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Abstract—This paper will investigate the overvoltage due to
different types of switching in Nam Theun 2 — Roi E2 500 kV
network. The PSCD/EMTDC is used to perform the simlation.
The study presents the switching overvoltage phenama
occurring during the switching of the line circuit breaker on each
side of the interconnection. The appropriate represntations for
the various components such as transformer, transmsion line,
circuit breaker, shunt reactor, surge arrestor andload have been
selected. The occurrences will cover the line enézgtion and re-
energization due to single line to ground and threghases to
ground faults. For each line energization, statistial switching
operations are made. Switching under different loadconditions is
considered. In series of simulations, the maximumwervoltage
will be determined. The efficiency of line terminal444 kV surge
arresters to controlled SOV along the 500 kV lineds clearly
demonstrated. The maximum overvoltage from light lad and
three phases to ground fault are quite high. The sty results are
assessed, analyzed and considered as a guide lioe 500 kV
operation in Lao PDR.

Keywords: Switching Overvoltages; Transmission line;
Energization; Re-energization; Single phase line tground; Three
phases line to ground.

I. INTRODUCTION

HE Switching overvoltage is a primary importance in

insulation co-ordination for EHV lines. The objetiof
simulating switching overvoltage is to help for a@oper
insulation co-ordination and would lead to minimdamage
and interruption to service as a consequence aflgtstate,
dynamic and transient overvoltage. The level ohgment
overvoltage has a strong effect to power systencofting to
the IEC recommendations, all equipment designed
operating voltages above 300 kV should be considareler
switching impulses.  Switching surges have becore
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governing factor in the design of insulation foe tBRHV and
UHV systems [1].
Different simulation approaches have been condudted
switching transient studies. An analysis of swichi
overvoltage in EGAT 500 kV system had been invastid,
especially the switching overvoltages resulted frdime
energization and line re-energization due to faafiplied to
existing 500 kV systems [2]. The switching overagk
analysis and air clearance design on the KEPCO KA65
double circuit transmission system, it is mainlyedmined by
the magnitude of SOV. Therefore, an accurate iyt of
SOV is one of the important factors for the desi§id kV
transmission system [3]. Reference [4] describead th
evaluation of transient switching overvoltages it EHV
network. The work investigated the voltage stresg do
different types of switching in Kuwait EHV ( 275 KWpower
network. Switching from different types of fault$ault
clearing, and successful line closure are includednsient
performance of 500 kV equipment for the Chilieamiese
compensated transmission system had been studjedté
work covered several aspects such as the SOV, TA¥V a
inrush transient due to transformer energizatiofnduarious
.system restoration scenarios. The comparison dfstital
switching results using Gaussian, uniform and tystesnatic
are used to calculate the overvoltage distributifg]s The
three phase circuit breaker closing produces sagmit
transient overvoltages depending on the angle ervtttage
waveform, circuit breaker closing span and standardation.
The study discussed the approaches that can be fasex
0tratistical switch. A knowledge base for switchiegrge
transients had been concluded in [7]. There is more
pecifically for transmission line switching. Theonk reports
the case of line energization with the objectivepadviding
practical rules and modeling suggestions of evalgat
switching transient simulations.
The scope of this paper is to investigate the geltstress due
to various conditions of switching in 500 kV intermection
transmission line Nam Theun 2 and Thailand netvairRoi
Et 2. The study includes the switching represensimgle
phase line to ground fault and three phases tongrdault,
fault clearing, and successful line reclosing. Earch line
energization, the statistical switching operatiaresmade. The
switching overvoltage suppression by surge arresteralso
investigated. The PSCAD/EMTDC program is used tdqpe
the simulation. The accuracy of the model will lmnpared



with the reference SOV study case in Thailand. wigching
under different load conditions is considered.

transformers are represented by saturable transformodels
with two windings. All transformers are representad one
equivalent in each station. The total leakage imped of
[I. DESCRIPTION OF THE STUDIED TRANSMISSION SYSTEM  transformers is presented in H.T winding. Saturatio

The Lao People’s Democratic Republic (Lao PDR) h&haracteristic is represented to an internal nddthe same
estimated hydropower generation potential of madnant H.T winding [3].

