

=Tracel= P-P  60,BOV Reb  24.10V sTraceis P-P 20,00V 5.114¥ 1 Avg ~-1.637V
1 High aso0:soOv Freq  50.00Hz High 5.600V 50.00Hz : : ;
!
=Filters =Offset= =Record Length= =Trigger= =Filler= =Offsets =Record Length= =Trigger=
Smoothing : OFF CH1 : 0oV Main © 10K Mode : AUTO Smoothing : OFF CHI : ooV Main @ 10K Mode : AUTO
BW : FULL CH2 : oov Zoom : 10K  Type ! EDGE CH1 & BW I FULL CH2 @ ooV Zoom : 10K Type : EDGE CH1 £
Delay : 0.0ns Delay : 0.0ns
Hold OFF @  MINIMUM Hold Off MINIMUM
40 kV/m 10 kV/m
m Ste 3 2005/05/21 17:26:36
CH1=20V Sms/ div
DC 101 (Sms7div)
: NORMZ200kS /s

P-p  48;40V
High 24,80V

=Tracels

=Offset=
Smoothing : OFF CHI : ooV
BW : FULL cHz : oov

30 kv/m

¥ [
SLUTHINTENIN Box 50 9.1, NATDUASIN 2
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1 Stopped

2005/05/21 173811

CHI=20V
DC A1

i e

44,50V

=Tracels P-P 96,00V Rmilz Avg 35,90V
. Migh 71.20v | Freq 50.00Hz :
=Filter= =Offset= =Record Length= =Trigger=
Smoothing : OFF CHI oov Main © 10K Mode : AUTO
BW @ FULL cHZ : 0.ov Zoom : 10K  Type : EDGE CH1 £
Delay : 0.0ns
Hold Off : MINIMUM
50 kV/m
wmStepped 2005/05/21 173721
CHI=Z0V - : T Sms/div
DC 11 (Sms/div)

Loy

mSfepped 2005/05/21 173233
CHI=20V Sms/div
oC 1001 (5ms/div)
NORM200kE /s

/LPADUL RN | TPUPIE PN |

i
I
F;
1
i
1
: 1
[=Tracel= P-P 33,60V Rmp  8.810V fvg  1.689YV
High 12,00V Freq 50.00Hz
b A
=Fiter= =0ftset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ooV Main I 10K Mode : AUTO
BW [ FULL CH2 : 0.0v Zoom 10K Type : EDGE CH1 £
Detay : 0.0ns
Hold OFF :  MINIMUM
20 kV/im
nStopped 2005 /05/21 1731353
CH1=20V Sms /div
DC 10:1 (Sms/div)

=Tracals P-p

Noroc)y

Avg -1.640V

: : : 20,00V 5.076v
aTracei= PP 640V Rmig avg '
o Wigh dsizov Freq 50,004z : Agn LAWY e
=Fiters =Off et =Record Length= =Triggers

¥ Niey NOFFeetn [ocuiblengths >rigges Smoolhng : OFF CH1: 0OV  Maim: 10K Mode : MITO
Smoothing : OFF CH1: 0OV Main: 10K  Mode : AUTO Bw - Futh C2: 00V  Zosm: 10K  Type : EDGE CHI £
BW : FULL CHZ: 0OV Zoom : 10K  Type : EDGE CH1 £ e

Delay * 0.0ns : {ne
Hoid OFF :  MINIMUM Hold (Off-.  MERIM
40 kV/im 10 kV/m
. Stopped b} 2005/05/21 173546
CHIx20V i Sms f div
DC 11 ; (Sms/div)
=Tracel= P-pP 47,20V 13,44V Avg 2.925v
© High 2240V 50004z :

=Filter= =0ffsel= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0oV Main : 10K Mode : AUTO
BW @ FULL cH2 : oov Zoom : 10K  Type : EDGE CH1 &

