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Abstract— The case study presents touch voltage reductioarfiform or two-layer soil by applying compressiatio
technique to square or rectangle ground grid. CuatrBistribution Electromagnetic interference Groumgl and Soil
structure (CDEGS) program is used for the studyppse. The ground grid design is examined with theta assess
its performance in terms of ground potential risePR), maximum touch and step voltage. The parametsr
analyzed to ensure that they are safe conforminthedEEE 80-2000. It is found that in uniform wwotlayer soil, the
soil resistivity of top layer is lower than the twnh’s, for a given GPR, the maximum touch and stéfage of the
rectangle ground grid, regardless its compressiatio, are lower than that of the square one. Thesans rectangle
grid is safer than square one. So, one shouldgmrie the shape of ground grid in the design, esfigavhen they are
placed close together. This is the case when a swhgtation is under construction near the old oréctv is still
energized. The grounding system of the old substatin create steep ground potential rise to thettherefore, the
GPR can harm personnel working nearby and causeadano equipment particularly when the two groundsgare
isolated.

Keywords— Distribution substation, Ground potential rise, Optimum compression ratio, Step voltage, Touch voltag

1. INTRODUCTION

Metropolitan Electricity Authority (MEA) is an elé&ic
utility that is responsible for power distributi@overing
an area of 3,192 square kilometers

MEA serves approximately 35.32 %

of transmission, subtransmission
systems. The transmission line voltage is 230 kkilev

the 69 and 115kV used in subtransmission systems an

12 and 24 kV in the distribution feeders.

Based on MEA's experience, one of the main cause

of a sustainable fault is the short circuit faidiht at the
substation itself. The short circuit generatesdaamount
of currents that flow in the aboveground structucethe
grounding system and finally dissipate in the sohe
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high currents may cause damage to equipment and may
be dangerous to personnel working nearby. It issfoee
important for the substation designer to take adoount

the safety issue pertaining to step and touch geltanit

that may exceed the safety criteria. [1, 2].

in Bangkok, " 14king about th di tem desi !
Nonthaburi, and Samutprakarn provinces of Thailand. aang apotlt te grounding sysem cesign, peopie

tend to familiar with ground grid that its condust@re

; of the whole .iq equally apart, while pay little attention toetone
country power demand in 2010. MEA'’s networks cansis

with unequal separation. One of the reasons farniay

and distribution o oing to the fact that many grounding system

standards focus on ground grid designs with refyular
spaced conductors [3] and put little emphasis on
alternative design options based on unequal cooduct

s:“,pacing. The most likely reason should blame tbk ¢

adequate information concerning the most promising,
efficient grounding system configuration as a statb
avoid lengthy trials in the ground grid design @es In
others words, there is a need of suitable reference
containing necessary guidelines so that a grounding
system designer can focus quickly on the mostieffic
design. This is exactly the main purpose of thizgpd4].

2. EFFECTS OF NEARBY AUXILIARY
GROUNDING SYSTEM OF SUBSTATION

Many a time, the new temporary (small) or permanent
distribution substation is under construction whike
existing substation is still in operation and nadty
removed. There are two grounding systems for each
substation that is not connected each other. Thanglr
grid of the main substation is called main groumi g
(energized electrical power site) whereas thahefdther
distribution substation (temporary or permanent)
distribution substation) is called auxiliary grougdd.
During the time of disconnecting of ground gride th
small or permanent distribution substation is de-
energized, its auxiliary grounding system however
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exposes to the risk of high GPR caused by the main L@A-C)
distribution substation which is still in operatiofihe i =w , Nis odd (3)
GPR’s steepness is located between the main and 21-C )

auxiliary ground grid.
where N is the number of conductor perpendicular to the

The proper design of grounding system can enswge th L is isthe length of the sidém)

personnel safety in the distribution substation levhi

maintain reliable operation of the power systemisTh 4 caAse sTUDY

calls for the optimum compression ratio (OCR) be

applied in the design together with the targetderkthe ~ This paper studies the effects of nearby auxiliary

touch voltage its minimum value [5]. grounding system of substation by comparing the
Figure 1 shows the configuration of a ground ghiel t ~ configuration of main ground grid between squarénma

grounding conductors of which are of exponent ground grid and rectangle main ground grid asvshio

regularity arrangement. This arrangement cannoy onl Figures 2 and 3. The compression ratio is variechf0

decrease the potential gradient of the ground seyrfaut 0 1.0 to notice the different of GPR ,touch voéaand

also regarded as a safe and economic design miuel.  Step voltage. Auxiliary ground grid is determinesithe

problem is how this exponent regularity be definag. ~ square ground grid at 1.0 constant compressioo. Tt

one can notice, the grounding conductors arrangedlistance between main ground grid and auxiliary

according to an exponent regularity, its condusipan  9grounding system is 25 m.

