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11.1

11.1.1

I1.1.2

Chapter 11 Construction Schedule and Cost

Construction Plan and Schedule

Feature of Civil Works

The feature of the Stage IT Project is that it 1s to be carried out

extremely close by exilsting power generation facllities.

Accordingly, what must be paid utmost attention in construction is
to axecute work in a manner that no trouble at all will be caused

operation and facilities of the existing power plant,

Particularly, it is necessary for attention to be given to opera—
tion and handling of heavy equipment in excavation work, and strict
care must be exerclsed regarding vibration and flying of rock

fragments caused by blasting. In this respect, facilities for pro-

‘tection against flylng rtock during blasting operations are to be

provided, while concerning vibration, work must be performed
keeping to a low vibration rate said to have practically no
influenca on existing structures.

Basic Conditions

Items which would have influences on the construction program and

work schedule of the Stage II Project are the following:

Structures to be coustructed in the Stage II Project are a penstock
of about 1,300 m in length, tailrace, powerhouse, switchyard and

intake gates excluding intake structure constructed in the Stage I.
(1) Méteqrology

The meteorological conditions of the Project are as described
in 5.2 of Chapter 5.
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(2)

Transportation Routes

{a)

(b)

Inland Transportatlion Routes

Inland transportation from Manila to the Project site can
be achieved by two routes: one gbing east-south around
the north side of Laguna de Bay and the other' going
south-east around Ithe south side of the lake. These
routes consist of national highways of widths at leést
6.8 u, weli"maiutained, which form a loop around Laguna

d& Bay .

The route going around from the north side of Laguna de
Bay passes a mountainland of elevation 200 n and higher
along the way so that there are stretches with curves and

steep gradients.

The route going around from the south side of Laguna de

Bay consists of an expressway extending south from Manila
which passes an area of low elevation along the lake

shore so that there are no sharp curves or steep slopes.

The clearances to the surface of the expressway under
overbridges at grade crossings are 4.8 m, whereas the

regulations call for 4.5 m.
Ports and Harbors

Manila has a North Port and a South Port. North Port is
an ' internatiomal trade port with plers where large
vesgels can berth, and there are no special obstacles to
landing of comnstruction machinery and electricai equip~
ment. On the other hand, South Port is exclusively for
domestic purposes, and has plers where medium~size ships

can berth.
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(e)

(d)

Water Transportation Routes

As a water transportation route, the existing Kalayaan
Pumped Storage Plant can be reached by going upstream of
the Pasig River for approximately 24 km betweea Manila
Bay ahd Laguna de Bay and going approximately 70 km from

south-east to northeast of inside Laguna de Bay.

At the right-bank side downstream of the existing
Kalayaan Pumped Storage Plant, there is a dock for
landing carge provided at the time of construction of the

Stage I, which is equipped with a gantry crane (130 t).

' This water route and the dock facllities were used for

transportation and landing of heavy articles such as

power generating equipment during the Stage I comstruc-—

‘tion work.

For the Stage II Project also, if a part of the dock
facilities were to be repaired and depths in the Pasing

River and Laguna de Bay investigated and confirmed, it is

thought transportation of heavy articles by watercraft
will be quite possible. The transportation route Iis
shown in Fig. 11-l.

Exiating roads in Project Area

Quitlines of the existing roads in the work area of the

Stage I1 Project are as follows:

« To go from the powérhouse to the intake, a route is
taken from the exiétiﬁg power plant gate northward on
the access road for approximately 350 m to reach
National Highway Route 321, Turning around from this
point, a route is taken southward along Laguna de Bay
for approximately 3 km to a point before the eﬁtrance
to Lumban. National Highway Route 321 branching off
from here and going eastward toward Caliraya Dam 1s
then taken and on climbing approximately 5.2 km, the

access road to the intake is reached. (Caliraya Dam is

I1.-:3



reached at 3.1 km Ffrom this point.) The intake is
reached going approximately 800 m from here, and this

is an unpaved road of width approximately 7 m.

Consequently, the distance from the existing power

plant to the intake 1s approximate1y~9.3'm.

There are two existing access roads to the penstock.
One s a concrete-paved road of approximately 400 m
which branches off to the left from a polnt approxima-—
tely 100 m down the access road to the intake. This
road was used for installation of the penstock reaching
the vicinity of EL. 270 m on the left bank above the
upper part of the penstock.

,

The other access road is down approximately 2.2 km and
turn to the .right approximately’ 300 m on National
Highway from the entrance point of the intake access
road, where an ﬁnpaﬁed rbad of width approximately 7 m
branches.off to the righf to'reaéh the dowmstream sur-—

face part of the penstock at around EL. 175 m.

