
SELECTION OF TRANSMISSION NETWORK 

CONFIGURATION FOR TRINCOMALEE POWER 

PLANT GRID CONNECTION - 

TECHNICAL AND FINANCIAL FEASIBILITY STUDY FOR 

220kV/400kV CONFIGURA TIONS 

 

 

 

 

G.P. Senanayake 

 

 
A dissertation submitted to the Department of Electrical Engineering, University of 

Moratuwa in partial fulfillment of the requirements for the Degree of Master of Science 

 

 

Department of Electrical Engineering 

University of Moratuwa, 

Sri Lanka 

94844 

 

 

July 2010 

 



 

Abstract 

According to the Long Term Generation Expansion Plan 2009-2022 published by the 

transmission and Generation Planning Branch of Ceylon electricity Board there will be I our 

250MW and I our 300MW coal plant units in Trineomalee area by the year2020. Therefore a 

necessity Has  arisen for identify, plan and formulaic the transmission grid connection for the 

above mentioned coal fired power plants. Because of the large quantity of power which has to be 

transmitted from the proposed trineomalee Power Station it has been decided to investigate the 

possibility of utilizing 400kV as the transmission voltage against the present practice of 

transmitting power using 220kV. 

 

Detailed power system analysis consisting of load flow and stability studies were conducted 

under night peak and day peak loading conditions to identify areas where the planning criteria 

were violated using the Power System Simulator for Engineering' (PSS1-) software package. 

Conclusions of the most feasible transmission network configuration for power plant-grid 

connection were drawn based on all the above power system analysis results, economic analysis 

results and other concerns. Saudis were conducted for year 2016 based on the "Long Term 

Transmission Development Plan 2008-2016* and for year 2020 based on the Master Plan Study 

on the Development of Power Generation and Transmission System in Sri Lanka -January 2006. 

 

It is possible to identify 220kV and 400kV transmission network configurations, which are 

capable of successfully transmitting 2200MW power generated at trineomalee Power Plant in 

year 2020. But the 220kV configuration is economically viable with compare to 400kV 

configuration for trineomalee Power Plant Grid Connection. By considering all the advantages 

and disadvantages of selected 220kVand 400kV transmission network configurations, it is 

recommended that 220kVconfiguration be used as the trineomalee Coal Fired Power Plant Grid 

Connection. 
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Chapter 1 

Background and Scope 

Background. moti\ations. objcctiws and the mcthodolog: of the stud) arc described 

in this chapter. 

l.l Background 

!he CEB is the national utility responsible for the generation. transmission and a 

major portion or distribution of electrical power in Sri l.anka. The demand for 

electricity in Sri Lanka is grmm at rate of 5.68% per annum 1.11. !he generating 

sources and primary transmission and associated grid substation t~1cilities ha\e to be 

re-enforced and strengthened in order to meet this gnmth in demand. 

It is essential to development and strengthening of the transmission system h1cilities to 

transmit the power generated at main generating stations such as Trincomalee Coal 

Fired !\mer Plant into the main transmission system. The necessary transmission 

S) stem reinforcements to maintain a satisfactory po\\ cr system performance in Sri 

Lanka arc identified by the detailed power system analysis conducted during the Long 

Icrm Transmission System Expansion Planning process. CEB completed :vtaster Plan 

Studies for the dewlopment or the Transmission system in Sri Lanka \\ith technical 

assistance from Japan International Co-operation Agenc: (JICA) in January 1997 and 

in Januar: :2006 14]. Long Term Transmission De\clopment studies are conducted 

<mnuall). based on the latest a\ ailablc :\ational Load Forecast. Long l crm Cieneration 

f.xpan~iun Plan and \!1edium Voltage Distribution Dc\clopment Plan report~. 

( )utcome of the a how studies emphasized the urgcnc: of constructing the 

transmission system ~~lCilities outlined in this stud) for the transmission or flO\\er from 

l rincomalee Coal Fired !\mer Plant. 

1.2 Problem Statement 

The C'e) ton Uectricity Board (C'FI-3) transmission system comprises of 2:20 k V and 

1.1:2 kV transmission nct\\orks. interconnected to grid substation~ (CIS) and pm\cr 

stations ( PS ). The :220k V transmission system is main!) used to transmit power fi·mn 

\lahm\ eli h\ dro pcl\\er generating stations namely Kotmale. Victoria. Randcnigala 



and Rantembe to main load centers through Kotugoda. Pannipitiya and Biyagama grid 

substations. The 132kV transmission network is used to interconnect most oC the grid 

substations and to transfer power from other pO\\er stations. 

According to the ··Long ·1 erm Generation Expansion Plan 2009-2022'" coal fired 

thermal units will be added to the power system in Collm\ing manner. [ IJ 

• 2013 - 2x250\1\V Trinco Coal (stage I) 

• 2015 ·· 2x250\1W Trinco Coal (stage 2) 

• 2015- I x300:V1W East Coast 2 (stage I) 

• 2016 ·· lx300MW East Coast 2 (stage 2) 

• 2017 - 1 x300M\V East Coast 2 (stage 3) 

• 2018 lx300:V1W Last Coast 2 ("tage 4) 

It has hccn decided that two sites along the cast coast of Sri Lanka he dcn::loped for 

coal tired pO\\er plant. One site located at ih milepost on Trincomalee- Pullmudai 

road ([rinco Coal) is expected to cater 1000\1\\' or 250:V1W coal fired pO\\er plant 

units. It is also expected a site at Sampur (East Coast 2) he allocated for further ..J.x 

300\11\\' units or coal !'ired pcmcr plants units. 

Because or the large quantity oC power which has to be transmitted !'rom proposed 

Trincomalee po\\er stations to load center. it has heen decided to consider the 

possibility of utilizing ..J.OO kV as the transmission \oltagc be explored against the 

prc:,cnt practice of transmitting p(mer using 220 kV as the transmission voltage. 

1.3 Objectives 

The main objccti\cs ot' the study are. 

• Selection of ..J.OOkV and 220kV transmission net\\ork contigurations for 

[rincomalec !\m cr Plant Cirid Connection for\ car .20.20. 

• Analyse the Technical feasibility of using ..J.OOk V conliguration against the 

220kV configmation as the Trincomalcc PO\\Cr Plant< rrid Connection. 

• Imestigate the l conomic \iahility of..J.OOkV and .220kV wmsmission nd\\ork 

configurations for proposed Trincomalce pO\\ cr plant (!rid ( 'onnection 

I 



1.4 :vlethodology 

DetaileJ pmver S) stem analyses consisting of load t1ov\ and stabilit) studies are 

conducted under night peak ( 19.30 hours) and day peak ( 11.00 hours) loading 

conditions to idcntil~ areas where the planning criteria are \ iolated. The Plmcr 

System Simulator for 1:ngineering (PSSL) softvvare package is used as the stud) tool 

for that purpose. 

PSSE package is comprised of a comprehensive suite of programs for studies of 

power system transmission network and generation performance in both steady-state 

and d:namic conditions. In addition to steady-state and dynamic analysi:-.. the PSSL 

package also provides the user 'v\ith a \\ide range of auxiliar) programs for 

installation. data input. output. manipulation and preparation. 

The main objecti'v c of the load t1ovv study is to determine the steady state performance 

of the power S) stem. The potential problems such as unacceptable \ oltage conditions 

and O\ erloading of the transmission network clements arc idcnti ficd from load t1ov\ 

studies. Contingency analysis is required to idcntit~ net'v\ork bottlenecks during 

equipment f~1ilurc or una\ ailability. 

T'he stability studies are performed in order to make sure that the system v\ill remain 

stable t(J]]m'ving severe disturbance. Lndcr stabilit'v studies transient behavior ot' the 

S\ stem is obscn cd. 

To select the most suitable transmission netvvork configuration, technical as well as 

_conomic aspects are taken into consideration. 

The methodolog) follcmcd in this study is as follo\\S. 

• Rev icv\ the 220k V Transmission nctv\ork configuration of Trincomalcc I\mer 

Plant Cirid Connection proposed b) the ·Long Term transmission 

Development Plan 2008-2016·. 

• Identification of 220kV Transmission nctv\ork configuration for~, rincomalce 

Power Plant g_rid connection for year 2020 

• ldcntiiication of -1-00kV Transmission ncl\\ork contiguration t(x 1 rincomalce 

l\m cr Plant grid connection Cor) car 2020 

• Stead\ state anal) sis. transient stabilit\ analvsis and economic analv sis are 

used to '-tud: the adv antagcs and disadv antagl'S of the configurations. 

• ( 'onclusions of the most feasible configuration for power plant grid connection 

arc dra\\ n hascd on all the stud: results. 

~ 
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Chapter 2 

Revie\v of Trincomalee Power Plant Grid Connection for 

vear 2016 . 

··Long Term Transmission De\ clorment Plan 200X-20 16 .. I 21 rroposed 220k v 
transmission net\\ork configuration for ·1 rincomalee rm\cr plant (irid Connection to 

transmit 1600M ~' of power in year 2016. I he main objecti\e of this study is to select 

the most feasible transmission configuration for year 2020. after addition of all the 

coal plant units to the system. Before go for year 2020 S) stem studies. it is ncccssar: 

to re\ie\\ the e:\isting configuration. Thcrct"ore in this chapter. three alternatives of 

220k V Trincomalec PO\\ er Plant Grid Connections \\ere studied based on the 

configuration prorosed by the ··Long Term f"ransmission Dewlorment Plan 2008-

2016 .. for year 2016. Technical and economic e\ aluations were used to select the best 

alternatin:. The results of Chapter 2 studies \\CIT used when selecting transmission 

configuration for the Trincomalee Pov.•er Plant Grid Connection t(x \Car 2020. 

2.1 Initial Transmission :\etwork Configuration 

According to the .. Long Term Transmission Dewlorment Plan 2008-2016 .. [2[. initial 

transmission nct\\ork configurations prorosal (Figure 2.1 ). ''hich is capable of 

:.ransmitting 1600\11\\' pov\Cr using 220kV as the transmission \oltagc from 

Trincomalee plm cr plant in year 2016 is in following manner. 

2.1.1 Power Transmission Facility Related to Trincomalee Coal-Fired Ther·mal 

Plant 

:\e\\ transmission de\elopmcnts required to Trincomake pm\CT plant grid connection 

can he summarized as bciO\\. 

• Irincomalee !\mer Station (PS) S\\itch:ard (220k\' double bus bar (DIB) 

arrangement \\ith a bus coupler. 3x220kV D/B Iransmission Line (lL) bays. 

2:'1:220kV [)II~ Transformer (!IF) ba)S. 2:'1:150 \1V!\ 2:20 132 .13kV Transf(xmcr. 

132k V double bus bar arrangement \\ ith a bus coupkr. 2:'1: 112k V D/B Tf bav s. 

2x1.12!-.V DB TI. ba:s) 

• Trincomalcc Cirid Substation (CiS) (2xl32kV TI. ba:s) 

• Trincomake PS ·1 rincomake (iS 132kV transmission line (2 cct. 2Xkm. /cbra) 

~ 



• :\e\\ Habarana Switching station (SS) (2x250iv1Vi\ 220il32l)3kV Tf. LJx220kV 

DIB TL bays. 2x220k V D B If ba: s. 220k V double bus bar arrangement \\ith bus 

coupler. 132kV double bus bar arrangement \\ith bus coupler. 2xl32kV f)IB TI 

bays. 2xl32kV Tfba:sl 

• Trincoma!ee PS - :\e\\ I Iaharana SS 220kV transmission line (2 cct. 95km. 

4xZebra) 

• Ve)angoda GS (4x220kV !YB TL hays) 

• :\c\\ llabarana SS- Ve)angoda GS 220kY transmission line (2 cct. 145km. 

4x/ebra) 

2.1.2 Construction of Kirindiwcla 220/132k V Switching Station 

Follm\ing transmission de\elopments are required for Kirindiv,ela switching station 

construction. 

• Kirindi\\ cia SS (220k V double hus bar arrangement '' ith hus coupler. 8x220k V 

Di!-3 TL ba: s) 

• Construction of Veyangoda-Kirindi,vela 220k V transmission line (2cct. 14.5km. 

4x/ehra) 

2.1.3 Construction of Arangala 220/132kV Switching Station 

Iransmission facilities related to Arangala switching station are listed below. 

