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PREFACE

In response to the request of the Government of the Republic of
"the Phillppines,'the Japanese Government decided to conduct a fea31—
;bility survey on The AGOS RIVER HYDROPOWER DEVELOPMENT Pro;ect and
'entrusted the survey to the Japan Internationl Cooperation Agency
.(J I.C. A ). The J.I. C. A sent to the Philippines a survey team '
'-'headed by M. MAKO?Q_?ﬁgPA twice starting in June, 1979
The team exchanged V1ews wrth ‘the o£f1c1als concerned of the:,
' Philipp1ne Government end conducted a field survey on the AGOS RIVER
"Luzon Island. After the team returned to Japan, further studles were

made and’ the present feaslbility report has been prepared

I hope that this report will serve for the development of ‘the
PrOJect and contrlbute to the promotlon of frlendly relations between

our two. countries

: I w1sh to express my deep apprec1at10n to the officials’ conCerned
of the Government of Lhe Republlc of the Phlllpplnes for their klnd

cooperatlon eXtended to the team.

Marcn,'igsl'__-

Keisuke Arita
'_'President : : .
Jepan Internaltonal Cooperatlon Agency:'






LETTER OF TRANSMLTTAL N
o - R ‘March, 1981
Mr. Keisuke Arita “
President

Japan International Cooperation Agency,
Tokyo, Japan ' : '

‘Dear Sir,

We have the pleaSure of submlttlng herewith the Feasibility Report

on Agos River Hydropower PrOJect.

or preparation of this-report field'inyestigation and studies .
were made for about two years starting from February, 1979, The ré;i'
'sults of the studles Were compiled into the Draft- Feas1b11ity Report
: and submitted to your Agency at the end of November 1980 _ During
December 7 and December '16 of 1980 the survey team v1s1ted the
Philipplnes again and had the meetings to discuss.the. Draft Report w1th
'the staffs concerned of National Power Corporation. All the findlngs
and comments obtalned have been. fully 1ncorporated in thls Final

Report.-

The englneering and economic studies of the Report confirm that
-the progect is technically sound and econom1eally feaslble It is our'
31ncere hoPe ‘that the project w111 be proceeded to the next stage of
'fthe detalled de31gn for the early reallzation of the prOJect as soon

as p0581b1e along the recommendations presented in thlS REport

In submittlng this report, all the members of JICA suivey team .
nexpress our: heartfelt thanks and our .sincere- apprec1at:on to the ) f
personnel of your. Agency Tokyo and Manila, the Embassy of' Japan and
.the authorities concerned of the Government of the: Philippines for the

_courtesy and cooperation extended to us during the course of the work.

'very truly yoors,_

2

~'Makoto: Tsuda .
 Team Leader
" Agos Rlver Hydropower PrOJect
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. Plan B: "'_'Kallwa W/S Projest
R jKanan No.5 H/P Progect S




_.a*theorltlcally,
1]15 st111 cons1dered ‘as the second 5

140 MW 1nstalled capaalty and 230 kV transm1551on Tine H::a?;f
ong W1th-ai'ubstat10n at Malaya to connect w1th the

7a;g37.m ' The surface area'of reserv01r ‘is 21 5 kmz'at HWL 165 m




'Ede51gn of 2 years and the constructlon works of 6 years

. ject works are to be’ executed by . contractors to be selected by 1nter-1

~ ‘national tenders. The prOJect w111 start 1ts commerc1a1 operat1on _
1from early 1989 : :

The total COnstructlon cost 1nc1ud1ng prlce contlngency is est1~
‘mated at" US$456 6 m11110n equlvalent consisting.of US$374 I'million
. equivalent of forelgn currency portion and. US$82 5 m11110n (or Peso

- 618.5 m11110n) equlvalent of local currency portzon O

cost (103US$) .

c . Foreign  lLocal Total '

2,700 2,700

,4}:;ﬁhyeiééiyhcﬁclngency"_ R
Cover Up e a0
. 5!"Eng1neer1ng SeIV1ce ﬁ ;'f‘f R
: Government Admlnlstratloni DU ;;14 100'
_'_~Sub total (1:- 5) ERR _ #248 soohff___ _
-6}2_Pr1ce Contlngency 'jf.:7a”=-’5125,§Q?%e,'3"=“nﬁ"r

,'“3160 977
_“Total” (1 - 6) '_*j;{i'iug-':23?4;1n?ffj';_82;470' j;;“456 577




Progect Evaluatlon

: Most 51gn1f1cant ECOHONIC benef1t of the Pro;ect'lsfderlved from e
: electrlc power: ‘generation. The - beneflt 5 valued by applying capaC1ty

o and _energy values: of the’ least icost.: alternatlve thermal .plant.. The"

values:are’ estimated ‘on' the b351s of ¢onstruction-cost of ‘coal= flred
hthermal ‘plant. whose. investment:icost is: US$790 per: kW: and the fuel cost
is US$D 0254 per kWh at. the price level of early 1980

1c 11fe of 50 yeare,

flana]y31s, though cost 1ncrease ish rathef sen51t1ve to the prOJect Vla-':“j;
- ‘bility, delays of" ‘the: complet1u, of the: project: “such. as. the ‘Agos project’
and theKananwater supply pr03ect do not affect the ecanomlc v1ab111ty

. ._-rl:lniConsttuct1on cost 1ncrease by 15 percent'r
':gf[il;ifngo‘ H/P progect be completed 1n 1994
':lll-f_fhanan ?/S pTO]eCt be completed 1n 2004

Cwooarsun e P L1250

er;f lCoal p“lce 1ncrease by 15 percent : 3 R 7-13l6l:e'ﬁ.”

-';;.yIEV;;Kanan W/S progect 15 dlscarded BT f: 18.2.

ke iThe flnan 1a111nterna rate- of return is calculated at 11 4 per- i’
cen ,fwhlch ‘shows-that . the’ ‘proj ct i5. flnaHC1a11y viable.: A f1nanc1al
' flow analysis. shows that the 1nternal cash genera 'on is’ expected

“In’ the sen51t1b1ty"'

to’ cover the debt: serv1ce“and?the cash’ surplus will reach”US$336 m1lllon S

}Jequlvalent in- 2008“when all the debt service will: ‘be répayed . The-:
. debt'service :exceeds l 3 whlch 1nd1cates the f1nanc1a1 solldlty
. of the prOJect : T R : 7 :

fOther benef1ts to the Yegion. such as flood ‘cont;

: 1rr1gat1en “and tourlsm, ev pment are’ expected from D

© ‘project would not glve'any'negatlve 1mpact to the: soc1ety and b1ology

_'except the resettlement of less than 100 fam111es in, the reserv01r
area; . ! e :




‘Conc1u51on and Recommendatlon

_ As outllned 1n_"0pt1mlzat10n Study", the p0551b development ' o
"plan in:the: Agos river: con51sts of Agos hydropower PLOje ~and Kallwa~ .
Kanan Water supply: pro;ects “7Bach project :is. technlcally -and.-econo
cally feasible. even. if developed 1nd1v1dua11y +The' development__f ‘the "
"Agos hydropower prOJect will not be atfected by the?Kallwa
water supply projects which are ‘given the first prlority ‘among ‘the water
' resources development ‘The power benefit derived from Agos: hydro-~,~.-

. power’ project: dis . sound’ enough even if the water is diverted for.water. . - . .
supply ' to Metro Manlla through the Kallwa “and’ the Kanan dams as proposed s

by PICOREM

Be51des, the power beneflt of the Agos is. valued by the fuelﬂnrlce”'

'of early 1980, wh1d115rether low (in the’ report for example, the fuel- .