This road will be used frequently for civil works and

plpe instailation work of the penstock.

The following are roads that can be used for the Stage

II work 1n the vicinity of the powerhouse:

~ A conerete-paved road of width 6.8 m and length 300 m
from the powerhouse entrance gate to the existing

control building.

~ An unpaved road of width 7 m and 1ength'approximate1y
400 m from the powerhouse entrance gate to the cargo
landing détk through the lake Aside of the
switchyard. '
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(e)

National Highway Detour Road and Safety Countermeasure

National Highway Route 321 passes by the bottom end of
the steeply-sloped surface streteh of the penstock. The
design excavated gradient of this slope is very steep at
approximately 58 deg and the length dlfference of the
slope 15 as much as 90 m. The volume of rock excavation
at this part will be 35,000 m3, the period of construc-
tion inciuding concrete work and penstock installation
approximately 20 months, and according to safety measures
durlng construction works, traffic regulation or road
blocks of the national highway will become necessary to

achleve both traffic safety and construction.

In order to avold this cutting off of traffic and to
secure the overall work schedule for the penstock, it
will be necessary for a detour road and safety counter—

measure to be provided for the National Highway.

The four cases below are concelvable for the detfour road
and safety measures. The estimated cost for each case 1is

given 1n parentheses.

Case A: Detour from National Highway Route 321, pass
over the intake access road and get out te the
north side of Kalayaan Village by a road of
5 km (US5%1,600 thousand).

Casa B: Detour by a l-lane tunnel of 5.5 mw diameter
" approximately 265 m at the mountain side of the
penstock area (US5750 thousand).

Case C: Provide a temporary bridge of approximately 90 m
' at the tailrace downstream of the powerhouse,
pass the lake side of the substation, and with a
new detour road of 2,500 m (both slides of
tailrace) reach the natiomal highway (US$1,200

thousand).
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Case D: Traffic regulation on restricted-time basis
(US$700 thousand).

The rough estimates of the construction perlods and the

construction coste of these four cases are as given

below.
Leﬁgth Period Cost
{(m) {mo) (Us$103) Remarks
Case A 5,000 12 1,600  Surface, 2 lanes,
. : : ‘paved
Case B 265 4 | 750  Tunnel, 1 lane
T ' with signals
Case C 2,800 3 1,200 Surface, 2 lanes,
(incl. paved; bridge,
bridge : : 1 lane
150 m) ' :
Case D - - 1 - - 1700 Shelter for
" falling stone,
50 m

The problematic points, respectively, of the above four

cases méy be considered to be the following:

Case A:  Both construction_period and construction cost

are problems.

Case B: Since a tunnel would be excavated under the
existing penstock, it will be necessary for the
construction to be performed carefully glving

thorough attention to prevailing conditions,

Case C: The route will cross over the tailrace and

_cqnstruction_will_conflict with tailrace work.

Case D: The time available for construction will be
reduced to 'bosé an influence on the overall
construction period for the penstock and it will

not be completely safe.

In view of the above, it1is thought that Case B wlll be

the most reasonable when taking into overall account

11 - 6



(£)

degree of difficulty, construction period, construction
cost of the detour voad, and control of the job site.
Accordingly, Cass B is to be adopted for the detour road

and'safety measure concerning the Natlonal Highway.
New Access Road

Roads required to be newly coastructed to add to the
existing roads remaining as a result of the Stage 1 work

are the following:

« Access road to intake: The existing road is unpaved
and is not well-maintained. A concrete or asphalt
paved road of width 7.0 m and length 800 m Is necessary
for safe transportation of heavy articles such as
concrete, gates, and steel pipes during construction,
and for maintenance and control of generating facili-

ties afiter completion of construction.

- Access troad for powerhouse and tailrace works: At pre-
sent, there is an existing powerhouse access road to
the powerhouse and tailrace, but this existing road is
important for exclusive use in administration of the
exlsting power plant, and basically, caanot be wused
except for installation of equipment at the new outdoor

swlitchyard.

Conseqﬁently, as a construction road, a 2Z-lane road
500 m in length arriving from the Pagsanjan side of
National Highway Route 321 to the left—bank side of the

tallrace will be necessary.

