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Analysis of the Grounding System of the Mines with

Surface Exploitation
Nikolche Acevski* , Mile Spirovski® , Metodija AtanasovsKiand Blagoj Stevanoski

Abstract —In the event of a single-phase short circuit on the 110
kV side of the switchgear " Odomg", the power is distributed to
all earth electrodes. During the above process, potentials
significantly higher than the potential of the soil may occur on
the metal partsof the mine equipment. The purpose of this paper
is to perform an analysis of the 6 kV network in the mining
power complex of "Osome", thereby calculating the
parameter s of the grounding system (touch and step voltages) by
using empirical formulas and appropriate software.
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[I. GROUNDING SYSTEM

A. Modelling mesh grounding systems of substations

Substations 110 / 35 kV and 35/6 kV, Figs.1 and 2, are set
grounding mesh that connects all electrical equipment inside
the fence. The grounding resistance and potential differences
of touch and step are calculated as in [1], [3], Tables | and II.
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[.INTRODUCTION

Thermal power plant Oslomej is complex technologica
and technical unity consist by mine with surface exploitatiot
of minerals and thermal power plant along with object locate
in the area. Thermal power plant through 110 kV switchgei
is connected with the HV transmition system of R. M, with
three power lines, towards substation 110 kV — Kicevc
substation 110 kV — Vrutok, substation 110 kV Samokov. O

T

10 S D I

ar.sm

Cu S0mme

h=0.8m

h=0.8m
h=1.2m

- [~ wosm | Fezasowmm| |

D (R GRS G

the 110 kV switchgear is connected generator G1 with bloc
transformer AT1 through wich is conected to power grid. Also
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in the thermal power plant are located transformer BT1 and Fig.1. Mesh grounding of the substation 110/35 kV Oslomej

transformer BT2,whose role is to supply the electricity
consumption it the power plant,
including coal mills, smoke ventilator, cooling water pump,

power pump, fresh air ventilator, compressors etc. In the

asynchronous motors,

TABLE |
CALCULATION OF GROUNDING RESISTANCEPOTENTIAL DIFFERENCES
OF TOUCH AND STEP IN PERCENT

thermal power plant Oslomej is performed complex GS, se

t A8cording to:

Rz(Q)

AEd %

AEC %

grounding mesh that connects all electrical equipment in

t2@zem.xIs

0,85

47,12

5,30

plant, affecting the entire area inside the fence, with ancill

aNahman [1]

0,82

31,31

4,78

facilities. Mutually connected are grounding of elements in

TPP Oslomej and parts of the switchyard 110kV plant in the

TPP, 110kV power plant and conveyors for supply of coz
from the mine to the plant storage. At first it is performec
modeling of the GS network with equivalent schemes of th
elements, then using the software package Neplan 5.2., |
short circuit current injected into GS is calculated
Characteristics of the groundings are analyzed using tl
program Zazem.xlgWirezZaz.xIs, while for calculating of the
potentials and currents of GS, step and touch voltage
appropriate program developed with software package Matl:
R2011a is used. In Section 2, the GS is described.
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Fig.2. Mesh grounding of the substation 35/6 kV mine Oslomej
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TABLE Il electrical contact with the ground. Thus, in case of short

CALCULATION OF GROUNDING RESISTANCEPOTENTIAL DIFFERENCES circuit in a 110 kV network, where they will get some
OF TOUCH AND STEP IN PERCENT potential, through the said contact lead the current in the
According to: RZ(Q) AEd% AEC% ground and in their current environment creates a field t.hat
Zazemxis 2.59 43,79 10,50 can be dangerous for people who are in their immediate
Nahman [1] 2,53 18,73 6.29 nearby. For the purposes of modeling the equivalent scheme

GS, they can be treated as concentrated grounding that the
appropriate place of the equivalent scheme would introduce
B. Modelling of TS 6/0,4 kV amdixiliary groundings an active resistande Analyses show that the land surfaces of
the excavators, machine with caterpillars and other devices
that have contact with the ground surface, can be satisfactorily
active resistance to grourid, calculated by [3]. Auxiliary modeled by a suit_able mesh GS, mounted horizo_ntally on the
groundings of the various types of mining facilities andround of a certain small depth h. Moreover reticulated GS
machines are modeled in an identical manner as the groungShould have the same geometry as the geometry of land area
TS 6 /x kV. It should be noted that cases are possible whof the dredge / device, and_ modeling can only be successfully
more diverse plated grounding are connected to the saPerformed if land surface is replaced by a dense network of

grounding spot. In that case, the replacement scheme GS \horizontal strips, placeq on a small distance between (the
emerge as active resistors connected in parallel. exampleD = 50 cm), buried in shallow (¢g= 5 cm).