• Arangala SS (2x250\1V !\ 220/132133kV TL 6x220kY D/8 lL hays. 2x220kV 

[) B Tfbays. 220kV double bus bar arrangement \\ith bus coupler. 132kV double 

bus bar arrangement with bus coupler. 2xl32kV I C bays) 

• Con~truction of Kirindi\\ela-Arangala 220kV transmission line (2 cct. 33km. 4x 

/chra) 

• Construction of Arangala SS -1\thurugiriya GS 132kV transmission line (2cct. 

3.6km./ebra) 

• Construction of Arangala SS -Kolonnawa (iS 1.32k V transmission line (2cct. 

I 0.4km. Zebra) 
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Figure 2.1 Trincomalce Coal P<mcr Plant Grid Connection According to the"' Long Term 
Transmission Development Plan 2008-2016" 

2.2 Cost Estimation of Initial Transmission ~etwork Configuration 

;\1' ;>le items listed in 2.1.1. 2.1.2 and 2.1.3 were taken into account for the calculation 

i' costs of selected transmission nct\\Ork configurations. l"nit costs (Base Cost) \\ere 

[,;aincd from the 200~ Cost Database prepared by the Transmission Planning Branch 

nt' CLB and thm1 the report ··\!Jaster Plan Study on the De\elopment of Pm\er 

( iennation and Transmission~) stern in Sri Lanka'"[.+ j 

I ht' best estimation of proiect co~ts can be undertaken ti·om prices a\ ailable at the 

time of estimation (date of e\ aluation). Project implementation can take man: vears. 

l knee. the actual cost of the project at the commissioning date v, ill differ from the 

L'Ost estimated at the time of 11lanning and evaluation. This is the result of intlation and 

Increase in price and quantities ol· the project components. Such \ariation is all,l\\ed 

t(n through the following t\\U contingencies. 

• ,\ Pllysical Contingen(r to allm\ for the increase in quantities of material and 

equipment imohcd in proiect execution and the change of implementation 
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method. Ci\il \\orks ha\e higher contingency than machiner:. Physical 

contingencies usual!: \ ary up to 1 0(% of the project base cost. Beynnd this. more 

detailed estimation has to be undertaken in order to reduce uncertainties in rrojcct 

cost estimation. Physical contingencies are distributed along the rroject execution 

life as a rcrccntagc of annual cost allocation. 

• /\. Price Contingency to allow increase in price of rrojcct components. O\er the 

base case estimation. during the construction rcriod. It is highl: dcrcndcnt on 

inf1ation rates and other possible price increases. 

2.2.1 Base Cost Estimation of the Initial Transmission :\etwork Configuration 

Base cost docs not include the cost associated with uncertainties and risks. It 

comprises of two components. 

• Foreign Cost ( F.C.) Component is the cost of plant and equipment. 

• Local Cost (LC.) Component includes Agenc: Fee. Clearance charges. Document 

charges and Iran sport Charges etc. 

Description 

ConstrLctioc n!'Tr:nc,l Po11er Station S11itcf~:arci 
i'\L:gnle;Jtation ofTrinco Cl:·id Subsh:tiun 

Construc;iol~ o:· :\c11 Habarc::;c1 220/l 32 h.\' S11 :tching Stc!tic't~ 

Augmcntati or~ of\ c: angud,; Grid Substation 
ConstrL:ction c: :'\:·a:1gala 220 I32l, V S11 itcl~ ::1g Station 
Constn;cti~)n ;JfK~rit~di\\cla :2:20 132k\' S\\:tching Station 

Const:·uctill'1 llf' Trincormdce PS -Tr1'1COtl1akc CiS I J2h. \ trcms:11ission line(28\,.:11 1 
Constructic>:1 c>t'Trinco PS- '\e11 Habarana SS 220h. V Wli~SI~<sS:o:l :i:lc(95h.m) 
Construction lli''\ell Hahc:nwa SS -\·e:angodc! GS 220h.\ t1·,::1s•n:ssion ii:1c 
(\_Jnstruc:ill;; ~~!-cindh:e i:>;,Jut cn:1ne~tiun fron; H:;,;:gc!:~;;_~-P;_:n:;initi:a ~20k \" Tr 

Line :u cunnec· ... \t-a!:ga!a SS (0.5i\.:;;) 

Construction Lli.Arcwga:a SS -I\.oion·~'ma CiS !32h.\. trans:~1:ssi,m 'itlc( !O . .f'-ml 

Cons:rL:ction o:' \:·a~::,:<:.'' SS -.\:burugir·i:a CiS !32\., \ :n'.:ls~:~:ss:c:' line(.\.(l"tll) 
Cnnst!·uc~;un l1:"\'e:(i:1~t~C<.l CJS -f<irl!~e_~[\\t::a-Arcu~gc\:,l SS :2:20~ \' ::·<.-:~lsn;issll)t~ 

:inc:( -17.5'-:'1 1 
Total Estimated Base Cost 

Estimated 
Base Cost 

(Million LKR) 

I 0!5.0 
.+lJ.) 

1500.9 

20:'.5 
I 383.8 
.f65 . .+ 
79!.2 

59-t.f.O 
9072_1 

l'U 
2'J1.9 
1017 

2'!72 () 
23.8!4.5 

Table 2.1 Ba'>(' Cost Estimation of Initial Transmission '\rt\\orl-. Configuration in ~ear 2016 

.\ccording to the lable .2.1 total base cost estimation of initial 220kV transmission 

nct\\ork configuration is _2j.RJ...J..5 :'v1illion LKR. 
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2.2.2 Disbursement Schedules and Total Cost Estimation of the Initial 

Transmission :'ietwork Configuration 

The project execution period is considered as three years. Im estmcnt is grouped to he 

disbursed at 20<1(>. 70%. I 0% spread O\ er three years starting one year after the cost 

estimation. 

Folio\\ ing cost components \\ill he added to determine the total cost estimation. 

• Price f.sut!ution: changes in the cost or price or specific goods or sen ices tn a 

gi\cn economy 0\er a period oftime. This is similar to the concepts o!'int1ation. 

• Physico/ ( 'ontingencies: To alkm for the increase in quantities of material and 

equipment imohcd in project execution and the change of implementation 

method. 

• Administrati\ e cost: Accommodation. Communication. transport. Training 

• Le\ics 

Description Total 201--l 2015 2016 

Rase Cost 
f. C. 1805-t 36 I I 12638 1805 
L.C. 5761 I I 52 -+033 )76 

Price Escalation 
r.c. 3327 572 236-t 391 
L.C. 5028 83-t 3579 615 

Sub Total I 
F.C. 21380 -l182 15002 2196 
L.C. 10788 1986 7612 1191 

Ph:sical Contingencies l0°o 
F.C. 2138 418 1500 no 
L.C. 1079 199 761 !19 

Sub Total 2 
F.C. 23518 -1601 16502 2-116 
L.C. 11867 2185 8373 1310 

/\dministrati\c Cost L.C. 87' _ _) 16! 578 85 

7! J/it/ /kfnre /.erie.1 
FC l3J!8 .j(j()f f(jJ{)l l.f/(j 

LC' I_: (j<)!J .:J.j(j 8CJ5!J 13 C).j 

I C\ ics L.C. 8-+7 166 59-t 87 
F.C. 23518.-1 -1601 16502 2-116 

Grand Total L.C. 13537.0 2511 95-1-1 1-181 
:VILKF 37,055.-1 

fable 2.2 Total Cost Estimation of Initial Transmission :\ct\\Ork Configuration in \Car 2016 

\ccording to the Table 2.2 Total project cost estimation t'or the initial transmission 

nct\\otl configuration in year 2016 is ~7.055 . ..J. \1illion LKR 
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2.3 Alternative 220kV Transmission Xetwork Configurations for 

year 2016 

\em the Transmission Planning Branch of Ceylon Electric it; Board is in the process 

of preparing the .. Long Term Transmission Development Plan 2010-2019 .. , So it is 

necessar; to rcvin\ the existing Trincomalcc Coal !\mer Plant Cirid Connection 

proposal and make necessary changes to the proposal. l-olltm ing options vverc studied 

to select most viable con figuration for year 2016. 

• l ransmission \:etvvork with the nev\ Loads of~orthem Province 

• I rincomalee Coal Pcmer Plant ()riel Connection - Without \'evv llabarana 

Switching Station 

• I'rincomalee Coal Pmvcr Plant Grid Connection - \Vithout Kirinc!ivvela 

Svv itching Station 
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2.3.1 Transmission :\'etwork with the new Loads of :\orthern Province 
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Figure 2.2 :'\ et\\ ork "ith the new Loads of:'\ orthern Prcn ince 
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\\'ith the liberation of cont1ict affected areas in Kilinochchi and :V1ullati\\.? districb 

during late .2008 -- early .2009. development acti\ ities arc gradual!:- taken place. 

Resdtlement has been the top priority of the Gmernment. fhus. man: humanitarian 

requirements like \\ater suppl: project. hospitals. irrigation schemes arc being 

initiated or under construction. !hey will require hca\y supplies. Securit) 'police 

installations also need clcctrieit\ with top priority. Present!\ some ot' thesL' 

installations are ha\ing DiL'sel ( !enerators. According to the Ce) lon Uectricit\ Board 

- '"\kdium Voltage Distribution S:stem De\elopment ~>Jan for Recent!) Liberated 

Areas of.'\orthern Pnl\inct' ... [8] Vanmia and Kilinochchi grid substations loads \\ill 
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be increased h: 9:v1W ancl1!.5 MW in addition to the forecasted loads in \Car .2016. 

(Figure 2.2) 

2.3.2 Trincomalee Coal Power Plant Grid Connection - Without Kirindiwela 

Switching Station 

l o prepare llC\\ lrincomalee Pcmer Plant Grid ( 'onncction proposals for"[ .ong [ crm 

[ ransmission De\ clopmcnt Plan .20 I 0-20 19". it is necessary to re\ ie\\ e:-;isting 

configuration. Ihcrl't(Jre under this option. stud: was conducted t(Jr the I rincomalcc 

[Xl\\Cr plant (irid Connection v\ithout Kirindi\\cla S\\itching Station (I igure 2.3 ). 
r-------
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Figure 2.3 Trincomalee Coal Power Plant Crid Connection-Without Kirindi\\cla S\\ itching 
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2.3.3 Trincomalcc Coal Power Plant Grid Connection - \Vithout :\ew 

Habarana Switching Station 

This option \\as ill\estigated the possibilit: of' rcmo\ing the ~ew Habarana SS from 

the existing configuration (FigurL' 2.4 ). Following additional transmission re­

enforcements arc necessary toO\ ercorne critical voltage and thermal criteria\ iolations 

(Annex l J ). 

• Construction of Trincomalce PS Veyangoda CiS 220k V transmission line ( 2 

cct. 2-+0km. 4x7ebra) 

• Construction of Trincoma!cc PS \'c\\ Anuradharura CiS 220k V transmission 

line (2 cct. I OJ.Jkm. 2xZebra) 

• Reconstruction of \'c\\-Anuradharura-Anuradhapura 1 J2kV double circuit line 

using Zebra conductor. 

• Augmentation of :\ew Anuradhapura GS (2x150:V1VA 220 1 1J2/JJkV Tf to 

Jx150:V1VA 22WlJ2/JJkV Tf 2x220kV DIB TL bays. lx220kV D/B Tf bays. 

1 x 1 32k V L)IB TF bays. 1 x33k V IF bay) 

• l'pgrade of lfabarana-Anuradhapura lJ2kV Transmission line to operate at 

75(\ .. 
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F!:.:,ur'l' 2.-1 Trincomalee Coal Power Plant Grid Connection without 'le\\ Haharana S\\itching 
Station 

2.4 Steady State Analysis of Alternative 220k V Transmission 

~etwork Configurations for year 2016 

2.-L I Transmission :'\ctwork with the new Loads of :\orthern Province 

\ccurding to the ·VIedium Voltage Distribution System De\elorment Plan fur 

1\ecenth l iberated Areas of '\orthern PrO\ inee· [8J follm\ing (I ahk ::u) loads will 

he added to the sYstem in :w l h in addition to the Load l oreca~t prepared h; the 

[ ransmission Planning Branch. 

