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PREFACE

In reSponse to - the request of the Government of : the Republic of
the Philippines, the’ Government of - Japan decided to- conduct a survey. on
Leyte Powet: TransmiSOion PrOJect and entrusted the survey to the. Japan _
“International Cooperation Agency (JICA) The JICA sent to 'the Phillppines
‘a survey. team headed by Mr. Hitoshi Kitazawa’ fromi Mareli "2 to March 31,
from July 5 to July 25 and’ from October 7 to. October 21, 1981

. The team’ exchanged Views with ‘the officials concerned of the
Government of the Philippines ‘and conducted a field- survey in Luzon,
Leyte and Samar areas. After’ the team returned to Japan, further '
'studies were made and the present report has been prepared. -

I hope that thlS report will serve for the development of the
-;Progect and’ contrlbute to the promotion of friendly relations between
‘our two countrles, T : :

I WlSh to express my deep appreciation to the officials concerned

of the Government of the Republicof the Phlllppines for thelr close
‘ cooperation extended to ‘the team.

o Febtuary, 1982-

‘Keisuke Arita, President -
Japan International Cooperation
- Agency S






. SUMMARY' .

Thls report summarlzes the essent1a1 901nts of the results of stud1es

3and 1nvest1gat10ns glven 1n "Republlc of the Ph111pp1nes Reportyon -

"FeaSlblllty Study on the Leyte Power Transm1551on PrOJect” carrled out

?'by the Japan Internatxonal Cooperatlon Agency (JICA) on behalf of the {ﬁ-f

'Japanese Government in: response to a. request from thefGovernment of the
gRepub11c of the Phlllpplnes It 1s suggested that reference to the..

: Maln Report w111 provrde a better comprehen31on of the Pro;ect.rle_i.Tf-

.The reports concernlng the Pro;eet c0n51sts of the f0110w1ng three' g

..volumes.

VOlume.iﬂ _f' summafy_ i
leeﬁérii i:; Maln Report .

'._Voiu@e iiI.; Appendlx e.

‘February, 1982

-'/q/ / 7
.fH1tosh1 KltaZdwa Team Leaderi“f

'Survey Team for Fea51b111ty Study_.

"on the Leyte Power Transm1551on
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"OBJECTIVE AND SCOPE OF'STUDY

hDevelopment of geothermal energy has been continued on Leyte Island

'H”;since the beginning of 1970 8y A test plant of 3 000 kW started its

' 'operation ln the middle of 1977 in Tongonan, and a plant of 37 5 MW

. 3 3 is under construction in Tongonan to supply electric power to

Leyte and Samar area including Isabel Industrial Complex on Leyte..

Island in 1983 Furthermore development of geothermal energy of e

'440 Mw:in Tongonan area has been confirmed and construction of the‘
.plants is scheduled to be completed by 1985 In addition, developHH

ment of the addltional 550 MW by 1990 is planned by NAPOCOR° .

The electric power toﬁhe'generated'at-these plants:is'planned'to.beu.

]transmitted to Metro Manila for making major contribution to- reduc~.[

tion of consumption of oil

. Long distance power transmission lines of as 1ong as, about 800 km o

':_=are required including crossing of San Bernardino strait by means

'fof submarine cables for transmitting electric power from Tongonan

:-in‘Leyte to_Metro Manila;_

':E The purpose of this study is to examine the technical and economicjlﬁ

"viability of the Leyte Power Transmission Project based on the

: 1agreement concluded by the Prefeasibility study team with "Report

-jfor Pre—feasibility Study on’ the Leyte Power Transmission and




'"Prellmlnary reaslblllty Report on” the Leyte Power Transm1331on o

' Pro;ect" by Nlppon Koei Co., Ltd. u%ed as referenceq.

.'The_field'éufveys'weré"ihp}eménted onfthe;foildﬁing'iﬁéms._

o
@
(Si_asﬁ;vey:of'éiﬁesfof raaioptéﬁeéﬁiég gEatioﬁs'

’<i6)"___

Survey of submarine cable routé .

