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ABSTRACT

This thesis presents guidelines for a grounding system design for substation according to

engineering safety andieconomics. This can make the security within the area of substations with
|

« . | . .

inexpensive overhead iconstructlon. It also presents the software program development in the

}
grounding system design by using the IEEE Std.80-2000 with the purpose to provide instructions
for installing the follov:ving grounding systems for the safety in substations. The results of Xiaobin
‘
are used to determine ithe grounding resistance. Actually,-the soil is nonuniform. To design the

|
grounding system of substations, two soil layers model is compared with the uniform soil model.

The results show that the first model is better than the second model. The software program has
been developed on Vis‘ual Basic (Version 6.0). It can display and print out the report data and is

A\
easy to use and suitable for the user.
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(2.4% conductivity)
y

M151971 2.2 ANALNIVRIITE
o K Fusing P, TCAP
Description at 20 °C | at 0 °C | Temperature | at20°C | (J /em’/°C)
(1°C) | (0°C) | T, (C) | (ucm)
Copper, annealed soft-drawn
0.00393 234 1,083 1.72 342
(100% condu1ctivity)
Copper, comr|nercial hard-drawn
0.00381 242 1,084 1.78 3.42
(97% condtlcltivity)
Copper-clad [steel wire
0.00378 245 1,084 4.40 3.85
(40% conductivity)
Copper-clad steel wire
0.00378 245 1,084 5.86 3.85
(30% conductivity)
Copper-clad steel rod
0.00378 245 1,084 8.62 3.85
(20% conductivity)
Aluminum, EC grade
0.00403 228 657 2.86 2.56
(61% conductivity)
Aluminum, 5005 alloy
0.00353 263 652 3.22 2.60
(53.5% conductivity
Aluminum, 6201 alloy
0.00347 268 654 3.28 2.60
(52.5% conductivity,
Aluminum-clad steel wire
- 0.00360 | 258 657 8.48 3.58
(20.3% conduyctivity)
Steel, 1020
0.00160 605 1,510 15.90 3.28
(10.8% conductivity:
Stainless-clad steel r‘od
0.00160 605 1,400 17.5 4.44
(9.8% conductivity)
Zinc-coated steel rod
i 0.00320 293 419 20.10 3.93
(8.6% conduictivity)
Stainless steflzl, 304
0.00130 749 1,400 72.00 4.03
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Fydnwal ANNNINYNHIBINGY mesuemuing W
p Soil resistivity AN IR IUMIUT AN UBIAY Q-m
. .
PP Soil resistivity AN MUAUNIUTUNIZVOIRUTURN 1 uag 2 Q-m
p, Surface layer resistivity mamaumuszvesiraildlsednu | O-m
¥
FULIU
31, Symmetrical current in substation | nszua W Ranse s Inaluunadniinih A
fPr conductor sizing
i 4 4 ' a 2
A Total area enclosed by ground grid | WUNVYDITESUVHADAIAU m
C, Surface layer derating factor uWﬂma%ﬂ'?uaﬂawaﬁa@ﬁ‘lﬁwﬁaﬁu -
b
PUUUGA
d Diameter (of grid conductor Wurhugudnatnyesdani iWihfsnnld m
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conductoxis YUTUNY
D, Decremex‘n factor for determining urlrnesUsuiudmsunssualviinga -
s quea i,
D Maximum distance between any $ITHNIENTIPATRIYANIB TUNTNATM m
m
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m
a 1 o a d
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method ASUNTI
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. S & 1Y o o v
T,ove the out corner of the grid w9997 aueneandniuluszezvi
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E eps0.70 Tolerable rtep voltage for human usmu"lﬂﬂvmaﬁ'nqaqwﬂuwUwa'ﬂu"lﬁ’ A%
' y . 4 ot
with 50, 70 kg body weight Tassanidmiing19men 50,70 Al lansu
| o l.l Y o o & ¢ 1 s/I
E uens0.70 TolerableJ:ouch voltage for human | [133AU ﬂﬂiﬁﬂﬂﬁgdgﬂﬂuuﬂﬂﬂﬂﬂu f 1Rg A4
) ¥ ) 3 a s
with 50 , 70 kg body weight Ansuimins1eneH 50,70 flaniu
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3 . b4
VIAUTUN P, NFAUTUAN )
0 2
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. . P v d a ot o &
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[ . & ar a
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I Symmetrical grid current aszuad lnadrSe lnasenludu A
K Reflectior] factor between different | vlt@asMsazvion HiaannmANUA NI }
¥ .
resistivities V9IAU 2 PUNUATOI WA
. Yy — ¢8 wd oy d
Kh Jorrective weighting factor that Llﬂﬂmfz)iu1ﬂuﬂ‘ﬂgﬂﬂa& Wuwansznuaw -
emphasizes the effect of grid depth | ANYBIAZUNTIRDAIAY
simplified method
¥
L, Total length of grid conductor, m ANUVINNIHUAYDIAIUTINTA m
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1 ) o o S/ 4
mesh voltage, m uviesen dmSuus i Wi Tatime
g ¢
LR Tiotal length of ground rods AUV UAVBINTTIAT DA m
s 1 ]
L Length ofjground rod at each ANYNIVDINT NATBALUANSUN m
location
L Effective length of L_+ L, for step HANTZNUVDIAINYINTANLANGTIVO m
S c R
] ) o o Vi (] 9 4
voltage unssea drsuusedu e ladiag
> :
L Total effective length of grounding A1ATNEVBIR NI UA 19 U m
T
system conductor, including grid SEUVABAIAU
and ground rods, m
L Maximum length of grid conductor | AR luunu x Hllanwerniga m
in x direc(]ion
. I . o o Aa o
L Maximum length of grid anirluunu y NUANUITININNGA m
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lode Mnsfinazilszinn R
| Fault duration, t, =0.5 s
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Zero sequence equivalent system impedance, Z, =10.0 +j40.0 Q
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mnafi42 (o)
lode Mnsfiazalszan HE
Current division factor, S; =0.6 s
Line-to-line Voltage|at worst-fault location =115,000 A%
Soil resistivity, p (Uniform Soil) =400 Q-m
Soil resistivity, p, p. (Two-layers Soil) =300, 100 Q-m
Crushed rockr resistivity(wet), ps =2,500 Q-m
Thickness ofjcrushed rock surfacing, h, =0.102 m
Thickness of|top layer, h =2 m
Depth of grid burial,| b, =0.5 m
Transformer impedance, (Z, and Z );(13kV) =0.0034+j1.014 Q
(Z=9% at 15|MVA, 115/13kV)
Grid conductor Copper-clad steel wire 30% -
Grid shape Square grid -
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AN NUAIUNIUTUWIZYDIAUATIA (Crushed Rock Resistivity) 3L auuA IHIAIANNAIUNIY
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liAaa1nudumuvesaatil i was Symmetrical ground  fault

[ Fd
current, [ = 31, 9INANNIIN (4.1) AU

FIMTUU LU

Fd
AUUHUVUIAVE

a1 1l

4 31,

E

I. =

07 3R, +(R, +R, +Ry) +jX, + X, +X,)
f 1 2 0 1 2 0

4.1)