30 kV/m .
3
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Stopped ] 2005,/05/21 174921 nStopped q 2005 /05/21 17:4513
CH 1m0V i 5ms /div CHI=20V 4 Sms/dv
DC i (5ms /div) DC 11 1 (Sma/div)
1 NORM200KS /9 ) 1 NORM200KS /5
. +
i }
In i +
! 1
1
! !
':rl—olllalat 4.44—;.44444.%40-» e S ST B R S i,
+ s
$ 1
: 3
i 3
4 +
© : : : 1
=Tracels PP  102.0V Rmp 55,00V Avg 47,28V =Tracel= P-p 39,20V Rep 10,67V Avg  1.716V
High 8200V Freq 50,00Hz . High 1350V Freq 50,00Hz
3 1
=Fiter= =Ofset= =Record Length= =Trigger= =Fiters =0ffsets =Record Length= =Trigger=
Smoothing : OFF CH1 : n.ov Main 1 10K Mode : AUTO Smoolhing : OFF CH1 : ooV Main : 10K Mode : AUTO
BW @ FULL CH2 : 0.ov Zoom . 10K Type : EDGE CH1 & BW : FULL CHZ : o.ov Zoom @ 10K Type : EDGE CH1 £
Defay : 0.0ns Delay - 0.0ns
Hold OfF : MINIMUM Hold O#f ©  MINIMUM
50 kV/m 20 kV/m
1 Stopped 3 2005/05/21_ 174815 . Stopped g 2005/05/21 174421
CHI=20V 4 Sms/div CHI1=20V Sms /div
DC ;1 I (Sms /div) bC ;1 (Sms/div)
+ NORM200kS /s 3 NORMZ(0KS /s
. ek : ’
4
<
-
i
+:
=Tracels P-P 76,80V Rep 32,17V Rvg  23,688Y Avg -1.562v
_High 5760V Freq 50,00Hz : 1 3
E 1 5 T
i
=Filter= =0ffsel= =Record Length= =Trigger= =Fiter= =0ffsel= =Record Length= =Trigger=
: OFF CH1 : o.ov Main 106 Mode : AUTO Smoothing © OFF CH1 oov Main 10K Mode © AUTO
BW © FULL CH2 : 0.ov Zoom : 10K Type : EDGE CH1 # BW : FULL CH2 : 0gv Zoom ; 10K Type : EDGE CH1 £
Delay : 0.0ns Delay : 0.0ns
Hold Off : MINIMUM Hold OfF : MINIMUM
40 kV/m
10 kVim
n Stopped
CHI=20V
DC ;1

RmB 20,38V

=Tracel=s P—P 64,00V s Avg  9.778Y
High 40,00V Freq 50,00Hz .
=Filters =0Ffsel =Record Lengthm =Trigger=
Smoothing : OFF CH1 : o.ov Main @ 10K Mode ;| AUTO
BW © FULL CH2 : o.ov Zoom . 10K Type : EDOE CH1 §
Delay : 0.0ns
Hoid OFf @  MINIMUM
30 kV/m

» v
o
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‘ Stopped q 2005/05/21 17:54:58 1w Stopped y 2005/05/21_17:51:3
CHI=S50V H Sma /div CHI=20v j4 Sms /div
DC 101 be (Sms/div) DC o 3 (5ms/div)
: 1 NORMZN0KS /5 e
i :
1 (R 31 §
:
L o e ¥ AR N I BN [SCPRRE EARCITTIE R RS R
+ e
i +
- +
- A [l e
1 i
i -
! : - T i
=Tracel= P-P  110.0V Rmb  55.23V Avg  A7.47V =Tracels Rwi 1066V Avg -766.5mW
. High B82.00v ~  Freq 50,254z ° 0 Freq 50.00Hz @ : :
I 1 I
=Filter= =0Offset= =Record Lengths =Trigger= =Fiter= =Record Length= =Trigger=
Smoothing : OFF CH1 : 0.0v Main : Mode @ AUTO Smoothing . OFF o.ov Main 10K Mode @ AUTO
BW @ FULL CHZ : n.0v Zoom Type : EDGE CH1 £ BW : FULL 0.0V Zoom @ 10K  Type : EDGE CH1 £
Delay : 0.0ns Delay : 0.0n
Holkd Off : MINIMUM TRt same . ——
50 kV/m 20 kV/m
. Stopped Q 2005/05/21 175354 o Stopped 3 2005/05/21 17SX4S
CHiwzty e Spsidy, CHI=Z0V . Smaydiv
DC 1001 4 (5ms/div) pc 101 I (smsydiv)
; i Noegrsoee HORMZIOKS /s
¥ ; oald 7 Ul SRV A e A R R e e T et s
1 : : : :
ol el ] 4 \/ Avf\\\—/—
-y
P-P 80,80V Rml 32,34V Avg  22,59v =Tracel= RmB  5.760V Avg —1.646V
High 60,00V Freq 50.00Hz Freq 50,00Hz : :
¥
=Filters =0ffsets =Record Length= =Trigger= =Filler= =Record Length= =Trigger=s
Smoothing : OFF CH1 : 0oV Main © 10K  Mode : AUTO Smoothing : OFF CH1 Main @ 10K Mode : AUTO
BW © FULL CHZ : ooV Zoom [ 10K Type : EDGE CH1 & BW [ FULL Zoom @ 10K Type : EDGE CH1 £
Delay : 0.0ns Delay : 0.0ns
Hold OFf :  MINIMUM Hold OFf @ MINIMUM
40 kV/m 10 kV/m
q 2005 /05/21 175228
T 5ms /div
E (Smsy/div)
1, HOPMESIS /-
=Tracelms P-P 64,00V RmB 21,26V Avg  12.60V
High 38.40v Freq 50.00Hz
=Filter= =Offset= =Record Lenglth= =Trigger=
Smoothing : OFF CH1 : 0ov Main @ 10K Mode : AUTO
BW @ FULL CHZ : oov Zoom @ 0K Type [ EDOE CH1 &
Delay : 0.0ns
Hold Off :  MINIMUM
) ' S A
30 kV/m FTUTHUINTENIN Box 60 .1, NATDUATIN 2
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Stopped ___2005/05/21 18:01:31
CH =50V Sms /div
DC M) (5mm /civ)
NORM200KS /5