-Shrvéyﬂof'sitgs df[conﬁerfer-Sﬁétibns :
Surveyzpf'eleCtrodeS:énd_éiéttxbdé'1ines

Survey of Troute of overhead lines

Data cdliectidn

: Fig l 1 attached hereto 1nd1cates the 1ocations

of-pdwef

transmlss1on equlpment and fac1l1ties which were the obJect of

the study made by the survey team, and Flg._l 2 1s the figure'

that lndlcates the scope of equlpment and facilities.
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- OUTLINE OF THE PROJECT

:LeYte Gebtherﬁal3Power:Geﬁeretion'PrOject_eﬁd Trensmieeion:PdWer
'by the Leyte Power Transm1551on Pro;ect

_Accordlng to the power development plan of NAPOCOR

l“t*is'séhédﬁiédii‘"
hthat 8 units’ (440 MW) of a geothermal power plant w1ll be developed
_1n 1986,.and then 4 unlts (220 MW) w1ll be added 1n 1991 and 6

unlts (330 MW) w1ll be further added 1n 1992 to 1993 It 1s L

escheduled that the electrlc power generated by these un1ts w1ll be_” o

'transmltteu to the Luzon grld the largest consumption area of

:electrlc power.;r R

jfear | Moo of UMES 1 Gapacity ()

1986 | o8 | w0

1992 | 16 o | sso

-]1é93‘ :”., S G '3.99Q;(f{ﬁ41$'

When #l —-#3 units and pllot plant in Tongonan are added to the}i;_"'”'
J above, the total capac1ty of the entlte power generatlng equ1pment'

'_1n therLeyte—Semar grlde_w}ll'be:as follows.




. Installed

".ﬁ¥§étiﬂ“ ,'Cepaoity‘(ﬁﬁ)i:” 1

1986 | 587

1992 o 027 5' .

When the demand for electrlc power 1n the Leyte*Samar grld is

subtracted from the installed eapac1ty 1nd1cated above, the

surplus power of thls grld 1s assumed as follows. o

Surplus Power of

';??B?' " Leyte Samar Grlds (MW)

1986 < 1990 | 414 -~ 427
C199i | el

. 1992 :::.;‘ S g:}8Q7 :

1993 —-zooo R 7676‘5”904'

.hAccordlngly, the transm1551on capac1ty of the Leyte power trans~7_5

.V'mis31on progect should be matched w1th this surplus electrie

2.2

power..

Year of Constructlon of the Progect T

The Leyte power transm1531on 11nes should be constructed intwo

"'Lstages with the 1n1tlel equ1pment capaelty of the Tongonan geo*-'

thermal power plant flnal equlpment capac1ty, per1od of tlme :




”requlred for development of power sources and 80 forth are taken B

=ment for the flnal equlpment capac1ty are constructed in: the second S

lnto account. That 15, the equlpment for SOX.of the flnal equlp— .

ment capac1ty ‘are constructed in the flrst stage, and the equlp—:

':etage.:-="

fThe year of commencement of operatlon of the power transm1551on

'11nes w111 be 1986 1f 1t 1s matched w1th Tongonan geothermal powerih

plant development program.' Accordlngly, the program for construc?

2.3

2,301

tlon,of the Leyte power transm1531on llnes is- as follows.hj

“Yedr ~ Installed .
SESR ~ Capacity (MW)
firstfetage _-: 1986:;~ . 450
: Second Stage 1991 ".‘_”900
(flnal) B SRV e

Power Transmission Project -

AC PoWér Traosmission and DCTPdWer'Transmiesion”e
-The Leyte power transm1331on 11nes for transmlttlng the electrlc:;"

power generated at Tongonan geothermal power plant should be

-.;constructed up to a termlnal substatlon for 500 kV trenemlsSLOn e

';llnes to be constructed 1n the southern Luzon area. The route
of these power transm1331on llnes 1ncludes the sectxon of sub~ _

”[marlne cables,between‘Luzongand Samer;ﬁi




-fThe electric power from Tongonan-geothel algpower p]ants will beffl'li-'

.fffurther transmitted to the San Jose substation 1ocated in the'

f7heart of demand together with the power generated at the other Pftf.fll7"}

lg_ power plants in southern Luzon such as Tiwi and Manito.:

'=f:.This power transmission pxoject therefore, is a long disrance

fpower transmission lines of about 800 km from Leyte to San Joseal%

'-QA comparative study of AC power transmission and DC power trans—if
'Vmission is made for the LeyLe power transmission project.r 500 kV

iand 230 kV were selected for AC power transmis51on, as they are

"‘"the voltage levels used or will be used 1n the Philippines, and
'f+350 kV was selected based on technical and economic consideration

