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CONCLUSIONS AND RECOMMENDATIONS

Conclusions.

(1) Introduction

- The Kalayaan'Pumped Storagefstage 11 Project has been studied in terms

of its heceésity, englneering problems,'environmental lmpacts and its

 econ0mic feasibility, and the conclusion as described below have been

- ‘obtained.

C (a)

(b)

In meeting the rapid economlic growth of the Republic of the

'Philippines,' in particular Metro Manila, 'a large uumber of

electric 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 plaged on coal-

fired thermal poWef*plants in near future,

The Stage I1 Project of Kalayaan Puwped Storage Power Plant
should be implemenﬁed as soon as practicable in order to economi-
cally_oﬁerafé the thermal power plants referred to abdve; to have
the supply capability respond qﬁickly to load variation by means
of hydroelectric: power plants, and to assurel stable and high

quality sﬁpply of electric power.

'This Project is favorably situated for eléctricity supp$j as it

is located'only 60 km to the southeast of Metro Manila, which is
the largeétzload center of the Republic. 1In addition, as certain
civil Sffuctﬁres,-éuch_as daw, intake, and penstock route have
been provided in construction works of Stage I, they can be uti-
lized for thé. Stage II Project. - With these provisions, the

construction period can be reduced and the construction cost of

the Stage II Project will be low.



(2} Size and Timing of Development

(3)

(a)

(b)

(c).

Size of the Project

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

units.
Timing of Dévelbpﬁent'

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 15 not necéssary to prepare a new transmission tiné for the
Stage 11 Project, because the existing transmission 1ihe of

230 kV can be utilized for the Project.

Baslic Design Parameters of the Project

'The7basic_design parametefs of the Stage II Project are presented in

Table-1.
Table-l Specifications of the Stage II Project
. . Caliréja_ _ Lumot
1. Upper Reservoir _ ~ Reservoir Reservolr
Catchment area km? 92 37
High Water Level ‘o EL. 288.00 EL. 290.00
Low Water Level B m EL. 286.00  EL. 286.00
. Effective storﬁg 156 m3 22,09 22,00
capacity : .
Total storage 106 m3 79.01 43.8

¢ capacity’



2. Dam (Existing)

Type

Crest"E1évation
3. Spillway (Existing)

Normal=use spillway
type

Dia. ® length

Eunergency spillway
type

Overflow crest EL
Overflow crest length

Lower Reservoir
“(Watural lake)

4.

HWL
Av. water level
LWL
‘Total storage
5. Upper Canal (Ekisting)
Water surface width
Bed width
Bed'glevation_
6. Penstock
Sﬁffacé portion | :
Dia. = length x lines

" Tunnel portion
Dla. x length x lines

Upstream side

concrete—-
protected
earth~-fil11
Vertlical
shaft with
gate

m 4.2 x 320
Overflow

m FL. 291,30

m 160
Laguna de Bay

m EL 3.24

m EL. 0.60

jiid EL¢“0.36

106 3 4,000

m 100.00

m 45.00

m EL. 281,50

m 6000_5l00 x 1,

m 3.30 x 100 x 2

ELI

Upstream side
concrete-
protected
earth—-fill

294.00

Overflow
vertical shaft

4,0 ¥ 214

200 x 1



7. Power Generation Scheme Generating Pump-up

- Gross head ' m 286.40 286.40
(Normal water level)
Narhal effective head o 282.00 -
Max. effective head m 287.20 291.40

(Max. total pump head)

Min. effective head m 278.40 283,80
_(Min. total pump head)

Max. power discharge /s 62,0 x 2 49,9 x 2
{Max. total pump head)

~ Max. output/input MW . 152 x 2 159 x 2

Pump-Turbine

Type B Reversible vertical type
: : T : Francis pump—turbina
Number _ - Unit 2 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 2
Qutput (MyA, M) 167 155
Frequency Hz 60 60
Pump~up starting Pony motor start and back
- systenm . te back start

Main transformer
Type, , Outdoor, 3~ph
: : : forced oil,
alr-cooled

Number | | ~ Unit 2 2

Capacity . MVA 170 170



(4)

Frequency Nz 60 60
. Voltage : kV 230/13.8
-Outdoor Switchyard

Bus bar system 1 - 1/2 CK system, transmis-
sion line outgoling 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 presénted in Table-2.

This construction 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 currency.

The c¢onstruction cost - items in the table -are indicated in U.Se.

dollars, and the exchange rate is assumed to be 1 US$ = 22.5 pesos.



Table=2 Estimated Construction Cost

(Unit: USSM)

Forelgn | Domestic Total . Note
Currency | Currency
Preparation Works 0.48 | 1.57 2.05
Civil Works 9.26 17.17 26.44
Hydraulic Equipment < 16475 14,45 31.20 | including
. _ dredger
Electromechanical 60.40 5.80 | 66.20°
Equipment
Administration Cost 4.00 3.55 7.55 | 6Z 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 _ Domestic;20.07%
Construction Cost 107.35 63.62 | 170.97
Cost for Rehabilitation 4.82 5.60 10.42 | Caliraya Dan
Wotks '
Total Construction Cbst 112,17 69,22 181,39

{5) Economic Evaluation

in terms bf the Benefit (B) to Cost.(C)_ratio, the economics of the

' Stage II Project is favorable being higher than 1.0 as shown below.
Therefore, this Project is sufficilently feasible in terms of econo-
micé._ .

The discount rate was assumed to be 15%.

US$111.06 million

Benefit (B)

Cost (C) = US$100.70 million
B~-C = US$10.36 million '
B/C = 1,10

Equalized Discount Rate = 21.15%



(6)

Environmental. Assessment

Thé'majof.environmenﬁal impact created by the Stdge I1 Project will be
the transfer of contaminated water in the lower reservoilr of Laguna de
Bay to the wupper reservoir . of Caliraya, This effect has already
occurred by operation of the Stage I Project. Considering that no
serious eunvironmental issue has occurred by operation of the exilsting
power plant, it is expected that the effect of expanding the power

plént would be minor.

Recommendations

(1)

(2)

Construction Schedule

) Qonéidering_the construction gchedule.of the Stage II Project, it is

expected that'commissiqning of the No. 3 Unit will take 39 months, and
that of the No. 4 Unit 45 months, Therefore, the construction sche-
dule.presentéd below must be kept in proceeding with the construction

in order to meet the increasing power demand.

1990f11 m;';991*3: =_Pruvisidn_and Award of_Defihite Design
1991 4 -~ 1992-9: Definite Design

199210 —— 1993-3: Financing Formalities

1993~ 4 —- 1993-9: Bidding and Award of Contract for Construction
1993-10 : : Start of Construction

1997-1 & 7~ : Commissioning -

Mitigation Measures for Environmental Impact

Although the implementation.of_the Stage'II Project will not create an
environmental problem caused.by the Project itself, the contamination
of Léguna de Bay, which is the lower reservoir of the Project, will
progress inevitably due to household and industrial wasté water

drained from the surrounding area. It is a matter of natural course

f"that, as the contamination of the lower reservoir is intensified, the

upper resérvoir of Caliraya Lake will also be contaminated, Although
ie is impossiblé_to stop the contamination of the lower reservoir, it

should be possible to retard this process.



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

of general enviconmental 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 raservoir to reduce con-

tamination,

The cost of these provisions 1is approximately _estimated at USS$ 6
Millioh. It should be added  that in implementing these retardlng
measureé, a'study of possible environmental'probiems by construction
.of the coffer dam, and a review of this construction cost will be

necessarya

As previously mentioned, it 1is considered that the environmental
impact- concérning Laguita de Bay should be geparated from the Kalayaan

Stage 11 Project.and be takén”up-as_a.national project.

Thé reagon is ﬁhat.if'therelimination of contamination of Laguna de
Bay were to be conéidered in thié frdject, it would require a cost far
greater thén "thg- Kalayaan Stagé It 'Prbject itself, and as a con-
sequence, the ,origina1 objective of the Pumped Storage Power

Generation Project itself will not be justifiable,

Incidéhtallj;'if the marginal cost that could be borne by the Prbjéct
weré to be teﬁtatively'examined,'it-ﬁould be as given below. That is,
it would be the break-even polnt of the Project for B/C = 1.0, and the
amount would be about US$ 20 Millions.



M Suitchyard

"\ Control _ui'ld

Upper -

L.ower

Upper

Specification: of Stoge 2 Project

" Penstock o

. Reservolr tE.xIstlng)- Caliraya Reservoir
- Ccﬁcﬁmer‘n Area K 92
‘High Woter Lével . m 288. 00
~ Low Woter Lével m 286.00°
 Eifective Storags Capaclty 16%w® 22,08
. Total S'toruge.'(;‘,dp.uciiy' tom 79.01
Ressrvolr _(Nul:urul ‘Loke) ‘
" High Water Level  m 3.24
o Av Wafer  Level m 0.60
Low Water Léval o m . ~0.36
Total Storage Capacity 10 m 4.000
-Conal (Existing)
‘Water Surface Width m 100.00
Bed Width . m . 45.00
- Bed Elevation Mo 28150
Surface  Portion m 5.00-500% 1.200x |

~ Tunbel” qusjon m  330x100x2

Lurot Reseroir

k14
290.00
286.60
22.00
43.8

284.00

Power Generotion Scheme

Norma! Effective Hesd m
Max. Effective Head

[Max Total Pump Head) m

Min. Effective Heoad

{Min Total Pump Head} m
Max. Power Discharge

(Max. Pump Discharge) "'3/5

Mox. Qutput / Tnput MW
Pump— Turbine

Type

Number Unit

Rated COCutput MW

Input

Rated  Speed rpm
. Motor— Generator

Type

Number Unit

Cuiput MW

Frequency Hz

Pump-up Storting System

" Qutdear Switchyard

" Bus Bar System

STREIN \\ ;
264,00 )

3

Pq




Specification of Stage 2 Project

\i‘." Upper Reservolr [Existing) . . Caliraya Reservoir - Lumot 'Rasarvnir

:\\\\\ Catchment Ares Kef 2 S

\\ High Water Level m ) 288,00 . 290.00_

kA Low Water Level m : 286.00 286.00

N Effective Storage Copagity 105m® 22.09 . 22,00
Total Storage Capacity 10 m 79.01 . 43.8

