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g dene, Safety Design of Ground Grid in Distribution Substdion:
; 5 % Case Study of Metropolitan Electricity Authority’s System
O}"fr%m A. Phayomhom, S. Sirisumrannuland T. Kasirawat

Abstract— Most of the power transmission and distributionstabion in Metropolitan Electricity Authority (MEASre
of gas-insulated substation (GIS) type due to #striction of space and very high cost of landiiban areas. A short
circuit generates large currents that flow in thecaeground structures and grounding system andpditsin the soil
may cause damage to substation equipment and majabgerous to personnel working nearby. It is thene
important to consider and incorporate safe step toth voltage limitations into electrical designsorder to achieve
a safe electrical system without potential eleetritazards after installation. In this paper, satep and touch voltage
criteria, based on body weight, are analyzed falitutapplications where personnel hazards may texifis paper
presents a safety design of ground grid for a pecatt120 MVA, 115-24 kV substation grounding grigstem.
Modeling and simulation is carried out on the Cuntrd®istribution Electromagnetic interference Groumgl and Soil
structure (CDEGS) program. The simulation resuifisvg the effects of the changes on the design aalgsis of power
system grounding and could be set as a standagtonnding system design and modification in MEA&ritution
substations.

Keywords— Grounding grid, Ground potential rise, Step voltage, Touch voltage.

but that arrangement is not the case for AIS. The
attachment is served as equipotential in floors \&atis

of reinforced concrete tgrotect the operators and
. . . o _ maintenance personnel fromsubstation potential rise
utility that is responsible for power distributi@overing (touch and step voltages) die ground fault. For this

an area .Of 3,192 square kilome'_[ers in Bangkok, reason, GIS has an advantage over AIS in redutiag t
Nonthaburi, and Samutprakarn provinces of Thailand. qk from touch voltage for personnel working nearb

MEA serves approximately 37 % of the whole country ajiqygh the investment and operating costs of Gi&S
power demand. MEA's networks consist of transmissio higher than those of AIS, it would still be a goaytion

1. INTRODUCTION
Metropolitan Electricity Authority (MEA) is an elé&ic

subtransmission and distribution systems. Voltagyell

in transmission lines is 230 kV, while voltages in
subtransmission systems are 69 and 115kV. 12 and 245

kV are voltages in the distribution feeders.

There are two types of power transmission and

distribution substations in MEA: air insulated owbd
substations (AIS) and gas-insulated substationS) @i

MEA. Most of the power transmission and distribatio

substations are of GIS type due to the restriabiospace
and very high cost of land in urban areas. Thegtesf

grounding system for GIS indoor substations and i&lS

quite different. The main difference is that thewgrd
grid of GIS is attached to the steel structureamthefloor
of the building, in which the GIS substation istaiked,
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due to its compactness because the GIS indooradidrst
normally occupies only 10-25% of the land requifed

In addition, the GIS substation can reduce
environment impact, safety concern and increase
reliability. These benefits can compensate the drigh
costs in the long term [1], [2].

Based on MEA's statistical data, one of the main
causes of sustain interruptions is short circuit on
electrical substations. The short circuit generdéege
currents that flow in the aboveground structured an
grounding system and dissipate in the soil. Theh hig
currents may cause damage to equipment and may be
dangerous to personnel working nearby. It is tloeeef
important to consider and incorporate safe steptamch
voltage limitations into electrical designs in ard®
achieve a safe electrical system without potential
electrical hazards after installation.

With reference to a statistical report of Powert&ys
Control Department of MEA in the year 2008, there a
in total 145 substations in MEA’s network. Of the$é&
units are transmission substations, 127 units are
distribution substations, and only 1 unit is a shiihg
substation. Distribution substations are furthessified
as 66 unmanned substations and 61 manned substation
This paper presents a safety design of groundfgric
practical 120 MVA, 115-24 kV substation grounding
grid system in MEA. Modeling and simulation are
carried out on the Current Distribution Electromeiimn
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interference Grounding and Soil structure (CDEGS) Fault Current Division Factor
software package. Safe step and touch voltageriarite
based on body weight defined in IEEE Std. 80-20@0 a
analyzed. These criteria are considered both insimgl
applications and in general applications where qersl

A factor representing the inverse of a ratio of the
symmetrical fault current to that portion of therreunt
that flows between the grounding grid and surroogdi

hazards may exist whenever a short circuit occurs. earth.