I~ 

H 
ll 

1: 
~: 
\' ,.[1 

~~: 



Grid SS 
.'light Peak 
·-~--~---·----- -----+-

:VIW MVar 
. ----- ------------r---------- --- ----- ---r- -----

Kilinochchi 11.54 0.29 

\';nunia 8.99 0.01 

Day peak 
- --------·-~------ - -----,--

:vtW :vtVar 

7.09 

4S+ 

0.29 

() ,() l 

Table 2.3 Additional Loads of 2016 Power System in Liberated Areas of :"'orthern PrO\ ince 

Load tlo\\ studies for night peak and day peak load scenarios \\ere analyzed to check 

\\hethcr an: moditications arc necessary for the Transmission :\et\\Ork Conliguration 

of Trincomalcc Coal Power Plant Grid Connection according to the l1C\\ load 

additions of :\orthcrn Pro\ ince. The total addition of loads to the S) stem according to 

the present :\orthcrn plan is 20.5\IIW. But according to the Load forecast 1:21. the 2016 

pm\cr system :\ight peak is 3 726.3MW. Therefore it is clear that the load center\\ ill 

not he changed due to nn\ ?\orthern loads. Load t1m\ studies also illustrate that no 

changes will cause to the proposed configuration due to nC\\ northern loads. 

2.-U Trincomalee Coal Power Plant Grid Connection - Without Kirindiwela 

Switching Station 

S\ stem studies \\ere conducted for ?\ight Peak and Da: Peak load scenanos 

considering normal and single contingency operating conditions. 

Sormal operating conditions 
!ran:,mission losses of the system \\ith and without Kirindiwela SS arc summarized in 

thlc 2.-t. // .... -' ---.. ~: 
; 

' ----......- -T• 

Option Transmission Losses (.\1W) 
-----··---~--------- --- --- ~ - --------~ --------------

1\ight Peak Da) Peak 
---------------------- - ------- -------

\\ ith Kirindi\\ela SS 104.7 36.6 

\\'ithout Kirindi\\ela SS 105.4 35.9 

lahle 2A Transmission Losses \\ith and \\ithout Kirindiwela S\\itehing Substation 

I able 2.-t illustrate that the transmission losses are almost same for l\\O cases. Load 

tlu\\ studies abo confirm that the both systems consist of same ()\ crloadcd 

c:quipml't1ts and \oltage \iolations for both Day Peak and :\ight Peak scenarios under 

normal operating conditions. 
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Single contingency operating conditions 

Loading conditions and voltage violations after outage of critical 220k V lines arc 

shcl\\n in Tahle 2.5 and Table 2.6. (Annex 13 illustrate the planning criteria) 

Continuenn ,.., . 

~------------

One circuit outage of 
Bi;.agama Kirindim:la­
Kotmale 220kV line 

One circuit outage of 
Kotugoda- Bi;. agama 
220kV line 

1----------------------

0ne circuit outage of 
Bi;. agama i\rangala 
220kV line 
One circuit outage of 
Ve;.angoda- Arangala 
Kirindiwela 220kV line 

One circuit outage of 
'\e\\ f labarana 
Vc;.cmgoda 220kV line 

~---- -------------

Voltage violations (pu) 
~-----------·--------~~~---~-------- ---

Without 
Kirindi\\ela SS 

With 
Kirindiwela SS 

Bi;.agama- 0.947 Bi;.agama- 0 949 

l3i;.agama- 0.950 
Mangala 0.935 
Pannipiti)a 0.931 

Biyagama 0.950 
Arangala- 0.935 
Panniriti)a 0.931 

Loading on the remaining 
circuit 

Without 
Kirindiwela 

ss 

:21°o 

With 
Kirindiwela 

ss 

::2:Z 0·o 

---- ·--t·--------

66"(, 56°o 

--+- ----------~~--~~---+-----~-------- ·- ---·-------+- --------

Arangala 0.930 
f'annipiti;. a 0.9.:26 

Gi;.agama ··· 0.947 
i\rangala 0.9.:28 
Panniritiya 0.9.:24 

Ve;.angoda 0.946 
Bi;.agama 0.943 
Arangala 0.927 
Pannipiti;a -0.92.:2 

;\rangala - 0.932 
Panniritiya 0.92X 

90°o 

"---------- -~-----t------- ---

Riyagama 0.950 
Arangala ·· 0.935 2:2°o 

Pannipitiya 0.93 I 

Ve;.angoda0.950 
Biyagama · 0.943 
i\rangala- 0.9.:29 
Pannipiti;. a 0.925 

44"o 

88° () 

:29° 0 

44"o 

Table 2.5 Contingenc~ Results for Transmission :\etworks \\ith and nithout Kirindiwrla SS­
!\ight Peak 

Contingenc~ 

One circuit outage of 
f~i: agama Kirindiwcla -
1\.otmale 220k V line 
One circuit outage of 
Di: agama i\rangala 
:220kV line 
< lne circuit outage of 
V c;. angoda At·angala 
1\.irindi\\cla :220k V line 
One circuit outage of 
\ C\\ Habarana 
Vc~(lllg_D_~<l_~l_O~ V line 

Voltage violations (pu) 

\Vithout 
Kirindiwela SS 

With 
Kirindiwcla SS 

Pannipiti;.a 0.947 Pannipiti;.a -.948 

i\mngala -- 0.949 
Pannipiti;.a .946 

i\rangala 0.949 
Pannipitiya .946 

Arangala 
Panniriti;.a 

Arangala 
Pannipiti;.a 

0.95 
.948 

0.9:' 
_l)47 

l'annipiti;.a- .949 Pannipiti;.a .95(J 

Loading on the remaining 
circuit 

Without 
Kirindiwl'la 

ss 

-II o o 

I I I" o 

2.:'oo 

With 
KirindhHla 

ss 

42°o 

98"o 

2~00 

59"o )9°o 

Table 2.6 Contingenc~ Results for Transmission :'\et\\ork~ \\ith and "ithout Kirindi\\rla SS -Da~ 
Peak 

;\ccording to the ahm c critical line contingency cases. there is small system Yoltagc 

impnn ement \\lth the insertion of Kirindi\\ela SS. 
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2.-L3 Trincomalee Coal Power Plant Grid Connection - \Vithout :\'ew 

Habarana Switching Station 

s, stem studies were conducted Cor :\ ight Peak and Da; Peak load sccnanos 

considering normal and single contingcnc) operating conditions . 

.\'ormal operating conditions 

l ransmission losses according to the Load tlm\ studies can he summarized in Table 

2 7. 

Option ---------~. -----------T~~~s~issi~)~ Losses (VIW) 
>--- -- ~---- - - --- ------------------T - ------------------------------------

:\ight Peak Day Peak 
------------- ---- -·------- ---~------ .-.-

With \'c\\ flaharana SS l 04.7 36.6 

\\'ithout :\e\\ !labarana SS 114.0 37.1 

Table 2.7 Transmission Losses with and \\ithout :\cw Habarana Switching Substation 

\ccording to the Table 2.7 transmission losses are high in the case of 220kV 

I ransmission \'etwork \\ithout :\e\\ Habarana SS. 

\om cr loading of Transmission Lines or Transformers \\ere obscncd Cor t\\O cases 

during load f1ow analysis. Transmission \'et\\ork without ?\ew Habarana SS has 

!(>ll(ming \oltage \iolations (Table 2.8). 

Equipment 

_Pat1_ni[Jitiya 220~V __ 
Aran~ala 220kV 

~ -----------~------------- ----------

Polonnaruwa 132k V 

Vm nia l32kV 
r------- ------------------------

Chunnakum 132kV 

Voltage violations (p.u.) 

:\ight Peak Day Peak 
- --- ------·-·--·+ -- -- ·-- --------

0.935 
--- -----~---

0.94 
--~-----· 

0.943 
0.9.+ 

0.946 

\:o 

Violation"> 

\Yen? 

( )b~en ed 

Table 2.8 Voltage Yiolations \\ithout :\c\\ Habarana SS 

~'ingle contingenc:r operating conditions 

l 11llo\\ing plmer 11m' results ([able 2.9) \\Crc obtained ror the single contingcnc: 

,)!'Crating conditions. 
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----

Operating 
Condition Single Contingenc~ Result 

---------------------------- ---~ 

One circuit oe~tage of Habarana- [he rema!lllng Habarana-Anuradhapura 
;\nuradhapura 132kV Tran'>llli'>sion Line 132kV Transmission Line loads to 12l_go o 

\1~ht Peak 
One circuit outage of Anuradhapura­
:\e\\ Anuradhapura 132h. V Transmi'>sion 
Line 

The rc'malnmg An uradhapura-:\ e11 
Transmission Line i\nuradharun1 I ~2h.V 

loads to 12:1.7"o 

Da1 fJca!-_ 
One circuit outage of Kappalthurai-
[ rinco 1~2KV Transmission Line 

The remaining Kappalthurai-Trinco 132h. V 
Transmission Line loads to I() I" o 

Table 2.9 Contingency Results for Transmission :\'etworks without :\'e\\ Habarana SS 

l here '' L'rL' no \ oltage criteria \ iolation obser\ed under singk contingenc) operating 

conditions during :'\ight Peak and Day Peak. (Annex 13 summari~:c the planning 

cr·iteria) 

2.5 Economic Analysis of Alternative 220kV Transmission 

:\'etwork Configurations for year 2016 

2.5.1 Trincomalee Coal Power Plant Grid Connection - Without Kirindiwcla 

Switching Station 

!able 2.10 illustrates the base cost estimation of the transmission network 

configuration \\ithout Kirindiwela S\\ itching Station. 

Estimated 

Description Base Cost 
I (Million LKR) 
I 
Construction oflrinco Pm1cr Station Sl\itch]ard I 0 I 5.0 
\ ugmentation of Trinco Ciric! Substation ~9.~ 

1 C'oihtruction of :\c1v Habarana 220 :32 k \' S1\ itching Station 1500.9 
\ugmentation of V cyangoda (!rid Sub~tation 205.5 

Cun'>truction of:\rangala 220 l32k\ S11itching Station ! 3R.l.R 
Cun~truction ofTrincomalcc PS -lrincomalec CiS : 32k\' transmission linc(28km I 79:.2 
Con,tn:ction of' lrinco PS- \n1 f!abarana SS 220kV transmission linc(95kmJ 594-~.0 

Cdnstn1ctinn of\ew l!abarana SS -\ e;angoda CiS 220k\ transmis,ion line 

I. 45;-;.m I 9072.3 
(o!Istruc•ion ofdouble in-out connection li·om Riyagama-Pannipitiya 220k\ T:·. 

line 'u connect .\rangala SS (0.5km l . 9.3 
Cun-,tiL:ction of.\rangala SS -Kolonna\\a CiS :32k\' transmission line( 1 0.4Kml 293.9 
Cunst1·u.:tiL1n oL\rangala SS -.\thurugiri; a CiS ; 32h. \' transmission I inc( 3 .6K:11) : (); .7 

Co!lstruc:tiun of\ C) angoda CiS - \rangalz: SS 220k \' transmission line(4 7.5km) 2972.0 
Total Estimated Base Cost 23.349.1 
---------- ---- -----------

I a hie 2.10 Ba-.e Cost Estimation of ·1 ransm iss ion i'ietwork Configuration-'' it hou t Kirindh\ ela SS 
in ~car 2016 
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I i:1, \1ption has the base cost estimation of 23 . .i49.1 \J1illion LKR. 

