The Philippine Fault is the greatest transcurrent fault in
the Philippines. . This is traceable from the Lingayen Gulf in
north along the southern border of the Luzon Central Cordillera,
across Southern Sierra Madre and through Leyte and Surigao into
Southern Davao in Mindanao. Present movement of the fault is
- confirmed to be left-lateral, displacing Neocene rocks in
Northern Leyte for at most 8 km. Activity in the fault appears
to have been continunous since the Paleocene with apparently.
more intense activity'in the Past thén at present.

_“Thé' DiﬁgalanuLingayen ségment of the Philippine Fault
spilits into several splices in the vicinity of the Caraballo
Mountains in Nueva Ecija, one of which is the Digdig Fault.
Normal faults are commonly observed aiong the flanks of majar
structural basins and actively rising mountains masses. Majar
gravity”faﬁlté”in Iuzon are the faults bounding the Lacag Plain
in Ilocos Lowland, the faults in Cagayan Valley area, San
Antonio Fracture zone in the southern part of the Zambales

Range, and the west Marikina Fault.

Many thrust faults occur in the archipelago but most of
them are minor. The more prominent ones are generally along the
borders of'the.maih Philippine Archipelago. The thrust faults
in the Bicol Regions are located in the northeastern parts of

Camarines-Norte and Camarines Sux.
3.2.6 Seismicity
(1) General

The seismic activity of the Luzon Island is potentially
high, bééause.the-Philippine Archipelago is located along the
circumpacific_Seismic Belt. Most of the epicenters in and
afound the Luzon Island are concentrated in the east offshore of
the Luzon Island from 17°N to 15°N latitude and in the area of
" the Verde;Islénd Passages at southwest of Batangas. And also
éarthqﬁékes mostly occur at shallow depth {up to 70 km from
surféce). The.distribution of earthquake epicenters are shown

in Fig. 3.6.



Tn 1981 BMG compiled the seismic zones in the Philipine
Archipelago. Fig. 3.7. shows the seismic zones, and

interpretation of each zone by BMG is as follows:-

zone I ~ Related to the Manila Txench_Subduction_dippiing

east.

Zone II - Related tb subduction along thé East Luzon

.Trench, dipping west.

gone TIT - Related to subdiction along the Sulu Sea Trench
and Antique Trough, dipping east.

7one IV ~ Related to the Philippine Trench subduction

zone, dipping west.

Zone V - Related to the Cotabato Trench_subductién zoﬁé,

dipping east.

Zone VI - Related to activities along the Philippine
Fault. '

Zone VII — Possibly related to a west"dippingISubduction
zone surfacing at the Agusan-Pano Troﬁgh and

traceable southward into the Mollucas Sea.

The intense seismic activity of the Luion Island is mainly
related to Zones I, II and VI. Most of the intermediate depth
earthquakes (focal depth from 79 km to 299 km) run approximately
along the west side of the Philippine Trench. Some of them
locate west part of northern Luzon Island. Deep focué
earthquakes (focal depth from 300 km to 699 km) are mostly

concentrated between the Mindanao-Sulamedi Region.
(2) Seismic record

The seiémic recoid'of the Philippines are available.' These
are four kinds of earthquakes data file as shown in Table 3.5.
The most datailed and latest catalogue is number four in Table
3.5. ' o |
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_ Historical huge earhquakes of magnitude more than 7, listed
‘from NOAA data file (1897-1976), are as shown in Table 3.6 and
Fig. 3.8. The destructive earthquakes in the Philippines (1589~
1983) listed by SEASEE Series in seismology {Volume 1V,
_Philippines) are as shown in Table 3.7 and Fig. 3.9.

'In order to assess the seismic hazard to each damsite in
the Luzon Island, the whole of the available earthquake data
file should be considered. Some feasibility sutdies on
acceration for the -earthquake—resistant design of the dam
construction as follows. '

_ Dam Maximum Credible Design Basic
Scheme Type Acceleration/ Acceleration
S Return Period
Binongén Rdckfill 0.59/1000yrs 0.2g
Chico 4 Rock£ill 0.65-0.859g/2500yrs -
Diduyon .Concrete 0.1289/500yrs 0.12g

gravity
Marikina Brch 0.13g

_ ':In Jépan, .the maximum 'ground seiémic ccefficient of
éoncrete graVity dam is established by Japanese National
Conmittee on Large Dams. Accordin to the Design Standards of
Dam, Maximum ground seismic coefficient in Japan is 0.2 which
correspohds to the maximum ground accelation of 1,000 gal (for

return period of 200 years).

3.3 Hydrology

3.3.1 Rainfall and_climatological data

(i) Rainfall data

In the Luzon Island, there exist more than 300 rain gauges
nanaged by NPC, PAGASA and NIA. Monthly and annual rainfall
data have been c¢ollected from the data books prepared by the
“authorities concerned, the existing reports on water resources

- projects, original data not compiles yet, and others. Oout of
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monthly rainfali data collected, those  of 177 rain gauges with
data more than 5 years were stored in the computer VAX/750 owned
by NPC. These data were reviewed and used for the estimation of
rainfall=runoff relationship ‘and for the preparation of an

isohyetal map on an annual rainfall base.

(2) Climatological data

The climatological data such as témperature,_evaporation
rate, and relative humidity have also been collected from the

existing data books and reports.

Among them, pan-evaporation rates at 38 sites in the Luzon
Island were analysed to estimate the evéporatidn rate from the
reservoir surface at each scheme. Data used are summarized in

Table 4.3.

3.3.2 Hydrological data

{1} Monthly streamflow data

Monthly streamflow data were collected from more than 300
gauging stations managed by NPC, NWRC, NIA and BPW. MOnthl§
streamflow data are one of the most important data to determine
the development scale of the hydropower schemes, so that the

collection of data was intensively made.

Out of monthly streamflow data collected, those of 152
gauging stations with data more than 10 years were stored in

computer as well as monthly rainfall data.

{2) Filood data

The observed maximum floods of around 300 streamflow
stations were collected from the data book titled "SURFACE”WATER
SUPPLY BULLETIN" (No.2 - No. 12, BPW), and the existing reports
concerned,. Moreover, the floods with various ?robabilities were
also collected at 162 gauging stations, referring,to the reports
titled "FRAME WORK PLAN" (Region I-V, 16 vols.) issued by NWRC.



These flood data were analysed to estimate the design
floods for river diversion work and spillway of the hydropower
schemes to be studied this time.

(3) Sediment data

~.In this study,'a reservoir sedimentation is estimated by
the denudation rate in the catchment, the catchment area, and
the life time of the scheme. Denudation rates actually épplied
to several existing projects and named projects were collected
and are shown in Table 4.4. '

3.4 Socio-Economy

Following data were collected for socio-economic study
during the study period. These are mainly categorized into
three groups as shown below:

(1) General Backgroud

Pbsition, industrial structure of the country, Economic
recession in early 1980s, and Updated Philippine
Development Plan 1584--1987

{2) Study Area

Administration and regional characteristics of the Study
Area in the country'with demographic data (upto 2030) and
GDP/GRDP (historical and NEDA projection upto 1987)

{3} Enexrgy

Organization and electric power expansion record, and

Analysis on its correlation with socio-economic indices

Since thise informations have been originated in 1985, the

reference is updated and summarized as per Table 3.8.
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IV. ~ HYDROLOGICAL ANATYSIS
4.1 Introduction

_ Mete¢—hydrolqgical'sﬁudies”are'intended to provide the basic
'info#matiph_nééegsary for determining the development scale of
hydropowé;;schemes; Tﬁe_contents of the studies are mainly
composed of the high and low flow analyses and the estimates of
eVaporation and_sediment vield according to the objectives of
'studiesw Furthermore, the determination of hydrological reglons
and the preparation of isohyetai map are also included as a part
of the studies.

_ The méteo—ﬁYdrological studies consist of four parts as a
:floﬁ éf studies; data collection on meteorology and hydrology,
data *filing in the computer, scrutinization of meteo-
hydrological data, and hydrological analyses.

As a lafge number of schemes for the hydropower development
aré :aised'up in this study, the hydrological analyses are
extensively madé and practical assumptions are given, especially
in the high flow analysis. Furthermore, the electronic computex
has been fully utilized £for the execution of numerous
computation. Several computer programs have been prepared for

the hydrological data processing and analyses.
4.2 Background
4.2.1 study area

The Luzon island of 104,700 km? in area, the largest island
-of the Philippine Archipelago, lies between latitudes 12° and
'19° north and longitudes 119° and 125° east. The study area
covers the whole Luzon Island.’

" The northern part of the Luzon is ridged along the west
coast by. the Ilocos Mountains, the Cordillera Central Range
further inland, and the Sierra Madre near the east coast. Main

ri#er basins in this part are the Laoag, Abra, apayao—Abulog,



and Cagayan with its principal. tributaries; namely Chico,
Ilagan, and Magat. The central Cagdyan Valley constitutes a
relatively flat plain of up to 100 m in elevation.

Central Luzon consists of a 1arge plaln drained by the
Pampanga river system, which flows southward andg dlscharges into
the Manila Bay. Further west the Agno river flows south, then
northwest to discharge-lnto the Lingayen Gulf. ‘Much of thls )
area is a flat agricultural land bordered on_the east and west_
by the central ranges of the Sierra Madre and .Zambales
Mountains. To the north, the Caraballo Mountains form the basin

divide between the Cagayan and Pampanga river basins.

The area to the southeast of the'ManilabBay has a mixed
topoéraphy of_plains and mountains. The major rivers flowing in
this area are the Mafikina, Agos, and Bicol. South{of the
Sierra Madre lies the veolcanic region around Laguna de Bay, and
Mayon Volcano with an elevation of 2,469 m, which has efuﬁﬁed
periqdically about once every 10 years, is located in the

southernmost part of this area.

4.2.2 Climate and meteorology

The climate of the Luzon Island in the Tropics is controlled
by the prevailing wind systems, principélly the southwest
monsoon and northeast monsoon. The former prevails from July to
September and brings heavy rainfall to western-exposed
locations. The latter prevails from November to Fébruary}
giving heavy rainfall to the east coast and along the Sierra
Madre Mountains. Several typhoongs hit the Luzon Island every

year, bringing torrential rains.

Rainfall characteristics in the Luﬁon Island are
considerably orographic: the mountainous areas in the weét and
east intercept the southwest ‘and northeast monsoon rains,
respectively, leaving the central regions relatively dry. in
contrast, some exposed loéations have rainfall more evenly
distributed throughout the year, being influenced by both
monsoon periods. The mean annual rajnfall in the Luzon Island



ranges from 1,500 mm in the lower Cagayan Valley up to 6,000 mm
in ‘the north of Cordillera Central Mountains and the southeast
of the island.

Annual pan-evaporation ranges from 1,100 mm to 2,300 mm,
depending on geographic location, exposure, and elevation. The
_high values tend to . occur in the irrigated lowlands with
_evaporation decreasing in the mountainous area.

Annual mean air'tempereture is 26.8°C with the range of
‘between. 25. 7°C and 27. 7°C, excluding hlghland areas such as
Bagulo of 1 482 m in. altitude whose temperature is 18.2°C. The
mean monthly temperature has a small variation throughout the
year:'in general, the highest values are observed in April and
May,,whilelthe_lewest ones are in Januafy in the lowlands.

" The absolute maximum temperature recorded in the Luzon
Island was 42.2°C at Tuguegarao, located at the Cagayan Valley
in NCrthern.Luzon, on April 29, 1912. The absolute minimum of
3.0°C was recorded in Baguio in January, 1903. Table 4.1 shows
the monthly and annual mean temperatures at 20 stations in the

Luzon.

The monthly and annual mean relative humidities are also
tabulated in Table'4.2 for these stations. Throughout the
Luzon, the relative humidity is rather high. This condition is
malnly a result. of  extensive evaporation from the seas
surrounding the lsland, the rich vegetation, the moist air

stream, and a large depth of rainfall.

 The annual mean relative Humidity is 80%, ranging from 76%
at Cabanatﬁan to 87% et Casiguran. Most of the stations have
high relatlve humldlty from June to November and low one from
December to May. Almost all the stations have monthly wvalues of
relatiﬁe humidity greater than 70% and have more than 7 months

of the year with relative humidity greater than 80%.

Since temperature differences in the Philippines are
relatively slight and also rainfall differences are, on the

contrary, important and decidedly variant due to the combined



influence of topography and -air stream direction, the
classification of Philippine climate is based solely on rainfall
characteristics, that is, the presence or absence of the dry
season and maximum rain period. Four climate types chosen are:

Type I : Two pronounced seasons, dry from November to
April and wet during the rest of the year..

Type IZ : No dry seascon with a so pronounced maximum

rainfall from November to January:

Type III : Seasons not so pronounced, relatively dry from
November to April and wet during the rest of the

year.

Type IV : Rainfall more or less evenly distributed
throughout the year. o

In the Luzon Island, there exist all climate types -above-

mentioned as shown in Fig. 4.1.

4.3 MWW@MM
1.3.1 Rainfall and climatological data

(1) Rainfall data

In the Luzon Island, there exist more than 300 rain gauges
managed by NPC, PAGASA, and NIA. Monthly and annual rainfall
data and rainstorm data were collected for this study from the
data books prepared by the authorities concerned, the existing
reports on water resources projects, uncompiled original data,
and others. | |

Out of monthly'raihfall data collected, those of 177 rain
gauges with more than 5 years recorded data were stored into
computer VAX 11/750 owned by NPC. These data Were'réviéwed and
used for the estimation of rainfall-runoff reiationship and for

the preparation of an isohyetal map on an annual rainfall base.



- As for rainstorm data, 1-day, 2-day, and 3-day annual
maﬁimuni rainfall_ data at about 70 gauge sites, and hourly
rainfall data in connection with the said annual maximum
réinfalls at about 50 gauge sites were collected and filed in
the compufe:. These rainstorm data were used for the estimation
of design storm in.ﬁhe high flow analysié,

“{2) Climatological data

:The climatological data such as temperature, evaporation
rate, and relative humidity have also been collected from the
existing data books. and reports.

Among - them, pan-evaporation rates at 38 sites in the Luzon
Island were énalyzed to estimate the evaporation rate from the
-reéervoir surface at each scheme. Data used are summarized in
Table 4.3.

4.3.2 Hydrological data
(1) Monthiy streamflow data

Monthly streamflow data of moré than 300 gauging stations,
distributed to major river basins in the Luzon Island, were
collected. These gauging stations are managed by NPC, NWRC, and
NIA. Ménthly streanflow data are one of the most important data
needed  in- .order ﬁo determine the development scale of the
hydropower schemes. Then the collection of data was intensively

made.

Out of monthly streamflow data collected, those of 152
gauging stations with data more than 10 years were stored in the
computer as well as rainfall data.

{2} Flood data
quod déta cglieéted are thdse of observed maximum flood,

prébable floods of various return periods, and flood hydrograph.

‘The observed maximum' floods of around 300 streamflow
stations were collected from the data book titled "SURFACE WATER



SUPPLY BULLETIN" (N6. 2 -~ No. 12 BPW), and the existing reports
concerned. The f£loods with Various1prcbébiliti¢s~Were-also
collected at 162 gaugihg stations, referring to the reports
titled "FRAME WORK PLAN" (Region I-V, 16 vols.) issued by NWRC.
The annual maximum flood data at 131 gauge sites were -also

.collected in order to updaté the said flood data.

These flood data were analyzed to estimate the design floods
for river diversion works and Spillway of the hydropowér

schemes.

(3} Sediment data

In this study, a reservoir sedimentation is estimated by the
denudation rate in the catchment, the catchment area, and the
life time of the scheme. Denudation'rates actually éppiiéd to
several existing projects and named project were collected and

are shown in Table 4.4.
4.4 Mateorological Analysis
4.4.1 JXsohyetal map

An isohyetal.map for mean annual rainfall is'prepared’with
monthly rainfall data of each rainfall station, as shown in Fig.
4.2. The modification and confirmation is made for the areas
with isohyetal maps by previous studies, especiélly-for the
areas with more than 4,000 mm in annual rainfall.

The isohyetal map enables estimate of the long term mean
value of annual rainfall on any point or in any area. For
instance, if several isohyetal lines are included in an-afea,
the mean annual rainfall in the area 1is calculated by the

weighted average on the area.

In this way, the annual rainfall in the streamflow station
and project catchments are calculated by planiﬁetering the
enclosed areas on the isohyetal map. The rainfalls at the
project and streamflow catchments are used'for.the conversion of 

streamflow data from the station to the project site.



4.4.2 Evaporation

_ Evaporatlon from an open surface is estlmated, since the
evaporatxon is counted as losses in the reservoir simulation
study. The evaporation rates applied to the simulation study
are estimated'using the pan-evaporation data collected from the
existing'_reports on hydropower projecﬁs and meteorological
stations as shown in Table 4.3.

It is said that the evaporation rate of an open surface is
around 605 to 70% of the pan~evapdration rate. In this study,
the pan coefficient is assumed to be 0.7 as shown in Fig. 4.3.
The Figure shows the evaporation rate becomes smaller as the
“elevation becomes higher, the open surface evaporation rates are

classified acdording to -the elevation as tabulated below:

Elevation (m) Evaporation Rate (mm/day)
less than 600 3.5
600 to 1,000 3.0
" more than 1,000 2.5

The above values are applied to the reservoir simulation study

throughdu; the vyear.

45&Mm_g_ﬂgat_lx_&ﬁmm

_ The monthly streamflow data are scrutinized from various
view points, and thereafter 18 streamflow key stations are
selected as available stations for the power output calculation

of each scheme.
4.5.1 MWM

For evaluating the reliability of streamflow data, sub-
sequent analysis is taken for all the streamflow stations filed

in the computer;



(1) Detection of station site: The station sites are plotted on
topographical maps of 1:250,000 scale usmng coordlnates oY
location maps. The catchment at the site is planlmetered

on the maps.

(2) Caleulation of annual xainfall depth: The mean annual
rainfall depths are measured for the catchment at the

stations using the isohyetal'map prepared.

(3} Calculation of streamflow depth: The streamflow depth is’
calculated based on the mean discharge and the catchment.

(4) Annual runoff pattern: Anpual runoff patterns are. prepared.
as with the rainfall to check seasonal distribution of
runoff. Generally, the runoff pattern closely follows the
rainfall pattern, though the former is milder in variation

due to the retention within the basin.