decreases exponentially from its centre to the eddiee

grounding grid. The ' conductor span from the centre is

given in Eq. (1) [4, 6].

d = dma)Ci (i =0tom) (1)

where d; is thei ™ conductor span from the center (m) PEELUN

Main ground grid Auxiliary grounding system
dma><is maximum conductor span (m) g g g g sy

- . th . . Fig. 2. Two Neighbouring Distribution Substation with

where C is the compression ratio, whose value ranges
from zero to 1 (6 C < 1), if C = 1, then the grounding
grid is of equal conductor span design. Nedenotes the
number of (perpendicular) conductors to the side of
interest of the grounding grid, if N is an even fogm m

= N/2-1; if N is an odd number; then m N{1)/2-1. The 25'm
1 ™ conductor span was counted from the centre of the e
grounding grid, not from the edge [6, 7].

Main ground grid Aucxiliary grounding

‘ I syste m
———————————————————————————————»]

Fig. 3. Two Neighbouring Distribution Substation wth
Main Rectangle Ground Grid.

This research presents compression ratio technique
which its values are varied from 0 to 1.0 with eifint

=0 dirgension (square and rectangle) but the sameooingr
grid.
Aax q T MEA’s permanent distribution substation’s ground
i=0 1 2.m grid is approximately 40 m x 40 m. This paper then
Fig. 1. Grounding Grid Scheme Arranged with  Studies the 40 m x 40 m (1,600)nsquare ground grid
Exponential Rule. while varying the compression ratio from 0 to 19 a

shown in Fig 2 All ground grid conductors are 95 fim
The conductors are perpendicular to the side, then  (0.54979 cm. in radius) and buried at a depth 6frf.
central span(s) is defined by equation either B).of  The number of conductor in width and long side @re
(3). conductors. Total buried length of main electroslg2i0
L@-C) m. Top views of ground grid configuration are shown
, Nis even (2) Figure4.

d

max

C1ecooc(MD
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C=0.0 C=01 C=02 grid are buried in 10/10Q.m soil resistivity.
The details of each case are as follows:
Casel
The result in casel shown in Table 1 are from theue
C=0.3 Cc=0.4 C=0.5 main ground grid installation and from rectangleirma
ground grid in Table 2. The comparison of touchage
graph is shown in Figure 6.
Table 1. GPR, GPR Ratio Touch and Step Voltage with
C=0.6 C=0.7 C=0.8 40 m x 40 m for Case 1
Square 40x40(Ay
€ MGPR V) ——{ RIM (%) | Touch (v) | Step (V)
00 [ 34477 643.9 18.68 2,818.0 512.
C=0.9 C=1.0 01[ 2,992.7 644.6 21.54 2,362.7 433.7
02] 2,888.6 | 6441 22.30 2,259.4 416.1
03] 28401 6437 22.67 2,211.3 395.
04[] 28163 6429 22.83 2,187.6 377.
05[] 2,804.7 642.3 22.90 2,176.3 360.1
0.55] 2,803.6 | 642.1[ 22.90 2,175.4 343.0
, . . , . 06] 28041 6420 22.89 2,176.0 343.
(leg. 4. _ GrF;)utndm%h 4%I’Id VZ,I(t)h Various Conductor 07 28084 6a17 2585 2.180 5 320,
ompression Ratio wi mxavm. 08| 28151 | 6415 22.79 2,187.4 320.7
) 09] 28177 641.3 22.76 2,190.2 324.
If we compare the resulted GPR, maximum touch[10]| 2,827.1 641.2 22.68 2,199.7 325.1

voltage and step voltage of the square groundwgitid a
rectangle one 20 m x 80 m (1,606)rground grid. The
ground grid configurations with compression ratiigd