l Ill project execution period is considered as :car :2014 to 2016. Imcstmcnt ts 

~~~ lup~._'d to be disbursed at 20°itJ. 70(1<J. 10% spread owr three: ears. 

Description Total 2014 2015 2016 
r-

i5<tc,<: Cost 
r c. !76!8 3:'2~ 12333 !762 
L.C. 573! !!~6 ~0!2 :'73 

"r1cc l scnlation 
F.C. 32~6 :':'8 2307 38! 
L.C. 5002 830 356! 6!! ,. 

'"'ubTotal I 
F.C. 20865 -H182 14640 2143 
L.C. 10732 1976 7572 1184 

r-

! l':1:c;ical Contingencies !O''o 
1-.C. 2086 ~08 !~6~ 2!~ 

L.C. !073 !98 7:'7 !18 
r--

'"'ub Total 2 
F.C. 22951 4490 16104 2358 

I L.C. I 1806 2173 8329 1303 
! \dministrati've Cost L.C. 803 !57 :'6~ 83 
I FC l]9) I .J.J9() f()J().J }.]58 
\I o!ul !Jc(im.: I.LTics 

LC /]6!!9 }.33!! 8893 1385 
i I .c\ ies L.C. 826 162 580 85 

F.C. 22951.1 4490 16104 2358 
(,rand Total L.C. 13435. I 2492 9473 1470 

:YlLKR 36,386.2 

l able 2.11 Total Cost Estimation of Transmission :\etworli. Configuration-without Kirindiwela 
SS in _vear 2016 in year 2016 

\,,:,)rding to the Table 2.11. total project cost estimation Cor Transmission :\etwork 

( ,lnlit?-uration-v\ithout Kirindi\\ela SS in _year 2016 is 36.3R6.:2 :\11illion LKR 

2.:'.2 Trincomalee Coal Power Plant Grid Connection - Without :\ew 

Habarana Switching Station 

1 .Jn,,· 2.12 illustrates the base cost estimation llf the transmission net\\ork 

, ,111li~uration \\ ithout :''<e\\ llaharana switching Station. 

\ R 
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Estimated 

Description I Base Cost 

(Vlillion LKR) 

(,l\1S~t·uction ni"Tr!ncol\l\lcr Station S11itch;ard 10(,9.9 
.\c:gt~lcnta:iun ol' !:·:nco (irid Substation -+9.5 
\u:2n;cntatior; oi'~c\\ .\tluradhapura 220·1.12·n L \'CiS .'57.9 
\t:!c'!l1Ct1t<ttion o' Vc;an:2oda (irid Substation 20:'\.5 

(Lli1Sli'UCtiot: or ,\rangalct 220 132k\' S\\ itchit:g St;lt:or; 13~CU\ 

( ,,nstruc•,ion oi'l(irindiiiCla 220 132L \' S11itching Statio•1 -fh5.-+ 
(Ot'Slrc;ctinn ni lrincomakc l'S -Trincoma!cc CrS 1-':2:...\· transmission linL·(2~i-..tn) 791.2 
( Pnstr;;ctinn n! Trinco l'S- Vc;angoda (iS 220" \' trc:nsmissio:1 line (2-+0kml 15016.3 
( '-'l1'<!·~l,.::ior; n! \Jc\\ ,\n;_lrauhapura- ! rinco:111CC ( ~~ 220k\ transn1issinn 

::c'( I 0.1i,m J 2919. I 
l o:·t [;_:harana-.·\nuraJh,tpura l32k\. l ra:~s:n:ssion I i71C 33.0 

(,wstr;:ctioc Pld<'uhlL in-nttt connection !i·om Bi;;:g;u~:a-Pannipiti;a 220~\' lr 

I i:1c tu co:111cct ,\rangaic; SS (0.5km) 1'!.3 

( ,,nslt'l.<.:tion oi':\ranguic: SS -Kolonmma (iS 132k\' transmi;sion linc(I0.-+1-.m) 2'!3.'! 

( ''t"tru;:ti,,r; tl!'.\r;::lga!a SS -:\thurugiri;a CiS IJ2k\' transmission linc(3.6km) 101.7 
( '(1nstructiun ol'Vc;angnd~l <IS -Kirindi\\cla-/\t·<-u~g~.::a SS 220kY transn1ission 

. :t~cl-+ 7.:'km) 2972.0 
Total Estimated Base Cost 25,678.6 

I able 2.12 Base Cost Estimation of Transmission 1\'ctwork Configuration-without :\'c\\ Haharana 
SS in year 2016 

I :1i:-. option has the base cost estimation of-25.678.6 \1iilion LKR. 

I::~..· project execution period is considered as year 2014 to 2016. [m estment 1s 

;:wtpcd to he disbursed at 20(%, 70%. 1 o<Yo spread 0\er three years. 

Description Total 201-l 2015 2016 

I !hsc Cost 
F.C. 19103 3821 13372 1910 

L.C. 6':>76 1315 -!603 6)8 
~--

! i': icc hcalation 
F.C. 3':>20 60) 2)01 -li-l 
L.C. )739 9)2 -!08) 702 

l...,uh Total I 
F.C. 22623 .t.t26 15873 232-l 

L.C. 12314 2267 8688 1359 
1 1 . I ' . . ' F.C. 2262 -l-l3 1587 ')0') __ 1_ 

1 ':1;. s1ca C ont rngcnclcs I()' o 
L.C. 1231 227 869 136 ~ 

I F.C. 24885 4868 17461 2556 
: ..,ub Total 2 

L.C. 13546 2494 9557 1495 
i .\dministrativc Cust I.. C. 871 170 611 89 
i FC l-188J -1808 I -101 lJ5f) 
) lulu! !Jl'(nre f vl'h'l 

{,, (' 1-1-1/- ](j(j-1 10/08 /58-I 
[ C\ ics L.C. 896 175 629 92 

F.C. 24885.2 4868 17461 2556 
' (,rand Total L.C. 15312.7 2839 10797 1676 

:\1LKR 40,197.8 

I able 2.1J Total Cost Estimation of Transmission 'll't\\orl- Configuration-\\ithout 'lc" 
Haharana SS in year 2016 

t,_. .t 'l ,A 1 

...,-t..J'1·1 
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\ccorcling to the Table 2.13 total project cost estimation for Transmission :\etwork 

( (111ltguration-\\ ithout :\ew Habarana SS in year 2016 is 40.197.X Million LKR 

2.6 Evaluation of the Results of Alternative Transmission 1\'etwork 

Configurations for year 2016 

2.6.1 Transmission :\'ctwork with the new Loads of \'orthcrn Province. 

I he total addition of load to the system according to the present :\orthern plan Is 

20.:'\\1\\' According to the Load forecast l1J. the 2016 pO\\er system ?\ight peak IS 

172(1.3\~\\'. Thcrel'ore the new northern loads are only 0.5SCY<) of estimated night peak 

in :car 2016. Stead) state analysis or Transmission :\etvvork configuration with the 

Loads of Liberated Areas of :\orthern Pro\incc re\cals that no modifications to the 

proposed network are necessary due to addition of llC\\ :\orthern loads. 

2.6.2 Trincomalee Coal Power Plant Grid Connection - Without Kirindiwela 

Switching Station 

\ccording to the Load Flcm studies and contingency analysis. there were no 

~igniticant ditferences hctv-,ecn 220kV Transmission :\et\\ork configurations with and 

'' ithout Kirindiwela SS. Transmission losses \\ere almost same for mo cases. 

l ransmission net\\ork configuration with and \\ithout Kirindi\vela SS has estimated 

total cost of 3 7.055.4 Million LKR and 36.386.2 Million LKR rcspecti\·ely. Therefore 

ct total amount of 669.2 Million LKR ( 1.8 %) smes due to implementation of 

tmnsmission ncmork configuration \\ithout Kirindiwcla SS. But Transient state 

-.,t .dies should he conducted heCore a tina! conclusion. 

:::.id Trincomalee Coal Power Plant Grid Connection - Without :'lew 

Haharana Switching Station 

\ccPrding to the Load Flow studies and contingcnc: analysis. there \\ere more 

\ :<llations in the 220kV Transmission \:emork \\ithout \:e\\ Haharana SS than 

~lmtiguration '' ith :\e\\ I labarana SS. Transmission losses \\ere also high in the case 

.11 220k V l ransmission \Jet work \\ithout \:n\ Haharana SS. Economic analysis 

:'-'\cals that the additional cost of3.142A \1illion LKR (X.5 %) should be imestcd for 

·he I ransmis~ion 1\ct\\ork configuration \\ithout :\c\\ Haharana SS. l'hereforc this 

.11ltion docs not shO\\ any advantage O\Cr the original proposed configuration. 

l\l'l1l0\ al of \:e\\ l laharana SS from the Transmission net\\ork configuration is not 

tl'l'<Hntnendcd due to abo\ c results. 

20 



2.7 Transient Stability Analysis of Trincomalee Coal Power Plant 

Grid Connection-- Without Kirindiwela Switching Station 

I ransicnt stability of the 220kV transmission network \\ith and without Kirindiwcla 

S\\ itching Station in year 2016 under night peak and day peak load operating 

conditions \vcre imestigated. Successful and unsuccessful clearing of three phase 

t~1ults in critical lines and outage of generators as depicted in the Table 2.14 \\ere 

~tudied and stability of the system was assessed. 

l ripping se4uences of S uccesst\.ll Re-closing ( S R) and unsuccessful Rc-closing ( L'S R) 

(lt transmission circuits can he summarized as follows. 

Successful Re-closing (SR) of transmission circuits se4ucnce is. 

l ~ U : Fault occurs 

l ~ 120ms : Fault cleared & circuit tripped 

T=620ms : Circuit re-closcd 

nsucccsst\.!1 Re-closi ng (\ · S R) or transmission circuits seq uencc is. 

T= 0 : Fault occurs 

120ms :Circuit tripped 

~620ms :Circuit rc-closed \\ith fault 

l =740ms :Circuit tripped 

nless otherwise stated specifically. the circuit breaker operating time was considered 

d'> l20ms and first re-closing time is considered as 500ms. 

r 
l 

Fault~ Element 

Fa u It 
Type& 

Location 

Results 

S\\ itching! Day Peak I '\ight
1 
Peak I 

Sequence \\ ith I \\ ithout I \\ ith I \\ ithout 
l'irindi\\l'la h.irindi"l'la h.irindi\\l'la h.irindi,H·1a 

1-- sn ~ph l~nd: ~11 ,,,, ss S\ ss \S 

ss 
\..?:1(~ 

l t ; 1 -L'(tr~la:L'L' PS --- ~C\\ 
; l··'r'" "'" (,' 7>()'\' 1' :I·.,, I • •'l• ,L <.I olo ") -- t\. > ) lol. 

,,l: I I \S l SR 
I: in.:. PS 

\lachine ~<ut 

,ltd.'" [: ~---~~~~~~~~+----J--~ 
'lS I "" 
\..:\..: ' ' 

\ ~'\~::~~~h,:~l 

"L 1-.L 

\r~~:1~al;_; !'\ 

end 
ss I 'lS 

I 
l SR 

S'> I c;s \lac:~'nc I '\U: 
! r~ppi~1g .\pp::L'l\llJL' 

S\- Sv.;tem stahk SL- S: stem un~tabk 

s:-- "" 
S\ 'lS 

')') \S 

'iS '>S 

')\ 'lS 

l'able 2.1-l Transient Stability Analysis Rt·sults of Trincomalee Coal P<mer Plant (;rid 
Connection -With & Without Kirindh\ela S" itching Station 
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\ccording to the !able 2.14 no system transient stability imprO\cment has obsened 

\\ Ith the inclusion of Kirindiwela SS. 

2.S Final220kV Transmission :\etwork Configuration for year 

2016 

Stud\ \\as conducted for ) car 2016 system with 1600M\V of coal pmn.T plant units 

~~li1Ilected to Trinclllll<llcc site. considering t\\O different system-loading conditions. 

I hn:c altcrnati\e contigurations were considered Cor analysis. But onl) the 

ulnliguration-without Kirindiwela option \\as selected atter the steady state analysis 

<trid economic anal;sis. hen though the configuration with Kirindiwela shov,s slight 

1111prm ement in system reliability and S) stem loss savings no planning criteria 

\ i,JJations can be obsen eel without Kirindiwela contiguration. As Car as the transient 

-.tability is concerned both systems behm c similar!). following critical system 

di"turhances. Thus. the construction of Kirindiwela SS is not necessary for transmit 

p()\\ cr ti·01n proposed Trincomalee Coal Power Plant. Figure 2.5 shows the final 

transmission netv,ork configuration for year 2016 system for Trincomalee Plmer Plant 

:.:rid connection. 

II 
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Fit:ure 2.5 Final transmission nt't\\ork configuration for year 2016 s~stem for Trincomalee Power 
Plant grid connection. 
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Chapter 3 

Selection of Trincomalee Power Plant Grid Connection for 

'ear 2020 

I rcrnsmission net\\ork configurations capable of transmitting 2200\ilW of power 

u:--1ng 220kV and 400kV as the transmission Yoltage from Trincomalec Coal Po\\er 

Plant in :car 2020 \\ere selected based on the ··Master Plan Study on the De\clopment 

,1t pm\er Generation and Iransmission System in Sri Lanka- .lanuar: 2006 .. Results 

I rom Chapter 2 \\ere considered here \\hen selecting transmission configurations. 

~ince there is a possihility of increased power f1o\\ from Puttlam PS to \:e\\ 

.\nuradhapura CiS as a result or possible expansion beyond 900:'v1W at i\orochcholci 

:--ite and in \ ie\\ or the increased capacity of the Trincomalee PL)\\er Plants. it is not 