{1115 Alalias unuaumsez 1d

- 3(115,000//3)
0 3-04+(4.0+4.0+10.0) + j(10.0+10.0+4.0)

31| = 3,180 A 1a X/R Ratio = 3.33
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Z, = (%J (4.0+ j10.0) +0.034+ j1.014 = 0.085+ j1.142

Z, =0.034+]1.014

_ 3(13,000/+/3)
0 3-0+(0.085+0.085+0.034) + j(1.142+1.142+1.014)

v
PIUUVUIAVDN 3]
[3I|= 6,814 A uaz X/R Ratio = 16.2
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Aa =1x 4.2)
TCAPx10™* i Ko #T,
Tco'rpr KO +Ta
1 .
Amrr =6.814x =334 mm2
3.85x107* | ‘(245+700)
0.05x0.00378x5.862 245+ 40

a” a o a 4
Tunoui 3 sy Idhuywenula

ANUHUIVOIHUNTIA LIORIAY h,=0.102 m (1 in)
anufumusumzveafiunsa lseRau p.=3,000 Q-m
ANUMUMYSURIZUBIAY p =400 Q-m
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4.3)
p+p,
_ 400-2,500
400+2,500
avlgnnmssuas Tasldaunsh @.4) aeil
0.09(1 —ﬂJ
Ps

C, =1-——Pel (4.4)

2h_+0.09

0.09] 1- 20
B 2,500)

° (2x0.102) +0.09

d' ] ¥ 4 =1 L ag‘ (-7 ] = Y
afegnieluiunaaiiidiheeeiiimiinediadeslszum 70 Alansy

g 4 Y] o o d ar
22) uae (2.24) o unaaius i duda uazinaaius adu T

0.157
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Etouch70 (1 000+1. 5 C )

E a0 = 1,000+ (1.5%2,500x0. 74))— =8322V
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0.157
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E g0 = (1,000+6p,C,)—— (4.6)
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Py =200 Q-m

9/ [
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p, V1A +hp1n[23.16ln(p—2+31.9

ol _oshy®
J—78]x 1+1.95¢ YA _03e VA

Py
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1|{[, D* (D+2:h)> h | K, 8
K,=—||In + - +—In ——— (4.12)
2n{| 16-h-d 8-D-d 4-d| K, n(2-n—1)
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1
Kii=—‘ﬁ (4.13)
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(4.14)
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1.225
. 72 +(7+(2x0.5))2_ 05 | 057 8
16x0.5x0.01  8x7x0.01  4x0.01| 1.225 |wn((2x11)-1)

K, =0.644+0.148-n (4.15)
A
e n=n,-n,-n -ny (4.16)
) 4
D, = TN (4.17)
’p
2x1,540
N, =—f— =
280
) [ d a o a P o o
n =1 | fniunsnansatluzlamasuinia
o o g a o d' = w o
n=1 | dwmiunsnansauglamasuinia
° o ¢ o o = d‘ o o
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4.6.2 aiuﬂiZﬂa‘Ullaz'Jﬁﬂ]{l‘lﬁ‘luiﬂillﬂiuﬂlﬁ6§)ﬂll‘U‘U§$‘U‘Uﬂ9aQﬂu
' a g A ° o a o <
I‘ljillﬂiHﬂTiﬂﬂﬂllUUig‘UUﬂﬂaQﬂuu memmitiUﬂiﬂmﬂim:wuauiﬂ’miﬂuJu

a 4 @ 1 1 a o 4
MlaideusugmseonuuuszUUABAIAUAIgIN 4.7

{ a o U i a
3UN 4.7 Fuladusngmseonuuusz UUADAIAY

4.6.21 msteudpuatazMamvINamea N

1. AAn Calculation 19®A Fault Calculation LﬁE)HW‘Uu1ﬂ‘U?Nﬂ5$LLﬁaﬂ
wsoa wiiwe Tsunsui 19 luns Jeudoymmunuianszudianies uaasdagilii 4.8 1den
Input System Data Tihmistloudayaiios 19 lumssuanmanavosnszuaians os

2. Youmws swuvasszuy Iihidigafie150 (System Voltage)

3. Youmduiiuaug YDA 01TIRY (Source Impedance)

4. 1@oAWIATIBA (Select Transmission Line) 320113910 Iup3n1s
TWihaaugiina (PEA)

5. YoumnueId w0 (Length of transmission line)

6. AAN Calculate 1USUNTUILUTAIVUIAVDINTSUARANTDIN 1A TIN

1571428 (Fault Calculation Result)



~Input System Data - e Gt TN TR e L MRS TN
System Voltage r—"——T (A%

Saource Impedance

Transmissioa Line

Select Transmission Line (PEA) { _"'_‘"E}

Length of ransmission line l km.

Fault Calculation Result

Hhairan fres
Single Line to Ground Fault _ A

Fault Calculation Report

Input system data :
System Voltage : kv

Source Impedance :

Positive resistance : e} Positive reactance : 0

Zero resistance : 9] Zero reactance : Q

Transmission Line :
Select Transmission Line (PEA):

Length of transmission line : km

Fault Calculation Result
3-Phase Fault : A

Single Line to Ground Fauit : A

4 a o ©° a 1
E‘dﬁ 4.9 'Juiﬂ'li1UQ'Iuﬂ'I‘Sﬂ'l‘ll')ﬂlﬂ']‘ilﬂ']ﬂﬂi:ﬁllﬁﬂﬂ?ﬁEN

80



81

a A a o v " a a g £
7. AN Report tNWNAHAGNS wazan 15 lumseenuuunuiludeya
weraInagii 4.9

8. AN Calculation 1ABN Conductor Size Calculation BV IVUIAT YA

° 9

1ihee lsunsunldlunistloudeyamvuamodni uansdsziii 4.10 den Input Data
Y o
W

pasd

9 v = ° v o
1msﬂauﬂlagam:‘1%"lumsmmmmﬂlmﬂmﬂmm

File  Calciation:sHelp -

Ampacity Function Calculation
Conductor Ampacity Calculation(per IEEE Standard 80)

Input Data

Select matenial type [ 3

PMS current f A

Duration of current Sec. E 3

~Result el v R AISE . \ N R B :
Calculate minimum size _ Sq.mm §
Select conductor cross section _ Sqmm: Bt

Calculate Report Exit }

4 a < ° )
31 410 Fuladimsfuramanameani

9. 1ABNWIAYDIAIN 1% 11N 158D AU (Select Material Type)
10.YouAINTIEHANI BILALIIAINITINANNUAANI DI (RMS current,
Duration of current)
11.A80 Calculate  1U5UATHILHAAIVUIAYDITIOAIIN LADIAATS
AN (Calculate minimum size, Select conductor cross section)
a A a s o o < < 9 [ i
12.AA0N Report INOWUHHAANTS uazinuiludoya uaasaagin 4.11

a 4 a s °
13.A0nN Exit lﬁﬂﬁ,ﬂﬂﬂ']iﬂﬂﬂi]‘lﬂ')uiﬂ'lﬂ’]iﬂ']uim
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Ampacity Function Report
Conductor Ampacity Calculation {per [EEE Standard 80)

Computation Results :

Minimum Cenductor Size : Sq.mm.