Table 2. GPR, GPR Ratio Touch and Step Voltage with
20 m x 80 m for Case 1

from 0 to 1.0. All ground grid conductors are 95 m

: ) . Rectangle 20x80(M
(0.54979 cm in radius) and buried at a depth ofr.5 C GPR (V) M98 | Touch (| Step (v
The number of conductors in width and long side S&re M R (%) | Touch (V) ep (V)
and 5 conductors respectively. Total buried length | 0.0 | 29995 523.7 17.46 2,184.2 456.4
main electrode is580 m. Top views of ground grid 8'; g'gig-g 252-2 ig-g? i'g;g-g ‘3‘;2'2
configuration are shown in Figufe 03| 263L1 £33 19.89 18168 3324
0.4 | 2,624.4 525.3 | 20.02 1,807.5 333.9
05| 2,626.0 524.6 19.98 1,809.7 326.4
C=0.0 Cc=0.1 C=0.2 0.55] 2,627.0 524.3 19.96 1,811.1 3170
(I 0.6 | 2,6285 524.0 19.93 1,813.0 320.3
L ] 07] 2,6311 523.3 19.89 1,816.9 332.7
Cc=03 C=04 C=05 0.8 2,635.6 522.8 19.84 1,821.7 3204
09| 2,640.2 522.4 19.79 1,826.9 322.3
- } - 10| 26500 | 5223 19.71 1,836.9 3418
C=0.6 C=0.7 C=0.8
H—'—'—'—'—t—ﬁ T I I I I
N 1| A=+ 3,0000
T I I I 11 T I I I 11 )
C=0.9 C=1.0 M
e e e e 2,5000 -y
e e e e <
""4'--»-—4.... -——¢— -9
Fig 5. Grounding grids with various conductor 12,0000
compression ratios with 20 m x 80 m dimension. 2
@
L 31,5000
The top layer has a more resistivity than the botto 2 -+ 40mx40m
layer (deep layer) or on the other hand due torabmu 2 —=—20mx80m
of factors such as moisture content of the soinaical 1.000.0
composition, concentration of salts dissolved ire th
contained water, and grain size [8, 9]. 5000
There are 3 cases of configuration studied.
Case 1the conductors of square and rectangle ground
grid are buried in the 10.m soil resistivity. 0 010203 040506070809 1
Case 2the conductors of square and rectangle ground Compression Ratio
grid are buried in 100/1Q.m soil resistivity and. Fig. 6. Touch Voltage as A Function of Conductor

Case 3the conductors of square and rectangle groundcompression Ratios for Cases 1.
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The result found that all voltage at every value of

compression ratio of square main ground grid aveeto §§s :
than rectangle main ground grid. At 0.55 OCR, GRP, §§s

iy

touch voltage and step voltage are equal to 2893.6
2,175.4 V and 343 V respectively. The study alamib
that at the worst case, compression ratio is etudl.
When the configuration of OCR is used instead, ltouc
voltage can be reduced for 22.80% (from 2,818 V to
2,175.4V). At 0.55 OCR, %GPR ratio is 22.90%. More
GPR cause more reduction of voltage. The safetysis
increased. )
For the rectangular main ground grid at 0.4 OCR, ‘
GPR, touch voltage and step voltage are 2624.4 V
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1807.5V and 333.9 V respectively. Comparison touchpzin Ground Grid at OCR 0.4.
voltage at 0 compression ratio found that touchags

can be reduced for 17.25% (from 2,184.2 V to 1807. cage?2

V). For rectangle ground grid with OCR 0.4, 3-
dimension GPR touch and step voltage are in Figdres
to 9 respectively.

voltage graph is in Figure 10.