- .{,’/

Lower Reservolr (Noturdl Loke}

High Water Leval M 224

Av. Water Lavel m ) 0.60

Low Water ~ Leval m =0.38

Total Storage Capacity 10 m 4.000

Upper  Canal (Existing)

Water Surface Width m 100.00
Bed Width - m . 45.00

‘Bed Elevation .om 281.50

Penstotk

Surface  Portion m T B00-500x 1,200x1
Tunnel  Portion m - 330x100x2

\\ X

A\

;17_ ;

0
« Service Building Power Gener‘uﬁqn Scheme Genergting " Pump-up
' ‘ ‘ 3 ] [ fagfi e N, : — / - A - Normaol 'Effective. Head m . 282.00 )
T e S » R N : S ; : ) } " Max. Effective - Head R ) )
- R / T : = g — . iz : i C .. {Max Total Pump Head) m 287.20 29140
\ Min, Effective - Head :
(Min Total Pump Hedd) m - 278.40 283.80
—t Max, Power. Discharge B S
. | {Max. Pump ' Discharge} = /s 62.0x 2 49.9x 2
Mox. Output / Input’ © MW~ I52x2 - " 189x 2
Pump— Turbine B ) ‘ ‘
Ty'pe_ ’ C o Reyersible Vertical Type Froncis Pump-Turbine
Number Unr 2 . ) 2
- " " Rated Output LMW 154 :
o Imput: S - S 155 ?. ; EIO
Roted Speed .. rpm L lsso . 360
z " .Motor— Generator . ; P ' ] :
. Type. . . o " 3-Ph,AG, Synchronous Generator- Mator - KALAYAAN PUMPED STORAGE PLANT
) - Number S unit - o 2 ‘DEVELOPMENT PROJECT (STAGE I1I)
o COuwput . - MWL, e i55
" Frequency . Hz .. . 60 _ 60
. Pumprup’ Siﬁrllng S_yslém Pony: Motor Start ond Back to Back Start

L Pumpuy S RECOMMENDED GENERAL LAYOUT
Ouldoor Switchyord . . D ’ ,

Bus Bar.SyQté_m:' 0 1-Y2.eB system, Tronsmission 1.ine

’ Quigeing & CCT .
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1-2

Chapter | Object of the Study

Background and Role of the Project

NAPOCOR (Mational Power Corporatlon) projects that the power demand of
the Tuzon Grid, which aécounts for 87% of the total power demand of
the Republic of the Philippines, will grow to approximately 7,000 MW
from tﬁe current maximum demand of 2,938 MW (as of June 1989) going
ahead with electric deer development projects to meet this growth of
electric demand. As the reserve margin in the power system'of Luzon
is expected to fall to 4% from 1994 to 1996, NAPOCOR intends to over-
come this supply crisis by installing 600 MW of ‘new gas turbine

plants, thereby providing a reserve margin rate of around 17%.

However, considering the fact that the fuel cost of gas turblne is

high, and 'the service life 1s generally short, these gas turbine

plants can not be regarded as a permanent measure of dealing with the

'power supply sﬁortage, and NAPOCOR is compellied to work out more per-—

manent mDeasures as S00R  as possible. As ome of -such permanent
measures, NAPOCOR had been studying a pian of expanding the existing
Kalayaan fumped Storage Power Plant (célled'Stage I Project hereafte:)
by installing an additional plant {called Stage IT Project hereafter)
adjacent to the existing one, and through. the Government of the
Repﬁblic of the Philippines, requested the Government of Japan to con~
duct a feasibility study for this Stage II Project.

Objective of the Study

Upon the abovementfoned request of the Philippine Government, the

Japanese Government caused 1ts agency, the Japan International

' Coopération Agency (JICA), to dispatch a Preliminary Study Team to the

Philippines in September, 1989, and the Tean held discussions with
NAPOCOR,  the Philippine égency in charge of this matter. JICA then
organized the Study Mission for Feasibility Study of the Stage II

Project;'and the Mission coﬁducted_the neceésary'study.

The objective of the study was to conduct on-site surveys and studies
in Japam, to formulate the technically, economically and financially

6ptimél development plan, and to produce a feasibility report on the

- 10 -



1.3

Kalayaan Pumped Storage Power Plant Stage II Project, as well as to

transfer technologies to 1lts Philippine counterpart through the pro-

cess of the study.

Scope of the Study

(1) Preliminary Investigation Stage

(a)

(b)

(c)

(d)

(e)

Collection and review of all existing data, rveports and

other relevant information on this Project.
Site recdﬁnaissahce.

Powe; survey

Review of existing development schemes

Formulation of alternative development schemes and their

comparative studies to select the optimum development scheme

(2) Detailed Investigation Stage

(a)
(v)

| (c)

Topographic surveys (by NAPOCOR)
Geological investigation and material tests (by NAPOCOR)

Hydrological survey

(3) Feasibility-grade Design Stage

(a)

(b}

(e)

(a)

e

(£)

Optihization studies of Project size

Review and study of the optimum power generation program

including relevant transmission line
Establishment of dam operafion program
Envirbnmentgl assessﬁent

Cqmpgnsation survey

Feasibilitngrade design of structure components

- 11 -



{g) Construction program
{h) Cost estimation

(1) Economic and financial analyses

- 12 ~



2.1

Chapter 2 General Description of the Republic of the Philippines

Current Status of National Economy

The national economic activity of the Philippines declined tﬁrough
1984 and 1985, with her GNP exhibiting negative growth rates of ~7.1%
and -4.1% respectively. However, as the Interest rate became stabili-
zed, domestlc 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.

However, the actual situation can nokt be considered too optimistically
due to the accumulating external debts and shortage of foreign cu-

rrency reserves which are needed for economic growth.

Current Status of Philippine Economy

1985 | 1986 | 1987 | 1988

Real GNP Gfoﬁth 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

Thei Medium—Terﬁ Economic Plan (1989 to 1992) of the Philippine

Government has  beén fdfmulated in consultation with IMF under such

econonic . situation. . In this new Medium-Term Economic Plan, it is at-

_tempted to maintain a relatively high annual growth rate of 6.57 by

means of’ a policy combining aggressive governmental finance, promotlon

of privatization, and intensified caxation.

Outline of Medium-Term Fconomic Plan of Covernment (1989 - 1992)

(1) Ecdnomic Déﬁelopmeht Tatgét: Elimination of poverty, creatlon of
employment, realization of social

equity,

- 13 -



(2) Basic Task: Attaining continued economic

growth,

{(3) Main Targets in Socio~Economic Development

9]

i1)

111)

iv)

v)

‘To attaln an average GNP growth rate of 6.5%.

To increase the ratio of investment to GNP from 18% in 1988
to 24,5% in 1992,

In particular, to increase the ratio of goverument investment
to GNP from 3% in 1988 to over 5.5% in 1991 - 1992,

This will create a shortage of funds of 3 billion US$ during
the period from 1989 to 1992, To déal with this, new loans
will be sécured from foreign commercial banks and the Paris
Club_(?ublic Debtors' Cbuncil) will be requestéd to rasche-

dule loans again.

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

expenditures of 13.9% in 1988 to 12% by 1992,

Major Targets in Medium-Term Economic Plan of Philippines

(198% - 1992)

(in %)

1987 19838 1989 1990 § 1991 1992

GNP Growth Rate ' 5.9 6.7 6.5 645 6.5 6.5
Consumer Price 3.8 3.8 8.0 6-7 56 5-6

Inflation Rate _
Publie Investment/GNP 3.6 3.4 4,2 4.7 5.6 5.8
5.4 33,7 33.8 32.2 31.01 29.4

Debt Service Ratio * 3

% Debt Service Ratio (TDS/NGS): Total debé service relative to

export of goods and services,
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2.2 Past Trend of Power_Demand

Economic 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.

Generally speakihg, 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 yéar; This grqwing.trend of demand will continue, even if

the growth rate may be reduced a little.

Past Trend of Energy Demand

(in 106 kWh)

1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989

Philippines 18,682 | 18,666 | 18,757 | 19,263 | 20,995 | 22,944 24,076
(7.3)] (0) (0.5) ] (2.7)} (2.0 (9.3)] (4.9)

Luzon Grid 15,294 | 14,655 | 14,449 | 14,756 | 16,030 | 17,439 | 18,215
(6.2) | (=6.2) | (~1.8) | (2.1)] (8.6) | (8.8)| (4.%)

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

Mindanao Grid | 2,331) 2,835| 2,965} 3,040 3,272 3,629 | 3,863
(4.2) | (21.6) | (4.8) | (2.5 ] (7.6) ] (10.9) | (6.4)

Figures in parenthases are growth rates over previous years (%),
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Past Trend of Maximum TPower Demand

{in MW)

1983 | 1984 | 1985 | 1986 1988 | 1989

Luzon 2,478 2,374 2,311 | 2,435 2,780 2,938
' (4.8) | (=4:2) | (-2.7) | (5.4) (7.3) | (5.7
Visayas 229 242 256 1 284 333 | 350
- (1.9 | .71 ¢5.8) | (10.9) (8.5) | (6.3)
Mindanao 410 433 470 484 571 617
(5,9) (8.5) {3.0) (7.1) | (8.1)

- {5.6)

Figures in parentheses are growth rates over previous years

- 16 -
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Chapter 3 Current Structure of Electric Utility

3.1 Electric Utility of the Philippines

The electric utility of the Philippinés is operated by both public and
private sector organizations. In the public sector, the National
Power Corporation (NAPOCOR)  surveys and developé all electric power
resources, including such indigenous resources as geothermal and
hydroélectric,' and supplies electric power, which 1s generated by
hydrbelectfic and thermal power plants developed by NAPOCOR, through
its nation-wide transmission networks to electric cooperétives, Manlla
Electfic Company, etes. In the private sector, Manila Electric Gompany
(MERALCO) supplies power to Metro Manila. The power supply in remote
areas‘rwﬁere:_NAPOCOR. has ﬁo transmission system Is carried out by

elécéric'cooperatives.
(1) NAPGCOR

NAPOCOR was established in 1936 under full governmental sub-
sidization with the objective of operating an electric utility
using hydroelettriC‘90wer and other natural resources. This was
based on Commonwealth Act No. 120 of 1935.. In 1972, the scope of
business of NAPOCOR was expanded according to the NPC Charter and
Presidential Decree 40; and today, NAPOCOR is engaged in surveys
and development of all power resources, construction and opera-
tion of transmission netwarks, -and supply of power to electrie
cooperativesiall over the country, Manila Electric Company, and

~other corporations,

The total capaclty of the generating facilitles owned by NAPOCOR
as of the end of 1988 was 5,782 MW, with the_number_of employees
11,294 persons,

(2) Manila Electric Company (MERALCO)

~Manila Electric Company was founded in 1919 by merging three com-
panies, Manila Electric Rallroad & Lighting Co., Manila Suburban
Railway Co., and La Electricista."Later, a bus transport'divi—

gion was séparated, and the part of the éompény related to the
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3.2

electric utility was gradually expanded as the power demand
increased. _
Thétefore,‘ MERALCO is engaged in the distribution of power,
purchased wholesale from NAPOCOR, to Manila City and {its
surroundiﬁg area, which covers-8,813 km? (approximately 3% of the
national land area). According to the record for 1986,'NAPOCGR
h sdpplied 10;260 GWh of 'electricity to MERALCO, and this
cbrfesponded.to 58% of the totai wholesale power of NAPOCOR which
was 17;645 Gwh. . .

