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Abstract

In every electrical and power plants and mainly in high voltage substations, main
concern is the safety of all people who are working and bestir themselves in there.

Grounding system of a substation must ensure the protection and safety of all
people whowork in it as well as the equipment itself, both during normal operation and
during faulty operation (e.ghortcut).

This diploma thesis has as objective to highlight as well as to extensively compare
the contribution of two of the most recognised andhiadible Standards, IEEE Std-80
2013 and IEC 60479, in order to study the safety of groundsygtemsof high voltage
substations.

Furthermore, in this thesis, a study is being carried out and an analysis of the safety
of the grounding systems based aympliance with acceptable safety limitations of the
developing touch voltages and step voltages which are all calculated based on the two
above mentioned Standards.

Finally, touch voltages, step voltages as well as safety limitations are being
investigaéd and compared in a local grounding system in accordance with the Standards
using the CDEGS software.

Key words:

Earthing systenmsoil resistivity, soil model, safety criteria, step voltages, touch voltages,
St andar d2013tIECA6AI7HBADEGS
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decrement factor listed at the top of each column.

Fnd nf Rennrt #7

View Plots

(I Ready

View Reports | View Messages

Co

Koo MsB8BU; eglaliq

(@)

92



jasacsi drd e U (GkseratESafetglhreskoldlinsitg andRepore
UeiUsaegUOUUs eaU e6dhsd d 6 eal Gs3eU00ddla &c
"jelteecaridd) (A98hxsUedaU5. ¥y saleby¥szaesUUs d U
Usee Usg JWhizxissy j sedoytd Us o Ujlssbaidlgily ¢ Uy g
Usdjt  93c6goUduueglUsllg UU HyoaU U a0 U Uitz Uyvacl
U Uded.

gyaoasad, &0 Uds ¢} ExAmine Ué MALTUAs o Ash Ud4J.U5 . 1) ,
Us UcRlotDfaw Ue i U3 as OUUUs 8U0Uds edhsad d o) Ulisee Us
Uzhtueg Uehlaelkdssaytdd. FEUs3 U UsdodeUUsafh ~as3Us
Udd KsoehaUd 4.5.4 UeUsases3UUs UU utgsUesoayY
eyyjed UgUei UU U3sUaUY fKyosU Uvidd. EUds oy U4
"6g U 90 UUgsWaad UURIaIUU&g g s0UUdesi HOGs oaU
UgUfRs K ¥vd yeUs U’  saUa0dservatiddrdosile s UG UUG s 6 afhodl

@ﬁ GraRep: SES Graphics And Reports Display Utility =-|[eP-][E
File Edit View Options Help

eld| &6 m(x|x| s L] <8

5|
o - .
7 LEGEND
100— Maximum Value : 8812.945
i Minimum Thres held : 21682.800
. % 8812.95
1 = 814791
50| B < 2
i 1 F"('_ \i £ B817.54
E i . = 6152.81
= | - < 5487.77
o 0
b % 4822.74
z ]
> - % 4157.70
| k j = 3492.67
1 = 282763
_50 h’ T T - T
-75 -25 25 75
X AXIS (METERS)
Touch Voltage Magn. (Molts) [Wors]
Wiew Plots | Yiew ﬁepullsJ View Messages]
(I Ready
~ ~ , - - - s O o - ,
Koo sy Ullooae UyjeglalUld U sUUaUle¥YUTYS3 ] 6

93



TUGYolsa
FcUuaUOd EgGUdeyYUxs @GUaxd

51 AstUosroe

FUs oUlGYaUsse UgUf U3Us aeUUUs d usUlaey UL
UsU UgadtheUsrs Uga3detBBdsh GWUOweF3¥y3s dsUGUYD
“je0eeagst GU¥3 “e6g yos93Us. K aldd, uUUae3UUUs
"Uy UeyUegdUdldlg Wwd) ~aUoeyYUr¥s oUaxldd, U sl
sy ar3 oaUs oUUY Ggsy UsU aUes “jellUseyosliech

"} h UIGEEB0-2013[1] @ UIBC-479[39].Bs g @8 a6o090c60 ¥GB8Qg3 203
J ¢

V!
2686095 0€DE6I)ie 8 cac ~ UUeglo9veiUgad®w Us

52 TUde)y stehd £€63Uyasg UlYlGegd

g8 yuUlGed GUe 6 8ae yeegeU dUrjyetUs HUs d!
Ggay UsU dU Us edUUddUa Ues " ayoeU oUavldd, ¢
5 aveUPo8adgUgetice ddh svifUUse 3latl Uy ye UUsahfh (eU
seyd Usitsoaed Balbl Wi digs allyvicstylfs)a h. Bs Uay o
UsUsaUyaUxy3s 0OuYlGegd “~e6g dUvy} e ddblsg disiws ¢ 30k sy
GUec3 YasPae Ba 1.3U0 Ua deollbovedilhgg s HU&), a Uxad U
ee360U0) ye UUsoaasi hliswielyudy (ayWi Welgvel (Oadip o Us
GddUsee GUds Uy UU; OdU0disUe a9 ddelyr G 'da sleed) s L
U
v}

« Cy S«

UyYlGegd Ue iyed UsUlGy) UUIks0el UGidyasly 4aiw0dg Bah
Uyt elUsd dUw¥w)jlapds U atdd

266,39 : -

133,20 - -

U s o (§ 453,4§ ”58,51 . 9,71 ) .