4.5.2 Selection of sireamflow stations

Several criteria .described below are set up in order to
select the streamflow key stations used for the power output

calculation.
(1} Identification of stations

The identification of station site is an indispehsable item
as the background information. The streamflow data can be
significant only if the station site in the river system is
correctly detected and the water divide is properly bounded.

{2) Observation time pe:iod of data

. The time period of streamflow data observation"is ‘an
important factor to contribute to the dependability of the data.
A short observation period only discloses a limited
characteristics of runoff events, and has a chance to glve blas
views on the power output calculation. Thus, the statlon w1th

the data less than 10 years are eliminated from the selectlon

list.,

4-8



(3) 'Rainfall—runOff relationship

It is presumed that an lnapproprlate process on translation
from water stage records to dlscharge data causes defects in the
-resultant power outputs To rule out such p0351b111ty, cross-
checklng of streamflow data with rainfall data is made on the
ba81s of annual ralnfall 16ss. Considering the observation years
of ralnfall‘ data not necessarily coincide with those of
~streamflow data, the stations with the. apﬁarently unreasonable
value resultlng from the . average annual rainfall and streamflow
depths are dlscarded

(4) Other points'considered

~ The - streamflow data collected are natural runoff data
which are not regulated by a natural lake or a reservoir

in the upstream reach, or not.

-~ Runoff and rainfall patterns are highly correlated, or
not . '

- The key stations are evenly distributed within the study

area, or not,

Table 4.5 tabulates the selected key stations picked up on
the basis of the criteria mentioned above. The drainage areas
and the long term average rainfalls in the areas used for the
conversion process of the key station data to the scheme sites
are also included in the Table. Moreover, Fig. 4.4 illustrates
the key station sites and the annual runoff pattern diagrams.

4.6 Hydrological Analysis
4.6.1 Low. flow analysis
(1) Hydrological iégion

_ Hydrologlcal regions in thlo study denote the areas where
31mllar hydrological characters are shared. The determination
of _hydrologlcal~ regions is made in ordexr to convert the
availablefstreamflow data to the arbitrary point where the
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hydrological characteristics resemble, and is best achieved by
scannlng the river flow characterlstlcs. However, the scarc1ty
of available dlscharge data is defectlve for this method. The
rainfall data, on the other hand, are more exten31ve 1n
distribution throughout ‘the Luzon Island. Cons1der1ng that the
discharge at a site is closely related with the ralnfall in ltS
catchment, the hydrological regions are determlned on the basis

of the rainfall data collected. '

The rainfall condition in one area is characterized by the
annual rainfall and its seasonai distribution. To analyze the
similarity among areas, the seasonal rainfall patterns are
examined. Indices taken here are monthly mean ralnfall non-

dimensionalized with the annual rainfall.

For all the ralnfall statlons stored in the computer, the
non- dlmen51onal monthly rainfalls are calculated and presented
in the rainfall pattern dlagrams. Based on the -above data,
areas sharing similar rainfall distributions are put together to
compose hydrological regions. Ten hydrological regions, HR-A to
HR-J, are established in the Luzon Island as-illustrated in
Fig.4.5. Figs. 4.6 to 4.11 show the annual distribution of

rainfall in each region.

The annual distribution of rainfall in the Luzon Island is
characterized into 4 types under the climaterclassificatiOn
system described in Paragraph 4.2.2. According to this system,
HR-B, -D, and -E belong to Type I; HR-H and -J to Type Ii:'HR—C
and -G to Type III; and HR-A, ~F, and =-I to TYpe‘ 1v,

respectively.
(2) Discharge data at scheme sites

The estimate of discharge data at a scheme site starts'With
the selection of the streamflow key statlon to be applled to the
site. Criteria for this process are:

(1) For a scheme, it is checked in the first place if
there is a key station at the scheme site, or not.
1f there is, it is used. '



(ii)  If the above data are not available, the key station
.in the same river basin is used. If there are

_several of such data, those in the nearest reach are
used.

(1i1) 'If the above data are not available, the key station
'w1th1n the same hydrological region is used. if
there are several of such data, those in the nearest
pasin area are used.

(iv) If such data are not available, the key station in
.othexr region which shares hydrological similarity
are used.

The hydrologlcal regions except HR-J are presented with one
or more key statlons as illustrated in Fig. 4.5. Thus, the key
statlon to be applled to each scheme 'site is decided by steps
(1) to (iid) ‘stated above. In the hydrological region HR-J with
no key station, the station of ID. 45001NW501 in HR-H adjacent
to HR-J is converted across the hydrological region.

(3) Flow duration and storage-draft curves

The preparation of f£low duration and storage-draft curves on
each streamflow key station are made using monthly streamflow
data. The flow duration curve ‘is used to determine the
development scale of the run-of-river type scheme, while the

storage-draft curve is for the reservoir type scheme.

~ The flow duratlon curve is a figure to express discharges
agalnst thelr excess rates by arranging the monthly streamflow
data in the numerlcal descending order. Flg 4.12 shows one of
the Lyplcal flow duratlon curves. The flow duration curves
-prepared are expreSsed in the nonwdlmen51onal form; the ordinate
is denéminated by mean dlSCharge The flow duration curve at
the scheme site is obtained by multiplying the mean discharge at

the seheme site.

- The storage~draft curve 1is a diagram to show the
relationship between the draft discharge and the required active
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storage volume in the reservoir. Figure 4,12 also shows one of
the typical storage-draft curves. The non—dimenéioﬁalization of
the curve is made by annual'inflow volume in ordinate and mean
discharge in abscissa, respectively. The required active
storage volume on the curve is the volume peqﬁired;fqr the

drought year with the recurrence interval of 50 years.
4.6.2 High flow analysis —-I: on lst screening stage

The objective of the high flow analysis is to estimate the
design floods for spillway and river diversion_ﬁorks fo£_the
scheme wunder the first screenlng work. Fox this purbosé; 200~
vear flood multlply by 1.2 for splllway and 25 -year flood for
river diversion works are employed as the criteria for the
design floods on condition that neither flood ls subjected to
the retardation effect due to the flood dlscharge impoundment at
a damsite, in that a fill type dam is adopted on this screenlng

stage.

Since more than 100 reservoir typeischemeé are raiséd up on
this stage; a concept of zonal design floéd curve is introducéd
and the study area was divided into 7 zones, as shown in Fié
4.13, from the standpoint of flood discharge so - that processing
of many schemes can be done at a time. The procedures and the

results are discussed in the following sections.
(1) Zone division of study area

First, the observed maximum flood of about 300 statiops within
the whole Luzon Island were plotted against drainage area on the
basis of specific¢ discharge which means a peak flood'dischargé
per unit area. Then, reviewing the distribution of the plotted
discharge points and keeping the watersheds of majdr'riﬁer
systems in mind, the study area was divided into 7 zones for

zonal analyses of design floods.
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{(2) Design flood curves for spillway

For estimation of the spillway design flood curves, 200-year
“floods at '118 streamflow stations were used excluding the
stations lOGated on the downstream xriver courses in the plain
areas, for iﬁstanée, the flat agricultural lands such as Central
Cagayan Valley and Central Luzon Plain in the Pampanga and Agno

river basins.

: After plotting these floods against drainage area, the
envelopeyCUrvés of 200-yéar floods and the design flood curves
with 20% alldﬁance‘ in discharge were drawn by 2zone as
illustrated_in Fig. 4.14. To supplement the scarcity of flood
data,'the dééign flood discharges adopted in the previous
sﬁﬁdies_in the Luzon Island were also referred to on the Figure.

The envelope curve of maximum floods in Taiwan, Japan,
Korea, Philippines, and Viet-Nam prepared by ECAFE is presented

together for comparison.
(3) Design flood curves for diversion works

The regression lines are employed to represent the zonal 25-
year floods Correspondinq~to drainage area (Fig. 4.14). Table
4.6 tabulates the zonal design flood curves generated according

to the procedures mentioned above.

4.6.3 High flow analvsis — I1I: on 2nd screening stage

The objective of the high flow analysis on the second
.screéning’stagé is to estimate the design flood hydrographs of
spillway and river diversion works for 20 reservoir type schenes
whicﬂ_pdssed the first screening. The scheme are shown in Table

4.7 and Fig. 4.15.

In the second stage analysis, the concept of P.M.P.
(Probable Maximum Precipitation) and P.M.F. {(Probable Maximum

Flood) Methods were adopted.



Since,  there is little information requiréd for the said
estimate, practical assumptions were made,’ especially in

synthesization of design storm.
(1) Spillway design stormé
(a) Storm data

Spillway design storms were estimated by“makiﬁiziﬁéuahd'
transposing to a scheme site a rainstorm on the ba31s of a
maximum depth-duration curve, deplcted in Fig. 4. 16 which 1s
obtained by enveloping the observed maximum p01nt rainfall 1n
the Philippines and controlled by rainfalls at Baguio.

‘The curve gives prlorlty to the data with 10 hours or more
in rainfall duration. In this study, the curve is adopted_
considering there is every possibility'that shorter duration
rainfalls at ungauged sites might be higher than the obéerved

maximam.
(b) Storm maximization

For a storm maximization, a 10% increase above the envéloﬁe
curve was assumed,.that is, storm maximization factor of 1.10
which compares favorably with similar adjustments based on dew
point for Gulf Coast hurricanes in the United States.__h 10%
increase was also assumed in a similar study for the Angat

Project.
(¢} Storm transposition

The maximized rainstorm at Baguio was transposed to each
scheme watershed by multiplying it by the following adjustment

factorﬂ

Adjustment Factor =Rs/Ro

where, Re :maximum point mean monthly rainfall during
heavy rainfall period in scheme watershed



- RO mean monthly rainfall during heavy rainfall
~period (at Baguio, Ro = 750 mm)

_ The adjustment factor for each watershed is tabulated in
Table 4. .8,  Ro of 750 mm was obtained from 82-year monthly
‘rainfall data obtained from 1902 to 1984. Rs is obtained based
on the actual monthly data at the rain gauge located in or near
the scheme watershed.

(d) Design storm

. The transposed point rainstorms were reduced to average
rainstorms over the individual watersheds by assuming reduction
factors shown in Fig. 4.17. The factors give the consexvative
results to spillway design storms, since the Figure is prepared
by'using both the areai reduction factors for 100-year flood in

Pampanga river basin and those in Magat river basin.

The most.critical temporal pattern of spillway design storm
would be for ralnfa1l intensities to increase to a maximum near
the end of the storm. - Such an increasing pattern of intensities
was followed in the rearrangement of rainfall ihcrements of the

design storm.

Fig. 4.18, illustrating hourly rainfall patterns of heavy
storms in connection with annual maximum l-day rain observed in
the Iuzon, indicates that annual maximom l-day rains have been
actually recorded at several sites on the third day during one
storm duration. It is reported in "Spillway Design Flood" {BPW,
1964) that in the 100-year design storm fox Pampanga river
basin, the maximum rainfall (in average daily rainfall) also
occurrxed in the third day and, furthermore that the data from
hurricanes in the southeastern U.S. also indicate the maximum
24-hour ralnfall will most llkely occur not later than the third

day of the storm.

Thus, assuming the storm duration of 108 hours (4.5 days).,

the design storm as re~arranged, increases up to afternoon of
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the third day from the beginning of storm and decreases
gradually to the end of the storm as exemplified in Fig 4.19.

Slnce no actual record on the rainfall loss was avallable,
the following mlnlmum loss rates for the Central Luzon were used
to compute the effective rainfalls, assuming conservatlvely that

Athe antecedent so;l condltlon is well saturated.

Initial loss -:_ 25m mm
Retention loss : 1.5 mm/hr
Use of the said rates resulted_in‘flood runoff coefficienté

of about 0.9,
(2) Spillway design floods
(a) Flood data

In the Luzon Island, zrunoff observation has beeh made- at
more than 300 gauging stations and annual maximum discharge data
have been colleCted at 131 gauge sites for this studY' However,
llttle information concernlng the actual flood hydrographs’ 1s
available, which are indispensable as the basic data to develop
the spillway design flood. Thus, the subsequent flood
hydrographs were collectéd for this study, referriﬁg to the

previous study reports.

River
System Station : Data
Abra Tapayen Dimensionless Hydrograph

Abulog  Sisiritan July 24, 1977 Flood (Q=5,651 m3/s)
Cagayan Magat D1men51onless Hydrograph

Agos Banaoang Nov. 20, 1966 Flood (Q=6, 070 _3/s)
Sep. 29, 1968 Flood (0=1,210 m3/s)
Oct. 14, 1970 Flood (Q=2,228 m3/s)




{(b) Unit graph

Applying a dimensionless.hydrograph method for the estimate
oi?the-hydrographs at the above-mentioned stations and for
transposition to the scheme sites 'in the same basin, the
collected"hydrographs are converted to the dimensionless
hydrographs by river system, as shown in-Table 4.9 and in Fig.
4.20. '

Since no actual flood hydrograph is available in Marikina
and Labo basins, the dimensionless hydrograph for the Agos basin
was used for Wawa and Bosigon schemes which is nearest to both.

In the;derivation'bf unit hydrograph at the scheme site,
‘the method reguires two factors on the scheme watershed, that

ig, lag time and drainage area.
The drainage area was planimetered, using topographic maps
of 1:50,000 scale.

On the other hand, since no rainfall information
corresponding to the flood hydrographs collected was available,
the basin lag time was calculated by using the 1lag curve
expressed by the following equgtion (modified Synder's lag

equation):
Lag = C x {L x Lca/ (Sst)1/2)n

where, Lag : basin lag time {(hrs)

L : mainstream length from outlet to
watershed (km)

‘Yca : mainstream length from outlet to
watershed centroid {km)

Sst : overall slope of mainstream

The'constaht of Czl.laa, and n=0.2715 were obtained for
this study on the basis of the lag curve for Central Luzon basin



(Ref, 43) and that of C=1.324, and n=0.259 for the Philippines
(Ref. 39). The difference between the two is negligibly small.

Table 4.10 shows basin factors for each scheme and Fig.
4.21 exemplifies the unit hydrograph of 2 hours - 1 mm at

Banacang site.
(c) Synthetic flood hydrograph

To begin with, the flood hydrograph under the present
watershed condition of without dam was developed by the

summation of the following two compohént'inflow hydrographSE
1y Direct flood runoff from the watershed

'2) Inflow hydrograph of base flow

The direct flood runoffs for component 1)“weré:dérived'by
means of the unit hydrograph method usihg the foregoing spillwéy
design storms and unit hydrograph. The base flows fot.compéneht
2) were estimated scheme by scheme as the average rates of low
flow at the site during the flood seasOn,'referring_to-.daily
discharge data at least 5 years of the nearest_gaﬁge (Reff Tabie
4.10) . )

The resulting hydrographs, non-dimensionalized by the peak

discharge, are shown in Fig. 4.22.

For the vwverification of the estimated results, the
subsequent comparisons were made on a speclfic discharge hase

(Ref: Fig. 4.23),

i) It was found out that the flOod'magnitudes-withiﬁ the
same river basin are more or less séme and the greater
magnitude occurs in the basin with the higher annual
rainfall, from the view point of the (Zteager‘s
coefficient of C, related to the maximum floods

envelope curve in the Luzon (Ref.: Fig. 4.24).

ii) Compared with the envelope curve of maximum floods in
Taiwan, Japan, Korea, Viet-nam, and the Philippines



-‘Where typhoons strike most often (Ref. 42, the
specific discharges are plotted around the curve with
slight deviation.

iii) The C value of each scheme is within the sane range (9
to 16) as that.of most of the spillway design floods

used in the existing and named projects in the Luzon
Island.

~Judging from the discussions mentioned above, it is
considered . that the estimated results and some assumption

applied are satisfactorily acceptable.
(d} Spillway design floods

The previous flood hydrographs were developed under the
prégent-cohdition of the sc¢heme watershed without dam. the
concentration time of floods will, however, be more or less
chahged due to the impoundment of the reservoir., In this study,
somé reservoirs out of 19 schemes will occupy more than 10% of
the surface area at the full supply level to the total drainage
areas at the scheme site.

Therefore, the flood hydrograph into the reservoir for the
design of spillway capacity was also synthesized, in view of the
change in watershed condition due to impoundment, by the
summation of the following three component inflow hydrographs:

1) Hydrograph of direct flood runoff from the
watershed above reservoir head of net drainage

area.

2} BHydrograph of inflow resulting from precipitation

over the reservoir area.
3) Base flow hydrograph into the reservoir.

The synthetic hydrographs in the case of with dam are
illustrated in Fig. 4.22 together with those in the case of
without dam, As for 7 schemes; namely, Supo, Eteb, Sisiritan,

Sadanga, Dabba, Daraitan,'and,Wawa, the flood hydregraph in case



of with dam is the same as that in case of without dam since it
is presumed that the change in watershed condition due to

impoundment is negllglble

Table 4,11 tabulates the de51gn floods of both cases. The
floods in the case of with. dam were used for the ue51gn of

spillway.

In case thal one or more dams exmst in the upstrean of the
scheme site, the flood hydrograph at the 51te was developed
adding the discharge spilled out from the upstream damrto the
inflow hydrograph originative from the remaining basin of the

scheme .
(3) Diversion works design flood

The criteria applied for the design flood for river

diversion works are:

- Fill Type Dam 25-year flood
- Concrete Dam 2-year flood

For the estimation of the said flooed, the annual maximum
discharge data at the nearest stream gauge to each scheme site
in the same river systém were subijected to frequency anélyéis,
assuming a Log-Pearson Type IIT distribution which has been
recommended by the US Water Resource Council in Bulletin No, 37
{March, 1976) and has been applied to a lot of water resources

projects in the Philippines.

The 25-year or 10-year flood at the gauge was transferred
to the scheme site through the Creager's coefficient
corresponding to the flood: the coefficient was derived on the
basis of the Creager's Curve for the Luzon island as shown in.
Fig. 6.21. The temporal pattern of the design flood is presumed
to be the same as that of the PMF in case of without dam..



4.6.4 Sediment yield analysis

 Sediment_yield analysis was made for estimating sediments
depdsited in the reservoir for the physical life of a hydropower
scheme. The sediment load into the reservoir is usually
estimated by streamflow data and the sediment discharge rating
curve;establishéd=at'the damsite, However, the sediment into
the reservoir is estimated as products of the denudation rate,
drainage area, and the physical life of a scheme, since it is
scarce . for the schemes raised up in this study that the sediment

discharge. rating curve is available.