(3) National Electrification Administration and Electric

Cooperatives

In . the ?hilippines, rural electrification has been oﬂe of the
impoftant.gpvernment ﬁolicies, and the National Electrification
Administrationr(NEA) was established in 1969 for promotion of
rural electrification. = NEA arranges financing, prepares bidding
docuhents and purchases equipment/materials for rural electrifi-
cation, and the distribution facilities thereby completed are
sold to electric cooperatives. _

The electric cooperatives distribute power, which is supplied by

NAPOCOR, to consumers in their territories.

Power Supply Facilities

The outline (installed capacity, commissioning date) of each power
plant in the Luzon Crid is shown in Table $3.1.

Approximately one half of capacity of oil-fired thermal power plants,
which account for 45% of the total installed capacity of the Luzon
Grid, is almost 20 yéars old, and these facilities méy not be operated
at full power due to aging. 7Tt 1s being planned to rehabilitate these
aged thermal power plants dufing the period from 1990 to 1992,
starting with the Sucat No. 1 Unit,

- 18 -



3.3 Power Demand and Supply

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

In reality, however, 41 blackouts and 97 GWh of power supply shortage
océurred in the entire Philippines in 1989, 1t can be surmised that
fhé major reésoné for this_éituétion were frequent natural hazards
such as typﬁoons, and the  low reliability of aged thérmal power
plants, Tt is expected that the power supply shoftage in 1990 will be
severer because of reduced hydroelectric output due to less rain of in
the'yéér. ' _ _ .

With the objective of improving self-sufficiency in energy of the
Luzon Grid, it is being planned to develop hydroelectric power in the
northern area ‘of Luzon Island, and utilize the hydroelectric and
geothermal power developed in the southern areas by means of a

Luzon-Visayas-Mindanao interconnection.

- 19 -



Table 53-1 Existing Power Plants in Luzon Grid (as of Dec. 1989)
(a) Pondage Uydre
Unit & Unit Firm Comm, Year
Plant Name Capacity Qut put of
No. (M) (MW} Year Retirement
l. Caliraya 1 8. 00 15 10745 1582
2 8. 00 11745 1992
3 8. 00 10747 1997
q 8. 00 2./57 2000
2. Ambuklao 1 25. 00 36 12./56 2006
2 25. 00 12756 2006
3 25. 00 8.757 2007
3 Binga - ! 25. 00 79 1./60 2010
2 25. 00 L/ 60 2010
3 25. 00 3./ 60 2010
4 25.00 3./ 60 2010
4. Angat {(main} 1 50. 00 1067 2017
2 “50.00 107867 2017
3 50. 00 868 2018
4 50. 00 fotal 8.7 68 2018 .
. ) 142 -
5 Angat f{aux.) 1 6. 00 T/ 67 2017
2 6. 00 1./67 2017
3. 6. 00 10778 2028
4 10. 00 3./ 86 2036
6. Pantahangan 1 50. 00 26 £/17 2027
2 50. 00 5771 2027
7. Magal | 90. 00 180 | 8,83 2033
2 90. 00 9,783 2033
K] a0. 00 11783 2032
4 -90. 00 8./ 84 2034
Sub-tolal 895 478 ——
(o Puaped Hydro
. Unit Unit Firm Comn. Year
Plant Name Capacity Out put > of
o (NW) (4¥) Year Rettrement
1. Kalayaan t 150. 00 300 5./ 82 2032
2 -~ 150. 00 : 3./82 2032
Sub-total 300 300 _
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(€} Run-of-River Hydro

Unit Onit Firm Comn, Year
Plant Xame Capaciiy OQut put of
Yo, (M) {415 Year Retirement
1. Botocan b 3. 00 0 1946 1998
-8.00 1943 1998
3 0. 96 1945 1993
2. Buhi-Barit | 1. 80 0 951 2007
3. Cawayan 1 0. 40 { 1039 2009
4. Mdasiway 1 12. 00 0 12780 2030
Sub-total 31.2 N —_—
@) I]il Thermal .
Unit Unit Minimum Comam, Year
Flaant Nawme \ af
: : Yo Capacity Gut put Year Retirement
I Manila 1 100. 00 - 30. ¢ 9,/ 65 1995
2 100. 09 30.0 10763 1995
9. Sucat 1a2 1 130. 60 20.0 10768 1998
{Garoner) 2 200. 00 120. 0 1770 2000
Sucat 3ud 3 200. 00 120. 0 /11 2001
{Snyder) 4 300. 00 126.0 9,772 2002
3. - Bataan 1 75. 00 50.0 9/72 2002
2 150. 00 80.0 2711 2007
4, Malaya 1. 300. 00 120.0 915 2005
2 350. 00 150.0 3779 2009
Sub-total 1. 952 870.0 ——
(&} Gas turhine
. nit Unit Depenﬂable Comm, Yeér
Plant Name _ ' of
hiY Cap. fut put Year Retirement
. Malaya | 30.0 30.0 9,89 2004
. ' 2 30.0 30.0 9/89 2004
3 30.0 30.0 9./39 2004
2. Bataan 1 30. 0 30,0 9./89 2004
' ' _ 30,0 . 30.6 9./89 2004
1 30.0 30.0 9,89 2004
: 30. 0 _ 30.0 9/89 2004
Sub-total 210 210.0 E—
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{f) Geothemal
‘ Enyt .Unit Yintmum Coma, Yerar
Plant Name o Capacity OQut put of
\a (MW (M) Year Retirement
I Tiwi | 55. 00 30. 0 1./ 179 2009
2 55. 00 30.0 3 79 2009
3 53. 00 30.0 1 80 2010
4 95.00 30.0 4780 2010
5 53. 00 30.0 12781 2011
6 55,00 30.0 3 82 2012
1 35. 00 30.0 1779 2009
2 55. 00 30.0 T 79 2009
2. Yak-Ban 3 . 53. 00 30,0 480 2010
4 55. 00 30.0 6780 2010
3. Yak-Ban 5 . 55.00 30.0 T/34 2014
5 - 59.00 30,0 9,784 2014
sub-total 660 360 —
@® Coal fired Thernal
Unit Unif Minisum Coam. Year
Plant Yame Capacity Out put of
Yo : ('MW)' (1) Year Retirement
I Calacal 1 1300.0 230.0 | 9/84 2014
Sub-total 00 9230 —
GRAND TOTAL (NH) 4,991
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4.1

Chapter 4 Load Projections

Load Forecast

(1)

Load Forecast by Macroscopile Method

. The expression of the local GDP (x) and energy sales (y) of Luzon

(2)

Island from 1985 to 1989, when the economy was comparatively
stable according to Fig S4—1, obtained by a primary regression

technique is as follows:

v = 0.36624x ~ 7579.7

‘where, y: Energy sales of Luzon Grid (GWh)

x: Local GDP of Luzon Region (million peses at 1972
level)

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%)

Tables 84~1 and S4-2 give the respective forecast results.

Load Forecast Resﬁlt to be Adopted

According to the Medium-term Ecomomic Outlook of NEDA tﬁe domi-
nént view is that growth at 6 percent will be difficult to
achieve for SOme time ro come. Further, taking the actﬁal per-
formance of 1989 which was slightly'poorer than originally fore-

cast into consideration,.it was decided to adopt the results of

‘the Steady Case (GDP annual rate: 5.5%) which is more reallstic.
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4,2 Ylectric Power Development Program

4.3

‘An Blectric Power Development Plan for the period from 1990 to 2000

has been formulated based on the Power Development ?1an of NAPOCOR, as
preééntea‘in Table 84-3. :

In this plan, the power development program after 1996 has been
modified in such a manner that the demand of each year ﬁan be meb even
if éged thermal power plants are retired and gas turbine plant output

is reduced,

'Demaﬁd and Suﬁbly Balance

As shown in Table S4-4 and ﬁigs.-sh~2 and $4-3, there will be a con~
dition of both peak and énergy gupply capability being short for the
time. being, and this 1s seen in the present situation of frequent

supply shortages. -

'The“kw:peak balance will be recoverad onc: tn 1993 with commissioning

of the Coai 3 Power Plant; but true recovery including energy balance

will not be achieved until after 1997.