. price of bunker. C was: estimated at US$28/barre1 but - the price is al<
ready: US$32/barre1) Tt is predlcted that ‘the price will be 1ncreased

d the Kanan =

- by 15'to 20: percent more-ini2 or 3/years. Therefore, the progect would -

obtain hlgher internal rate of return than the estimated figure herein-

= before" Judglng from the present energy 51tuatnon and the future pro-'
'=3ect10n : s = : . . : :

Furthermore, the PrOJect can be connected to the ex1st1ng Malaya '
substatlon ‘through: the transmission’ ‘dine of. only 43 km.' Upon-the"
JCompletlon of the Marcos hlghway between Manila and InFanta by: 1981,

" ‘the project-site can - be" connected with Manila within.two hours iand:

“a half by car. " No: dlfflcultles are antlclpated for the transportatlon ey

. jof constructlon equ1pment and: materlals

_ Thus, it 15 concluded that Agos hydropower porject 1s fea51b1e in -
: all ‘aspects and: récommended that the detailed engineering works: for

- the project be. implemented, which’ in¢ludes detalled 1nvest1gat1on

: des1gn and preparatlon of tender documents, as early as p0551b1e




Principal Dimensfons of the Ages Hydropower Projest

_Hydrology !
. Latchment area

“High water Tevet

“Lowehter leve)
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*Effectiva storage capacily
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Power. tunnel
-:Infaké
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' CHAPTER . 1 -

'INTRODUCTION -

1.1 Pro3ect Background

The idea of the Agos river development originated in 1915 when ET- N

.,vestigation was proposed by General de las Heras, being followed by the

preliminary: studies made in 19?0 by Mr.-G.E. Schreiberiof .J.G. White
Engineerlng Co., on behalf of MERALCO ~With his recommendations, the -
first gauging station was set up at Banugao, Infanta, " Quezon Prov1nce,
"about 6 km upstream from the estuary. Hydrological data were collected .
through the stream gauglng for two years, but no proJect formulatlon was
made. : :

‘After establishment of the National Power Corporatlon (NAPOCOR) int
1936  three gauging. stations and’ manual - rain gauges were set upione each at
‘Daraitan on the Kaliwa, erer, “at Matatio ‘ou’ the Kanan river-and at Bayokan
on. the Agos river.- Iu' 1943, NAPOCOR staff pronosed six-possible power
statlons on the b331s of. the data obtained HoweVer, the Pacific War
and’ other social’ dlsturbances An 19405 hlndered ‘éven continuous river.
gauging. I August 1953, a proJect plan to construct a dam at: Daraitan
with:67.5 MW power station.was ‘proposed by Investlgation and ‘Planning
Division'iof NAPOCOR. Follow—up actions were tecommended in that report,
but the soclo-economlc situation in 19505 dld not permit the 1mplemen— _
tation : : :

High ‘economic growth in the country during 1960s required the
'development of the power generatlon and many. thermal power: plants,_-.
mainly oil~fired, were constructed during this period, whiéhs occupied
about’ 80 percent of the total: generating capacity of- Luzon. - But, the.
oil crisis occurred in 1974 urged to chiange the. future’development
pollcy empha31z1ng 1nd1genous energy gources. In llne w1th this, ..
NAPOCOR made ‘elaborate-and comprehen31ve studles for power development
called "Power System L,uzon Generation Expan31on Study”. Based on.this;
the first 10 year development program was’ established, in which the
- Kanan hydropower development scheme was flrstly included as one_of the
10 urgent prOJects : '

The proposed 1ocation ig- approxlmately 5 km upstream from the con-
Fluencé ‘with Agos, coverlng 357 kmZ of catchment area. Accordlng Lo
the. prellmlnary plan, an rockfill: dam. w1th 164 m, hlgh will be- constructed
Cwith 480, million m3 of effective otorage. “Water ‘for. .power:: w1ll be-
dlverted through a: tunnel of‘about |7 km' to ‘the power. ‘station to be' .
located oii the left bank of the. Agos river. - About 91 MW of annual average
power .can be generated, or ‘800 CWH' of annual energy wiil be obtained
‘The 1nstalled capaclty of 280 MW is tentatively suggested



ollowjng this, a p10posa1 to’ make a field reconnaissance for Agos
River Development Plan was submitted. by Nippon Koei Co., Ltd. 'in Febru-
ary, -1978.  The proposal was accepted-and a reconnaissance team was
sent-to the projeet site in'March, 1978. . The results of the survey were
compiled into. a reconnaissanCe report in which several alternative
plans were proposed. :

For fac111tat1ng this project, the Government of the Phllippines

' requestéd Japanese. Government to, prov1de ‘technical assistance for the
fe331bllity studies for .the Agos river hydropower development. in ‘mid 1978,
The Government of Japan agreed with the request -and sent 'JICA staff to
negotlate ‘the Terms of Referernice with NAPOCOR in January 1979.. Based

. upon the agreed Terms of: Reference mutually signed on January- 18, 1979

the JICA sent a Preparatory Survey Team consisting of 9: memebers from

February 8" to March 28 1979 e :

_ JICA Preparatory Survey Team made the prellmlnary StUdleS on POS—
sible’ power . development after the reconnalssance “Required- follow=-up

._aCthDS and 1nvest1gation program Were ‘also d1scussed with NAPOCOR.

- +A11 “the results were reported inan. Inception Report ‘submitted in March

19790 The- Terms 6f Reférence for the. fe351b111ty study works were -

_*agreed upon between JICA and NAPOCOR.,

JICA sent the Feaslblllty Study Team for Agos River Hydropower
Development Progect from May 30, 1979, Detailed 1nvestigatlon and-
.'prelimlnary ana1y31s were carried out at the site and the results and
'prellmlnary evaluation were reported-in the Interim Report in December’
1979. Deta1led 1nvestigatlon and studles continued in 1980, on ‘the”

‘ ba51s of ‘which’ an’ optimization study on the development ‘of, the. Agos
river systems was ‘made by June 1980.  All ‘the results of the study and
analysis ‘were compjled into:. this Flﬂal Report

_ . In parallel to our- study on the Agos river, water resources for-
‘the Kanan and Kallwa rivers, trlbutarles of the Agos, were studied by
MWSS for water: supply ‘to Metro Manila. - The results of the- study are
carefully rev1ewed and ‘are. taken into account in thlS report

1. 2 3ect1ves and Scope of Stndy

The obJectlves of the fe331b111ty study are to: investlgate the

' technlcal sounditess and to determine ‘the: economic-and financial feasi-
:billty -of ‘the: ‘project through field investigatlon and detailed analysis.
Thestudy 1s divided into two. parts, Phase I Study. for overall develop-
_ ment. study for hydr0power development of the Agos river, in whlch

- optimum’ comblnation of . the’ development platis is formulated; and Phase
IT Study for: detailed feasibillty study on ‘the selected priority
scheme.- _ _ :



Necessary investlgation and study for the Phdse 1 Study include
the following items° : ; .