Computation Criteria :
Symmetrical RMS Cumrent Magnitude :

" Maximum Fault Duration :

o°» »

Ambient Temperature :

a®

Maximum Allowable Temperature :

Material Constant of Conductor :
Name :

°

Reference Temperature for Material Constant : [

Thermal Coefficial fo Resisfivity at Reference Temperature :

Fusing Temperalure of Conductor : c
Resistivity of Conductor at Reference Temperature :

chm}- t

uQ2-cm
Thermal Capacity forunit vaiue :

H a 4 o @ o
U 4.11 FuTadsenum s ivuIAYe I8 108211

v o

aHvdYAlUASA

i
a &

1. Aan Calculation (@

2.2 M3 MIUHIAANNATHMIUTZUDADAIAY

®fl Grounding Resistance Calculation fana

. a Y =q 3 9 4 ! L
uszuuaoasiu minee Wsunsun ldlumsiloudeyanimanudiuniuszuy

|91 4.12 TAvhmsileudeyaniaz 19 lunsduramidianudumiuszuy

¢
2. Youannudumus e AU F UL, AIAINATUNIUT UWIZ
=2 a :sx’; S - o 9 o FY
NUANYDIAUTUVY (Soil Input) N M nnIsinIudeTisunsy CDEGS
1 kY [
3. floumnmsdaneduniaanuinnindlaunduazvuiaiuives
9nUUY (Ground grid characteristic)

1 ° [T o A o
4. ;ﬂ@uﬂ']ﬂj’]llfn? MUY UASTANYDINTIIATOANNINTOD AL

[]
(=

N

Y
a

1

5. A Calculate TUSUATUIZUTAIAIA NUAIUNIUSEUUABAIAY
|
inding System Resistance)

a & a '3 o o [ [~ o 8/
6. AN Report INDWUWNAANWTD uaZﬂ']'ﬂ{l%kluﬂ’ﬁaaﬂ“'ﬂ‘ﬂlﬂ‘ﬂlﬂu"uaga

a 4 a o o
7. A0 Exit Lﬁ@@sllﬁlﬂﬂ'liﬂﬂﬂ%']ﬂ')uiﬂ']ﬂ'liﬂ'l‘l‘l'lﬂ!




Grounding Resistance Function Calculation

(Two-Layers)

Soil input e R S R

Upper layer soil resistivity [‘_‘_‘ ~ Ohm-m.

Lower layer soil resistivity i“—_ Ohm-m

Depth of upper layer level r——' m.
B RN GG R S

Depth of ground grid conductors E"""‘“‘" m

Total area enclosed by ground grid {——— Sqmm
Rod Characteristic Gl S s

For grids & without ground rods

7 with ground rods

Length of ground rod
| Radius of ground rod

i Number of ground rods

Total resistance R

Grounding Resistance Function Calculation
Calculation (per Xiaobin' equation)

Soil input :
Upper layer sail resistivity . Q- m.
Lower layer soil resistivity . Q-m
Depth of upper layer level : m

Ground grid characteristic :
Depth of ground grid conductors : m.

Total area enclosed by ground grid : Sq.mm

Rod characteristic :

Length of ground rod : m.
Radius of ground rod : m
Number of ground rods : Pes.

Total resistance :

Grounding System Resistance : Q

" a J ° U 1 a
3'1]7“! 4.13 auTmswammsmmmmmmmﬂ"mmuszunmaamu
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4.6.2.3 msleudeyauazinamimnszuaningega
1. AN Calculation 130N Grid Current Calculation LﬁﬂﬁTﬁ]ﬂizuﬁ

nsagaga wiiwe IWsunsuildlunmstloudeyamanszuaniagaga uanadsglii 4.14 16

sinstloudeyaiiey 19 lunsfnnamanszuaniagega (Input Data)

2. Youminszuadnl3993a9@Y (Single Line to Ground Fault)

W

. Youmdrsznouutianszuaiansed (Fault current divisionfactor)

4. Yloumiszozna1ns IMaveansLuadAl995a9AY (Duration of fault
current)

5. Youn1oasidan X/R (R ratio) iazainudvesszuy T
(System frequency)

6. AN Calculate  TsunssvzianmInszianiagegaildainns

AMUIU(Max Grid Current)

a y a J o
7. fan Exit lﬁﬂﬁﬂ\?ﬂ'ﬁ'ﬂﬂﬂﬂ1ﬂ')uiﬂ'§ﬂ1§ﬂ1u?m

T TR

Maximum Grid current Calculation

-lnput Data
Single Line 10 Ground Fault g l A
Fault current division fsctor (Split factor) i
! Duration of fault curent i -, Sec.
XA satio r e/
System frequency i Hz
~Max Grid Current -~ - Stenia 4 e
Maximum grid current that flows betwsen — ‘A
ground grid and surrounding earth y g

Calculate Exit ]

H a 4 o ' a
7U1 414 JuTaimssunumminszuansagaga
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4.6.2.4 Mm3eudenanazmuInmil GPR

u

a i A . A ' o 9 =
1. AAN Calculation 138N GPR Calculation oA ms ey Inihgagadn

Q

L g { 1 as { a g L {
wavu mihvelusunsuildlunstloudeyamawsedu Iihgegainifadu naasdsgdi

4.15 ‘lﬁ'ﬁmﬁﬂau%gaﬁﬂ:i%’iumsﬁmamﬁ1ﬁ1t;saﬁu"lwﬂ1qaqﬂﬁgﬁﬂ%u (Input Data)

2. YouninszuansAgIgAazAINUAIUNIUIZUUADAIAY
(Maximum grid current, Grounding system calculation)

3. AAn Caleulate TWsunsueznanssus i IWihgegaiimaiu 714

INMIAUIN (GPR)

a y a o °
4. fan Exit sﬁaﬁ'mmmaﬂmmuImmsmmm

Ground Potential Rise Calculation

~Input Data el ~ el AR A @ 200

Meximum grid current Bod
Grounding System Resistance Impat '
‘,. GPR R
| Ground Polential Rise
e 0 st %
Calculate l Exit ]

d' a 4 o '
51 4.15 JuladnmsAIunia GPR

4.6.2.5 mitleudeyanazinnamus s liihaudauazussdulviih
M v
¥23iIgega
1. AAN Calculation 1890 Touch and Step Voltage Calculation RTGLRGE
e Ifhdudauazus sdu Ifhaasdngege e Tsunsuildlumsfloudeyaniar
usaan Ilfhdudauazus wdu Iihasdnigega uaadsgd 4.16 Tdvihnmsfloudeya (input

Data)



Touch and step criteria Calculation
| InputData
Apparent Soil resistivity l Ohmrm.
Surfece layer resistivity [ Ohm-m.
: ‘Surface layer thickness [ T m
: - . Dursfion of cuent | Sec.
Select human body weight
T SOkg
7~ J0kg
v”\l&lagu |:"i(’criu s
Tolerable touch voltage — Valt
Tolerable step voltage — Vaolt
Calculate l Repont 3 Exat

Touch and step criteria Calculation Report
Calculation (per IEEE Standard 80)

Input Data :
Apparent Soil resistivity Q-m
Surface layer resistivity : Q-m
Surface layer thickness * m
Duration of current : s.
Human body weight : kg.
Computation Results :
Tolerable touch voltage : V.
Tolerable step voltage : V.