BasUsaUgUseadiaUld ee63Uyav¥y3 UlUY(GEeJ2B). aUs Usloar
BeyostUUfe DB dgiiedi eldvysU U UU tiae Yy fhU

“"Uy s UL Usd Urs e63c0UjrvreUUsoat 3 e63Uyars Hi

"UyeglsyYeesUUs Usesasidyd

94



U haUd Usd "jeleesst GUsd yeUs dlkyl ddUa f
30kA, i s Y} aUs U Uged=sUs U(pSLUQSGSOfHkSC[UU UasUs 50

A alled,esafh Ulis ~6g ycUs jddsee 8sddUa,

GUUdU); 13 Uos WUy DB w $Ua2mUx;qdu 'Usﬂei byYdas
“"ayoelUUsdmate U 0,7

53 763 Uylaveliclyd cze3a0Uy vyeUUsoah | &

531 doUGsoafh YayoeU

ZFUsd Usfhesgdld ¥peédcdéaelola cmy,Us@3alc ¢
yeaeaga UessvdulagpyaU c{al‘.’)a@pi;@rg’ﬁ(iep@aﬁﬁcbgrsaﬁg’ (
"oy o eAUsibd)) UgseddoalU qUUU&¥aB8B8dBUsUdd GcUlc
UUOUyes ULd08dgadgasoesi O eilUpvaddg, Ueg UVluYlegd
"9 G U3U0aUdgm  Yeaippetd0 UsUnadlU&dadgadby oddd qe O |
a990f UsaYcmedlU " evyeaeadi (RLD h;sU U°°’°Y]esﬂﬁauﬁgﬂ Larll U6
“"UlGed GU aYdU e€aU U/ U eg’ 'U;s'UluUs
Ust GUds GgsycUsU U; U0aw J v 8

Co Co

CoQ

Bot GUxB e UUs

mo

gUyd
d03 P8

*““Gd AsU Uy U s(U3VUsUsih zU U 503 Us Uanh

Rfoot( q A(t{)/u)ch step(V) Rfoot( q ‘ Atouch (V) Astep(V) Rfoot(q.) Atouch (V) Astep(v)

”'ESS&SOB 8325 2188 4118 21.6741 1.8289 6.852.1 26.0938 2.170,3 8.217.9
IIIE78(())K—5013 8325 2962 5573 216741 24753 92740 260938 29374 11.122.4
. U'SEC, cp 8325 1079 2238 216741 10754 40939 260938 12806 4.9145

a3 Ua3lgyUg.6glal0d) eoylyddi ez B U lxys Ux 3
O Ubed ee63Uyacs Unawidelglp f getdll W==5Useelg dggimU o Uavadd



aUUUafhy gt U (o Usdlg dgaishU oWjoad ddd 3

Y AXIS (METERS)

Y AXIS (METERS)

100.

50.

o

50| ‘

)

SPOT LEVELS x 1.E+3

Meximum Value: 18598
Mnimum Threshold:  0.219

N

18.60

N

16.76

14.92

N

13.08

N

11.25

N

9.41

N

7.57

ENFEETEENE
I\

N

5.73

N

3.89

N

2.06

-75 -25

25 75

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

AoofpB8UgYiUadoBUUGEwget Uy vyeUUsah

eng4 Uy o UUYG
"Uyeglal U s

QUL el00ed UVUuYGctEH,A &0 A vyeaUKkg¥Udlme 50

100

50

0\

50| ‘

4

SPOT LEVELS x 1.E+3

Meximum Value : 18598
Mnimum Threshold:  0.108

B < s

< 1675

N

14.90

N

13.05

11.20

N

9.35

N
N
o
=]

ENEETEN
N

N
o
@
al

N

3.81

N

1.96

-75 -25

25 75

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

Kooh3dgBlBod oWeaieiU) ye UUsoafh cc3bperaliilcgd |

1=1,5m,

cyyad Uds

aUe  €ladq

"UjyeglalU U sU3Us UeCoiUsl Wldquze UUGs g

[ e L




e\

— = <

SPOT LEVELS x 1.E+3

Maximum Value: 18598
Mnimum Threshold:  1.829

18.60

16.92

15.24

13.57

11.89

10.21

8.54

N NN NN NN NN

6.86

5.18

351

100
50
0
&
5
s |
: 0.
>
50 | M=
-75

-25 25

X AXIS (METERS)

Touch Voltage Magn. (Volts) [Wors]