..: é)*

2

o)

a)
e)
£_>'
_g')_:
n)
0
T

Review-of all ﬁhe”exiSting date;'reports and:informetiohs

_Topographic survey

.Aerographic survey and mapping

Geologlcal 1nvestigation .

Construction materlal survey

Meteorological and hydrological investlgatlon

:Power survey

Coeétrdotioe cost.sureey.'

Eeoeomic;eﬁd envireﬁmentel‘Surveys'inclueing resettlement'sfo&f

Comparatlve studles on the alternatlve development schemes and
pre-selectlon of the optlmum development plan

Necessary 1nvest1gatlon and study for the Phase iT. Study 1nc1ude
the following works.

a)

b)

c)

-d)

:'_E)

n

8)

S

_Addltlonal geological7investigation and anelySis

Additiohai eonstruetion materials‘sorvey, ﬁest.end.eeaiysis
Mefeosoioéieel.end:hydrologiceljaﬁalysis- |
Resevair:opeﬁation:study

POWef'study

Feasibillty grade de51gn of - dam(s), power station and related
structures on the proposed power scheme = '

.Constructlon‘plann;ngland cost estimate

Eodnomic-aﬁd'financial'ehelysis of the project -



1.3 Fea31bility Study and Report

JICA despatched the survey team headed ‘by. Mr. M. Tsuda from May
1979 and conducted the feasibility study under the close. cooperation
with NAPOCOR staff. (Name of the JICA experts and NAPOCOR counterpart
staffs are listed in Table 1-1. ) ' :

All the results of the. study and andly31s were summarlzed into the
Fea31bllity Reporit, whlch comprlses' :

Main Report

Appendix_' A . .Hydroloéy eed_keseryoir Oﬁeration
.Apoen&ix' B ::4 Geology aﬁdﬁcoustructioh Mereriels
:‘Appeodix e | Pouer:Study | |
..Apﬁenaiﬁl' b R Optlmization Study for the Development on - the
: f ' Agos R1ver System :
.Aﬁﬁendix_ -E'. '.- Projeet ‘Works o
:_ Appendik '.F. . cdﬁputéi Outouts
Data Book T '.Topographlc Survey

Dete‘Book' S IT "Meteorology and Hydrology '
Data Book © llt ":Geologleal'Exploratlon

Data Book IV | Construction Meterials'



CHAPTER = 2

THE PROJECT AREA

2. l Natlonal 50010 economz

The Philippines 1s" located between 1atitude 5° and 21° north and
‘between longitude 117° and 127° east with an area of 360 thousand square
‘kilometers.: The: natural condltions ‘of . ‘the: Phllinpines are very favor- .
able for: agrlcultural productlon.' Total populatlon 'of 'the country was
about 42,1 million on 1975 with’ the populatlon den51ty of about 140~
persons per: square kllometer, whlch 1ncreased at afi ‘average rate ‘of
'2.8 percent per annum during the perlod of - 1970 -'1975. The worklng
'populatlon in 1975 is estlmated at-about 14.5 mllllon more than 50
percent of whlch 1s engaged in agrlcultural sector.-

The gross domestic product (GDP) in 1978 was B171. 1 bllllon or ‘the -
equlvalent OF US$23 0 blllion, and: per caplta GDP was approx1mate1y '
B3,700" (US$500) About 39 percent of GDP is Occupled by service sector
followed by 35 percent of industrlal ‘sector:  ‘The agricultural" sector

has ' relatlvely lower ‘share ‘in GDP compared w1th other non-agricultural
sectors; which accounts for 26 percent of ‘GDP. During the past five

years from- 1974 to 1978, GDP in real ‘téerms increased by 6. 3 percent per
anmim. : . : cL S .

The government of ‘the Ph111pp1nes has embarked on 'the flVe—year
plan (1978 - 1982) .under thé framework of the ten-year plan (1978 ~
1987). The plan envisages to raise GNP at an:average annual’ growth

‘rate’ of 7.7 percent :for: the ‘fivetyear plan perlod and 8.0 percent for
the ten-year plan period in real terms: Tn order to attain this high
'.target, ma531ve public: and private Investment - towards industrialization,
'agrlcultural modernlzation and human resources efflciency 1s planned

2.2 The Project Area
2.2, 1:.General

The Agos river b351n hav1n° 940 k2" of dralnage area is- 1ocated in
the édst coast 'of Central Luzon, between the latitudes of 14° 32 N and
15°N and the: longltudes of:121° 18 E and - 121 40" E. - The name of Agos is-
“‘given to the utmost downstream reaches of: about 23 km from the conflu—
ence of fwo principal: trlbutarles, Kanan ‘and Kallwa, to its estuary’ to
.the Pacific. Ocean between’ the towns. of General Nakar and Infanta,

_ Quezon Provlnce. ' -



Our of the: total dralnage area, 393 km2 belong to the Kanan river,
473 km2 to the Kallwa and the rest.of 74 km? to the basin along the main
stream of Agos.. The Kanan, the eastern tributary, orginates in latitude
©15°N' and flows from: north to south between the, two mountain ranges, one .
beparating it From the Pacific coast on the east, and -another separating
‘it from the adjoining two river basins of Kaliwa ‘and: Umiray on - the west.
The heights of .surrounding mountains range from 800 to 1,500 meters in
_elevatlon AMSL.; ‘The ‘Kaliwa; ‘another tributary of Agos,: has a V~shaped
"watershed located in. the west of Kanan basin, -separated by.. a moxth-south
- ‘mountain range omn the west between the. altitudes of 400: and 1,300: metere,

" beyond which the Marikina viver drains’ further west area up'to Manlla'

‘Plain.  On the eouthern divide, . a ‘series .of hills. ranglng from 400 to:
700 meters separates the Kaliwa ba31n from the Laguna de Bay watershed

: The Kanan river ba31n is sparsely populated and still covered with
_thlck V1rgin forest -and falrly thick: top soils. The rainfall in the
‘basin 1s more than . 6 000 mm per annum, Only one rugged logglng road

;fextends through the' jungle up: to ‘near the ‘confluence of “the, Mayab1ga

" river with Kanan w1th the’ total 1ength of approx1mately 50 Pm One rough
air etrlp g, available at’ Lagmag; a, small hamlet located about 6 Km .
_upstream from the . above conf luence; Major transportatlon means “for. the
a mountaln people is,: therefore, l1m1ted ‘to the: nav1gat10n by small ' '
canoes. | However, ‘the: boat, transportatlon is not: ‘easy ‘due to' numerous
_\raplds in the: river and the navigatlon become almost 1mp0351ble durlng
. flood season.;'_ S

e On the contrary, the Kalrwa rlver ba31n has been comparatively
developed through ‘the’ past 10gg1ng operatlons and: by many settleérs.
The ‘Kaliwa river. has two ‘major branch ‘Streams . of: ‘Lenatin-and Limutan.
:The Lenatin rlver b331n, lecated adJacent ‘to. the Marlkina river water—
- shed) dst more developed w1th many small farms for . coconuts, bananas - and
. pother cereal erops’ cultlvated after logging or burning the forest. ' The
'?_leutan river. bas1n ‘has- been less. developed due’ . to difficult access.
‘As for the-main stream of the’ Kaliwa after the confluence of . Limutan,
the southern hill area has been developed for farms and plantations.
The northern forest is under logging operation. - Many:-jeepable: 1ogg1ng
- roads: are developed in the Kaliwa watershed, but no brldge exists.
Therefore, all’ traneportatlons are suspended during high flood season.