51 4.17 Fuladswaumsduramaussau Idfhduda

uazus s Ifhasdngage
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i ° a a ¥ a g 9
2. ‘ﬂﬂummmﬁ'mmummw‘umﬂuuumu%umm, ATNNUATUNTU

a a

TuWIzveIaqHIAY tazANUINYEIIARYAIAY

3. flouA1szoza1713 IMaveInssuanal995a3AY (Duration of fault

current)
A ¥ o s o w o a o A a o
4. @INUINUNRAYTTHIVNYBY (50 ﬂIaﬂﬂJ #1309 70 ﬂIaﬂ'ﬁJ)
5. Aan Calculate  Tdsunsuszuaasaiussau ldihdudauas
usaau Iihaadngegae fldannsaiom (Tolerable touch voltage, Tolerable step voltage)

Vv q

a A a < o o Vo <3 I~ 9
6. AAN Report ONUWHAANT tazmildlunmsesnuuunuitludoya
o d‘
HaAIAagln 4.17
a > A 9 a o o
7. Aan Exit{ioan4msoana1nIuIadnisaiuim

v

4.6.2.6 msloudeyanazannamussaullihomuazusgulihysnn
I. AAN Caleulation 189N Maximum mesh and step voltage Calculation
domdus sy Ifhmstiazus @ rihdednfinatues shumoi Inih nihee dsunsy
M lumstloudoyamaius adu Tlihumuazus sdu Tldhaed 1 iaesdegli 4.18 1vh

msileudayn (Input Data)

A Y O eSS

Mesh and Step Véitage Calculation

Apperent soil resistivity f
Maximum gnd cumret

Ground grid characteristic

Seled Grid Shape

Depth of the grid conductors ’— m

Diameter of grid conductor % g2 [ W~ RN
Rad Characteristic — -

For gnds & without ground rods e

© with ground rods

Number of ground rods i Pcs

Length of ground rod : r‘—"‘i‘ Fo
‘Result - 2 o ST

Mesh valtage : Em
Step voltage " Es

Cost estimation

: - ° o o ' d‘ “a é _a
31 4.18 Fulaimsdunamussau Idfhusuazus sdu lWihaednnifa s
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14
2. i’laummmﬁ’mmuﬁuw1:Guamusm‘uﬂuw@muazmﬂszuﬁ

3. iAonanyar§i1ans1IAN3A (Select Grid Shaped)

by * Qs o ' P=3 a a P 9/ []
4. ﬂBUﬂ"m'l‘ii]ﬂ'J'NGI’ILL‘Huﬁﬂ?1ﬂﬁﬂﬂ1ﬂﬂ’lﬂuﬂﬂ\3uﬁ$L?{UN'1‘L!

[
o

o @ o . . e
gfufmmwmmamummm'saammu (Ground grid characteristic)

characteristic
1 Y o a

PIIA1INUAR

Step voltage,

]
I3

uananggin

31 4.3

=1
VUHIAS

a 3’, o 3 °
5. Lﬁi’]ﬂﬂ'liﬁlﬂﬂﬁﬂ‘i'l’lﬂiﬁ]ﬂ, %’Jaummmmmazmu’m (Rod

6. Aan Calculate TUsunsuazuaaains ey lWiluuas, usauTuih

UszanamssnAneas 195 UUADAIAUNYIINT0ONIUY (Mesh voltage,

Cost estimation)

a & o v 1 olq S g v
7. AN Report INBWUWNAANT u,azm“n°l°1f“luﬂﬁaaﬂuumﬂmﬂumaga

a 4 a J °
8. Aan Exit Lﬁ@ﬁlmﬂﬁﬂaﬂinﬂ’mimmimu?m

Mesh and Step Voltage Calculation Report

Apparent sall resistivity = 33.0 0-m.
Maximum grid current = 4,444.0 A.
“Dx
oy
Ly
: 7
L
Lx : Maximum fength of grid conductor in x-axis =  55.0 m.
Ly : Maximum length of grid conductorin y-axis =  55.0 m.
Dx : Distance between parallel conductor In x-axis = 2.0 m.
Dy : Distance between parallel conductor in y-axis = 2.C m.
Total area enclosed by ground grid = 3,025.0 Sq.m.
Depth of grid conductors = 1.00 m.
Dimeter of grid conductor = 1.0600 m.
Number of ground rods = o Pcs.
Length of ground rod = 0 m.
Result :
Mesh voltage : Em = -60 V.
Step voltage . Es = 129 V.
Cost estimation = 845,450 Baht
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Copper, commercial hard-drawn 320 70
Ground rod, copper cover steel, dia. 16 mm., 6 m. long 1,130 930
Ground rod, copper cover steel, dia. 16 mm., 3 m. long 320 70
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Design result
Q@M @) | ‘@] »m MWW (Baht)

10 10 618 990 2,023 524 not safc 858,000
9 9 618 919 2,023 519 not safe 944,667
8 8 618 844 2,023 516 not safe 1,053,000
7 7 618 766 2,023 515 not safe 1,192,286
6 6 618 681 2,023 517 not safe 1,378,000

50

4 4 618 487 2,023 540 safe 2,028,000
3 3 618 370 2,023 573 safe 2,678,000
2 2 618 230 2,023 648 safe 3,978,000

1 1 618 58 2,023 874 safe 7,878,000
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P D, D, E. . E_ E, epso E, Design Rods Cost
Q@M m [ m | ™ | ™ | & | v) | result | (Noo (Baht)
9 9 618 | 617 | 2,023 | 427 safe 153 1,152,747
8 8 618 | 617 | 2,023 | 456 safe 105 1,195,800
7 7 618 | 617 | 2,023 | 492 safe 41 1,248,046
6 6 618 {577 2,023 {516 safe 1 1,379,360
" 5 5 618 | 589 |'2,023 | 524 safe 0 1,638,000
4 4 618 487 .| 2,023 | 540 safe 0 2,028,000
3 3 6181 370 | 2,023 | 573 safe 0 2,678,000
2 2 618 | 230 | 2,023 | 648 safe 0 3,978,000
1 I 618 | .58 | 2,023 | 874 safe 0 7,878,000
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P D, Dy e E, # < E, Design Rods Cost
(Q-m) ) V) | (V) | result | (3m) (Baht)

9 9 618 | 617 | 2,023 | 429 safe 75 1,099,167
8 8 618 | 616 {2,023 | 456 safe 52 1,160,120
7 7 618 | 616 | 2,023 | 492 safc 21 1,235,546
6 6 618 | 576 | 2,023 | 516 safe 1 1,380,060

» 5 5 618 | 589 | 2,023 | 524 safe 0 1,638,000
4 4 618 | 487 | 2,023 | 540 safe 0 2,028,000
3 3 618 | 370 | 2,023 | 573 safe 0 2,678,000
2 2 618 | 230 | 2,023 | 648 safe 0 3,978,000
1 1 618 58 | 2,023 | 874 safe 0 7,878,000
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P D, Dy E, uenso E_ E _—- E, Cost
Design result
@Qml @ | m|v|mw|vw]|w (Baht)

