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PREFACE

In response to a request from the Goverament of the Republic of the
Philippines, the Government of Japan decided to conduct a feasibility
study on Kalayaan Pumped Storage Plant Development Project Stage 11 and

entrusted the study to the Japan Internatiomal Cooperation Agency (JICA).

JICA sent to the Philippines a study team headed by Mr. Morihiro Sato of
Electric Power Development Co., Ltd. three times during the period from

January 1990 to September 1990,

The team held discussions on the project with officials concerned of the
Government of the Philippines and conducted field surveys. After the team
returned to Japan, further studies were made and the present report was

prepared,

I hope that this report will contribute to the development of the project

and to the promotion of friendly relations between our two countries,

I wish to express my sincere appreciation to officials concerned of the
Government of the Philippines for their close cooperation extended to the

team.

November 1990

Lerinke Soreg

Kensuke Yanagiya
President
Japan International Cooperation Agency
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

(1) Intrvoduction

The Kalayaan Pumped Storage Stage IT Project has been studied in terms

of its nacessity, englneering problems, enviconmental Lmpacts and its

economic feasibility, and the counclusion as described below have been

obtalned.

(a)

(b)

(e)

In meeting the rapid econonic grb#th of the Republic of the
Philippinés, in pértiéular Metro Manila, a large number of
éleetric power supply facilities are needed in future. As these
power sources are required urgently, and must be provided econo-
mically, the focus of power development will be placed on ceal-

fired thermal power plants Im near future,

The Stage IT Project of Kalayaan Pumped Storage Power Plant
should be implemented as soon as practicable in order to economi-~
cally operate the thermal power plants referred to‘above, to have
the supply capability respond quickly to load varlation by means
of hydroelectric power plants, and to assure stable and high

quallty supply of electric power.

This Project is favorably situated for electricity supply as it
ig located only 60 km to the southeast of Metro Manila, which is
the largest load center of the Republic. 1In addition, as certain
clvil structures, such as dam, Intake, and penstock route have
been provided in construction works of Stage 1, they can be uti-

lized for the Stage II Project. With these provisions, the

_construction period caa be reduced and the construction cost of

the Stage 1T Prbject will be low.



(2)

(3)

Size and Timing of Development

(a)

(b)

(e)

The

Size of the Project

The size of the Stage IT Project shall be 300 MW, with two 150 MW

units.
Timing of Development

The following development schedule is proposed based on the pro-

jection of power supply and demand balance.

First Unit {(Unit No. 3): January 1997
Second Unit (Unit No. 4): July 1997

Transmission System

It is not necessary Lo prepare a new transmission line for the
Stage II Project, because the existing transmission line of

230 kV can be utilized for the Project.

-Basic Design Parameters of the Project

basic design parameters of the_Stage 11 Project are ﬁresented in

Table-1.

l.

Table—1 Specifications of the 3tage 1II Project

Caliraya Lumot
Upper Reservoir Reservoir Reservoir
Catchment area km? 92 37
High Water Level o EL, 288,00  EL. 290.00
Low Water Level m EL. 286.00  EL. 286.00
Effective storage 10 md 22.09 22.00
capacity L
Total storage 106 n3 79.01 43.8
capacity :



2., Dam (Existing)

Type

Crest elevation
3, Spillway (Existing)

Normal-use spillway
type

Dia. x length

Emergency spllliway
type

~ Overflow crest EL
Overflow crest length

" 4., Lower Reservoir
(Natural lake)

HWL
Av. water level
LWL
Total storage
5, Upper Canal (ﬁxisting)
Water surface width
Bed width
ﬁed elevation
6..‘Penétoék

Surface portion
Dia. ¥ length x lines

Tunnel portion
Dia. x length x lines

Upstream side
concrete-
protected
earth~f111

m EL. 292,00
Vertical
shaft with
gate

m 4.2 x 320
Overflow

m EL. 291.30

m 160

Laguna de Bay

m EL. 0.60
m EL.""O.BG
100 m3 4,000
o 100.00
m 45.00
m EL. 281.50
x 6.00-5.00 x 1,

m 3.30 x 100 x 2

Upstream side
concrete—
protected
earth-£i111

EL. 294.00

Overflow
vertical shaft

4.0 x 214

200 x 1



7. Power Generation Schene Generating Pump-~up

Gross head - n 286 .40 286.40
(Normal water level)

Normal effective head m 282.00 e
Max. effective head i 287,20 .- 291,40

(Max. total pump head)

Min, effective head m 278.40 . 283.80
{Min. total pump head)

. Max. power discharge n3/s 62.0 x 2 49,9 x 2
(Max. total pump head)

Max. output/input My 152°x 2 159 x 2
Pump-Turbine

Type Reversible vertical type

Francis pump-turbine
Number Unit : |2 N 2
Rated output MW 154
Input ' MW 155

(Min. total pump head)
Rated speed rpm 360 - - 360
Motor—Generator

Type 3—ph,'AC, synchronous

generator—motor
Number Unit | .2 | 7 2
Output (MVA, MW) 167 155
Frequency .Hz 60 | 60
Pump—up starting Pony moﬁoflstart.and back
system to back start

Main transformer
Type " OQutdoor, 3-ph
forced o0il,
air-cooled

Number © . Unlt 2 2

Capacity MVA i70 ' 170



(4)

Frequency iz ' 60 60
Voltage : kv 230/13.8.
Outdoor Switchyard

Bus bar system ‘ 1 - 1/2 CH system, transmis-—
sion line outgeoing 6 cct

Construction Cost

The total construction cost of the Project, including interest during
construction, is estimated at US$ 170,97 millions. The major items of

the construction cost are presented in Table-2.

This counstruction cost is estimated based on the prices of January
1990, The annual interest rate is assumed to be 6.33% for foreign

currency and 20.0% for domestic currencye

The construction cost items in the table are indicated in U.S.

dollars, and the exchange rate is assumed to be 1l USS = 22,5 pesos.



Table—2 Estimated Construction Cost

{(Untt: USSM)

Foreign | Domestic Total Note
Currency | Currency
Preparation Works ' 0.48 1.57 2.05
civil Works ' 9.26 17.17 26 .44
Hydraulic Equipment 16.75 14.45 31,20 | including
dredger
Electromechanical 60,40 5.80 66.20
Equipment
Administration Cost 4.00 3.55 7.55 | 6% of total
Physical Contingency 5.23 3.34 8.57
Net Construction Cost 96.12 45,89 142,01
Interest during 11.23 17.73 28.96 | Foreign; 6.33%
Construction . : Domestlc;20.0%
Construction Cost 107.35 63.62 170,97
Cost for Rehabilitation 4,82 5.60 10,42 | Caliraya Dam
Works ’
Total Constructlon Cost 112.17 6%.22 181.39

{(5) Economie Evaluation

In terms of the Benefit {B) to Cost (C) ratio, the economics of the
Stage II Project is favorable being Tthigher than 1.0 as shown bhelow.

Therefore, this Project is sufficiently feasible in terms of econo-

mics.

The discount rate was assumed to be 15Z.

Benefit (B) = USS$111.06 miilion

Cost (C) = US$100.70 million
B~ C = US510.36 million
B/C = 1.10

Equalized Discount Rate = 21.15%7



(6)

Environmental Assessment

The major.environmental impact created by the Stage II Project will be
the transfer of contaminated water in the lower resarveir of Laguna de
Bay to the upper reservoir of Caliraya. This effect has already
océurre& by operation of the Stage I Project. Considering that no
serious environmental issue has occurred by operation of the existing
power plant, 1t is expected that the effect of expanding the power

plant would be minor.

Recommendations

(1

(2)

Construction Schedule

Considering the constructlon schedule of the Stage IT Project, it is
expected that commissioning of the No. 3 Unit will take 39 months, and
that of the No. 4 Unit 45 months. Therefore, the counstruction sche-
dule presented below mugt be kept in proceeding with the construction

In order to meet the increasing power demand.

1990-11 -- 1991-3; Provision and Aﬁard of Definite Design

1991~ 4 ~~ 1992-9: Definite Design

1992~-10 -~ 1993-3: Financing Formalities

1993~ § --- 1993-9: Bidding and Award of Contract for Construction
1993-10 . t Start of Constructlon

1997—1 & 7 : Commissioning

Mitigation Measures for Environmental Impact

Although the implementaticen of the Stage IL Project will not create an
environmental problem caused by the Project itself, the contamination
of Laguna de Bay, which 4is the lower reservoir of the Project, will
progress inevitably due to household and industrial waste water
drained from the surrounding area. It 18 a matter of natural course
that, as the contamination of the lower reservolr is inténsified, the
upper reservolr of Caliraya Lake will also be contaminated. Although
it 1s impossible to stop the contamination of the lower reservolr, it

should be possible to retard this process.



In order to retard this contamination, it 18 recommended, as a matter

of general environmental protection, to take the following actions:
(a) Providing a coffer dam to separate a part of Laguna de Bay.’

{(b) Providing a '"Wetland" in the lower vreservolr to reduce con-

tamination.

"The cost of these provisions 1isg apptoximately estimated at USS &
Million. 1t should be added that in implementing these retarding
measures, a study of possible environmental problems by construction

of the coffer dam, and a review of this construction cost will be

necessary.

As previously mentioned, it is considered that the environmental
impact concernlng Laguna de Bay should be separated from the Kalayaan

Stage 11 Project and be taken up as a national project.

The reason is that if the elimination of contamination of Laguna de
Bay were to be considered in this Project, it would require a cost far
greater than the Kélayaan Stage II 'Project itself, and as a con-
sequence, the orvriginal objective ‘of the Pumped Storage Power

Generation Project itself will not be justifiable;

incidentally, if the marginal cost that could be borme by the Project
were to be tentatively examined, it would be as given below. That is,
it would be the break-even point of the Project for B/C = 1.0, and the
amount would be about 8§ 20 Millions. '



~ Chapter 1 Introduction -






Chapter 1 Introduction

1.1 Béckground and Role of the Project

. NAFOCOR (National Power Corporation) projects that the power demand of
the Luzon -Grid, which accounts for 87% of the total power demand of
the Republic of the Philippines, will grow to approximately 7,000 MW
in Ehe-year 2000 from the current maximum demand of 2,938 MW (as of
June 1989), going ahead with electric power development projects to
meet this growth of electric demand. As the reserve margin capacity
in the power system of Luzon 1s expected to fall to 47 from 1994 to
1996, NAPOCOR intends to overcome this éupply crisis by installing 600
MW of new gas turbline plants, théreby providing a reserve margln rate
of around 17%., However, considering the fact that the fuel cost of
gas turbine is high, and the service life is generally short, these
gés turbine ﬁlants can not be regarded as a ﬁefmanent measure of
dealing with the power supply shortage, and NAPOCOR is compelled to
work out more permanent measures as soon as possible. A4s one of such
permanent measures, NAPOCOR had been studying a plan of expanding the
existing Kalayaan Pumped Storage Power Plant (called Stage I Project
hereafter} by installing an additional plant (called Stage II Project
hereafter) adjacent to the existing one, and through the Government of
Republic of the Philippines, requested the Government of Japan to con-
duct a feasibility study for this Stage II Project.

Stage IT Project is expected to play the important roie of dealing
ﬁith the peak démand in the later half of the 1990s when the geother—
mal and coal-fired thermal power plants become the major power supply
sources in the Luzon grid. Therefore, the thils Project will have the

following roles when developed.

% Currently, the spinning résefve of the power system is provided by
gas turbine plants. By replacing this role with hydroelectric power
sources, the disadvantages with the gas turbine plants, such as high

- operating cost;‘short éervice life, and unstable output affected by
air témperature_changes; can be eliminated, to improve the reliabi~

lity of'power system operation.



* As the proportion of coal fired thermal power plants in the power
supply capaclity 1ncreases in future, it will be required to make up
for the difference of the size of load between peak and off-peak
periods. Therefore, the pumped storage power plants, which pump up
during off-peak period and generates power at peak period, will be
required. At the same time, the pumped storage power plants can

. regulate power system frequency, control system voltage, and. regu-

.1ate reactive power flow in the power system when they are operated
in pbwer geﬁeration mode, thereby substantially cbntributihg to the

power system operational performance.

* A feasibility study has been completed for this project site in 1878
by cooperation offered by an Italian team, and two 150-MW pump tur-

bines are in operation today.

Therefore, the construction cost can be saved substantially by uti-
lizing the.existing dam and a'part of civil sfructures, and the
least cost priority in the overall developmeht program would be very

high.

1.2 Objective and Scope of the Study .
1.2.1 Objective

Upon the abovementloned request of the Philippine Government, the
Japanese Government caused its agency implementing studles, the
Japan International Coopefation'“Agehcy (JICA), to dispatch a
Preliminary Study Team to the ?hilipbines in”September, 1989 and the
Team held discussions with NAPOCOR, the Philippine agency in charge
of this Project. JICA then organized the: Study- Mission for
Feasibility Study of the Stage Ii'?rojeét; and the Mission conducted
the necessary study with the members and according to the 1ltinerary

which are presented in Section 1.3,

The objective of the Study was to conduct field surveys and studies
in Japan, to formulate the tecﬁnicaily, economically and financially
optimal deveiopment'plan;'and to produce a feasibility report on the
Kalayaan Pumped Storage Power Plant Stage II Project, as well as to
transfer technologies to its Philippine counterpart through the pro-

cess of the Study.



1.2.2

Scope of the Study

The Study has been conducted in three stages

* Preliminary Investigation Stage

* Detailed Investigation Stage

* Feasibility-grade Design Stage

The contents of studies in each stage are as described below.

(v

(2)

Preliminary Investigation Stage

(a)

(b)

{e)

(@

(e)

Collection and review of all existing data, reports and

other relevant information on this Project.
Site reconnaissance.
Power survey

* Review and analysis of relevant information on growth of
power consumption, forecasts of energy and peak demand,

characteristics of power consumption pattern, etc.