teasibk to construct a transmission line connection between Trincomalee Pcmer Plant 

and '-Je\\ J\nuradhapura GS. it is also not feasible to comcrt Valachchenai GS to 

~20kV or 400kV and transmit po\\er from the Trincomale Power Plant to 

Valachchenai (iS. Therefore. Habarana GS was considered as the main net\\Ork 

connection point for the transmission of pmver from Trincomalee PO\ver Plant. 

J.l Selected 220kV and 400kV Transmission :\etwork 

Configurations for year 2020 

~.1.1 220kV Transmission \'etwork Configuration 

! "lim\ ing modifications \\ere done on the 220kV network contiguration proposed h; 

1 he ·\laster Plan Study on the De\ clopment of power Generation and Transmission 

S\ stem in Sri Lanka January 200() · for year 2020. Figure 3 .I i~ the 220k V 

,·,mfiguration proposed b; the \laster Plan Study. 

I i~ure .1.2 shO\\S the proposed 220\-. v transmission net\\ork configuration ur 
l rincumaleL' Coal P(l\\er Plant Grid Connection for year 2020 . 
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~ i~ure 3. I 220kV transmission network configuration ofTrincomalee Coal Power Plant Grid 
Connection According to the :vtaster Plan Stud~ 

\Lcording. to the Figure .1.1. there are only 600 \11\V of coal fi.rcd rmver rlant units at 

·tl' l rincomalee Povver Plant site. 
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I igurc 3.2 Tht• propo~cd 220kV transmission net\\ork configuration ofTrincornalec Coal Power 
Plant Grid Connection for year 2020 

'11'-· scope of \\ork for the pm\er transmission ti·om Trincomake power station using 

'~llk V as the transmission\ oltage can be summarized as follows. 

• ( 'onstruction of a 220k V Four circuit 4*/:ehra. 95km length transmission line from 

lrineomake rxmcr station to ::\ew 11aharana switching station. 

• Construction o!' lrineomalce PS S\\itehyard (220 kV douhlc hLts bar arrangement 

\\ith hus couplcr. 4x220 kV double hus har transmission line ba:s. 2x 220kV 

double bus har transformer bays. 2x 150\1VA 22W132 kV transt<.m11ers. l32kV 

douhk hus har arrangement \\ith bus coupler. 2x l32kV double bu~ bar 

rran-.,t<.m11er ba:) 
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• ( ~mstruction of :\ev\ I iabarana SS ( 220kV double bus bar arrangement with bus 

C\luplcr. 3x 2:20kV double bus bar transformer hays. lCh 220kV dmthle bus bar 

t:dnsmission line hays. 3x 250 :V1VA 2201132 kV transformers. 132k\ double bus 

\1ctr arrangement V\ith bus coupler .3x 132kV double bus bar transformer hays) 

• ( tlllstruction of ~C\\ !Iaharana-Veyangoda 220kV two circuit 4*Zcbra. 1-J.Skm 

kngth transmission line. 

• I k\ clopmcnt of V cyangoda GS ( -J.x 220k V double bus bar transmission line bays) 

• ( \lnstntction of Ambulgama (iS(220kV double bus bar arrangement vvith a bus 

~.·uupler. 3x250:v1V i\ 2201!32 k V transformers. 3x220k V double bus bar 

transformer hays. 4x220kV double bus bar transmission line ba) s.l32k V single 

hus bar arrangement \\ith bus section bay. 2xl32kV transmission line bays. 

'\ 132k V transformer bays.) 

• ( onstruction of Arangalla GS (220kV double bus bar arrangement with a bus 

coupler. 3x250\1VA transformers. 3x220k V double bus bar transformer bays. 6x 

220kV double bus bar transmission line bays. !32kV Single bus bar arrangement 

''ith bus section. 4xl32kV single bus bar transmission line bavs. 3x 132kV 

transformer bays.) 

• Construction of Veyangoda GS-Amhulgama GS 220kV two circuit 4*lebra . 

. ~ 7km length transmission line. 

• ( onstruction of Ambulgama GS-Arangala GS 220kV t\\O circuit 4*Zchra. llkm 

kngth transmission line. 

• I onstruction of Ambulgama GS-Athurugiriya CIS 132kV l\\o circuit /.ebra. 7.Xkm 

'L'tlgth transmission line. 

• l unstruction of !\rangala GS-Athurugiriya (iS 132kV t\\O circuit /ebra. 3.6km 

it.:ngth transmission line. 

• (onstructiun ot' Arangala CJS-Kolonna\\a CiS 132kV t\\O circuit /ehra. I 0.4km 

kngt h transmission line 

·'-1.2 -HIOkV Transmission :\etwork Configuration 

\.; l~lr as til\.' lrincomalee poV\er station is concerned at least 2600 \1Vi\ ofpm\er has 

" !ll' transm i ttcd to the load center \\hen all 250 :v1 W and 3 00 \1\\ generator units are 

: •)pcrati\ln. I knee at least one -tOOk V 4x/ehra three-circuit transmission line is 

. .-quircd to tran"mit the pm\cr generated in Trincornalec ptmer -.tation tu satist\ 
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~~·curit\ criteria (Annex 1 ~ ). l nder such circumstance-. one possible net\\ork 

cllnti~uration using 4xZehra ...J.OOk V transmission line is tu connect the same to 

\ ~·: angoda grid substation. I he other possibility is to construct a S\\ itching station at 

'\l'\\ Haharana and connect the ...J.xZehra 400kV transmission line t!·01n Trincomalce 

1'()\\l'r station to :\e\\ I labarana. llm've\er. load t1o\\ and contingency studies \\ere 

ci~,·crtained that only one ...J.OOk V 2x/.ehra double circuit transmission line is sufticient 

: nltll \c\\ Habarana S\\ itching station to V cyangoda GS Cor the transmission of pcmer 

tr\llll I rincomalee power station and the transmission system is more stable to a -.hort 

, 'IL.'llll faults in 4xZebra ...J.OOkV double circuit transmission line. if there is aS\\ itching 

''"t1on at \ew Habarana. Figure 3.2 illustrate the Relatiw Rotor angle \ariation 

t'Cl\\Ccn unc of the Trincomalce machines and one Victoria machine without \e\\ 

llaharana SS. if there is a three-phase short circuit fault in one circuit of the 400k V 

:hrcc-circuit 4x/.ebra transmission line between Trincomalec PS and Vcyangoda GS. 

'· 

·-~~~ ~ "'"'' 

L lOO¢ 3~ loO<IO 'S.:S¢01.) 7. 7'{1{)0 

f (!'!£ lSECONOSI 

Figure 3.3 Rclati\e Rotor Angle \ariation, foll<ming a three-phase short circuit fault in one 
circuit of th(• ~001\Y three-circuit ~xZebra transmission line bl't\\ecn Trincomalee PS and 

Veyangoda GS 

i illl'>. thl' ...J.OOkV transmission tlel\\Ork configuration cornrnstng or a S\\itching 

~l~ttiun at \c\\ l iabarana. -1-\./chra -l-OOk V three circuit transmission line between 
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I nncoma\ee pmwr station and :\ev. Haharana S\\ itching station and a 400k V 2x/ehra 

,j,1uhle circuit transmission line bet\\een \:e\\ Haharana switching station and 

\ e:angoda grid substation are selected for further studies. Figure 3.3 shov.s the 

nroposed 400kV transmission network configuration of lrincomalee Coal Po\\er 

f>iant (irid Connection for \car 2020. 
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Figure .3A The proposed -WOkV transmission net\\ork configuration of Trincomalec Coal P<mcr 
Plant Grid Connection for ~ear 2020 

I hl' total scope of v\ork for the power transmi:-;sion t'rom Trincomalee pm\er station. if 

! he transmission \ oltage of 400k V is selected can he summari.1ed as f<JllO\\ s. 

• Construction of a 400kV three circuit -1*/dm.L 9)krn length transmission line 

!!·om Trincomalce pO\\er station to :\e\\ I [aharana S\\itching station. 

• Construction ofTrincomalcc PS S\\itchyard (-l-00 kV douhle hus bar arrangement 

'' ith hus coupler. Jx400 kV double hus har transmission line haYs. 2x -tOOk V 
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double bus bar transformer bavs. 2x 150\I!VA 400/132 kV trans!(xmers. 132kV 

double bus bar arrangement with bus coupler. 2x 132k V double bus bar 

transformer hay) 

• Construction of \'e\\ I labarana SS ( 400kV double bus bar arrangement with bus 

coupler. 2x 250 :V1VA 400/220 kV transformers. 5x400kV double bus bar 

transformer hays. 2x 220kV double bus bar transformer bays. 3x 250 \I!V A 

400/132kV transformers. 3x 132kV double bus bar transformer bays. 5x 400kV 

double bus bar Transmission Line bays. 4x 220k V double bus bar Transmission 

Line bays. 220k V double bus bar arrangement \Yith bus coupler. 132k V double 

bus bar arrangement \\ ith bus coupler) 

• Construction of \'n\ Habarana-Veyangoda 400kV two circuit 2*7cbra. 145km 

length transmission line. 

• Development of Vcyangoda GS (400kV double bus bar arrangement \\ith bus 

coupler. 3x250 :VIVA 400/220 kV transformers. 3x400kV double bus bar 

transformer bays. 3x 220kV double bus bar transformer bays. 2x. 400kV double 

bus bar transmission line bays) 

• Construction of ;\mbulgama GS(220kV double bus bar arrangement with a bus 

coupler. 3x250\11 V ;\ 2201132 k V transformers. 3x220k V double bus bar 

transformer bays. 4x.220kV double bus bar transmission line bays.132kV single 

bus bar arrangement with bus section bay. 2x.132kV transmission line bays. 

3xl32kV transformer bays.) 

• Construction of Arangalla CIS (220kV double bus bar arrangement with a bus 

coupler. 3x250:V1V ;\ transformers. 3x220k V double bus bar transformer ba) s. 6x 

:220kV doubk bus bar transmission line bays. 132kV Singk bus bar arrangement 

\\ith bus section . ..f'\l32kV single bus bar transmission [inc ba\s. 3x l32kV 

transformer ba: s.) 

• Construction of Arangala (!S-Athurugiriya GS 132kV t\\O circuit /ebra. 3.6km 

length transmission [inc. 

• Construction of Arangala GS-Kolonmma CJS 132kV 1\\0 circuit Zebra. 1 OAkm 

length transmission line 

• Construction of V C) <mgoda (iS-Ambulgama CiS 220k V t\\ o circuit 4* Zebra. 

37km length transmission line. 
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• Con:-.truction of Ambulgama GS-1\rangala GS 220kV l\\O circuit 4*/ebra. 11 km 

length transmission line. 

• Con:-.truction of Ambulgama CiS-Athurugiriya GS 132kV t\\O circuit /ehra. 7.8km 

kngth transmission line 

3.2 Steady State Analysis of the Selected Transmission :\etwork 

Configurations for year 2020 

l he load flow and single contingency analysis were conducted during stead\ state 

anal) sis of selected transmission netv..orks. 

l he main objective of the load tlow stud: is to determine the steady state performance 

of the pm\ cr system. The potential problems such as unacceptable \ oltage conditions 

and m erloading of transmission net\\ ork elements were identified ti·om load f10\\ 

studies. 

!he adopted contingency level for the planning purpose is .\'-1. i.e. after outage of any 

one element of the transmission system at a time. the system should be able to meet 

the distribution demand while maintaining the acceptable bus bar \oltage levels and 

loading of all the clements should not e\.ceed their emergency rating specified. 

l he \oltagc criterion defines the permitted \oltage de\iation at any li\c bus bar of the 

net\\ork under normal and single contingency operating conditions as given in table 

J .l. 

Husbar Voltage Allo\\able Volt~_t:~ari<J_~~>n(Y~l- ____________ _ 