2. SUBSTATION GROUNDING SYSTEM S = Iy (1)
=

The substation grounding system provides a means of 30,

dissipating electric current into the earth foriakele _ R

operation, human safety and equipment protectidre T where S = fault currentQ|V|S|0|_’1 factor

grounding system includes all interconnected gronmd lg = rms symmetrical grid current (A)

facilities, for example, ground grid, overhead grdu lo = zero-sequence fault current (A)

wires, neutral conductors, underground cable,

foundations, deep well, etc. The ground grid cassi ~ Maximum Grid Current

horizontal interconnected bare conductors (mat) anda design value of the maximum grid current, defiraed

ground rods [3]. follows:
Figure 1 shows a typical installation for grounding

system of 120 MVA, 115-24 kV, Laksi grounding

substation system. The cross section of the grawiatl le =Dy u@1 (2)
conductor is 240 mmthe grid dimension is 3m 3m, _
and the ground rod is 2.4 m long with a diameter of le =D L5; [Bl, 3)

15.875 mm. All the ground rods are directly conaddb
the main ground grid by the exothermic welding roeth  \yhere I = maximum grid current (A)
The ground grid is buried at 0.5 m below the ground Dy decrement factor for the entire

f level. i
surface leve duration of fault; (s)

Ground Potential Rise (GPR)

The maximum electrical potential that a substation
grounding grid may attain relative to a distantuyrding
point assumed to be at the potential of remotéhedtis
GPRis equal to the maximum grid current times thel gri
resistance.

GPR=1; [R, (4)

45.00 m

ground potential rise (V)
resistance of grounding systef §

where GPR
Ry

Step Voltage

The difference in surface potential experienced ay
person bridging a distance of 1 m with the feehuuit
contacting any other grounded object.

LEGENDS Touch Voltage

® GROUND ROD @ 5/8" x & The potential difference between the ground padénti
240 sq.mm. GROUND WIRE COPPER. (MAIN GrRound crip)  rise and the surface potential at the point wheperaon
GROUND CONNECTION is standing while at the same time having a hand in
ADDED EXTENAL GROUND GRID contact with a grounded structure.

:

Fig.1. Typical installation for grounding system. Step and Touch Voltage Criteria

The step and touch voltage criteria are derivechftbe
permissible body current. There is no direct chaimge
3. DEFINITION OF TOLERABLE VOLTAGE the expressions of the permissible touch and step
voltages. The permissible step and touch voltages@

According to [4], the following definitions for the kg and 70 kg persons are, respectively, [4]

voltage considered in this paper are given.
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Esteso = (1DOO+ 6C, |:jos)T
S

Egtero = (1QOO+ 6C, Dos)T
S

Etoucrso = (1.000+ 15C, Ijos)T
S

Etouctro = (1000+ 15C, H)S)T
s

where Ege5o

E

EtoucHSO

Etouch70

C

s
Ps
t

S

stepr0

0116
()

0157
(6)

0116
(7)

0157
(8)

tolerable step voltage for human
with 50 kg body weight (V)

= tolerable step voltage for human

with 70 kg body weight (V)
tolerable touch voltage for human
with 50 kg body weight (V)

= tolerable touch voltage for human

with 70 kg body weight (V)
surface layer derating factor
surface layer resistivityQ [im)

duration of shock current
frequency (s)

Maximum of Mesh and Step Voltage

The maximum touch voltage within a mesh of a ground

grid [4] is calculated by:

(9)

mesh voltage (V)

average soil resistivityQ-m)

mesh factor defined for n parallel
conductors

corrective factor for current
irregularity

maximum rms current flowing
between ground grid and earth (A)
effective length ofL. + L for mesh
voltage (m)

total length of grid conductor (m)

total length of ground rods (m)

The step voltage is determined from

(10)

For grids with or without ground rods, the effeetiv
buried conductor length, , is

L, = 07501 + 08501,

where E
K

S

S

(11)

= step voltage (V)

= mesh factor defined for n parallel
conductors

= effective length of . + L for step
voltage (m)

4. SOIL CHARACTERISTIC

Resistivity Measurements

The four point method shown in Figure 2 is oneldf t
most accurate methods in practice for measuring the
average resistivity large volumes of undisturbehedn

the figure, four electrodes are buried in equatigeed
small holes at points .C C,, P, and B. The soil
resistanceR in ohm is calculated from the ration ¥fl,
where | is an injected current between the two outer
electrodes and/ is the measured voltage between the
two inner electrodes [1], [5], [6].