* Review and analysis of power supply expansion program

including those of transmission line and substation
Review of existing development schemes

Formulation of alternative development schemes and their
comparative studies to select the optimum deﬁelopment

schene

Detailed Investigation Stage

Based on the result of the Preliminary Investigation Stage, the

Detailed Investigation was carried out for the selected site as

follows.

(a)

(b)

Topographic surveys (by NAPOCOR)

Geological investigation and material tests (by NAPOCOR)

{c} Hydrological survey



(3) Feasibllity-grade Design Stage

Based on the result of the Preliminary - and the Detalled
Investigation Stages, the Study was carried out for the

selected site as follows.
(a) Optimization studies of Project silze

(b) Review and study of the optimum power genevation program

including relevant transmission line
{c) Establishment of dam operation program
(d) Environmental assessment
{e) Compensation survey
(f) Feasibility-grade design of structure components
(g) Construction program
(h) Cost estimation

(i) Economic and financial analyses

1.2.3 Conflrmed ltems

Based on the results of the first field investigation (from January
17 to February 6, 1990), the Mission discussed with NAPOCOR on the
major items which should be reflected in the design works to be
carried out in Japan, and the following items and premises were

mnutually confirmed,

(1) Concerning the output of the Stage I1 Project, 300 MW, or the
same output as that of Stage I, would be suitable, considering
the water intake facility and penstock route which had already

been constructed.,



(2)

(3

(&)

(5)

(6)

(7)

Concerning the number of units and unit output, two-150 MW

units would be appropriate, considering the capacity of the

" power system to which the Stage TL Project is to be counnected.

Concerning the operating water level of Caliraya Dam, 1t is
curvently utilized up to a water level of EL 289.15 m (in dry
season). 1In Stage It Project, the design criteria shall be the
same as those of the existing facilities, and the high water
level shall be EL 288.00 and the low water level 286.00.

The alternatives to be adopted for the purpose of a comparative
study shall be the three Alternatives {Alternative A, B and C),
as described in Chapter 10.

The construction costs shall be estimated with the prices as of
January, 1990, and both the domestic currency portion and the
foreign currency portion shall be expressed in terms of U.S.

dollars.

The advance investment already sunk for the Stage II Project at
the time of construction of the Stage I, shall not be counted

in the construction cost of the Stage II Project.

The cost of rehabilitation of Caliraya Dam shall be added to
the totai construction cost of the Stage II Project according
to the request of NAPOCOR, but this rehabilitation cost shall
not be included in the study of economic feasibility of the

- Stage II Project.

1+3 Field Investigation Tasks and List of Participating Personnel

1.3.1

Field Investigation Tasks

The_Miésion studied the following items, in addition to the {items

1iéﬁed.in Paragraph 1;2;2 of this chapter, when it conducted the

field sﬁrvey in January and March of this year.

(1) Survey on conditions of the existing facilitles

-{2) Survey on load dispatching operations



1.3.2

1.3'3

{3) Survey on operating performance of the power plant.

(4) Geologlcal survey at Project sité and its suvrounding areas.
{5) Guidance of boring works

(6) Study of materiais related to seismic desigﬁ

(7) TInvestigation oun under-water portions of intake facility by

divers
(8) Survey on candidate quarries for aggrigates
(9) Survey on unleading facilities and transportation routes

(10) Meetings and discussions with organizations concerned to

environmental regulations
(11) Meetings and discusslons on blasting tests

(12) Water quality survey by collecting water of Laguna de Bay

Investigation Itinerary

‘The itinerary of field investigation is preseated 1n Table 1-1

through Table 1-4.

List of Participating Personnel

The following engineers were directly engaged in the Study of this

time.
{1) MNAPOCOR

Mr., Marciano C. Avendano - Vice—?res;dent, Engineering

Mr, Panche €. Dino Manager, Hydro Power Eng. Dept.
Mr. Rodolfo C. Dela Cruz - Manager, HyddePlaﬁning'Div. HPED
Mr. Reynoldo I. Evangelista - Managér, Hydfo.Design Div., HPED

Mr. Edgar C. Portante - Luzon Grid Manager, SPD

{

Manager, Geology & Geotec. Div. TRSD
PE A, Hydro Planning Div. HPED

Mr. R, M. Pulanco

Ms. P, L. Lopez



{2)

HMr.
Mr.
Mr.
Ms.
Ms.
Mr.
Mre.

Petronilo Pana
Andy B. Arvesu
Franciseo A. San Pablo
Ma.
Nilda P. Santlago

Juliet E., Herrara

Bienvenido Babilonia
Rolando B. Dugeno

Mr. G. €. Quejada
Mr. D. V.
Mr. B, Balugo
Mr., H., B. Alba
Ms. Humbelina M.

JICA Mission

Morihiro Sato
Katsue Iino
Kazuo Kaneko

G. Stevanella
Razuhiko Fushimi

Miyoshi Kishida

Tadahisa Udo
Taketoshi Murata
Akio Suzuki
Ryouji Sugawara
Kazuhlko Watanabe
G. A,
Tetsuyé Fukuda

Crema

Politico

PE 1L, Geology and Geotech. Div. TRSP
PE 11, Hydro Design Div. HPED
PE 11, Hydro Planuing biv. HPED
Project Economist, UPED
Supervising Engineer, HPED
Principal Engineer A, TPED
Corplan Specialist, SPD
Supervising Engineer, UPED
Senlor Engineer, HPED
Senior Geologist, TRSD

ERSD
Chief, Phys—~Chemi, Envi. Sec. EMD

Migsion Leader

Hydrology; Planning

Civil Facllities Design
Civil Facilities Design
Construction Work Planning

Geology

.Geology

Geology

Power System Planaing
Electric Facllities
Electric Facilities
Environuent

Economy and Finance



Table 1~1 JICA Mission Schedule (Preliminary Investigatiom)
Jan. 17 - Feb. 6, 1990
DATE SCHEDULE CONTENTS - AT
Jan 17 (Wed) | Tokyo-Manila | BY PR431 Lv 13:15 Ar 16:50
18 (Thu) | Meeting Discussion on QUESTIONNAIRE NAPOCOR
19 (¥ri) | Mecting Discussion on QUESTIONNATIRE and NAPOCOR
Field Survey
20 (Sat) | Field Survey | Realization of the outline of the Kalayaan
site condition
21 (Sun): Collection of the materials for Hotel
Field Survey
22 (Mon) | Meeting Discussion ON INCEPTION REPORT NAPOCOR
Collection of Data
23 (Tue) | Field Survey | See INCEPTION REPORT 4.1 (3) Kalayaan
24 (Ved) Field Survey
25 (Thu)
Additionary, Execution of simple
environmental investigation
(Water quality investigation)
26 (Fri) | Meeting Discussion on Field Survey NAPOCOR
Collection of Data
27 (Sat) | Desk Work Arrangement of collected data Hotel
28 (Sum) Arrangemént of collected data “Hotel
29 (Mon) | Meeting Discussion of development plan NAPOCOR
30 (Tue) Collection of Data
31 (Wed) | Meeting and Disciussion of Detalled inves- NAPOCOR
Feb 1 (Thu) | Field Survey | tigation, Field Survey &
¥r. Kaneko, Mr. Risida and Xalayaan
Mr, Stevanella go to Field Survey
2 (Fri) | Meeting Discussion on Detalled Iinves- NAPOCOR
tigation and Feasibility Design
Collection of data
3 (Thu) | Desk Work Arrangement of collected data Hotel
Drawing of meeting document
4 (Sun) Arrangement of collected data Hotel
Drawing of meeting document
5 (Mon) | Meeting Discussion of pending problems NAPOCOR
6 (Tue) | Manila~Tokyo | BY PR432 Lv 14:25 Ar 19:15




Table 1-2 JICA Mission Schedule (Submission of Interim Report)
Mar. 22 - Mar., 30, 1990

DATE SCHEDULE CONTENTS AT
Mar 22 (Thu) | Tokyo-Manila | By JL 741 Lv 10:00, Ar 13:30
Meeting with JICA Phil. Office
23 (Fri) | Meeting Discussion on Interim Report with EQJ
Embassy of Japan
Discussion on Interim Report NAPOCOR
24 (Sat) | Site Visiting | Field Investigation, Collection Kalayaan
: of Data
25 (8Sun) | Preparation Preparation of Discussion Hotel
26 (Mon) Meeting Discussion on Interim Report NAPCCOR
Site Visiting | Collection Data Kalayaan
27 (Tue) | Meeting Discussion on Interim Report NAPOCOR
28 (Hed) | Meeting Discussion on Interim Reporct NAPOCOR
29 (Thu) | Meeting 1 Report to JICA and EOJ on results JICA, EQJ
of Discussion W/NPC
(Fri) Manila-Tokyo

30

By JL 742 Lv 14:50, Ar 19:50




Table 1~3 JICA Migsion Schedule (Submission of praft Final Report)
Aug. 25 - Sep. 8, 1990
DATE SCHEDULE CONTENTS AT
Aug 25 (Sat) | Tokyo-Manila | By PR 431 Lv 10:15, Ar 13:30
26 (Sun) | Visiting Site Visiting Kalayaan
27 (Mon) | Meeting Submission and Txplanation of JICA
. Draft :
Final Report to JICA and NAPOCOR  NAPOCOR
28 (Tue) Meeting Explanation on Bréft Final Repqrt-rﬁAPOEOR
29 (Wed) | Meeting Explanation on Draft Final Report WNAPOCOR,
EQJ
30 (Tue) Meeting Explanation on Draft Final Report. NAPOCOR
31 (Fri) | Meeting Explanation on Draft Final Report - NAPQCOR
Sep 1 (Sat) | Preparation | Preparation for Discussion Hotel
2 {Sun) | Preparation Preparation for Discussion Hotel
3 (Mon) | Meeting Discussion on Draft Final Réport NAPOCOR
4 (Tue) | Meeting Discuséibn on Draft.Finél Repﬁrt. NAPOCOR
5 {Wed) | Meeting Discussion on Draft Final Report NAPOCOR
6 (Thu) | Meeting Discussion on Draft Final Report  NAPOCOR
7 (¥ri) | Meeting Internal Meating Hotel
8 (Sat) | Manila~Tokyo | By PR 432 Lv 14:25, Ar 19:15
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Table [~4 JICA Mission Schedule (Blasting Test)

Aug. 25 - Sep. l4, 1990

DATE SCHEDULE CONTENTS AT
Aug 25 (SBat) | Tokyo-Manila | By PR 431 Lv 10:15, Ar 13:30
26 (Sun) | Preparation Site Visiting Kalayaan
27 (Mon} | Meeting Explanation of Blasting Test JICA
to JICA
Explanation of Blasting Test, NAPOCOR
Discussion of Test Schedule
28 (Tue) | Meeting Preparation NAPOCOR
29 (Wed) | Preparation Preparation Kalayaan
3¢ (Thu) | Preparation Excavation Kalayaan
31 (Fri) | Preparation Excavation Ralayaan
Sep 1 (Sat) | Preparation Installation of Meaéuring Devices Kalayaan
2 (Sun) | Preparation Installation of Measuring Davices Kalayaan
3 (Mon) | Meeting Discussion of Test Schedule NAPOCOR
4 (Tue) | Preparation Prilling Kalayaan
5 (Wed) | Meeting Discussion of Test Schedule NAPOCOR
6 (Thu) | Preparation Drilling Kalayaan
7 (Fri) | Preparation Prilling Kalayaan
8 (Sat) | Test Test (Case I & J) Kalayaan
9 (Sun) | Test Blasting Test (Case A,B,E,F) Kalayaan
10 (Mon) | Meeting Report to JICA on Test JICA
Report to NAPOCOR on Test & NAPOGCOR
Discussion of Test Schedule
i1 (Tue) Preparation Transportation of CCR Manila
12 (Wed) | Preparation Preparation for Transportation falayaan
of Testing Equipments
‘13 (Thu) Meeting Report to JICA on Test JICA
Report to NAPOCOR on Test NAPOCOR
14 (Fri) | Mantla-Tokyo | By PR 432 Lv 14:20, Ar 19:15

1-11
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2.1

Chapter 2 General Description of the Republic of the Philippines

General Description

(1) Land

The-Républic of the Philippines is constituted by 7107 islands
#hich_are scattered over 1,851 km from north to south to the
southeast of Asian continent and to the northeast of Malaysian
Islands. In spite of the large number of islands, 96%Z of the
total national land area, which is 299,000 km? are made up of the
eleven largest islands, which are Luzon, Mindoro, Samar, Leyte,

Cebu, Masbate, Bohol, NWegros, Panay, Palawan and Mindanao. The

‘total national population is approximately 58 miliions, of which

about 8 millions people inhabit in Metro Manila.

(2) Meteorology

The Philippines have tropical climate. The annual average tem-
perature ‘is 27.5°C, and temperature changes relatively little
throughout the year, with the monthly average temperature being a
little higher than the annual average, or approximately 29°C, in

Aprilt and May.

In Luzon Island, the rainy season 18 experienced from June to
October, and the dry season from November to May. 1In certain

other islands, there is no distinctive rainy or dry seasons.

"'The temperature, humidity and precipitation of each month in the

Philippines are presented in the table below.



Jan. Feb. Mar,. Apr, May June

Temperature (°C) :
Average 25.7 26.2 27.5 29.0 29,4 28.6

Max i mum 29,5 | 30.2 | 31.8 | 33.1 33.4 1  32.1
Minimum 22,2 1 22.4 | 23.5 | 24.9 25,71  25.3
Humidity (%) 73 69 63 65 69 76
Precipitation (mm} | 13.3 5.4 11,7 | 22.6 | 116.3| 290.4

July Aug. Sept. Oct.. | Nov. - Dec.