_ ~ -~()_l'!!~lii_O _[) ~rli tirl_g Co 11~ it i o 11 ---'- ______ S i n_g~ (_'<_> !!_t_i_ll_g<?_!l_~l_c;-_o_ll_ di_!.iq_tl 

..fOOI,.V =-5° 0 ~5°o 

.220 {,. v _ _:_)0 0 -IO"o to ·5'~o 

132k v +I ()0() .c. I O"o 

Table 3.1 Allowable Yoltage \ariations 

3.2.1 Steady State Analysis of 220kV Transmission :\etwork Configuration 

I he load tlm\ (;\nne\. A -1 ) and si nglc contingenc) anal) sis \\ere illustrated that 

t(1IIO\-\ing additional transmission reinf(Jrccmcnb are neccssar) !'or 220~ V network to 

t 1\ ercome \ o l tage and thermal criteria \ io lations. 

• Reconstruct10n of 82.3km l kLl\\ela-llaharana 132kV double circuit transmission 

line u:-.ing /cbra Conductor. 
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• ln~tallation of 15~vhar. voltage controlled hreaker switched earacitors at 

Kurunnagala 33kV bus. 

• Rec()nstruction of l.5km :\e\v ;\nuradhapura-Anuradharura l32kV douhle circuit 

Lynx line using /ehra conductor. 

\\ ith the abo\ e reinforcements the voltage levels and loading conditions \\ ct"C 

11h~encd after outage of critical 220kV lines. The results are listed in the Tahle 3.2. 

I 
! 

Voltage on Bus Bars (p.u.) 
Single Contingenc} 

Bus Bar 

t lnc circuit outage of Arangala-
i'<t11111piti) a 2201--. V 1 ran;,missiun Line 

Arangala 
Pannipiti) a 

BivaQama · · t· , llt. Klltuooda- · ~ 1 t Jnt: ctrcutt ou d~c :- Aran!!a a 
[~i, agama 220k V Transmission Line ____ -~ Pannipitiya 

( Jnc circuit outage of Hi) agama-Arangala 
220k V Transmission Line 

Arangala 
Pannipiti;a 

Da~ '\ ight 
Peak Peak 

() l)].l 0.961 
0.967 0.954 

0.9R2 0.970 
0.978 0.962 
0.975 0.959 

-----t-----~---------r---~- -

0.977 0.958 
0.974 0.955 

Loading on the 
remaining circuit 

--------- ---· 

Da) '\ ight 
Peak Peak 

I 13° n 96"o 
---··- ·+----

I I 0 o 16" 0 

47°o 88°o 
______ ___j,__ _________ ......____ ______ _,__ _______ ~-----

0.981 0.966 . . Biva!!ama 
One CltTUit outa;ze ot Ve\anQoda- • ~ 

0.958 1'0 .) . 0 
\ l I ''(JI V :-1. . . · 1 .~ Aran!!ala 0.976 m ~u Qama __ ' ransmtsston ~tnc p :- . . 

0 97 ~ 
~ ________________ ________ ___ anmpttl) a . -' 0.954 --~- -~--1-. 

t ltic cit-cuit outage of \'C\\ llabarana­
\' c: angoda .?..?.Ok V Transmission Line 

Veyangoda (J.9R3 0.967 
!3iyagama 0.977 0.966 
Arangala 0.9n 0.958 

.20°o 

J .,0 __ .., ·o 

2) 0 u 

Pannipitiya .• 0.970 --~(~_955 ~-~---·----------------·-
()ne circuit outage of Arangala- Arangala 0. 971 0. 961 ; so 140 
.\mbulgama 220kV Transmission Line Pannipitiya 0.96R 0.95R -

0 0 

---~--~ - ·--~-----------~------------'----------

Table 3.2 Voltage Levels and Loading Conditions after outage of critical 220kV Transmission 
Lines of selected 220kV Configuration 

\ccording to the results listed in Table 3.2. no planning criteria \ iolations can be 

(1b~LT\Cd after outage or critical .220kV transmission lines. All the hus har \Oltages 

ttld loading conditions arc oheying planning criteria. 

Transmi,sion .s:vstem Losses 

I ransmission sYstem losses under :\ight peak and Da; peak load scenanos arc 

rn~.?ntion hclO\\. 

'\ ight Peak Load Scenario: 130.5 \1W (2.55% of Total Generation) 

l)a\ Peak load Scenario: 55.7 \1\V ( 1.56% of Total Generation) 

.~.2.2 Stead~ State Analysis of -HlOkV Transmission :\etwork Configuration 

I he load tlo\\ (i\nnex A-.:2) and single contingency analysis \\ere rc\calcd that the 

t'uilm\ing additional tran~mis::,ion r~.?inforccments \\ere necessar: Cor ~OOkV n~.?t\\ork 

!, 1 '>ill is!\ \ oltag~.? and thcrmal critcria. 

"I 
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• Reconstruction of X2.3km l 'kuwela-1 Iaharana l32k V douhk circuit transmission 

line using Zchn1 Conductor. 

• Install another l O:Vhar. \ oltagc controlkd breaker switched capacitors at Palkkele 

33kV bus. 

• Reconstruction of 1.5km .\Jew i\nuradhapura-;\nuradhapura l32kV double circuit 

Lynx line using Zebra conductor. 

With the abo\c reinforcements. the \oltage len~ls and loading conditions \\ere 

obscn ed after outage of critical 220k V and 400k Vlines. The results arc listed in the 

table 3.3. 

Single Contingcnc_\ 

< lne circuit outage of ;\rangala­
l'<mnipitia;. 220kV Transmission Line 

Voltage on Bus Bars (p.u.) 
--------- -~ ---------- - -- ~ --------

Day \"ight 
Bus Bar Peak Peak 

Arangala 0 981 0.967 
Pannipitiya 0.977 0.960 

Loading on the 
remaining circuit ('Y,,) 

Day Peak 
\"ight 
Peak 

7! 0 o 10:' 0 o 

- - -- ----------------------- --------··-- --+--~--- ---------t-------------+-- -- --··· 

Biyagama 0.989 0.974 
Arangala 0.968 0.966 7°o l." 0 o 

( lne circuit outage of Kotugoda­
Hi;.agama 220kV Transmission line 

Pannipi~iya 0.98~----~63 ____ ~----------+--------

< l:1e circuit outa,ce of Bi;. agama-Arangala 
~20k V Transmission Line 

< lnt: circuit outagt: ol· Ve;. angoda­
\mbulgama 2:20k V Tran'-lmission Line 

Arangala 0.988 
Pannipitiya 0.986 

Biyagama 0.988 
Arangala 0.986 
Pannipiti;.a ~- 0.984 

0.963 
0.960 

0.972 
0.962 
0.959 

1 Ve\ani.>,oda 0.99 0.973 
( lnt: cit-cuit outage of :\e\\ llabarana- 1 Bi;aga~11a 0.984 0.971 
\ t:\ an'-'oda 400kV Tratl';mi~sion Line Aran'-'ala 0.983 0.962 

- ~ I ~ 

____ -----~------l Pannipiti>a~Q:9Jl_l_ _ -+-_(_).959 _ ~-"~ 
, 1 1nc' circuit outage of Arangala- Arangala 0.986 0.965 

\~~:buiga:na 220kV lransmi-,sion Line Pannipiti;.a 0.98:' 0.961 

-, '""'0 
_)_) 0 

9°o 

24°o 

I 0" o 

-----~ ·-------------- -------·-- -------+---- ------+-~-- -----+----

' ( lncJ cit-cuit outage ot-F7cbra cct of 
I rincn- '\c\\ llabarana -fOOk V 
! r·<trbmi-,,ion l.inc 

Veyangoda 0.98_i 
Biyagama 
Arangala 
Pannipitiya 

0.986 
() 98." 
0.983 

0.97-f 
() 973 
(L96-f 
() 961 

1-l"o 

92°o 

") '0 __ ) 0 

32°o 

I I() 
-t I) 

~0°o 

Tahlc .3 . .3 Voltage Lenis and Loading Conditions after outage of critil'al 220kV '"\( -WOk V 
Transmission Lines of selected 4001-;V Configuration 

"-o \iolation o!' husbar \oltages or loading conditions can he obscncd after outage of 

critical 220kV and -l-OOkV transmission lines with respect to planning criteria specified 

h; the Long lcrm I ransmission Development Plan (Anne\ 13 ). 
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Transmission System Losses 

I ransmission system losses under \:ight peak and Day peak load scenanos arc 

mention helm\. 

'\ight Peak l.oad Scenario: 116.7 \!!W (2.29% oflotal Generation) 

l )a> Peak Load Scenario: 54.9 :v!W ( 1.54°1tJ of Total Generation) 

3.3 Transient Stability Analysis of the Selected Transmission 

:\etwork Configurations for year 2020 

[he transient stability studies \\ere performed in order to make sure that the system 

\\ill remain stable follovving a se\ere disturbance. 

I ransient stability of the 220kV and 400kV transmission net\\ork configuration in 

\car 2020 under night peak and day peak load operating conditions \\ere im estigatcd. 

Successful and unsuccessful clearing of three phase f~1ults (3Pf) in critical lines \\as 

-,tudied and stabilit) of the system assessed. Both Successful Rc-closing (SR) and 

unsucccsst'ul Re-closing (LSR) of transmission circuits and tripping of generators 

\\ere taken into account for the studies. t :nless otherwise stated specifically. the 

circuit breaker operating time is considered as I 20ms and first re-closing time is 

considered as 500ms. 

3.3.1 Transient Stability Analysis of 220kV Transmission :\'ctwork 

Configuration 

:he transient stabilitY results of the 220kV net\\ork configuration are depicted 111 

I ~1hle 3.4 and Annex ;\-3 to Annex A-7. 

Fault~ Ekrncnt 
Fault Type & 

Location 
-- - ------------t------

1 r[ncomalee f'S \:e\\ ) f'F at Irincomalee 
llc;bar<u~a (iS 2201-. V :\ line - f'S end 
u:: I 

--- ----_____,.------

1 ripping of one 300\1W unit 
": [ rincomalce l'S 
\'e~ang:oda J\mbulg:ama 
:':'Ok\ t\ line cct. I 

'\ e\\ f laharana- V e~ angoda 
~:'Oh. V t\ Line cct I 

~lachine l rip 

3PF a: Veyangoda 
GS end 

3PF at ~e\\ Habarana 
SS end 

SS- System -;table 

S\\ itching 
Sequence 

Result in Operating Condition 

SR 

l'SR 

:\ot 

_1'\ __ pplic<~b_l_e __ ~- _ 
SR 

f---- --------- -----t---

t:SR 
SR 

L:SR 

\iuht Pt·ak Da\ Peak 
~ . 

ss 
ss ss 

ss ss 
ss ss 

·----+-- --------------- ·----

ss ss 
-- - ------+--- -------------

ss ss 
ss ss 

Sl '.System un'>tablc 

Table 3.-1 Transient Stabilit~ Anal~sis Results of Selected 220kV Transmission \'etworl\ 
Configuration of ~car 2020 
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I ahk 3.-+ and Annex A-3 to Annex A-7 illustrate the stability results in );ight Peak 

ctnd Day Peak loading scenarios. Stability results demonstrate that the 220k V 

transmission netvYork configuration is stable . 

. ~.3.2 Transient Stabilit) Analysis of 400kV Transmission ~ctwork 

Configuration 

l he transient stabilit) results of the 400kV net\\ork configuration arc depicted m 

I a hie 3.5 and Annex A-8 to Annex A-12. 

Fault Type & 

Location 

S\\itching Result in Operating Condition 

Fault~ Element Sequence \'ight Peak Da~ Peak 

I rincomake PS \:e\\ SR ss ss 
3 f'F at [rincomaice -+------------ ---------- -+--

Habamna CiS 4001\.V tx line 
PS end LSR ss ss 

cct. l 
- -------~ ------~---- ----------··--- --------- ----------~------------ ---. ------+------~-------------!.-. ··-- ---------------

!ripping of one 300MW unit 

<:t Trincomalee PS 
:'\ot Applicable 

V~)~r~g~~J; --- Ambulgama ~-3PF at Veyangoc!a 

220k\ tx line cct. 1 CiS end 

:\ot 
ss 

Applicable 

SR ss 
t;SR ss 

---- -- --- ----~-------------- -----·----+------··-------~ 

ss 

ss 
ss 

'\n\ Habarana- Ve) angoda 3 PF at :\e\\ I labarana SR SS SS 

WOk V l"\ Line cct I SS end LSR ss ss 
SS- System stable SL- System unstable 

Table 3.5 Transient Stability Analysis Results of Selected -lOOkV Transmission ;\'etwork 
Cont1guration of year 2020 

r <lbk 3.5 and Annex A-8 to Annex A-12 demonstrate the stability results in \:ight 

1\.'ak and Day Peak loading scenarios. These resulh re\ eal that the .tOOk V 

transmission nct\vork configuration is stable. 

3.-t Economic Analysis of the Selected Transmission :\etwork 

Configurations 

\ll the items in the section 3.1.1. 1.1.2. 3.2.1. 3.2.2 \\ere taken into account for the 

calculation or costs of selected transmission nemork configuration. All costs arc in 

\,Jillion I KR (Sri Lankan Rupee). l nit costs were obtained from the 200X cost 

d<Ilahase prepared by the Transmission Planning Section of CI-·:Li .md References [4\. 

[llj and [10]. 
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Base cost docs not include the cost associated \Yith uncertainties and risks. It comprise 

ut t\\O components named foreign Cost (F.C.) Component and Local Cost (L.C.) 

( umponcnt. 