H.for DC power transmission._;

In the comparison of constrnction cost including the expenses for

' _=voltage:stepping~up of the Luzon grids,‘the plan of HVDC power:

-“transmiss1on is most advantageous as shown in Table 2 1 W1th_e-f5,ﬁ

"thls”plan, the size of steel towers for overhead lines and thep =

iright—of~way requlred for each steel tower can be considerably?_

.'.reduced compared with the pattern of AC power_. transmission, and: i

therefore, 1t is considered to be more cceptable from the
:-standpoint of social environment. A rough comparison of steel p

jtowers and rlght~of-way i3 shown in Fig 2 1. :f




TABLEZ AC DC ECONOM!CAL COMF’AR!SON (DIRECT COST)

PLAN ST ST“GE | “986) 2ND STAGE (1991)
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S SO P *' e 44‘0'-“;?3____1?._.; . ' S R .- :>”h"-,ckraun__.' — ‘l | : L
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‘ﬁAs for submarine cables, it is t ,be noted that 6 cables for 2

”ijcircuits are required for 500 kV Lransmission and 9 cables for 3

'”Vfi:oirouits are required for 230 kV transmission while, only 2 cables

E}_';will be. needed for HVDC transmission,,ﬁi';ddﬁani-Fiu*J

L As a result of comp rison of the above three alternative plans,_f'

é'fit was decided to adopt the HVDC power Lransmission system,las o

ﬁthis is evaluated to be the most advantageous in terms of economy,'

=f'technology;and{sooialjenvironment; R

2;3{2 'Pattern of HVDC Power Transmission ::-'

fiThe following three patterns were compared considering the stages_.

._bof development of transmission of electric power from geothermal

Eflenergy in Leyte to the Luzon grids.:*

__Patterh'll: fTo oonstruct bipolar 450 MW equipment for trans— ”'.‘l

'lfmission of power of 400 MW in 1986 and to expand i:'
.d':the equipment to bipolar 900 MW by making series

'jaddition of converters in 1991

"';t?attern-2'ibﬂTo Lonstruct bipolar equipment for 450 MW 1n 1986 :

"fand to make parallel addition of 450 MW converters"-

| 'fin 1991




Patterﬁ;B' To construct blpolar equ1pment £or flnal power

transmlssxon capaclty of 900 MW from the beglnnlng;f

The result of comparatlve study of three patterns stated above :f

*_;s shown in stle 2— . It 1s 1nd1cated xn th1s table that all _

*of these patterns heve no technxcal problems and that pattern 1 p~

.. “is’ the most economical Therefore, pattern l is recommended for“-

20313

: the HVDC power transmission.

Selectlon of Voltage and Conductor Slze.:h

JﬂSelectlon of voltage and cable 51ze is one of the important factorshh o

_Jﬁfor de31gn1ng of the power transm1s51on llnes because voltage:ﬁ

jand conductor'31zeexerteamajor 1nf1uence over the economy of the

7power transm1331on pro;ected.

. There are many comparatlve parameters for selectlon or voltage j

'and conductor s1ze, and 1t was dec1ded to adopt the mlnlmum cost

'1method for the Leyte power transm1551on progect.: The voltage

”-and conductor size were selected w1th total expenses (annual

.:.expenses of constructlon + annual expenses of power loss) com-

h:ffpared.u_""

"ffiThe result of comparlson of economy 1s shown 1n Flg. 2 2 t_,3'”

"is found that conductor size of ACSR 810 mm SR 2 and voltage of

3&Dkaillprovidethe m1n1mum cost 1n the total @ penses, and

:":because of the fact that the expenses are cons1dered to be w1Lh1n :f
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~ Fig.2-2 Comparison of Expenses on Voltages and Conductors:

L1007 e

' -----—— Not Gdc)ptqble for ullowabie current

"'“""' NO' Gdomﬂble for pcfenhul gmdnenf :

90t

e

‘Expenses (%) -

e

o O ACSR BIO mmzxz

AL

L _V'blta'ge!:: (kV}* =




 the most eCOanicalfrénge_6f_fhi§fprojégf,:the,ﬁoitége of 350 kV -

. and conductor size of ACSR 810 mmz; 2F¢oﬁduétor weréfdeféfminéd.
2.4 HVﬁC.sttem o