Particularly, in the latter half of the 1990s, the peak supply capabi-
lity will decline with aging of gas turbines coumissioned in the
period from 1989 to 1992, but on the other hand, it will be a period
Whén pumping~ﬁ§'power Saurces will be created through devélopment of
1arge—scale coal-fired thermal plants. Accordingly, it is judged that ~
the latter half of the 1990s will be a favorable time for the Stage II

Project.
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Table 84-1 Demand Forecast in Luzon Grid (Mid-case GDP: 6.4%)

vear GDP Mil P Demaﬁd (GW@) Loss+Skt.s P?ak Pow. Annual Demand

at 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,G97 8.5 4,255.9 70.0 8.6
1994 91,899 26,077 28,294 . 8.5 &,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
19971 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 125,319 138,317 41,574 8.5 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
2002 150,953 &7,705 51,760 - 8.5 8,441.0 70.0 7.5
2003 160,614 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 181,331 159,014 64,030 8.5 10,442.0 70.0 7.3

Table §4-2 Demand Forecast in Luzom Grid (Steady case GDP: 5.5%)
Year GDP Mil p Démand (Gih) Loss+St.s | Peak Pow. ! Annual Demand

at 1972 | Sales Lev | Gen. Lev. | Load {%) in. (W) LE (%) 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 292,922 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.l
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 162,606 | = 44,649 48,444 8.5 7,900,.2 70.0 6.5
2004 | 150,449 47,521 51,560 8.5 8,408.4 . 70.0 6.4
2005 | 158,724 50,5352 54,849 8.5 8,944.7 70.0 6.4
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New Power Plants (M)

. Table 84-3 Power Development Program by the Mission

Sucat #2

YEAR Retivcment(MW) | Installed Cap.
1,989 ‘ —eee Total 14, 32240
1,990 | Hopwell GT 4% 50 | |
' Power Barge GT 4X-30 none 4, 642
1,991 - | Sucat Land Barge GT 1x 30 |
New GT - 6x50 none 4,972
1,592 Power Barge GT 1% 27.5) Carilaya _
~ Bac-Man Geo 2 85 #,2 -16
Combined Cycle 1x 200 5,293.5
1,993 - | Power Barge GT 1% 21.5
. 7 -] Bulusan Geo 3x 20
Coal W ' 1x 300
Maibarara  Geo 1x10 ‘none
Bac-Man Geoll 2% 20
_ Calaca 1 1x 300 6,031
1, 994 Balog-Balog Hyd. 2x11
Pinatubo Geo 3x20 .none 6,113
1,995 Cagua Geo 2x20 | Botocan #3 -1
Tongonan Geo-A 8x 55 Manila#1,2 -200
_ - Del Gallego Geo 6x 20 6,512
1,996 Tongonan Geo-B 8x 55 _
A Coal A-1 ¥~ 1x 300 none 7,252
1,997 -] Coal A2 * 1x 300 | Carilaya #3 -8
' - Kalayaan 1 9% 150 7, 844
1,998 Coal B-1. - 1x 300 | Botocan#1,2 -16
| Casecnan 268 | Sucat #1  -150 8,246
1,998 | Coal B-2 1x 300
T Combined Cycle 1x 300 none 8, 846
2,000 . | Combined Cycle  1x600 | Carilaya #4 -8 |
: ~200 9,238
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Table S4~4 Demand and Supply Balance in MW and GWh

O YRAR 1989 199D 199} 1992 1993 1994
Demand (Gwh) Gen. Lev 18, 215 20,829 21,582 23,221 24, 952 26,776
Peak pow. (HW) 2,918 3, 266 3,520 3,181 4,069 4,367
Pondage {yd. (MW} 805 895 Qgﬁ# 8748 - 8798 i1t
Run-of-river 32 12 32 12 32 32
Pumped lyd. (MW} . Joo 300 300 kY131 jod 300
Hyd. Tot. Ins. Cap (¥Y) 1,227 1,227 1,227 1,21% 1,211 1,233
Hyd. Tot.Firm-Cap. . 778 178 718 170 710 111
Hyd. Dep. Ene {G¥h/yr} 2,410 2,418 2,410 2,315 2,375 2,423
Gas Turbine (MY) 210 530 a60 888 g% 310
il Thermal (M¥) 1,925 1, 32% 1, 825 1,825 1, 525 1,925
Geo. Thernmal 660 660 660 770 8§80 HES
Coal 300 100 180 300 00 300
Combined cyc. . ey -0 -0 200 | . 200 z00
Thr. Tot. Ins. Cap (M¥) 3,095 3,415 1, 745 4,083 - 4,820 4,715
The, Tot. Firm Cap. 2,067 2, 387 2. 117 3,039 3,741 3'5934
LThr.Dap;EnF(ﬁWh/Yr) 14, 923 15, 203 15, 492 17,533 22,242 22, 544
Tok. Ins. Lap (M¥)} 4,322 4, 542 4,972 5,294 b, 031 5, ODB
Ins. Cap. Hargin{¥) 41 42 T4l 40 48 38
Tot. Firm Cap (MW) 2,845 1.16% 3, 49% 3,808 4,511 4, 470-
Firm Cap.Margin (%) -3 -3 -1 1 it ‘ 2
Tot. Dep. Enr (GWh/yr) 17,313 17.613 17,302 19,828 24,617 24, 987
Dep. Enr. Hargin (%) -5 -12 ~-17 -14 -1 -7
YEAR 1835 1896 1997 1938 1999 2,000
Demand {(Gwh} Gen. Lev 28, 100 30,732 32,874 35,134 37.519 40, 035 |
Peak pow. (M¥). 4, 580 5,012 5,361 5. 730 B,118 6,529 |
Pondage Hyd. (M¥) 901 401 893 1,161 1,161 1. 151
Run~of-river’ - A1 31 31 15 15 ' 15
Pumped Ilyd. {(M¥) 300 300 - 600 600 600 . hOt
llyd. Tot. Ins. Cap (M¥) 1,232 1,232 1,524 1,776 1,776 1,768
ilyd. Tot. Firm Cap.. TIT§ 171 1,073 1,167 1,167 1,163
lyd. Dep. Env {G¥h/yr) 2,422 2,422 2,798 3, 357 3,357 - 3, 340
Gas Turbine (H¥W) - 650 . 485 471 457 352 192
0il Thermal {M¥} 1,725 1,725 1,725 1,575 1,57% 1,375
Geog. Thermal 1, 540 1, 880 1,980 1. 981 1, 980 1,980
' Coal: 900 1, 200 1500 1,800 2,100 2,100
‘Combined c¢cyc.. - 200 200 200 200 560 1,160
Thr. Tot. ins. Gap (M¥) 5,015 5, 590 5 876 5,012 6,507 6. 747
Thr. Tot.Firm Gap: 3,983 4, 521 4,792 4,873 9,438 5,128
Thr. Dep. Enr (G¥h/yr) 25,4170 -~ 30, 187 32, 146 13, 447 37, 287 40,223
Tot. Ins. Cap {(MW) b, 247 6,822 7,400 7,788 8,283 8,518
Ins. Cap. Margin{%) " - 33 - 36 18 36 35 30
"Tot.Firm Cap (MW) 4,760 5,298 5, 8§45 5, 140 6, 605 5,881
Firm Cap.Margin(%) - 2 i q 1 8 6
Tot. Dep. Enr (G¥h/yr} 27,881 32,608 34, 844 36, 805 40,655 43, 561
Dep. Enr. Margin (%) - =] ] : § 5 8 ' g
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5.2

5.2.1

Chapter 5 Hydrology

General Meteorology

The climate ié bcéénic and strongly influenced by the monsoons deve~
loped in the Indian Ocean and the north Pacific Oceaun, with little
temperature variation throughout the year except in mountainous areas.
Rainfall is generally heavy and humidity is high.

The southwest monsoon due to Indian Ocean trade winds causes mostly
southweét winds to bégin blowing from around June, which become
strongest in August and continu; into September and Dctober bringLng
rain all over the western coasts of the Philipplnes.

The northeast monsoon is a cold air current systeﬁ developed due to
high atmospheric pressures in the north Pacific Ocean causing mostly
northeast winds to blow from around October, becoming strongest around
Janunary, én&ﬁcontinuing to around April, and at times bringing heavy

rains all over the eastern coasts of the Philippines.

Calirava and Lumot Reservoirs

The Califéya and Lumot reservoirs are provided by earthfill dams on
the upstream stratches of the Caliraya and Lumot rivers which arve tri-
butaries of the Pagsanjan River, and the two reservoirs are counnected

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

Meteorology
(1) Geographical Conditions

Caliraya Reservoir is  located approximately 60 km east-
southeast of. Manila, in the central area of Luzon Tsland.
Geographically, the vicinity of the central region of Luzon is
sandwiched_by Manila Bay on the west gide and by Lamon Bay on
the east_éide,,and_the greater part of the central region is
taken up by Laguna de Ba?, Caliraya Reservoir is located at
the weét half of ‘the apprdximately 30 km between the northeast
part of Laguna de Bay and Lamon Bay. The area of Central Luzon

has Mt. Banahao towering to an elevation of more than 2,000 m
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- approximately 25 km south of Caliraya Reservolr, but mostly,
the land on the Lamon Bay side is a tableland of elevation 400
to 500 m, while the land on the Manila Bay side has low-

elévation topography.
(2) Precipitation

The meteorology of the vicinity of Caliraya tends to be
atffected by the twoe monsoons because of its geography and there
- is precipitation of wmore than 200 mm moathly from June to
December, and the annual precipitation 1s around 3,000 mm. The
‘maximum daily rainfall of the year occurs mostly in November or

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

(3) Temperature

The temperature is about the same as at Manila, the minimun
being from 20°C to 24°C, and the maximum being from 24°C to
33°C. It is the hottest in May, although generally, it is

about 4°C cooler than Manila.
(4) Evaporation

Evaporation is about 1,200 nm annually.

5.2.2 Hydrology
(1) - Inflow

Gguging stations fdr infiows héd not been‘prbvided in the past.
Théréfdre, inflbw.had béen calculated by ﬁsing the watér ievel
of Caliraya_Reservoir, the energy producfions of Caiiraja and
Kalayaan fower Plants, and_pumpwuﬁ energf_of Kélayaan Power
Plant. &_ _

:Cali:aya Resérvoir is coﬁﬁeéted with Lumot Reservoir by a tun-—
nel'2.0:m in diametér so thaﬁ the infloﬁ to Lumot Reservoir is
'régulated nathraily énd flows intO'Caliraya Réservoir tb be

included as part of the inflow to Caliraya Reservoir.
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(2)

The past average annual inflow was 200 x 106 w3, Table §5-1

gives the actual Inflow at Caliraya Reservoir.