Temperatare (°c)

Average 27.9 27.3 ) 27,40 27.6| 27.5| 26.2
Maximum 31.2 30,4 30.6) 31.0] 30.5{ 29.0
Minimum 24,8 24,4 24,4 24.4 23.7 -22.9
Hunmidity (%) 79 82 81 77 76 75

Precipitation (mm) | 394.1 489.4 | 350.7 197.81 130,13} 65.5

2.2 Current Status of National Economy

The national economic activity of the Philippines declined through
1984 and 1985, with her GNP exhibiting negative.growtﬁ fates of ~7.1%
and -4.1% respectively., However, as the interest rate became stabi-
lized, domestic demands such as éonSumption'expenditure and investment
in the private sector grew in 1986, 1987 and 1988, with GNP recovering
rapidly with growth rates of 1.9, 5.9 and 6.7%, respectively.

From viewpoint of Philippine economic structure in terms of the gross
domestic products (GDP), the service sector accounts for 44% of GDP,
followed by 39% of induétrial sector, and 23% of agriculfural,
forestry and fishing sector. The international trade balance 1s in
deficit by approximately 1.1 billion U.S, dollars as of 1988. Export
commodities are mainly agricultural products, such és coconmiits, banana

and timber,

Import of capital goods from the U.S. accounts for a large weight in

the total import, and the burden of payment on oil import 1s still



heavy. Reimbursing the accumulated 1liabilities in international trade

ig the important subject in promoting econemic growth.

The ratio of external debt outstanding to GNP once wmarked 95% 1in 1986,
and exceeds 80% even today. The ratio of external debt service to the
export of goodé and services (TDS/XGS) was 35.47% in 1987, and 33.7% in
1988, which can be termed a grim situation.

In recent years, the economy of the Philippines started to recover
rapidly, and seems to malntain high economic growth. However, the
actual situation can not be considered too optimistically due to the
accumulating external debts and shortage of foreign currency reserves

which are needed for economic growth.

Current Status of Philippine Economy

1985 1986 1987 19838

Real GNP Growth Rate 4,1

1.9 5.9 6.7
Consumer Price Inflation Rate 23.1 0.8 3.8 8.8
Balance of Current Account/GNP -0,3 3.3 ~-1,6 -1.1
Export /GNP _ 25.4 24.7 26.8 29.4
Foreign Reserves including Gold¥ 10.9 [ 26.1 23.1 -
External Debt Outstanding/GNP 81,9 | 95.0 86.5 -

*unit: USS x 108

The Medium-Term Economlic Plan (1989 to 1992) of the Philippine
.éovernment hés been formulated In consultation with IMF under such a
.economic sltuation. In this new Medium-Term Economic Plan, it is
attempted to maintain a relatively high annual growth rate of 6.5% by
means of a pblicy combining with aggreSsive governmental finance, pro-

motion of privatization, and intensifiled taxation.



Qutline of Medium~Term Economic Plan of Government (1989 .- 1992)

(1} Economic Development Target: FElimination of poverty, creation of

‘enployment, realization of social

equlty.

(2) Basic Task: _ Attaining continued economic

growth.

(3). Main Targets in Socio-Economlc Development

i)

ii)

1ii)

1v)

v)

To attain an average GNP growth rate of 6.5%.

To. increase the ratio of investwent to GNP from 18% in 1988
to 24.5% in 1992,

In partieular, to increase the ratio of government investment

to GNP from 3% in 1988 to over 5.5% in 1991 - 1992,

This will create a shortage of funds of 3 billion USS during
the period from 1989 to 1992. To deal with this, new_lbans
will be secured from foreign commercial banks and the" Paris
Club (Public Debtors' Council) will be requested to resche-

dule loans again.

The tax revenue of the gove rnment is to be secured by the new
taxation system introduced in 1988 which features a value-
added tax, and at the same time streamlines government struc-
tures, This will ‘reduce the current governmental

expenditures of 13.9% in 1988 to 12% by 1992,
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Major Targets in Medium-Term Teonomic Plan of Philippines
(1989 -- 1992)

{in %)
1987 1988 1989 1980 1991 | 1992

GNP Growth Rate 5.9 6.7 6.5 6.5 6.5 6.5

Consumer Price 3.8 3.8 8.0 6-7 56 5-6
Inflation Rate

Public Investment/GNP 3.6 3.4 4.2 4,7 5.6 5.8

Debt Service Ratio *‘ 35.4 33.7 33.8 32.2 31.0 29.4

* Debt Service Ratio (TDS/XGS): Total debt service relative to
: export of goods and services.

Economy and Blectric Power Indices

(1) FEconomic conditions in the Philippines have recovered rapidly
since 1987, and the GDP growth rate of 1988 marked a 6.7% growth

‘over the previous year.,

-Generaliy speaking, there is a strong correlation between GDP and
electricity demand. The electricity consumption of 1988 was
22,944 GWh reflecting the growth of GDP, and this was a 9.3%
growth over the previous year. This growing trend of demand will

continue, even if the growth rate may be reduced a little.

Past Trend of Energy Demand

(in 10% xWh)

- 1983 1984 1985 1986 1987 1988 1989

Mindanao Grid | 2,331 | 2,835| 2.,965| 3,040 | 3,272 3,629| 3,863

Philippines 18,682 | 18,666 | 18,757 | 19,263 | 20,995 | 22,944 | 24,076
(7.3 0) 17w 2.7 (2.0 (9.3) ] (4.9)

Luzon Grid 15,294 | 14,655 | 14,449 | 14,756 | 16,030 | 17,439 | 18,215
(6.2Y 1 (~4.2) | (~1.4)] (2.1)] (8.8) ] (8.8)] (4.4)

Visayas Grid 1,057 1 1,177} 1,343} 1,467} 1,693 | 1,876} 1,998
_ (36 )] (11.4) ! (14.1) ) (9.2) | (15.4) | (10.8) | (6.5)

(4.2) | (21.6) | (4.6) | (2.5) ] (7.6) ] (10.9) | (6.4)

Figures in parentheses are growth rates over previous years (%).



Past Trend of Maximum Powar Demand

{in MW}

1983 1984 1985 1986 1987 1988 1989

Luzon 2,478 92,374 2,311] 2,435} 2,582 2,780| 2,938
Visayas 229 242 256 284 307 333 | 350

Mindanao 410 433 470 484 233 571 617

(648) } (~6.2) [ (=2.7) ) (5.4) | (6.4) 1.3 (5.1

Gl 1 (5.7) | (5.8) | (10.9) | (8.1) (3.5) (6:1)

(5.9 (5.6)| (8.5)1 (3.0 | ¢ro.13{ C7.1) | (8.1)

(2)

Figures in parentheses are growth rates over previous years (%).

The total installed generating capacity of the Philippines was
5,782.4 MW as of 1988 (composed of 40.9% oil~fired thermals,
15.4% geothermals, 7.0% coal fired thermals, and 36.7%
hydroelectric). However, unavaiiability of thermal power
generating facilities due to aging, fatlure and
repair/inspection, and the reduced generation of hydroelectric
plants due to reduced resevrvoir water level credted periodical

power supply failures in power systems of Luzon Island.

In particular, the power supply capablliity to Metro Manila is in
severe shortage this year, due to reduced hydroelectric output
caused by the dry weather of last yeér and concurrent fallure of
thermal power plants, Since late April, shortage is so serious
that large consumers iﬁ this area are requested to shut down
their operations on Mbndays, in'addifion to Satﬁrdé&s énd Sundays

until the wet season arrives in June.

The Government of the Philippiens ordered NAPOCOR to make effi-

cient use of domestic energy resources except imported oil.

Althbugh_'the decision to mothball of nuclear power plant
construction by Aquino Administration in 1986 was based on saféty
and political considerations, this became onerdf the big causes
of power supply shortage as demand gréw'rapidly."ln order to

deal with such power shortage, NAPOCOR is peing forced to install

600 MW gas turhine plants as an emergency measurea



(3)

However, gas turbine plants are not favorable in generating eco-

nomy. Considering the current situation, it would be indispen-

sable to promptly promote the development of coal-fired thermal

power plaants, ‘hydroelectric power plants 1including pumped

storage, and geothermal power plants.

The policy and strategy of electric power development in the

Philippines are as described below.

1)

i1)

i11)

iv)

V)

vi)

vii)

Completion of each project within the scheduled construction

period.

Implementation of rehabilitatlon programs for existing oll-
fired thermal powsr plants in order to reinforce generating

capacities and improve supply reliability.

Reviews and adjustments designed to improve the efficlency of

energy utilization at various stages and facets.
(a) Improvement of plant factor and load factor.

(b} Reduction of facility investment cost and suppression of

generating cost.
Implementing energy conservation prograums.

Rationalization and lmprovemsnt of power system operation for

reduction of power transmission loss.

Inviting private industries into power development investment

by BOT scheme and curtailment of public investment.

Aggessment of environmental protection measures and their
implementation in relatiom with all types of energy develop-—

ment programs.
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Chapter 3 Current Structure of Electric Utility

3.1 Structure of Hlectric Fower Sector
3.1.1 Government and Goverumental Organizations Concerned

In 1987, Aquino Admianlstration abolished the Department of Energy,
and reformed governmental organications related to enargy. The
jurisdiction of the Department of Energy has been transferred to the

Office of Erergy Affairs (OEA) and the Tnergy Regulatory Board
(ERB). Establishment of OEA was implemented based on the Executive

Order No. 195, OFEA is in charge of formulation of energy policies
and plans, and general coordination. The organizational chart is

given in Fig. 3-1.

President

Office of the President

NEA PNOGC NAPOCOR OEA ERB NEDA
(EO 131/192) : (EO 195) {EO 172)

Note: NEA : National Electrification Administration
PNOC : Philippine National 011l Company
QEA ¢ Office of Energy Affairs
NEDA : HNaticnal Economic and Development Authority

The NEDA co-ordinates energy policies and energy-related
projects from the point of view of the Philippine economy
as a whele,

Fig. 3~1 Government Organization Responsible for'Energy

3.1.2 Electric Utility of the Philippines

The eleﬁtric-utiliﬁy=of_the Philippines 1is operated by both public
-and private sector orgaﬁizations. In the public sector, the
National. Power Corporation (NAPOCOR) surveys and develops all
electric power resources, -including such indigenous resources as

geothermal and hydroelectrie, and supplies electric power, which is



generated by hydroelectric and thermal power plants developed by

NAPOCOR, through its nation-wide transmission networks to electric

cooperatives, Manila Electric Company, etc. In the private sector,

Manila Electric Company (MERALCO) supplies power to Metro Manila.

The power supply In remote areas where NAPOCOR has no transmission

system is carried out by electric cooperatives.

(1

(2)

NAPOCOR

NAPOCOR was established in 1936 under full governmental sub~—
sidization with the objective of operating an electric ﬁtility
using hydroelectric powef and other natﬁral resources. This
was based on Commonwealth Act No. 120 of 1935, In 1972, the
scope of business of NAPOCOR was ekpanded aécording to the NPC
Chérter and Presidential Decree 40, and toda},, NAPOCOR is
engaged in all surveys and development of power resources,
construction and operation of transmission networks, and supply
of power to_electric cooperatives all over the country, Manila
Electric Company, and other corporations in accordance with the

econonic and social development policy of the natiom.

All deliberations and decisions of utility policies of NAPOCOR
is done by thie Board. The board members are assigned by the
President of the country. The organization chart of NAPOCOR 1s
given in Fig. 3-2. o

The total capacity of the generating facilities owned by
NAPOCOR as of the end of 1988 was 5;782'MW, with the number of

employees 11,294 persons.
Manila Electrie Company (HERALCO)

Manila Electric Company was founded in 1919 by merging three
companies, Manila FElectric Rallroad & Lighting Co., Manila
Suburban Railway Co., and La Electricista. Later, a bus
transport division was §eparatéd, segregated, ‘and the part of
the company related the to electric utility was gradually
expanded as the power demand increased. ~All - stocks of Manila
Electriec Company were held by an' U.S. holding company'naméd
General Public Utilities Corporation, but they were bought by
MERALCO Securities Corp. 1in 1962.
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Therefore, MERALCC 1is engaged in the distribution of power,
purchased wholesale from WAPOCOR, to Manila City and 1its
surrounding area, which covers 8,813 km? (approximately 3% of
the national land area). According to the record for in 1986,
NAPOCOR supplied 10,260 GWh of electricity to MERALCO, and this
corresponded to S58% of the total wholesale power of NAPOCOR
which was 17,645 Gih.

{3) National Fleectrification Administration and Electric

Cooperatives

In the Philippines, rural electrification has been one of the
importaant government policies, and the National Electrification
Administration (NEA) was established in 1969 for promotion of
rural electrification. ~ NEA arranges financing, prepares
bidding documents and purchases equipment/materials for rural
electrification, and the distribution facilities thereby
completed are sold to eleciric cooperatives. Therefore, NEA
does not possess power facilities of 1its own, but organizes
nation-wide electric cooperatives, and promotes rural electri-

fication through these cooperatives.

Up td the present time 118 electric cooperatives have been
established In 73 states and 2 substates of the nation. The
electric cooperatives distribute power, which is supplied by
NAPOCOR, to consumers in their territories.

Power Supply Facilities

'The compositions of power supply facilities of Luzon, Visayas and

Mindanao regions, as of 1989, are illustrated 1in TFig. 3-3. The

outline (installed capacity, commissioning date) of each power plant

‘in Luzon Island is glven in Table 3-1.

'Approximately one half of capacity of oil-fired thermal power plants,

which account for 453% of the total installed capacity of the Luzon
Grid, is- almost 20 vears old, and these facilities ﬁay not be operaﬁed
at full power due to aging, - It is being planned to rehabilitate these
aged. thermal power plants during the perio& from . 1990 to 1992,
starting with the Sucat No. 1 Unit.