 The denudation rate ‘were collected from the existing
veports on hydropower project in the Luzon Island, as shown in
Table'4f4. 'For estimation of the denudation rate for all of the
reservoif’type project éite, the values of the Ambuklac, Binga,
and San Réqﬁe were eliminated because of higher rate due to mine
tailing in their catchments. The average denudation rate of 1.4

nm/year was employed in this study.






v. SOCIO~ECONOMY
5.1 General Background

| Thé::ecchomic depressions which abruptly enveloped the
Philibpines in late 1983 through the inability to meet external
debt repayment obligations and which led to the cessation of
mbst_fbrms of foreign credit, has involved a sharp change to the
natidnfs standard of living as well as the péce and direction of
_their'dévelopment, "As in the case of other middle-income
déveloping countries beset with external debt repayment
pyoblemé; the Philippines' prospective course of development is
ihtehéély affected by the outcdme of balance of competitive
needs between foreign_credit requirements.for development and
debt repaymeht obligations. | |

- Out of the 3charactéristic industrial structure of the
CGUntrYf the pre01pltate decline in the national economy is
reflected in a negatlve real growth rate of Gross National
- product (GNP) of 6.8% in 1984 and a further downdrift of 3.8%
for 1985. 'Inflatlon, largely under the impetus of monetary
policies and curréncy'devaluations, registered a postwar record-
.breaklng increase of 48.9%9% in 1984, which, however, was
successfully reduced to a rise of 17.8% in 1985, mainly due to
the pursuance of a much tlghter monetary policy and a setback of

oil price.

Thé'advent-of the new Government in éarly 1986 presenis an
:opportuﬁity~for taking firm and effectiﬁe measures to carry
through the structural reform process. The Government has
-issued a number of'poiicy statemehts indicating its attitude
_'téwérd.the management of the economy, while a more comprehensive

new economic plan is under preparation.

" The Government emphasizes to reduce the previous policy
bias.agéinst agriculture sector not only in terms of the
monOpoiies.and privileges but also in terms of the cost of
tariff protection adding to the input cost for the sector. And



it is also contemplating to adopt a concept of nucleus estates

to promote development into non-traditional crops. In the trade
and industry sector, the major issue is the programs of

diversification of manufacturing industry and import

liberalization to reduce the cost of items to consumers and to
promote higher domestic productivity. through competitive_
markets. The Government has,announcedVthe,phased remova1 of
quantitétive restrictions_on imports and temporary tar;ffs'in
relate with the most prevailing.domestic_industries will be
appiied so as té progressively phase out over a fiﬁe—years

period.

Policy proﬁoundements'have generally indiéated'a desire'té‘
see an economy strongly based upon free enterprise'principles;
Recovery prospects appear to lie in creating a reasonably
neutral policy environment free from privileges and other
distortions, which in turn will encourage higher domestic and
foreign private investments in the country with a-more equitable
distribution of income. A comprehensive National Development
Plan for 1987—1991:has=n0t been released yet with exception_df
their development target in the foxm of Gross Domestic Pioduct
{GDhP) and Gross Regionél bomestic Product {(GRDP) (Ref.:Table
5.3).

5.2 Econeomic Performance

Our study on economic indices of the national/regional
breakdown at historical level are shown in Tables 5.1 and 5.2.

The Philippines' external debt recession in late 1983
signalled the end to the country's uninterrupted economic growth

in the postwar era.

For the first and second halvés of 19%70s, it had_mafked
significant economic development as 6.03% and 6.2% respectively
in compound annual real growth rates of GDP. In sharp contrast,
however, their extensive growth was downed to -0.4%% for the
next 5 years since 1980, under the influence of the worldwide
stagnation that followed the second oil shock. The same but. far



more - sensitive fluctuation with massive volumes had been
appeared in Luzon'area,'particularly in National Capital Regilon
(NCR) .

Among sectoral breakdown, service sector shares a constant
top of around 40% followed by industry and then agriculture. A
steady growing and sudden drop in industry sector have been
'CldselY" linked to the country's economic performance.
FurtﬁermOre} bécauSe_of majority on scale occupied by Luzon and
NCR inzthis field, their deterioration has worse affected to the
’natibnél sum. Proportionally some slow down trend in expansion
of agriculture sector has been observed, however, still remained
as a mainstay in the natidnal economy with fulfillment of self-
sufficiency'of‘the food Crops.

-~ Undex the succession of such economic tendencies, the
reébvery frame is released by the Government to target the
ecoﬁomic growth for 1887-1991 as per Table 5-3. Thereupon, it
aims at'a high real GDP growth of 6.29% per annum throughout the
period, <c¢entering around construction, public utilities
(electricity, gas and water) and manufacturing as much higher
annual growth of 9.21%, 7.44% and 6.80% respectively. Similar
to. the past;, thé'growihg pace of sectoral development is set
forth high in industry; sustained in ~service and low in
agriculture. In the meantime, the economic recovery in Luzon
'and NCR will be rather slow than the national average out of

their serious damages in the past.

With diffusion of family plan, the population growth has
been gradually paced down. Even though, the net personal income
average will be expected to return to the empirical highest
level until 1991.

5329mn_ﬂxpmmmn_2rggrﬁm

‘The power development program of National Power Corporation
(NPC)'aims for a broader distribution and greater availability
of usable energy throughout the country, possibly for industrial

recovery and rural development. The envisioned energy plan is



also certainly expected to have a favorable impaét_on_the
employment situvation and trade balance_position of the countryf,

Even after releasing of the. latest Power Dévelopméﬁt
Program 1985-1995 on May 30, 1986, furthér Studies and
determinations in success of ba51c data collectlons have been
made by NPC themselves. ‘A stack of such concelvable rev1ew1ng
of the power program are made from electrlclty consumptlon
forecast based on the sales projectlons for each of,the-seven
grlds, namely Luzon, Cebu,_Negros,;Leyte, PanaY} RBohol and
Mindanao, with due reference and adjustment.bf assumptions on
GRDPs and regional_economic performances. As. for the régional
characteristics, NPC applies correlation and extrapolation
techniques on c¢lassified incentive Customerét historical- and

potential households energized.

Similar reference on GDP and GRDP haﬁe been also studied.
Tracing the historical development, the projection are
investigated along with a context of National Economié and
Development Authority (NEDA) internal paper'released.. Whe:eés,
introduced are reasonable comments in réspect of_ave;age-GbP
performance in the case of middle income oilnimporting
developing country, set forth by The World Bank (Ref. 55) and
United Nations (Ref. 52) as well as authoritative think tank.

The comparison of these power generation forecasf‘énd
GDP/GRDP projection upto 2005 in the whole country and Luzon is
listed on Tables 5.4 and 5.5, and of which final issue is hereby

summarized as follow.



Compound Annual Growth Rates of :
Power Generation and GDP, GRDDP-Luzon 1970-2005

PHILIPPINES LUZON (6 Regions)
Power Ghpi/ Power GRpPLY/
o g Generation Low High Generation Low High
Year/Scenario: (1) (2) (3) (1) (2) (3)
1970775 7.22/- 6.0 6.0 7.0 6.5
1975/80 9.4 6. 3
1980/85' 4.5 -0.5 -0.5 -0 ~0
1985/90 5.5 3.6 5.0 4.4 3.9 4.6
1990/95 5.6 5.0 5.9 5.4 5.0 6.0
1995/00 5.2 5.0 4.2 5.4 5.0 4.5
2000/05 5.1 5.0 3.9 5.4 5.0 4.2
1970/80 8 6.2 2 7.3 6.4 6
1980/90 . .
1990/00 5.4 . 5.0 5.1 5.4 5.0
Notes : 1/ : at 1972 price level
2/ : growth rate per annum (%)
(1) : NPC projection, estimated in November 1986
{2y« NEC projection, estimated in June 1986
(3} : NEDA projection 1987-1991 with extension
under extrapolation
Source : NPC, NEDA and NCSO

o Both of the cases in Philippines and Luzon, the growing
trend of power generation is marked between low and high growth
of GDP/GRDP in 1985/1990 and 19%0/1995, and more higher after
1995, As far as 10 years term, the prospective power expansion
is succeedingly higher than the economic growth throughout the
decades. Thﬁs, from socio-economic view point, the said power
expénsion'program is appropriately advancing than the national
“or regional development so as to enhance the industrial

rationalization as a proper infrastructure.






vI. ELECTRIC POWER SUPPLY AND POWER DEMAND

| _Thé_natiéhwide;électric power supply is entrusted to the
state-owned National Power Corporation.(NPC) which provides
pbWer generation,- transmission and distribution to the
Utilities, Non-utilities such as public facilities, military
bases, etc. and industries, and then entrusted to the Utilities
which proVide'power distribution services to the end users. The
Utilities consist of the electric cooperatives owned by the
provincial membership and private utilities owned by the private

firms.

NPC 1is alsb,responsible to develop the power genérating
fadilities more than 5 MW unit and to establish the transmission
grids in the nation. For the development of hydropower
projects, however, the responsibilities for the development of
the resources has been tentatively agreed té be as follows in
the Minutes of the Meeting of the Committees on Micro-Hydro
power Project held on Jan. 20, 1977:

hbove 20 MW : by NPC
Below 5 MW : by NEA

Between 5-20 MW : by NPC or NEA depending upon the

circumstances

" Figs. 6.1 and 6.2 show the organization of the Philippine

power industry and NPC, respectively.

The country ig divided into 3 regions' Luzon, Visayas and
Mindanao Power Grld, and the Luzon Power Grid is futher divided
into .7 areas for the admlnlstratlon of the electric pover
supply. The boundary of the NPC administrative areas is shown

on Fig. 6.3.



6.2 Existing Power Supply Syshem

Most major ibad 'centets ih' the ‘nation have been
interconnected by the high voltage transmission lines above 69
kv and formed the Luzon Power Grid, Visayas Power Grid which
consists of 5 sﬁbmgridé'and Mindanao Poﬁér Grid. The exiSting.
‘transmission lines owned and opérated_by NPC are 5ummarized in

the following table.

{Unit: Circuit - Kilometer)

Line Voltage ~ Luzon Visayas Mindanaoc  Total
230%V 3,484 - - 3,484
138kv - 532 1,804 2,336
115KV 484 - - 484
69KV 2,705 812 . 1,256 4,773

69kV below 528 104 100 - 732

In addition to the above-mentioned transmission'line, the
first extra high voltage (500kV) transmission lines .of 327 km
long have been constructing between the San Jose Substation near
Metro Manila and the Naga Substaion which is located near the
geothermal fields in Bicol, via the Kalayaan pumped storage

power station.

The substaion capacities by voltage of the existing

substations are summarized as follows:

(Unit: MVA)

Primary Voltage Luzon" Visayas Mindanao _Tdtél_
230kV 7,278 - - 7,278
138kV - 1,016 1,525 2,541

155kV 1,927 - - 1,927

69kV 666 241 424 1,331

69kV below 200 22 8 230

Fig. 6.4 presents the existing power supply system of NPC

on the Luzon mainland.



_ The installed capacity of the existing generating plants is
summarized by type as follow and a detailed breakdown for the
Luzon Power Grid is given in Table 6.1.

. {(Unit: MW)
_Plant Type Luzon Visayas. Mindanao Total
Hydropower 1,2264/ 2 181 1,409
0il-fired thermal. 1,925 - 256 - 2,181
Coal-fired thermal 300 50 , - 350
Geothermal ' 660 234 - 854
Diesel = - 726 726
Total 4,111 542 907 5,560
Remark: 1/: Including the Kalayaan pumped storage power

plants (2 x 150 MW)

‘The above table shows that the power plants of 74% of the
total is concentrated on Tuzon which has 54% of the population

and 47% Qf its total land area.

Annual energy production by the NPC's plants in 1385 is

summarized in the following table.

{Unit: GwWh)

Plant Type Luzon Vigayas Mindanao Total

" Hydropowexr 2,869 7 2,638 5,514
Oil-fired thermal 5,825 561 - 6,386
Ccoal-fired thermal 1,471 . 114 - 1,585
Geotheraml 4,284 661 - 4,945
Diesel ' - - 327 327
Total 14,449 1,343 2,965 18,757
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6.3 Power Market
6.3.1 Rxgaant_ngﬁgnwdﬁmangﬂin_huzgn

In 1985, the total enerxgy generated in the Luzon Power Grid
was recorded at 14 449 GWh, which had decreased by 1.4% against
that in 1984, and 13,126 GwWh was sold to the Utilities, Non-
utilities such as public facilities, military bases, etc. and
industries. The difference of the above both values, 1,323 Gih
(9.1% of the generated energy) consists of station use and-

transmission line losses of the Grid.

The electric energy supplied to the Utilities was further
sold through the distribution system of the each utility to the

end users.

The breakdown of the sold energy is as follows:

{Unit: GWh)
Northern Southern Metro _
Customers . Area Area Manila Total
Utilities 1,396 480 9,789 11, 665
Non-utilities 412 33 - _ 445
Industries 918 98 - 1,016
Total 2,726 611 9,78% 13,126V

Source: Monthly Operational Records from Dec. 26, 1984 to

Dec. 25, 1985 | |

Remark: 1/: Total sold energy in the Annual Report was
amcunted at 13,126 GWh. |

Table 6.2 shows the historical record of NPCTs_energy.
production, sales and coincident peak at the generating ends.

The number of NPC customers in Luzon Power Grid as of Dec.
1985 is shown in the following table.
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Northexrn Southern Metro

.Customers ~ Brea Avea Manila Total
Utilities 49 19 1 69
Non-utilities 22 15 - 37
Industries 41 19 - 60
Total 112 53 1 166

Source: Monthly Operational Records, December 1985

~ All customers including public facilities, industries, etc.
~in Metro ‘Manila area are served through the Meralco's
distribution system.

The electrification ratic (the ratio of the electrified
households to the total households) in Luzon as of 1984 is
amounted to be 71% on the basis of the actual connected
households of 3,334,876, The breakdown by region is presented
in Table 6.3. '

6.3.2 Load curve

- The typical load curves and load duration curves for one
week from Apr..ﬁ to'Apr..lz, 1986 of the Luzon Power Grid are
shown on Fig. 6.5. It shows that the pattern of the load curves
is g01ng through the process of shlftlng its peak from night
tlme to day time. The dally load with night time peak, usually,
is shared with a considerable large residential demand and small
industrial and commercial demands. In accompany with the
industrial and commercial'demands, the peak will shift to day
time. The both peak demands in day and night time from Jan. to
Dec., 1986 are shown in Table 6.4. It shows that the difference
of the both'peak demands is very small, i.e. only 5% in averaged
peak, énd the day time peaks of 54 days (15%) exceed the night

time ones.

- The annual load-factbr in 1985 of the Luzon Power Grid is
‘calculated to be 71% at the generating ends on the basis of
annual energy production of 14,449 GWh and a coincident maximum
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system peak of 2,311 MW. The annual energy generated by NPC's
plants in 1985 was 14,449 GWh, including additional energy
generation of 525 GWh for'pumping+up'water for the Kalayaén_
pumped storage power statdion. It means that the_actual load
factor of the Grid has been imprqved_from 69% to 71% due to the

operation of the Kalayaan power station.
6.3.3 Historical trends of power market in Luzon

In accompany with the increase of econdmicél activities of
the nation and of living level of peoples; the powér market has
also expanded with an annual increase rate higﬁer than that of
the GDP or GRDP. The detail of the historical trends_df_GDEland
NPC's energy sales are shown in Tables 6;5 .and 6.6,

respectively.

Averaged annual increase rates of the both GDP and enexgy

sales are summarized in the following table.

{Unit: % p;a)

GDP /GRDP ‘Bnergy Sales in Luzon
Philippine Iuzon Total Meralco Provincials
1970~75  6.03 7.41Y  7.26 5.13 1 15.76
1975-80  6.28 6.35 7.21 7.04 7.72
1980-85  1.11 0.70 1.55 1.47 . 1.78
1970-83  5.32 5.822/  6.62 5.83 9.67
1983/84 -4.50 -6.88  -4.77 . -6.52 0.61
1984/85  2.46 2.09 -0.82 - ~0.59 -~ -0.88

1970-85  4.45 4.593  5.30(1.15)4/ 4.52(0.98) 8.27(1.80)

Remarks: 1/: 1971 to 1975
2/:1971 to 1983
3/:1971 to 1985 o o
4/: Elasticity against increase rate of GRDP.in

Luzon

The coefficients of correlation between the GRDP of Luzon

and energy sales are as follows:
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§;3.4'E;ggtxia+ta;iﬁﬁa

The power rate or tarlff schedule of Meralco is presented
in Table 6.7. It is characterlzed by a lower rate for
-re51dent1al customers which constitute a ‘large portion of the
total customers and higher rate for industrial sector. The
. average tariff has been gradually increased as shown below:

Average Power Rate, Peso/kWh (Meralco)

Year Paid to NPC Charged to consumexr
1978 | 0.2000 0.3094
1980 0.3599 0.5098
1982 0.4842 0.6789
1984 0.9686 1.3041
1985 | 1.2101 1.7915

6.4 Emg,er..ﬂesmlgpmgn.t_amgmm
.6.4.1 Em:_dﬁmansi.pmm.tm

“Power demand projection is made and reviewed every year by
NPC r&fetring to the current NEDA's economic development plan
and also a past trend of energy sales. The latest one, which
was prepared on November 1986 by NPC, seems reasonable compared
with various economic indices such as annual growth rates of
population, GRDP pér capita, etc. However, some modification of
 power demand projection may be necessary in the future, taking
‘the chaﬁge of economic situation of this country into
con51deratlon, and it is described more in detail in Chapter
XIV._ Latest power demand projection for Luzon Island is shown
in Table 6.8.
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6.4.2 Dﬁxglgpmann;pxggxam

In compliance with the. abovéfmeﬁtiOnéd 'p0wer Qemana
prOjeCtlon, NPC provided a Short—Medlum Term Development Program
up to_1995 “in May 1986, on the ba51s of the. bas;c plannlng
criteria shown in Table 6.9. Detail ‘of the powér expansion
program of Luzon Grid is presented on Table 6. 10,.and'planned
power and energy balance of the Luzon Grid for the plannlng
horizon is prebented in Table 6.11 and Fig. 6.6.