Each TS 6 / x kV will be modeled with transverse mounte

C. Modelling the surface grounding D. Modelling 6 kV cables and characteristics of their models

If there arerails and strips placed on the surface of the 6 kV cables EPN78 used for distribution of electricity in 6

earth, resistance to ground of the sliding bar or a lemgthd kV input power network in the area of the mine, despite the
an equivalent diametet, placed on the surface of the earthPOWer conductors (three phase conductors), have more and

with the average specific resistance of goinill be: signal conductors or a conductive sheath. Signal conductors

(i.e conducting sheath) are isolated in terms of land and phase
_p 2 1 conductors, and the emergence of single-phase short links in
R= ' In d 110 kV network through them the transfer potentials in the GS
of the mine. Thus, each cable, watched with its return route
If the bar is on one end tied to the GS and thus is free of #sross the ground, may be presented with a I-replacement
other end, then it will be presented with a transversegheme, ie an ordinal impedarite zI|. Thus, i.e longitudinal
mounted active resistand® The picture we are given is aimpedance per unit length in this case i will be calculated
replacement scheme of the track when the two ends &ging known formulas Carson-'s, [1]:
connected to different plated grounding, Fig.3.

Z Z=r+jx= [1000+ 0,05] +jlog D, (4)
k(3 Dg
2R 2R k [Skm/mnf] - conductivity specific material from which is

made cable signals;
S[mn?] - total cross section of signal cables;

Fig. 3 - replacement scheme De [m] - the equivalent depth of return current path across
the ground (soil);
The value of the parametgiis calculated by the relation: p [Q - y] - average value of the specific resistance of the

terrain through which the cable passes;
. [ngEﬂ N 0,0%+ j{ 014450g( Z(E)ej N 00157%} @ Ds [m] - own middling geometric distance of the cable.

D, =3/rp [ﬂD /2)2 - the signal cable has three conductors,

o . . placed in the vertices of an equilateral triangle with §ide2.
pFe[Q-mmZ/km] - specific resistance of iron rp is the radius which is indicated by the conductor signal
| [km] - the length of rail / bar; cable, and is the outside diameter of the conducting sheath.
S[mm?] - cross section of rail / bar;

L - relative magnetic permeability of the material,

TABLE Il
D, =658/p/ f 3) LONGITUDINAL PARAMETERS OF CABLESEPN78
d [mm] - equivalent diameter of the bar / rail, wit — N78C3?b3|: i D(mS”;) DS(T:Z r(%”gsis X(Qg‘;l(
approximately valid d = : P XS5+ X ; ; '
PP Y d 112_85_1/5 ) o | 2| EpN78 3x50+3x16 60 13,2 0,679 0,70(
Excavators and other mining machinery and buildings t EpN78 3x70+3x16 65 143 0673 0.698
have large land areawith its caterpillars achieves goofi4| EpN78 3x95+3x25 67 155 0,669 0,691
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E. Modelling of overhead lines with protective rope S =
Overhead lines also participate in transfer of currents ai’
potentials in case of short circuit in the 110kV system, ar
because any such line should be represented in an approp!
manner so-called "- replacement scheme". Protective rope
of the type Felll50mr) and a range of power lings= 300m.
Impedance of the protective rope for a span is calculated:

Fe-i-ooewonE|

Z,,={, +ix;)m =(182+ j 036) (5)

Temm8®- s

rj, % -active and inductive resistance of the rope per km leng

10° (6)
r; = 005+ p, S = 605Q/km
j
x, = 0L445Tog 2EDe+ 0016 = 1220/ km (7) Fig. 4. Modeling the TPP Oslomej with NEPLAN
: TABLE IV
dj - diameter of the rop8j= 50mn? dj = 0,009 m. CURRENT VALUE WHEN SINGLEPHASE SHORT CIRCUIT HAPPENED ON
110KV SIDE

De - equivalent distance between the protective rope and
phase conductors of power lines (m). e ]

Rs - grounding resistance of each of the columns, which fﬁiaﬁ:ﬁl‘)ﬂ;
110 kV is the average power lind®s=1@. According to [1] e ==
the equivalent impedance of the grounding is:

Zekv= Zr ERs—% (297+ j161)Q ®)

Self impedance, mutual impedance between protective rope
and phase conductors of power line and reduction factor are

Z, = 005 j DIogE[))—e= 005+ j 224 9) e
Z, =r Ox = 605+ [122 (10)
Zni 005+ j224
r =1_: - . _ 231_ 542 (11) TC 3506 kv
- Z, 605+j122 923t ) 03 Oger
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Il. SINGLE-PHASE CURRENT SHORT CIRCUIT AT
110KV — MODEL IN NEPLAN

. . . [ %’N“ Shossan
During the analysis of the GS, the problem with transfe AL it T

potentials and protection from hazardous touch and ste Rr0

voltages, we take the single phase short circuit 110kV side ﬁm@ﬁjﬁﬂ.;,—w—“— ’

the plant switchyard as the most suitable for this kind c i e
analysis. In case of single phase short circuit in switchge