w Stopped q 2005/05/21 1757234
CHIm20V + Sms/div
DC 1001 3 (Sms /div)
NORM200KE /5

=Fillers =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 : ooV Main © 10K Mode © AUTO
BW : FULL CH2 : ooV Zoom 1 10K Type . EDGE CH1 #
Delay : 0.0ns
Hold OfF MINIMUM
40 kV/im

e

Rm& 58,11V Avg 50,18V : : 1 E H
Freq 50.00Hz : : =Tracel= P-P  39.20V Rmb  10.35V Avg  2.027v
: High 13.60V Freq 50.00Hz :
=Filer= =Offset= =ftecord Length= =Trigger= =
Smoothing : OFF CH1 : 0.0v Main © 10K  Mode : AUTO =Filter= =OFfsnte =Record Length= =Triggers
BW  FULL CHz : o.ov Zoom : 10K Type : EDGE CH1 § Smoothing : OFF CH1 : 0.ov Main : 10K Mode : AUTO
Delay ! . . . .
v A, BW  FULL CH2 : o0.0v Zoom © 10K ;g";; EDGE CH1 &J?m
Hold OFf @ MINIMUM
50 kV/m 20 kVim
n Stopped 3 2005/05/21 180046 nStopped y 2005/05/21 17:56:47
CHI=20V : sms/div CHI=20Vv + I Sms/div
DG 11 & (Sms/div) DC 11 i (Sms/div)
3 + NORMZ200kS /s 3 b NORMZ00KS /5
1 d o E,
+ : Wi

<

2005/05/21 1800:06

=Tracel= P-p

5ms fdiv

18,96V

65,60V ©  Rmb avg  7.724v
__High 35(20v :  Freq 50.00Hz
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing © OFF CH1 : ooV Main 10K Mode @ AUTO
BW : FULL CH2 : 00v Zoom : 10K  Type : EDGE CH1 &
Delay : 0.0ns
Hold Off @  MINIMUM
30 kV/m

W
3
I
=Tracel= PP  21.60V RmE  5.396V Avg -1.119v
L. Migh 4.e00v Freq 50i00Mz -
=Fiter= =0ffset= =Record Length= =Trigger=
Smaoothing : OFF CH1 : oov Main @ 10K Mode @ AUTO
BW * FULL CHZ : DoV Zoom : 10K  Type : EDGE CH1 &
Delay : 0.0ns
Hold Off : MINIMUM
10 kV/m

¥ .
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The Analysis of Electric Field Effects between HVDC and HVAC Near Overhead Lines
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Abstract

his papers analyzed electric field effects . which generated
from 300 kV HVDC and 500 kV HVAC lines near overhead line area.
The induction effect were studved comparatively between HVDC and
HVYAC lines when some pant of human body touched  the large object
under HV lines. The degree of effect were considered by stored energy

tor vanos conditons
Keywords ciectric tield eftects. induchion, stored energy
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