Fig.9. 3-Dimension Step Voltage for Case 1 with R&angle

The study of case 2 is shown Tiables 3 andi. Touch

Table 3. GPR, GPR Ratio Touch and Step Voltage with

I 40 m x 40 m for Case 2
2293
2138 Square 40x40(A)
e c GPR (V) RIM (%) | Touch (V) | Step (V)
1521 M R
e 0.0 | 14,198.0] 654.7 4.61 13,553. 4,429.9
1332 0.1 9,575.2 646.0 6.75 8,939.4 2,980]1
- 50 02| 84844 | 6445 7.60 7,849.3 32,6195
441 03| 7,9638 654.6 8.22 7,319.3 2,317|7
0.4 7,576.5 643.8 8.50 6,942.4 2,095|4
05| 7,384.6 653.0 8.84 6,741.3 1,902/4
0.6 7,269.1 652.4 8.97 6,626.2 1,833}4
0.7 | 7,209.9 651.8 9.04 6,567.5 1,719(7
08| 7,130.4 641.1 8.99 6,498.1 1,700/0
. . . . X 0.87| 7,054.3 641.4 9.09 6,422.4 1,757.1
Fig. 7. 3-Dimension GPR for Case 1 with Rectanglglain 09| 70599 6413 9.08 6.428.1 171313
Ground Grid at OCR 0.4. 1.0| 7,078.4 641.0 9.06 6,446.8 1,781}4
— 107 Table 4. GPR, GPR Ratio Touch and Step Voltage with
A 20 m x 80 m for Case 2
1420
1201 . S Rectangle 20x80(f
1033
0,
904 o R R/M (%) | Touch (V)| Step (V)
510 0.0 | 11,6000 5255 453 10,7750  3,599.6
FH4 0.1| 8,602.1 530.1 6.16 7,771.9 2,796|5
- 12 0.2 | 8,053.7 529.2 6.57 7,223.0 2,459|3
0.3 7,504.7 522.4 6.96 6,680.7 1,996|9
04| 7,637.2 526.1 6.89 6,809.0 2,052|1
0.5 7,577.1 524.5 6.92 6,750.2 1,978|6
06| 7,535.9 523.2 6.94 6,710.3 1,980|3
0.7 7,504.7 522.4 6.96 6,680.7 1,996|9
0.8 7,499.5 522.0 6.96 6,676.7 2,012.6
Fig. 8. 3-Dimension Touch Voltage for Case 1 with 0.87| 7,543.7 523.5 6.94 6,699.3 2,025/6
Rectangle Main Ground Grid at OCR 0.4. 09| 75050 5221 6.96 6,683.4 2,023{1
10| 75757 518.7 6.85 6,755.6 2,069|5
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4,000.0
2,000.0
0 01020304 0506070809 1 Fig.13. 3-Dimension Step Voltage for Case 2 withy8are
Compression Ratio Main Ground Grid at OCR 0.87

Fig. 10. Touch Voltage as A Function of Conductor

Compression Ratios for Cases 2. As mention,at 0 to 0.4ompression ratioGPR, touch

voltage andstep voltage o§quare ground grid are lower
than rectangle square ground grid. For square ground
grid with OCR 0.88, 3-dimension GPR touch and step
voltage are in Figures 11 to 13 respectively.

The result found that at 0.87 OCR , GRP ,touch
voltage and step voltage are equal to 7,054.3 4264
V and 1,757.1 V respectively. The study also fothmat
at the worst case ,compression ratio is equal ¥Wigen Case 3
the configuration of OCR is used instead ,touchagd  The results which is square main ground grid itesiah
can be reduced for 52.61% (from 13,553 V to 6,42P.4 in case 3 are shown in Table 5. Table 6 is theltest
- At0.87 OCR, %GPR ratio is 9.09%. rectangle main ground grid installation. Comparisdn
touch voltage and step voltage are 7,499.5 V, 6/6Y6
and 2,012.6 V respectively. Comparison touch veltay Table 5. GPR, GPR Ratio Touch and Step Voltage with
0 compression ratio found that touch voltage can be 40 m x 40 m for Case 3
reduced for 42.44% (from 11,600 V to 6,676.7 V).