Four Terminal
Test Set

G PP G
o 0o o o

—— | —>

A 4

G a p, a p, 9 C
Current Potential Current
Probe Probe Probe

Fig.2. Wenner arrangement.

With this arrangement, the resistivily expressed in the
terms of the length units is:

Pa

where P,
R
a
b

48R

2a a

(12)
1+ -
\/a2+4b2 \/a2+b2

= apparent resistivity of the soil ifIm)

measured resistanc€()
Distance between adjacent electrodes) (
depth of the electrodesn()

When b is small compared ta, Eq. (13) becomes

P, = 2R

(13)
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Two-Layer Soil Apparent Resistivity

A resistivity of soil characterized with two layeshown

in Figure 3 can be determined from the Wenner ntetho
In this method, the apparent resistivity is caltedausing
Eq. (13) [6], [7]:

S
h

o, Toplayel

A

/ N

p, Deeglayel

Fig.3. Two layer earth model.

® K" K"
Py = py|1+4% = - - (14)
RECHIREY
1+| 2n— 4+| 2n—
a a
K=L2"h (15)
Pt Py
where h = first layer height ()
p, = firstlayer resistivity(Q [m)
p, = deep layer resistivityQ [in)

5. CASE STUDY

The Laksi grounding substation system shown in Figure
1 is analyzed in this case study. Three parametkrs
interest in the simulation are 1) cross sectiora asé
ground grid conductor, 2) length of ground rod, &d
depth of ground grid. The cross section areas afirgt
grid conductor under investigation are 95, 120,, k8%l
240 mn? (existing case). The lengths of ground rod are
2.4, 3.0 and 6.0 m and the depths of ground gedias,
0.6 and 1.0 m. A fault current of 31.5 kA is dedvieom

the interrupting capacity of circuit breaker in the5 kV
circuit. The obtained simulation results demonstrtéie
voltage performance in terms of GRP, touch voltage
step voltage.

Ground Grid Model

The ground grid system for the Laksi substation was
modelled using the CDEGS program as shown in Figure

[5].

Fig.4. Ground grid model for Laksi substation.

70

Soil Resistivity Result

The soil layer characteristics of the Laksi sulistat
were analyzed by a built-in module in the CDEGS
program called Rural Electric Safety Accreditation
Program module (RESAP)logarithmically shown in
Figure 5.

With the model in Figure 5, the resistivity of thaksi
substation is shown in Table 1. The resistivitythaf top
and bottom layers is 14.1521and 2.96357
Q [mrespectively. The top layer has a more resistivity
than the bottom layer (deep layer) due to a nundber
factors such as moisture content of the soil, cbalmi
composition, concentration of salts dissolved ire th
contained water, and grain size[8]. The three gelta
performance indices are listed in Table 2. The data
Table 2 are graphically displayed in Figures 6-8.

Metric/Logarthmic X and Y

*

*
* Measured Results Curve
——p Computed Results Curve

Apparent Resistivity (Ohm-meter)

LI AT

107

T T

10"

T T T TTTIT

10'

T T Trrrm

10°

Average Inter-Electrode Spacing (meters)
Fig.5. Soil resistivity model.

Tablel. Summary of soil resistivity

Layer Characteristic
Laver Resistivity| Thickness Reflection| Resistivity
YETl (@im) | (m) |Coefficient| Contrast
(p.u.) Ratio
Top 14.1521| 1.21727 -1.0000 0.14152E-18
Bottom| 2.96357 | infinity -0.6537 0.20941

Effect of Length of Ground Rod

As seen from Figures 6-8, lengthening ground rod
reducesGPR touch voltage and step voltage for ground
grid conductors with the same cross-section arsa. |
addition, the introduction of external ground gldgvers
GPR touch voltage and step voltage. For the 240 mm
ground grid, the external ground grid with 6-m grdu
rods gives the lowesBPR and touch voltage because
this cross-section area has a more surface expiosbe
soil for current dissipation. In this scenario,msch as
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1994% (1,170.20 volt to 936.86 volt) for maximum
GPR,38.88% (@0.27 volt to 391.34 volt) for maximum
touch voltage and 67%4177.98 volt to 5865 volt) for

1,170.2 volt, 640.27 volt and177.98 volt, only the touch
voltage index for the existing case exceeds thetypaf
values for 50 kg and 70 kg body weighEhis constraint

maximum step voltage are decreased if the length ofviolation can be fixed, to some extent by, for amte,

ground rod is changed from 2.4 mto 6 m.