AKoofB8lgYiUadoBUUGEwge Uy veUUsah

75

o

aUUUsahy) gliUode tedudagisaism,U ¢ U Uds

Uy 1 e00cd

YyUseKg 50

o\

|

<

SPOT LEVELS x 1.E+3

Meximum Value: 18598
Mnimum Threshold : ~ 1.075

N

18.60

N

16.85

N

15.09

N

13.34

11.59

N

9.84

N

8.08

ENEETEER
N

N

6.33

N

4.58

N

2.83

100]
50
0
&
5
s
: 0.
>
50 =
-75

L
-25 25

X AXIS (METERS)

Touch Voltage Magn. (Volts) [Wors]

Kooh3aUgBlBoadgoBUUEwgaU) vyeUUsah

dalUoaU) hisl oxttdmd kd) Uds
" Yondig ¢ (lx® UECo W sUdd3 Clo Ue " i aq

qma Us

75

emg4 Uy aas UOUY
"UyeglalU U s
Ouméeeded Y¥Y@ne@@dDdGrviEEX 2000 25U

\

r

eng 4oUyUpibo AU Ugiils g d
"UyeglalU U sU3sUsUsasi aU

[ o7 L

je=
CcC



SPOT LEVELS x 1.E+3

100

Meximum Value :  18.598
Mnimum Threshold : ~ 2.170

N

18.60

N

16.96

50

N

1531

N

13.67

12.03

N

10.38

N

8.74

ENEETEEDE
N

Y AXIS (METERS)
N

7.10

N

5.46

N

3.81

_507;\““\““\

-75 -25 25 75

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

AKoofp8Rlg YOG UsdoBUUGEwgae Uy yeUUsoafh ems Uyac UVUYG

aUUUafhy gl doUsdydaegmlU ol agFdagdaU U siUzUsUss

GUj L el00ed Uumobdegd Y@neg@dD2GyEEX 20 0B 25U
YyUseKg 50

SPOT LEVELS x 1.E+3

100

Meximum Value:  18.598
Mnimum Threshold :  1.281

18.60
16.87

50

15.13

13.40

11.67

9.94

8.21

Y AXIS (METERS)
NN NN NN N N NN

6.48

4.74

3.01

_50 T T T T T !
75 -25 25 75

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

Koohs@gBlBadoBUUEwgaU) vyeUUsoafh enmgsallylbse AOLGVIILE g d
deoUa Uy hixl om0 k) Ud a0 slijUsgieddbei GUj1e00cd 0OU>
qma Us " 20onaig ¢ G ¥ 3 UECoWsUdldas Clo Ue " i aq

[ e L




EFUsd “~U; U0 ¥vYsr ~ dodhdlbss  ailee go Uslg U3 diisUsay s U
(e¥jad U sGUsWslodd Walja g OG Uy lsaJLlJJ:-le@Uaf] G0y

cn),aUeby¥sesUUd g Ayss oaUs UU Ui e } hUg " U, 8 9
Yysy Urs U sU; U heUs¥s 6jar3s UsaheU aUe Gg0ds
g eaUUdeai . FgasU td, d Ggooeyoeysad "~ Upa Uxh
slidoUa Galltge aUBHUW € d UGGUasi d GgtiUeeUUcd o9U0a
qaUpbe, UsaegUs 30U GdeUsydUa HUs 0 Uqds
U sGyYsUsUd,cmdyssd&d 00 e WaeUs B o026 Udd U sGY
8 cgalU aUeai Uswas Uy UWladgesWytixlgids UUUa U Ug Uh
Uy 8 Uds UGGYaUsU Ueg GgaUeeUUesd oUaxiddd,
5

aUszes @adUsafh U a Ulus.

A atdd, ~UpU0Udy UaUUs RHUs d dUUsoe U auy U0
( GheU3Ud UYGUsd U Uderfr, WazlUeas3s&Uai00 e
U Ee. Y, AUg @

532 zUarvldd ¢ceUUsci é “ayoelUUsd oUaxldd
shory Udd Ug&c{syaqg_leglsw@aeglflepst‘.lyahlgl&

:
Goocl¥dUdos UasUUYOddoa Us’ icgees v dodiiy Oreidseng ¢ Ud)
Uaxvldd.

"y

¢ 3 U
g d

O C«

[}

FgooUowBadgasUyasliceasaslt tlUsgd ’Gg Ussasgdaei 3 y
yU;Um),(Uldch'U;Uaylsl@ By iU doUBd] GdldoWaea difl

¥3aUd Usg @’y:itraﬂiiu ed ¢U ceos
AKiGUs¥yYee3UUgd Ud s ’;e&”?‘df’JsU U aUUgsdd UsHh

o ™

UgUfR Use seszae Ouyidegd, GUd)eshelUses aUU f
"UyegusUaUasi 3 s “JeleeasaslLaUsd G g Uj saU:s
U stdGUsUsUsagi gasoai, aUdit d UgUyd jeiUooac
tgsUegosoat 3 oaYUrU Ufjhs WU UU@AWSOSOEGUG s U oUaxvadd 6o
"jel0dead geseaesi U sl(¥Y3UsUd UszsUscscasgdUa 3U oy



100,

50.