10 10 | 618 | 982 | 2,023 | 519 not safe 859,950
9 9 618 912 2,023 514 not safe 946,617
8 8 618 | 838 | 2,023 | 511 not safe 1,054,950
7 7 618 | 760 | 2,023 | s10 not safe 1,194,236
6 6 618 | 676 2,023 | 512 not safe 1,379,950

50
4 4 618 |-484 | 2,023 | 534 safe 2,029,950
3 3 618 | 368 | 2,023 | 567 safc 2,679,950
2 2 618 | 229 | 2,023 | 640 safe 3,979,950
| 1 618 | 7597 12,023 | 863 safe 7,879,950
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P D, D, - E; Ef & E, Design Rods Cost

(€2-m) (m) (m) V) V) V) (V) result (No.) (Baht)

9 9 618 |“ 6171 -2,023-| 426 safe 148 1,147,897
8 8 618 | 617 | 2,023 454 safe 100 1.190,950
7 7 618 | 617 | 2,023 | 490 safe 36 1,243,196
6 6 618 | 572 | 2,023 | s11 safe 1 1,381,310

50
5 5 618 | 585 | 2,023 | s18 safe 0 1,639,950
4 4 618 | 484 | 2,023 | s34 safe 0 2,029,950
3 3 618 | 368 | 2,023 | 567 safe 0 2,679,950
2 2 618 | 229 | 2,023 | 640 safe 0 3,979,950
1 1 618 | 59 | 2,023 | 863 safe 0 7,879,950
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P D, Dy E uetso E. E — E, Design Rods Cost
QM| m | m | v | & | & | ) | reult | (No) (Baht)
gfa Wop 2t Y

9 9 618 | 617 | 2,023 | 427 safe 73 1,096,997

8 8 618 | 617 | 2,023 | 455 safe 49 1,155,890

7 7 618 | 616 | 2,023 | 490 safe 18 1,231,316

6 6 618 | 572 | 2,023 | 511 safe 1 1,382,010

50 5 5 618 | 585 | 2,023 | 518 safe 0 1,639,950

4 4 618 | -484 | 2,023 | 534 safe 0 2,029,950

3 3 618 | 368 (| 2,023 | se7 safe 0 2,679,950

2 2 618 | 1229 | 2,023 | 640 safe 0 3,979,950

1 1 618 | 59 2,023 | 863 safe 0 7,879,950
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p D, D/ Ente £, ..£ E, i Cost
(©-m) Design result
™ (m) (m) Y] V) V) V) (Baht)

10 10 618 1,020 | 2,023 545 not safc 865,800
9 9 618 948 2,023 541 not safc 952,467
8 8 618 &72 2,023 239 not safe 1,060,800
7 7 618 791 2,023 538 not safc 1,200,086
6 6 618 704 2,023 541 not safe 1,385,800

50

4 4 618 503 2,023 567 safe 2,035,800
3 3 618 381 2,023 603 safe 2,685,800
2 2 618 235 2,023 684 safe 3,985,800

1 1 618 53 2,023 924 safe 7,885,800
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D E ouchso E_ E o0 E Design Rods Cost
(m) (m) V) V) V) ) result (No.) (Baht)
9 9 618 617 | 2,023 | 435 safe 175 1,190,467
8 8 618 617 | 2,023 | 465 safe 127 1,233,520
7 7 618 617 | 2,023 | 503 safe 64 1,287,126
6 6 618 596 | 2,023 | 541 safe 1 1,387,160
5 5 618 609 2,023 550 safe 0 1,645,800
4 4 618 503 12,023} 567 safe 0 2,035,800
3 3 618 381 2,023 | 603 safe 0 2,685,800
2 2 618 235 12,023 | - 684 safe 0 3,985,800
1 1 618 53 2,023 | | 924 safe 0 7,885,800
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P D, D, K cdse E. | D E, Design Rods Cost
Qm) | (m) | m) ) V) | result | (No) (Baht)
‘ )04

9 9 218 “ |~ 617 |.2,023 1,129,627

8 8 218 NGl iR S safe 63 1,190,580

7 7 218 | 616 | 2,023 | 503 safe 32 1,266,006

6 6 218 | 595 | 2,023 | 540 safe 1 1,387,860

50

5 5 218 | 609 | 2,023 | 550 safe 0 1,645,800

4 4 218 | 503 | 2,023 | 567 safe 0 2,035,800

3 3 218 | 381 | 2,023 | 603 safe 0 2,685,800

2 2 218 | 235 | 2,023 | 684 safe 0 3,985,800

1 1 218 53| 2,023 | 924 safe 0 7,885,800
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Fault duration, t, =0.6 S

Current division factor, S, =(0.6 -

Line-to-ling Voltage at worst-fault location =115,000 \%

Crushed rock resistivity(wet), ps = 3,000 Q-m

Thickness of crushed rock surfacing, h =0.1 m

Maximum fault current =31,500 A

Depth of grid burial, h, =0.5 m
Copper, comunercial hard-drawn

Grid conductor -
(97% conductivity)

Grid shape Square grid -

X/R ratio =20 -

‘i’ d’ = = 1 . . a
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t. (Shock duration) %
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d' ® g} a d‘ = Y a =3 [ o
M1319N 5.12) Mapuauauianil Wihiliaugaamnssuninmile IHIND YU
manumumuiiald Q)
ILHLHIVBEINTD (m) 0.5 1 2 4 6 8
PX 18.30 5.16 1.76 0.78 0.72 0.46
POINT 1
PY 16.15 2.70 2.38 1.29 0.80 0.51
PX 6.94 3.55 51.40 1.05 0.64 0.43
POINT 2
PY 5.65 3.69 2.17 1.24 0.69 0.49
PX 19.39 7.12 437 1.74 1.72 0.55
POINT 3
PY 5.12 4.83 3.33 1.72 0.95 0.59
WASINANNUATHIIY | 71.55 27.05 6541 7.82 5.520 3.03
TR/N 11.925 4.508 10.902 32.756 34.683 25.384
o tlda uyg ~ & @ o o o ' 9 o
aidaldnnmsien 5.2 Ttludpyadmsumuiammanudiumusumnzves
. 8
auaaoT1/sunsy CDEGS Tuga RESAP Asil
<---| LAYER CHARACTERISTICS --> Reflection Resistivity
Layer Reslistivity Thickness Coefficient Contrast
Number (ohm-m) (Meters) {(p.u.) Ratio
1 infinite infinite 0.0 1.0
2 252.1914 0.2548186 -1.0000 0.25219E-17
3 182.7228 infinite -0.15973 0.72454
4 ° ' o a o ~ Y
111 5.7 womsAunamsnei umuswnzvesduiianii lwih
augaaMnssumamile dellsunsy CDEGS Tuga RESAP
o Y o a a o 3’, a g’l s
ﬂiu)mﬁlfanuﬂ1uw1uﬂuw1$%EQﬂu%uﬂﬂuﬁﬂd%uTﬂﬂﬂu%uuuuﬂ1ﬂ3nJ
° [, 4 U °© a 2’) J
ATUNIUTURZINAL p, = 252.19 TRFU-1IA1T AIANUAIUNIUS UNIZ VDA UTUBIS P2
14 ' a 3’;
=182.72 Taﬁu—mmj HAZAINNNANVBIAUTUVY h = 0.255 LUAT
b
AupamImIaNuAI UL INIzYesANYlaauTwAe Idimidu p = 49.268