3 -3



3.3 Power Demand and Supply

3.4

The total installed ecapacity of the Luzon Grid as of 1989 was 4,322
MW. The peak demand (at generation end) was 2,938 MW, and there was
ostensibly sufficient supply capability.

In reallty, however, 4l blackouts and 97.GWh of power su?ply shbrtége
occurred in the entire Philippines in 1989 (Table 3-2). Tt can be
surnised that the major reasons for this situation were frequent
natural hazards such as typhoons, and. the low reliability of aged
thermal power plants. It 1s expected that the power supply shortage
in 1990 will be severer because of reduced hydroelectric ouktput due to

less raln in the year,

NAPOCOR is planuning to introduce gas turbine plénts and repair the old

thermal power plants to tentatively deal with this situation.

Table 3-2 Energy Deficiency in the Philippines

B Humber of B .
Year Blackouts Durat#on . ENS
1988 12 64 hrs. 5.5 GWh
1989 41 7 438 hrs, YN GWh

% ENS: Energy Not Served

Classification of Energy Generatlon by Fuel

In Fig. 3~-3, the ratios of installed generating capacities and the
amounts of energy generated in Lﬁzon, Visayas and Mindanao'fegiohs are

presented.

The Mindanao reglon is almost self sufficient with energy supplied by
hydroelectric power plants, and Lt is noted that dependence on oil is

outstaﬁdiﬁg in the Luzon Grid.

With the objective of improving self—sufficieﬁcy- in -energy of the
Luzon Grid, 1t is being planned to develop hydroelectric power. in the

northern area of Luzon Ifsland, and utilize -the hydroelectric and
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geothermal power developed 1n the southern areas by means of

a Luzon-Visayas-Mindanao interconnection,

Patterns and Characteristics of Power Consumptilon
A typical weekday load cycle of Luzon Island is presented in Fig. 3-4.

The.total demand pattern is strongly influenced by the urban type pat-
terﬁ of loads in Manila Clty and i{ts surrounding areas, which account
for.7OZ of the total demand of Tuzon. The total load curve pattern is
composed of this urban pattern and the flat load curve of rural area,

plus the pumping load of pumped storage plants.

On weekdays, there are three peaks on the daily load curve, occurring
at 11 Aelle 2 p.ms and 7 to 8 pe.m., with the highest peak occurring in
the evening. This peak is caused by the lighting load peak dIn rural

areas superimposed on the urban loads.

These characteristics of daily load curve are analyzed and presented
in Table 3-3. Speaking of the annual load factor, the load factor of
71.5% in 1988 was reduced a little in 1989 to 70.8%.

Table 3-3 Daily Load Characteristics in 1988 and 1989

Weekday Saturday Sunday
Load Factor * 82.6% 81.9% 78.7%
Off Peak Rate 64.0% 65.0% 68.6%

* Without pumping.

#



Table 3-1

{a) Pondage Hydro

Existing Power Plants in

Luzon grid (as of Dec. 1989)

Unit Unit Firm Comam. Year
Plant Name Capacity _ CQut put . of
No (M) (M Year Retirement
1. Caliraya 1 8. 00 15 10,745 1992
2 8. 00 : 11,745 . 1892
3 8. 00 10,747 1997
4§ 8.00 C 2,957 2000
2. Ambuklao 1 25.00 35 |12/56] 2006
2 25. 00 12,756 2006
3 25. 00 9,57 2007
3. Binga 1 25, 00 19 1.7 60 2010
pA 25,00 1./ 60 © 2010
3 25. 00 3,60 . 2010
4 25. 00 3/f60 _ 2010
4. Angat (main) 1 50. 00 10,767 2017
2 50. 00 10767 2017 -
3 50. 00 8.768 2018
4 50. 00 total 8./68 - 2018
142 o
5 Angal {aux.) 1 6. 00 7767 2017
2 6. 00 7767 2017
3 §. 00 10778 2028
4 10. 60 5/ 86 2036
6. Pantabangan 1 50. 00 26 4777 2027
2 50. 00 5717 2027
7. Magail 1 90. 00 184 8783 | 2033
2 90. 00 9,783 . 2033
3 90. 00 11783 2032
4 90. 00 8.7 84 2034
Sub-total 895 478 —_
(b} Pumped Hydro
Unit Unit Firm Comm. Year
Piant Name Capacily fut put of
No. (M) CO(ME Year Retirement
1. Kalayaan 1 150. 00 - 300 5./ 82 2032
2 150.00 8,782 2032
Sub-total 300 300 —_—




© Run-of-River Hydro

Unit Unit Firm Comm, Year
Plant Name Capacity Dut put of
: No. (M) (M) Year Retirement
1. Botocan 1 8. 00 0 1946 1988
2 3.00 1948 1998
3 G. 96 1945 1995
2. Buhi-Barit 1 1.80 0 9./57 2007
3. (awayan 1 0. 40 0 10759 2009
4, Yasiway 1 12. 00 0 12780 2030
Sub-total 31.2 0 ——
" {d) 0il Thermal
Unit Hnit Hinimum Comm, Year
Plant Name ol
: : Ne. Capacity flut put Year Retireaent
I. Manila 1 106. 00 30.0 9./65 1985
P 100. 00 30.0 10763 1995
2. Sucat 1&2 1 150, 00 50.0 | 10768 1998
{faroner) 2 200. 00 120.0 1./70 2000
Sucat 3&4 3 200. 00 120.0 /71 2001
{Snyder) 4 360, 00 120. ¢ 9,72 2002
3. Bataan 1 75. 00 50.0 9172 2002
2 120, 00 80.0 2717 2007
4, Matava 1 309. 00 120.0 919 2005
2 350. GO 150. 0 3779 2009
Sub-total 1,952 870. 0 ——
(€} Gas turbine
Unit tnit Dependable | Comm, Year
Piant Hame of
Ne: Cap Jut put Year Retirement
1. Walaya 1 30.0 30. 0 9./ 89 2004
2 30.0 30. 0 3.789 2004
3 30.0 30.0 989 2004
9. Bataan 1 30. 0 30.0 9./ 89 2004
30.0 30.0 9,789 2004
1 30.0 30. 0 9,789 2004
30.0 30.0 889 2004
Sub-total 210 210.0 _




(f) CGeothemal
Lot Bnit Yinimum Comm, Year
Plant Name . Capacity (ut put of
\a (MK) (W) Year Retirement
1, Tiwi 1 55.00 30.0 17179 2009
2 55. 00 30. 0 5179 2609
3 55.00 30.0 1 80 2010
4 55.00 30.0 480 2010
5 55. 00 30.0 12781 2011
6 55. 00 30.0 3 82 2012
1 55. 00 30.0 1./19 2009
2 55.00 30.0 T 19 2009
2. Mak-Ban 3 55. 00 30,0 4780 2010
4 55.00 300 6.7 80 2010
3. Mak-Ban 5 55.00 30.9 1.7 84 2014
B 59, 00 30.0 9./84 - 2014
Sub-totatl 660 460 T
f® Coal fired Thermal
Gnit Pnit . Hinimum Comm, Year
Plant Name Capacitly Qut put of
Yo (M) (W) Year Retirement
I. Calacal 1 3000 230, 0 9,/ 84 2014
Sub-total 300 230 —
GRAND TOTAL (KH) 4,321
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Energy Generation Mix

Year
1989

- PHILIPPINES

LUZON
T100% =18,2156Wh
'HYDRO
| %
1989
VISAYAS
MINDANAQO

HYORO
99.9%

|OO?633863GWh

Installed Cap. Mix
i

Year
1988

HYDRO
37%

100%= 5,7T82MW

1989

1988

100% = 1,07 7MW

Fig. 3-3 1Installed and Energy Generation Mix of the Philippines )
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4!1.1

Chapter 4 Load Projections

Presenk State

The transitlons 1in power demand of the Luzon Grid from 1980 to 1939
are shown in Table 4~l. ' According to this flgure, electric power
demand stagnated at one time due to the political insecurity of 1984,
but since the establlishment of the Aquino Administration in February
1986, there has been a swmooth expansion with an annual growth rate at

the 6 percent level in average.

The breakdown of power demand in the Luzon Grid is 89 percent residen-

tial, 8 percent industrial and 3 perceat other.

NAPOCOR forecasts wedium and long-range enevgy demand using by piling
up scheme acecording to each industrial demand. This time, a load fore-
cast to year 2005 was wade by a macro-scopic technique using the
correlation between GDP and energy demand, and this was compared with
the results obtained by NAPOCOR.

Load Forecast by Macroscopic Hethod

The expression of the local GDP (x) and enmergy sales (y) of Luzon
~Island from 1985 to 1989, when the economy was comparatively stable
according to TFig 4-1, obtained by a primary regression technique is

as follows:
¥ = 0.36624x - 7579.7

where, y: Energy sales of Luzon Grid (GWh)
o %xf Local GDP of Luzon Region (million pesos at 1972 level)

The correlation coefficient in thise case is 0.97844, and it may be

said that a fairly good linear characteristic is indicated.

Load forecasts for the period of 1990 to 2005 were made using this

expression for the two cases below.

(a) Mid Case (GDP growth rate: 6.4%)
(b) Steady Case (GDP growth rate: 5.5%)



bol.2

4.1.3

Tables 4~2 and 4-3 glve the respective forecast results. The dif-
ference between the two as seen from the power demands for the year

2000 is about 1 and a half years.

Load Forecast Results to be Adopted

The load forecast made by NAPOCOR in November 1989 is on the
slightly high side as shown in Table 4-4, and 1is close to the
Mid Case {GDP amnual rate: 6.4%) by the macroscopic method.

However, according to the Medium—-term Economic Qutlook of NEDA
(National Economic and Development Authority), the dominant view is
that growth at 6 percent will be difficult to achleve for some time
to come. Further, taking the actual performance of 1989 which was
slightly poorer than originally forecast Lnto consideration, 1£ was
decided to adopt the results of the Steady Caee (GDP annual rate:
5.5%) which is more realistic. - -

Future Load Characteristics

Congsidering the substantial latent peak loads which' is currently
existing, as described in Section 3.5 of Chapter 3, it has been pre-
dicted that the difference between the’ peak and off-peak demands
will expand in future and this tendency 1ls added to the current load

characteristics, thereby reducing the future load factor.'

$pecifically, it has been projected that the average annual load
factor for the period from 1990 to 2000 will b€”7dz, and the daily
ioad factor has been projected as illustrated_in Table 4-5, and the
daily load curve as given in Fig. 3«3 in Chapter 8. These.projected
characteristics were taken into account in studying the operating

pattern of pumped storage power plant.



Table 4-5 Future Daily Load Characteristics

(%)

Weekday = Saturday Sunday
ﬁaily Load Factor 82 _ 81 78
0ff Peak Rate 60 63 65

4.2 Electric Power Development Program

4.3

As described in Table 3-1, the oil-fired thermal power plants account
for 45% of the total installed generating capacity in Luzon Grid of
4,320 MU,

With the policy of energy self-sufficiency, the Governument of the
Phiiippinés is exerecising efforts for development of indigenous'energy
resources such as hydroelectric powef and geothermal power. Speaking
of hydroeléctrié power, there is a potential vesources of 4,000 to
5,000 MW in Luzon Island only, and it is being planned to develop
Casecnan (268 MW) in 1late 1990s and San Roque (390 MW) in early 2000s,
As the geothermal power can have steady output throughout the year, in
contrast to hydvoelectric power, fheir development plans are actively

being studied, with emphasis on the resources in the southera Luzon

- Island and Leyte Island.

An Electric Power Development Plan for the period from 1990 to 2000
has been formulated based on the Power Development Program of NAPOCOR,

as presented in Table 4-6.

In this plan, the Power Development Program after 1996 has been
modified in such a manner that the demand of each year can be met even
if aged thermal power plants are retired and gas turbine plant output

is reduced.

Demand and Supply Balance - .

The peak demand of the Luzon Grid in 1989 was 2,938 MW, and seen
simply in terms of installed capacity, there was a reserve capaclty of

47 percent. - Despite this, however, in reality, there was a con-



slderable shortage In supply due to decline In output of thermal power

ptants, forced outage, droughts, etc.

NAPOCOR, in setting up long-term electric power development plans, has
empioyed a programming technigque éalled WIGPLAN and has planned power
development in a manner to satisfy a given degree of suﬁply reliabi~
lity (LOLP: 1-3 day/yr). According to the results of the recent study
using WIGPLAN, it is estimated that goal of supply reliability will be
achieved after Tongonan geothermal resources are further developed in
1995, In this chapter; studies are made from both the aspects of
annual energy balance and power balance of peak days seen from reserve
supply capability and considering performances such as forced outage

of power sources.
{1) Power Balance

Peak demands on Luzon System are scen around May and November.
Here, the daily kW peak balance of a weekday in May thch is
close to the dry season for hydro.is coﬂsidered. The output con-—
ditions for the various types of generating facilities ére as

given below.
a) Coal, Oil;'Geothermal

Repair works are not to be made during peak months. - It 1s
hypothesized that there is outage of the maximum unit (Malaya
2G, 350 MW) due to faulting. '

{Dependable Qutput)

Coal, geothermal: 95% of rated capacity
011 : 60% of rated capacity

{Retiring Scheduie)

Manila 100 MW x 2- retirement 1995
Saucat 1 G, 150 MW retirement 1998
Sucat 2 G, 200 MW retirement 2000

Gas turbines are hurried substitutes to . £ill the wvoid

resulting from mothball on a nuclear power plant, and since



it is expected there will be early deterioration due to a
high rate of operation, it was considered that output would
decline to one half in 5 yeérs with retirement to be in 10

yaars.
b) 1Uydro
(Firm Output)

Based on past performance in operation, the firm outputs were

set as follows,

Firm Qutputs of Hydro Power Stations

(Unit: MWD

Power Plant { Magat | Ambuklao| Binga Angat ‘Caliraya Casecnan

Firm Output | 180 36 79 142 15 94%

Power Plant [ Pantaban Botocan | Masiway | Kalayaan  Total

Firm OQutput 26 0 0 300 B72

* agsumed value
- {Retiring Schedule)

Botocan 3G 0.96 MW 1995
- Botoecan - 1G, 26 2 x 8 MW 1998
Caliraya 1G, 2G 2 x 8 MW 1992
Caliraya 3G 1 x 8 MW 1997
Caliraya 4G 1 x 8 MW 2000

{(2) Energy Balance

The plant factors of the various types of power plants were set
as given below, based on which annual energy production amounts

were determined.