(1) ETranémiSSidﬁ Section (Refer to Fig., 1~1)
__Traﬁsﬁi§5ioh Line

Transmission STV U
Section _.Vqltégg RaFlng_ Length (km)_-
Tongonman $/Y - . - AC 138 kv 26
.Jaro C/S -+ . Overhead Line -
Jaro C/8 - DG #350 kV 220
Cable Head in Samar Overhead Line - ST
'San.Bernardinor- o "‘-ﬁC=i356:EV '_ _'23
Strait . .. ' Submarine Cable R
Cable Head in .~ - DE iQﬁOka: ; i86 :

Luzon - Naga C/S . Overhead Line T
rsa CJS - Naga s/s. AT 230KV . Short Distance
.Naga C/S, 'Na?a S/S T Bus R _E(Samé place)
-Total.Line’Léﬁgth‘ | o
L k) 453
"Eiectpbde;Liﬁej
:SéctiOH Co o ﬁéﬁgtﬁ_(km).-

Sales -
~ Managasnas Electrode ST
‘Naga.G/S ~ . iy
Pasacao Electrode: - e
. Total Line.Length'

(km) o0

e




@

._(3),

)

®

(6

Transmitting Capacity

Traﬁsmiésion. foi
Voltage

Sectlon Jg
'Tongonan S/Y -

.-. Jaro C/S AC,;138ekV

. Wirst Stage .-

Jaro /S - -DCELTS- kY
Naga C/S Final Stage
' DC+350 kV. -

.Transmission Method
a)-.Tongenan S/Y —'Jaro C/S . AC, 2 cet,

: b):'Jafo¥c/srleaga ¢/s - - Bipolar, 1 cect
:Méiﬁ'Cifcﬁit-Diagfam-(Refer_to Fig. 2-3)

5Method of Groundlng Maln Clrcult

'Tranemitfing:'

‘Capacity
440 MW
450 MW

900 MW

transmission ..

a) AC.system ' Neutral p01nt dlrectly earthed

electrode 1ines

'TfanSmisSibn Liﬁe :

a) AC Transmlsslon 11ne:
'(Tongonan S/Y - Jard C/S)

.Voltage, frequency T AC 138 RV, 60 Hz

b) :DC systeﬁ o Both neutral p01nts earthed through

Qverhead 11ne :_;rACSR 6lb.ﬁm2'x_2, 2~eet,'

» transmission ~ -



Fig.2-3 MAIN CIRCUIT DIAGRAM (PRELIMINARY)
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_b)_-DC Transmissibn,liﬁe
. (Jaro-C/S =~ Naga C/S)

._Voltage . Flrst Stage DC*175 KV
Flnal Stage DC£350-kV

“overhead line : :Maln Conductor “ACSR’ 810 % 2, and- 
' : AACSR 520 mm x 2 for the Stn Juanlco

strait cr0831ng
._Electrode 11ne_ACSR:410:mm2'x 2

 submaririe cable: OF 1000 mn?, 2 Cables

N .Co.nv;art.ef ‘E‘;tatién
| a) Thyrlstor valve 7 7
' FlrSL Stage | Dc+175 KV, 450 MW, (225 Mw x- 2)
-Flnal Stage : DC+350 kv, 900 MW (225 MW x 4)
b)Y Reactlve power supply method :
iJaro cqnverter statlon_: Suppl&iéf.rééétive_pqwér By'meaﬁs.
| éf'Tghgbhaﬁ'géﬁgrﬁtoré and AC
fllters h
1Naga convefter station: : Supply of féactlve powar by means

Qf AC fllters and‘var_compensators.

' "*18‘—'_‘ :



2.5 Preiininarnyesign-,

:fl)” Criteria of nreliminary design.f”
- Bipolar configuratlon was adopted at the beginning of the
first stage, with maintenance of supply reliability and
| influence over 1inked AC system equipment caken into account.
Furthermore;_it was decided to adopt the’ series expan51on in-
the second stage considering ease of maintenance and cxpan*
slon, constructlon cost and 50 . forth._ (Fig. 2 3)

L= With Jaro converter station ‘as the main control station, _
b1—direct10na1 transmission can be maderpossible by constant.
power control However, sufflcient short—circuit capac1t§
1s required for the bus bar of converter stations.