Table 2.GPR, touch voltage and step voltage for different
configurations

Rod
Lengt
h (m)

Configura-
tion

Voltage Level (V)

Cross-Section Area of
Ground Grid (mnT)

240 | 185| 120

without grid1,170.21,171.71,174.1
with grid |1,117.3,119.51,122.§
without grid 640.27641.77 644.26
with grid |563.48565.88 569.71
without grid177.98176.31 174.8
with grid | 90.39| 89.21| 88.15
without grid1,120.41,121.4 1,123
with grid | 1,080/1,080.41,082.9
without grid 588.54589.56 591.26
with grid |526.24527.39 530.34
without grid 159.4|157.73 156.44
with grid | 83.32| 82.29| 81.28
without grid 953.15953.38 953.76
with grid |936.86937.33 938.1
without grid422.11422.37 422.8
with grid | 391.34392.06 393.25
without grid 104.61103.21 102.52
with grid | 58.03| 58.03| 57.29

Type
of
Volt-
age

95
1,175.4
1,124.5
645.55
571.71

173.78
87.63
1,12.9
1,084.1
592.14
531.87
155.49
80.76
953.35
938.5
423.03
393.86
101.87|
56.72

GPR

2.4

Touch

Step

GPR

3 |[Touch

Step

GPR

6 |Touch

Step

without grid: without external ground grid
with grid: with external ground grid
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Fig.6. Ground potential rise for different configurations.

The safety criteria simulated from the CDEGS
program are listed in Tables 3 and Hor the existing
case of ground grid design, 3-dimensiBRR is shown
in Figure 9, two-dimension spot touch voltage igufe
10, and two-dimension spot step voltage in Figute 1
Because the maximum values for these three indices

installing external ground conductors attached radahe
ground grid.

700.00 )
64027 641.77 644,26 64555 @Rod 2.4m (Existing)
7 ke & 3 ] 59214 mRod 2.4m External
S 60000 4 i ! B s71.71 Ground Grid
i ke ki i B
> ke il = = BRod 3.0m
550.00 ] p el 4] el
% Eﬁ%" E:%’j g ’1 :E:\'i ®WRod 3.0m External
2 RS R £y T !
= 50000 R . i) L) Ground Grid
= Eint R e {g\’ "
=y ;:;:ﬁ’ - 3&" ;:;:\" .’:"*’4 I 42303 @Rod 6.0m
2 450,00 ::%P‘. :;:%4 5::;%4 :::..,\”Q e
b= e Y R e B BRod 6.0m Exernal
S 40000 ;i;i%:‘ll‘a ;13*? e ;132.,\..:4;2_ 1:1:‘*:@. Ground Grid
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= iy = e A= ER
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= e = Ry e SRR
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i gy = R R Ry N
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Cross Section Area (sq.mm)

120 95

Fig.7. Touch voltage for different configurations.
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O 6000 |y i N ] B
Rl | B LR =
SOl Y ER
b = i b
2000 |EE YRR | RS |

185
Cross Section Area (sg.mr
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Fig.8. Step voltage for different configurations.

If one external ground conductor is added into Fagu
1 (dash line), its effects are shown in Figure d2GPR
in Figure 13 for touch voltage, and in Figure 14 $tep
voltage. We can see that the peak spike&BR with
external grounds (Figure 9) are not as high asethos
without external grounds (Figure 12). In this catbe
maximum values ofGPR touch voltage, and step
voltage for the 6 m ground rod with external growgnidl
are 9%.86 volt, 391.34 volt, and 585 volt respectively.
However, the touch voltage index still fails to méee
criteria given in Tables 3 and 4 and therefore more
external ground wires are required.