18,000 MW in its territory. The government of LaDR has
planned to construct the 500 kV transmission lirsesl
substations which will connect to the future nadilogrid and
interconnection with neighboring countries suchTasiland
for export bulk power to customer. The 500 K
interconnection transmission line Nam Theun 2 (NT2Roi
Et 2 (RE2) substation is the first system to théomal grid
which connects the Nam Theun 2 hydro power prdjetao
PDR with total capacity 1,080 MW to Electricity Gaating
Authority of Thailand (EGAT) network. The intercaggtion
between the project crossing the Mekong River a2 R

substation consists of two 500 kV line sectiondlastrated in With the reference to the PSCAD/EMTDC line modéle t

Fig.1 [8]. gy .
~ Double circuit of 500 kv Nam Theun 2 Power Plant §elected transmission line models are transposeglidéncy

. . . ependent phase model base on traveling time and

Savannakhet junction, using 4x795 MCM ACS§ T .
h terist d f the | 10]. The 30dn length

conductor per phase, a distance of 135 km, with63x aracteristic impedance of the line [10] es eng

. . of the line is divided by two parts. The 135 km tbegth of
Mvar/525 kV line shunt reactor at Nam Theun 2 side. ;o fom NTN2 - SVJ with 795 MCM ACSR of conductsr
- Double circuit of 500 kV from Savannakhet junctien

. . . divided by 5 sections, the 169.5 km line from S\E2Rwith
Roi Et 2 substation, using 4x1,272 MCM '_A‘CSR.L,272 MCM ACSR of conductor is divided by 13 segtio
conductor per phase, a distance of 169.5 km, wifib2

B. Transmission line

The transmission line represented in network, dsims and
data are required. This can be given at the toarmd,include
\?onductor sag. Shield wire dimensions and resistame also
provided. The transmission line data require inetid:
transmission line conductor diameter and resistgrareunit
length of transmission line, phase transformati@tadand
distance between phase bundle, spacing betweeagtshéeld
wire diameter and resistance per unit length, hegfheach
conductor and shield wire at the tower and sag idspan,

tower dimensions, and ground conductivity [2], [10]

Mvar/525 kV line shunt reactor at Roi Et 2 side [9]
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Fig. 1 500 kV Transmission line between NTN 2 arifl Rsubstation

I1l. SYSTEM REQUIPMENTS ANDMODELING

A. Transformer

Transformer models are
information MVA rating, wingding configuration dn

represented with this exgsti

C. Circuit breaker

The circuit breakers that will be switched are tifesd on the
study system. Other parameters of the circuit resalare
determined: protection delay or clearing times, imaxn

fundamental frequency switching voltage, maximuipecative
switching capability, reclosing sequence, ratedndient
recovery voltage and maximum rate of rise of tramisi
recovery voltage, mechanical closing time and viamain

pole closing times, and closing resister [2],[Ilfe statistical
switching in closing operations are used [6].

D. Surge Arresters

Although surge arresters are complex devices, #reyvery
important in the determination of economic inswalatlevel. It
is the best way to choose arresters with the lowessible
protective consistent with the remainder of theeyg2].

The installed location and rating of surge arrestare
provided. The maximum ratings, and in particulag #mergy
absorption capability will be determined with studynd
characteristic V-l of surge arresters are provid€yd, [12].

E. Shunt Reactors

voltage, tap change range and normal setting, ¢makal he location of shunt reactors is identified. Thidl include

reactance between windings, knee point of transoraore
saturation characteristic in per unit of rate farxvoltage, and
estimated saturated air core reactance [2],[10].

The 333 MVA, 500/242/22 kV, step-down auto-transfers
are represented by saturable transformer models thite
windings: H.T, B.T and M.T. The saturation charsstes of
these auto-transformers are determined. The step

whether they are line connected or bus connecthd. shunt
reactor rating is supplied along with its chardstar if it is a
saturating reactor [2], [12].

The shunt reactors in the studied 500 kV systemrardeled
in simple lumped inductance. The saturation of ehesctors
is presented by two slopes. The neutral reacterinatalled in
the neutral of the shunt reactors.