Tovtu-as
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Tunsfitiog14A1 Maximum fault current Afnualaons Iihdaugiiniadimua

A1 31,500 woals

Ampacity Function Calculation
Conductor Ampacity Calculation(per IEEE Standard 80)

input Data
Seledt material type iCopper. Commercial hard-drow =]
RMS cumrent ; 31500 A
Duretion of current - e sec
4 Result
g Calculgte minimum size Sqim
g Select conductor cross section m Sqmm

{ gotcutote | | pepon | mm

d' o 4 o o o
s 5.8 uladnmaannamvnnamoani

Ampacity Function Report

Conductor Ampacity Calculation (per IEEE Standard 80)

Computation Results :
Minimum Conductor Size . 87.365 Sq.mm.

Computation Criteria :
Symmetrical RMS Current Magnitude :  31,500.0 A

Maximum Fault Duration 06 $:
Ambient Temperature : 40 c
Maximum Allowable Temperature : 1,084 c

Material Constant of Conductor :
Name : Copper. Commercial hard-draw

B

Refe Temp ire for Materiai Constant : 20 c

Thermal Coefficial fo Resistivity at Reference Temperature : 0.00381 1 e
Fusing Temperature of Conductor : 1,084 c

Resistivity of Conductor at Reference Temperature :  1.78 uQ-cm
Thermal Capacity forunit value : 342 chms-"t:

4 a (3 o @ o
311 5.9 JuTadsnenumsmuIumvnamoanil



102
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il Calculation Help -

Touch and step criteria Calculation

+ Input Data

Apparent Soil resistivity 49.268 Ohmrm.

| Sudace layer resistivity 3,000 Ohm-m.
Surface layer thickness 0.1 m.
Durétion of current 06 Sec

| - Selecthuman body weight

Voltage criteria , A | RO TR MY

Tolerable touch voltage m Voit

Tt sepotage —

[ cotcuoe | Bepon | par |

" a d ° w @ o o 1
51 5.10 FuTadmsamamnssau IWfhdudauazussan Ilihyedingega

' o Y A 4 9y o o %‘.’ LY a o '
wiawssau lihiuysonasanu lddimSumuniimin 50 alansy Taswia

s @ 1 T w < d
usaau Iihdudaiazminims sau Tihgaeiagegalamnu 618 19aa uaz 2,023 Taad
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Grounding Resistance Function Calculation
(Two-Layers)
- SO TP - : B, RO N R LR
i Upper layer soil resistivity rm Ohm-m.
Lower layer soil resistivity r_ 182 72 Ohm-m.
Depth of upper layer level [TTozss m
Ground grid charadteristic BRI SR 7 =
. Depth of ground grid conductors 05 m
Total area endosed by ground grid [—-Tl—f? Sqmm.
. Rod Characteristi - e
Forgnds ¢ without ground rods
& with ground rods
- Length of ground rod rw__f m
Radius of ground rod [“_?.FI‘S m.
Number of ground rods I”M_—_ﬁ. Pcs
T ot tebleta e ..
Grounding System Resistance Otm,
Feseed | el |

Grounding Resistance Function Calculation

Calculation (per Xiaobin' equation)

Soil input :
; Upper layer soil resistivity 2522 Q-m.
Lower layer soil resistivity . 1827 Q-m.
Depth of upper layer level : 03 m

Ground grid characteristic :
Depth of ground grid conductors : 05 m

Total area enclosed by ground grid : 6,836 Sqmm

Rod characteristic :

Length of ground rod : 6 m
Radius of ground rod : 00180 m
Number of ground rods : 30 Pes.

Total resistance :

Grounding System Resistance : 1530

{ a o o ' 1 a
j‘l!ﬁ 5.12 ’JuTmiwammsmmmmmmmﬁﬁumuszumamﬂu



v .
TUADUN 6 AUIMYIAINTZUANIATIYA

Maximum Grid current Calculation

Input Data
Single Line to Ground Fault 31.500 A
Fautt current division factor (Spit factor) 6
Duration of fault current

XAR st

_ System frequency

Max Grid Current

Maximum grid curent et liows between A
ground grid and surounding earh

51 5.13 Suladnmismuinmiainszuaniagige
o ' a Y 1 o (4
A IMAszransa IR I, = 18,900 ueuls

YUADUN 7 AFIVADVA1 Ground Potential Rise (GPR)

b b Gl

E Ground Potential Rise Calculation
ey ST o Sl KA DL -7 o NN N
Mm&mwdmm ias00 A ot |
Grounding System Resistance [~ 7% Ohm "t |
GPR -
Ground Potential Rise | 2a.51709

31 5.14 Fulaimsdiamim GPR
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Mesh and Step Voltage Calculation

Input Data -~ Z

2056 Ohmm.

Apparent sail resistwity kel
Meximum grid curret |~ ies00 A

Ground grid characteristic: - Ny
Select Grid Shepe [Rectangular grids ~)
Dept of the grid conductors 05 m
Diameter of grid conductor [ ootz m

'~ Rod Characteristic
For gnds & without ground rods
¢ with ground rods
Numberof ground rods
Length of ground rod

ﬁ Result A 1
. Meshvoliage :Em | 27l
St o —

" Comesmton T o

[ Coicuioia |~ Bopon | - |

" a g o ' @ Aa & P!
310 5.15 Fulaimsdamaus sau IWihnmaduluanii i
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Mesh and Step Vbltage Calculation Report

Apparent soil resistivity = 493 QO-m
Maximum grid current = 18,900.0 A
Dx
}y
Ly

<4 e #-
Lx 1 Maximum length of grid conductor in x-axis =  98.0 m.
Ly : Maximum length of grid conductor in y-axis =  69.8 m.
D| : Distance between parallel conductor in x-axis = 5.0 m.
Dy : Distance between parallel conductor in y-axis = 5.0 m.
Tftal area enclosed by ground grid = 6,835.5 Sq.m.
Depth of grid conductors = 0.50 m.
Dimeter of grid conductor = 0.0126 m.
Number of ground rods = 30 Pcs.
Length of ground rod = 6.0 m.

