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Abstract

Indoor substation grounding designs are more
difficult than outdoor substation designs because indoor
srounding system utilizes two groups of ground ¢grid. The
"upper grid is buried in the concrete floor and the other is
buried under ground beneath the power—-house. Generally
outdoor substation has only one ground grid. At present, gas
insulated equipment is popular to use indoor substation. This
peper présents indoor substation or gas in;ulated substation

grounding designs, and a better accuacy in designing is

achieved by using a microcomputer. .
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e L = Le + Lr §wfuneunseBolsiilsenovunionsin wFofureno
' asnutinou199n »
L = Lc + 1.15Lp 51w¥unsun7oﬁﬁnﬁ7ﬂ7unauuﬁoﬁaaeﬁunnaﬂﬁﬂ
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FAULT CURRENT

"AULT CLEARING TIME

SOIL RESISTIVITY

URFACE RESISTIVITY

EFTH OF RURIAL MAIN GRID
THICKNESS OF CRUSHED ROCK
CONDUCTOR DIAMETER
SUESTATION AREA

" BODY WEIGHT

| " OUTPUT DATA

APPENDIX 1

-

i
SAFTY TOLERABLE STEP-VOLTAGE
SAFTY TOLERABLE TOUCH-VOLTAGE

GRID COVER AREA

‘NUMBER OF CONDUCTOR

GRID SPACING ALONG X—-AXIS
GRID SPACING ALONG Y-AXIS

TOTAL. GRID CONDUCTOR LENGTH

NUMBER OF RODS USED
LENSTH OF GROUND ROD

TOTAL LENGTH OF BURIAL CONDUCTOR
MINIMUM LENGTH OF CONDUCTOR

TATION GROUND RESISTANCE

TATION GRID POTENTIAL RISE

MESH VOLTAGE
*AXIMUM STEP-VOLTAGE

[ A 1]

{ sec 1]
[ohm—meter ]
Lohm—meter ]

[ M

(1] Zz

L
L
LM

[y G RN

[ K

1y

-
Lo B 4
]
<<
=X
()
[

™ ™ ™
CLLCT I XXX
(AT [}

™
w

L ohm 1]

el
I I

25000
.3

30
3000

.S

.15

.014

15 15
70

4112.585
1243.128
15 15
25 » 25

e
M S¥a]

625

750

0O

O

750 )
814.549
.8764034
21910.24
1347.912
S503.879
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APPENDIX 2
FAULT CURRENT . £t A1l 25000
FAULT CLEARING TIME [ sec 1] .3
SOIL RESISTIVITY Lohm-meter] 20
SURFACE RESISTIVITY. [Lchin—met er ] 3000
DEFPTH OF BURIAL MAIN GRID LM S
THICKNESS OF CRUSHED ROCK L M3 .15
CONDUCTOR DIAMETER A I | .014
SUBSTATIDN AREA LM: M2 72 72
RODY WEIGHT L Kg 1] 70
‘ OUTFUT DATA .
AFTY TOLERAELE STEP-VOLTAGE L v 4112.585
AFTY TOLERAELE TOUCH-VOLTAGE L v 1243.128
RID COVER AREA LM:MI2 72 72

¢ NUMEBER OF CONDUCTOR 9 9

GRID SPACING ALONG X—AXIS L M2 9.125
GRID SPACING ALONG Y~AXIS L M3 9,125
TOTAL GRID.CONDUCTOR LENGTH [ M3 1214 -

” NUMBER OF RODS USED 0
LENGTH OF GROUND ROD L M3 0
TOTAL LENGTH OF BURIAL CONDUCTOR LM 1314 -
MINIMUM LENGTH OF CONDUCTOR [ M3 1252. 148
STATION GROUND RESISTANSE L ohm 3 . 2038863
STATION GRID POTENTIAL RISE [ V1 5097. 158
MESH VOLTAGE L v 13 . 1183.621
MAXIMUM STEP-VOLTAGE [ v 485.574¢
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APPENDIX 3