_ All three maJor towns,,lnfanta Real and General Nakar, are
located on- the alluvial, plaln developed along ‘the utmost downstream

:-zreaches ‘of the Agos Infanta. and Real are eonnected w1th Famy by a

gravel road croselng over .the mountaln “and .a" paved hlghway to Manila

" Total road length- between Manlla and - Infanta is 143 km,_out of Whlch
'mountain road of about 34 km is ‘closed from time to time due ‘to.land
sllde dur1ng heavy monscon season.



For development of the region, the Ministry of Public Highways
-planned construction of A Tew highway of two 1anes, connecting Marikina
“and Infanta with about 110 Km' 1ength The: construction started from:
1977 and 'is expected. to be completed by the ‘end of 1980, Upon compleﬂ
tiom of this highway, ‘Infanta town will be" connected with Metro Manila
by two ‘hours - drive, ! The highway passes’ along the hillside near the .

" proposed Agos’ damsite, so that ‘the 1mplementation of the project will
_ have no difficulty for transportation of many heavy equipment and con- -
'struction materials :

. No town in this area is equipped with telephone except ote wire~.' '
'*less available. ‘between Infant and Manila. Therefore, for the smooth

and efficient operation of the future congtruction works,:an exc1u31ve

' w1re1ess equipment 1s required to be. 1nstalled. '

2.2, 2 Administrative Structure

_ The Agos river basin including the Kanan and Kaliwa basins extends

~ over-'the Provinces of Quezon and Rizal. 'More than 80 percent of the

' catchment area of the Agos river belongs to the Province of : Quezon, while

the rest-of the area belongs to the, Prov1nce of Rizal. The catchment

area -in- the Province of Quezon consists ‘of the municipalities of - .

General Nakar, Infanta and ‘Real. The catchment area’ of ' the: Lenatin ' -

Criver almost belongs ‘to Rizal Province while that of the Limutan: river, the -

‘Kanan river and-the left bark of Kaliwa river bclongs to: ‘the municlpality
of Gereral Nakar. The catchment area of’ the: rlght bank of Kaliwa river
belongs to Infanta. The basin along the main stream of Agos belongs to
the municipallties of General 'Nakar, Infata and Real. = The municipallty

" of General Nakar has the 1argest catchment area in the Agos river ba51n.

. 2 2 3 Population and Land Use'

: Total populatlon of. the three munlc1palltles relating to the drain—
'age afea of the Kanan, Kaliwa and: Agos’ rivers was. estimated at about
57,600 in 1978 ‘which con31sts of 14,220 of Genetral’ Nakar, 27 800 of

Infanta and 15 600 of ‘Réal..” During: the perlod of: 1970 = 1978 the °
‘total population 1ncreased with a relatively high growth rate of 4.6 per—
‘cent annually on an average.. The highest population increase was re-
corded: in General- Nakar with the average growth rdate of 6.5 percent per-.
annum belng foliowed by Real w1th 5. 6 percent and Infanta w1th 3 1 percent.

Average population density 1s 30 6 persons per km in the three
:munlcipallties, qn which Infanta and Real have the’ relatively higher
density of 114. persofis and 53 persons per. kmz, IESPECthPIY.l‘The o
7-populatlon den51ty of General Nakar: is very low w1th only 10 persons

per km2 due to the limlted available flat land :



Most of. the people in the three munic1pa11ties llve in the east
- coast. In the. relatively well: deéveloped Kaliwa river basin, about .
" 4,000 to-5,000 people inhabit'while less than 1,000 people. live in the
Kanan river basin. . A major. native ‘tribe. called Dumagat inhabits. both
in” the Kanan . and Kaliwa river basins w1th an estimated total number of .
around 1, 000 e SECHNE

‘ Total land area of the thiee munic1pa11ties is” about 1 900 km2
More ‘than’ 80 percent ‘of the total lands are. forest land. As explalned
“in the preceding section, the forest in the Kanan river basin is mostly
. virgin forest, while that in the Kaliwa riVer ‘basin is . the secondary ‘one

' mainly planted for coconut trees. -Available agriculture land is quite :
limited with only a total ‘of 180: kmé or 9 percent of the total land area. ..
fAbout 15 kmZ2 or 0. 8 pércent of the total land: areais now being used for

C fish ponds, most of which are located in.Infanta and Real, while around

R § km2 of the lands are for pasture The residual area is allocated for _
nCUlthdted lands, residential commerc1al and others.

.2 2, 4 Regional Economy

Most 1mportant economic act1v1t1es in the region are. agrlculture,
fishery and forestry.. In the. agrlcultural activity, palay’ (oaddy),
coconut and banana’ are the three major.erops. - According to the. agri--
Icultural census ‘condicted in 1971, about 3,270 tons of-palay, 10 million
cof - coconutsandl.?ZO tons of -banana were produced in: the: three: munici-:
'_palities. Other minor Crops. cultivated in. the region are corn, sugar
cane,. bcans and coffee. ‘Livestock breedlng is not a main line of the
3region s agrlculture and a 1im1ted number of: animals such as: carabaos,
..hogs,'cattles, horses, goats, chickens "and - ducks are being raised
partly for animal” power and partly for self consumptlon Flshery is -

. another important economic activ1ty in the rcglon. From offshore or.
Coastal £1sh1ng, about 66 tons’ of fishi are produced annually Spec1es
of ; fish: caught in Lamon Bay and Polillo Strait are round scad, skip—. ‘
Jack, ‘anchovies, mackerel, sardines, sh1pmouth moonfish pogy,_cavalla.
.-and nemipteried ‘Fresh: water £ish: and brackish flSh are -cultivated ‘in '
the flsh ponds.— Annual_ "ductlon in‘the flshponds is estimated at-

750 tons in the region.*gSpecies of ‘fish: cultivated are freshwater flSh

like: bangus, shrlmp and - prawn.~ Although the ‘quantity is very 11m1ted
';flshina of such fresh water. flsh such as. mllkflsh mudflsh, eel, carp. "’
-and crab 1s being practised in the Agos rlver malnly for self consumption

_ _ There are . three logglng companles located 1n the reglon, which are
" De DlOS Enterprise Logging. Corporation, Infanta Logging Corporation and
Eastern Plywood Corporation, At ‘present; only the Infanta Logging Cor-
‘poration is under operation.’: Maximum production of ‘logs is set at
.22, 000 m3 per’ year. Major type of the logs is lauan



2.2, 5 Infrastructure

_ The Agos river irrigation sysfem was completed in 1959 by Lhe s
National Irrlgation Administration (NIA) ‘The 'irrigation system con-
sists of an intake structure at. Banugao,‘S 1 km of main canals, 39.7 km
of "lateral ¢anals ‘and 15.7 kmof farm ditches.. The intake: structure is-
located ‘at the right bank. of - the'. Agos river about 6 km upstream from
the. estuary. ‘Irrigable area 1is about 1,000 ha at present, which is.
expected to expand up'to. 1,200 ha, in the near future. Bes;de the Agos
‘river 1rr1gation system, A communal irrigation system is installed in
General Nakar.' The system also takes the irrigation water from the’
Agos tiver using pump and commands the area of about 250 ha. .