The peak flood digcharge at Caliraya Reservoir has been ana-
lyzed 1in "Feasibility Report of Caliraya Dam Rehabilitation
Projedt" by JICA in Sept. 1986, as shown below.

: Peak Flood
Return Period (yr) Discharge (m3/s)

1,000 2,632
200 2,173
100 1,968

50 1,770
10 1,300

Runoff Regulation by Reservolr

The inflow to Lumot Reservoir is naturally regulated annually
by the discharge through fhe connecting waterway, and rumns into
Cériléya Reservoir. _

Water above the high water level is discharged by a morning
glory type spillway 4 m in diameter.

The inflow of_CaliraYa=Resérvoir consists of stream inflow,

- pumped water by the Stage 1. Plant (Max.: 90,8 m3/s),_ and

discharge from Lumot Reservoir, The outflow consists of

genera;ioﬁ diécharge of = Caliraya Power Plant (maximum:

14.74 m3/s)1 Kalayaan generation discharge (Stage I, maximum;

124,0 m3/s), and outflow to Lumot Reservoir. The reservoirs
are operated for these outflows and 1nflows to be optimum in

using the effective storage capacity of 22.1 x 10% m3 (See

'Fig.:85~1) for power generating operation on a weekly basis.,

Water rising above.EL;289.2m 1s-éischafged by a spillway tunnel
4.2 m .in diameter with a cylinder gate and an emergency

spillway-
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(3) Water Level of Caliraya Reservoir

Recently, since there has come up the matter of rehabllitation
of Caliraya Dam, the maximum water levels in operation have
been made EL. 289,15 m in the dry season and EL. 288.0 m-in the

wet season to cope with water level rlses during floods.

5.3 Laguna de Bay

5.3.1

5.3.2

5.3.3

Geographical Conditions

Laguna de Bay is located to the southeast of Manila and takes up the
greater. part of Central Luzon sandwiched by Manila Bay and Lawmon
Bay. It extends approximately 45 km east-west and 40 km north-

south, and the area is approximately 900 kmé

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 the Pasig River which
starts out from the northwest part of the lake, goes northwest for

approximately 20 km, and passes finally through Metro Manila.

Water Level of Laguna de Bay

The water level of Laguna de Bay fluctuatés in a range between EL.
~0.2 m and EL. 2.0 m in proportion to rainfall. - Broadly divided
seasonally, Marcﬁ to June make up the period.of lowest water with
water levels between EL, -0.2 m and EL. 0.4 m, January to February,
and July to August are intermediate periods with water levels from
EL. 0.2 m to EL. 0.9 m, while September to December correspond to a
pefiod of high water at EL, 0.8 m to EL. 2.0 ms: On August 3, 1972,

a water level of EL., 3.53 m'was recorded.

Sediment Carried by Pagsanjan River

According to ""Feaslbility Study Report of Ralayaan Pumped Storage
Plant” in May 1973 by ELC, the sediment discharged into Laguna de
Bay by the Pagsanjan River has been at a rate of extension of 10 m

a year from 1919 to 1969.
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The largest source of the sediment transported is considered to
be silt scoured from river terraces at the midstream and downstceam

stretches of the river due to rising water levels during floods,
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6.1

6.2

Chapter 6 Geology

Topography and Geology around Project Site

The topography of the area around the Project site, located to the
eastern end of Laguna de an, is featured by lava plateaus, 200 to
400 m in altitude, which form steep cliffs at the shore of Laguna de
Bay. | _

The tpps:#f the lava plateaus are flat lands having relatlvely large
numbers of sﬁall undulations. The western sides of there plateaus are
steep slopes, from 200 to 300 m in relative hight and having 50° to
60° gradients, which face Laguna de Bay. The delta formed by the
Pagsanjan River, stretching to the northwest, spreads to the south of
the power plant site.

The geology of the area around the Project site is featured by a wide
cover of volcanic products which were ejected from the Neogene
Pliocene Epoch to the Quarﬁernary Period. |

These volecanic "products consist of pyroclastic rocks of basalt-
andesite léva;'tuff, agglomerate, etc., which are widely distributed

from the northern side to the eastern side of Laguna de Bay.

Geology around Each Structure Site

The materials collected during the investigation and the results of
site survey indicate the following geological features. (Refer to
Fig. $6-1.)

(1) Upper Canal

The_upper'canai Already exists, having been constructed in the
:stagé Ia ‘ -

The ground surface 'cénsists of tuff and basalt, and tuff is
-wideiy'distributed overlying basalt.

A landslide is observed on the right bank at about 500 m to the
ﬁﬁéfféam'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 contains several slides of horseshoe shape, and

there is no sign that they are mbﬁing'ﬁow. If movement is found

- 37 -



(2)

(3)

(4)

in future, some countermeasures will be required, including the

temoval of siiding deposits.
Intake

The intake was constructed together with the upper channel during
construction works of the Stage 1. There is a transition boun-
dary near the intake from agglomerate to basalt, and the foun-
dation of the intake is weathered basalt.

No abnormal condition is found at the intake and its surrounding
arca, and:it is deemed that there is no geological problem in

terms of civil engineering.
Penstock Route

The route of tﬁe penstock of the Stage II has been planned 10 m
td the west of the existing penstock of the Stage I, and the area
of the penstock route was mostly excavated during construction
works of the Stage T.

In the upper inélined section, basalt of the same nature as that
around the intake is distributed. _

in the central section, agglomerates are widely distributed with
thlckness of approximately 40 m over the basalt base rock,

In the lower section, ‘basalts are exposed all over the cliff
along.the road ‘at elevation of 50 m.

Recording underparts .of basalts there are developed cracks in
some zones, but medium hard and lunpy agglomerates are generally
distributed. | - _
Tt can be concluded that there will be no particular problem con-
cefning bearing force and stability in the foundation of the
penstock route, its surrounding areas and the slope which has

been already constructed.
Power Plant

Agglomerétésxaré exposed all over the steep slope of the mountain
side. ' The agglomerates have varlous lithofacies, such as soft
componénts containing much matrices of tuff materials, generally
hard cemponents contalning many basalt gravels, as well as parts

contalining thin layers or lenses of tuff and basalt.
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According to the boring survey waterials of the Stage I, there is
a fault with large base rock displacement in the NE-8W direction
at about 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 was performed on 2 holes at the power
plant site.
According to this survey, the fault exists at the boundary bet-
ween talus deposits distributed wildely on the side of the
tailrace and agglomerates.. It was confirmed that the foundation
rock is medium hard, and consists of generally lumpy agglomera-
tes. Concerning the.permeébiiity of foundation rock, there were
i mény zones where high permeabilities of 20 Lugeon or more were

observed.

Based on the above survey result, it can be regarded that the
foundation rock at the power plant site involves no particular
‘problem concerning bearing force and slope stability during exca-
vation. However, as high permeability is observed, and
pressurized:ground water exists, the measures of stopping water

must be studied carefully,.
(5) Tatlrace

Accordiﬁg to the boring'survey.record of the Stage I, the foun-
dation of the tailtabe is agglomerate for a distance of approxi-
mately 50 m from the power plant. On the west side of the fault
1oéated'there; it frobably consists of talus deposits made up of
basalt boulders and cobbles, and deposits from Laguna de Bay con-—
sisﬁing of ciay; 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.

The results of boring are given in Fig. $6-2.
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6.3 Blasting Test

6.3.1

6.3.2

6.3.3

Objective and Schedule of Blasting Test

~The location of the Stage II Project is near the existing power

plant, and in <xcavation of the power plant shaft for Stage 1T,
there is a possibility that adverse effects will be exerted on the

existing power plant.

Many studies have been conducted in the past concerning actual con-
ditions and control methods with regard to blasting vibrations, and
various sﬁggestions'have beén made about Ehe effects of.blasting and
limitétion on structures built on base roék or unconsolidated

ground.

Therefore, blasting tests must be conducted at the site in question
to develop an experimental equation that is 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 conventional 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 foundation near the
existing power plant, and so that the blasting method, the type of
explbsive, size of charge and the excavation method in the real

construction work-could be studied.

Test Site

The blasting tests were conducted on the foundation rock of the pro-
posed site of the Stage I1 Project, as illustrated in Fig. 56-3.
Blasting Pattern

Prior to the main tests, preliminary tests, Cases-A and B, were con-
duéted at a location farthest away from the existing power plant
inside the site of the Stage II, in order to confirm the effect of
blasting_pn the exisfing plant. Then, the main tests, Cases-E, ¥, I

and J were conducted at the center of the Stage 11 site.
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(1) Preliminary_Blasting Test

The preliminary blasting tests, Cases~A and B were conducted at
a point farthest from the existing plant using conventicnal
dynamite to confirm the extent of the effect on the existing

'plant and to measure the vibration velecity (V) and K-value

(K.
{2) HMain 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'éXisfing power plant was re-examined. The main
tests were conducted at the planned power plaht site and uear

the existing plant using conventional dynamite and Calmmite.

6.3.4 Measurement Ttems and Method

6.3.5

Measuring points for vibration velocity were selected to he nearest

to the blast center and, moreover, where prone to effects of vibra-

- tion as shown in Fig. S6~4, and the three sites of the existing

power plant which were chosen at the powerhouse side wall (2
measuring points), concrete foundation around generators (2
measuring points), and inside the generator control room (1

measuring point).

The measufement items consisted of measurement of acceleration
{gal), with vibration velocity {kine) obtained performing smnalytic
transformation of data to make comparisons with past measurement

results.

Measurement Results’

The data were analyzed by FFT analyzer to identify maximum accelera—

tion amplitude_and predominant vibration period for each blasting

. test, these were transformed'into vibration velocities, and correla-

~tions with explosive charges were obtained,

The results are given in Fig. 56-5, and Fig. S6-6.
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6.3'6

According to the measurement results, in all tests performed using

convent Lonal dynamite, vibration velocities were all less than 1
kine as shown in Fig. $6-5, and no effect at all was seean on the

existing pbwaf plant.