FAULT CURRENT
FAULT CLEARING TIME
spDIL RESISTIVITY
SURFACE RESISTIVITY
DEPTH OF BURIAL MAIN GRID
THICKNESS OF CRUSHED ROCK
CONDUCTOR DIAMETER
SUESTATION AREA
EODY WEIGHT
|
J OUTFUT DATA
AFTY TOLERAEBLE STEP-VOLTAGE
AFTY TOLERABLE TOUCH-VOLTAGE
RID COVER AREA *
UMBER OF CONDUCTOR
RID SPACING ALONG X—AXIS
RID SPACING ALONG Y—AXIS
OTAL GRID CONDUCTOR LENGTH
UMBER OF RODS USED
ENGTH OF GROUND ROD
OTAL LENGTH OF BURIAL CONDUCTOR
INIMUM LENGTH OF CONDUCTOR
TATION GROUND RESISTANCE
TATION GRID POTENTIAL RISE -
ESH VOLTAGE
MAXIMUM STEP-VOLTAGE

wav s RanT VRSV 1VILNIIAL RIOL

L A1 33000
[ sec 1] .3
Cohm—meter ] 30
Lahm—meter] 3000
E™M D
L M1 <15
(M1 L0144
LM M2 732 = 73
L Kg 1] 70
L v 4112.585
IV A 1243.128
L M: M2 73 : 73
13 13
r M2 6. 083334
rt ™M1 6.083334
L M1 . 1898
0
I o T | O
t M1 1898
t M1 1780.49
£ ohm 1 . 1968614
[ vi 6496.427
tvia 1164.257
L vi1 631.9902
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FAULT CURRENT
FAULT CLEARING TIME
SOJL RESISTIVITY
SURFACE RESISTIVITY
DEPTH OF BURIAL MAIN GRID
THICKNESS OF CRUSHED ROCK
CONDUCTOR DIAMETER
SUBSTATION AREA
EODY WEIGHT

; OUTFUT DATA
SAFTY TOLERABLE STEP—VOLTAGE
SAFTY TOLERAELE TOUCH-VOLTAGE
GRID COVER AREA

ENUMEBER OF CONDUCTOR

GRID SFACING ALONG X—-AXIS
GRID SFPACING ALONG Y-AXIS

+£TOTAL GRID CONDUCTOR LENGTH

NUMBER OF RODS USED

LENGTH OF GROUND ROD .

TOTAL LENGTH OF BURIAL CONDUCTOR
MINIMUM LENGTH DF CONDUCTOR
STATION GROUND RESISTANCE
STATION GRID POTENTIAL RISE

MESH VOLTAGE

MAXIMUM STEP-VOLTAGE

wav SNANT  UAIK FUILNTINL RV LYViIva

APPENDIX 4

C A1
[ sec 1]
Cohm—meter ]
Cohm—meter ]
L M1
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33000

- 3

30

3000

S

.15

014

72 ¢ 73
S0

3038. 598
318.483
73 2 73
i8 : 18
4.294118
4.234118

. 2628

0
e
2628
2528. 851
. 19524708
351.527
883.8361
648.5246
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~ _ APPENDIX 5

FAULT CURRENT
*. FAULT CLEARINS TIME
SOIL RESISTIVITY
SURFACE RESISTIVITY
DEFTH OF BURIAL MAIN GRID
THICKNESS OF CRUSHED ROCK
CONDUCTOR DIAMETER
SUESTATION AREA
BEODY WEIGHT
t
! OUTFUT DATA
SAFTY TOLERAEBLE STEP-VOLTAGE
SAFTY TOLERAELE TOUCH-VOLTAGE
GRID COVER AREA
YNUMBER OF CONDULCTOR
GRID SPACING ALONG X-AXIS
GRID SPACING ALONG Y-AXIS .
£TOTAL GRID CONDUCTOR LENGTH:
NUMEER OF RODS USED
LENGTH OF GROUND ROD
TOTAL LENGTH OF BRURIAL CONDUCTOR
MINIMUM LENGTH OF CONDUCTOR
STATION GROUND RESISTANCE
STATION GRID FPOTENTIAL RISE
MESH VOLTAGE
MAXIMUM STEP-VOLTAGE
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°

e NN WARY ITVILIIINAL NI1JUL LtyYyuirvl *OrK

L A

]

[ sec 1
[ahm—meter ]
{ohm—meter ]

25000
.3

20
3000

.5 -
.15

.014

73 : 73
70

4112.585
1243, 128
73 72
7 "+ 7
12.16667
12. 16667
1022

49

2.5
1144.5
1044.47
. 2068534
5171.336
1134.338
442.399

411
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FAULT CURRENT

FAULT CLEARING TIME

SOIL RESISTIVITY

SURFACE RESISTIVITY
DEPTH OF BURIAL MAIN GRID
THICKNESS OF CRUSHED ROCK
C:ONDUCTOR DIAMETER
SUESTATION AREA

EdDY WEIGHT

| OUTPUT DATA

FTY TOLERABLE STEF-VOLTAGE -
FTY TOLERABLE TOUCH-VOLTAGE

ID COVER AREA

MEER OF CONDUCTOR

ID SPACING ALONG X—AXIS

ID SFACING ALONG Y—-AXIS

TAL GRID CONDUCTOR LENGTH
IMEER OF RODS USED

LENGTH OF GROUND ROD

TOTAL LENGTH OF BURIAL CONDUCTOR
MINIMUM LENGTH OF CONDUCTOR
STATION GROUND RESISTANCE
STATION GRID POTENTIAL RISE
MESH VOLTAGE