K Electr1c1ty is being supplied only to Infanta town proper in the
region by the Infanta Light and Power Service Cooperatlve which was
:establlshed in the Poblacion of Infanta in October 1964._ ‘At present,
two. units of 100 kVA diesel generators and one 30 kVA generator are
'being operated to produce about 37,000 kWh. of the eleCtricity per
month. Average power tariff is estimated at ‘B1.2 per: kWh in-1979.
Consumers now benefltted by the cooperatlve consist of 621 resldentlal
129 commercial, 75 street lights -and one 1ndustr1a1 Electrlc power-
-is not yet avallable both in General Nakar ‘and Real where kerosene
“lamp is mainly used for 11ght1ng. :

: Mun1c1pal water supply systems are’ avallable for the towns of
Infanta, Real and General Nakar. But the percentage of the benefitted -
household by the systems is-still low. Water charge is B5.00 to B10.00.
a month at present - Wells and springs are the major water source for
the systei. In the ‘rural areas in the reglon, there is no ‘water -supply
system and the people takes water from river, streams, spr1ngs wells'
and ralnwater.






CHAPTER 3

THE POWER SECTOR

3 1 Power System in the Phllippines

Electrlc power generatlon in the Philipplnes is’ now. belng made by
Natlonal Power Corporation: (NAPOCOR) Manila Electric’ Company: (MERALGO)'
and private -owned cooperatives: By the Pre31dentia1 Decreefl, the:
Minlstry of the Energy ‘(MOE) was created, under which NAPOGOR ‘has’ beu‘ _
come the solely responsible- organizatlon for generatlon by larger power
etations and transmlssion.

Electrlclty dlstribution and sales in the rural areas is the res—‘
. ponsibility of 1nd1vidua1 ‘area cooperatlve operatlng under the ausplces :
“of the: National. Electrification Administration (NEA). 'These co-opera--
tives either: generate electriclty using dlesel drlven unlts or buy from
the: grld if they are connected Lo

Totel installed Cap&CltY in the Phlllpplnes is around 3 600 MW/2
111979, About 3,000 MW of the installed capaclty or 83 percent:is. i
locatediin Luzon grid while 152 MW or 4 percent 15 in the ‘Visayas grid
and 455 MW or 13 percent in Mlndanao grld ‘With: respect to power grid,
steaim ‘power ‘is: predominant with' its'i share of 62 ‘pércent: ‘of ‘the total
‘capacity. followed by’ hydrOpower with:26: percent sharev The geothermal
-'pOWer of 223 MW, capalcty was developed in 1979, and dts share occuples
L b percent “The dlesel pover is: 11m1ted to ‘the’ 1solated 1slands o
- places with itsg: share of only & percent Before 1978 most “of the ‘

- gteam .power generatlng facilities were owned by MERALCO partlcularly in
Metro Manila.  After NAPOCOR § acquisition of MERALCO steam power plants:

- with the installed: capacity. of about 1, 700 ‘MY in 1978 - 79, about’ 85:

percent of the total generatlng fac111t1es are now owned by NAPOCOR.;_-

= Total length of . the transmlssion 11ne is 9 800 CirCUIt km/3 in the o
- whole’ country, which’ 1ncludes 1, 525 ki ‘of 230-kV, 824 km of 138 kV -
1,087 ki of 115 kV and ‘6,363 km of 69 KV and below About 82- percent
of ‘the transmlssron line is located in Luzom grid, while around 13 per~
cent is in Mlndanao grid and only 5 percent in the Vlsayas grld.-

Totel electrlc power generatlon and consumptlon in the country ;
amounted to 12 488 GWh and 10, 887 GWh, respectlvely in 1978/4 ‘ About'

.Presidentlal Decree No 1206 dated 6 October, 1977
NAPOCOR Plants plus MERALCO Plants _ |
C1rcu1t km = Nos. of c1rcuit X route length (km)
NAPOCOR and MERALCO: only.

e e I
& Jw v =)



”89 percent of the electric power was consumed in Luzon’ grld 9 percent
in. Mindanao grid, whlle only- 2, percent was consumed in the Visayas grid.
Per capite consumption of electric power in the Phlllppines was 235 kWh

“dn 1978

‘ Electrlficatlon ratlo is st111 in low level of 32 percent in. the_r_
whole country About two m1llion households have been benefitted from
‘the electrjflcation (Details of the national electric power supply

system,_consumptlou and electrlflcation are presented in Appendlx C
-Power Study ) : : . . : :

53 2- Electticf?OWer in:Lueen' l'i.

'3 2 l Power Statlon and Transmlsslon Llne System

S Electrlc power in Luzon is belng suppl1ed malnly by NAPOCOR and
MERALCO supplemented by small ‘private’ generation utlllties ‘Total.
dnstalled: capacity, of ‘the system was arcund 3;000 MW. in 1979 ‘which:

" ‘consists ‘of 540 MW of hydropower plants and . 2, 450 MW of thermal power -
.plants 1nc1ud1ng 220 MW:of: ' geothermal plant ~As- indlcated in” these-
‘flgures, Taizon.gridistill” 1e11es heavily on thermal power plants paru'
.tlcularly on - 011 flred thermal plants

In 1Jne w1th the“natlonal pollcy for sav1ng fuel 011 consumptlon,

: NAPOCOR ‘has’ emphas1zed exp101tation of . non~fue1 oil’ energy sources ‘such -
.as; hydropower and geothermal power Total generetlng capacity now under
_constructlon amounts . to. 1,510 MW, of whlch 670. MW for ‘hydro- plants, .
620 MY for nuclear and 220 MW for" geothermal plants ‘Existing power .

"stat1ons in Luzon are summarlzed in Table 3—1.‘ - C Lo

o

_ In parallel w1th the expan51on of the generatlon facllltle NAPOCOR-
' has expanded the transm1381on ‘1ine system in. Luzon grid..  Total length
‘of .transmission: 11ne in Luzon grid was 8,060 km, hlgher ‘than 138 XV,
which includes- 1, 525 km of 230 kV - llne,_l 087 km' of 115 kV 1line and
5,450, ‘km ‘of $9.kV Tine and: below "By the: end of 1981, ‘about 2,511 Km

'-__ of the: transmlssion line will be. added ‘to the present: system ‘to. catch

up with the expan31on program : .of ‘the generating fac111t1es .and to. extend
electric power ‘to unelectr1fied areas.' Included in ‘the" expan51on pro-
gram are 1, 513 km of 230 kV 1ine, 35 km of 115 kv, line ‘and 961 km of

- .69 kV 11ne ; , i . R . .

7 '". The 1ocation map of the ex1st1ng power statlons, transm1531on
“;llnes and substatlons ‘are presented in Dwg.1l of Appendlx C '



3. 2 2 Electric Power Generation and Consumption -ﬁ‘.