6.4.3 Retirement of plants

Retirement schedule of the existing ocil-fired thermal
plants are set as presented in Table 6.12, on: the baéis'of its

planned life time of 30 years.

All of above-mentioned retirement will be occurred after
1995, during study horizeon of this Hydropower Pdtential Study.
Those retirement of the oil-fired thermal plants are taken in
the study as scheduled by NPC. | '

The first unit of the geothermal plant was ~put into
operatlon 'in 1979 and coal-fired thermal plant in 1984. No
retirement, therefore, is needed during the study horizon up to
2005. ’ '
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vViI. IDENTIFICATION OF HYDROPOWER POTENTIAL SITES
7.1 General

Previous studies so far conducted by NPC, NWRC, NIA and
other agencies have identified approximately 220 schemes of
varying study grades in the Luzon Island.

In addition to these previously identifiéd schemes, this
study attempts to- identify newly other hydropower potential
sites especially in river basins where the previous studies are
absent or sca#ce. The main_objectives.of this study are to
assess the hydropower poténtial on individual scheme basis and
Sécondly to sievé attractive schemes worth for future

dévelopment among those identified schemes.

The jdentification of hydropower potential sites (herein-
called "map study™) was carried out on contoured topographic
maps of 1:50,000 scale. Topographic maps of 1:250,000 scale

were alsd used for reference.

7.2 Type of Power Development

The type.of pbwer development assumed in this map study is
broadly classified into two types, i.e. (1) Reservoir type
development and (2) Run-of-river type development. Each type
has several variations as listed below:
(1) Reservoir type development

Al. Single dam scheme

A2. Dam + waterway scheme

a3. Reservoir scheme with saddle dam(s}

Ad. Reservoir scheme with inter-basin watex transfer

intake (s)

AL, Reservoir scheme with both saddle dam(s) and inter-basin

water transfer'intake(s)



A6. Scheme with natural'lake as a reservoir (lake outlet
type) - ’
" {2) Run-of-river ﬁypé development
Bl. Run-of-river scheme with single intake
B2. Run-of-river scheme with inté:%basih water transfer
' intakefs) ' ' |

B3. Run-of-river scheme with regulating pondage

As a result of map study, development-types_identified are
Al, A2, A4, and B3 among the above types.

7.3 Method and Criteria for Map Study

Map study was conducted by a group of civil engiﬁéefsrahd é
geologist including NPC working group. In order tb:éttéihié
consistent map study by group members, an uniform criteria of
the map study had been established. The followings arxe the
criteria and guideline applied to the map study. Asrfor_named
hydropower potential sites identified in “SURVEY/INVENTORY ON
WATER IMPOUNDING RESERVOIRS" issued by NWRC, the Same criteria
and guideline were applied in this study, as technical

informations obtained from that report were not enough.

7.3.1 Selection/Identification of site

The selection/identification of sites should consider various
factors which were varying at each location and river stretch.

Principal factors given are;
(1) Dam (Reservoir) scheme:

- The site is selected at a location in narrow gorge or at a
place of closed topography with steep sloped pbanks.. The
gradient of river profile upstream of the site ié to be
reasonably gentle, preferably with an open plane topography in

upper area to have a larger reservoir pocket.
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{2) ‘Dam + waterway scheme:

_ .This scheme can be proposed in river streches where both
_the run~of-river and reservoir type schemes are simultaneously
conceived, in particular, in the folloing cases:

{(a) topography of the proposed intake site is suitable for
construction of a medium to high dam.

{b) steep river gradieht in stretch downstream from the dam.
(3} InterubaSiﬁ(rivex) water transfer scheme:
"Infer*basin(fivef)‘ water transfer plan is considered
basically in the following cases:
(&) catchment of the adjacent basin is comparatively large
{say more than 25% of the main basin).
{b) length of'cdnnecting tunnel is comparatively short.
{4) Run-—-of river scheme:

The scheme consists of a diversion dam (weir).and a tunnel
waterway to take water to a power station at a lower elevation.
The scheme is conceived in the river stretches of steep gradient
(basically steeper than 1/60) or in places where the equivalent
head is made available. |

7.3.2 Power scale
At the beginning of the study, the Study Team and NPC

discussed and agreed that all conceivable schemes larger than 5
MW in capacity should be ideéntified in whole Luzon Island.

7.3.3 EIﬁliminaIx_ﬂﬂtiﬂﬁtiQ&JﬂiiE&@I_QuLRQL

During the map study, potential power output of the site
under examination .had estimated on an approximate basis,
especiélly in relation to tﬁe criterion set out in Paragraph
7.3.2 above.  For this purpose, catchment area, approximate
available head, and annual rainfall at each site were checked



and used. The exploitable discharge was approximately estimated

as a. parameter of annual rainfall,
7.3.4 General development plan .

After the identification'of'hydropower potential sites
which are estimated to have power output more than 5 MW,
preliminary.general plan was prepared for ‘each scheme and
plotted directly on the topographic maps of 1:50,000 scale.
This work was made for all the schemes identified from the map

study.

In many cases, a few alternative'ideas_were conceivable in
formulating the development plan df'é scheme {e.g. élternative
dam axis, alternative power house locétidns; tﬁe_lowéhead
waterway schemes instead of one high-headpwaterway'écheme),' At
this phase of the stﬁdy, only a selected plan mbst suitabie'to
the river stretch under examination wes chosen and listed for

estimating the hydropower potential at each site.
General development plan plotted on the maps comprises;

- axis of dam/weir

location of surge tank

location of power station

waterway route

In addition to the preparaion of power scheme plan above,
the routes of access road and tansmission line were also

examined.

Major items of the criteria applied to this general

planning are described in Table 7.1.
7.4 Gegplogical Assessment of Schemes
7.4.1 DMethod of geological assessment

Engineering geologicai assessment of the identified .sites
for dam, intake weir, power house, waterway, impounidng and

regulating resorvoir have been carried out by means of field



survey and geologlical map studyf The field wvisits involoved
only surface inspections and no exploratory borings have been
carried out. Fig 7.1 shows the location of each identified
scheme site.

_ Aerial photog;aphs were also available for the four river
basins, namely, Abulog, Abra, Agos prepared by NPC, and Casecnan
basin prepared by NIA (Ref.: Fig 3.3).

7.4.2 Criteria for assessment
Geological assessment is mainly carried out on the
following particulars:
-~ rock type formation, age and structure of the scheme
site;
- rock quality, permeability and overburden of dam site;
- ‘rock qua;ity in relation to tunneling oﬁerations;
~ rock quality and overburden of power house foundations;

- permeébility, slope stability and sedimentation of

reservoir; and

— characteristics and location of construction materials.
The description of each item is given as follows:
{1) Rock type, age and structure

Rock types which are used for this assessment, are given

below.
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Rock Classification Rock Name

o s s o o L e e T

- Plutonic or Intrusive Granité;-Diorite, Granédibrite;'
Rocks ' Quartzdiorite, Gabbro, etc.
- Hypabyssal Rocks Quartz porphyry, Porphyrite,

_ Diakase etc.
~ Volcanic or Extrusive Rhyolite, Andésite,'Basalt,

Rocks Dacite etc.

Clastic Rocks Mudstone, Sandstone, Graywacke,

Conglomerate, Shale etc.
- Pyroclastic_Rocks Tuff, Lapilli tuff, Tuff breccia
Agglomerate etc.
- Chemical Sedimentary Chert, Limestone, Gypsum,
Rocks Dolomite etc '
- Orgénic Sedimentary Coral limestone, Chalk, Coal etc.
Rocks |

prlimpirriiashuislpn it e puii et e

- Regional Metamorphic ‘ Gneiss, Schists etc.
Rocks

—~ ‘Contact Metamorphic Hornfels, Marble etc.
Rocks

—~ Dynamic Metamorphic Mylonite etc.
Rocks

The geological Age and structure is based on the geological
time scale and_stratigraphical column of BMG (1981) Geology and
Mineral Resources of the Philippines, as shown in Table 3.4



{2) Rock guality

From'the yiéwpoint'of enginéering geology, quality of rocks
and ground are classified by four classes in regard to lithology
of rock, freshness and hardness as follows:

FEasimated value

Class | Description Typical rocks and of shearing
, : grourid Strength
very Very sound, very Igneous rock, 20 kg/cm? or
hard  high strength, Paleocene ~ Creta- more
well compacted ceous metavolcanics
and fresh: ~and metasediments
Hard Sound, high Eocene - Barly 10 to 20 kg/cm3
strength, massive ~Miocene sedimentary
and compacted and pyroclastic rocks,

fresh limestone

Rather Slightly sound, Late Miocene - 5 to 10 kg/cm?
hard  medium to low Plioccene sedimentary
strength, less .and pyroclastic
. compacted, slight~ rocks
ly
weathered
Soft Weak, low to very Upper Pliocene - 5 kg/cm? or
low strength Quaternary pyroclastic less
slightly consoli- rocks and semiconsoli
dated to loose, dated rocks
medium to highly or unconsolidated
weathered sediment s




(3) Permeability

All rocks and groﬁnd
permeability as follows:

are classified by characteristics of

Class Description

Estimated Estimaged
Typical rocks Lugeon permeability
and ground value coefficient

Very high Opeh cavity

permea- .- sinkhole, cave,

pility =~  fissure wide
fractured zone

. Limestone, Lu>100 K>103cm/sec

porous lava flow
porous pyroclas—
tics and uncon-

very high solidated sand
porosity
High Weathered, open Slightly porous Lu=10-100 K%10ﬂ~
- Permea- cracks, frac- sedimentary and _ 1x10-3cm/sec
bility tured zone, pyroclastic

high porosity,
geologic
contact, loose

rock, metaporphic
and igneous rocks
with open cracks

joint
Low Tight jbints Slightly cmemnt- Lu=1~10 K= _
Permea- sound, slightly ed sedimentary ©1x10-5cm/sec
bility cemented, and pyroclastic ~1x104

rock, metamorphic
and igneous rocks

without open

Watertight Massive, fresh
{(Impermea- well compacted
ble} and cemented

cracks
Well cbmpacted Lu>1 T K<
sedimentary 1x10-3cn/sec

rocks, fresh
igneous and
metamorphic
rocks,
residual clay
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{4) Overburden

. Overburden is composed of various kinds of unconsolidated
sediments Such'as-residual_Sbil, river deposits, talus deposits
and volcanic_Sediments-(pyroclastics). The total thickness of
overburden . including consolidated formation is taken in

consideraticns in the case of waterway tunnel assessment.
(5) Slope stability

Possibility of landslide and landslip in a revervoir area
is examined by_Studying existing topographic and geological

maps.
(6) Sedimentation

'In proportion to ratio of totaled area occupied by volcanic’
piedmbnt, landslide area, volcanic products =zone and non
vegetation area to the -catchment area, extent/possibility of
sedimentation in a resgervoir 1is estimated as follows by

_reconnaissance and/or map study.

(i) Much :1/3
(ii) Common : 1/3 to 1/5
(iii} A little : 1/5 or less

(7) Topographic condition -

Cross proflle of dam sxis and slope inclination are
observed by topographlc map study In present study cross
_ prcflle of dam axis is calssified mainly into simple three types

as follows.
(1) V-shaped valley (open or shallow)
{(ii) U-shaped valley

{iii) Dish-shaped wvalley
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(8) Construction materials
(i) "Rock material and aggregates®

These materials are assessed by availability of quarried
fresh hard rocks and coarse grained river deposits such as

gravel, cobble and boulder.
(ii) "Sand matexrial"

Materials are assessed by availability of river deposits,
terrace deposits, talus deposits and alluvial fan:éedimenﬁs{' ‘

{iii) “Earth material"

Farth material is _assesséd by availabiity of weathered
rocks, residual soil, talus deposits, fine volcanic proeducts and

river terrace deposits.

7.4.3 Geplogical asgessment

The standard of geological assessment is_summarized in
Table 7.2. The results of geological assessment of each scheme
are shown in Table 7.3, and its data sheets are compiled in

APPENDIX A.

Geoclogical and geotechnical conditions at’ thirty' seven
scheme sites, which passed the first screening prosess, were
studied referring to the results of field sﬁrvey, ekisting
geological maps, aerophotos and reports. Those schemes are
listed below in the order of ID number for each region and

geological study level of each site.



Region

Scheme

Study Level

FT 0S- GM GP GR

I 1-3-0-2 Naguilian 0 - 0 o -
1-10-0-1  Luya - - 5 - .
1-10-0~2 Bakum - - 0 - _
1-10-1-4 Amburayan 0 - 0 - -
1-22-0~1 Banaoang 0 - 0 - -
1-22-0~5 - Supo ~ - 0 0 0
1-22-0~6 Eteb - - 0 0 0
1-22-10~0  Abra - ~ 0 - -
11 - 2-6~0-1 Sisiritan - - 0 0 0
2-6-0-2 Bubulayan - - 0 0 0
2-6~0~3 Bulu - - 0 0o o
2-6-1-4 Nababarayan - - 0 0 o0
2-6-1-5  Dibagat - ~ 0 0 0
2-6-1-6 ‘Agbulu ~ - 0 0 0
2~-6-1-8 Apayao - ~ 0 - 0
2-8-3-4: . Chico-1R - - 0 - -
2-8~3-5 Sadanga - 0 0 - 0
2~8-3-6 Chico-2R - - -0 - -
2-8-3-7 Chico-3R - - 0 ~ -
2-8-3-9 Chico-4R - - 0 ~ ~
2-8-5-15 Saltan - - 0 - 0
2-8~6-22 Pasil - - 0 - 0

- 2-8-6~23 Tanudan - - 0 - 0
2=-8-7~-24 - Bantay - - 0 - 0
2-8-8-25 Dabba - 0 0 - 0
2-8-14-34 Maliano - 0 0 - 0
2-8-20-46  Ibulao - - - -
2-8-28-52 Cabingatan - 0 0 - 0
2-8-29-58 Casecnan - - 0 0 -

- 2-8-29-59 Uppei'Casecnan - - 0 - -
'2-8-29-61  Upper Casecnan 3 - - 0 - -




study Level

Region iD No. Scheme ~  FT 08 GM GP . GR
TIT 3-77-0~6 aAgno-2 0 0 0 - -
3-77-0-7 Agno-3 0o o 0 - -
v 4-7-0~1 Kanan - - 0. ¢ - 0
4-7-0~2 - Daraitan L 0 0 0 0
4-7-0-5 Upper Agos—2 o 0_' 0 - 0
4-115-1-1 Wawa 0 0 0 - 0
5-14-1-1 Bosigon 0 - 0 - -
NOTES: FT : Geological inspections by field_trip.

0S8 : Overfight survey by helicopter.
GM : Interpretation of - site geology by existing
maps . _ S
GP : Interpretation of site geology by aerial
_ photos. o ' _
GR : Interpretation of site geology by existing
geoclogy literatures and project'reports.

Detailed descriptions tbgether'with'general geologic map

for esach scheme site are compiled in APPENDIX A.

7.5 Extraction of Scheme Data

The estimation of power ocutput and cost for all the
identified scheémes was made by using a computer. The scheme
data required for these calculations were extracted from the
maps of 1:50,000 scale which were used for map study. The items
of the extracted data are shown in Table 7.4.

Besides the scheme data, the catchmént area and average
annual basin rainfall at the scheme site were also'ﬁeasured'for
all the schemes. This work was made on 1:50,000 topographic map.
Annual rainfall isohyetal map was once prepafed on 1:250,000
scale map, and tansferred to 1:50,000 scale map. '



7.6 Scheme Identified from Map Study

. As a result of the map study over the whole Luzon Island,
145 hydropower potential sites have been identified in total, a
breakdown of which is shown below.

Reservoir Run-of-river
type tyvpe Total
Newly identified: 16 32 48
© ' Named: S 97 : - 97
| Total: 113 32 145

Scheme newly identified from map study of this time are
listed'in Table 7.5. Locations of schemes both of newly
identified and named are shown region by region in Figs. 7.2-
7.6. 145 schemes. in total include some schemes which are
mutually exclusive with other proposed schemés, e.g. an inter-
river diversion scheme at upper reach as an alternative to

_alohg—stream scheme in the lower reéch. s for the optimum

develdpment plan of each river basin, and the total hydropower
potentials of ﬁhe'Luzon Island, it is described in detail in the
subsequent chapters.
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. VIII. POWER OUTPUT CALCULATION
8.1 generaL

For each hydropower site identified, power ang energy
outputs were computed as well as dimensions of structures,
Through thlS computation, various alternatives as to development
sGalés: were examlned to find out optlmal development scales of
each site in comblnatlon with the prellmlnary cost estimate made
successively, and also for the estimation of exploitable
potential at the site. Fach of identified sites was assumed to
be'ihdependeht'of the other schemes.

_Forxtheocalculation of power output of each site, the
scheme data such ae-topographical_features and waterway length,
extracted from-the topographic maps and previous study reports,
were glven to the computer programs as well as the storage draft
and flow duration curves described in the preceding chapter.
Through the power output calculation and the preliminary cost
estimate, none of the_other water resources development as a
competitive to the hydropower development was considered herein.

8.2 Development Scale Alternatives
8§.2.1 ngervgir'gevelggmeh;

The development scale of reservoir type was examined for

the variations of reservoir capacity and water levels.
(1) Reservoir capacity alternatives

Several_reServoir-development scales in terms of active
-storage capacity were examined by varying a reservoir
- development ratio expressed by the following:

Reservoir active capacity (m3)

RDR (i) =
: - Annual inflow volume (m3)

-Reservolr active capacity

-Long-term average discharge {(m3/s) x (86400 sec x 365)



where,

Fig.

RDR (1)

Reservoir 'devélbﬁment ratio, which wa's
optlonally glven to the computer program
repeatedly 1n order to select an - optimum
development: scale_ combined ‘with the

preliminary cost estimate.

8.1 shows graphical indication of the dimensionless

storage draft curve, on which the conception of RDR is also

shown.