Oil~fired thermal t 50%
Coal—-fired thermal, geothermal : 75%
Gas turbine :t 10%
Pumped Storage’ v 15%



(3)

25%
Run—of-river type hydro ¢ 207

Reservolr type hydro

it was considered that forced outages of thermal units would not

affect the annual energy balance.
Reaults of Study

As shown in Table 4-7 and Figs. 4-3 and 4-4, there will be a éonn
dition of both peak and energy supﬁly capébility being short for
the time being, and this is seen in the present situation of fre-

quent supply shortages.

The kW peak balance will be recovered once in 1993 with com-
missioning of the Coal 3 Power Plant, but true recovery Including

energy balance will not be achieved uﬁ;il after 1997.

Particularly, in the latter half of the 1990s, the peak supply
capability will decline with éging-of gas turbines commissibnéd
in the period from 1989 to 1992, but on the other hand,.it will
be a period when pumping—uﬁ power sources will be created through
development of large—scale coal-fired thermal plants.
Accordingly, it is judged that the latter half of the 1990s wili

be a favorable time for the Stage II Project.

The concrete timing of commissioning of the Stage II Project and

the scale of development will be discussad in Chapter 8.



Table 4=1 Trend of Power Demand and GDP in Luzon Grid

o _lopp il e Demand_(Gth) Loss+St.s | Peak Pow. | Annual Demand
| Year at 1972 | Sales Lev | Gen. Lev. | Load (%) in (MW) LE (%) Rate (%)
1980 59,306 - 12,164 13,126 7.9 2,074.0 72.2 -
| 1981 61,896 | 12,690 13,647 7.5 2,225.0 70.0 4.0
1982 63,272 13,125 14,199 8.2 2,364.0 68.6 4.0
1933 64,558 13,908 15,312 10.1 2,478.0 70.5 7.8
1984 60,021" 13,245 14,143 6.8 2,374.0 68.0 -7.6
1985 57,328 13,135 14,449 10.0 2,311.0 71.4 2.2
1986 57,730 - 13,461 14,756 9.6 2,435.0 £69.2 2.1
1987 60,001 14,720 16,030 8.9 2,592.0 70.6 8.6
1988 | 63,576 | 16,078 | 17,439 8.5 2,776.0 71.7 3.8
1989 67,301 16,788 18,215 8.5 2,938.0 70.8 L
Table 4~2 Demand Forecast in Luzon Grid (Mid—case GDP: 6.4%)

Year GDP HMil P Demand_(GWh) Loss+St.s | Peak Pow. Annual Demand

ar 1972 | Sales Lev | Gen. Lev. | Load (%) in (MW LE (%) Rate (%)
1989 67,391 16,788 18,215 8.5 2,938.0 70.8 -
1990 | 71,704 18,681 20,269 . 8.5 3,305.5 70.0 11.3
1991 | 76,293 20,362 22,093 8.5 3,602.8 70.0 9.0
1992 81,176~ 22,150 24,033 8.5 3,919.3 70.0 8.8
1993 86,371 24,053 26,097 8.5 4,255.9 70.0 8.6
1994 | 91,899 26,077 | 28,294 8.5 4,614.1 70.0 8.4
1995 97,780 28,231 -30,631 8.5 4,995.3 70.0 8.3
1996 104,038 30,523 33,118 8.5 5,400.8 70.0 8.1
1997 110,697 | 32,962 35,764 8.5 5,832.3 70.0 8.0
1998 | 117,781 | 35,557 [ 38,579 8.5 | 6,291.4 70.0 7.9
1999 125,319 | 38,317 C 41,574 8.5 T 6,779.9 70.0 7.8
2000{ 133,340 | 41,255 44,761 8.5 7,299.6 70.0 7.7
2001 | 141,874 | 44,380 48,152 8.5 7,852.6 70.0 7.6
20021 150,953 47,705 1 51,760 - 8.5 8,441.0 70.0 7.5
2003} 160,514 | 51,244 | - 55,599 8.5 9,067.1 70.0 7.4
] 2004} 170,894 | 55,008 | 59,684 8.5 9,733.2 70.0 7.3
2005 181,831 | 59,014 _"64,030 8.5 10,442.0 70.0 7.3




Table 4=3 Demand Forecast in Luzoun Grid (Steady case GDP: 5.5%)

Demand {GWh)

Vear GDP Mil P Loss+8t.s | Peak Pow. Annual. Demand
at 1972 | Sales Lev | Gen. Lev, | Load (%) in (MW) LEf (%) .| Rate (%)
1989 67,391 16,788 18,215 -~ 8.5 2,938.0 70.8 -
1990 71,098 18,460 20,029 8.5 3,266.3. 70.0 10.0
1991 75,008 19,892 21,583 8.5 3,519.7. 70.0 7.8
1992 79,133 21,402 23,221 8.5 3,786,9 70.0 7.6
1993 83,486 22,997 24,952 8.5 4,069.1 70.0 7.5
1994 88,077 24,678 26,776 8.5 4,366,5 70.0 7.3
1995 92,922 26,452 28,700 8.5 4,680,4 70.0 7.2
1996 98,032 28,324 30,732 8.5 5,011,7 70.0 7.1
1997 | 103,424 30,299 32,874 8.5 5,361.1 70.0 7.0
1998 | 109,112 32,382 35,134 8.5 5,729.,7 70.0 6.9
1999 | 115,114 . 34,580 37,519 8.5 6,118.6 70.0 6.8
2000 ] 121,445 36,899 40,035 8.5 6,528.9 70.0 6.7
2001 { 128,124 39,345 42,689 8.5 6,961.7 70.0 6.6
2002 135,171 | 41,926 45,490 8.5 7,418,4 70.0 6.6
2003 | 142,606 44,649 48,444 8.5 7,900.2 70.0 6.5
20046 1 150,449 47,521 51,560 B.5 . 8,408.4 70.0 6.4
2005 | 158,724 50,552 54,849 8.5 8,944.7 70,0 6.4

Table 4~4 Demand Forecast by NAPOCOR (PDP Nov. 1989)

Year - Demand (GWh) Peak Pow, Annual
_ Sales Lev. Gen. Level - Q) 5l LE (%)
1989 17,317 18,782 2,978 72.0
1990 © 18,733 20,373 3,230 - 72,0
1991 20,325 22,116 3,506 72.0
1992 21.951 23,886 3,787 72.0
1993 23,707 25,797 4,090 | 72.0
1994 25, 604 27,860 4,417 72.0
1995 27,652 30,089 4,771 72.0
1996 29,864 32,496 5,152 72.0
1997 32,235 35,096 5,564 : 72.0
1998 34,833 | . 37,904 6,010 72.0
1999 37,620 40,936 6,490 _ 72.0
2000 40,630 44,211 7,010 72.0
2001 43, 880 47,748 o1s70 o 72000
2002 T 47,391 51,568 8,176 | . 72,0
2003 .51,182 55,693 8,830 72.0
2004 55,276 60,148 9,536 72.0
2005 59,698 64,960 10,299 72.0




Table 4-6 Power Development Program by the Mission

YEAR New Power Plants  (MW) Retirvenent (My) Installed Cap.
1,983 e _— Total :4, 3220
1,990 Hopwell GT 4x 50

Power Barge GT 4x 30 none 4,642
1,991 Sucat Land Barge GT 1x 30
New GT 6 50 none 4,972
1,992 Power Barge GT 1x27.5| Carilaya
Bac-Man Geo 2% 55 #,2 -8
Combined Cycle 1x 200 5,293.5
1,993 Power Barge GT 1x27.5
Bulusan Geo 3x 20
Coal T : 1x 300
Maibarara Geo 1x16 none
Bac-Man Geoll 2x20 -
Calaca 1 1= 300 G, 031
1,994 Balog-Balog Hyd.  2x 11
Pinatubo Geo Ix 20 none 6,113
1,995 Cagua Geo 2x 20 Botocan #3 -1
Tongonan Geo-A 8x a5 Manila®#l,2 -200
Del Gallego Geo  6x 20 6,512
1,996 Tongonan Geo-B 8x 55 |
' Coal A-1 * 1> 300 tione 7,262
1,997 | Coal A2 % 1% 300 | Cavilaya #3 -8
Kalayasn U 9% 150 7,844
1,998 | Coal B-1 1% 300 | Botocan#l,2 -16
Casecnan 268 | Sucat #1 -150 8,246
1,999 | Coal B~2 1% 300
, Combined Cycle 1% 300 none 8, 846
2, 000 Combined Cycle 1600 | Carilaya #4 -8
_ Sucat #2 -200 9,238

* Coal A ¢ Masinloc




Table 4-7 Demand and supply Balance in MW and GWh

YEAR 15819 19490 199! 1992 1993 1944
Demand {Gwh) Gen. Lev 18, 215 20,029 21,582 23,221 24,9852 26,716
Peak pow. (MY¥). 2,938 3.265h 3,520 3,781 4,059 4,367
Pondage Hyd. (M¥Y) 895 885 B95 871 87% 901
Run-of-river 32 12 32 312 32 32
Pumped Hyd. (M¥) 300 300 300 "~ 3060 100 60
Hyd. Tot. Ins. Cap (MW} 1,227 1,227 1,227 1,211 1,211 1,233
Hyd. Tot. Fivm fap. 178 178 178 Rl 770 717
Hyd. Dep. Enr {(GWh/yr) 2,410 2,410 2,418 2,375 2,375 2,421
Gas Turbine (M¥) 210 530 860 888 515 . 8190
0il Thermal (M¥) 1,925% 1,925 1,825 1, 92% 1,925 1,925
Geo. Thermal 660 R60 660 L1170 880 340
Goal 300 RIEL 300 - 300 904 300
Combined cye. ] ] i - 2040 200 200
Thr. Tot. Ins. Cap (M¥) 3,085 3,415 3, 745 - 4,083 4,820 4,775
Thr. Tot. Firm Cap. 2,067 2,387 2,111 3,038 3,741 3,693
Thr. Dep. Enr (GHh/yr) 14, 9423 15,203 15, 492 17, 553 22,242 22, 544
Tot, Ins, Cap (MW) 4,322 4,642 4,972 5,204 6,031 6, 0018
Ins. Cap. Margin(%) 47 42 S41. TR E 48 38
Tot.Firm Cap (H¥W) 2, 845 3, 165 3,495 3. 309 4,511 4,470
Firm Cap. Margin (%) -3 -3 -1 1 11 2
Tot. Dep. Enr {(G¥h/yr) 17, 333 17,613 17, 802 19, 828 24,617 24,967
Dep. Enr. Margin (%) -5 -12 -17 ~-14 -1 -1
YEAR 1985 1996 1997 1598 1999 Z, 600
Demand (Gwh) Gen.lev 28, 71040 30, 732 32,874 35,134 | 37,518 490, 835
Peak pow. (MW} 4,680 5,012 5. 361 5,730 6,118 6,528
Pondage Hyd. (N¥) [TH 901 893 1,161 1,161 I,153
Run-of~river S0 31 il 31 ‘15 15 15
Pumped Illyd. (MY¥) 300 300 800 500 600 800
llyd. Tot. Ins. Cap (MY) 1,232 1,232 1,524 1,776 1,776 1,758
Hyd. Tot. Firm Cap. 7117 717 1,073 i, 167 1,167 1,163
Hyd. Dep. Enr {GRh/yr) 2,422 2,422 C 2,758 3, 357 3, 357 3,340
Gas Turbine (M¥%) 650 485 471 - 457 352 192
0i!l Thermal {K¥) 1,725 1,72% 1,725 i,575 1,575 1,375
Geo. Thermal 1, 540 1, 980~ 1,980 1, 980 1, 480 1,980
Coal 900 1,200 1,500 1, 800 2,100 2,180
Combined cyc. ] 200 1 200 200 - 200 ) gan- 1,108
Thr. Tot. Tns, Cap (M¥)§ 5,015 9, 590 5, 876 6,012 6,507 6,747
Thr. Tot. Firm Cap. 3,983 4,521 4,782 4,973 1 - 5,438 5,728
Thr. Dep. Ent {G¥h/yr) 25,4170 34,187 32, 146 33, 447 37,297 40,223
Tot. Ins. Cap (M¥) 6, 247 6,822 7,408 7,788 8, 283 8,515
Ins. Cap. Margin (%) 33 36 18 36 35 30
Tot.Firm Cap (M¥) 4,760 5,298 5, 865 6, 140 6, 605 6, 891
Firm Cap.Margin{%) 2 - B g 7 8 [
Tot. Dep. Enr {GKh/yr) 27,891 32,509 34, 944 36, 805 40, 655 43,553
Dep. Enr. Margin (%) -3 i b 5 8 9

& - 10
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Chapter 5 Hydrology

General Meteorology

The Republic of the Philippines is located in the tropics and has more
than 7,000 islands, large and small, scattered between 5° and 21°
north latitude. Broadly speaking, the territory may be divided into a
region in the north of the large island of Luzon, a veglion In the
south of the large island of Mindanao, and the Visayas Islands Region

where is located between these two large islands.