Alternatively, this problem can be solved by tompin
the substation surface with gravel so that the soil
resistivity is increased to 1,014Q2[m (see Table 3jor
50 kg body weight and to 514Q[m (see Table 4) for
70 kg body weight. Note that inserting externalugr
grids offers a long term solution while topping the
ground surface may provide a short or medium temm o
as the ground structure may be altered owing tgidggy
flooding etc.
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Table 3. Safety criteria for 50 kg body weight

Surface Fault Clearing Time Foot
Layer 0.1 sec Resistance:
Resistivity Touch Step 1 Foot
(QOM) | voltage (V) | Voltage (V) Q)
None 367.9 603.9 44.2
514.2 587.3 1,481.7 1,562
1,014.2 806.7 2,359.2 3,079.2
Table 4.Safety criteria for 70 kg body weight
Surface Fault Clearing Time Foot
Layer 0.1 sec Resistance:
Resistivity Touch Step 1 Foot
(Q0m) | voltage (V) | Voltage (V) Q)
None 497.9 817.4 44.2
514.2 794.9 2,005.5 1,562
1,014.2 1,091.8 3,193.1 3,079.2

After installing the external ground grid, the aedth

low touch voltage are expanded inside the groumdl. gr
This reduces the risk of personnel working in the
substation. We can see from Figures 10 and 13thieat

maximum touch voltage of46.27 volt at point T1

reduced to 81.34 volt at point T2. Also, the maximum

step voltage is shifted from S1 (198 volt) in Figure 11
to point S2 (14.87 volt) in Figure 14.

Effect of Size of Ground Grid Conductor

It can be observed from Table 2 ti@&PR touch voltage

and step voltage are not much varied when the &fize

ground grid decreases from 240 frto 95 mm.

Therefore, the 95 mfis able to acceptably substitute the

existing 240 mrh By means of this metho&GPR and
touch voltage see an increase af4% (1,170.2 volt to
1,175.4 volt) and 00.83% (640.27 volt to 645.55 volt)
respectively whereas step voltage is decreasg6%

(177.98 volt to 173.78 volt).

110Q]

950

800

650

Potential Profile Magnitude (Volts)

Single-Electrode/Scalar Potentials

Distance from Original (m)

50

Fig.9. Ground potential rise for existing system.
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Single-Electrode Touch Voltages/Worst Spherical Legend
Maximum Value: 640.269
Minimum Value: 37.235
Ml <1027
35 <579.97
. <519.66
<459.36
z 20 B <3906
z B <ass
<
: <278.45
5
T . <218.15
<157.84
<97.54
-10 T T
-10 5 20 35
X Axis (m)
Touch Voltage Magnitude (Volts)
Fig.10. Touch voltage magnitude of existing system.
Single-Electrode/Step Voltages (Spherical) /Worst Spherical
Legend
Maximum Value: 177.984
Minimum Value: 10.511
= o /,- <177.98
o WSS ERGE | W e
'i L I‘ & ) B o<
e J*H’ <127.74
204 B = B <0
2 : 1 B <o4s
é ; <77.50
> 5 B <6075
<44.01
<27.26

X Axis (m)
Step Voltage Magnitude (Volts)

Fig.11. Step voltage magnitude of existing system.

Single-Electrode/Scalar Potentials

Potential Profile Magnitude (Volts)

Distance from Original (m)

Fig.12. Ground potential rise of 240 mrhexternal ground
grid with 6 m ground rod.

Effect of Depth of Ground Grid

The ground grid with an external ground conduc®r i
analyzed to demonstrate the effect of its depththen
voltage performance. The tests results obtaineu fiee
depth of ground grid at 0.6, and 1.0 m are comp&wed
those at the depth of 0.5 m. It is found that thkie of
GPRat the depth of 0.6 m is slightly different frohmat
at the depth of 0.5 m. B@PR touch voltage and step
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voltage at a depth of 1 m are approximately reduned obtained from the same size of ground grid but with4
9.64%(1,170.2 volt to 1057.4 volt), 27.73%(640.27 volt m ground rod is 65.15%, it violates the safety ti@ist.
to 501.14 volt), and 4.16%(177.98 volt to 104.72 volt)

respectively. Therefore, placing ground grid atpliewel Table 5. Investment cost for different configuratios