(2) Full supply level alternatives

For each reservoir capacity alternatjve, the féllowing 5

cases were also examined by varying the reservoir full supply

level (FSL) as ancthexr variable parameter

Full Supply Level (FSL) Min: Operating Level (MOL)

Case
Case-1 Maximum FSLL/ : Drawdowned level at a given
active storage below the
predetermined FSL
Case-2 At 3/4 intermediate Same as the above
height between Case-1
and -5
Case-3 At 2/4 intermediate Same as the above
height between Case-1
and -5
Case-4 At 1/4 intermediate Same as the above
height between Case-1
and -5
Case-5 Lowest FSL at a given Lowest permissible MOL
active storage above above sediment level

the predetermined MOL




Note: L/ Maximum FSL is defined as the water level at which

reservoir gross storage is equivalent to the
~annual runoff volume.

- To determine an optimum reservoir development scale and dam
height, it was assumed fqr every reservolir schemes that a ratio
of firm discharge to peak discharge was 0.5.

8.2.2 Run=of=river developuent

_ 'In run-of-river development schemes, the location and
altitude of both the head pondage and power house are
pfefequisitely détermined. in a sense to utilize the
ﬁopographical favour of the site to its largest extent.
Basiqaily, no fuhdamental alteration is conceivable with regard
to the.fopographical featuxes of the scheme, because poﬁer head
available in'the river reach is almost fixed.

"Alternative development plans considered herein were,
therefore, the variation of maximum plant discharge. Several

alternatives were examined by varying the development ratio:

Average turbinable flow (m3/s)

DR{i) =
‘ ' Maximum plant discharge (m3/s)
Area  ABCEF
= (see Fig, 8.2)
Area ABCD
= 1.0, 0.9, 0.8...., DRy,
where,
DR(i} : discharge development ratio
DR, : discharge development ratio when plant peak

discharge is identical to the long-term

average discharge at the site.

. Generally, five to six cases were examined as discharge
alternatives. Fig.8.2 shows graphical indication of the DR(i)

illustrated on flow duration curve.
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8.3 Power Calculation Criteria

To proceed with power output calculation for each
individual scheme, plant discharges, operating level and head
were detérmined by placing the criteria which are Summarizéd in
Table 8.1. Thése'crite:ia were applied on an uniform basis to

all the schemes.

Table 8.1 also shows the equations for calculating the firm
power capacity, installed powex capacity and annual enerqgy

production.

The flow duration curve which was baséd'on monthly runoff
record at each selected gauge seems to-show-more stable flow
condition than the daily one. A coefficient 0.9 was intrdduced
to adjust secondary energy estimated from the month1y flow
duration curve. Adjusted secondary energy was regarded to be
equivalent to that estimated from a daily flow duration curve.

The said coefficient was analyzed on the fiowV_duration
curve of Larion (ID No. 420 20NW 225, in Cagayan River basin) as
depicted on Fig. 8.3. At the other two gauges, the comparison
between daily and monthly duration curves was made for the

confirmation of this coefficient.

8.4 Power Output Computation

Power output calculation was made repeatedly in combination
with preliminary cost estimate for all the 145 schemes by
applying the criteria set forth in Section 8.3, together with
hydrological and scheme data. The computation by the computer'
program "RESEVAL" provides the following information:

(I) Reservoir development ratio,
(2} Reservoir water levels and plant discharge,
(3) Power capacity and energy production,

(4) Dam or weir scale, and

(5) Waterway dimension.



i .APPENDIX C- demonstrates the computation outputs for all the
145 schemes wlth the optlmlzed power output scale, which
1ncludes the case Of opt imum development scale of reservoir and
dam. '

8;5'Seléction of Optimum and Maximun Development Scale

The-optimum development scale was selected out of several
alternatives examined for the reservoir and run-of- rlver type
developments, “respectively. - The selection was based on  the
power output of e€ach alternative as well as the evaluation index
obtained by the preliminary cost estimate.

.8.5.1 Evaluation index

The evaluation index in terms of construction cost per
annual energy product was introducted. The index is expressed

by the following:

: Construction cost (US$)
CEDX =

Efirn * 0.3 X Ege (kWh)

Where,
CEDX : evaluation index (US$/kWh)
Eg¢iyn ¢ Annual firm energy production (kWh)

Eiec : Annual secondary energy production (kWh) .,

The value of secondary energy was assumed to be 30% of firm

energy value in this stage.

8.5.2 Optimum development scale
- {1) Reservoir type development

To determine a development plan in each identified site,
the optimum scale was selected in the following way out of all
cases examined through iteration of the power output calculation

and préliminary-cost estimate.



{i) The optimum development scale 6f the'réservéir”and dam
- were determined among ‘the alternatlves whlch were
composed of actlve reservolr capacity and -water

levels, An optimum scale was . found such an
alternative which produces the blggest power output_
with an evaluatlon index of less than 1.50. In case

that no altermative has an evaluation index less than
1.50, a scale of 'the least eva;uation- index was

chosen. This optimization was made under condition
that a ratio of firm discharge to peak discharge was
0.5. ' :

{ii) With the optimum scale of the reservoir Selected by
the above procedure, the optlmlzatlon of pover
development was worked out in such manner as used'
varlable ratio of firm dlscharge to peak dlschage,
0.33, 0.25 and 0.17. Then the ‘benefit of power
generation; from kW value and kWh-value was estimated
by adopting conventional thetmal as an alternative.
An optimum power plan was selected through Benefit (B)
- Cost (C) analysis. Among the cases given firm
discharge ratio to peak discharge, a case which
derived the maximum (B~-C) at the highest discount rate
was chosen as an optimum development plah. Computer
output of estimation of the power benefit and cost is
compiled in APPENDIX C. '

{2) Run-of-river type development

The optimum development plan for a ruh—of—river type  scheme
was selected out of several alternative plans as to'discharge
development ratio described in Paragraph 8.2.2; The selection
was followed the procedure (i) of (1) applied for reservoir type

development.



8.5.3 Maximum development scale

The maximum development scale is that power output is the

'biggést of all alternatives examined regardless of the cost
index value.

Generally speaking, the maximum developmeﬁt scale of
reservoir type is that full supply level is at the maximum full
3upply: level and that resexvoir active storage is mostly
identical to the annual inflow volume, while, as for run-of-
river type development,-the maximum écale has as same plant peak

~discharge as a long-term average inflow.






- IX.  BASIC DESIGN AND PRELIMINARY COST ESTIMATE
9.1 General
An attempt was made to prepare a preliminary cost estimate
for equal base comparison for all the 145 schemes identified
through the map study. For this, the basic dimensions of
“principal structurés of the scheme were determined first, and
then an approach to the preliminary cost estimate was performed.

Namely,'standard design criteria and cost estimate formulae were
established as described hereunder. '

9.2 Basic Design Criteria
9.2.1 Dam._and waterway
(1) Storage dam

'In'the evaluation at this phase of the study, it was
assumed that the dam would be of a rock-fill type for all
- reservoir schemes to'éttain an uniform comparison among the
schemes. Other types of dam were examined for the selected
schemes in the second-screening evaluation stage.

Topographical features of the damsite was extracted by
‘measuring the valley widths at elevation of contour lines
appearéd on topographic map, including the riverbed width at the
pottom of valley. It was assumed that the valley profile is
1bngitudinally_uniform for a stretch where the dam was located.
- Average excavation depth was also assumed to take into
consideration the increase of dam volume due to excavation.

The dam volume is calculated by the fdllowing equations,
assuming a composite trapezoidal valley profile with wvarying
slopes between the elevations at each contour line measured on

‘map:

VD = VDl + VD2
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VD1l

vD

where,
VD

VD1

vD2

n

d

If

n

2 Vb,

2

1/6 % {3 x {a + (m +1n) x (EL, - BL;)} x (Ly + L)

+ 2.0 x d x (Ly = Lyy)/(BLy ~ ELj,y)

+otm + ) x {L; + 2.0 x Ly + 3.0 % d x (L~ Dyy)
/{BL; = ED;;)} x (EL; = ELj.y)) x (BLy = BELj,) B

d % {L; + d x (L = Ly)/(EL, = EL;)/2.0)
x {a + (m + n} x (BL, - EL;)}

Approximate volume of dam  (m3)
Embankment volume above the original riverbed
elevation (m?)

Embankment volume below the Original riverbed

elevation (m¥)

Trapezoid segment slice no.;

i = 1 at riverbed, i = n at dam_éreét

Dam crest width (m)

Dam crest elevation, at H; above full supply level
(FSL), where Hy is freeboard

Flevation at height i (EL. m)

Dam crest length (m)

Valley.width at héight i (m), where excévatioﬁ'dépth
is considered. ' o
Upstream slope of embankment

Downstream slope ofrembankment

Excavation depth (m).

In this basic design, the following standard dam cross

saection is assumed:

- Upstream slope of embankment : m = 1:2.5



H

Downstream slope of embankment : n = 1:2.0

~ Crest width o ta =10m
~ Freeboard above FSL t He = 6 m
- Excavation depth : d =5 m in average.

(2) Diversion dawm/weir for run-of-river scheme

_ various types of run-of-river diversion dam/welr are
conceived. A typical design assumed herein was a concrete
diversion dam having a fixed overflow weir.

_The volume of dam concrete including all of assoclated
structures is estimated by the following equation:

VDb = 1.15 x EDD? x L
where,
VDD : Volume of diversion dam (m3)
HDD : Height of diversion dam, where the excavation

depth below the riverbed was assumed to be 2.5 m

L . : Width of river at diversion dam site, plus 10 m
to include abutment structures (m).

This'tyﬁe of dam/weir was assumed normally to be less than
15 m in height including a freeboard of 3 m, just to suffice to

keep a diurnal regulating pondage volume.
{3) Diversion tunnel

_ Pressure tunnel-type was assumed for a diversion channel in
this basic design stage. The inner diameter of tunnel is

calculated by the following equation:
DIAD = 0.291 x Q4°%° 2 2.5
where,

DIAD : Inner diameter of diversion tunnel (m)



Q4 @ Design flood discharge for river diversion

(m3/s).
The minimum diameter is fixed to be 2.5:m.
(4) Headrace tunnel

A headrace tunnel was assumed to-beia-pressureftypé tunnel
for a resexrvoir scheme, while non—pressUre'typé_fd::q run-of-
river scheme. In case of a run-of-river 'sqheme; ceither
horseshoe shape or semi circle/réctéhgﬁlér one'was'cgnsidéred
according to the discharge. The inner diameter or width of each

tunnel is calculated by the following equations, respectively:

]

DHTP 0.651q,°%3

DHN = 1.084q,0-375

B = 1.06q,0-375
where,

DHTP. : Diameter of pressure type tunnel (m) -

DHN : Diamter of non-pressure type tunnel (m), it was
applied for a scheme with the discharge of more
than 8.6 md/s. . B

B "t Width of non-pressure type tunnel (m), it was
for the discharge of less than 8.6 m3/s

dp : Maximum discharge per tunnel (m3/s).

The minimum diameter or width was fixed to be 2.5 m,- 2.0 'm,
1.8 m, for DHTP, DHN, B respectively. While, two or mnore

tunnels were considered if the discharge exceeds 100 m?/s.
(5) Pressure shaft

Under ground inclined pressure shaft was considered as a
typical layout of penstock line. The slope of the inclined

shaft was assumed to be 50° from horizontal.



The inner diameter of steel-lined pressure shaft was

selected for varying ranggé of discharge and head. The
diameter-discharge relationship can be approximateq by the
following equations:

DIAP = 0.794 X Q.°%%, at H = + 50 m or smaller
= 0.785 x Q)04 at H, = + 100 m
= 0.733 x Q0997 at H = % 200 m
= 0.733 x Q,%-3%, at H, = + 300 m or larger

'ﬂhere,

DIAP : Diameter of penstock (m)

0, : Installed capacity discharge (m?/s)

H, = : Power head (m).

. In case the discharge exceeds 100 m?®/s, two or more lines of
penstock were considered. A condition to be given was that the
number of penstock lines should be equal to that of headrace
tunnels. The minimum diameter of the embedded penstock was
fixed at 1.3 m.

9.2.2 Acgcess road

A permanent access road led to the scheme site has to be
built for use during the construction and after the completion.

Assumptions made herein were:

- Access road 1s connected from the existing or planned
all-season public road passing nearby the proposed

“hydropower site.

~ The cost of new access road is borne by the hydropower
scheme, while existing public road will be upgraded to an
acceptable grade by another agency before the start of

the construction.

The length of access road was basically measured on

1:50,000 scale topographic maps. However, most of such
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topographic maps had beeo printed in 19505,'ahd looatiohs of
roads on the maps are not always reliable. Then, a road maps of
1:1,000,000 scale and of 1:100,000 scale, Wthh had been 1ssued

in 1985, were also used for reference. The route was selected
as far as appllcable along the rlver valley or the existing
pathway route. The access road is of 6. 0 m w1de shoulder to

shoulder, 4.0 m penetrated aSphalt paved
9.2.3 imanandaﬁign_;ine_ﬁxahem

Four kinds of transm1531on voltage, 1. e. 69 kV' 115.kv 138
kv and 230 .kV, are used in NPC's power supply system ln the
Philippines at present. Of those, 138 XV transm13510n llne is,
however, not used in the Luzon Grid. Furthermore, 500 kv line
is under construction from the Southern Luzon to Metro Manila,
and is planned to be extended to Northérn and Central Luzon.

In this study, therefore, the transmission voltage, 69 kV,
115 kV, 230 kV and 500 kV were considered for the basic design

of the transmission line system.

Each identified hYdropower scheme was assumed to be
connected to the nearest substation including planned one.
Therefore, in this study, extension of switchgear of substation
for incoming llnes only was considered. Namely, construction of
new substation for recervrng electric power generated by

hydropower plants was not considered.
(1) Carrying capacity of transmission line

Allowable carrying capacity means maximum load level to be
transmitted without any trouble and/or fault under actual
conditions which shall be judged from the technical and

economical view points.

The maximum transmission capabilities per c¢ircuit of each
voltage level are shown in Fig. 9.1. The curves were determined

on the basis of the following criteria:



_Short distance transmission line

Carrying capacity of transmission line is mainly determined

by the maximum thermal loading of conductor. For calculation of

maximum aLloWable'Carrying capacity, it was assumed that maximum
allowable conductor temperature is 80°C in still air under the
condition of ambient temperature of 40°C,

‘Middle and.long transmissign line

.fCarry;ng capacity of transmission line is mainly determined
from_the yiewpoint of stability of the system and is usuvally
'expressed as:

P = kV2/1.
where,'
P : Transmitted load {(MW)
v ¢ Line-to-line vbltage of transmission line (kV)
1 : Transmission line length (km)
k : Carrying capacity factor which is

experimentally determined from the ratio of

resistance and reactance of transmission line
(£ 1,200).

'Taking account of the above criteria and the conductors
used in the present transmission line system in the Luzon Grid,

thelfollowihg conductors were adopted for the basic design:

- ACSR 336.4 mmz_for 69 kv and 115 kV systems

- ACSR 795 mm? for 230 kV and 500 kV systems.
(2) Constitution of transmission line

Most of the existing transmission lines with 69 kV and 115
kV are constituted of the single circuit and wooden pole
ex¢luding some lines. While, all of lines with 230 kV capacity

are made up of single or double circuits, and steel towers.



Taking the present constitution into account, the following
line configuration were considered in this basic design.. '

Vbltage Conductor c Circuit Tower
(KV) . o g
69 ACSR 336.4 mn? x 1 Single  Wooden Pole
115 "ACSR 336.4 mn? x 1 . Single  Wooden Pole
230 ACSR 795 mm? x 1 Single Steel Tower
ACSR 795 rmm? x 1 Double  Steel Tower
ACSR 795 mm? x 3 Double = Steel Tower
ACSR 795 mm? x 4 Double - Steel Tower
500 ACSR 795 mm? x 4 Single, Steel Tower
ACSR 795 mm? x 4 Double  Steel Tower

{3) Mumber of cilrcuit

Referring to Fig. 9.1, number of circuits of transmission
line was determined based on the total installed“capacity of the
power station and transmission line length in accordance with

the following criteria:

{a} Number of circuits is two (2), excluding 69 kV and 115
kV connecting to a hydropower plant of rather small

installed capacity,

{(b) A hydropower plant of the installed capacitﬁ less than
30 MW is provided only a single ecircuit not tbrbear
high cost of transmission line on the total besides the
consideration on the system characteristics of Luzon

Grid, and

(¢c) 69 kV and 115 kV lines are designed to have only singlé

circuit due to wooden pole provision.

(4) Transmission line route

The selection of planned line route ' connecting the

hydropower station and the nearest substation was made



individually. ©Namely, no interconnection between hydropower
stations was taken into account.

Based on the above consideration, the length of
transmission line was measured on a map of 1:500,000 scale.
9.3 Preliminary Cost Estimate
9.3.1 Basic approach

Preliminary cost estimate was made by establishing éost
function formulae or unit prices for each segment of the works
of hydropower project. The cost formulae and unit prices were
derived from cost data obtained in various projects including
the recent projects in Philippines as well as overseas projects.

The estimated cost 1is expressed in US$ equivalent at the price
level of end-19285. '

The estimate was made for the following three (3) separate

items:
{a) Power development; comprising of dam, waterway and
power plant,
{b) Access road, and
(c) Transmission line system including a main receiving

substaion.

The details of cost components evaluated in this estimate

are described in Table 9.1.

Cost for land procurement/resettlement and other special
items peculiar to the projects were not included in the estimate
of this stage, leaving their assessments to the evaluation at

-the second screening process.
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9.3.2 Power developtent cost
(1) Cost formulae

With a due reference to recent price levels of constructlon
works, cost formulae were derlved for respectlve components of
"the works. Major items of parameters used in this prellmlnary
cost estimate are dam volume, tunnel dlameter, tunnel lengths,
power head, plant discharge and installed power capacity. The
formulae derived are shown in Table 9.2. '

{2) Calibration of cost formulae

The cost formulae derlved in (1) above was then compared
with the estimate of various pronects in previous study reports.
Furthermore, the ccefficients related to an. unit price was
adjusted referring to the price escalation data obtained. |

9.3.3 Access road

In this preliminary estimate, an average unit price.of
Us$220,000/km was used for road through all terrains. The
construction cost of access road was calculated by multiplying

this unit price by rocad length.

9.3.4 Transmission line and substation

The preliminary cost estimate of the transmission line and
the substation equipment was based on unit prices information
provided by NPC that was derived from the several reCeht_
projects of transmission line construction. Unit prices
obtained were represented as those of 1982 price level. Those
data, therefore, were updated taking three years price

escalation intc account.