Result :

Mesh voltage : Em = 542 V.
Step voltage : Es = 567 V.
Cost estimation = 1,193,561 Baht

AU 1,19

3,561.- UM

a & J o @ o 1 9 o a &’ a
16 U 1ﬂ3ﬂ1i-ﬂ'lu%m‘1’i’lll,§'\1ﬂuIl‘l"l%'lm%tm$LL‘j\?ﬂu,‘l‘l"l%\l”l‘lﬂdﬂ’l’)ﬂlﬂﬂ‘llu%ﬁﬂ
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9,000,000 -y
8.000.000
I 7.000.000
€ 6000000 | flak
5 . 5,000,000 4
aE '?-'—; . no rod
€ S 4000000
& ‘ B withrod 3 m
E 3,000,000 A B with ot 65
1.000.000
Q9
gL NI ()
H =y 1 1 d a d’
3 6.2 nmnfSouioualdiioninansagins safiud
<
jg :;i i norod
g B witirod 3m
;E #1 with rod 6 m
%
9 E % 5 3 3 1
Tz AN ()
< = ' 1 d a @
i 6.3 ns S oudiousldiionsnansagunssdauea
4&‘ =1 ' PR d a d' d' v @
maam 6.1 wisuieumldsiensnaniaginsstmdoniaia
= 1 d = 1 J
- , UUNINTNIATOA HUNINTIATOA
liidiunansasen ' ,
3 191015 (190 1N4) 6 1105 (93 LN9)
ml¥ae (un) 1,638,000 1,116,400 1,049,580
Haf1a (UN) . 521,600 588,420
WA (%) . 31.84 35.92
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- , fiunansndsen fiunansasen
lusiunansiasen , ,
3 14AT (185 UNY) 6 1AT (91 UN3)
alioe (W) 1,639,950 1,111,550 1,047,410
NaA1e (UN) - 528,400 592,540
Nan1g (%) - 32.22 36.13
ms19 6.3 | nBoufisnarldwnsndniaginiediuen
=1 T d =y ] d
it . UWHNNNIIATON HUUTNNINIAIIA
Taifiunansiasen \ ,
31uA3 (211 UNY) 6 1UAT (104 UNY)
alae (wn) 1,645,300 1,152,760 1,080,040
HaA14|(L1n) : 493,040 565,760
HaR1 (%) ! 29.96 34.38
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1sinsu CDEGS (Current Distribution, Electromagnetic Fields, Grounding and Soil
structure analysis) Hudnvinives Safety Engineering Services & Technologes Limited,(SES)

Iszmmuanian

1. @lsznevveslysunsu
a a d @ 4 ] 1Y ¥
Ineniinusmivil 19Tsunsy CDEGS szneudae 2 Tugadeu Aall
1.1 RESAP (Analysis of Earth Resistivity Measurement)
<] Pa 9 o @ a I'4 9 a o P @ 1 9
Wuluganlddmsummaiimes Inssadsdauin laninmsiamianudiumu
Jumizusau luninau
1.2 MALT (Low Frequency Analysis of Buried Conductor Networks)
I P 3 o v a I'd ' a ' ' 9
Wuluganlddmiuiasizisguudeasay 1wy MIAIANUATUNIUYEITZUY
ABAIAY Nzuaf IMasonvinay nseau Il vumaus sdu Iihdudauazus g Inih

¢y
EINN

- 49
wenlugaiinoms

#1190U99 CDEGS

ok o ofatelx
- %‘%
N i ]
6/ (= |
@ !

Gudehnes §

1ddman : 1Hans :
A

31U n.1 wiive CDEGS

2. Tuga RESAP

ad 1 a d

2.1 Asmsdszanamimnniimes
4 a d Y U o w VoA Y o
RESAP 921521NaA1M151319035 220015 0ARAA 1M 1a9a009U09AINIA 1aNY
a9 o

VAo 9 .. g ) aq YA A °
ﬂmmmm"lﬂ (least-square minimization process) Tavazii IMidenI5mM A IuIn 2 T5A200

&
o
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2.1.1 Levenberg-Marquardt (LM method)

2.1.2 Steepest Descent method

2.2 M3lY RESAP

2.2.1 Wal¥ulas Start/Program/SES

o a9
AMiua ID NAoIN1g

1aInan OK

{OEMT CAPROGRAM PLESSESSOFTWARESESTest . 207200084002 -

: DEM2  C\PROGAAM FILES\SESSOFTWAREASES Test ven |

DEMO € \PROGRAM FILES\SESSOFTWARE\SES Test 02 171283

PEAZT C\CDEGS_FEA @K A

| S Test  CACDEGS PEA w8

| TUIT  CA\PROGRAM FILES\SESSOF TWARE\Howl0\Cde TR0 3BV TN
TUT2  CAPROGRAM FILES\SESSOFTWARE \How! o\Cde. . 7R3 #

i B NG bk AT B X

e

5

a 9 ¥
3N 0.2 mammua 1D My 19 luga RESAP

2.2.2° TN Toolbox A1 Data Entry teiloudeya nihwovznans

37 0.3 Toolbox N3 19911 Tuga RESAP
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;4
2.2.3 aan RESAP 11 Toolbox 92 1dnii1aea il

nli.f althisy asmements

Wenner, Long Filter W

default nazithiiinasgu

SOIL RESISTIVITY ANALYSIS FOR EAST : V03 Wenner
SUBSTATION. ; )
A TWO-LAYER SOIL MODEL 2 @IU Wenner, Short Filter 32

- o ) . v
MiDUNY Long Filter avz 11

y_ v A v
ANUYNADIUBINN a9z 1y

. v
1IN TINAYUVDIAY

v 14 : '
floudoyaldnsmna
v a - '
AUNMYBIAY (R) HiDA
ANUAUMIUT Uz YBIAY

P)

LRI UINIMANYR TIN5
wiohinld

v 4 Yy A
voyanilenedidosdoail

v
5 voya

300 a0
ugasnsmlveaveyaiiiald

Spacing. S
3uyuy

31 n.4 mistleudoyaluga REASP
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v
2ZlRESAP MyuatmIMFUveIAY

odndalwians e udimuaman

Aoans

Bottom

OIL RESISTIVITY ANALYSIS FOR EAST CENTRAL

3*'« '.

- [Substation Site #1 1
h G

i v i
U a5 madenuuuiiaewaznisasnnluga REASP
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a . YA d a "y [ a

224 nda OK/Submit 11 1Wa@y TugasgnunAeInIsny input file @A
(*WTB, *INP tag *F05) w30 11 d1a0an13n ada Yes Yoyandoufiawaslyda SICL tive
a¥1uilu RESAP input file

2.2.5 A@n Submit All (SICL) fi0g1u Toolbox Tudio 2 azilumsadia’lva

& k4 — ° v . o

RS **FO0S Fandouinazii liidinszuiums Engineering

2.2.6 Nan RESAP @14 Engineering 11/1ATZUIUAITMIMUIUAITA
fnua’ld §1i output file iy Tugavzowndesmsiy lWamy («Fo9 uaz *F21) wie 'l &