Total net power generation {0 Luzon attained 11 239 GWh in- 1978 :
_which consisted of 3,641 °GWh - produced by NAPOCOR,- .7, 145 GWh produced by -
MERALCO “and 453 GWh by se1f~generat1ng cooperatlves and 1ndustries.‘”“: o
. About .80 percent of ‘the total power generationm; or 9, 041 GWh, was ‘made -
by ‘thermal power. which is mainly oil-fired and’ steam: ‘power plants while .
16 percent or’l, 745 GWh'’ was made by, hydropower plants and. 4 percent or
453 GWh by self—generation These figures indicate that the power ;
: sector in Luzon hlghly depends on the imported oil S -

Total electric power consumptron in Luzon was’ 10 217 GWb in 1978
About' 23 percent. of the.energy 'sold.or 2,354 GWh was: supplied by NAPOCOR
‘About 73 percent or 7,433 ‘GWh by MERALCO and the reéidual. 4 percent or
=430 GWh by self«generatlon By sector, the 1ndustr1a1 sector consumed
the largest portlon ‘of . the. energy. with 38 percent share followed by
fresldentlal use’ with- 34 percent._ ‘The commer01al sector consumed 23
' percent wh11e the miscellaneous conisumed 5° percent/l

) Both the power generation and power consumption have 1ncreased
w1th relatlvely h1gh growth rate of 10 ‘percent’ per annum. Durlng the -
per1od of 1960 = 1969, the highest annual growth rate’ of "over 13 per-
cent was’ recorded Phe rate of growth slowed: ‘down  to - around -8 percent
per ‘annum from 1969, to 1973 and stagnated durlng 1973 B 1974 due to the-
_oil crisis and the follow1ng economic d1sturbance.ﬂ From 1974 to- 1978
the growth rate: started to 1ncrease again with 'an average annual growth
of about .7 percent. Annual growth rates for the power generatlon and
power consumptlon are summarlzed as- shown’ below’ (Hlstorlcal growth of
the power consumptlon is presented 1n Table 3-2). - :

Perlod - ' Power Generation SR Power Consumptlon'
_v1960 —‘69 . ' 13.5 % p;a; S 13. 8% p.a.
‘1969 ~ 73 ' 8.2 % p.a. R _8 5% ‘pia.
1973 -~ 74 : 0.7 % p.a. “0.9 %op.a.
1974 - 78 7.9 % opaa. L Tb % plas
(1960 = 0.4'% piav) -~ (10.6 % pia.)

78) ' '(l '

; Max1mum demand 1n Luzon was recorded at 1 860 MW ‘in 1978 During
the- past 18 years, ir: expanded at-an’ average ‘annual rate: ‘of 9. 3 percent.
The annual expansion of ithe peak: demand was very: high (11.7 percent)
durlng 1960 - 1969 which 'decreased: gradually at 9.3 percent and 6.4
percent in 1969 - 1972 and 1973 - 1978 respectlvely

le_1inclndlng,kmiscellaneous”of NAPchR'aﬁdlstréét 1ight of MERALCO. -



"”'was stud1ed/3

s 1he load factor of the generating facilities has been gradually
: 1ncreasing since early 1960s and attained 69 percent in- 1978 . The -
o - system. loss has been decreased from early 1960s and wis: estlmated at
SR percent in 1978 o : : 5 :

. cal dai]y ]oad curve o_ the Luzo grid 1s presented in histof'_l
g*gram f‘rm_in Fig 3=, Thls curve shows that peak load time is .8 to 10
: "“r during lO AM: to 8. PM During this period the curve is relatively,
“flat’ an there is no: extreme heavy load Under this eondition peaking

Zhours requ1red for hydropower statrons are estimated at 8 to 10 hours

-:3 2 3 Tariff and Revenue

at s are set _pplicable to defferent grlds in
¢ ; NAPOCOR Tarlff of Cebu - and’ Panay grlds ig- the R
;hlghest in. the three glrds,‘whlle Mindanao is “the lowest Whlch is o
"determlned by taklng into account their developmental stage and energy
. COSt. . - ] . - O .

Tariff Sy by NAPOCOR consists of demand charge which is propor—;
t10na1 to. billlng demand ‘and basic energy charge which is proportional .
:to energyic { ptlon. ‘In addltion,.fuel cost adgustment has beéen made--
" twhen the weightedkaverage cost of: fuel burned in thermal power plants
'during any month is elther higher or lower. than ‘the ba51c price and-
the ba91c energy charge shall be proportionately 1ncreased or decreased.

_ Total_sales revenue of NAPOCOR was 2921 6 mlllionll_in 1978 About

.80 percent or R738.7" mllllon of the: total sales fevenue was raised in

* Luzon. From 1972 to 1978 sales revenue 1n Luzon 1ntreased at"an average
- yate of 45 percent;per annum. Average revenue | .per. kWh in Luzon WAS,

B0, 2/2 in: 1978, which was sllghtly higher than that “of the whole country

lestorlcal sales revenue of electrlc power is’ shown 1n Table 3 3 :

:313'1Demand*Projection- '

;3 3 1 Previous Studies ;-:-':;”t

electrlc power development in Luzon from 1976 to 1977

_ '_rev1ew the past accompllshment and’ to program future
Qdevelopment plan‘up’ to year: 2000 ~Inythis study, expected power ‘con=
sumptlon was-forecasted u51ng elaborated exponential demand function =

The overa

Including fuel cost adjustment._._.t;'.””

From September 1980 the average power rate becomes EO 4OIRWh

Power system Luzon Expansion Study, Lahmeyer Internatlonal GmbH



. inecorporating four (4) veriabléS' (i) population, (ii) proportion of
population actually served;’ (111) oil price; and- (iv) gross ‘regional: f{
product per ¢apita. The estimated overall growth rate from 1977 to .
year’ 2000 is 9 2 percent per annum w1th the following breakdown

; Period .E; Average Annual Gr0wth.Rate;.
1977 = 1980i }-; B I B
1981 -1985 - . 107 %
- . 1986.-11990 v o 9.3 %
1991 -1995. . o 8%
' Co 1.2

596

2000 1

. This estimated growth'rate was applied to ‘the _uzon Grid Expansion
Program p“”'ared by ‘NAPOCOR 1n'ear1y 1978 . In, .the" expansion program,:. .
_'electrlc power consumption in Luzon 1s’ estlmated to; reach 34 960 GWh in-
'|1990 w1th an average annual growth rate of 10.6 oercent.;__'

_ Following the above pro3ect10ns, NAPOCOR rev1sed the expan51on N
program two times in ‘Jurié 1979 ‘and in 1980 ‘according to the ‘récent’ trend
of - consumptlon increase and relatively modest’ economic expan51on prospect

during the next decade. .In the latest’ revised program, electric power

: consumptlon is expected to grow: by 7.0° percent: ‘until 1990, which is o
relatlvely lower ‘than the estlmated f1gure in the prev1ous program. The_
’ rev1sed expanslon program is’ glven in Table 34, A

53'3 2. Future Demand Estlmate -

: For estlmating future power demand in LUZOn, h15torical power ;'
consumption -and- peak demand ‘were: rev1ewed agaln L As explalned in. the'.
. preceding: section,; ‘both the’ powWer. consumptlon and the peak power . demand
. showed ‘higher growth trend durlng 1960 = 1969 perlod._ After 1969, the
trend of growth was relatively 1ower w1th an irncrease: rateof 7-— 9 per—;
cent per “annum excludlng 1972 - 73 perlod The change in' trend after
1969 1ndicated ‘that the:power consumptlon in Lizon: entered into a lowerj-
_ growth stage corresponding to” the soc1o~economic structural change -