MAXIMUM STEP-VOLTAGE

tPh

&
ZH40mZoum

Ky

APPENDIX 6

L A ]

[ sec 1
Cohm~meter ]
Lahm—meter]
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Cohm—meter ]
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33000

.3

30

3000

.9

.15

014
73+ 73

70

4112.585
1243. 128
72 + 73
9 : 9
9.125
9.125 .
i214

81

2.9
19516.5
1418.223
. 2004432
6614.824
1162.247
544,465



FAULT CURRE

NT

LFAULT CLEARING TIME
CONDULCTOR DIAMETER

BODY WEIGHT

UPPER PART OF GROUND GRID

~l6~

APPENDIX 7

INJECT CURRENT FOR UPPER PART

SUBSTATION

AREA

SOIL RESISTIVITY
SURFACE RESISTIVITY

DEFPTH OF RURIAL MAIN GRID

THICKNESS OF CRUSHED ROCK

SAFTY TOLERABLE STEFP-VOLTAGE

SAFTY TOLERABLE TOUCH-VOLTAGE

GRID COVER

AREA

NUMBER OF CONDUCTOR
GRID SPACING ALONG X-AXIS , Y-AXIS

MINIMUM LENGTH OF CONDUCTOR
LENGTH OF BURIAL CONDUCTOR

BR&D RESISTANCE
GRID FOTENTIAL RISE
MESH VOLTAGE
{MAXIMUM STEP~-VOLTASE

—-L—— LOWER PART OF GROUND GRID

. INJECT CURKENT FOR LOWER PART
SUBRSTATION AREA

s0IL RESISTIVITY

SURFACE RESISTIVITY
DEFTH OF BURIAL
THICKNESS OF CRUSHED ROCK

SAFTY TOLERARLE STEFP-VOLTAGE

MAIN GRID

SAFTY TOLERABLE TOUCH-VOLTAGE
GRID COVER AREA
NUMEBER OF CONDUCTOR

GRID SFACING ALONG X-AXIS ,
MINIMUM LENGTH OF CONDULCTOR
LENGTH OF BURIAL CONDUCTOR

GRID RESISTANCE
GRID FOTENTIAL RISE
MESH VOLTAGE
MAXIMUM STEP-VOLTAGE
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1031.25

40 : 30
S0
‘30
.1
0
441.4279

325.3381
38.57143
8 : 10
4.285714
579.0786
608.5715
1.323426
1364.784
309.4332

58.76177

31968.75
40 : 30
30
3000
S
1S5
4112.358%5
1243.128
39.375 :
17 22
1.875
1281.65
1329.375
. 4010043
12819.€61
1196.541
1227.997




Appendix 8

Gaes-Insulated Substestion (GIS)
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Appendix 9

TEAUNTEURANI 997199017 W uATHR 9

17 WA TR 9IRS RRN T e UNTEUASAI99T (Fault Level) 499

[] o + [ (1) . ) d (-]
TUUU1N1ﬁLﬂuﬂﬁfuﬂUﬂTUuﬂaﬂﬁOQ7QGQﬂ(Max1mum Fault Level )NATIKUAN
o o ) ( u' 1] ] LX) L2
wawuawaanﬁtnﬂﬂawuL%ﬂwwﬂmaqﬂn7m1ﬂﬂwn1ﬁo1uaq1ﬁ ANTEAUNTEUARR

299rgedaninua lauan e 13 luns1 0

A1TIVAL uaﬂodﬁiuﬁUﬂ7uuﬂ§ﬂ?0Q7§OQﬂquTUUUQWT1Nﬁ1uﬂ7ﬁR10

Rated Voltege ! Maximum Fault Level

! MyA Ké

230 KV . 15, 000 _33.0

115 KV 5,000 25.0

69 Kv 5,000 - 41.8

24 KV 500 12.0

12 KV (Network Area) 750 36.0
12 KV 500 + 240 1

380/220 V (Network Area) 36/128 - 50.0
360/220 V 7.2-36/2.4-12% 10.0-50, 0%

# Three phese fault level / Single phase fault levebh i

¥ Up to cepacity of connecting distribution transformer =
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