110/35/6 Elektrana, current is distributed to all GS a ™ & wwme e | v

grounding of 110 kV poles, grounding of 110/35/6 Elektrani
and GS of the mine. Using the software package NEPLA
5.2.2 it is made electricity grid of MV of TPP Oslomej and it "

ol

is estimated the value when single phase circuit happened S SO el

the 110 kV. Elements modeling is according to the standa

models for the analysis of short-circuit, Figs.4 and 5, Tabl ,, S e S ’*’f } e
IV. For calculation of voltages in GS current value injected it " lzs e L fimra”
the GS in case of a short circuit sidé js= 11 017 A. Fig. 5. Modeling the 6 kV network in the mine Oslomej
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V. RESULTS

TABLE V
VOLTAGES AND CURRENTS IN THE GROUNDING SYSTEM

N Grounding SI\)) Ed(V) EqV) 1z(A)
1 | RP110kV 1920,5 376,1 154,8 74359
2 | TS35/6kV 382,8 167,6 40,2 2478
3 | RSO 3214 82,7 28,9 30,9
4 | US3 214,0 73,1 27,0 65,1
5 | RP7 2175 66,1 38,4 58,1
6 | RSO 2134 54,9 19,2 20,5
7 | RP5 274 14,3 3.3 5,0
8 | RSO 22,2 57 2,0 2,1
9 | ARS3500 19,4 9,4 6,8 6,6
10 | OT2 51 3,2 0,3 14,6
11 | RSO 24,9 6,4 2,2 2,4
12 | SRS401 21,2 8,2 3,1 9,3
13 | BRS1200 18,9 9,0 23 12,4
14 | ST2 22,9 13,8 14 46,7
15 | RSO 97,7 25,1 8,8 9,4
16 | RP4 27,0 14,1 3,3 4,9
17 | UE4 20,9 11,5 1,8 24,4
18 | RSO 15,8 4,1 1,4 15
19 | SX400 14,7 55 4,9 3,7
20 | PV31800 12,5 5,6 1,7 6,8
21 | RSO 23,6 6,1 2,1 2,3
22 | ES10/70 22,6 13,4 9,6 3,8
23 | RP2 86,5 45,3 10,5 15,8
24 | Us7 81,9 45,1 7,0 95,2
25 | RSO 78,7 20,3 7,1 7,6
26 | ES6/45 76,7 47,0 14,3 12,9
27 | RP1 83,7 43,8 10,1 15,3
28 | RSO 70,2 18,1 6,3 6,7
29 | OT1 47,0 29,5 2,5 134,1
30 | ZP2500 53,7 25,9 18,8 18,2
31| ZT1 12,8 7,7 0,8 26,1
32 | JE1 4,4 2,7 0,3 9,1
33 | RSO 8,6 2,2 0,8 0,8
34 | SX400/1 8,7 3,3 2,9 2,2
35 | PVP1800 8,9 4,6 0,9 7,8
36 | SRS400 8,8 3,7 1,3 3,8
37 | BRS1400 8,9 4,3 1,0 59
38 | US6 75,9 41,9 6,5 88,3
39 | US5 67,6 37,3 58 78,6
40 | TS110kV 274,0 68,5 6,9 601,8
41 | TS110kV 274,0 68,5 6,9 601,9
42 | TS110kV 274,0 68,5 6,9 601,8
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Fig.6. Touch voltages at the critical points in the network

In the Table V, voltages of the groundings, potential
differences of touch and step and currents in the groundings
are given, calculated by software Matlab R2011a. Critical
points in the network are given by Figs. 6 and 7. According to
calculations touch and step voltages, are in accordance with
existing regulations [8], by which inside the plant are limited
to 300V, during offt = 0.1sek, except in node 1, RP 110 kV.
In this node, we should put vertical electrodes, or/and salt into
the soil around the grounding to get better performances.

Ec (V)

180

160 &

140

120

100

80

60

40 "Vv‘

20 % PS >

o L & s & s o A A PSSP _ )

~ un o o <+ O ~N o Ll o o o Cal

_>18E|:8‘808u408|:8cb—i—800u
ga_ﬁ-&mmﬂo_>‘>‘<’mﬂ-o.ﬂ-ommﬁj>~
o V) vl O cC U
C a a o
o < 0 C

Fig.7. Step voltages at the critical points in the network

V. CONCLUSION

For analysis of the GS, the problem with transferred
potentials and protection from hazardous touch and step
voltages, we take the single phase short circuit on the 110kV
side as the most suitable for this kind of analyses. At first it is
performed modeling of the GS network with equivalent
schemes of the elements, then using the software package
Neplan 5.2. the short circuit current injected into GS is
calculated. Characteristics of the groundings are analyzed
using the program Zazem.xls, MrezZaz.xls., while for
calculating of the potentials of GS, currents in the branches of
the GS, step and touch voltages is used appropriate program
developed with software package Matlab R2011a. The results
obtained with calculations can be used in determining the risk
of excessive voltages and critical points in the network and
according to the results can be propose appropriate technical
solutions for proper protection and proper building of the GS.
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