The unit prices of transmission line and substation
equipment used for the estimation ‘are summarized below:.
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.

Voltage Conductor Circuit Unit Pirce

(kV)_ S _ _ (USS$/line/km)
69 ACSR 336.4 mn? x 1 Single 23,000
115 ' ACSR 336.4 mm? x 1 Single 34,000
230 . ACSR.795 rm? x 1 Double 110,000
230 ACSR 795 mm? x 2 Double 220,000
1230 ACSR 795 mm? x 4 Double 459,000
500 . ACSR 795 mm? x 4 Double 678,000
SUBSTATION
Voltage (kV) Unit Price (USS$/bay)
69 | 270, 000
115 310,000
230 480,000
500 1,860,000

9.4 Cost Computation

Applyihg the cost estimate formulae and unit prices
presented in Section 9.3 above, preliminary cost estimate was

made for all the 145 schemes.

The cost estimated at this stage was based on the limited
topographlc data only extractable from topographic maps of
1:50,000 scale. The topographic parameters introduced in the

estimate are basically as follows:

- Width of river and valley cross section at the proposed
dam/weir site,

- Riverbed levels at dam/weir and power house sites,

- Length of watérway consisting of diverxrsion tunnel,

headrace tunnel and pressure shaft,

~ Length of access road, and



- Length of transmission line.

Other related information required for estimate, such as
selected dam height, 'dam volume, tunnel diameter, were
calculated in the computation system based on the design
criteria predetermined in Section 9.2 hereinbefore.

Hydrological and power information, such "as :average
reservoir release, discharge, power and energy 0utpUts, were.
also introduced into the computation’ system, being derived from -
the power output calculation. '

APPENDIX. C contains'the outputs of cost computatiCH for all
the schemes examined. '
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X, . FIELD INVESTIGATION
10.1 General
The field investigation is attempted to make site
reconnaissance, aerial survey and collection of data concerned
at each site or in region. The purposes of field investigation
are to confirm and to find technical site conditions, socio-

‘environmeﬁtal problems at and around the sites, and other water
USe from the river concerned as follows:

(1) Té¢hnical' observation of schemes (named and newly

' idéhtified sites including surrounding areas), in
viéwpoints of river merphology, topography, geology,
aVailability of construction materials, and accessibility.

(2) Other_‘water use for irrigation and/or drinking and
industty, and relation with flood control.

(3)'chi¢—environment concerned with land use, resettlement
requirement-and submergency of roads and others of a
project area including'dam and power station sites, a
reservoir area etc.

The selection of schemes to be investigated is made
considering the followings:

(1) Schemes which will be.retained through the first and second
screenings.

(2) Possible ‘approach to a scheme by a car and/or a boat

without any special route to be newly constructed.

{3) Schemes located at place within a few days trip distance

from a nearest city or town.

~ The reconnaissance is scheduled before the first and second
screenings bécaUSe of the limited study period of about two
years from July 1985, Moreover, only the dry season 1is
available for the field reconnaissance of difficult approach
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sites. The schemes jn Noxtherxn Luzon, especially upstream
reaches of Abra, Chico, and Saltan river basins, are rather
difficult to access. In such a case, aerial survey is tried as

an alternative mean.
10.2 Figlg ngggngjsgagga

The site reconnalssance has been carrled out on selected
schemes in Water Resources Regions I, II, III, IV and v durlng.
the study perlod These schemes were basically selected on the
basis of results of the map study and power output calculatlon
However, the number of schemes visited were quite limited
because of the poor accessibility and the security problem. In
addition, the aerial survey was also made for the schemes,
accessibility to which were rather difficult. The séhemes

investigated are summarized below:

Water Resources Name of Scheme
Region investigatead
I ‘Banaoang, Naguilian, Amburayan.
11 Cagayan 1, Huoab, Basao, Sadanga,

Bontoc, ' Pinukpuk, Adaga, Dabba,
Saltan—-4, Dalaya, Tamauini-1,
Sta. Cruz, Maliano, Pinaripad,
Maddela, Alimit-1, Alimit-2,
Cabingatan, Dakéan,'KagipSipan;"

Gaden
ITI Agno-1, Agno-2, Agno-3, Tabu
v Kanan, Daraitan, Upper Agos-1M,

Upper Agos-1S, Upper Agos 2, Wawa

\Y Bosigon

The reconnaissance works were done by the survey team

consisting of the following members:

~ 2 or 3 NPC civil enginners

- 1 NPC geologist
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- 1 ox 2.JICA ¢ivil engineer(s)

- 1 JICA geologist

The reconnaissance works were done mainly by visual
observation with hand level, distance meter, altimeter and

géoldgiéal'sgrvéy tools such as a hummer and a clinometer.

-Topographic maps of 1:50,000 scale were used for the
reconnaissénce. Most of such topographic maps were printed in
1950s, then 'thé location of roads was not always correct.
_ Hdﬁevé:,fandther_informations on the maps such as topographic
'conditith, locations‘of'structures, villages etc. were mostly
' correct. - - -

10.3 Engineering Asgessment
DUrihg field survey, engineering assessment on the schemes

were made on the following standards. The survey results are
compiled in Table 7.3 and in APPENDIXES A and C.

(1) Top0graphical assesgsment

Overall topographical assessment is made for a scheme site

mainly for a'dam(weir), power house and waterway as follows:

| a) "Excellent" : The best topographical site surely
confirmed,
b) "Good" : A suitable site in a topographical

viewpoint confirmed on maps.

. C) “Acceptable" : A possible site in a topographical

viewpoint, but some modification
required.
'd) "Not acceptable": An unsuitable site in a

topographical viewpoint.
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{2} Geological assessment -

Overall geological assessment for a dam(weir);,powér house,

waterway and reservoir area is made as follows:

a) "Excellent™

b) "Good"

c) "Acceptable"

d) "Poor"

(3) Accesibility

The best site in geological
viewpoint, for which no foundation

treatment will be required..

:'A'éood;site_ﬁor:which any special

foundation = treatment  or
countermeasure will not be required

and common treatment can be applied}

A site for which  some special
foundation ‘treatment = or
countermeasure will be required.

A site with poor geological
conditions (not recommendable due to

some geological defects).

YAccess" means mainly an access road(s) from a publiec road

to a site which shall be newly constructed or much improved by

widening and paving.

informations on other transportation

facilities such as bridges, port and rajilway are also included

in this item.

a) "Excellent"

b} "Good"

Total léngth of a new access road is
less than 5 km through hilly or
plain area without any special and

costly facilities.

Total length of & new dccess  is
between 5 and 10 km without any

special and costly facilities and

earth works.
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¢y "Difficulty ! Total length of a new access road is
| between 10 and 30 km with some
special facilities and/or large

earth works.

d)“Very difficult™ i Total length'of the new access road
is over 30 km and many special and
costly facilities and/or large works
are necessarvy.

(4) Ovérall'assessment

_ Overall assessment judged on not only technical points
mentloned above but also socio-environmental viewpoints from
survey results, is glven for each scheme as follows:

a) "Excellent" ¢ The most recommendable scheme
without any difficulties in
technical and soccio-environmental

viewpoints.

b) "Good" = : The recommendable scheme even though

it has minor difficulties,.

¢) "Acceptable® : The scheme having some difficulties
' in technical and/or socio-
environmental points for which the

plan and/or design shall ©be

modified.
d) "Discarded® : The scheme having some fatal defect
in technical and/or socio-

environmental points for which the
plan shall be given up or completely
‘changed.
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XI. . HYDROPOWER PROJECT INVENTORY

11.1 General

In order to estimate the hydropower potentlal of the Luzon

Island and . to select promlslng schemes out of all identified
hydropower potentlal 51tes to the further -study stage, all the

hydropower prOJects falllng into the following three categories

are taken into account:

DeVeloped R existing hydroelectric plants

Developing : =- projects under construction oxr already

-Vcommitted for implementation

- prOJects of the fea31blllty study level

‘Undeveloped : - schemes of the pre- feasibility study level

- schemes identified in the previous studies

—~ schemes newly identified in this study.

Although there are many dlfferences among the above three

categorles in thelr level of study depth and data accuracies, it

was attempted to estlmate the hydropower potential of each

category under_the follow1ng conditions and assumptions:

(1)

(2)

(3)

(4)

The hydropower potential is indicated in terms of Power

(Installed Capacity, MW) and Energy (GWh)

Regarding ‘the Developed and Developing hydropover
potentials, power and energy axe obtained based on the

_installed'capacities of the existing plants and ones

recommended in the previous studies

Ihstalled capacitiy and energy outputs for the identified
Undeveloped schemes are the optimum development scale at

‘each site (Ref. Section 8.5)

Tctal'hydropoWer potential in Luzon Island was estimated by
accumulatlng output of developed and developing projects as
well as the identified schemes that were judged to be



technically possible to develop taking account of power
output and economic index in terms of minimum discount rate
at which (benefit-cost) becomes positive valve.

11.2'1nxentgxxtgﬁnﬂxgxgpgmenfﬁngjectﬁ

The inventory of hydrépower projects was compiled by three .
categories of development level described hereinbefore. '

" The inventory of Developed hydroelectric plant,‘li existing
plants in Luzon Island, is compiled in APPENDIX C,_which_
information were collected and confirmed as much extent as

possible in the study period.

The inventbry information of Developing projects, which
consist of two committed projects and 9 projects of feasibility
or higher study level, is compiled in APPENDIX C as a form of
Catalogue.

For the.identified 145 schemes, information derived from
the map study on each scheme have been preserved in the
permanent ‘data file of the computer VAX11- ~750 owned by NPC, as
well as project feature which was evaluated as an 0pt1mum
development scale by the power output and prellmlnary cost
calculations. This permanent data file is called the Inventory

of Hydropower Site.

The computer output of the Inventdry for identifiéd schemes
is represented in Table 11.1, as example, besides the full set
of inventory output compiled in APPENDIX C.

The inventory contains the following information;

(i) Scheme identification information |
~ Water resources region No., name of prdvindé
- Names of river basin and stream
- Scheme No., name of scheme, locatlon (on Greenw;ch
grid)
- Study grade
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(ii) Hydrological and topographical information

- Average annual rainfall

- Average runoff

- Stream gauging station correlated

- Catchment area of the gauge

— AVerage.ruanf at the gauge

- Déhudation raté app1ied

- Evaporation rate applied

- Catchment area -

-~ Tailwater level at powerhouse/outlet site

(ii1) Scheme information

- Type of development _

- Optimum development scale in terms of development
ratio expressed by the following:

. *Reservoir scheme ; Reservoir active capacity

_ / annuél runoff volumé
‘Run—-of-river : Average turbinable flow
' _ / max. plant discharge
- Reservoir/pondage capacity
© = Dam/weilr height,' volume,  and crest length and

elevaﬁion _

~ Waterway iength, diameter and number

~ Length of transmission line to a main grid
SUbstatioﬁ

- Length of access road from nearest existing road

{iv) Power information
- Firm and peaking discharges
- QOperating levels and head
- Installed, dependable peak and firm powers
- Firm and secondary energy
{v) . Preliminary cost information
- Construction éost by item of power development,
power transmission.and access road
~ Construction cost per kW installation
- Construction cost per kWh production {(firm energy +

0.3 x secondary energy)
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Following information are inventoried as required for the
promising projects. : ' . '

{vi) Technical comment

{vii) Others
~ Land use in reserﬁoir_area
- Resettlement requirement '
- Submerged road class
- Map (s) used. '

11.3 InaLaLuxlJZuXxxUaLiﬂLEzisLing_ﬁydrgelggt;is_ﬁlﬁﬂiﬁ.

In Luzon Island, there are 11 existing hydroelectric
plants, which had been developed from year 1945 to 1983
including one pumped storage plant. The installed -capacity and

energy production of those, as of end-1986, are shown in Table
11.2,

Total installation accounts for 1,226 MW,.whichris composed
of 1,163 MW (95%) by six big plants (larger than 50 MW) and the
others. As presented in Table 11.2, the blg scale plants are
concentrated in the water resources region IIIL, although one
each big plant exists in the regions Il and IV, respectlvely.

11.4 Hydropower Potential of Developing Projects

Developing hydropower potential in the study area con51sts
of two projects committed for implementation and 10 pro;ects
comfirmed to be feasible. Name of those pogects and potential

are shown in Table 11.3.

Total hydropdwer potential of the develbping_projects is
accumulated to be 2,569 MW in terms of installed capacity
including 291 MW of the committed projects.. Most:of developihg
project are found in the water resources regionS'I; Il and III,
while only one project in the Region IV. Of those, the Region
II is noticed as a high potential area, at where it is expectéd
to be developed for 1,760 MW, which is about 70% of the total of

developing projects.
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The hydropower potential developed and developing reaches
approx1mately 3 795 MW in terms of installed capacity and 11,500
GWh in annual energy productlon

115%&%&%&&&@&&
1151mmmmwmm&s

‘The hydropower potentials, in terms of installed capacity:
(power) and energy, of each identified scheme were estimated
through the power output calcualtion and benefit/cost analysis.
The summation was made in the following ways:

(1)  Total potential of all the identified schemes including;

- overiapped pdténtial of schemes which is mutually
exclusive with the other scheme or project completed its
feasibility study

= minor potentia; of schemes of which power output is less
than 5 MW

{2) Technically possible potential of the schemes excluding;
- overlapped potential,
- minor potential, and

- schemes which (benefit-cost) value does not reach to
positive at a discount rate of 5%.

In thls estlmatlon, a disdharge regulation merit due to
storge effect of upstream schemes and/or projects including

existing reservoir was not considered.

Thg_tétal.éofential of all identified schemes and of technically
'possibie development are summarized in Table 11.4 by each river
system and water resources region. Total power potential in
whole Luzon of which development seems technically possible is
accumulated to be 4,701 MW.
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11.5.2 Big potential scheme -

Blg potentlal schemes of reservo;r type development Wthh
has an optimum power output of over 200 MW are summarized in
Table 11.5, which over 20 MW for run-of-river type schemes,. The
power output of big potentlal schemes is based on varlant p;ant

factor.
11.6 Total Hydropower Potential in Luzon Island
It is estimated to be 8,500 MW_ahd 24,000 GWh in power and
 energy respectively that contain ‘existing hydroelectric plants,
projects of every study levels and identified schemes  of
technically possible development . The total potential in power
by rlver system and water resources reglon is summarlzed in
Table 11. 4,

The table belbw presents the power and energj potentials of
each development stage:

Development Power (MW) Energy(GWh)_

Developed 1,226 2,956

Developing 2,569 8, 4822/

Undeveloped3/ ' 4,701 . 12,4082/

Total 8,496 23,846
Remarks : 1/ Actual energy product in 1986

2/ Firm and secondary energy
3/ Total of technically possible development.
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XIT. PREPARATION OF GENERAL LAYOUT PLAN
AND SECOND CONSTRUCTION COST ESTIMATE

12.1 WMELLMJJ&B
12.1.1 General

After the flrst screenlng study, 37 schemes in total were
evaluated -as potentlally feaszble schemes, of which 20 schenes
are reserv01r type and 17 schemes are run of-river type.

- For éll of'those schemes,'g general layout plan was drawn
on the'topographic map of 1:10,000 scale. The most large scale
map whlch covers Luzon Island is that of 1:50,000 scale, however
ne larger scale one was available, Then, enlarged maps of
1:10,000 scale wererprepafed:from the existing 1:50,000 scale
naps.

12.1.2 Preliminary review and study on alternative plans

Prior to the preparation of general Jlayout plan,
preliminary review was made for all the schemes which had passed
the first screening, from the viewpolnts of_technical aspects,
such as site éeology, accessibility, socio-environment, etc. As
a result, six schemes, Banaoang, Buburayan, Dabba, Cabingatan,
Upper Casecnan-3, and Daraitan were discarded due to some

disadvantages (Ref.: Paragraph 13.4.2).

In the preparation of layout drawing, some alternatives of
construction type such as dam types of rockfill, earthfill and
concrete, waterway, power house, etc. were considered.

12.1.3 &thﬂls_a_tp_ba_ﬁtiédieg

Besides 6'discarded schemes mentioned above, two schemes,
Basao and Tabu were revived for the examination of upstream
storage effect, and alse some schemes were studied in
combination with neighboured schemes as is described in Chapter
XIII. Finally 22 reservoir type schemes (14 independent schemes
and 8 combined schemes), and 19 run-of-river type schemes (18
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independent. schemes and 1 combined scheme) were studied

hereunder.

12.1.4 Basic design

In order to estimate construction cost of those schemes,
basic design was made on major dimensions of important
structure. Design criteria, method and célculation formulae are
compiled in APPENDIX A, where typé of structure, its fuhcﬁion,
design of dimensions, and so forth are_diSCUSSed-in déﬁail.
Items for the basic design and the second cost estimate are'as_

follows:
Power Development
(1) Storage dam
(2) River diversion
(3) Spillway
(4} River intake weir
(5) Intake structure
(6) Headrace
(7) Surge tank
(8) Head tank
{9) Penstock
(10) Power House
(11) Tailrace
(12) Water transfé:.facilities
{13) Miscellaneous civil works
(14) Power equipment
Access Road

{15 Access road



- I i . I 1]
~(16) Transmission line
(17) Substation
i E 3 '.! L]
(18) Land acquisition
"After designing: major dimensions of such individual
structure, general layout drawings were arranged. They are
compiled in APPENDIX B,. Main features of both reservoir type

and run4of—river type schemes are tabulated in Tables 12.1 and
12.2.

12.1.5 Work quantity calculation

‘Construction work quantity was calculated on all of work
items listed above based on the layout plan drawings.
Construction work items are mainly divided into civil works,
mechanical works and electrical works as shown below.

Civil Works i) Earth work - Open excavation

Tunnel excavation

- Embankment (Rockfill,
Earthfill)

i1i) Concrete work: Open concrete

placement

Tunnel concrete

plécement

Reinforcement bar

installation
iii) Grout work « Curtain grout

Rlanket/Conscolidation

grout
Fill grout

iv) Non listed civil work

12-3



Mechanical Works i) Steel conduit installation
ii) Gate installation
Electrical Works i) Poﬁer equipment -
ii) Transmission_line”

iii) Switchyard_and substation
12.2 mmmmwmm
12.2.1 General

Based on the layout plan prepared as described in Section
12.1 above, the second cost estimate was performed for all the
selected schemes. General approach to this sec6nd cost estimate
is more or less similar to that applied in the first screening
stage (Ref.: Chapter IX). Differences are shown in comparison

form as follows:

Preliminary Cost Estimate ' Second Cost Bstimate -
- Structure dimensions is - Preliminary laybut
extracted from the general plan on the énlarged
develpment plant on the map map of 1;10,000 scale.

of 1:50,000 scale

- Basic cost component is each =~ Basic component is
major structure. a work item of each
major structure.