is useful to improve the voltage performance inslice , —
P gep Rod | Configura- Investment Cost (Million Baht)
Length tion A A e
Single-Electrode Touch Voltages/Worst Spherical Legend (m) Cross-Section Area of Ground Grid m )
0 Minimum Vil 335 240 185 120 95
B <o - -
. \‘V” o without grid| ~ 1.08 0.86 059 | 046
J T <353.06 2.4
i B i with grid 1.23 0.98 0.67 0.52
© B oo without grid| ~ 1.10 0.88 061 | 048
E 4 i <238.22 3.0
e I B <199  with grid 1.25 1.00 0.68 0.54
Z ] <161.66 - -
= s *#‘ =T without grid| ~ 1.17 0.95 068 | 055
\ . J <8510 6.0 with grid 1.32 1.07 0.76 0.61
<46.82
-10 . without grid: without external ground grid
-10 5 20 35
X Axis (m) with grid: with external ground grid
Touch Voltage Magnitude (Volts)
Fig.13. Touch Voltage Magnitude of 240 mfexternal 1.60
ground grid with 6 m ground rod.
1.40
Single-Electrode/Step Voltages (Spherical) /Worst Spherical
Legend — 1.20
Maximum Value: 141.868 %
. Minimum Value: 3.174 o
/.- < 141.87 S 1.00
354 <128.00 fs/ -
S2 < = .
i = = e g oso
1 = © 0.67 068 [7] 0.61
201 \il B <5639 < 00 0.48 0.55
= K i < g &
z it I W ene
® — < 58.6 >
1 c
Sose Ei_ W osws — 040
<3091
) <17.04 0.20
-10 . . .
-10 5 20 35
X Axis (m)
Step Voltage Magnitude (Volts) 240 185 120 95
Cross Section Area (sq.mm
Fig.14. Step voltage magnitude of 240 nfexternal ground B Rod 2.am (Existing) B Roc2.4m Externa Ground Grid
gnd with 6 m ground rod. ERod 6.0m B Rod 6.0m External Ground Grid

Fig.15. Investment cost for different configuratims of

6. ECONOMIC ANALYSIS grounding system.

For the practical design in substations of the MEA

system, ground grid conductors with a cross seation 7. APPLICABILITY

area of 240 mfand ground rods with a length of 2.4 M The main achievement obtained from this researtheis
have been in use. For the purpose of furthergpijity to analyze whether a grounding design for a
investigation, we have analyzed the safety crita8®g g pstation is safe for those who are working inside
other sizes of ground grid and ground rods avalabl  \\henever there is a short circuit. Substations et

the market under the constraint that the step aodit  rounding resistances do not always guarantee marso
voltages must abide by the safety criteria spetifit  gafety because touch and step voltages are atsearg!
Tables 3 and 4, based on a surface layer ressiit  ¢5c10rs. The new safety criteria can replace thistieg
514.2 ohm-m. The results are listed in Table 5 andynes for new substations in MEA without significant
graphically shown in Figure 15. It is found thaort  change in GPR, touch voltage and step voltage; for
safety point of view, the 6 m ground rod with 24énfn example, reducing the cross section area of grauiud
external ground grid is the most suitable for this fom 240 mmi to 95 mmi or increasing the length of

particular case study but is not cost-effective3Z1. ground rod from 2.4 m to 3 m or 6 m. Most imporignt
million baht of investment cost). The 95 hmround  the new criteria introduce lower installation cdst

grid and the 6 m ground rods are adequate to pdlisf g pstation grounding, compared with the existingson
safety criteria while the investment cost is onlYyl0  The work carried out in  this paper takes into
million baht. This configuration would representeth ~qnsideration the safety criteria based on IEEE&d

optimal condition, making a significant saving ofD 5000 for the construction of substations in the MEA
million baht (53.79%). Note that although the sgvin
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service areas covering three provinces;
Bangkok, Nonthaburi and Samutprakarn. Because soil
characteristics in the MEA service areas obtainmethf

several field tests are not much physically differg.e., [7]

the soil can be characterized by two layers of tie

top layer resistivity is greater than that of thettbm
one), the presented method can be, to certain textesd

for substations only in the areas. However, ifethod
were to be applied in any other areas in Thailand,
measurement of soil resistivity would be strongly
recommended as it is one of the most importanbfact
in the calculation of safety criteria.

8. CONCLUSION

This paper presents a safety design of ground igrid
distribution substation. The ground grid design &or
MEA substation is analyzed with the main objective
assess its grounding system condition in termsadd
potential rise, touch voltage and step voltage s€hhree
parameters are investigated to ensure that thesfystte
safety criteria defined in the IEEE Std 80-2000e Tést
results confirm that the length of ground rod ahd t
number of conductors attached at the boundaryamfrgt
grid are a practical solution to redudgPR touch
voltage, and step voltage. On the basis of theréssiits,

a ground rod of 6 m and ground grid with a crosgise
area of 95 mrm could be a suitable option for the
grounding system. However, as far as installatiost<
and other necessary expenses in grounding system
planning is concerned, the length of ground rods the
size of conductor should financially reflect incremtal
total cost and worth for various alternatives while
respecting the established safety criteria.
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