1

Y AXIS (METERS)

L

.

SPOT LEVELS x 1.E+3

N

Maximum Value :  17.641
Mnimum Threshold :  1.829

I\

17.64

I\

16.06

N

14.48

N

12.90

N

11.32

N

9.73

I\

8.15

6.57

N

4.99

N

341

-75 -25 25

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

KooBBUgYUuUsdoBUUE®G g U

aUUUa Ry gi
U1 eU0scd

100,

50.

75

Uy ¥

e UUs af

erg4 Uy oo UUOY(

U d o Useela dgaiemU oW aGdiat) g sl Ussglisdds a6 i

o

YUseKg 50

Y AXIS (METERS)

50 L \

Uiméegd Yans g@Ddg vEEK 2 00 29U

SPOT LEVELS x 1.E+3

N

Maximum Value:  17.641
Mnimum Threshold:  1.075

N

17.64

N

15.98

N

14.33

N

12.67

N

11.01

N

9.36

N

7.70

6.05

N

4.39

N

2.73

-75

-25 25

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

AKoo88¢gvYiUadoBUUGwgae Uy veUUsah

aUUUa Ry gi

eng4 Uy o UUYG

U doUodlgdgaimU oWaGdiadd Uyeglal U sidU
GUj1el0ed UVUumbde&egd Ydnalg il UEColsUdidas oaUe i aq

Cl.

[ 100 L




100

50

s

Y AXIS (METERS)

\

-50

SPOT LEVELS x 1.E+3

Maximum Value :  17.641
Mnimum Threshold :  2.170

N

17.64

N

16.09

N

14.55

N

13.00

N

11.45

N

9.91

N

8.36

N

6.81

N

5.26

N

3.72

—
-75 -25

25

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

AKooB8I9¢YiUadoBUUGEwgae Uy veUUsah

aUUUafhy gtiU (o UsodadaigmU ol@addidd Uyegal 0O

75

r

eng4 Uy ae UUY
)

(e
Ccy

GUp 1 e0Uedo0ipm®degd Yo gifi 20 vEEX 20 00 25U

100,

50.

YyUseKg 50

Y AXIS (METERS)

SPOT LEVELS x 1.E+3

Meximum Value :  17.641
Mnimum Threshold : ~ 1.281

N

N

17.64

N

16.00

N

14.37

N

12.73

N

11.10

N

9.46

N

7.82

6.19

N

4.55

N

292

-75 -25

J

25

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

75

Aoofp8iDgYlUsdoBUUEwgae GUy; ye UUs ahf

aUUUaRygdU

emg4 Uy o UUY

d o Useelg d5qisn,U oW aGdiadd” Uy egdal U sdGU
Uy e00ed Uumb&ed YdnaigEoizxg UECoWoUdda oaUe i ad

Cl1.

[ 100 L




U U K Usd "~ Uy U ¥3xy o3 Uls:
3Usoe U auj Udd aUds usUUley
aYUy Uxvxs U o0y 0 Usxv3s clddgs OUsscdlp Uss ¢JUp B
UosaUUYGUUGdd Usg "8 0U0Udeai .

FgooUoayseysU, GielGyasU U0 Ues "~ AUQg 6 LAKK
1cmUGGYaUsg (U sGUsUsUsgi gesoaasi), Ue Gi 6U0(d
UsUUYaades, oUdid ycegel Ulse sl Gibigls ¢ dq U
U Aal00G8d mOdihhydedlddf ~ Uy s odo daghifs st dldees
£
v}

y vd Uy U00dy) ei ¢
oUavidd, UaecU dd

(o]

U Uds UiasdGd Ueg ~Yeaeg,d Aleagg ghae aii o { ROl m) drad

U had Uds yaUUGd Uesg g euUUdeai

gU U eUUeay e UUU0 "f gUc j dfoff tidgheag st A «t Ud ~ Uy a”
(ccmY G GUaUsd) oUdstUsi 3 Us Gi GUdeU oUavldd e
U soeastgsas, Uzt anoldgasUsgededdb Ul 63 axrs U
U UGed, oaUai Uesgs Uds U silsdadbnlsgUg)y sa¥Ude
U¥s 63 axs Uesg.

533 J i a3did WUldeachiy glivs doelUsdlys lioawacgdabddgdys

A3UsUaUd Udd e6jy9sUsed U aUUgsdd UGdGUaL 3 U
Usgd 3 eU3UGUydUad Uy fh egd, Usesesidyrd UzU0UY
Uty Us aUds UGdYaUsU Ueg g euaUUdesgi, ealU &
aUUUsfhyglirvrs dqaolBlU)eteald dyParwyegygUUs U Us oy

FgoolUojBagsUyslicecast tlUsd "eg Ussasgdei 3 ¥y
eyUp Um(Uxxegsaleledleddd Uxs 6y o9chsUsrs oaU
“"ayoelUUsd mbd¥Udd )} WY o9 & tedddaddygnp U