The climate 18 oceanic and strongly influenced by the monscons deve-—

loped im the Indian Ocean and the north Pacific Ocean. There {is

 1itt1e temperature variation throughout the year except in mountainous

areas. Rainfall is generally heavy and humidity is high.

The southwest monsoon due to Indian Qcean trade winds causes mostly
southwest winds to begin blowing from around June, which become
strongest in August and coutinue into September and October, bringing

rain all over the western coasts of the Philippines.

The northeast monsoon i1s a cold air current system developed due to

high atmospheric pressures in thé anorth Pacific Ocean causing mostly
northeast winds to blow from around October, becoming strongest around
January, and continuing to around April, and at times bringing heavy

rains all over the eastern coasts of the Philippines.

The average ,precipitation of the entirve Philippines is 2,400 mm.
However, the influenhes of location and topography are great, and in
genergl, the difference between dry and wet seasons is distinet on the
South Ghina Sea side, which inciudes Manila, whereas the Pacific Ocean

side has .abundant rainfall throughout the year.

The Philippines are situated along the path of typhoons and heavy
damage 1s sustained from these storms. Typhoons are generated in the

ocean to the east of the Philippines and move Lo the west or toward

Indochina and strike the Philippines from July to December.



5,2 Caliraya and Lumot Reservolrs

5.241

The Caliraya and Lumot reservoilirs are provided by earthfill dams on

the upstream stratches of the Caliraya and Lumot rivers which are tri-

butaries of the Pagsanjan River, and the two resaervolrs are connected

by a tunnel with diameter of 2.0 m and length of 1,850 m.

Meteorology

(1)

(2)

(3)

Geographical Conditions

Caliréya Reservolr is located approximately 60 km east-
southeéét of Manila, in the central arcea of Luzon Island.
Geographically, the vicinity of the central region of Luzon is
sandwiched by Manila Bay on the.west side and by Lamon Bay on
the east side, and the greater part of-the central regibn is
taken up by Laguna de Bay. Caliraya Reservolr is located at
the west half of the approximately 30 km between the northeast
part of Laguna de Bay and Tamon Bay. The area of Central Luzon
has Mt., Banahao towering to an elevation of more than 2,000 m
approximately 25 km south of Caliraya Reservoir, but mostly,
the land on the Lamon BayAside is a tableland of élevat{on 400
to 500 m, while the land on the Manila Bay side has low-

elevation topography.
Precipitation

The meteorology of the viecinity .of Caliraya. tends to be
affected by the two monsoons because of its'geography. There
is precipitation of more than 200 mm monthly from June to
December, and the annual precipitation is ‘around 3,000 mm. _The-
paximum daily rainfall of the year occurs mostly in November or

December, and in 1964, as much as 457.2 mm was recorded.

Temperature

The temparature 1s about the same as at Manila, the minlmum
being from 20°C to 24°C, and the maximum being from 24°C to
33°C. It is the hottest in May and it 1s gemerally about 4°C

cooler than Manila.



(4) Evaporation

Evaporation 1s about 1,200 mn annually,

5.2.2 Hydrology
(1) Inflow

The catchment areas of the Caliraya and Lumot reservolrs are
92 km? and 37 kmZ, respectively, comprising plateau-like hill

areas of elevation from 400 to 500 n.

The areas of the reservoirs are 12 km? and 6.4 km?, and make up
large proportions of the respectlve catchment areas, and rain~

fall enters the reservoirs In short periods of time,

-_'Gauging stations for inflows had not been provided yet.
:Thérefore, inflow had been calculated by using the water level
of Calitaya Reservoir, the energy productions of Caliraya and
Kalayaan Power Plants, and pump-up energy of Kalayaan Power
Plant.

Caliraya Reservoir is connected with Lumot Reservoir by a tun-
nel 2,0 m in diameter so that the inflow to Lumot Reservoir is
regulated naturally and flows into Caliraya Reserveir to be

included as part of the inflow to Caliraya Reservoir.

The past average annual inflow was 200 x 106 m3. Table 5-1

gives the actual inflow at Caliraya Reservoir,

The peak flood discharge at Caliraya Reservoir has been ana-
lyzed in "Feasibility Report of Caliraya Dam Rehabilitatlon
Project” by JICA in Sept. 1986, as shown below.



£2)

Peak Flood
Return Period {yr) Discharge (n3/s)

1,000 2,632

200 2,173
100 1,968
50 1,770

10 1,300
Runoff Regulation by Reservoir

The effective storage capacities of Caliraya and Lumot reser-—
voirs are 22.1 x 106 m3 (see Fige 5-1) and 22.0 x 100 n3,

which are large 1in comparison with the annual inflow of 200 x

~106 n3,

The Caliraya and Lumot reservolrs are tied tqgether by a con-
necting waterway as mentioned previously, and through the water
level difference between the two reservoirs, dinflows and
outflows (1l m = 2,37 m3/s, 2 m - 3.37 n¥/s, 3 m o= 4,10 w3/s,
4m = 4,76 m3/s) are small capacity-wise., However, the two
reservolrs possess regulating functions which act organically

with each other. .  {(See Flg. 5-2)

The stream inflow to Lumot Reservoir is naﬁurally regulated
annually by the discharge through the connecting waterway and

runs into Garilara Reservoir.

Water above the high water level is discharged_by a morning

glory type spillway 4 m in diameter.

The 1irflow o¢f Caliraya Resefvoir consists of stream inflow
pumped water by the Stage 1 _P1ant_ (méximum:' 90.8 m3/8) and
discharge ffom Lumdt Reservdir. The outflow consists. of
generation discharge of Caliraya Power Plant (maximum:
14.74 m3/s), Kalayaan power generation discharge (Stage I,
maxinums: 124 .0 m3/s), and outflow to Lumot Reservoif. The
regervoirs are operated for these outflows and inflows to be
optimum in using the effective storage capacity of 22,1 x

106 m3 for power generating operation on a weekly basis.



(3)

(4)

Water rising above EL.28%9.2m during flood is discharged by a
spillway tunnel 4.2 m in diameter with a cylinder gate and an
emergency splllway. (In the previously-mentioned "Feasibility
Report of Caliraya Dam Rehabilitation Project", rehabilitation
of the normal-use spillway, addition of a spillway, and rehabi-

litation of the dam are recommended).
Water Level of Caliraya Reservolr

Caliraya Reservoir, since its construction until March 1982,
héd been operated éolely for Caliraya Power Station with maxi-
mum.output of 32 MW, using maximum discharge of 14.74 m3/s.
Dﬁring_that time it &as 6perated with maximum water level of
EL. 289.15 m and minimem water level of EL. 276.00 m, for a

reservolr operation pattern of water stored in the reservoir in

the wet season and supplemented from the reservolr in the dry

éeason. Since August 1982, the operation of Stage 1 Project
had been on the basls of a weekly pattern of peak power genera-
tion of maximum output of 300 MW with maximum discharge of

124.0 m3/s, between maximum water level of EL. 289.153 n and

zminimum'water level EL., 286.00 w, and of off~-peak time pump-

"up. Recently, however, since there has come up the matter of

rehabilitation. of CalifayaA Dam, the wmaximum water levels in
dperatioﬁ have been made EL. 28%9.15 m in the &ry season and
FL. 288.0 m in the wet season to cope with water level rises

dufing'flbods.
Sedimentation in Caliraya Reservoir

The particulars of Caliraya Dam are height of 42 w, total
storage capaclty of 79.0 x 105 n3, and reservoir area of
12 km2, Fifty years have passed since start of constructibn on
the dam in 1939.

Sedimentation in the reservoir 1is not considered to he very

great 'as much landsliding and erosion are not found in the
surrounding topoggaphy, even though 50 years have passed since
start of constructionm. The Pagsanjan River of the same river

system 1s transporting large amounts of sediment to Laguna de



Bay annuvally, and the source of sediment supply is thought to
be midstream and downstream stretc¢hes of the river as described

in 5.3.3 of Chapter 5.

5.3 Laguna de Bay

5.3.1

5.3.2

5.3.3

Geographical Conditions

Laguna de Bay 1s located to the southeast of Manila and takes ﬂp the
greater part of Central Luzon sandwiéhed by Manila Bay and Lamon
Bay. It extends approximately 45 km east-west and 40 km mnorth-
south, and the area is approximately'QOO km2 with two peninsulas
sticking out more than 20 km into the lake from the north, Laguna
de Bay empties into Manila Bay by means of thé'Pasiv River which
starts out from the nothwest part of the 1ake, goes northwest for

approximately 20 km, ‘and passes finally through Metro Manila.

Water Level of Laguna de Bay

The water level of Laguna dé Bay fluctuaﬁés in a range between EL.
0.2 m and EL. 2.0 @ in pfoportioh to rainfall. Broadly divided
seasonally, March to June make up the period bf'lowest water with
water levels between EL. -0.2 m and EL. 0.4 n, Jandary to February,
and Jﬁiy to.August are intermediate periods with-watef levels from .
EL. 0.2 m to EL. 0.9 w, while Sephémber to Décember correspond to a
period of high water at . EL. 0.8 m.to EL. 2.0 m. On August 3, 1972,

a water level of EL. 3.53 m was recorded.

Sediment Carried by Pagsanjan‘Riﬁer

The Pagsanjan River collects the waters of the upstreanm plateau—like
tablelands (tuff, agglomerate, etc.) Including Caliraya and Lumot
reservoirs and 250 km? of river terrace areas at 1its midstream and

downstream stretches in a dendritic pattern and empties into Laguna
de Bay protruding about 6 km into the northeast part of the lake,

south of Kalayaan, due to deposition of sediment.'

According to "Feasibility Study Report of Kalayaan Pumped Storage
Plant™ in May 1973 by ELC, the sediment discharged into Laguna de



5.4

5.4.1

5'4.2

Bay by this river has been at a rate of extension of 10 m a year
from 1919 to 1969.

The largest source of the sediment transported in 1s cousidered to
be silt scoured from river terraces at the midstream and downstreanm

stretches of the river due to rising water levels during floods.

Establishment of Meteorology Observatlion Station and Guaging Station

The meteorology and river flows must be observed to support operation
and maintenance of facilities including dam, power plant and switch
vard, and to grasp information related to the power generation based

on the amount of reservoir inflow.

Establishment of Meteorological Observation Station

For Caliraya and Lumot Reservoirs, the meteorclogical stations will
be established near the dams, because these reservoirs have large
storage capacities as compared to their catchment areas, and
installation of stations near the dams will facilitate operation

maintenance of the stations.

The variables to be observed will be the air temperature, humidity,
precipitation and wind veloclity, and it is desirable to transmit
these data to the contrvol room of Kalayaan Power Plant for autowmatic

recording.

Establishuent of Guaging Statlon

To monitor the inflows into Caliraya and Lumot Reservoirs, the water
level meters in the reservoirs will be installed at the dams or near
the iIntake structures, It is desirable to install water Ilevel
meter in tallrace of the normal-use sgpillway, Iu order to measure
the inflow loss (spilled water) which is discharged through the nor-

mal—use splllway of Caliraya Reservoir.



The weasured data will be transmitted to the control room of
Kalayaan Power Plant Kalayaan Contrel ~Station  for  automatic

recording, simllarly to the meteoroiogical data.

The inflows to Callraya and Lumot Reservolrs will be -caleulated
based on the reservolr water levels, discharge for power generation

{generated eunergy) and the resaervoir water losses.
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Chapter 6 Geology

6.1 Topography and Geology around the Project Site

6.2

The topography of the area around the Project site, located to the

-eastern end of Laguna de Bay, is featured by lava plateau, 200 to

400 m'in altitude, which form steep cliffs at the shore of Laguna de

Bay, aé illustrated in Fig. 6-1.

The tops of the lava plateaus are flat lands having relatively large
numbers of small wundulations, and Caliraya Reservolr and Lumot
Reservoir?'which form the upper reservoirs for the plant, are located
on these fiateéus. The western sides of these plateaus are steep slo-
pes, from 200 to 300 m in relative height and having 50° to 60° gra-

dients, which faces Laguna de Bay; The national rtoad runs at

‘elevation of 40 to 50 m along these steep slopes. The delta formed by

the Pagéanjan River, flowing to the northwest, spreads to the south of

the power plant site,

The geology'of the area around the Project site, as shown in Fig. 6-2,

is featured by a wide cover of volcanic products which originated from

-Banohao Volcano located about 25 km south of the site and, were

ejected from the Neogene Pliocene Epoch to the Quarternary Period.

These volcanic products consist of pyroclastic rocks of basalt-
Endesite lava, tuff, agglomerate, etc., which are widely distributed
from the northern side to the eastern side of Laguna de Bay and cen~

tered at Banohao Volcano.

In Fig. 6-2, remarkable faults are indicated in three directions,
N~-5, NW-SE and NE-SW,

Geology around Each Structure Site

The materials collected during the investigation and the results of

the field survey indicaﬁe the following geological features (Refer to

Fig. 6-3).



(1 Uppef Canal

(2)

(3)

The upper canal already exists, having been constructed im the

Stage L.

The ground surface consists of tuff and baselt,. and tuff is
widely distributed overlying basalt. :The weathering of tuff has
progressed to change the color to red—brown, and soften the tuff,
The foundation bases of the upper canal are mostly weathered

basalt.

A landslide is observed on the right bank at about 500 m to the

upstream of the intake., The landslide seems to have affected an
area of 250 to 300 m along the stream, 50 to 60 m in height. The
affected area contalns several slides of horseshoe shae, and
there 18 no sign that they are moving now., 1If movement is found
in future, some measures will be required, including'the removal

of sliding deposits.
Intake

The intake was constructed together with the upper canal during
construction works of the Stage I. There is a transition boun-
dary near the intake from agglomerate to basalt, and the foun-

dation of the intake is weathered basalte.