: ; Operation with sufficient harnony w1th the Tongonan power

plant is required

..{2) iﬁdinowerstransnission;iines g
-'itA) .Oherhead"linesdr-
.— The places where the transmission 1ines oass through
'are.close to coastlines and are subjected to the effecti
fdof;typhoons salt.contamination. Therefore, thorough
'.hconsideration was’ made ageinst salt contamination,.and ;
';it was decided to use fog type insulators with anti—- .

corrosion”sleeve;

R



w'It was determined to use steel towers es snoporting
'structnre with reliability, mechanical strength and :
80 forth taken into account.,’

= In the sectlon of the qan Juanico streigh crossing,
cost reduction is intended with lower steel tower P
by increasing oonductor strength The.oonductor elze
(AACSR 520 mm x 2) was determined with due allowablej
.current and noise interference.

_‘(h)‘:Submarine-oables

'__ The cableé route was determined from the resuit of
.field surrey (Fig 2- 4)

- OF cables were selected for.the submarlne cablee oon—_
sidering with‘reliability‘and otherrreleyent-fedtorr
The conductor size of lfOOO'mm? is Seleoted'tohmetehf

' the.transmission capacity..l_ a

- The statlonary type oil feeding equipment was adopted
with cost of maintenance taken into atcount. 1t was
planned to monitor'abnormal:oi; pressuretat a.oonnerter

‘station through telecommunication lines.

._:20'”.,';.
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(c) Electrodes and electrode.]ines _.
- Electrode sites were studied with its effect on the
Ienvironment Laken into account, and 1t was decided tod:
-'_:install electrodes at the seashore Graphite is used
‘as electrodes; which will have the capacity that permi_
._mits continuous flow of DG l 290 A
:—.The size (ACSR 410 mm?® % 2)'of electrode line conductor_
:swas'determined from_the_ooereting current and”trsns—ﬁ
‘mission 1ésg; Wooden poles are used es_supportingl
structnre.neer_the electrode;:érdmﬁtﬁe Stsndpoint'of:'
.electrolytic.corrosion;land steel'ooleSfare.used at:.:

ather plsces.from the standpoint of reliability.

(3>'rConverter stetionS'
'(e)_fSingletlineﬁdieéfen-of.DC'systeﬁ'fFig;.2;55r

= lZ-pulse operation was selected as the b351c pettern
_‘of:operation of‘converterst' However, because bipolar
:configdration;is plennedfet the beginning of the first
_stage, the equipment should permit 6—pulse operation
Vduring the other one pole failure. Therefore, it was
decided to’ install AC filters of Sth and: 7th in .
_addition to llth 13th and High—pass branches and to P'--'.
linstall DC filters of 6th in addition to Highnpass

-

'branch

—gg
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- 1t is planned that a number of AC Lransmisslon llnes will_: J

.be come in and out of the Jaro converter.stetion in the e
fuLure and a configuration of.oombining a switching stamff
-tion.and a converter statlon was edopted for the Jaro. |
converter station.:e:

e vas decided to apply thyrister Ye‘lves_'fo'r ‘the main
‘equipment of oonoesters, and eir—insolated;.ais—cooleoﬂ'_:
tfpe.was aoopted'ﬁith eose of msihtenanoe teken_into-

h account..  | .

—ZAC filters (first stage "~ about 135 MVA second stage:
about 225 MVA) and Tongonan generators for VAR compen— S
sation are used for Jaro side. AC filters=(same as’

.'thosegof”Jaro side)eand VAR-comoensato:s erefusedfonf
Naga side; es the ;eaotive power:sﬁpply.eouiéﬁent
.reQuired-fof conﬁefters.= | |

C - Harmonics generated from converters will be absorbed
.;by AC fllters and DC filters, and harmonlcs that may

flow out to the transmission llnes w1ll be minlmlzed

.5-Block and’ restart of - DC power wxll be made for maintaine:;"'

"eng supply;rellability on;occurrence‘of-g:ound fauit of |

DC ooe%head'iines.f'

;—'24{



'(b)_ Layout (Fig 2 6 and 2-7)

-_The site of the converting station is about 62 000 m
.and about 65 000 ‘m? for Jaro C/S and Naga C/S to cover :

', both first and second stage, respectively

- The layout is separated by the unit of a pole 1n the
eQuipment 1ayout from the standpoint of operation and". g

.;maintenance.:l |

- A shielded valve hall w111 be provided for accommoda—'

S tion of valves.