l he project completion period is considered as three years and the proportion of 

dishursement of project costs arc assumed as 20%. 70% and I 0°lr1 for the first. second 

illld third years rcspccti\ cl). To determine total project cost. Price Escalations. 

l1hysical Contingencies. Administrative cost and LC\ics will he added. 

:~.-U Base Cost Estimation of 220kV Transmission :\'etwork Configuration 

Desniption 

220k \' Transmission Connection 
( 'pnstruction ol· Tt·i tiC(l!naicc 1\m cr Station S11 itch) ard 
Construction of \:c11 llaba:·cma :220 13:2 k V S11 itching Station 
Construction oi \rc;nga:c: :220 I.12 k \' C it·i,! Substatio:1 
Construc::on ot'i\mhulga:;Ja 220 132 kV (irid Substation 
Conc,truction of I rinco:11akL· I'S · \!L'I\! laoara:1a SS 2201-.V Tr,:tis:nissiot; Line 

i'J:ikm) 
C'onstructiot; ot' '\c11 llaharc:tiel SS- \'c:angoda CiS 2:201-.\' I :·,n;sn;ission Line 

( 1-l:iJ..m) 
( ·onstruction or· Vc;c:ngoda CiS- \mbe~:gama CiS :2:201-.\ I rc:n,:;;isS:on I inc 

(37kml 
ConstrucciPn o!' :\mbu!guma CiS-.\rc::1gala CiS :2:201-;\' I rcuN11ission Line (II km) 
ConstrL:ction o:· \mhuig<:!11a CiS· \thurugiriya CiS U2k\' I !'ll'1S!lt:ssiot; !inc 

tn\km) 
Construction oi' :\rangc:la SS · \th·.;rugiri;a (iS 1.)21-;V Tru:'sn;ission Line 

( ·' ,6:,:") 
< ·o:lstruction ot' .\:'anga:a C iS-1'-o.o:c:Jal\ u CiS I 32k V I :·u:1sm issiLm !.inc ( l O.-lk:11) 
Reconstruction oi'\ 'km1c!a-! lahar<:'El 1321-.\' Transmissiot; l.i•tc 
ft~~ttdlatioc Brcakl'r S\\itdicd Capac: tors at t..:..u:·unugala ( TS 

Rcconstt·uction or '-.<:II :\m:rad;c:pu:·a-:\:1uradhapuru 132k \' I :·clll '.:11 iss:on Line 
( 'on~truction or! ii~C lkt)\ at \·c~i~1god;.1 (iS 
Total Estimated Base Cost 

Estimated 
Base Cost 

(Million LKR) 

t 166.4 
:20-12.(1 

llJ06.0 
I7:10.3 

67X7.5 

I 03:ilJ.9 

:26-13.) 
7X5.9 

23~.6 

110.1 
.ll ~.2 

:2517.X 
60.7 
-15.') 

221.5 
30,935.1 

Table 3.6 Base (ost Estimation of Selected 2201\V Transmission '\et\\ork (on figuration of year 
2020 

\ccording to the ·r ahle -~.6 tntal hase cost estimation of the 220k V transmission 

:tl't\\ork configuration is 30.935.1 \1illion LKR. 
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-~.-L2 Base Cost Estimation of 400kV Transmission .\'ctwork Configuration 

Description 

-lOOk\ Transmission Connection 
Con:;trc:ction o!' I rincomakc l'lm cr Station S11 itch; ard 
Cothtt ctctilln ol· \:c11 llabarana 400; 220. 132 k V S11 i:chinl' Station 
Co!1str~!ctior~ ot .\rangala 220; 132 k V (irid Substation 

(tH1,!r!tctiun ol .\mbuigama 220 132 kV <irid Suhswtio:1 
CtHht!·t:ction ot" I rincomakc PS- \:c11 llahar<tna S'i +OilkV r·ransmis-;inn I irK 

(IJ5ktl1) 
Cor;:;:n:c"tinn ,,:· '\l'll llaharam; SS- \\:;<mgoda (JS 400i-;V lransmissionl i:'c' 

i145icctll) 
Consm:c!i<Hl o!· Vc;angoda CiS- .\mhuigama (iS 220;;V I ransmissil'll I inc 

( 3 7h.~n) 
( ·un:;tructior; o:· AtEhuig:tma ( iS-i\r1mgaia (iS 220k V l ransmissiun L inc( I I km) 
(',mstruction or .\mhuigama CiS- i\thurugiri;a CiS 132\-.:V Tr1:nsmission I inc 

(/)\ktll) 

Con,trciction of ,\rangala SS- :\thurul'iri,,t CiS 132kV lransmissionl.inc(3.6km) 
C ·o:hlrcJction ot' Aran12aia ( !S-Kolonna11 a CiS 1.\:2\-.: \' T:-an.smission Line( 10.4) 
Rc:co!blr~lction ot'l :kum:la-llaharana l32k V Trammission Line 

!:1~tallation BreakerS\\ i~chcd Capaci~nrs at k:.Linillagaia (JS 
Rccpnstr~h:tilli~ o!' :\c\\ ;\m;ratihapura-;\nuradhapurli 132K V lr11nsmission !.inc 

<.:ugJ~;cc:ation of\'c; anL!.oda LiS 

Total Estimated Base Cost 

Estimated 
Base Cost 
(:\1LKR) 

1 :'\ 1 1.-f 

371 '.lJ 
]<)()(J,O 

1730.3 

l62lJO.O 

12311.5 

2643.5 

n5.<J 

23::1.6 
110.1 
318.2 

25!7.::1 
·+0.5 
.(),l) 

llJ35.5 
-16 .. 101.2 

Table 3.7 Base Cost Estimation of Selected .tOOkY Transmission 'ien,ork Configuration of)car 
2020 

\ccording to the Table 3. 7 total base cost csti mat ion of the 400k V transmission 

nct\\Ork configuration is 46.101.2 \!!ill ion I XR. 

r' _.~~~~,;~~;:7..,..,., 

.. ~ 
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'·-L' Disbursement Schedules and Total Cost Estimation of the Selected 220kV 

Transmission :\'etwork Configurations 

Description Total 2018 2019 2020 

I uta I Ba~e Cost of the project 
F.C. :?.3 509.6 4 701.9 16456.7 :?.351.0 

L.C. 7425.5 1485.1 5197.8 742.5 

Price L~calation 
IT 6455.1 1159.8 4568.2 727.\ 

LC 10832.1 1876.0 7683.6 1272.51 

..,ub Total I 
FC 2996~. 7 5861.7 2102~.9 3078.01 

LC 18257.6 3361.l 1288U 2015.01 

f'h;,.;ical contingenc;.(l0°:o) 
FC 2996.5 586 . .2 .21 0.2.5 307.8 

LC 18.25.8 336.1 \.288.1 201.5 

Sub Total 2 
FC 32961.2 6~~7.9 23127.4 3385.9 

LC 20083.3 3697.2 14169.6 2216.5 

Administrati\e Cost LC 988.8 \93.4 693.8 I 0\.6 

Sub Total 3 
F.C. 32961.2 6~~7.9 23127A 3385.9 

L.C. 21072.2 3890.7 1~863.4 2318.1 

Ta:\es and Duties L.C. 1186.6 .23.2.1 83.2.6 121.9 

c; rand Total 
F.C. 32961.2 6~47.9 23127A 3385.9 

L.C. 22258.8 ~122.8 15696.0 H~O.O 

Tntal Cost :VILKR ~5,2]0_ 
-·--···--- - - - - - - -

fable 3.8 Total Cost Estimation of Selected 2201\.V Transmission :-.;etwork Configuration of year 
2020 

\ccording to the Table 3.8 Total project cost estimation Cor the 220kV transmission 

!lt..'t\\ork configuration is 55.220 \1illion LKR. 
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.~.-L.t Disbursement Schedules and Total Cost Estimation of the Selected .tOOkV 

Transmission :\ctwork Configurations 

Description Total 2018 2019 2020 
F.C. 35046.4 7009.3 24532.5 3504.6 

I otal Ba'e Cost or the project L.C. I I 05-1.8 2211.0 7738.3 1 I05.5 
FC 9622.8 1729.0 6810.0 1083.9 

l'rice Lscalation LC 16126.-1 2792.9 11439.0 189-1.4 
FC 44669.3 8738.3 31342.5 -1588.5 

Sub Total I LC 27181.2 5003.9 19177.4 2999.9 
FC -1-166.9 873.8 3134.2 458.9 

Ph; sica! contin~etlC\( I Cno) LC 2718.1 500.4 1917.7 300.0 
FC 49136.2 9612.1 344 76.7 504 7.4 

Sub Total2 LC 29899.3 5504.3 21095.1 3299.9 
Administrative Cost LC 1474.1 288.4 1034.3 151.4 

F.C. 49136.2 9612.1 34476.7 5047.4 
Sub Total 3 L.C. 31373.4 5792.6 22129.4 3451.3 
Ta:-.:es and Duties L.C. 1768.9 346.0 124!.2 181.7 

F.C. 49136.2 9612.1 34476.7 5047.4 
Grand Total L.C. 33142.3 6138.7 23370.6 3633.0 
Total Cost \1LKR 82,278 

Table 3.9 Total Cost Estimation of Selected 4001\V Transmission :\etwork Configuration of year 
2020 

\ccording to the Table 3.9 Total project cost estimation for the ..J.OOkV transmission 

tll'lv\ork configuration is 82278 \1illion LKR. 

3A.5 Economic Evaluation of Transmission :\etwork Configurations for year 

2020 

r he capital cost could be sa\ed using 220kV as the transmission \oltagc for the 

i rincomalee Pmvcr Plant ([rid Connection instead of ..J.OOkV as the transmission 

'u l tagc But the transmission losses \\ere lm\ in the case of 400k V configuration than 

.::201-.. V configuration. (Transmission :\'ct\\ ork '' ith 220k V Confi~uration and -l-OOk V 

cunliguration has the peak pm\er losses or 130.5 :Vi\\' and 116. 7\1\\' rcspccti\ cl).) 

I O\\ losses reduce both the peak demand and energ: loss le\el of the nct\\ork. 

[ hcrdore it \\as necessar: to imestigatc the economic \iabilit) of ..J.OOkV 

cnnti~uration \\ ith compare t\l 220k V configuration. In order to determine '' hcther 

additional capital expenditure to reduce s; stem losses can be justified. the usual 

IL'Ljllircmcnt is ['or the imestigation to co\er at least the economic life of the proposed 

!L'int'orccmcnts. For the Transmission :\'et\\ork reinforcements. economic lite is 

clS'>llllled to he -J.() \ears. 

:19 



Estimation of :\'ct Cost Saving 

[ oss sa\ ing of the project comprises or two components, namely Energy cost saving 

~md Capacity Cost Saving. 

! ollowing parameters \vere used in this evaluation. 

Peak Pmver Loss Sa\ing due to 400k V Configuration- 13.8 :V1\V 

f>eak Pm\ er loss saving due to implementation of 400k V configuration was assumed 

tP be constant through out the economic life of the configuration. 

I ifetime of Transmission :\etwork Development - 40 \ears 

I ntncst rate 

Discount rate 

Lncrgy Cost per kWh (Rs.) 

Capacity Cost perk W (Rs.) 

8(% per annum 

8%) per annum 

8.36 113] 

17.567[13] 

l.oad t~1ctor \alues were taken from ·:-:ational Power and Energy Forecast for year 

2008-202T 111. For years outside of this period, Load Factors were assumed to be 

equal to the year 2027 \alue. 

Sahage \aluc or Transmission nct\\Ork de\clopment at the end of their lifetime \Vas 

taken as negligible. 

l able 3.10 illustrates the calculation of \'et Cost Saving due to implement the 400kV 

configuration instead of 220k V configuration. 

Energy Cost Saving 

\nnuall-·nergy Cost Sa\ing (.i\ECS) = .i\LS*Energy Cost Per kWh 

\\ hcrl'. 

\LS is the 1\nnual Loss Sm ing. 

\nnual loss Saving (.i\LS) ==Peak Loss Scl\ing*LLF*24*365 

\\ here. 

loss Load Factor(LLF) =K*LF,(l-K)*LI·'/',2 

1,> 0.2 ( · K · ''as taken as 0.2 for a Load Cun e h::l\ ing a single rredominant peak. To 

hm ing a predominant peak. night time or da) time peak shmtlcl he more than 

!.5 to 2 times the other. [4]) 

lllad !actor Total Consumption of a war 

(Peak l.oad of the system*24*365) 

40 



( alculated Energy loss sming during the life time of the configuration v-as discounted 

hack to present value ( P V). 

[lV c R: I ( 1 +i)1 

\\ lKrl' 

t- The year or the cash f1cm 

i - The discount rate 

R,- The Energ> Cost Sm ing during year t 

'\ct Present Value (:\PV) of Savings \\as calculated h) summing PV or all loss 

'i<l\ ings during life time. 

Capaci~l' Cost Saving 

.\nnual Capacity Cost Saving (/\CCS) =Peak Loss Scl\ing *Capacity Cost per k\V 

:\'et Cost Saving 

.\nnual Cost of Saving ( ACS) = AECS+ACCS 

..J.l 
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Estimation ofT otal Expenditure 

Total capital im cstment required (\Vithout !'ax) for implement 220kV configuration 

during year 2018. 2019 and 2020 '"ill he l OJ38.6~Rs. 3 79Sl0.8~Rs and 5704.0~v!Rs 

respecti\el). For 400kV transmission nct\\ork configuration capital imcstmcnt 

(\\.ithout Tax) necessary for year 2018. 201Sl and 2020 will he l5404.7:'v1Rs. 

56606.1 \iRs and 8498.6\!IRs respecti\·ely. Therefore extra capital imestment 

required for 400kV configuration \\ill he 5066.1 \1Rs. 18615.3~Rs and 2794.7\iRs 

t'or \ear 20 18. 2019 and 2020. 

Following parameters were used in this calculation. 

Annual operation and maintenance cost \\as assumed to he 2(Yo of the total im cstment 

cost. 

I ntcrest rate - 8% per annum 

Discount rate - 8% per annum 

lhc pa) ments Cor the loan \\ere considered. based on constant payments and constant 

interest rate. 

Table ].II illustrates the calculation of present \aluc of expenditures due to 

implement the 400k V configuration instead of 220k V configuration. 