No abnormal condition 1s found at the intake and its surrounding
area, and it 1s deemed that there 18 no geological problem in

terns of civil engineering.
Penstock Route

The route of the penstock of Stage IT1 has been planuned 10 m to
the west of the existing penstock of Stage T, and the area of the
penstock route was mostly excavated during coneruction works of

the Stage I.

The'geological properties along the penetdck route consist of the

following three Kinds.



(a)

(b)

(c)

Upper Inclined Sectiom

Ian this section, basalt of the same mnature as that around
the intake is distributed. The surface is mostly covered
with sand and soil with little foundation rock exposed, but

some exposure of hard and massive basalt rocks are observed

in some places.

Central, Sub-Horizontal Section

In this section, tuff is widely distributed with thickness
of approximately 40 m (according to DDH-PI-C borlng) over
the basalt base rock. On the slope (1:1.7) constructed to
the. west of the penstock route of this plan, medium—-soft
tuff are exposed from place to place. The slope of these
rocks are stable, and there seems to be no risk that the

slope collapses.
Lower, Sub~Vertical Section

This sectlon forms a steep gradient of 45° to 65°, where

fresh and hard basalt rocks arve distributed. Basalt is

exposed all over the cliff along the road at elevation of
50 m. The basalt rocks in this area have relatively deve-~
loped jointé and cracks, which will be turned to rock lumps

of 20 to 50 cm diameters by excavation.

In this survey, a boring (DDH-STII-3) was done vertically

from the.surface of national rdad down to 30 m to confirm

the rock qﬁality. The results Indicated that there are

hard, fresh and massive basalt.from surface down to 9.5 m.
From the debth of 9.5 m to the boring bottom of 30 m, there
are developed cracks 1in some zones, but medium hard and

massive agglomerate is generally distributed.

From the above survey results, it can be concluded that

" there will be no particular problem concerning bearing force

and stability in the foundétion.of the penstock route, 1its

" surrounding areas and the slope“ which has been already

constriucted,



(4) Power Plant

The land area for the power plant of Stage II work and its
surrounding areas have been prepared 1n Stage I, Agglomerate is
exposed all over the steep slope of the mountain side. The
agglomerate has various llthofacies, such as soft componeat con-
taining matrix of tuff materials, generally hard component con-
taining many basalt-gravéls, as well as parts containing thin
layers or lenses of tuff and basalt. The rocks are generally

massive, but some parts are weathered and embrittled.

According to the boring survey materials of Stage I, there is a
fault with large base rock displacement in the NE-8SW direction at
sbout 30 m to the west of the power plant site, and a strong

water gush was encountered at the power plant site.

In this survey, boring (DDH-STII-1, DDH-STII-2) was performed on
2 holes at the power plant site to confirm the fault mentioned
above, and the properties of foundation rocks and permeability of

the power plant site were studied.

According to this stuﬁy, it is deemed that the fault exists at
the boundary between talus déposit and agglomerate at the depth
of 23.3 m of DDH—STI[?l, but it property is not clear as the core
recovery rate is not good, being around 50%., 1t was confirmed
that the foundation rock 1s medium-hard, and consists of
generally massive agglomerate, Concerning the permeability of
foundatibn rock, there were many zones where'high permeabilities
of 20 TLugeon or more were observed. In particular, with
DDH-STII-2, water .gush of P = 0.08 kgf/cmZ, Q.é 12 i/min., and
P =1 kgf/em?, Q = 30 1/min. was observed at two polnts respec—

tively.

Based on the above survey result, it can be regarded that the
foundation rock at the power plant site Involves no pfoblem con—
cerning hearing force ahd_ slope stébili;y aﬁ;ing excavation.
However, as_high permeébility is.obéerved,jan@'pressurized ground
water exists, the measures of stopping thi# water must be studied

carefully.



(5) Tailrace

According to the boring survey record of Stage I, the foundation
of the tailrace 1s agglomerate for a distance of approximately
50 m from the power plant. On the west side of fault located
there, it probably consists of talus deposits made up of basalt
boulders and cobbles, and deposits from Laguna de Bay consisting

of elay, silt, and sand.

There appears to be no problem as a structural foundation, but
thorough study will have to be made to stop water from Laguna de

Bay during the construction work.

6.3 Geological Investigation Works

Boring were conducted as described below at the power plant site and
the sub-vertical section of the penstock route. The water per-—

meabllity test using the bored holes were conducted at the same time.

Hole Number Direction Boring Leugth Location
DDE-STIT~1 S50° E45° 70 ‘power plant site
DDH-STTII-2 vertical 50 | power plant site
DPH-STII~3 vertical 30 penstock route
Total of

3 Holes 150

' The results of boring are given in Fig. 6~4, and the details are pre-
sented in the boring logs Iin Appendix 1. The outline of results are

presented below.



(1)

{2}

DDH~STII~1
0 — 23,33 m: Talus deposit

* The core mainly consists of gravels and debris of basalt. The

core recovery rate is not good, belang generally below 50%.
23,33 -~ 70.00 m: Agglomerate

* Mainly consists of relatively hard, bar shaped cores, 20 to
50 cm long. The core recovery rate was good, generally belng

100%.

* The boundary between the talus deposite and agglomerate at
23.33 m 1s deemed a fault based on past survey results., As the
core recovery rate of this core is mnot good, being approxima-
tely 50%, it is not conclusive. However, it can be judged that
there ié a fault at 23.33 m considering the conditions of

surrounding areas.

* In the Lugeon test, many zones were 30 Lugeons or more, and it

was confirmed that pefmeability is high.
DDH~STII-2

0 —— 1.00 m: Alluvium

"% Consists of sands and gravels.’

1.00 —— 50.00 ﬁ: Agglomerate

* Mostly consists of relatively hard, bar-shaped cores which are
20 - 50 cm long. The core recovery rate is good, generally

being 100Z.

% According to the result of Lugeon test, the'following'three
regions had high permeability, and two of them bred water.

. Depth 14.45 to 17.45 m: 25 Lugeon,
Water spring; P = 0.08 kgf/em?, Q = 12 1/min



. Depth 32,50 to 33.55 m: 30 Lugeon.
Water breeding} P = 1 kgf/en?, Q + 30 1/min

. Depth 44,70 to 47.75 m: 25 Lugeon.

Regions other than the above three indicated 10 Lugeons or less.
Therefore, 1t scems that high permeability exists only In loca-

tions where there are open fractures.
(3) DDH~STII-3
0 ~— 9.46 m: Basalt

* Mainly consists of fresh, hard cores which are from 15 to 20 cm

bars.
9,46 == 30.00 m: Agglomerate

* ‘In some places, fractures developed and turned to rock pieces.
However, cores are mostly relatively hard, and 20 to 40 cm long

bars.

% The results of Lugeon test were 5 Lugeons or less for basalt,
indicating low permeability. Agglomerates indicated relatively
high permeability, being generally 15 Lugeons or more down to
the depth of 23.35 m« From 23.35 m to the bottom of 30.00 m,

very low permeability of 0 Lugeon was measured.

6.4 Blasting Test
6.4.1 Objective and Sche&ule of Blasting Test

The location of the Stage II Project 1s near the existing power
plant, and 1n excavation of the power plant shaft for Stage II,
there 1s a possibility that adverse effects will be exerted on the

existing power plént.

Many studies have been conducted in the past concerning actual con—
ditions and control methods with regard to Blésting vibrations, and
. various suggestions have been made about the effects of blasting and
limication on structures bullt on base rock or unconsolidated

ground.



6.4.2

6.&93

Concerning the allowable limit om structures, Langefors, Grandell,
Koheeler, Edwards, Bumines and Suzuki et al, claim that, as indi-
cated in Fig. 6-5, the vibration velocity should be 5 kine or less,
However, as theve are'differences in bonditféna of structures and
feundations, it 1is questionable whether this limit should be
directly applied. Therefore, blasting tests must be conducted at
the site in question to develop an experiﬁentai equation that 1is
most suitable for the ground condition of the site, and the blasting
control measures should be established based on specific conditions

of the site.

Accordingly, blasting tests using conventlonal dynamite and static
cracker (Calmmite), were conducted for 19 days from August 26 to
September 13, 1990 (See Table 1-4 in Chapter 1), in order to iden-—
tify the basic vibration characteristics of the foundatlon near the
existing power plant, and so that the blasting ﬁethqd, the type of

explosive, size of chafge and the excavation method in the rteal

‘construction work could be studied.

The special explosives {(Calmmite) and measuring instruments were
procured by the Japanese side, and two experts on this subject were
dispatched from Japan to plan, provide guidance, and evaluate the

blasting tests.’

Test Site

The blasting tests were conducted on the foundatiqn rock of the pro-

posed site of the Stage 11 Project, as illustrated in Fig., 6-6.

Blasting Pattern

Prior to the main Eésts, prelimiﬁary.tests, Césés—A and B, were con-
ducted at a loCatipn farthéét awéy froﬁ the'éxisting powér plant
inside the site of the Btage 11, in order to.confirm the effect of
blasting on the existing plant. Then, the main tests, Cases-E, F, I
and J ﬁere conducted at the center of the Stage II site.



(1) Praliminary Blasting Test

The pfeliminary blasting tests, Cases A and B illustrated in
Fig. 6-7 with blasting patterns, were coanducted at a point
farthest from the Stage 1 power plant and using conventional
dynamite and GCR, to confirm the exteant of the effect on the
existing power plant, and to measure the vibration velocity (V)

and K-value,
{2) Main Blasting Test

The blasting patterns, charges, etc., for the main test were
studied based on the results of preliminary tests, and the
effect on the existing power plant was re-examined. The main
tests were conducted according to patterns illustrated 1n
Fig. 68 and Fig., 6~9, and at the center of the Stage II power
plant site.

The tests were conducted for cracking of rock having one free
surface {Cases C, D, B, F) and twe free surfaces {(Cases I, JI)

in order to simulate the actual situation as much as possible.

b.bd .4 Measuremént Ttems and Method

“For measurement of vibration velocity, measurement points nearest to
the point of explosion and easily affected by vibration were
selected. There were three of these points, the concrete structure
of the Stage 1 power plant'(the side wall of the power plant), the
center of the concrete foundation of the generator, and the control

room,

“The measurement items were the vibration velocity {kine) and acce-
leration {gal), so that they could be compared with past measurement
resulés, and the measurement data can he analyzed easily with high

accuracy after the test,

The configuration of measuring d{nstruments were such that, as
illustrated in Fig. 6-~10, the two components of pickups installed at
" measuring point (in orthagonalfarfangement), and 6 measurement com-

ponents were recorded simultaneously on the data recorder through an
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Real~time analysis was also carried out on part of the records at
the time recording was done for use as references In the next

blasting tests.

Measurement Results

The vibration measurémernt results of each blasting test were

collected in a data recorder,

The data were analyzed by FFT analyzer'to'identify magimum accelera-—
tion amplitude and predominant vibration perlod for each blasting
test, these were transformed into vibration Velocities, and correla-

tions with explosive charges.were obtained.
The results are given in Table 6~1, Fig. 6-11, and Fig. 6-12.

According to the abovementioned measurement results, in all tests
performed using'eonventional dynamite, vibration velocities were all
less than 1 kine as shown in Table 6-1, and no effect at all was

geen on the existing power plant.

In examples of past measurement results, it was reported that the
vibration velocities at which there were no effects at all on struc—
tures werz less than 1 kine while at 3 kine or highér, there were
cases when some kinds of effects were seen, and. these test results

indicated similar trends.

However, regarding bréaking effects, expiqsivercharges_were insuf-
ficient except in Case-F, breaking_of.;he whole did not occur, and
the degree was only that of periphéries of the various hole mouths
being broken. In the data of measurement results, vibration wave-

forms specific to blasting were seen in Case-¥ and favorable records

. were obtalned, whereas in other cases, waveforms close to stationary

waves were sSeeerms -

As seen in Fig., 6-11, although there is gfeat écatter aé.a whole,

_the larger the explosive charge in a case, .a trend of higher vibra-

tion velocity being indlcated is-récogﬁized. 'In_Fig.;ﬁ—lz; the
distances from the blasting site to the measuring points -and vibra-
tion velocities are shown, and although scattering is greét,zand not

distinct, a trend of attenvation with distance 1z seen.

6 - 10



6.4.6

In Cases 1 and J when the static cracker (Calmmite) was used, no
noise, wvibration, or flying of rock oceurred as expansive force
created by hydration reaction 1is taken advantage of. In the
instance of Case J, a blow-out phenomenon began to occur 30 minutes
after charging Calmmite, and the effect was smaller compared.wtth
Cage T. Case I had adequate effect and rock was broken into small

pieces. However, a long tlme was required for the effect to appear.

.Tests'of Caées—c and D employing low detonation~ve10city explosive
(CCR) had been planned, but since it was found during drilling that
the foundation rock was hilghly permeable and there would be a fairly
great amount of springing of water, effects could not be ekpected
even 1f tests were to be performed and, since it waé already kuowm
that the vibration wvalue would be about 1/5 to 1/10 of that of dyna-

mite, testing was dropped.

The measurement data of the individual blasting tests are given in

Appendix 2.

Analysis and Evaluation of Measuring Results

In general, there is the relationship of the following egquation bet-
ween the vibration velocity generated by blasting and the amount of

explosive used,
.V =K x Wi x D

where: V: vibration velecity (kine = cm/s)
| | We amdﬁnt of explosive (kg)
D: distance (m)
K: Coefficient determined by rock quality, explosive type,
and blasting method

It was decided to use the above equation for analysls of the velo-

_city measurement resulta obtained in these tests. Regarding the

indices m and n, they were considered to be in the ranges of m = 0.5
to 1.0 (2/3, 3/4) and n = -1 to ~2 (-1.5, -2). Since measuring
points were extremely close by, it could be expected that atte-

nuation due to distance would be great. Therefore, very—-near-
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distance data of the past were teferved to, and the indices m = 2/3

and n = -2 generally employed were adopted.