(4) Telecommunioation system -
‘For operation of the be” power transmission systeo; hngh speed.
'l transmission of 1arge quantity of data of various kinds are
'_required for.control and protection between Jaro.converter
station and Naga converter station and also between Jaro
"converter_station and.Tongonan switohing statlon, .Furthermore,
3 l.e'_m.ergenoy: t.ell'e.p:hor_ie.i for stations :aod ' tele"p'hone .for- .mainteﬂaime _
_of traosmission linesﬁare redoired As the distance between |
Naga C/S and Tongonan S/Y through Jaro C/S is as long as about
d_f500 km, microwave radio system which is of high reliability
'-aod whieh.permits_traosfer.of_data of large quaotitv is most
suitable'athbe“oeanslof'teleoommuoicatioo whioh-permitslsure_.
'd_aod stable transfer of important data over such a long
B distance. It is also advantageous froo the economical view—-:-

" point. _f

g
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Fig.2-7 LAYOUT OF NAGA CONVERTER STATION (FIRST STAGE)
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2.6

_Atcordlegly, the telecowmenlcetton eystem of thrs pro;ect
will be constltuted by thlS system._'(Flg. 2“8)

‘.The.load.dlspatchlng data transfer system between the central'f
-1oad dlspatchlng center and Jaro C/S and Tongonan Power flr
Station as Well as the control protectlen and superv1eery
data transfer system between Tongonan P/S and Tongonan S/Y p
are requ1red for the.Leyte power transmiselon preJect are
are not 1nr1uded in ‘this progect as - they are 1nc1uded in the
load dlspatchlng.project and Tongonan geothezmal power plant

'development proJect planned by. NAPOCOR

SystemhAnalysis-

In order to transmlt stably the electr1c power generated in Leyte

geothermal power plants to the Luzon grlds, power flow and voltage

fluctuatlon in steady state of the systems llnked by HVDC and

stablllty on occurrence of a ground fault_on_transm1531on llnes;

.were examihed.

For transmission of the Leyte geothermal power through the HVDC

system, there 1s ‘no essentlal problem 1n the stablllty of synchro— s

ﬁ nlzed operatlon between the Leyte thermal power and the Luzon

grld because of non—syncronized linkage by HVDC.:

_The'Naga etatiqn, which-is‘the'reeeivihgfeed'ef this‘hVDCststem,'

is'loeated'ontthe_sending end of the EHV'Sboﬂkv‘power'transmiseien'

— 28—
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system for transmitting Tiwi and Mani to geothermal_powerffrom_the

- southern ‘part of the’LﬁZon. Y

The Leyte geothermsl power;'therefore, is:tranSmittedhthrongh EHY
500 kV (230 kV) system for a dlstance of about 300 km up to Sdn
.Jose through Kdlayaan, together w1th the power from Tiwi and <

'Manlto.

'Accordlngly, the electrlc pOWer transmttted by the HVDC system 13;'
'Vdetermlned by the stabtl]ty of the suthern Luzon system such as

T1w1 and Manlto.'

As a result of system analy51s, 1t was found out that it w111 be
p0551b1e to transmlt stably ‘the pOWer of 400 MW in 1986 and 900 Mw
1n 1993 by means of - the HVDC system, if, countermeasures for 1mprove—”

': ment of stablllty are taken for T1W1, Manlto, ete.

(1) 'Trensmission of-ﬂOO Mﬁ ot 1986 in the first stege.hy;the HVDC
| system can be made w1thout any problem w1th the system con~:
'flguratlon belng planned by NAPOCOR |
.Operatlon at 230 kV is suff1c1ent for EHV 500 KV de51gned

'transm1s31on 11nes between San Jose, Kalayaan and Naga._ _

_t2)'hAt the t1me of transm1551on of 600 MW ln 1991 of the second
'stage, about 1, 400 MW from power sources 1nc1ud1ng 600 MW

'efrom T1w1 and 200 MW from Manlto in addltlon to 600 Mw from

- 30—
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(4)

'Leyte w111 be transmltted from seuthern part of Luzon to

Kalayaan and-San Jose. From the standpolnt of Stablllty,

.therefore, it is. necessary to step up the operatlng voltage

of 500 kV deslgned transmLSSLOn llnes to 500 kV by 1991

In order to improve the stsbility:bn'eccuftenee“of;faults in

Tiwi and Menito Pouer Plants,.if'is desirablegto.install Pss

.(power system steblllzers) Ain all generators ‘of lei

Menlto Mak Ban and Calaca Coal power plants. At least Tiwi

'end Manlto power plants whlch are to be commenced in the

future, should be equlpped with’ ultra rapid response CAVR thh='