BsUaaUoyd " @6g } U0 p®iUs UWe U UM desCeefy ®®J vy d
UjegltosUtUsi 3 UBgUUBUyy Uagl@y Uaddaxdé q00d s
"jeddeandd ix¥®Usg, oaUdid €U UgUfR Ues Uyfh a8 Us
aUs e¢U UEC ejgPYPac3sU dUxyddUa eU egalU eg90)®
U sUgoecY¥Y3UUUmg 3 €Wls dag (&N phai@jelbegdedU) ¢ " 8390 h g o
cUsfimi0GvyUU; saY Uv¥r3s e6j arsd0leg ~eayoeUUsd oUaxi



SPOTLEVELS x 1.E+3

100

Meximum Value:  16.940
Mnimum Threshold :  2.170

N

16.94

N

15.46

13.99

N

12,51

N

11.03

N

9.56

N

8.08

Y AXIS (METERS)

ENEET"EEN
N

N

6.60

N

512

N

3.65

-75 -25 25 75

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

KoopBlitgyYyaUsdoBUUEwgaes Uy yeUUsoah ems3Uyoas UUY

oaUUUafhygtilU doUbslhhHpde 00padddleg GgaUeeUUsd

daUs Uyl=Bm,a ves3U Uda30 slijlsegieddbdei 60U} 1 emdaldyg OuYdeg
"Yeegnd A0 e GvEEK 20008 295 UKg¥yUseas 50

SPOT LEVELS x 1.E+3

100

Maximum Value :  16.940
Mnimum Threshold :  1.281

N

16.94

N

15.37

50.

;F

13.81

N

12.24

IN

10.68

N

9.11

N

7.54

EFEETEEN
N

Y AXIS (METERS)
AN

5.98

441

L

2.85

-75 -25 25 75

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

KoofB8liRgyYyaUsdoBUUEwgaes Uy yeUUsoah emsUyoas UYL

aUUUs fljoddeWy Htis U o Ohyraledq@U jUsary 506 g elegaticlge e UUs d o |

doaUs UylmBm,aves0 Uds "~ Uyegdal U sGUsUmbdei FdpggUUa (
2cm Gi e G¥3 UECoWaUdldasClo Ue " i aq

103



54 763Uy aa

541 dbUGsafh YayoeU

¢ e€83680U) reUUsoah e63Uyaa o UsUlyy
Udd Uslseed UsUalUUGdd Ueseg Ugskigdiud
sOagﬁﬁQ?sUsysUUUs 3U Uy U00dydqdeis GdeU

aUs UU

Z U@dos f ass gidU U
VR AVESL RN
"oyocs WUadi.ddrcegs

¥ GG (g3

o

U sGU3U0a¥Wlddd V0egU0uyYlaegd
Uz UaGUUGdnga A0 . 000G Uy v dd

UsW athigissc.U fy o
"1 e¥addems UG Bwdo Ua
Uz0000dU0a

e U
eU Ug cmiusa

gU eyos0U0U RAyoasU UGGYaUsUd 95U Usd UsU Ugt!
UgUyd Usd "~ Uyps UL GUsfopegdag egtiaVeds Ulds 1 0 Walsd
“"Uy U0adU03U0Us oslUxspBuilalUay e U0UU
. A zU U s5(GU3UsUaf) zU U sU3 Us Uanh
EU]J € U
Rfoot( q A(t{)/u)ch Astep(V) Rfoot( q: Atouch (V) Astep(V) Rfoot( Cl: Atouch (V) Astep(v)
”'5583;;013 4162 1867 283.1 214916 17607 67956 259936 2162,6  8.1869
IHE?&SOB 416.2 252,6 3832 21.491,6 24562 91976 259936 2927,0 110805
5 UIEQ Ch 416.2 88,6 146,5 21.491,6 1.066,9 4060,0 259936 1.275,9 4.895,9
a3 Ua3lgwp.e6glialid eyosGUxyas U s03 U0 helUszv¥s bdel
U Ubed ce¥lgmped) Wida5U0UU0 ) gliU doUedladgaimU oUarvidd

ce)os ®Uml 6
doUstphagmUladPatiddgsald
03 Yy sdd -’

UdyYidegd c¢czes3aealUjyreUUsoah e

g C
(

gjom 2@

g eem,o f U ali sealields U o
ga9ah

Ua




LEGEND

100

Meximum Value : 9297.252
Mnimum Threshold :  186.700

9297.25
8386.20

50,

7475.14

6564.09

5653.03

4741.98

3830.92

Y AXIS (METERS)
ETEEEENE
INCOOIN O IN N N N N N NN

2919.87

2008.81

1097.76

-75 -25 25 75

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

AoohslgBlWadoBUUEwg e Uy ye UUsoah emgsallylelss h gtiils g d
deUoa U Ak sxttd@m G dcgr) ad Uds "~ UyegtalU U sGU3zUsUsai
UGEEA 8000 o2sUKgyUeseae 50