F. Loads

Network equivalence is employed to represent tseaok the
studied network especially the external network nemting
with RE 2 500/230 kV substation in Thailand. Thenptete
external network will be reduce to voltage sourehibd a
Thevenin equivalent matrix of impedance as positive

service, the overvoltage can be reduced from 2t298.707
p.u. The shunt reactor can be also reducing theevalf
overvoltage, but the effect is minor from 1.7541t@07 p.u.
The result waveform is compared with the referesttelied
report of EGAT [9] as illustrated in Fig.6.The maxim
overvoltage at receiving end waveform during chaggi

negative sequence and zero sequence. The impeMmbeSWitChed on/off prOteCtive devices at both sidesllastrated

phase angles of all the voltage sources are forord & load
flow program. Available data from the existing dstak for a
heavy load system condition has been chosen [7].

IV. SIMULATION AND RESULTS

Switching overvoltages of the 500 kV transmissigstam
between NTN 2 and RE 2 have been analyzed with
following simulation:

+ Line energization overvoltage

+ Re-energization
In this series of simulation, the maximum overvgétabtained
during different line switching operation are detered. Line
energization and re-energization are examined. fahlts at
line side are applied at different locations on slystem and
the transient overvoltages are recorded. Faultrioigais
usually accompanied with line opening, where cirbuéakers
open at both ends on the faulted line to isolae féwit.
Switching under different load conditions is corsid. For
each line energization, the statistical switchipgmtions are
applied [2]. The re-energization cases will besiliated by the
analysis of two fault cases, the single line tougid fault and
the three phase to ground fault.

A. Line energization overvoltage

From the studied 500 kV system, surge arresters sacht
reactors are included in the model. The circuibkez closes
at end with another open for the weak system cmmdithen
energizing. When the line connecting with surgestars are
used, the overvoltage are reduce. For each casetdtistical
operation involving 200 switching operation is useith

Gaussian normal random closing orders to breakéspas
presented in Fig. 2. The maximum voltage will beoreled
with each case. During line energization studys iassumed
the shunt reactors and surge arresters at botleliménals are
switched on/off changing connected to line, trappledrge of
1.0 pu is set on the line being line energizatiothie 500 kV
transmission line NTN 2 — RE 2 [2], [5], [6].

The 500 kV NTN 2 — RE 2 lines were analyzed witaggence
of 444 kV surge arresters at both side and 3x55r\tant

reactors at NTN 2 and 2x55 Mvar at RE 2 at botte sic

terminals. For the statistical switching, the 2@@mtions were
simulated. The closing angle of main contract sthdug in
normal distribution, the mean of main contract iciggime is
15 ms and its standard deviation is 1 ms. The sitiaun result
for different status of protective devices are swamiped in
Table I. It is obvious that highest value of enzagon
overvoltage could be 2.193 p.u. which is the cdseithout
arresters at both sides at no load condition. \ditlesters in

in Fig. 3 - Fig.6.
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o Common closing o
0 360
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Fig. 2 Breaker pole random closing for simulatiérf8®V during line
energization

TABLE |
SWITCHINGOVERVOLTGESOBTAINED FORSYSTEMSIMULATION
BY LINE ENERGIZATION

Shunt Reactor]  Surge Arrester Overvoltage at
No. receiving end
NTN2 RE2 NTN2 RE2 (pu)
01 yes yes yes yes 1.707
02 yes yes yes no 2.027
03 yes yes no yes 1.743
04 yes no yes yes 1.735
05 no yes yes yes 1.727
06 yes yes no no 2.193
07 no no yes yes 1.754

Mayirmum avervoltage [p.u]

0050 0075 0400 0125 0150 0475 0200

Fig. 3 SOV NTN 2- RE 2 during line energizing wjilotective devices



Manirmurn avervoltage [p.u]
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Fig. 4 SOV NTN 2- RE 2 due to line energizing witharrester at receiving
end ( RE 2) sides.
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Fig. 7 Fault at different location from sending end