In Cases I and J when the static cracker (Calmmite) was used, no
noise, vibration, or flying of rock occurred as expansive force

created by hydration reaction is taken advantage of.

Tests of CasééwC and D embloying low detonation—-velocity explosive
(CCR) had been planned, but since it was found during drilling that
the foundation rock was highly permeable and there would be a fairly
great ambunt of springing.of water;'effects could not be expected
even if tests were to be peffdrmed and, since it was already known
that.thQIVibfationrvaIUe would be about 1/5 to 1/10 of that of dyna—

mite,.testing was dfoppéd.

Analysis and Evaluation of Measuring Results

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

exﬁlosive used.
V=EKzxW xpt

where:  V: vibration velocity (kine = cm/s)
W: amount of explosive {kg)
D: distance {m) -
K: Coefficient determined ﬁy rock quality, explosive type,
and blasting method

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

city measurement results obtained in these tests.

The baslc equation concerning blasting vibrations in this case was

the following:
V=Kzx w2/3 ¢ p2

Applying the value.of Case-F in which the maximum vibration velecity

was recorded in actual measurements to this equation to obtain the

..[}2_.



value of the constant X, K = 974 was obtained, and rounding out to
be on the conservative slde, 1t came out as given below, although,

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

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 1T Project in order that there will not be any adverse
effects.on the existing plant. In such case, it will be necessary
for exp1031ve charges and blasting vibratioms to be controlled,

monitoring blasting vibrations every time blasting is done. As
reference, the relationships of explosive charges and distances with
vibration velocities calculated employing the basic equation are
shown in Fig. $6~7.

The low-detonatidnévelociﬁy explosive (CCR), and the static breaker
(Calmmite) cannot be expected to have very much breaking effect at
ground of high permeability as at this site; but it is conceivable
for these low.detonation—velocity explosives and static breakers to
be used for supplemental rock excavation in the area close to the

existing plant.
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Chapter 7 Earthquake

Outline of Chavacteristics of Seismicity in the Philippines

The Philippine Islanﬁs are located near the boundary between two great
tectonic plates called the Philippine Sea Plate and the Euraslan
Plate.

The_high.seismicity of the Philipplines is owed to the interactions of
these tectonic plates, relative displacements along the Philippine

Trench, and the tectonic movements along other active faults.

The epicenters of 1,182 earthquékes.occurfing during the 93 years from

1897 to 1989 were within a radius of approximately 600 km from the

project site.

It 18 seen from these epicenter distributions that where seismicity is

.high in the Philippines are eastern Mindanao, Samar, and Teyte

situated at the éaste;n part of the islands, and this is due to the
sinking under of the tectonic plate along the Philippine Tremch. It

may also be seen that other than the above, there are zones of com-

paratively high seigmicities 1in the viecinities of northern Luzen,

Lubang, and Mindoro.

Design Seismic Coefficient

(1) Evaluation of Maximum Acceleration at the Project Site

An evaluation of the maximum acceleration at the Prbjec; site was
madé .by statisticai techniques in order to select the design
seismic coefficient. 'The'earihquake data used in this case were

.‘those oﬁtainéd from NAPOCOR at the time of the field survey and

"comprise data of 1,182 earthQuakes from 1897 to 198%. 1In the
evaluation'of méximum acceleration, four kinds of models were
empléyed; aﬁd the probablé earthquake accelerations corresponding
to various retufn periods were obtained from the maximum acce—

1eiation5'calculated from the 1ndividual models.
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(2)

'Des_i.gn Seismic Coefficient

The results of evaluation of mazximum acceleration by a statisti-

cal teéhnique is , = 80 gal for a return period of T = 1,000

~years.. Judged by this, it is considered that ky = 0.10 g is

reasonable ;as the horizontal design seiswmic coefficlent of the

Project site.

On the other hand, the horizontal design seismic coefficient used

in design of Stage I Project was ky = 0.15 g.

Judged comprehensively based on the above, the horizontal design
seismic coefficient for the Stage IT Project 1is to be
ky = 0.15 g
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8.1

8.2

Chapter § Development Plan

Size of Project

The Missioﬁ has studied the optimal project size of the pumped storage
plant in near future from the point of view of the "best mix" of power
supply sources. According to the result of demand forecast, the off-
peak power deﬁand in the Luzen Grid on weekdays is expected to be
around 60% of the peak demand, and the daily load factor around 80%,
It was chosen to supply about one half of this peaking load of 20%, or
10%, with the pumped storage power plants which have high response and
load-following characteristics.

As the peak power demand in the late 1990s (1996 to 2000) will be
5,800 MW on.average, 10% of this amount, or about 600 MW should be
supplied by pumped storage power plants,

As 300 MW of pumped storage plants are now in 6peration, it can be
seen that an adaitional 300 MW will have to be developed.

in deveioping 300 MW, two 150-MW units will be ihstalled, because the
optimal unit size has been determined as 150 MW by the "Power System

Analysis" which 1s described in Section 9.2 of Chapter 9.

Pumping Energy and Schedule of Development

The timing of development of the Stage Il Project has been studied by
estimating the pumping energy and reserve margin based on the demand

projection and development program illustrated in Chapter 4.

As shown in Table $8-1 and Fig. 88-1, the pumping energy becomes
avéiiéble after 1997. As the kW supply margin is low at this time,
the development of a new pﬁmped storage plant has a significant
meaning in power éystem operation because it can replace gas turbine
plaﬁts as a peak supply source, and at the same time levels out the

off-peak load,.
The development schedule would be the fdllowing.
January 1997 : First uﬁit=(No._3 unit), 150 MW, commissioned.

July.1997 : Second unit (No. 4 unit), 150 MW, commissioned.
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8.3

8.4

Pumping Operation Pattern

The output for each kind of generating sources in the power system and
the operation mode of the Kalayaan pump-turbines, on a peak day (a
weekday) in July 1997, are 1llustrated in Tig. S8-2.

The operation cycle of the Kalayaan pumped storage plant for 1 week

from a Monday in 1998 to the next Sunday 1s given in Fig. S58-3.

Weekly Reservoir Operation in May 1998

The reservoir operation pattern for a cycle of generation and pump-up
has been studied for a week in May 1998 when the power demand is the
highést in the year.

The study was conducted based on the following data:

Effective Capacity of Upper Reservoir 22.09 x 100 3
Pump-turbine Units : 4 units from

Stages 1 and II

Water tevel at Start of Generation Mode High water level,
EL 288.0
Generator Oukput 4 x 150 MW
Discharge 4 x 62 m3/s
Pumping Input _ 4 x 150 MW
Pump-up Quantity 4 x 49.9 m3/s
Natural Inflow 0.32 x 10°% m3/day

The water level variation of the reservoir as shown in Table S$8-1 was
calculated from the pperation cycle of generation and pump-up given in
Fig. S8-3., The reservoir operation pattern was cobtained as given in
Fig. 58-4. _

The following features could be pointed out from the results of the

above analysis.

-~ The utilization factor.of the reservoir during the week 1s 52%, and

the maximum variation of water level is 0.9] m.

- The reason why the utilization factor remains at 52% {is that the
supply of base thermal power plants is not sufficlent to provide a
full pumping energy, as this 1s oaly the secoud year after com-

nissioning.
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~ Forty-four percent of the pumping energy during a week is pumped on
Saturday and Sunday, to reduce daytime pumping time from Monday
through Friday.
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Table 58-~1 Power Development Program and Available Pumping Power
YEAR Hew Powér Plants teiter/Pover decay |[Instalted capacily Bemand Available| Bescrve
(MW} Site {3¥) total base p.p (W) pusp pov. | Margin (%)
1988 llydro 1221
(existing){ @il P. 192§
‘Gep P. 660
Coal P, Kiid]
Gas. T 219
Tolal 1322 noneg 0 4322 950 2938 -850.8 17.1
1990 lopwel GT 209
: .bargeGT 120 .
sub fot, Jzn noRe 0 4642 960 3256 -1047. 6 42.1
1991 Bucat GT 16 T
. New GT lag :
Sub. tot. 130 none 0 4972 960 3520 -1200 1.3
1992 P.P Barge 27.5 } Carilaya
BacHan Geo 110 #1, 22 -16
Loabh tyc 200
Bub. tot.’ 137.§ 5293.5 1270 3787 -1065. 7 1%, 8
£993 P.P.Barge 271.%
BulsanGeo 11
Loalltl 1300
MaibaraGeo 1]
Bac-Mank?2 40
Lalaca¥? 0 .
Sub. tol. 1315 nene g 5031 1930 4069 -950. 4 48,2
1994 Balo-Balo 22
Pinatobleo. 50
Bub. tot. 82 GT -105 6008 2040 4387 -582.12 17. 6
1995 Fagua feo 40 Potocanid -1
) ongo-Geoh 440 Manilakl, 2 -z00.
DelGallfeo 120 GT - 160
Bub. Lot. 500 -361 b247 26410 4680 -300 33,5
[395.. Tongo-GeoB 140
: Leal A-1 308 GT - 165
. BUb. tot. 740 -16% | - G822 3380 5012 203. 8 36.1
1597 Loal A-2 300 FParilayald -8
o GT/ZPM 100 GT -14 .
Bub. tot. GO0 ) -17 1400 1580 5351 2794 38.0
1988 [oal B-1 360 P.P.Barge -14 )
’ fasecnan 268 Potocanl, 2 18
. Bucat #1 -180 | )
: Sub. totl. 564 - 180 7788 3980 5730 343 35.18
1999  [oal 8-2 k{1
: Lomb. cyc 160 a7 -108
Sub. tot. 00 -165 8283 4580 6119 679. 5 35.4
7000 [oab. cyc 540 6f -160 : ;
Larileyaid -8
Bucat X2 -200 |-
Bub. tol - 6400 -368 8515 S180 6529 10603. 6 30,4
x10°
1.5 N ; . : N
1—---: ----------- PP APE. G Pl e :__.lﬁ?qu
. : ; SO ST 680 %
0 8.5_....-: ..... A :._...........:‘....-.....Z.B--q--.'z.?g 343..//./.
W ' Pl S S / /
E- . e St e Ezza //// ////
Q . EZZZ
R _ %V%? %% %% : % 4
t ;3_5,/:/_/ é-'/.—m ............... e P
o . / / / ol 777 M .
N /%ém ..............................
-1848 2 _146g :
1.5 Too-1z2ee . . . . : -
. 1 1 I 1 Bl T L] ] -
1998 1991 1992 1993 1994 1995 1996 1997 13@3 1959 Zﬁhﬂ
Year
Pumping power
Fig. 58-1 Available Pomping Power from Base Power Plants
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Table §8~2 Reservoir Operation of One Week (May, 1998)