PeriOd g _'."Energyﬁconeumption Peak Power Demand
1960 .= 1969 ©13.8%p.as 107 % p.a.
- 1969 = 1972'_ L _::::01~a=, - 9.3 % p.a.
1972~ 1973 8.5 % pea. 0.3 % p.a.
- 197321974 70.9 % p.a. S TR
1974 <1978 - 7.4%p.ai o o 5f53€_Pfﬁt_'



After:re iewing the trend of power consumption, correlation between
-the power consumption growth ‘and the national . economic growth was re~

'"fviewed and checked:. “Since the correlation between ‘per ‘capita.power con-

' ;1From'this,

sumption and! per- caplta income ‘has’ already been established: in many:
“‘countries and well dpplied for future projection,- these ‘two indlcative
Ef1gures ‘are used for our’ projection., The most beneficial point for: this

' approach 15 that! it can incorporate ‘the: factors of the different: stages _
of development in the country and makes it possible to estimate relat1vely
- long—range pro;ectlon : -

: On the basis of the avallable data, per eapita consumptlon 1n Luaon
: Malnland/l -and ‘per capita’ GNP are caleulated during the perlod of 1960 -
_ﬂ'1978 In order to check. the income elastic1ty of: power demand relation’
ibetween power consumptlon in: Luzon grid and per: capita GNP.is. plotted on
flogarlthm scale gection paper as: showu in Appendix C, Pover Study :The
> 15 pr duced by linear regre551on method to' remove random element.
:it'is 1dent1f1ed that there are three major changes in trend

- Vot income elasticity of power demand “During the’ perlod of 1960 = 11963

;rnand 1964~ 1970, higher income elastic1tles 3.60 and 5.13, respectively,
. were recorded._ But the - elastic1ty SIOWed down to 1.01 during the period
f:of 1970 - 1978 o . . :

'(l) Progectlon of Electr1c1ty Consumptlon

o Future electricity consumptlon ie est1mated by applying the est1~ :
“mated recent. ‘trend of the income elastlclty of power demand on the fol~-
lowing assumptlons

"a) LThe low 1ncome elast1c1ty of l Ol w111 be maintalned durlng the
: perlod of 1979 ~ 1995 '

'7'b) iPopulatlon 1ncrease in Luzon Ma1nland/2 w1ll be

1978 - 1980”'

. R ARt %:': p-a
1981 - 1985 . 2.907% . "
©..1986 99900 T 2.76 % "
19917 ~71995 0 2,43 % "

-e)'ﬁPerdcapita inCOnefgrowthigfwilI:bel

1978 - 1983

| A o
1983 - 1987 .5.25°% "
1988 = 1995 . 5,10 % "
o Zl;?;Ldzon:Malnland Region I to’ IV excludlng the Prov1nces of Marenduque,
©.+ - Oceldental and Orlental Mindoro, Palawan Catanduanes and Masbate.
.- NEDA: ProJectlon .
o Ihid:

= 1;::"



The prOJected power consumption is 17 140 GWh. in 1985 and 25, 350 GWh_
“in 1990 and 36 900 GWh 'in 1995 as presanted in’ Table 3 5.7 :

(2) Peak Power Demand

Peak power demand in the future is estimated on the following
assumptions‘ o

:_a)::System.iﬂss excluding station use’ 15 7 5 percent during 1979 -
o0 1982, which will. deérease to 7 0 percent from 1983 o 1987 and
6.5 percent from 1988 to- 1995 ' '

‘bjuaLoad factor is’ 69 percent durl\% 1979 - 1982 which w1ll in—'
3 ;crease to 70 percent during 1983 ~ 1995 . ,

Progected peak power demand is 3 000 MW in 1985 4 420 MW in 1990
and 6,430 MW in 1995. . Details’ of; the estlmated figures. on: power ‘cori-
,sumptlon and peak power demand are presented in Table 3= 5

The estlmated power consumptlon and peak power demand 1n the future
are plotted in Fig.3-2.and '3-3 respectively, together ‘with' NAPOCOR pro-
jection. ~ As shoyn. in the: flgures there are no major difference between:

- our estimate and NAPOCOR projection both for the projected peak demand -

. and’ power consumptlon although our projected f1gures are slightly higher
than that of NAPOCOR in the later stage. The projections of NAPOCOR
seems to be rellable one for the study of future expansion program at
'present. : . .

3.4 ‘Eapansion Program”and Agos Project

- To cope with the expected power demand increase, a long term ex—

- pansion plan. is. formaulated by, NAPOCOR for the. period of 1980 -~ 1990, -
‘. The plan env1sages to generate 28 033 GWh with the installed. capac1ty '
Cof 5,571 MW in Luzon by 1590. = The average annual increase:raté for the
) energy generatlon and 1nsta11ed capacity durlng the planned peirod are
set: at 6 4 percent and é '8 percent respectlvely

The most predomlnant characterzstlc of the plan is to reduce heavy'
dependénce on’ 1mported oil during the progected period by ut11171ng in-
digenous energy sources such as hydropower, geothermal -and' coal thermal.
j'HydrOpOWer development isg emphasized and it is expected. to domlnate 46,

‘percent’ of thetotal 1nstalled capacity. at the end of the planned perlod
The shares of geothermal plant and coal-fired thermal plant are also. ex— :
“pected to grow.: conslderably w1th the planned target of ‘16 percent and .
5 percent, respectively. The oil=fired thermal plant, on-the contrary,
will reduce its sharé from present 72 percent to 27 percent.



_ In parallel to the expansion of “the | power generation, expansion ‘
of  transmission 1ine” and substation’ capacity are also’ planned.’ The’
target total length of the transmission line. in. 1990 is.4,625 km in
Tuzon grid including 503 km EHV 500 kV transmission line’ connecting '
the Abulog and Chico hydiopower stations ‘to Manila, The - target sub~
station capacity is get at 5,055 MVA in the Luzon - grid o

. The Agos Hydropower Pxoject is included in the power exPansion
plan with the installed capacity- of 140 MW. The’ proJect ‘construction
“ise expected to start from 1983 and. the hydropwoer ‘station. is! planncd to-_
‘commission in 1989. TFig. 3-3 presents ‘thé: relation beLween planned power
plant eXpansion program and progected peak demand Frou this figure
it is proven that: the expan51on power plan con31ders enough allowance
_'for the capaclty even if:the peak power demand grows with relatively
'higher increase ratio than the estimated one 1n the preceding section

Fig 342 shows the relation bctween avallable energy and pro;ected
energy demand According to this, surplus energy. will not be sufficient
enough in 1985 and ‘1990, con31der1ng the ‘yearly' stop of thermal power'
"station for maintenance..