¢ SOV Re-energization due to single phase to gréawid

The case of single phase to ground fault with ergization,
faults are applied at different location on thedgtd line and
transient overvoltages are record in the systera.sitigle line
to ground fault at each circuit and changing phfasé from
A, B and C is selected in determining the maximum
overvoltage. The single phase to ground fault diag at time
t=0.02s. While the fault clearing is made at t&53.@&nd re-
energized at t= 0.1 s at different load conditibhe result is
illustrated in Fig.8 - Fig.10 as illustrates the xinaum
reclosing overvoltages obtained in the system atdifferent
fault location for single line to ground fault dtet full load,
half load and no load respectively. The maximumreaiage
phase A is 1.750 p.u, phase B is 1.752 p.u andepRass
1.730 p.u at no load condition. In case of protectievice, the
waveform of the maximum re-energizing overvoltage do
single line to ground fault without shunt reactbbath sides is
shown in Fig.11 and without arresters is showniql2. The
reclosing overvoltage at no load condition or dligad will
cause highest value compare with other load canditi

0075 0400 0435 0450 0475 0200

Fig. 6 SOV NTN 2- RE 2 due to line energizing witharrester at both sides.

B. Line re-energization overvoltage

Line fault initiation and clearing could also pradu high
switching overvoltages occurred in the transmissioes [5].
For the 500 kV transmission lines between NTN 2 Rifd2
substation, the configurations of the lines areo alsed to
analyze switching overvoltage during a line fatiltco types of
faults, single phase to ground which is most frejye
occurred to the system and three phases to groundhw
causes more severe damage are considered fouthe st

¢ Line fault location
The line fault is short circuit that occurs at sarssion line in
the immediate vicinity of the circuit breakers #Hastrated in
Fig.7. The fault will be applied at different loat along the
series compensated transmission lines between NahRE
2 substation. The distance of the variation of tfadsition
from sending end to receiving end is in the step
approximately 50 km.
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Fig.8 Re-energizing overvoltage due to phase Adorgd fault.
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Fig.9 Re-energizing overvoltage due to phase @aand fault
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Fig.11 Re-energizing overvoltage during phase Qyrmund fault without
shunt reactor at both sides
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Fig.12 Re-energizing overvoltage due to phase @rowund faultwithout
arrester at both sides.

found that the highest maximum overvoltage wherrgined

NTN 2 — RE 2 line, the time during fault is appliadtime t =
0.02 s with clearing time at t = 0.05 s and re-gized att =
0.1 s at different load condition. Maximum overegjé during
three phases to ground fault reclosing is 1.771 with all

protection devices in services, at no load condlitias
illustrated in Fig.13. Maximum overvoltage duringrde

phases to ground fault is 2.561 p.u. and quite hkwghout

arrester at both sides as illustrated in Fig.14 kigdl5. For
three phases to ground fault, reclosing overvoltegeery

severe especially at no load condition. In caseogbrotection
devices in services, maximum overvoltage obtaimedfre-

energization due to three phases to ground fadliOig3 p.u as
shown in Fig.16.
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Fig. 13 Re-energizing overvoltage due to three @hés ground fault
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Fig. 14 Re-energizing overvoltage due to three @h&s ground fault without
shunt reactor at both sides
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¢ SOV re-energization due to three phases to ground

The three phases to ground fault clearing with liree
energization are also applied at different loadditoon. It is

Fig. 15 Re-energizing overvoltage due to three @hé&s ground fault without
arrester at both sides
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Fig. 16 Re-energizing overvoltage due to three ghés ground fault without
protection devices (surge arrester and shunt rjaattboth sides

V. CONCLUSIONS

Switching overvoltages obtained from different shing
condition are investigating in the 500 kV interceation
transmission line between NTN 2- RE 2. The studyaised on
computer simulation using PSCAD/EMTDC. Three cadodg
of loading are studied; full load, half load and taad.
Switching operations during a period of very ligbtd or
unloaded system will produce the most severe tahsi
overvoltage.

Energizing is investigated statistically, that fer system
condition investigated, 200 switching operatione anade.
Each statistically controlled with respect to theurge bus
driving voltage and with three breaker poles clgsiandomly
with respect to each other and re-energizing dutinghree
phase to ground fault are too high. Without armsssavitching
overvoltage are too high for the actual designhef 500 kV
transmission lines at no load condition.

The presence of the line terminal 444 kV surge sters
allows reducing transient overvoltage stressescte@able
levels for the actual design of the 500 kV transinis line.
The most effective device to control the overvadtdgr the
studied system is surge arrester. The study restgtassessed,
analyzed and considered as a guide line for 500p&fations
in Lao PDR.
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