LEGEND

100

Maximum Value : 9297.252
Mnimum Threshold :  88.600

9297.25
8376.39

50,

7455.52

6534.66

5613.79

3772.06

Y AXIS (METERS)

2851.20

1930.33

<
<
<
<
<
< 4692.93
<
<
<
<

J

-75 -25 25 75

1009.47

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

KoohaWgBlWoadoBUUEwgaetUy ye UUsah snBZBaLUyUeUeeh
daUaU); ik csta@médgad Uds "~ UyeglalU U siGU 3U9Uaei l‘
UeECaUs UdsClUs i ad

[ 105 L




100

50,

Y AXIS (METERS)

50

LEGEND

Maximum Value : 9297.252
Mnimum Threshold : 1760.700

N

9297.25

N

8543.60

7789.94

N

7036.29

N

6282.63

N

5528.98

N

4775.32

ENEETEEN
N

N

4021.67

N

3268.01

N

2514.36

-75 -25 25

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

KoofadgYiUsdoBUUEwgae Uy veUUsah

eUUUeh;guU d & Usoelg d5qism,U oW aGdia d° U;GguoU O sdGU

jLeU0Usdo0Dm®eegd  Yang gifi 40 vEEX 20 00 25U
YUseKg 50

100

50,

Y AXIS (METERS)

L#J

-50 [

eme4s Uy o UUYG

LEGEND

Maximum Value : 9297.252
Mnimum Threshold : 1066.900

I\

9297.25
8474.22
7651.18
6828.15
6005.11
5182.08

4359.04

NN NN NN N NN

3536.01
2712.97

1889.94

-75 -25 25

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

Koofallg yilUsdoBUUGwgae iUy vreUUsah

emed Uy o UG Y

aUUUeafhy gtU (o UsndgdiemU o@aoaddiadd Uyegtdal U sdU
G0y 1 eU00sd Uumébeed ¥Ydnea@DdGriECs B Waks oaUe i aq

CL

[ 106 L




LEGEND

Meximum Value : 9297.252
Mnimum Threshold : 2162.600

100

N

9297.25

N

8583.79

N

7870.32

7156.86

N

6443.39

N

5729.93

N

5016.46

|
=
EEEECEEE

Y AXIS (METERS)
N

4303.00

N

3589.53

2876.07

| s

-75 -25 25 75

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

KoofaaBgyYiUsdoBUU&wgaU)y reUUsoafh ems Uyac UUYI
UUsafy gtiU doUsdadymlU oWabdidd Uyegial U siGU3UsU
UYGegd mio0l.s0 O Ovose g @i 20 vyHEEK 20 008 29 UKg¥yUseas 50

9

LEGEND

100

Meximum Value : 9297.252
Mnimum Threshold : 1275.900

N

9297.25

N

8495.12

50

e

-75 -25 25 75

7692.98

N

6890.85

N

6088.71

N

5286.58

N

4484.44

Y AXIS (METERS)

N

3682.31

ENEETEEE
N

2880.17

|
n N

2078.04

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

Koofaa@g Yl UsdoBUUGEwgaU)y vreUUsoafh ems Uyac UUYI
aUUUsafhy gtiU o UsndgdiemU oWaoaddidd UyegalU U sdGUsUsU

OuyYGegd nis0l.o0 O Ovom g @i 20 8lECs Bd) Wd3 CloUe " i aq

[ 107 L




FgooejaszeslUUd Usdg “Uy U ¥sv jeteessat GUsd
53 Uy WhdUtmlUdzs "~ Uy a Uxyadd U egtaUd U sGUsUsUsec
U e63a60U)jvyeUUsoah e83Uyae | HOGe oaUs GUs o |
aUdi d UsU Ui GGesUUs UYGUsd ¥Yszsy Uxs U sU; U f

gy hUg U,

quUfpae, auUds é@;uﬁﬂyﬁqUC&%mi eesUyasg o,
U sGUs 08P dasi h 00310 cm A G @20em, Uy UUd) ei elUs HUs
UsU UguatheUsUgd U’seasugsug' UvraUsd "~ U} se6j)aca
oUarldd seg U y

Koofaa WA o J AadUUel Wy waillsWsfoadiUaaoas, Us edUUdey :
gydeed UYlUdd [40].

] 3UagUsafhlly &, Ut ldand)y wiidg UBMes@Ued, Gi e l¥:

el Ue U;hUg 6 LAAKA, boay 6gel HUs 0'9903“93

U Uted, UsU Ui ’ﬁa,thzklgUeg sfdddt @Y nmlsh allg Wy .[ G
j3UatUeascU GU0Uds ~ Uy aemgreiisde sld du” waUesdJyuUJcUudg’esZ
UddUaUaUd UYGUsd "~ UjyesejaeeslUUs UalUfRdg U siiYs
oUarldd UGGUayd.