CHAPTER 4

'RESULTS OF SURVEY AND TNVESTIGATION

4 1 ToEograEhx

The available maps’ for planning of the Agos Hydropower Progect

were the national maps of 1 to 50, OOO scale with 20 meter contours, '
_whlch cover whole the prOJect area. 'For the detailed study, the follow".
1ng survey works were required to be conducted

a) . Preparation of aero~photo maps covering the proposed reservoir-
K area (1 to 5 000 scale with 5° meter contours),

'_bj.:Ground control survey by staking points for horizontal and
: 'vertical control R . :

) Settlng bench marks. from the estuary cf the Agos rlver to the
' Agos damsite._

'd) ﬂRlver proflle and cross-section survey from the estuary of the
~ Agos river to the Agos dam51te

e)o?Preparatlon of detalled topographlcal maps of 1 to l 000 scale
w1th 1 meter contours covering the foilowing areas

i) Agos dam31te (l 92 kmz)
11) Afterbay weir 31te (0.32 kmz)
; 111) Kanan No 1 dam31te (0 83 km2)

‘ OuL of the survey works llsted above the aerial—photo maps for the
reserv01r area along the Kanan river were prepared by PICOREM._ The copy
“of which was given to us in: October 1979, . The: aerlal—photo mapa for"
the remalnlng reserv01r area malnly along - the Kaliwa river were’ prepared'
by NAPOCOR and were given to us- in July 1980, " All ‘other topcgraphlc
'surveys were: carrled out” by JIGA experts and NAPOCOR surveyors

Be31des the above, the survey works requ1red for the geologlcal
and ccnstruction material 1nvest1gat10ns including the 11ne survey of .
--seismlc exploration were. conducted Longitudlnal cross section -survey
zfor .the Kanan' No.5 damsite (preV1ously selected by Lahmeyer* Congult Co.)
was also made | for reference. All the survey works were almost completed
by the end of August. 1980. The ‘survey works conducted during the whole-
study perlod for the PrOJect are summar17ed in Dwg 2. :



4. 2 Meteorologz

_ Located between the latltudcs of 12 N and 19 N the Luzon has a
1,trop1cal climate, predominatly affected by the North~East Monsoon pre-.
‘vailing from;November to February and ‘the South-West Monsoon from July
Cto September *The Llade w1nds come “from. the east durlng the rest of

- the’ -year and whenever the monsoon is weak. The mountain ranges An

J-Luzon, generally runnlng from north to. south ‘cause the’ rising of tiumid
dir mass‘lnflow brlnging heavy showers -on the slope fac1ng the 1nf10w _

As the Kanan r‘

"fLuaon,.the ralny Y

due to 1ts locatlon resultlng the’ two peak months of raln—'
::fall in August and November Further, the Kanan river basin has. average

- monthly. ralnfalls not. less. than 160 mm even in the dry season. being

g affected by ‘the trade Wlnds, ‘while the Kaliwa river basln has dlstlnct
‘dry season spannlng over four months from January to Apr11

There were four ralnfall gauglng statlons operated by NAPOCOR 1n
“the’ Agos river ba51n from - 1937 to 1950. 1In. addltion, PAGASA ‘has’ operated
‘one’ meteorologlcal station -at. Infanta from 1926 to present._ The average,
monthly ralnfalls recorded at the f1ve statlons -are llsted as follows.

The ralnfall characteristlcs mentloned above are clearly shown in:
“the' follow1ng table. The average annual rainfall of 6,170 ™M recorded

~at Matatio suggests that very heavy rain and large’ flood oceur in the
jKanan rlver basin.-a{' L A - _ f

L The number of da 7S less tnan 10 m ralnfall oer day 1n_:f'ﬁ;‘: '
"Infanta is’ about 263 1n'aryear or about 173 in the dry season’ from .
QFehruary to August.*__ e most’ of rains in’ the Agos river ba51n are:

- not’ brought by dally trop1cal showers but by monsoon,’ tradew1nds and _
;typhoons, thero is'no. clear difference in rainfall between the morning
Cand the afternoon on “an average in the long run.i:r_: :

: E TO resume the 1alnfall observatlon after the stopage of 28 years,
';NAPOCOR hydrology team set up five manua ‘rain gauges in June’ and” July
'1978 g Six new: automatlc rain gauges, effectlve “for " three mont, U
£=ration were ‘set up in August and September 1979 by NAPOCDR JICA Jo1nt
_--hydrology team at. the higher’ and the upper reaches .as far as accessible
"';at present as shown in Flg 4= l ' : L

: An.lsohyetal map oftheaverage annual ralnfall in the Agos r1ver
“basin-is: prepared based-on ‘the 'past’ ralnfall records and those records
-obtained by newly establlshed rain guages. The 1sohyetal map is shown
An Fig.é 2 _ The heavy ralnfall in the ‘Kanan r1ver basin is clearly seen



Average Monthly Rainfall in'the Agos ﬁiVer'Basih'

‘Station i_Iﬁfantar:' "ﬁayokan  s Matatio ”'  Daraitah:'rf'Sta.]Ines_r
.'Baéia&'ff-Agoa"f; “fnggos'ﬁn’_i‘w Kanan ‘:_'Kaiiwa' o ':Kalrva
:Reoord.v__i:--ﬂ= PR e Lo RN o ,‘.g-z”‘

Length - 44 0 5.._;;‘ Cod e :5¥.x‘: e 3
dniYear o o a0 Y S S
SRS 1939, 1937 - 1939 1937-n 1939

Periqd N 1927 - 1979 1947 = 1950 1947 - 1950 1947 = 1948 1937 - 1939_"

“Jan.,. _5361- T 424 o ‘682‘---_- :.124 63
‘Feb, . - 232 281 - o364 6l LS
SMar.coo o L84 T e 213 e 53260 L 82 54
Apr.. o 181 o 186 - 0289000 0 93 84
‘May . o227 0.0 1800 e 237000 CileSe 249
June ... 220 . . 195 ¢ o dea - 2060 C 325
July: ~ - i240-0 2500 Co 2S00 o352 0 607 .
Aug: . 203 oo 3140 .. 326, 0 482 S 616

CrSep. . . 3040 - 348 3540 o 841 316

Oct. = 511 © 060500 ' -658 . 382 . 0 9346
Nov. =, o0 0598 . - ~801 . . 1,342 . - 531 . . 566
Dec.- .~ . 561 ”--f't_872" :__1_153r o 418 359

Total 3,838 . 4,669 . 6,170 - 3,217 - 3,600

in the”flgﬁfé' The map glves the average annual ralnfall of 5, 890 im
and 3, 550 THIT for the Kanan and Kallwa rlver b331ns respectlvely.: B

- From the above studles, 1t can’ be said that the Agos r1ver b351n
~ abounds with: Fich: rain partly. exceeding 6,000 mm per annum ‘but:its
“areal dlstrlbutlon is quite different: between ‘the Kanan' and: Kallwa"

:'o_rlver b 51ns due to thelr 1ooat10ns and tOpographlc eonditlons

. The average air temperature and relative humldlty at Infanta are‘ .

' 326 8 [H and 831 percent respectlvely " As the. Agos rlver basln is: located
“Betwéen the: latltude of 14 32'N:and 15°00'N, the air temperature doés

- not vary so much through a year. The 10WeSt temperature’ normally ‘oteurs

C in January, whlle the highest in June. However, the . dlfference of “the

'monthly average temperature between January and June’ 13 only as small
as 4 C... S :

Strong wind having the highest momentary ve10c1ty of 52 5 m/sec-
-equrva]ent to 189 km/hour 1s recorded at’ Infanta -

' The average evaporatlon of 1 420 mm per annum ig: recorded at ﬂ.
Cuyambay, about 8 km south—west of the proposed Kal1wa damsite
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