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Benefit/Cost Ratio 

1\ benefit/cost ratio is an indicator. used in the formal discipline of cost-benefit 

analysis. which attempts to summarize the O\ erall \ alue for mone: of a project. 

Henefit/Cost Ratio -~ (\\PV or Sa\ings) I (:\PV of Expenditures) 

~· (3879.4/20-+19.3) 

-~0.189 

1 he Henefit/Co-;t Ratio < 1. Therefore it is not economical!: \iable to construct 

-+OOk V configuration \\ ith compare to 220k V configuration. 

SensitivitY Analysis 

Sensiti\ity analysis is one of the techniques used to investigate the robustness of a 

stud\ \\hen the stud\ includes some form of uncertainties. Since the future cannot be . . 

accurate!: predicted there is a high probability that some of the assumptions ma) 

pro\ e incorrect. Sensiti\·ity analysis sho\\S hm\ the \ ariation in the results can be 

apportioned to ditTerent sources of\ariation in the assumptions. This technique shows 

hm\ changes of assumptions affect the Benefit to Cost Ratio. 

1) Interest rate 6<Yo per annum 

Discount rate - 6% per annum 

Benefit/Cost Ratio = 0.221 

2) Interest rate 1 0% per annum 

I )iscount rate l 0% per annum 

Benefit/Cost Ratio 0.165 

3 ) load t~1ctor \a lues \\ere taken fi·om · :\ ational 1\m er and b:nerg) I ore cast t'or 

2008-2027' [I] During this analysis. years outside of the 2008-2027 periods. 

I .oad Factors ''ere assumed to be \<Ir) ing according to the pre\ ious trend. 

lahlc 3.12 illustrates the ne\\ Load Factor \alues and corresponding Cost S<.ning 

calculations. 

l heret()re the Iknetit /Cost Ratio = ('~ 9 3 3.5) ( 20-+ I 9.3) 

0.19 3 
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........ 

for all the cases. Bencfit.'Cost Ratio \\as less than 1. rherefore it is not economical!;. 

t'casihlc to construct 400kV transmission network configuration \\ith comrare to 

220kV transmission nct\\ork configuration. 
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Chapter 4 

Conclusions 

l he present practice of hulk power transmission tl·om major pm\cr stations ts usmg 

220kV transmission lines. Because of 2200 \1W of power has to he transmitted from 

proposed Trincomalee Pmver Plant to load center. it has hccn decided to inwstigate 

the feasihility of using 400kV against the 220kV as the transmission \oltagc for the 

plm er transmission. The stud: mainly concerns the year 2016 and year 2020 

transmission nen,x,ork configurations. 

!he transmission system studies for year 2016 s: stem \Vith 1600\11\V of coal po\\Cr 

plant units \\ere conducted for t\\O different system loading conditions. Three 

alternati\c contigurmions were studied hascd on the ··Long Term Transmission 

Dcwlopment Plan 2008-2016··. Only the configuration without Kirindi\\cla SS was 

selected after the stead: state and economic analysis. E\ en though the configuration 

\\ith Kirincli\vela shcms slight impron~mcnt in system reliability and system loss 

sm ings no planning criteria \ iolations can be observed without Kirindiwela 

configuration. As Car as the transient stability was concerned both systems beha\e 

similarly following critical system disturbances. Thus. the construction of Kirindiwela 

SS \Yas not necessary to transmit power from proposed I rincomalce Coal Pm\er 

Plant. Results f!·om the \ear 2016 studies were used to select the year :2020 

configuration. 

l\\O kasible 220kV and -tOOkV transmission net\\Ork configurations for year 20:20 

\\ere selected for comparison based on the stead\ state and transient state 

performance, Result of the steady state anal) sis. transient stability analysis and 

economic analysis \\Cre used to study the ad\antages and disadnmtagcs of the 

transmission configurations. :\o planning criteria \ iolations \\ere obsern:d for both 

configurations under steady state operating conditions. l ransmission system losses or 

220kV net\\Ork confi~uration under :'\ight peak and Da: peak load scenarios \\ere 

I 10.5 \!!Wand 55.7 \11\\ rcspcctiYely. Transmission sysll'm losses of -tOOkV net\\ork 

configuration \\ere 116.7 \lW and 54.9 \1W under \:ight peak and Day peak load 

scenanos. The stud) \\as iII ustrated that the -tOOk V transmission net\\ ork 

configuration has comparati\Cl) lo\\ transmission losses \\ith respectiw to 220kV 

transmission net\\Ork configuration. 

-+X 



l ransient stability of the 220kV and ..J.OOkV transmission network configuration in 

year .20.20 \\as assessed under night peak and day peak load operating conditions for 

both Successful Re-closing and t:nsuccessful Re-closing of transmission circuits and 

tripping of generators. Both selected 220k V and 400k V transmission network 

configurations \\ere stable for most critical three phase faults that can appear one at a 

time in each connection. with circuit breaker operating time of 120ms. 

Additional capital investment required for 400k V configuration \\ith compare to 

220k V configuration will be 5066.1 \1Rs. l8615.3MRs and 2794.7:\1Rs for \ears 

2018. 2019 and 20.20 respectively. Annual operation and maintenance cost was 

assumed to be 2% of the total investment cost. 8% of Interest rate and 8'% of Discount 

rate \\ere assumed during the calculation. The payments for the loan were considered 

as based on constant payments and constant interest rate. Then the i\ct Present Value 

of expenditures was 20.419.3 MRs. 

Peak Power Loss Saving due to implementing the 400kV Configuration was 13.8:'v1W. 

P<mer Loss Saving was assumed to be constant through out the economic lite of the 

configurations. Li fc time of Transmission \:etwork Developments was assumed as 40 

years. Loss s<n ing of the project comprises of t\\O components. namely Energy cost 

saving and Capacity Cost Sa\ing. Energy Cost per kWh and Capacity Cost per kW 

\\as taken as 8.36Rs and 17.56 7Rs respectively. Load factor \ alues \\ere taken from 

·\:ational Power and Energy Forecast for ) ear 2008-202T. For years outside of this 

period. Load Factors were assumed to he equal to the year 2027 \ alue. Then the \:et 

Cost Saving due to implement the 400k V configuration instead of 220k V 

configuration \\as 3879.4\:IRs. 

If the ratio of the present value of the benefits to the present \ alue of the costs greater 

than one then the project is \\orth\\hik. But according to the analysis the Benefit to 

Cost Ratio was less than one. Therefore it is not economically 'iablc to construct 

..J.OOk. V con tiguration with compare to 2.20k V contiguration. 

Since the t'uture cannot be accuratcl) predicted there is a high probability that some of 

the assumptions may pnne incorrect. Sensitivity Analysis is USL'd to shO\\ hm\ 

changL'S of assumptions affect the Benefit to Cost Ratio. As the tirst scnsiti\it\ 

anah sis 6°o Interest rate and 6°/o Discount rate \\ere assumed. Then I 0°1rJ lntcn:st rate 

and 1 0°.o Discount rate \\ere asswm~d. l in<dly I.oad !~lCtor \alues for the period of 

.201 X-20()0 \\ere calculated according to the prC\ ious trend. (Load factor \alucs t()r the 

period of 20.20-2027 \\ere taken Crnm ·\:dtional !\mer and Energy Forecast for 200X-
..J.l) 



:20.27") For all the cases. Benefit/Cost Ratio \\as less than 1. Therefore it is not 

economical!; \iable to construct 400kV transmission net\\ork configuration with 

compare to 220k V transmission network configuration. 

Because the lack of experiences on 400k V transmission projects it is necessary to train 

the technical stafl for both construl'tional and operational aspects if construct 400kV 

transmission net\\ork configuration. This is also an additional cost to the 400kV 

C1H1Jiguration. 

B; considering the above bctcws it is recommended that 220kV configuration be used 

as the Trincomakc Coal Fired Power Plant grid connection and the scope of \\ork 

depicted under section 3.1.1 be implemented for transmit 2200:-v1W of power. 

According to the nC\\ draft generatinn planning schedule prepared by the Generation 

Planning Branch of the Ceylon Uectricity Board. (dated Oi1
' December 2009) only 

500 VI\V Trincomlee Coal Fired units \vill be added to the power system before 2020. 

That unit will be added during year 2015. Therefore it necessary tore examine the 

proposed configuration after publishing the ·Generation Fxpansion Plan 20 I 0-2029'. 
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Anne' A- 13 Planning Criteria 

Planning Criteria 

During the transmission de\ elopment planning. it is targeted to meet planning criteria to ensure 

qualit) and reliable suppl) under normal operating conditions as \Vel! as under contingencies. 

Voltage criteria 

!he \O]tage criterion defines the permitted \O]tage de\iation at an) li\e bus bar of the nd\\Ork 

under normal operating conditions as given in table A-l. 

Bus bar Allowable voltage variation ( 1~,) 

voltage :\'ormal operating condition Single contingency condition 

4-00kV i)l% iYVo 
f ~--- ·-~-- -------+ --

220 k v ::!:)% -1 0% to +5% 
,_______________ ---------------"---t--------------

132k v . ± 1 0°/t) 
------------------ ------~----- ------------ ---------- ·------·-----

:::::10% 

Table A-I: Allowable voltage variations 

Thermal criteria 

rhc design thermal criterion limits the loading or any transmission net\\ork clement. in order to 

a\ oid mcrheating due to O\ erload. The loading of elements should not exceed their rated thermal 

loading \a lues for stead) state conditions. 

Securi(v criteria 

The performance of the transmission system under contingency situation is taken into 

consideration in the security criteria. rhe adopted contingenc) lew! for the planning purposes is 

\'-1. i.e. outage of an) one element of the transmission S) stem at a time. 

After outage of' any one element (i.e. any one circuit of a transmission line or a tran:-,former and 

\\ithout an) adjustment or cnrreeti\c measure). the s.:stem should be able to meet the distribution 

demand v\hile maintaining the bus bar \oltage le\els as giwn in Table i\-1 and loading ofal1 the 

remaining elements should not exceed their emergency ratings specilied. 

Stabili(l' criteria 

Stahi!it) criteria should ensure the S) stem stabilit) during and after aS) stem disturbance. 

!'or all pertaining equipment in sen ice. the system :-,hould remain stable in case of: 

• lhree-phase l~ndt at an.: one o\erhcad linl' terminaL cleared by the primar_: protection 

'' ith successful and unsuccessful auto re-closing. 

• [ .oss of an: one generation unit 

• Load rejection h_: loss of an) transformer. 

Generator dispatc/1 ing 
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