- Cost formulae are applied - Cost for each
to the major structures, structure is summed up
therefore work guantities every costs of major work
are not specified. items, each of which is

a product of the unit
price and work quantity
obtained from a formula/

layout plan.

- Land procurement/resettlement - Considered.

cost 1s not taken into account.
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12.2.2 Unit price

Basically, stahdard unit price was estimated referring to
that of similar projects in ASEAN countries. Some adjustment
was made on it after reviewing unit price applied for the
existing hydropower projects as well as ¥/S completed projects
in'Ehilippihes.' |

_Unit'price is variable to some construction work items, to
which it is not suitable to apply the constant unit price. For
instanCe;,work'items_having a large gquantity such as dam or
tunnel work are to have variable unit price depending on work
quantity or structure dimension. Standard unit price applied is
complied in APPENDIX C. '

Unit price was also adjusted dependihg upon site condition
'of"eaCh scheme, such as accessibility, geological conditions and
‘50 forth. An appropriate coefficient was adopted to adjust such
unit priée.' The CQﬁefficiénts applied are listed in APPENDIX A.

12.2.3 Construction cost estimate

The second construction cost estimate was made on 41
schemes consisting of 22 reservoir type schemes and 19 run-of-
river  schemes. The cost was computed by summing up every
construction work items, which were obtained by multiplying work
quantity by unit price. In the estimation, engineering and
administration costs, and physical contingency were also
considered. Estimated construction cost for those 41 schemes
are summarized in Tables 12.3 and 12.4.

AS for F/S completed projects, updating of project cost was
tried'réferring to price conversion factor and wholesale price
index tabulated in Tables 12.5 and 12.6, respectively.
Coﬁstruction cost updated to the price level at end-1985 are
shown in Table 12.7. As is seen in Table 12.7, components of
local and foreign currencies of project cost vary project by
project. However, no adjustment was made respecting the

assumptions introduced in their study stage.



12.3 Preparation of General Development Plan

In the course of first screening'evalﬁation,-identified_
145 schemes in total are classified into four categoriéé"judging
from the evaluation index in terms of discount rate which makes
(Benefit - Cost) positive. Those are;

Category 1 : discount rate is more than 10%

;

Category 2 : discount rate is between 8% and 10%

Category 3 : discount rate is between 5% and 8%

Category 4 : discount rate is less than 5%

among them, schemes in Categofy 1 were evaluated'as
potentially feasible ones as.explained'in Pafagraph 12.1.1 and
general layout plan was prepared. .Schemes in Catégory-2 which
follows Category 1, may have some possibility to be developed in
the future.  Then, the general development plan for those

schemes were arranged for reference in APPENDIX B.
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XIIT. . =~ SCREENING OF IDENTIFIED SCHEMES
13.1 General Flow of First and Second. Screening

Through map study and review of identified sites compiled
in "SURVEY/INVENTORY ON WATER IMPOUNDING RESERVOIRS" by NWRC,
approximatély'270 schemes have been revealed, whose relative
attractiveness is still unknown.  Through the two-staged
screéning processes, these 270 schemes are evaluated their
rélative attréctiyenéss_at each screening process which has
diffgrent depth. Schéﬁes,finally sieved from these scfeening
evaluations are rggisteréd'in a hydropdwer project catalogue as
final candidates for a priority ranking study. '

:The'general flow of the screening of scheme is illustrated
in Fig; 13.1 and outllned below.

lst screeping: Elimination of too small schemes and
expen81ve schemes

- Rough estimate of power output by manual calculation at
each scheme has been made, and the schemes with a
maximum output less than 5 MW were discarded.

- Preliminary'cost estimate of the schemes including the
cost of transmlsSLOn line and access road was made for
145 schemes passed the first step described above.
Power output calculation by using a computer was also
made. The schemes with a maximum output less than 5 MW,
and expensive schemes were discarded.

2nd screening : Selection of promising project

~ -Genéral;lay0ut plan drawing were prepared for the
seleéted schemes passed through the first screening
process, and the second cost estimate was attempted on
the basis of topographical/structural information
obtained from the general layout drawings.



~ The schemes which have some socio-environmental problems_
and/or geologlcal problems weré ruled out.

13.2 mstjgmgn;ngjummim
13.2.1 Too _small schenes

Referring to the'Letteﬁ of Instruction No. 889 Qf.juiy 23,
1979, the minimum péwér scalé'torbe identified in this.study is
linited to 5 MW. As the map Study to identify hydropaower
potential.sites_was based in principle_on:tqpographié.maps_of
1:50,000 scale with aid of topographic maps'of 1:250, 000 SCale,
the scale of 5 MW is deemed t0 be probable limit of éCcuracy,in
the map study. | K |

Flrstly the power output at each scheme has been esblmated
by manual calculation using the topographlcal/hydrologlcal data
obtained. As a result, 145 schemes have been remained out of

270 schemes.

Secondly the power output for the remained 145 schemes has
been calculated by a computer on the . basis of
topographical/hydrological informations such as:

~ draft stérage curve,

- flow duratibn curve,

- average anhualwrainfall,

~ denudation rate,

- riverbed elevation,

- maximum dam héight, and

-  talil water level..

As a result, 11 schemes were discarded due to power output

smaller than 5 MW.
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13.2.2 Costly schenes
{1) Comparison parameters

B&Sic parameter to assess the relative éttractiveness of
hydroppwér_schemes is an internal rate of return (IRR) compared
with_élternativé thermal schemes. This first screening adopts a
certéin'diséount rate used for (B~C) analysis referring to the
thstruction cost per kWh of energj. |

(2) Screening criteria

The basic criterion is to select competitive hydropower
schemes with alternative thermal power plant. Since benefit of
hydropower schemes was calculated from the alternative thermal
plant at a discount rate of 12%, the hydropower schemes of which
. discount rate for positive (B-C) is less than 12% are not
competitive. However, the first screening has been made by a
lihieht criterion at 10% discount rate for positive (B—C), to
remain a room to re-examine the schemes in more detail in the
second screening ‘study. The calculation result of (B-C)
analysis for each scheme is summarized in Table 13.1. |

13.3 ﬁgheme&_Rassﬁdjthsﬂ;jxuxmxung_ﬁxalué;ign

Schemes passed through the above processes are 37 schemes
in total,'consisting of 20 reservoir type schemes and 17 run-of-
river type schemes. As for selected. reservoir type schemes, the
maximum output ranges from 39.8 MW to 576.4 MW, and run-of-river
type schemes from 9.5 MW to 64.0 MW as shown in Table 13.2.

13.4 Second Screening of Schemes

For those 37 schemes passed through the first eévaluation
and other several schemes which may have some probabilities, the

following examination were tried.

13.4.1 Evaluation of merits due to upstream stoxage effect

At the first screening evaluation stage, each of the
identified scheme was examined on those optimum scale assuming
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that each scheme is planned independently with the other schemes
being planned on the same river stretch. |

If another reservoir type scheme is proposed on upstream
reaches of a scheme, it will reduce sediment yield to the
downstream schemes and also improve the runoff characteristics
of downstream oné due to its flow regulation effect. Therefore,
the downstream schemes might be rewevaluatéd_wifh more merits of
these reduced sediment yield (only reséf&oif typé"séhémé)-énd 
regulated flow condition. | '

The above examination_was made for_tﬁe following schemes
locating on the Abra, Abulog, Chico, Agno, and Agos rivers.

River Name - Scheme Name Examined

1. Abfa Eteb, Su?o

2. Abulog Agbulﬁ, Buluy, Gened,'Buburéyan, Sisiritan
3. Chico - Sadanga, Chico-1R, Basao

4, Agno Binga, Tabu |

5. Agos Upper Agos 2, Kanan

Their location map and river profile are illustrated in
Drwgs. 00-02 to 00-08 in APPENDIX B. Other river basins were
not studied because planned schemes can stand independently

along the river.

The cost and power outpﬁt of these schemes were re-examined
adding the following assumptions:

- Optimization of each scheme is made from upstream to

downstream direction.

-~ Sediment from the upstream catchment area is'trapped by
the upstream reservoir, that is, sediment from the
remaining drainage area is only taken into account for

the downstream.
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~  Inflow to the studied scheme is calculated by adding the
- regulated discharge from the upstream scheme and river
E flow discharge from remaining drainage area.

- Max1mum full supply level (FSL) of the studied scheme is
lower by 10 m than tail water level (TWL) of upstream
scheme.

.~ _When:upstream scheme 1s the existing one or its F/S is
conmpleted, the firm discharge from them is used without
‘changing.

(1) Abra River_Besin

It is piahhed'that irrigation water of 9 m3/s will be
diverted to adjacent river basin at the upstream of Supo dam
{(Ilocos Sur Transbasin Project, NIA) . Therefore, the said-

discharge is deducted from the inflow used for the study of Supo

scheme

Results -are summarized in the followiﬁg table. FSL of Supo
(Alt.1) and .Supo (Alt.2) are adjusted to follow the assumption
mentioned above. For this comparison, TWL of Supo (Alt.1) is
same with . that of the independently planned Supo schene,
However TWL of Supo (Alt.2) is lowered by means of waterway

tunnel.

: FSL  TWL  POWER ENERGY COST  C/P C/E
SCHEME . (El-m) (El-m) (MW) (GWh)  (Mil.$) ($/kwW) ($/kWh)
 Eteb 371.0 273.0 107.1 296 239 2,236 0.946
Supo. 320.0 204.0 142.1 438 250 1,759 0.715
Supo (Alt.1) 263.0 204.0 68.2 230 151 2,266 0.867
Supo (Alt.2) 263.0 178.0  99.7 330 176 1,762 0.698

| As 1s seen 1n the above table, Supo (Alt. 1) scheme becomes
less favourable than the oxiginal Supo scheme due to lowered
head of about 57 meters, even though the flow duration is
lmproved by the upstream BEteb scheme. Then Supo (Alt. 2) scheme
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was considered to recover this. demerit by loweringrthe tail
water level with extended waterway. Those two. alternatives are
mutually inclusive. . Then Supe (Alt. 2) scheme which has more
favorable figures than Supo (Alt. 1) scheme is proceeded to
further study. B ' o o

(2} Abulog River Basin

There are six proposed ‘dam sites along the»Abuldg river
basin. Impractical’combinations, such éS'the combination of
Agbulu and Dibagat which are closely located each other, were
discarded by engineering judgemeﬁt; Moreover, preliminary study
was made to -squeeze out competitive combinations and the
following combinations are selected as attréctive,ones, The

results of comparison are tabulated below.

FSL TWL  POWER ENERGY COST  C/P C/E

SCHEME (El=m) (BEl-m)} {(MW) . (GWh) (Mil.$) ($/kW) (S/kWh)
agbulu 346.0 185.0 216.4 713 316 . 1,458 0.481
Bulu 218.0 78.3 408.0 1,365 518 1,269 0.416
Gened 180.0 50,7 207.7 1,132 410 1,972 . 0.419

Sisiritan ~ 100.0  10.0 418.3 1,082 537 1,283 0.714
Sisiritan  100.0 10.0 389.8 1,067 522 1,338  0.569
(+Agbulu} ’ ' ' .
Gened 180.0 50.7 392.1 1,309 520 1,327 0,436
{(+Agbulu) ‘ : S
Bulu 175.0 78.3  356.5 963 432 1,212 0.517
{(+Agbulu) ' o
Sisiritan 68.3 16.0  199.8 696 324 1,620 0.525
(+Agbulu ‘ o

+Bulu)

The planned features in the first Scréening sthdy for
Agbulu was not changed because the scheme is locatéd at the_hbst'
upstream. The features for other schemes were changed depending
upon the neighbored upstream scheme.. As a result, two
alternatives for Sisiritan scheme and one alternative for Bulu
scheme become competitive with the original ones. In this
comparative study, Gened scheme is considered as a dummy. Then

13-6



the planned-features.of Gened scheme is not always coincide with
those of Feasibility Study.

{3) Chico River Basin

. Basao’ scheme was discarded by the first screening.
However, the scheme combined with Sadanga scheme was studied,
pecause Sadanga scheme improves river flow character and power
output of'Basao scheme. Along the Chico river, the followihg
'COmbinatiéns were examined and results of comparison are
tabulated_below. Twl, of Sadanga (Alt.1l) is lowered by means.bf
waterway tunnel.

 FSL TWI, POWER ENERGY COST C/P C/E

SCHEME (El-m) (El-m) (MW) (GWh) (Mil.$) ($/kW) ($/kWh)
sadanga : 890.0 676.0 238.2 611 463 1,943 0.844
sadanga (Alt.1) 890.0 625.0 301.4 762 493 1,637 0,714
Chico=1R ©  624.2 555.0 26.6 140 36 1,353 0.581
Basaoc. = 768.0 510.0 522.4 895 910 1,741 1.134
Chico-1R 623.0 555.0 26.4 196 34 1,280 - 0.184
(+Sadanga) . o

Chico-1R ' §a3.0 555.0 26.4 198 34 1,280 0.181

(+Sadanga (Alt.1})

Basac {(Alt.1) 666.0 510.0 163.0 558 353 2,164 0.705
{+Sadanga)

As a'reSult, both of Sadahga (Alt.1) and Basao (Alt.1)
become more favorable than the original ones, and also
alternatives of Chico-1R is much improved because of augmented

firm energy-.
{(4) Agno River Basin

Tabu écheme locating between the existing Binga
dam/réservoir and F/S completed San Rogue Project, was studied
to check whether power is boosted up by the available flow
regqulated by the Binga reservoir. Two alternatives are
considered changing the elevation of full supply level. As a
-result, both alternatives show almost same cost index. However,
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alternative 1 -.is preferable to Alternative 2 from the viewpoint
of power output. G : _ .

FSL TWL  POWER ENERGY COST C/P  G/E

ROUTE (El-m)  (El-m) (M)  (GWh) (Mil.$) (S/KW) ($/KWh)
Tabu  414.0  290.0  67.4 460 162 2,402 . 0.782

Tabu (Alt.1) 404.0 290.0 135.8 439 215 1,580 0.792.
+Binga o - .
Tabu (Alt.2) 348.5 290.0 20.4 164 81 3,980 0.726
+Binga . - : ' SR

(5) Agos River Basin

On the Agos river, Kanan and Upper Agos-2 schemes are
planned on the upstréam reach of the F/S completed Agos Préjeét.
As they are mutually inclusive, most favorable series
development plan is studied. Maximum power_qutpﬁt is obtained
by a combination of Agoé and'Upper Agos-2. A combination of
Kanan (Alt.1) and Upper Agos-2 follows. Kanan scheme can produce
the maximum power output among the indepehdent threé schemes,
however, it will Sacrifice Agos and Uppér Agoséz-schémes.
Accordingly, Kanan({Alt.l) scheme is proceeded to further‘study.

SCHEME FSL TWL POWER ENERGY COST c/p C/E
(El-m) (El-m} (MW) (GWh) (Mil.%) (S$/kW) (5/kWh)

Upper Agos 2 316.0 166.0 135.2 439 261 1,933 0.641
Kanan 294.0 100.0 213.%9 691 476 2,225 '0.738“

Kanan (Alt.1) 156.0 100.0 77,1 207 148 1,915 0.819
+Upper Agos 2 : K
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13.4.2 Technical review of schemes

Technical review was made for each selected scheme to judge
the appropriateness of the scheme to define any constraint
foreseen in actual 1mplementatlon The major items of the
technlcal review are'

-  Technical aspects; particularly geology,

- Constraints to. construction works, particularly access
facilities and other pre-construction work requirements,

- ‘conflicts with other water uses,

~ Any noteworthy sociological and environmental problem,
and |

~  Any other constraints to the implementation.

As ‘a iesult, the follbwing six schemes are discarded
because of reasons described below.

{1) Banabang {(Abra. river)

Banaoang 81te is located at 22 km upstream from the Abra
river estuary Studled optimum full supply level (FSL) is El.
78.0 m, which forms very large reservoir area of about 260 km2.
Resettlémeht_of so many residents and compensation of paddy
fields/uﬁlands would far exceed the cost of the construction of
scheme itself, Therefore, it is judged that this scheme is not

realistic.
(2) Buburayan (Abulog river)

Geology at Buburayan site is mainly composed of limestone,
which seems to be not suitable as foundation for the planned
high dam. "

{3) Dabba (Pin. Tuguegarao river)

Dam31te is composed of limestone from riverbed upto top of
both abutments. Big amount of leakage is expected at the site.
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Therefore the damsite is not recommendable feor the planned high
dam. '

(4) Cabingatan (Conwap river)

Geology at Cabingatan site is alsoﬂcoﬁ§09edfof_limeStdné,
It is judged the dam construction at site requires considerable
high cost. . i

(5) - Upper Casecnan 3 {(Casignan river)

This scheme is planned as a transbasin schene which divefts
river water of Casignan river to another river bésin. It
results the negative effects to the committed Casecnan
Transbasin Project which is located downstream of this scheme.

Then this scheme is ruled out.
(6) Daraitan (Kaliwa river)

Catchment area at this site is estimated to be 325 km2.
Oout of this, Laiban dam harnessed276:km2, which is committed by
Manila Water Supply III Project, and divert the water to Basig
basins. Then, this scheme becomes not promising. o

13.5 H2d:QR@Mﬁ;iuxdsgn_saLalggue

13.5.1 Hydxgpgﬂe;_pr

The promising schemes whichipasséd'through'thé first
screening mentioned above were registered in the Hydropower
Project Catalogue in the computér VAX11/750 owned by NPC. The
Catalogue contains information of 41 promising schemes which
consist of 31 individual development schemes and 10 alternatives
of series development in some xiver basins as described in

Paragraph 13.4.1. For those 41 schemes, the layout. plan
drawings were prepared, then the second construction cost
estimate was made. The catalogue, therefore, includes

information on development scale, structure dimension,
construction cost, updated evaluation indices and annual energy

cost obtained from the drawings.
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The Catalogue for 41 schemes printed out by the retrieval
program "CATALOG" is compiled in APPENDIX C.