[ 108 L




[}

K3 UsUsdyaUs, dgeos UWUb dgiglidgsiwas UOIECEU Us
UzUssaegdseia 3U UasUs “¥ys3y U R UU fysU Urs
"Uysejaee3U0Us aUds UGrUU)ysee "~ Uysece Usg g
Usg oaUs GU U AInilsive s ol ag B gUse® ¢iY 6 ds ((UveagU sgled .
Uds “~jetddgaqUsoed " UyalyUsdd (U ' h “"eegoalUye’
MUG¥yUU); saY Uxs 6javr3 olleg Usay s BBeadod ©dv Udidf
Usdjt "e36g UgsUesoasi GU UgUe, 6 g eiUUdefhd

Kooha8ze3rvUsose cUstUe "~ UjaidyUsd UaGrxUUysayY Uxs ¢

542 zUarvdd ceUUscgi é “~ayoelUUsd oUaxldd

U UgUfR e GdeUae, ahoy Udd eUsreyadd Us
ee3Uyasg UlUYlGegd, VUvxBBBBWs UBds3s Ggss afdldd, d
UaddUeacid UGgGUeelUsd oUaxlGdd, GeoaseyYiUdaUs
UaaUoyd, GUescUiea3UUd aUds UsyUUGd oaUs Ues
UoaY(@aey) as y J

c

a
g
U
Uy Yoe3aUUd aUds eUaxldq Uxs UsU Ugaau

o

ZEUsd “~je0eeest dUsd "8g Uscsceasgdei 3 yaeUs
ceYUsé allie em),3WasyWUgdPe d @xdBU G g & 3185
OcegelU Uorvoemde eedB8ddie i3d&gd GUsd 4 ovx3aUd Us

C o

109



LEGEND

100,

Meximum Value : 8803.370
Mnimum Threshold : 1814.800

N

8803.37

N

8104.51

50.

N

7405.66

6706.80

N

6007.94

N

5309.08

N

4610.23

Y AXIS (METERS)

N

3911.37

=3
J
ENEETEENE

3212.51

N N

2513.66

-75 -25 25 75

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

Koofadlg Yl UsdoBUUGEwgae Uy vreUUsoafh ems Uyac UUYI
aU0UUahy gliU doUsosdlgdggemlU oWabGdigd Uyeglal U siGU3UsU
UYGegd mis0l.s0 0 00ceng g @fi 4G vyHEEK @0 008 209 UKg¥yUsea 50

LEGEND

Maximum Value : 8803.370
Mnimum Threshold : 1066.900

100,

N

8803.37

N

8029.72

50.

e
| J

-75 -25 25 75

N

7256.08

6482.43

N

5708.78

N

4935.14

N

4161.49

EFEET"EER
N\

Y AXIS (METERS)
N

3387.84

N

2614.19

N

1840.55

X AXIS (METERS)
Touch Voltage Maan. (Volts) [Wors]
Aoofpalh¢ YOG Us d oWellaiceidUy; ye UUsoh cestlpos UUYGGgHC
aUUUafh) glU doUocdlgdgaimlU olalGdiadd Ujeglal U s
OtYldegd mo0ls0 O 0vame g@fi 4 0 vyECs 8d) Weks CloUe " i aq

[ 10 L




100.

Y AXIS (METERS)

LEGEND

Maximum Value : 8803.370
Mnimum Threshold : 2162.600

N

8803.37

N

8139.29

N

7475.22

N

6811.14

6147.06

N

5482.98

N

4818.91

ENFEETEENE
I\

N

4154.83

N

3490.75

N

2826.68

-75 -25 25

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

AoofpallgyYtiUsd o@BUUGE®wd 6 Gely sxlbylots olht Yiietgd o e U U:

9

100,

50.

t

A

Y AXIS (METERS)

4

-50

Z

LEGEND

Maximum Value : 8803.370
Mnimum Threshold : 1275.900

N

8803.37

N

8050.62

N

7297.88

N

6545.13

5792.38

N

5039.63

N

4286.89

EFEETEEE
Va\

N

3534.14

N

2781.39

N

2028.65

-75 -25 25

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

75

UUsafy gtiU doUsdadamlU oWabdigd Uyegial U siGU3UsU
UYGegd mi0l.s0 O Ovosme gifi 20 v EEK @0 008 29 UKg¥yUsea 50

AoofpalzgyYaiUsdoBUUGEwgaes Uy ye UUgolp e Ux8c UUY
aUUUafhy gt U doUsndgdiemU o@aoaddidd UyegalU U sdGUsUsU

OuyYGiegd nmis0).o0 O Ovoe g @i 2 0 v ECe B4) s Cla Ue -

b ad

TR




gy ¥vd GU3U0U313000Us U UU "UpU0U ¥3y U sUU0ay¥y
U gUUaUa y3U gai UGdeUsUsafh a0 aUdey stUsal
UsU UgadlheUsz¥ys UYQU~¥s

Bs UsU UgGuaheU3Ud UYGUsd Gl WhHWee W Uds
"Uya UxaqUUdigd gem a6 @8 Ue Haaem o Ubasddd Uy U

U sU; U helUs¥ys 63axr3s aUds "~ Uysece ~a8g oaUai UL

¢ oi}) o0 UsUGey ¥ ~UpU0UdyUalUs GUsdg UvyaUsgd
"3 hUBCIBI]. ¢U GgGUeceUUBHR3Ugrbdg. dUedsks. 4.6 U
Udhees 6s UsU UgalheUszsUd UyYGUsd U UGed 30 U

yolUUOd Uecg Ap dBWhdeyalils, Wddai KBeddHE Us 56 40d 03
ey} o9Ua¥Y UGGUayd U Uds ) e¥isdlessl ol 3U0b¥ ) VGlsvs.
g etUUdesi oUs estigdeaci j80adedgleOd Ue ai 6U0(g
U eai Uyxd UGGUayd.