Square 40x40(A)
c GPR (V) RIM (%) | Touch(v)| SteP
. M R V)

053 00| 15611.0| 6,0345 38.66 9,780.9 715|9
s107 01| 15,0230| 6,0386 40.20 9,193.2 9064
pib 02| 14,9720| 6,038.8 40.33 9,146.1 903|1
Y 0.3 | 14,966.0 | 6,0395| 40.35 90,1416 897.1
307 0.4 | 14,986.0| 6,034.1 40.26 9,158 6 8837
2201 05| 15011.0] 6,030.5 40.17 9,183 8 870[7
a0 06| 15041.0| 6,0294 20.09 9,214 3 820[0
200 0.7 | 15,068.0| 6,028.6 40.01 9,242.2 783[1

08| 15,091.0| 6,028.0 39.94 9,265.2 759|6

09| 151130| 6,027.4 39.88 9,288.1 758(6

10| 15,1400 6,027.1 39.8 9,314.3 73219

Table 6. GPR, GPR Ratio Touch and Step Voltage with

20 m x 80 m for Case 3
Fig. 11 3-Dimension GPR for Case 2 with Square Mai X

Ground Grid at OCR 0.87. Rectangle 20x80(fh
€ - GPR (V) - RIM (%) | Touch (V) | Step (V)
_— 2 0.0 | 14,151.0| 5,063.3 35.78 6,086.4 755.5
505 0.1 | 13,769.0| 5,057.9 36.73 6,583.7 887.6
asar 0.2 | 13,765.0 | 5,058.6| 36.75 6,580.1 878.9
toro 0.3| 13,850.0| 5,045.1 36.43 6,676.1 728.9
e 0.4 | 13,787.0| 5,052.6 36.65 6,607.5 765.9
2294 05| 13,821.0| 5,050.4 36.54 6,642.9 754 8
1376 0.6 | 13,808.0| 5,001.2 36.22 6,687.5 739.4
- 450 0.7 | 13,850.0| 5,045.1 36.43 6,676.1] 728.9
0.8 | 13,868.0| 5,042.8 36.36 6,697.0 7249
0.9 | 13,885.0| 5,041.6 36.31 6,716.7 705.5
10| 13,852.0| 4,996.1 36.07 6,734.4 7247

Fig.12. 3-Dimension Touch Voltage for Case 2 witSquare
Main Ground Grid at OCR 0.87
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Fig. 17. 3-Dimension Step Voltage for Case 3 with

0 0102 03 04 05 06 07 08 09 1 Rectangle Main Ground Grid at OCR 0.2.

Compression Ratio

This research found that all voltage value at every
Fig. 14. Touch Voltage as A Function of Conductor ~COmpression ratio ofectangle main ground gridre
Compression Ratios for Cases 3. lower thansquare main ground gridzor square ground
grid with OCR 0.2, 3-dimension GPR touch and step

The study found that at various value of voltag8.8t  voltage are in Figures 15 to 17 respectively.

OCR , GRP ,touch voltage and step voltage are equal

14,966 V, 9,141.6 V and 897.1 V respectively. 5. CONCLUSION

Comparison with 0 compression ratio touch voltage ¢
be reduced for 6.54% (from 9,780.9 V to 9,141.6 V).

The study of various voltage value for the rectang|
main ground grid at 0.2 OCR, GPR, touch voltage and
step voltage are 13765 V, 6580.1 V and 878.9 V
respectively. Comparison touch voltage at 0 congioes
ratio found that touch voltage can be reduced 82%
(from 6,986.4 V to 6,580.1 V).

The study of square and rectangle main ground grid
shape without ground rod in different soil resigivcan
be concluded as follows.

1. At uniform soil characteristic and soil resigtvof
top layer soil is lower than bottom layer soil, GPR
maximum touch voltage and maximum step voltage at
every value of compression ratio of rectangle main
ground grid are lower than in square main ground. gr
This mean rectangle main ground is more safety than
square main ground.

e G L -

12686 2. When soll resistivity of top layer soil is mattgan

11168 lower bottom soil all voltage value of square mgiid

o are more than rectangle main grid at 0 to 0.4
7ar2 compression ratio. Whereas 0.4 to 1.0 intervalyallie

7213 . .

ess4 of voltage are lower than rectangle main ground.gri

is7e 3. The percentage value of GPR ratio of square main

grid and rectangle main grid are safety indicatdore

percentage value means higher safety. The compariso
must only be in the same shape of ground grid
configuration at various compression ratio. Between

Fig. 15. 3-Dimension GPR for Case 3 with Rectangain square and rectangle or same shape with differ@ht s

Ground Grid at OCR 0.2. resistivity can not be compared. The comparisothef
safety must consider maximum touch voltage and
—_— maximum step voltage whether all of these values
3640 exceed the determined safety criteria.
4230
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