I

Reservoir

Pp = 2x J18 WH,

Ap =2 x 93.8 m'/s

Inflow qi = 324,194 m'/dy -

- 55 -

: Pumping 3 Generaling'. Inflow:i Bperation time
Week § F v B v i ove W W
fodwn 10%m! Ywh o 10°m’ ll]""m’ji 0fm  10°x’ m hr
| !
; .
_ L lns T 28765
Non | 3600 407 | 2400 3.57 | 0.10 { 2209 79.00 28800 | 0 — 7.5Pu
0.18 | 1870 75.62 28772 [10 21 Gen
0.04 | 1874 7566 28172 24
Tee | LB0G 203 | 2800 417 | 0.10 [ 20.87 77.80  287.90 | 0.5 ~ 7.5Pum
| 0.20 | 16,90 7383 28756 |10 22 Gen
0.05 | 1693 73.85  287.57 24
Wed | L8O0 203 | 2800 417 | 0.10 | 19.07 599 877 | 0.5 — 7.5
i - 0.20 | 1510 7202 287.41 (16 22 Gen
] 003 01512 7205 287.41 2
Thy | L8OO 2,03 | 2800 417 | 0.10 ¢ 1726 7418 28739 § 0. - T.5Pum
| - 0.90 0 13.20 7021 2B |10 22 Gen
0.03 | 1331 70.24 28725 2
Pei | 1800 203 1 2800 417 | 0.10 § 1545 7237 28744 | 0.5 -» T.5Punm
| | |00 1L48 8B40 28709 |10 22 Gen
| 0.03 | IL31 6843  287.09 2
- o .
sat | 2.800 316 0 ¢ | 01l ;1478 7LT0 28738 |0 — 8 Pun
S 24
0.22 | 1499 7192 28740
sun | 5,800 6.5 0 0 02|78 T8 8LE | I — 1T Pl
> | il R o
0.09 | 2187 7879 28798
Total- | 19,400 21.92 |13.600 20.24 | 2.27
Sote : P = 2x JO0MN, 0t =2 X 124 /s




Oil. P, Rate MIN  60%

BATI TESMW 50 45
BAT2 150 80 90
: suclt 150 50 90
Peak demand I 5361 MW sucz2 200 120 120
off peak rote . 60°% SUC 3 200 120 120
Load factor L 82% suc4a 300 120 180
MAL ! 300 120 180
Total : 1375 660 825
_ Malaya unit 2 (350MW)is out of service
Demond
(MW}
6,000
Gas Turbine
5,000 Kalayaan Gen. 2 IS0MW
Pondage Hyd.. 572MW
4000t Oil: 825MW (60 % )

\m“; desy
AR

Kalayaan Pump 2 XISOMW

3000r " Coat : [,500MW¥x0.95
2,000 - Combined Cyc . 200MW x 0.95
1,000}

Geothermal : - |,940MW x 0_95_'

6 B 24 (hour)

Fig, $8-2 Pumping and.t_;eneration C)iéle of a Weekday 'in July 1997
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9.2

Chapter 9 Transmission Line and Power System Analysis

Transmission Line

The transmiséion line (230kV, 795_MCMxl) rthing from Kalayaan to
Malaya was veplaced by a new line carrying two circuits of ACSR 795
MCMx4 several years ago. As tﬁis'new transmission line has sufficient
thermal capacity (1,200 MW per circuit), the transmission plan
for the Stage II Project has been studied based on the concept of
conneéting this 230-kV line to the power plant switchyard.

The power system diagram of BﬁOWRV lines on Luzon Island, at a time

cross section of around yaear 2000, is pfesented in Fig. S§9-1.

System Analysis

Calculation power flow, Siﬁplified frequency, and power system stabi-

lity were made here for 1998, one year after the Stage II Project is

completed.

(1) Power Flow Calculations

The resulté_of p0wer'flow_balculations are éhown in Figé. 89-2
and $9-3. After the complétion of the Stage II Projéct there
will be no.trénsmission line of felétéd sYStems which would be
overloaded, ﬁut:in_order to'maihtain'voitage at the pumping-up
operation‘ﬂuring midﬁight houfs, it will be desirable for the

pump=~up power factor to. be made about 95 percent.
{2) Simplified Frequency'Caidulations
(a) Present Situation in Frequency Fluctuation

The frequenmcy regulation target in the Luzon Grid is in the
fange-of 60 +0.3 Hz, but in reality, there are fluctuations
of about +0.3.Hz in the daytime, and about 0.5 Hz in the
nightéime when system capacity is small.
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(b}

Incidentally, to estimate the system coustant K of the

systen 1n its present state in the midnight, following

caleulation was ecarried out.

From the definition of system constant,

K = 0.6 Hz/150 MW/ PG

where,

PG

o
T

1

‘midnight system capacity in 1989

1,800 MW

Consequently,

K = 7.2 Hz/puMW

‘Appropriate Unit Capacity

When making the addition of the Stage II, it will be

necessary to give consideration to the aspect of equipment

with which starting and stopping can be done freely without

prior frequency adjustments as at present. For this pur-

pose, itfis necessary for the range of frequency variation

when starting and.stoﬁping pump-up in the nighttime in the

_ future to be within 0.3 Hz,

Determining the unit capacity satisfying this condition, it

is found to be approximately 150 MW with 1997 as the year

scheduled for commissioning of 1 unit,

dF = 7.2 Hz/puM¥W x PM/ PG < 0.3 Hz

Substituting

PG:

3,500 MW {midnight system capacity in 1997)
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(3)

in the equation ahove,
PM < 143 MW
is obtained,

Stability

In terms of power system stability of generator/motor, the con-

dition Ls severer while the plant is in the pumping mode in mid-
uight,'rathér'than during the daytime when the units are operated

in the generating mode. For this reason, the stability at night-—

time was analyzed.

As 1illustrated 1in Fig. S9~4, it was verified that the power
system remains stable even when a threé—phase short circuit
oceurs on the .230~kv transmission line at very close to the
swltchyard While all units of Kalayaan Stage I and Stage IT are
in full pumping opérafion.
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Chapter 10 Feasibility Design

10.1 Present Condition of Existing Facilities

1001.1

10.1l2

Caliraya Reservolr

Caliraya Dam and its service spillway were built about 50 years ago
and are showing their age.

Small scale erosion phenomena can be seen all along the lake shore,
induced by the continuous filling and drawdo@n due to pumped
storage plant operation., Erosion was also seen in some sections of

the upstream concrete facing of the dam.

.Rehabilitation work is presently under way in the spillway and is

planned to start at the dam in the near future.
Upper Canal and Intake
The terminal end ‘of upper canal is in good condition.

Traces sliding could be seen at the upper part of the excavated
right—bankrsiope.of-the:canal. Certain countermeasures had been
épplied against this sliding. Although there is no clear evidence
that these slide areas are still moving, continuous monitoring may
be néééssafy for a certain period. .

Meanwﬁilé;. NAPOCOR ~ carried out survey works for confirming the
situation. of se&imentation, in Caliraya Reservoir including the
upper canal in 1988. According to the results, there is cou-
sidefﬁbi&_sediﬁentation at the upper canal bottom.

The intake structure was examined in detail including a diving

inspectiﬁn to the screens and gate slots already prepared for the

'Stage IT Project,

No: special problems were foﬁnd-during this. diving inspection: it

.appears that only a good cleaning of the gate slots and of the

fioor will be necessary before installation of the racks and gates.

In addition, ‘some general maintenance on this structure will be

necaéééfy~before implementation of the Stage I1 Project.
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10.1,.3

10.1.4

10.1-5

10E1.6

Peustock

The excavated trench is wide enough, along the subhnriéontal part
of thé alignment;‘to accommodate the Stage II penstock to the left
of the fifst one, as foreseen in the original design. | _

Additional provisions already taken, in anticipatlon of the exten-—
sion of the plant, include the concrete lining of the more inelined
part of the trench bottom in the Stage Il extension =zone, and
construction of the terminal block of the subhorizontal sectlon for

the Stage II Project.
Powerhouse Shaft and Tailrace Canal

No problems were detected or reported concerning the ¢ivil struc-—
ture of thé powerhouse shaft of Stage 1.

Provisions for plant expansion were limited in the powerhouse area
to enlargement'éf the general platform at elevation 6.00 to include
the zone where the second shaft willrbe located, and ko construc-

tion of the Stage I1 tailrace canals.
Service and Control Buildings

The service building, where the auxiliary hydraulic unit is located
and the ﬁain gantry crane is housed, was found to be in good con-
dition. If thé:ofiginal general layout of the powerhouse is main—
tained, the builﬂiﬂg can be used for ersction of new equipment
without any problem. The control building is also in good main-

tenance condition.
Switchyard

In the switchyard, space has been provided for the additional bays
required for the :Stage 11 Project. The corresponding cable
galleries have already been built. _

Signlficant horizontal displacemeﬁts and differential settlements
have been reported in ‘the galleries and in the pier built further
downstream-to unload the plant equipment during the construction of

Stage I. As. a consequence, some joints of the galleries, in the

-downstream part of the switchyard are displaced (horizontal displa-

cements in the order of 5 cm, differential settlements of about 2
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em) and there is water leakage where the waterstops have been bro-
ken_by the movement.
At present, it appears that the movement has already fully deve-
loped. Therefore, it will be possible to use the galleries already
‘built for Stage I1I after the joints have beesn properly repaired.