543 j i 3did eceeoasgd oaYdUUrs UovrouL 3

IZUf]GGg’ G0 UgUfR Ue GdeUae UasUs 8 "~ jelUsa6)
UgUei GUe3 ~UPsl@gdiEfpdUslnss tlps FddagL Ul asddiy
'JGfIGSGSlUUSQf yeUs U saUmlo WzwUsesgadieUe Usd
Uy 68 U0;e@U06MH); gliiU deoladphimgUBaUOdyddd avydl o7v¥3

ayoeUUes.d oUarxidd
J LEGEND
10Q Maximum Value : 8781.613
Mnimum Threshold : 1814.800
. < 8781.61
| < 8084.93
50 B < 5>
o 7 r < 6691.57
E B < s
= | B < 552
o 0]
é < 4601.53
> . < 3904.84
: NSNS NSNEEEENEEEEEEE < 3208.16
50] & = < 251148
75 25 25 75

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]
KooaliBg Y UsddoBUUEwasa Uy yeUUsoah ems Uyoaes UUYH
aUUUahy glU doUsodgdggmp Us b U0ga&ddgUy egdal U siGU3sUs U
UuayYldegd nmisa0l.s0 O Ovoms g @i 4 O v EEXK @0 00z 29 UKgyUseas 50

112



LEGEND

100,

Meximum Value : 8781.613
Mnimum Threshold :  1066.900

N

8781.61

N

8010.14

50.

S
L

-50\\\
-75 -25 25 75

7238.67

N

6467.20

N

5695.73

N

4924.26

N

4152.79

Y AXIS (METERS)

EFEETEER
I\

N

3381.31

2609.84

NN

1838.37

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

Aoofpaing YOG Us d oW llaiceidUy; ye UUsoh ces3tlppos UUYGGgHC
aUUUafhy gliU doUswdgdggmp Ut b U0dgaddgU)y egldal U sGU3sUs U
OlYldegd mo0J.s0 0 Ovame g @i 4 0 vECs 8d) Wek3 Clo Ue " i aq

LEGEND

100.

Meximum Value : 8781.613
Mnimum Threshold : 2162.600

N

8781.61

N

8119.71

7457.81

N

6795.91

N

6134.01

N

547211

N

4810.21

EfEETEEE
I\

Y AXIS (METERS)
N

4148.30

N

3486.40

N

2824.50

\

-75 -25 25 75

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]
AoofpaiBgYaiUsdoBUUEwgas Uy y)UWéalgdemgos Eyod =3
aUUUahy gtiU doUswdgdgmp Usc 0 00ga&ddgUy egtal U siGUsUs U
OuyYliegd nmis0l.s0 O Ovom g @i 2 0 v EEK @ 00z 2 s UKgyUseae 50

T —




7 LEGEND
10Q Maximum Value : 8781.613
Mnimum Threshold : 1275.900
B - saa
| < 803104
50 B < 204
N ‘-
@ - - < 6529.90
o J I
w B < 503
5 |
= | B < s
% 0
% : < 427819
> | B < s
| K | < 2777.04
1
1 J < 2026.47
S0 -
-75 -25 25 75

X AXIS (METERS)
Touch Voltage Magn. (Volts) [Wors]

KooBalBgYiUsdoBUUGwgae Uy ye UUsohU=g4s Uyae UUY
aUUUafhy gtiU doUswdgdgmp Usc 000gdga&ddgUyegtalU U sGU3Us U
UiYGegd nmis0ls0 00vame gdfi 20 viECe Bd) Weks Cla Use " i ad

544 i 3did Uysdecgi oa¥YdUOUx3 Uorvol 3

A3 Ggaslebbaylbe3 UUd eeocd o WdeUwse Ylmwwo 163 acsdlk
ale mdUsbL d oaUUUsesee Uxs oaYdUUxs daUaUjesliar
Us edyUduad (hoovblys elesaws d5 Uvx3s 63 96h3Usrvs aUs
"ayoeUUsd oUarldd.

O UgUe Uds g eUshU
eU 0OU 0id@VU yRAPe W G0s
daUsa Uy §awslldd

UU Uz0UYg elisikWoy 3gls U3 U
"968 Uy UscgWo¥Ydd¥ylbeUUc(d

114



LEGEND

Maximum Value : 9152.619
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Mnimum Threshold : 2162.600
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