13.5.2 Hydropower proiject catalogue of F/S completed proiect

- Forx the projects of which feasibility study have been
compléted, the Hydropower Project Catalogue have been also
prepared as compiled in APPENDIX C. The projects contained in
the Catalogue are nine of feasibility study level and two of
committed. ‘

These cbmpiied'in the Catalogue were proceeded to the
secbndrscreening evaluation except two committed porojects for
implementation since those:implementation schedule have been-
already fixed.

13.6 Second Screening Selection of Promising Schemes

The second screening of selected schemes is made by the
aéséSsment 6f_kWh cost (energy cost) to find éppropriate_number
of promising hydropower schemes among those of named and newly
'iﬁentified, and also F/S completed projects. Total number of
schemes and projects to be studied at this stage is 51 in total,

breakdown of which is as follows:

- Reservoir type (Named & newly identified) : 22 schemes

~ Run—of-river type (Newly identified) : 19 "
% Reservoir type (F/S completed) 10 v
Total | : 51 schemes

13.6.1 Assessment.of kWh cost
Thé kWh cbst is derived from the construction cost (second

estimation)'taking the following paraméters into consideration.

Lr)

- Discount rate: 12%
- Project service life: 50 years

. = -Operation and maintenance cost: 1.5% of construction

cost
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-~ Construction period is 4 or 5 years depending upon
construction cost as follows: ' o '

Less tahn 100 x10° US$ : 4.years
More than 100 x 10¢ US$ : 5 years

-~ Cost disbursement is assumed as follows:

Const . Disbursement ratio (%)

period lst yr. 2nd yr. 3xd yx. 4th yr. Sth-yr.r-
a yrs. 20 30 30 20 -
5 yrs. 15 25 30 20 10

- Effective ehéigy: Firm energy + 0.7 x Secondary energy

The kWh cost thus obtained is assesSed comparing with that
of competiti#e thermal plant according to the proposed scale of
each hydropower scheme. Evaluation index for these schemes are

summarized in Table 13.3.

13.6.2 ﬁshQmgﬁ#paﬁaﬁdﬂaeggnd_ﬁgrgﬁning

As was discussed hereinbefore, selection of promising
scheme is made based on the xWh cost. Construction costs of F/S
completed projects were updated to the price ievel of énd;1985
so as to enable equal comparison with schemes studied this time.
As a result, xWh cost of Palsiguan Project is estimated to be
0.169 $/kWh. Taking this value as the highesﬁ limit,_45 schemes
in total were finally selected as a promising scheme/project,
and % schemes were discarded. Schemes passed second screéninq

are summarized in Table 13.4.
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XIV.  PRORITY RANKING STUDY OF HYDROEOWER PROJECT
14.1 Approach

_ Td'récommend'thé master action program of hydropower
devéibpméht for a time span'up to the year 2005, further
scrutlnlzatlon of hydropower schemes and projects which passed
the second screenlng evaluation was made through the priority
ranklng study of hydropower project . incorporating the
development Qf othexr types of power plants such as geothermal
andrcdalffiréd”thérmal plants. Priority and adequate timing of
installétion of suitable types and sizes of power generation
_prOJects were searched by a simulation model applying the
dynamlc programmlng to meet the power and energy requirements.
Thls simulation almed to find the least cost development

sequence up to the year 2005 taking account of appropriate share
of each power generation source.

In the: prlorlty ranklng study, the latest power and enerqgy
demand forecast was applied as well as three alternatlves on
power demand growth The existing power plants were
1ncorporated to the study considering those retirement schedule
as well as several committed development projects for
1mplementatlon whlch commissioning schedule have been fixed.
The candldates of this study were geothermal and coal-fired
thermal plants besides a hydropower. New installation of oil-
fired thermal and nuclear power plants were not considered in
the study in accordance with the power development policy of the

Government of Philippines.

14.2 Power Demand Forecast

Power and energy demand in Luzon Island was basically
forecasted dn.the basis of the past trend of energy sales,
_growtﬁ rate of economic indices such as GRDP per caita and
population which were forecasted by NEDA. In the medium-term
power development program which is renewed every year by NPC,
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power and energy demand projection is reviewed as'well as pbwer
generation projects.  However, it only covers the span- of 10
years starting from each study year. on the other hand, a
target year of this study is 2005;'spann1ng 20 years from 1986,
Then, power and energy projection was extepded'up to this,target
year, referring to the'lateSt infermatioh presented by NEDA and
NPC. Power and energy at generatlon base were obtained from
energy sales figures as was dlscussed in the precedlng Paragraph
6.4.1. As a result, projected power andrenergy.at the year 2005 .
is 6,429 MW and 39,422 GWh, respectively, and the average annual
growth rate is 5.3% as ehown'in Table 6.8. This prejeCtieh is
deemed to be high side one. ' '

1422mee_r_siemanﬂ_ali:ernatmea

Power and energy prOJectlon discussed herelnbefore is
judged to be reasonable at present. However, some power demand
alternatives were studied here changing the growth rate of
energy sales. Growth of power and energy demand is closely
related to the economic development of the country. It can be
said it is rather difficult to project"it'ereCisely, as the
country might have some dlfflcultles to attain the planned
economic development program as scheduled because of 1nstab1e
economic situation easily being affected by neighboring
countries. Then, the following three kinds of pewer'demand
alternatives were considered to meet the change of economic

development:
Annual Growth Rate of Power & Energy'(%)
Case e '
{1986-1995) ©{1996~2005)
A) Original 5.3 _ : 5.3
B) Alternative 1 5.3 4,0
C) Alternative 2 _ 4.0 “ 5.0
D) Alternative 3 4.0 B 4.0
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Power.and energy of each case are summarized below:

. _ - Power (MW) at: Energy (GWh) at:
Case 1995 2005 1995 2005
'A. Original. - 3,813 6,429 23,382 39,422
B. Alternative 1 3,813 5,644 23,382 34,612
C. Alternative 2 3,415 5,563 20,943 34,133
p. Alternative 3 3,413 5,055 20,943 31,002

.As is Seen in the above, the differences between the two
cases, Original and Alternative 3, are 1,374 MW and 8,420 GWh
at the vyear 2005, respectively. Those figures are quite
significant.ih the preparation of power expansion program on the
basis of priority ranking study which is discussed in Section
14.5.

14.3 Existing and Planned Power Supply
- 14.3.1 Existing power plants

Ex1st1ng power plants in Luzon Island owned by NPC are 11
hydropower, 10 oil-fired thermal, 2 geothermal and one coal-
fired thermal as listed in Table 6.1. 1Installed capacity and

actual energy production by power source are summarized as

follows:
Source Power (MW} Energy (GWh)l/
.- Hydropower 1,226 2,869
Oil-fired 1,925 5,825
Geothermal 660 4,284
Coal-fired 300 1,471
Luzon Total 4,111 14,449

Remarks: 1/ Generation base (1985)
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14.3.2 QMMWMW

According to the Power Development Program (30 May, 1986)
by NEC, several_ppwér plants are going to be installed in Luzon
Grid during ten years up to the year 1295, which includes two
hydropower plants, three coal—fifed, and one geothermai plant as
shown in Tables 6.10 and 6.11. Planned power and energy
increment expected by these plants are presented as below: '

Source Power (MW) . Energy (GWh)

Hydropower o291 S .1}533
Geo-thermal - 110 | . 751
Coal-fired 600 3,664

Total 1,001 5,948

14.3.3 Retirement of power plant

Several existing oil-fired thermal plants are scheduled to
be retired after 1995 as shown in Table 6.12. As for
hydroelectric plant, Caliraya and Botocan are assumed to e
retired in 1995 and 1998, respectively, considering assumed
project life of 50 years in the priority ranking study, although
its retirement is not considered in the Power_Developmént
Program by N?C. Accordingly, installed capacity and energy
production of plants assumed to be retired in the - study are
summarized by year as follows:
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Year - - : Power (MW) - Energy (GWh)

1995 0 132.0 ' 484.1
1996 0 100.0 411.7
1997 . = . -
1998 167.0 656.1
1999 - -
2000 200.0 ) 823.4
2001 - 200.0 ' 823.4
2002 : 375.0 1,544.0

2003 | - -
2004 300.0 1,235.2
2005 oo o -
Total 1,474.0 5,977.9

Remarks: (1) Retirement schedule was slightly modified based
' on” assumed project life

{2) Energy production was estimated based on the
assumed plant factor described in succeeding
section

(3) No retirement was considered until the year

- 1994,

14.4 Capndidates for Priority Ranking Study

As candidates for the priority ranking study, four kinds of
power generation sources were considered, These are,
hydropower, geothermal, coal-fired thermal and oil-fired thermal
plaﬁts,” Nuélear power plant was not taken into consideration in
line with the policy of the Government of Philippines.

14.4,1 Hydropower sources

Promising hydropower schemes which passed the second
Scréening evaluation are 45 schemes in total including E/S
completed projects,.as was discussed in Chapter XIII. All of
them are candidates for future installation to be evaluated in
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the priority ranking study. It'is'not known yet what candidates
will be incorporated in the future power . expansion progran,
however, it is presumed the schemes with rather small installed
capacity may not have a chance to be incorporated judgihg:from
the big scale requirement of new installation for the latter ten
years starting 1995. o |

14.4.2 Al;amahmwgoﬁeumceﬁ

The alternative power plants considered for the priority

ranking study are:

(1) Coal-fired thermal plant
(2) 0Oil-fired thermal plant, and

{3) Geothermal plant.

Dil-fired thermal plant is still being considered as it is,
however, new installation was not considered in line with the
energy policy of the Government. AS tb the geothermal plant. and
coal-fired thermal plant, the candidates are not known yet at
where those plants will be constructed. Then the size of
candidates was only chosen in consideration of total installed
capacity to be added newly during the study horizon. |

The capital and running cost of élﬁérnative power plants
were estimated at price level of end—1985, based on the data
presented by NPC. Construction period considered is 5 years for
both the alternative power sources judging from the size to be
added.

Considering the above, the followihg alternati#e poﬁer
sources were chosen as candidates for the priority ranking

study:
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candidate Installed Const. Cost O&M Cost Const.

| Capacity (MW) ($/kw) ($/kWh) Period(yrs)
‘Coal-thermal 300 (300 x 1) 1,200 24

_ . 600 (300 x 2) 1,200 24 5
Geothermal _330 {55 x 6) 1,500 30 5

14.5 EILQIltE_RﬁnKlDQmELHQE
14. b 1 &;udxmmﬁthggglggx

The'present worth method was applied for the economic
analysis to find the optimum power expansion program. The
capital, and operation and maintenance costs for constructing
power plahtsrfor a time period were counted as the cost. The
costs required. for construction 8o not vary since it is
ihdependent of the benefits and power revenue, provided that the
péwer:and énergy'demand are gliven, The cost is only one
parameter to be considered in the economic evaluation of power
expansmon progranm. The most economlcally feasible combination
of power units added to the system in a series is deflned to
mlnlm;ze the present worth of total capital, operatlon and
méintenance costs of power plants to be newly installed under

conditions and constraints given.

The objective mentioned above can be mathematically

expressed as follows:

_ k=T* j=k 3
MIN [ X X f,yls) + X o e lty) 10 (14.1)
x=1 j=1 k=1 j=0 =x=1
where,
' s8¢y : power scale of type-x added to the system on 3
_ year
Sy ! (Jj=0) means the total installed capacity of

. existing plants
tyq ¢ annual energy outputs from type-x on Jj year

£,y : present worth of capital cost
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Jxjk ¢ present worth of operation and maintenance costs

4 :otime; 3= 1, 2, 3, ceeernas T

Xk & time, k =1, 2, 3, ST S

X : type of power plant'(3_diffetgnt;types_were
con31dered) |

T : investment horlzon

T* _: plann;ng horlzon
{1) Type of poﬁr plants
(i) Coal-fired
(i1)  Geothermal
{iii) Hydroﬁower

(2) Constraints for objective function

The objective functlon is subject to the constralnts .on

power and energy requ1rements as follows

w=x - i=3 - . . - .
{ s ) 2 XKy 0 (14.2)

x=1 i=0 : o .

X=X =i - . '

T ol 2 byl 2y | . (14.3)

x=1  3=0

where, X3 and Yj is the peaking powér and annual energy

requirements on 3 year, respectively.

14~5-2Q£m.<ii.j;j-_911§__c>i..§lly_d¥.
(1) Existing plants and committed projects

The power and energy supply capacxty of the exlstlng each
plant was assumed to be same as it is throughout the study
period. Supply capac1t1es by power -source descrlbed in
Paragraph 14.3.1 were applled taking account of the retlrement
of plant discussed in Paragraph 14.3.3.
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The project under construction and committed were added to
the power supply system in the commissioning year as scheduled.
cOmmission year and supply capacity to be added are presented in
Tables 6.10 and 6.11, as well as in Paragraph 14.3.2.

(2) NéW:instailation of power plant

'?owe: and energy demand discussed in Section 14.2 was
assumed to be that at the beginning of each year. To meet power
_and energy  requirement on a year, it was assumed that
installation and commisgsioning have to be made by the end of the
préceding.year;_ Basically, a newly installed project has to
meet the increments of power and energy requirements for one or
Several_cdnsidering the reality of construction and financial
' budget‘p;oblems.

(3) Construction period and lead time

The necessary construction period and estimated cost
disbursement schedule applied in the study are shown as below:
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Plant Type- Construction - - Disbursement -

Period (years) %
Hydropower
Construction cost < U$$1.0 x 10% 4 2Q/30/30/20
Construction cost > US$i.O x 109 : 5 15/25/3?/20/10
Coal-fired | | ; o _s . 5/25/40/20'/19
Geothermal : N s 5/25/40/20/10

The typical lead time required for pre—cbnstruétidn stage
was determined according to the present study level of each

project. The necessary period for each study was assumed as
follows:

Feasibility study 1 2 years

Detailed design : _ ;1 or 2 yegts-

Finance : : 1 year

Tender/Contract : 1 year

The time period of detailed design was assumed to be two
years for the most of projects, however the detailed design
for coal-fired thermal plant was assumed to require for a
year in case of plant capacity of 300 MW or less.

(4) Plant factor

Plant .factor of existing plants and candidates was aSsumed_
to be same by plant type throughout the plannihg horizon,
excluding hydropower plahts. The assumption was based on the
actual generating record and the Power Development Program by
NPC, as follows:

- Coal fired 0.70
~ Geothermal 0.73
-~ 0il fired 0.47
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As for hydropower plant, same plant factor of (.26 was
assumed_for\the‘existing plants, while different plant factors
were applied for the other committed projects and the
candidates. For the1candidates,:an estimated plant factor was
pased on the assumption that the annual energy production by a
plant counted 70% of secondary energy in addition to the firm
energy. |

(5) Economic evaluation

Economic evaluation parameters applied in the priority
ranking study were:

Base year ‘ 1985
Investment horizon 1986 thru 2005
Planning horizon 1986 thru 2035
‘Discount rate 12%
Cost escalation 0%

14.5.

Free competition of several kinds of power source for
orderly development by the present worth of total costs related
- may result in unbalanced share of power generation sources in
case that some of the alternatives are not competitive with
others from point of view of energy cost.

The study aimed to find the appropr¢ate and optimum
sequence through several procedure including the mathematical

simulation.
{1) share of hydropower plant

7Appropriate ratio of hydropower plants to the total
installed capacmty at the year 2005 was assumed for the range
between 30% and 40% taklng well balanced power generation into

account.
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{2) Share of geothermal plant-

Geothermal power generatlon have been regarded as the
alternative power source of 011 flred thermal plants which w1ll'
be retired by the target year 2005. Total capa01ty of retlred
oil- Lhermal plant Wlll be 1 425 M durlng lnvestment horlzon.

As was discussed in Pafagraph_14.4.2} installéd capacity_of
a geothermal candidate to be considered is 330 MW (55 MW x 6).
Te meet the assumed réquirement for geothermal plant, three or
four plants, 990 MW to 1,320 MW in total, were assumed to be
constructed by the target year 2005,

(3) Installation until the year 1995

Several power plants are schéduled:to.be installed dufing
ten years from 1986 until 1995 according to the Power
Development Program by NPC. After establishmenﬁ of this
program, NPC has updated power and energy démand forecast in
Nov. 1986 which exceeds scheduled supply capacityfin the said

program.

Priority ranking studyawas actually'made for eleven years
from the year 1995 to 20053, without any nmdifiéation of
development program by NPC up to the year 1994. As for the year
1985, new insﬁallation besides the commissioning of the Casecnan
Trans-—basin Development was tried to meet the requlrement of the

year 1996.
(4) Combination of various type of power sources

The updated power demand forecast by NPC and three
alternatives were considered as was discussed in Paragraph_

l14.2.2.

For each alternative case, various combination of power
plants composed of the coal-fired and geothermal with some plant
size were considered as alternatives among which optimum
combination would be selected thrdugh the priority ranking study
of hydropower development. The combinations were determined as
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presented in Table 14.1, taking account of power generation
balance at the year 2005. The combination was selected
incoiporéting the conéidefation that installation of same type
of thermal plant will be made intermittently as far as possible,
say, one or two yéars interval,

(5) Typical installation series

For each altérnativé'of combination of thermal plants set
‘forth in Table 14.1, a typical installation timing was conceived
' for the coal-fired and geothermal plants. Those installation

series were programmed taking account of following conditions:

(1) not to produce excessive energy which was critical
requirement in the study,

(11) to be- appropfiate arrangement in technical and

financial view points,

S{idd) tb be covered by thermal plant for much increment of

energy requirement during investment horizon, and

(iV) to give a higher priority on installation timing to
the geothermal plant than coal-fired considering
cheaper enerqgy cost of geothermal plant.

(6) Least cost development sequence

Among the alternatives described in the preceding
raragraphs, the 'optimunl development sequence of hydropower
developmént was examined using the simulation model described in
paragraph 14.5.2. The evaluation parameters obtained by the
simulation are summarized in Table 14.2. The total present
worthrbf.capital, operation and maintenance cost was estimated
at the year 1985 which is a base year of this study.

Fﬁrthermore, the optimum léast cost development sequence by
each alternative case was confirmed by means of comparison
between some other arrangement of thermal plant installation

timing.
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