10.2 Comparison Study of Alternative Layouts
10.2.1 Basic Conditions and Alternative Layouts

COmprehensiye aiterﬁative layout studies were éarried out during
the -initial feasibiiity_studies of the Kalayaan Project (Kaléyaan
Pumped Storage Plant Technical Feastibility Report, May 1973 by
ELC), analyzing in particular the following aspects:

- General location of the plant,

f_Alignment and design capacity of the upper canal, in relation to
the staged.deve1opm6nt of the schene

— Position and structural characteristibs of the intake

- Powerhousé'type: shaft, at Laguna de Bay shore, or underground,
at different distances from the intake '

- Consequent alternative designs of tha penstock

The layout selected according to the results of those studies was
essentially maintained 4in the successive final and detailed

construction drawings.

The_foiloﬁing désign eriteria have been apﬁlied in the alternative
layout studies for Stage II:

- The imﬁlemehtation of S;age I1 should not cause damage or signi~

ficant interruption to=£hé'operation of Stage 1.

- The layout of Stage I should not prevent a possible future

- further expansion of the plant.

~ The total capacity of Stage II will be 300 MW (two-150 MW units)
will be installed._-'
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10.2.2

—~ Pending detailed studies of the eleetromechanical equipment

including the penstock to be provided in the feasibility design

stage, the same technical characteristics of the existing facili-

ties have been considered,

-~ The opetration levels of Caliraya Reservoir will remain unchanged

~after the implementation of the Stage TT,
Three basic alternative layouts have been ldentifiled:

— Alternative A: Original layout for the Stage I

~ Alternative B: Terminal part of the penstock embedded in a

vertical shafr: shaflb type powerhouse

-~ Alternative C: Underground Powerhouse

Alternatiﬁe A

This alternative corresponds to the Stage 11 development of the

plant, as foreseen in the original design, and {is shown 1n

Figo 510—11

Principal features include:

Use of the existing iIntake, installing the required service

- gates,

Essentially open air steel penstock, generally parallel to the

existing one,.

Powerhouse shaft, 50 m apart and identical to the existing one,

equipped with two 150-MW reversible units.
Tailrace canal, as foreseen in the original design.

Installation of the required additional equipment 1in the existing

control building and switchyard.
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10.2.3

10.2.4

Alternative B

This altefnative, shown in Flg. S10-2, includes the following prin-

cipal features:

~ Use of the existing' intake, 1installing the required service

gates, as in Alternative A.

~ Essentially open-air steel penstock, generally parallel to the

existing one, with the following characteristies:

» From anchor block 5, the two penstocks are installed in

separate vertical shafts, 15 m apart,.

« Terninal thorizontal stretch with the two penstocks are

installed in ﬁarallel'hotizontal tunnels, 15 m apart.
- Powerhouse shaft and tailrace canal, as in Alternative A.
- Installation of required additional equipment in the existing
control building and switchyard.
Alternative C

This alternative, shown in Fig. 810-3, includes the following prin-

.clpal features:

- Use of the éxisting ihtake, as in Alternatives A and B.
- Essentially open—air steel penstock, generally parallel to . the

existing one.

- Undergrbuﬁd powerhouse, located some 250 m inside the rock mass,
' equipped with two 150-MW reversible units and provided with its
own erection and service area. The main transformers to be

installed in a sepafate adjacent cavern.

- The entrance of the " access tunnel located adjacent to the

existing Stage 1 service bullding.
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10 I2 .5

10.2.6

- Separate cable gallery to the existing powerhouse shaft of Stage
1. and connecting with the cable galleries already provided for
‘Stage II in the shaft structure.

- Tailrace pressure tunnel, 220 m long, 6.00 m in diameter.

- Tallrace canal, as in Alternatives A and B.

~ Installation’ of required additional equipment in the existing
control building and switchyard.

Economic Comparison

Preliminary quantity estimates of the main civil construction items

have been formulated based on the attached drawings.

An.economic comparison iIncluding the cost of civil works and the
hydromechanical and electromechanical equipment costs of the three

alternatives is shown below:

Unit: USSM

Alterﬁative A B C
Civil Works 28.5 30.5  40.0
Hydraulic Equipment 31.2 30.3 24,2

- Electromechanical Equipment 66.2 66.2 69.0
Administration Cost 7.5 7.6 8.0
?hysicél Contihgency 8.6 8.6 9.0
Total Cost | 142,0 143.2 150.2

Results =  of Comparison Study for Alternative  Layouts
Taking,intd account both the results of the economic comparison and
the technical aspects discussed above, it 1is proposed that
Alternative A be selected for the feasibility design of the
Stage I1 Preject, '

ThiS'Alternatiﬁé-A has the basic advantages of allowing easier
joint operéfioﬁ of tﬁe'two stages, and keeping open the*possiﬁility
of further expansion of the plant according to the original plans.

In addition, the detailed design and the construction planning of
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10,3

10.3.1

16.3.2

10.3.3

the-proposed solution can take full advantége'of the experience
already obtained during the construction of Stage I, avolding the

"uncertainties typically related to large underground works.

Proposed Design-of Civil Structures

After the selection of the general Project laybut, further in depth

studiéé and.anélysés were carried out to verify the hydraulic and
structural adéquacies' of the design and to optimize the charac-

teristice of the main structures.

Upper Canal

The . hydraulic behaviqr_qf the canal with the increased discharges

foreseen has been verified. (Completion Report, July 1933)

These results are considered acceptable. Tt will be advisable,
especially with low reservoir water level, to start the turbine
operation of four units simultaneously to avoid the risk for

absorﬁtion of alr into the penstocks.

Inkake

The exiéting ihtake will be used for the Stage I1 Project. The
implementation of Stage II will require:

~ Installation of two service gates, each 2.80 m wide and 6.00 m
high - ' '

- Installatidn of a stee14iined transition to be embedded in the
existing structure and of the initial part of the surface

penstock

Pepstogk

An economic analysis has been carried out. To determine the econo-~
mical diameter of each section of the penstock, an economical com-
parison study was canducted applying the conventional method of

minimiaing the total present ‘value of canstruction cost plus energy
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and power losses (in both pumping and genervating modes) during the

economic service life of the plant.
The results are the followlng:

Economlcal
Section Diameter (m)

Between intake and anchor block 2

Between anclior blocks 2 and 3

4.8

4.5
Between anchor blocks 3 and 5 _ 4,3
Between aachor bloéke 5 and 6 4ol
Between.anchor blocka 6 and the road crossing 4.0
2.9

Underground stretch (two shafts)

It is neceseary to check whether” turbine stability Is maintained
during output variation for the economical diameter. '

In order to keéep within acceptable limits the frequency variations
induced.by a change iIn the power output, the time constant of the

penstock, defined as

= (Livi + Lypvg + Lavy + «us Lgvyp) / gh

where 'Lj and vy are the length and maximum flow velocity of
7 each penstock section,
g is the gravity acceleration, and

H is the minimum head,
shall be generally kept not higher than about 2.0.

In the preeent case, snould the economical diameters be adopted,
the . penstoek time constant will be about 3.75, far teo high to
_have an. acoeptable behavior from a frequency regulation point of
view, considering also the importance of the Stage IT plant for the
overall performance of the Luzon Grid.

Slnce the lengths of the different stretches are glven by the
topogtaphlcal conditions, in order to reduce the penstock time
eonstant to acceptable values, it is necesgary to reduce the flow
velocities, and therefore, to increase the diameters.

Therefore, the diameter of each section has been selected according
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10.3.4

10.3.5

to the original design of the Stage I Project.

With these diameters, the penstock time constant would be reduced
to 2,10, whiech can be considered acceptable.

Therafore, for feasibility design purposes, it is proposed to adopt
for the penstock of Stage II the same diameters as used for the

penstock of Stage I.

Temporary Detour of the Lumban ~ Kalayaan Road during Construction

A bynpass'tunnel 1s proposed to malnkalin safe and continuous traf-
fic conditions along the Lumban - Kalayaan road during construc-
tion, _ '

The section of the detour tunnel will be 5.00 m wide by 5.00 m
high, allowing one-lane traffic, with a walkway on one side.
Ligﬁting:ﬁiii'be pfovided'and signals installed at both ends to
coﬁtfql the ﬁraffic;' The tunnel bottom will be concréte paved. In
pfiﬁﬁipie, no liniﬁg-is foreseen, except at the portals and Qhere

required by stability problems.

Powerhouse Shaft

* The powe;house will be located 50 m away from the existing one, as

originally forescen, ahd will be equipped with two 150 MW rever—
sible units. |
The excavation method will be essentially the same as that used for

Stage I, with temporary concrete diaphragms to seal the pervious

‘loose materials up to the rock surface, and grouting carried out in

advance of the excavation to reduce scepage and to improve stabi-
1it§ conditiouns, |

Oﬁe of'tﬁé'mdfe important technicai problems to be faced for the
construction of the Stage II will be blasting control to be applied
during excavatlion of the new powerhousa shaft in order to prevent
damage to civil structures and to the equipment of the Stage I.
The control measures are studied and descfibed in Section 6.3 of

Chapter 6.

In order to facilitate a possible further extension of the plant
(Stage II1), reducing future btasting  control problems, it 1is pro-
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104346

10.3.7

10.3.8

posed to.include in the scope of works of Stage IT the enlargement
of the general platform at elevation 6 m to the left of the second
shaft, corresponding to the zone for a third shaft. This addi-
tional excavation will also be very useful for installation of the

constructlion equipment aud related facilities.

. Tailrace Canal

Since most of the canal had alreédy been excavated during the
construction of: the Stage 1 and dredged again a few years later,
the work will now be essentially limited to the area just in front
of the new shaff, plus the dredging that will be necéssary to reach

the cf{ginal bottom level at the full width.

In any ‘casé, it is considered that maintenance dredging during
the initial peridd'of operation of Stage II, as allowed by the new
dredging equipment provided, will be sufficlient to keep the problem

under control.

Switchyard

Civil works in the switchyard area will include repair of leaking
joints of the existing galleries ‘and the construction of foun-

dations for the new equipment.

Equipment Unloading and Transportation Facilities

As already mentioned, rehabilitation works will be required at the
existing unloading. facilities to allow their use during the

construction of Stage II.

The. gantry crané driginéiiy installed at the pier, which has
remained out of operation and unprotected for quite a long period,

will be inspected, repaired as necessary, and tested.
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