The basic equation concerning blasting vibrations in this case was

the following:
=X x w&/3 x p~2

Applying the value of Case~F in which the maximum vibration velocity
was recorded in actual measurements to this équation to obtain the
vélue of the constant K, K = 974 was obtained, and rounding out to
be on the conservative side, 1t came oﬁt as given b91°W3 aithough,

incidentally, the simple average K-value for all data was 355.
Conventional dynamite K = 1000

Further, obtaining'the maximum vibration wvelocity of the various
measuring points by reverse operations applying the dynamite charges
{kg) and distances d (m) of these cases using the above K-value,
1.28 kine was calculated for No. 1~V of Case-E, but the actual
measurement was 0.28 kine and low, and it may be judged that this

was a K—value amply on the conservative side.

Considering the results of these blasting tests, it is desirable for
excavation to be done with controlled blasting. at least holding
vibration velocity to 2 kine in excavation for the main structure of
the stage II Project in order that there will not be any adverse
effects on the existing plant. In such case, 1t will be necessary
for expiosive charges and blasting vibrations to be controlled

monitoring blasting vibrations every time blasting is done. As
reference, the relationships of explosive chargés and distances with
vibration velocities calculated employing the basic equation are

shown in Fig. 6-13.

In particular, as vibration velocity is higher in case of one—free—
surface blasting than in case of two—freeﬂsurface blasting with the
same amounts of explosive, it is thought advisable for a sequential

blasting device to be used.

The low detonation—velocity explosive (CCR), and the static breaker

{Calmmite) cannot be expected to have very much breaking effect at

6 ~ 12



ground of high permeability as at this site, but it 1s coucelvable
for these low detonatlion-velocity explosives and static breakers to
be used for supplemental rock excavation In the area close to the

exisking plant.

However, in excavation by such blasting, the amounts of explosives
would be limited so that there will be cases when the bedrock cannot
be adequately broken, and consideration should be given to parallel

use of glant breakers for secondary breaking.

6 - 13



Table 6-1 Measuring Results of Blasting Tests

britd Heas. |Accelera- ) Freguen- | Velogity
Case-No, | Weight | Depth | Dis. [Point | tion{e) |cies(f) l(V=a/2zf) K
{g) (m) | (m) | No, [lgal=cn/s2)| (Hertz) |(kine=cm/s)
54 1Ho, 4-4 43 120 0.06 201.5
54 [ No,1-V 22 120 .03 103. 1
Case-A Bt 1.30 67 | Ho, 2-8 32 120 0,04 230.8
fExplosive) 63 1 Ho, 3-H 35 120 0.05 223.2
83 | Ho, 3~V 15 120 0.02 95.7
56 [ Ho, 1-H 220 120 4.29 810.3
_ 56 i Ho, 1-Y 49 120 (.06 180.5
Case-B 1,2001 1.30 69 | Ho, 2-H 52 120 0.07 290.8
{Expfosive) 84 { No, 3-H 55 120 0.07 264.6
64 | No, 3-V 85 120 0,07 264.6
34 | No, 1-H 591 120 8.08 61,1
34 | Ho, 1-V 209 120 0.28 216.6
Case-E 1,800 1.30 48 {No, 2-H 205 120 0.27 423.3
{Explosive) 45 | ¥o, 3- 220 120 0.29 417.2
46 | No, 3-V 212 120 0.36 515.9
43 { No, 1-H 76 80 0.14 157.0
43 1 No, 1-V 617 25 0.43 480,98
Case-fF 2,100 1.50 5 | No,2-H 80 25 0.51 873.9
{Explosive) 53 | Ko, 3-H 251 110 3,36 622.1
53 | No, 3-V 164 80 0.33 558.9
Case-I 25,5601 1.50 Hore effectively
(Calmmite)
Case-J 64,440 | 1.50 Effectively
{Calmmite)-
No, 1-H 43 80 0.11
No, 1=V 40 80 0. 11
Generating No,2-H 35 30 0.19
No, 3-H 33 105 0.05
No, 3-V 61 105 .09
Ho, 1-H H . 120 a.0
Ho, 1-V 21 126 .03
Hon Generating Ro, 2-tt 21 120 0.03
No, 3-H 22 120 0.03
No,. 3-V 23 120 0.03

Measuring point Mo,1 ; Power house's vall
No,2 : Switch contorol box
No,3 ; Generator room

6 ~ 14

-H - Horizontal component
-V ; Vertical component




X - l\—\‘\l
x B \V&W}
A . \lf\r(‘\-

A I (t J—\ N
o™ iL:\-:\’ . d
R )

i
¥

- o AL
L‘f;"-’i"’\,-_‘ Tk D OSENY

FN o~y

Y i
! A Y el N R 2R
e B N oy o It
e \_',‘:'.I / ~ \[ b -:{(g.“l:\!\u "ng__.\ j/l%;‘.’lﬁ—'\)%l et
;‘—“—-——"—“ﬁ T **—“—{‘"":S - . . \,_Q?J I3 Y, _IE 7 NP -.'-n‘*"_“)_ N N
5 P ‘1 vy WV bt ) e o
[ LY S ) 17 ,‘35 g X : =i
) o LG TS A 2

S Vi
L 1[&3\7\&\&@&‘}‘

Nr N - >,
AR H . on Juon £
N e i - o, L
\\ [ = o — ) Ay
¢

-~

- fﬂg,,;‘)’;j 4 '
TN A e Wb a
st

3 2 M
€ Y . A
Mud " \ IR "1; " ¥ }
3 2 2 = PR Y 1 AT CRRoe -
K_, e \ e RN &, r : f N7 sl
i N . - ! A A A WS oy
A ; )iif' AL A
; , | TOCK 2ol )5 0
% s ’ 'f ; N g\ 32 "
Y Y s 123 ¢ )
.y ¢

J"‘-"\'- WA Y
RN L pri e :
2 g7, /h Sl <A - N s
o ; ontehi ;. ; ] =T ) i . N o By
L n,E’f: e 8 f oA A N }1;5:‘_‘? y\i

- G
E VERe
RESERVOI Y

~Aooen SR
» ;

Mg

kT

ar 'P-t;b]é ’ Nérlel‘\ e VIE--M“YMI?‘"Q:?::?‘Q'
_,-"15,’ T B r\‘-‘- \ 7 -

- - -

' Maytalang Nodifs ¢l
ytalang No: o5

I -

12
;’3,_{.:,\\

C ‘\S;;‘Pablo Syg“-: PR v

b
(RN

.\
»,

Y A
2N ¢ "g b
Y \f‘,ji‘;}s‘l N
N

"
L
¥
W
NS

venoou “

‘ - "J ] '-'j,"\“\ - : -— ""c‘\-‘.“" 'J:b?':‘ ; ‘E}:\ : ARSI :l\{\!\;—i:?\:/’/‘f:; g\ Jr.‘.kg-‘lr—\_f.’.
l'l” \‘\ ; .: “‘ ( 3/ \;'1\L:S}B1?()\j-lkqi “:{ J’z‘ : ' e AT AT -
Ao PR e PG (1:50000)

N 7 -:-'-7‘3.”,‘.!‘{-.‘;{:.-7\’"‘1{??‘.‘” o LLE% Lol <
¥ PG S 1 2 3
WS 2 T ‘ ' ‘

3o rann
)

KALAYAAN PUMPED STORAGE PLANT

k}

.
N

-»_._..

5
SR

Y
CanfuduiTaly
S N

\{\ DEVELOPMENT PROJECT (STAGE II)

L Ford ;

TAL 'r, Eagiuwifan P 2 RIS

TOPOGRAPHY OF AROUND
THE PROJECT AREA

“a

nr
RO Sl |
e % 1

Wwal 5 +f - q
) \\'."._"-.‘ /) RE 3
T3 ~"_§ ‘ ;
I :

i i

35%%&” Sk A

¥
A

Fig. 6 — |

6 -~ 15






R N - : e . e
},r Pies . . : P L C o 1?3!
.ﬁg,‘.* ) . ST

_‘_{.‘;{g“ ! DIBUT BAY . ‘ . v
320 N SRR MAIN LEGEND

A L) 5L

_e ?(;

Y g
!

n
24 2

SEDIMENTARY AND METAMORPIHC ROCKS

R RECENT Allevium, Nuvistile, lacastdine, paludal and beach deporite;
raived otad reafy, stolls, and bascheock.

%7 Ma 4 @ PLIOCENE- Marine end terrdial scdiments (moleneh. Assaciated with
7 ¥ V' PLEISTOCENE extemive oecd berpstone in Diwl ragion, Visyas, and Min-
(&0 Jinac; with pymoclastics in westtrn and southers Cestosl

Basin and in northern Hirol Lotland, Predominantly macl
and revorked bl in pheer. Sporadic temse gravel depes-
its in some comstal and Thivial bescts. Plitesu eed earths
andor Yoterites suseme dlevated {ay land surlager. Deforma-
vion limited to gentle warping 1nd vertical dislovstion.

EGNEQUS ROCKS [con’t)

Agtive voleanses (with exuptions andfor sctivity since 1616}

FORT LASAPON -

Normal fault
e Thehed where anfirzed; hachurss on
downtheown side

QA UATERNARY
v © sach w Didicas. Fack. Mayon, Bubusan, Crnkaon, Cemiguin.,
Maksturin, Regang, and Celaya,
ave PLIOCENE - Velesmic phin or volcanic piedmont deposits. Chiclly py- Sy
QUATERNARY rochistics andfor woleanic debria at foot of woleenoer. Pl | {5#
teau baalt in Pagadian and Lsnan regionw, Mindwnao; | 2
associsted with pymsclantics morth and cut of Liguas de
Bay, Luxoa.
Moa-sctive cones {genezddly pyroxens andesite); oloo da-
Qv ?I{.;c:gENS;RY citic andfor andwitic plugs, Baudtic dikes in Bings, Mt
QUATER Peovince, Larom, aad in Misuis Oueatd, Mindunss.
o). 4 Hoos . X CEOLOGICAL SYMBOLS
! % k T N
S R iR » _A Harad - High angle f2ult
SRS e u--‘.e_.ln_ic.1.ll%‘ . e _— Dished where infored; arow indicatos
1 HEE T gl strike. alin movement .

t_i‘zALntﬁ;I_'w\
}{A’ It'am;xgs;__i, F

S}E«Jses‘m idand .

A
T T
N Ay

o

o

PN
2 ¥} -"-‘%%‘"g}‘:'ﬁg}' T
DN e %%—&x NS
e N
o ‘{‘::53"1{"1" ,'%é-::' ﬁﬁ"-- & % %
NN
Ehj, ‘;‘ X :

R

1
CAL
o3

G

R
£ T
\ \ﬁ%\ "'_ ’C‘.‘sl.\b 4

o "‘.
Nl
ﬁ R
\‘ BTG
e, '.1._'7__"

SN

R
Lo CAIMA BA‘\;

-0

S0km
]

L RAGAY 1

Lo 7 KALAYAAN PUMPED STORAGE PLANT
“GULE

DEVELOPMENT PROJECT (STAGE II)

4 Hdrcisn
;{i‘.z.{i_

GEOLOGY OF AROUND

THE PROJECT AREA

Fig. 6—2

6 —- 17






	Cover
	Title Page
	CONTENTS
	Conclusions and Recommendations
	Conclusions
	Recommendations

	Chapter 1 Introduction
	1.1 Background and Role of the Project
	1.2 Objective and Scope of the Study
	1.2.1 Objective
	1.2.2 Scope of the Study
	1.2.3 Confirmed Items

	1.3 Field Investigation Tasks and List of Participating Personnel
	1.3.1 Field Investigation Tasks
	1.3.2 Investigation Itinerary
	1.3.3 List of Participating Personnel


	Chapter 2 General Description of the Republic of the Philippines
	2.1 General Description
	2.2 Current Status of National Economy
	2.3 Economy and Electric Power Indices

	Chapter 3 Current Structure of Electric Utility
	3.1 Structure of Electric Power Sector
	3.1.1 Government and Governmental Organizations Concerned
	3.1.2 Electric Utility of the Philippines

	3.2 Power Supply Facilities
	3.3 Power Demand and Supply
	3.4 Classification of Energy Generation by Fuel
	3.5 Patterns and Characteristics of Power Consumption

	Chapter 4 Load Projections
	4.1 Present State
	4.1.1 Load Forecast by Macroscopic Method
	4.1.2 Load Forecast Results to be Adopted
	4.1.3 Future Load Characteristics

	4.2 Electric Power Development Program
	4.3 Demand and Supply Balance

	Chapter 5 Hydrology
	5.1 General Meteorology
	5.2 Caliraya and Lumot Reservoirs
	5.2.1 Meteorology
	5.2.2 Hydrology

	5.3 Laguna de Bay
	5.3.1 Geographical Conditions
	5.3.2 Water Level of Laguna de Bay
	5.3.3 Sediment Carried by Pagsanjan River

	5.4 Establishment of Meteorological Observation Station and Gauging Station
	5.4.1 Establishment of Meteorological Observation Station
	5.4.2 Establishment of Guaging Station


	Chapter 6 Geology
	6.1 Topography and Geology around the Project Site
	6.2 Geology around Each Structure Site
	6.3 Geological Investigation Works
	6.4 Blasting Test
	6.4.1 Objective and Schedule of Blasting Test
	6.4.2 Test Site
	6.4.3 Blating Pattern
	6.4.4 Measurement Items and Method
	6.4.5 Measuring Results
	6.4.6 Analysis and Evaluation of Measuring Results