PSS.
Newhbower plants'uhich are to be'eehstructed'in.the future,_

other than T1w1, Manlto and Mak—Ban should be equlpp8d with

PSS as far as p0531b1e.:'

:It is because, when PSS is 1nstalled from the beglnnlng, 1ts

costs is almost neg11g1ble compared w1th the cost of the

generator 1tse1f and also because 1ts effect 1n 1mprovement

of’ stablllty_ls large in general. :Tongonan cen'be regarded'

as an individual power source for some. time, and there is

© no pfoblem_effstebility. Thefefcfe,lne'PSS'is required for

it.

e
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The cont101 of the HVDC system 1s in steady state and also

e when any fault occurs it. should be thoroughly harmonized

w1th the Leyte geothermal power plants in steady and

tran31ent state,_so that the frequency fluctuatlon and

:ivoltage.floctuat;on of the:Leyte—Samar system are w1th1n=the'

" levels which are allowable to the‘Leyte geothermai'poweffﬂ

' -source'

()

)

In the stage of detalled de51gn of the proJect therefore, o

'examlnatlon should be made 50 that suff1c1ent harmony w1th

the characterlstlcs of AVR, governors and protectlve dev1ces

of the Leyte geotherma1 power’ source 1s obtalned

'Pfoyisions_shoold hefmede'so‘thet'it is possible to link the"

LeytefSamar'system-end.the HVDC system‘at the Tongonan switch—

ihgistation, As a result, it.wili hecome-possible.to Commohly

‘ use the reserve power by the Luzon system and the LeytewSamar

system, and 1t w1ll become possible to make effectlve use of

the surplus geothermal power of the Leyte~Samar system.y_'

Contlnuatlon of operatxon or ebolltllon of oil thermal power;

_plants ln and around Manlla should be closely examlned with

_-examination as reserve power during scheduled outage'

' for maintenance or on occurrence of forced outage of large

L unit cepacityfpoﬁef-piants.such as nuclear (620 MW) and coai

32—



tS) 5

1:thefmali(BOO’Mw):power §1ents end the-Leyte HVDéisystemQ

Alsd tﬁdrough‘exémiﬁétion'made:regarding-powef'flew and“

: voltage fluctuation of the systems during steady. state and
ftransient state due to' faults. |
It is probably necessary to suitably operate these oil thermal
_ pewer plants as measures. against overloading of power trans—

-mission 1ines and voltage drop of 115 kV system in particular,

until such measures are sultably taken.

The shortucircult eapa01ty of the Luzon, Leyte, Samar, EHV

' _system 13 around 5, 000 MVA at maximum in’ 1993

.'The short—c1rcuit capaeity of Naga G/s 230 kV bus bar and Jaro

C/S 138 kV bus bar are 3, 600 MVA and i, 900 MVA respectlvely.

ECT IR



Construction Cost’éﬁﬂ_scheduie

The construétibﬁ.éost of this'broject.has.been estimatedfbased on
.labdr:chatges aﬁd.machiﬁes.and:haterial.prites as of March 1981
jand in t@ﬁsidetéti&niﬁf.naturalfCQnditions of_the.overhead-trans~

_miSSion'lines on the'land,‘submarinétcéblé route and positions of

the high' steel towers for crossing the étraits;tand-locél conditibns.

of'the-scheduled‘sﬁbStatibns,eleCtrodeé,'élébtrode lines and-micro—

wave repeating stations.

The - constructlon cost is dlvided into. two categorles, Lhe Phlllpplne

-Pesos and for31gn currency.' The Peso was used 1n calculating 1ab0r

"charges and materlal prices that are available in the Phllipplnes :

and the foreign currﬁncy calculation is applled to others ot

avallable in the country

The estimated tot31 c6ﬁstrﬁction cost based on the March 1981 is_

as foiloﬁs:

Construction Cost .for Each Stage Based on.
the Prlce in March 1981

. Undit: US$

T e | v | total

First Stage | 185,365,000 | 67,502,000 | 252,867,000

Second Stage |, 86,923,0007| 21,795,000 | 108,718,000 |

Total | 272,288,000 | 89,297,000 | 361,585,000

YRR



CIf the constructlon cost ib recalculated based on price escalation

until ‘the scheduled pro;ect completion years dependlng on the

table below, the estimated total constructlon cost is as follows

Construction Cost for Fach Stage
‘Including Price Escalation '

Unic: US§

First 'Stage -

.:SéCOnd Sﬁﬁgé.:

. Total

352,425,000

233,584 | 586,009,000

‘Annual Escalation Rate

| F.C.. | D.C.
1981 wz | 15t
1982 | 9 15

1983 | 8 15
198 |7 15
1985 7 15"

Teble.341:shoﬁs.thé detailéfcf the'caﬁstrcctioﬁrcOSt, The indirect -

cost in Tablé‘3-1'consiste-cf iﬁteieetsﬂduriﬁg‘thé_constructicﬁl

eriod, contingency, NAPOCOR's. administrative expenses, training
p ’ _ g Y i p

expenses and consultants'

technical'fees.

—35—.

.



:Coping with the scheduled completion yedrs of thls projeot (by 1985
end for the first stage and by 1990 for the seeond stage), 45
monthe and_36 moeths are seheduled_for the first and-second stages
'reSpectireiy edreringxall‘stages:frOmkprepsretioo of'orooureheot
and_speciricsriOHS inclusive of:detéiie&'designsioo to:eomoletioe
of the'eoostroet{oﬁ_. Extreﬁeiy eereful‘COnetruerion:stegeemeoage_
ﬁent is required in“construeting converter.statlons durlng the
first stage since it 1nvolves concurreot heavy work of c1v11

: engineering,Vbuilding-cohstruction and eleetricaI:WOrk and rhese‘
must progress w1thout 1nterruptlng each Work mutually.; &hé lénd _i;,
for each partlcular converter statlon should" be procured by NAPOCOR

under its respon31b111ty before starting the construetlon

( Flg 3—1 Flg. 3 2 3 _
1t is also to be noted that detalled surveys must be conducted on

'submarine cable 1nstallat10n.routes; cab}e-termrnal_p01nts and
electrode‘sifes, and locations of these poiits, cable type and
electrode type must be. determined before-the construction con-

tracts are concluded.

""‘36"":.-.



Table 3-1 " Constructibn. Cost

I_tém

- Construction cost. .

- Unit: 1,000 USS. dollars

First stage _

. Second Stage' o

Total 'co:nsirué_tion .cost

(18t & 2nd)"

E.C.

DL

‘Total

FC.

F.C.

| pc

Total

— Converter stations
~ Jaro CfS
' Naga C/S

| 37,528

39,935

8,113
7,533

45,641
47,468

29471
32,790

D.C.

4,123
4,180

Total .

33,594
36,970

72,725

66,999

12,236
11,713

719,235
84438

_Sub Total'.

77463

15,646

93,109

62,261

- 8,303

139,724

23,949

— Transmission lir_aes
DC £ 350KV
‘overhead T/L.
DC + 350 kV
"submariné cable’
AC 138KV
overhead T/L
Electrode &

" electrode lines

43,673

29,563

4086

1,844

524
2,005

1,537

27,538

.30,087

333

71211 | -

- 6,091

14,439

- 7,088

70,564

21,527

|.43673]

29563

18,525

1844

1,538
524
9,003

1,537

163,673

71211
30,087
27618

3381

.Sub Toté_l .

110,770

38,692

— Telecommunication "

79,166

5462

‘31,604

79

6,191

14,430}

7088/

21,527

93,605

54621

729

132,207

6,191

facility: o
_ Temporary facility - Rt
- Temporary facility. - 809| .09} ~— 2090~

& _oth'er's e

209

1,018

1,018

- Total 'of direct cost

:162_,091:

48,788

210,879

76,700

15,600

-92.300

238,791

‘64,388

303,179

— Indirect cost

| 23,274

18,714

41,988

10,223

6:195

16418

33,497

24,909

58,406

Total constrliétion_ cdgt .

185,365

67,502

252,867

86,923

26,795

108,718

272,288

89,207

361,585

Escalation

. 5?,893

41,665

99,558

73,703

51;163

124,866

131,596

92,828

224,424

Grand total

243,258

109,167

352,425

160,626

72,958

233,584

403 884

586,009 . .

— BT
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