Y d a
ABDINIIN AAN Yes

2.2.7 io@Sdl Aan Toolbox @14 PLOT/REPORT/PRINT v ldniine

2e
=De

2.3 PLOT/REPORT/PRINT
= v =)
M3 plot @uNsO@ENENA 1A 3 HUY fiD
23.1 @naaen (Logarthmic X and Y)
232 @nauuUFudu (Linear X and Y)

a <
233 lﬁﬂﬁllUUlﬂNlﬁ'u‘luuﬂu X ua:‘,mﬂﬁaﬂﬂiuuﬂu Y (Linear X

Logarthmic Y)
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MANHNMUMUAIA (Q)
JeHTHIURS
I‘WSU( m) 0.5 2.0 3.0 4.0 5.0 7.5 10 15
Aunradia
1 37.5 18.9 4.59 2.05 1.42 1.16 0.794 0.68 0435
2 70 14.4 43 1.76 1.362 1.2 0.96 0.48 0.515
3 40.5 19.5 4 1.9 1.29 I 0.71 0.59 -
4 g ) / - - . - .
5 - 3 K - - 3 - .
6 - s - - 1 - - _
R(Q)
ZR/N 49.33 17.60 4,30 1.90 1.36 1.12 0.82 0.58 0.48
(AVERAGE)
p(€Q-m)
27CaR || 154.99 | 110.58 | 53.99 | 35.88 | 34.11 | 35.19 | 38.70 | 36.65 | 44.77
(AVERAGE)
TEee——i<RESISTIVITY ( SYSTEM INFORMATION SUMMARY ) >=========
RunAD. e Phan_20_defautt
System-of Units ...l.....ocvreecnen? Meters \
Soil Type Selected......co..cvimonnnn.. Multi-Layer Hotizontal
RMS eiror betweely measured and calculated:.. 941757  invpercent
resistivities (Note RMS=SQRT(average(Di**2))
<— LAYER E.HARACTERISWCS —> Resistivity
Layer Resistivity Thickness Contrast
Number (ohm-m) (Meters) Ratio
1 infinite infinte .0
2 1847921 0.6569766 0.18479E17
3. 35.53453 infinite 0.18228

v ¥
511 0.7 WasmaUR UM Iz UBIRNTEIF YR liuga RESAP
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METRIC/LINEAR X AND Y T Y e
200
. Muasural Results Qurve <Genaal> |
> Conputel Results Qurve 2

150"
fé\ 100
o
[}
£
£
=
=)
2
£ w0
4]
[«
=
=
o
Q.
= 0 R __e” B WA AR W T PR AN i A )

0 10 20 30

RESAP < Phan 2L, defauk >

Average Inter-Electrode Spacing (meters)

' ¥
s 08 nalmnamdiumui iz vesAuaoarUYs 1Ua RESAP

3. Tuga MALT

3.1 uvdIasdveIaul MALT
° a =} 1 v y A v o
upuiiaesvesaule MALT Hegnarouuulidldaunsatenliining auny
Tassadrsvesauiuies s Tageuuusianse1aes ldnnmsutlannumineninainiala

9 a a d  ar dyﬂ £ o a g/
Taoldluga RESAP Inntwusnijvuidonldunuiaesauaesruluuiueu

d R
suf 0.9 Auaesruluuuiueu



3.2 M3l MALT

3.2.1 Start/ProgranV/SES Software/CDEGS

fvua ID NAeIN3 1A AAN OK

C\PROGRAM FILES\SESSOFTWARE\SESTest
C:\PROGRAM FILES\SESSOFTWARE\SES Test

_PEA
C\PROGRAM FILES\SESSOFTWARE\HowTo\Cde .
C\PROGRAM FILE S\SE SSOF TWARE\HowTo\Cde.
o g a5

31 n.11 Toolbox M3 191 Tuga MALT

v
ISt

U

123
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3.2.3 Adan MALT #1914 Toolbox #1190 MALT

i MAL 0 ency Anysis i ried Cunclor Nelwmks
A CateD p

SAFETY STUDY IN THE 230 KV EAST CENTRAL SUBSTATION
INITIAL DESIGN OF GROUNDING GRID

31 a2 wihwe Tuga MALT

324 nan OK/Submit

325 A8 MALT §11 Engineering (4A321MM A0

326 GiBlEs a7 AAN Toolbox @11 PLOT/REPORT/PRINT 3% 1dviiiee

1
l

310 n.13 19990313 PLOT/REPORT/PRINT 11ga MALT
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3.3 G108 1INITHEAINE

PR v & =N I'd o v
asuaasnanidusenulasgeauisadelfuaansofiun 14 lavadnty
Report Tugi# n.14 Wionansvesdnd IWivs ous sau lWihamnmnualdannisadn

11 Draw Tugii .14 1wiReany

Run ID....c..levceeeecndisicinrnnnl 1XRoOd_3m

System of Units .......L....cccooc..” Metric

Earth Potential Calculations................. Single Electrode Case

Mutual Resistance Calculations............NO

Main Groun:d Resistgnce and GPR Calculations.: Representative Point Method
Type of Electrodes Considered............... : Main Electrode ONLY

Soil Type Sgalected...T ................... : Uniform or Two-Layer Harizontal
SPLITS/FCDIST Scaling Factor.......wa.... . 1.0000

EARTH PARAMETERS FOR HORIZONTALLY-LAYERED SOIL

TOP LAYER RESISTIVITY = 100.00 ohm-meters
BOTTOM LAYER RESISTIVITY = 100.00  ohm-meters
REFLECTION COEFFICIENT = 0.000000 per unit
TOP LAYER HEIGHT = 10000. METERS

CONFIGURATION GF MAIN ELECTRODE

Criginal Elelctrical Current Flowing In Electrode..: 10000 amperes
Current Scaling Factor (SPLITS/FCDIST/specified)..:  1.0000
Adjusted El'pctricaLCurrent Flowing In Electrode..: 1000.0 amperes
Number of Conductors in Electrode.. 3

1
Resistance of Electrade System.....ccccueuen.n. : 31405 ohms

SUBDIVISION

Grand Total of Conductors After Subdivisien.: 3
Total-Current Flowing In Main Electrode....... 1000.0 amperes

Average Current Density of Conductor Segments:. 333.33  amperes /meter
Total Buried Length of Main Electrode......... 3.0000 meters

EARTH POTENTIAL COMPUTATIONS

Main Electrode Poteptial Rise (GER)...... 31405. volts
(based on two representative points)

End of Report #1

5n14 @29619 Report 910 Tuga MALT
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SINGLE-ELECTRODE/SCALAR - e e
EH03) GLE: (o) POTENTIALS LEGEND ;

15..;

===+ Profile Number

*  Profik Number

=+ Profile Number

* Profile Number

Profile Nunber

: Profde Number

7 ! ==+ Proffle Number

10_ e Profiks Numnber
¢ Profile Number 9.

Profile Numnber 10.

Profile Number 11.

= Profile Number 12.

-+ Profilke Number 13.

-+ Profile Number 14.

*  Profile Number 15.

T *  Profile Number 16.

5. L ; * Profile Number 17.

> - - Profile Number 18.

; 5 Profile Number 19,

= Profile Number 20.

- Profile Number 21.

0 NS W BN

Potential Profile Magnitude (Volts)

4 , : AN ) /
0 5 10 15 20 d =
Distance from Origin of Profile (m) L\
{ as a a k4
71 a.15 waasdngd IvfhunAaRudae 20
(XE+03
+ SINGLE-ELECTRODE/SCALAR POTENTIALS [ID:1xRod_3m]
10 _;
5_

Potential Profile Magnitude (Volts)

1t/
cefl?y .

o 5 10 15 20

Distance from Origin of Profile (m)

il .16 werasdng InihuufaAndae 3D Perspective
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