» Other than the above, roads to the Project management
office, ‘a road to the reclamation area to be made into
a speil area, and a road to the temporary shop for

penstock fabrication will be required.
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{3) Construction Materials

(a)

(b)

Cement

Cement plants near the Project site are the ones at the
two towns of Norzagaroy approximately 35 km north of
Manila and Binarconan on a peninsula at the west side of
the northern part of Laguna de an. The distances Erom
the cement plants at these towns to the Project site in
case of taking the national highway at the north side of
Laguna de Bay are approximately 110 and 55 km, respac-
tively. The demand for ceﬁént on luzon has been large in
recent years, and there iél:a_tendency for supply not
being able to kéep uap; it will be necessary for'supply of
cement for construction in the Project to be made from a

plural number of cement plants.,
Aggregates

As aggregates for concrete, the sand~gravel deposited in
the wvicinity of where two tributaries merge at a
nidstream-to-downstream part of the Balanac River, itself
a left-bank tributary of the Pagsanjan River, can be uti-
lized,

At this place, terraces are formed by sand-gravel brought
down from the upstream area of the Balanac River. The
thicknesses of these terraces are 3 to 5 m upward from
the present river bed, the total area covered estimated

to be more than 30 ha.

At present, sand-gravel is being collected for aggregates
at ‘the river bed of this area by a local firm using heavy

equipment for collection and transportation.

An aggregate manufacturing plant_@f_ZOO t/h of sand and
gravel is under construction by the local firm with start'

of operation scheduled for February 1990,

As another source of aggregate, there is the deposit of

mainly sagglomerate disintegrated and deposited at the

11 - 8



(4)

river bed from the Lumban District at the downstream part
of the Pagsanjan River down to the mouth of the river at

Laguna de Bay.

This deposited material is slightly coarse-particled for
a fine aggregate for concrete, but it can be used blended

with sand obtained elsewhere.

This deposited material is presently being collected from
the river bottom by a local €firm using a dredger and

other means.
{¢) Reinforcement Steel

A plant wanufacturing steel bars for reinforcement 1is

located at Noveliches 15 km northeast of Manila.

Steel bars manufactured at this plant will mainly be used
for work 1n the Stage II Project.

The distance from Novcliches to the Project site is
approximately 85 km taking the route passing the north
side of Laguna de Bay.

Electric Power for Construction

Electric power for construction will be required at the

following locations:

-+ Penstock site (tunnel work, temporary shop for penstock,

field welding)
. Powerhouse site {powerhouse, tallrace)

« Tallrace left bank reclamation area {(construction office and

lodgings) |

.The power distribution for construction would be for voltage

to be stepped down to 4.16 kV from the 69-kV transformer

(50 MVA) installed at the time of Stage 1 work at the right

gide of a point approximately 2 km toward Caliraya Dam from
where MNational Highway Route 321 branches, and distribution

11 -9



lines newly constructed to the respective sites. The electric
facilities to be installed for the works of the Project are
estimated Lo be 1400 kW as a whole; with maximum load about
800 kW. The charge for the electricity supplied from NAPQOCOR
in this manner would be US$0.0519/kWh (P1.1078/kWh).

11.1.3 Construction Plan and Scheduie

The construction work of the Stage II Project must be performed
with utmost carve giving consideration so as not to be of ﬁindrance
to operation or cause trouble to facllities in any way at all since
it is extremely close to installations (No. 1 and No.2 units)‘of
the existing Kalayaan Power Plant. As a result of studies made
therefore, considering the séale of'wdfk, layout of structures, and
otherwise, the degree of progress in execution of work to be done
by speclal methods for excavation of rock, it is thought that a
construction period of 3 years and 3 months for the No. 3 unit, and

3 years and 9 months for the No, 4 unit will be required,

Assuming that the year of commissioning of the Stage II Project
will be 1997, it will be necessary for preparations to be made to

start work according to the following schedule:

1990 ~ 1 - 1990 - 11 Feasibility Study (11 months)
1990 ~ 11 - 1991 - 3 Provision and Award of Final Design

(5 months)

1991 - 4 =~ 1992 - 9 Final Design (18 months)

1992 ~ 10 - 1993 - 3 Financing Formalities (6 months)

1993 - 4 - 1993 - 9  Bidding and Award of Contract for
Construction (6 months) .

1993 - 10 Start of Construction

197 - 1 & 7 Commissioning (No. 3 unit: 39 months,

o, 4 unit: 45 months)

The quantities of the principal eivil works in the Stage II Project
are as given in Table 1l-1. The principal pieces of equipment and
facllities expected to be required at the peak of construction in
the Project are 1llsted in Table 11-2. ' i
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Table 11-1 Prineipal Civil Works
Ttem Description Givil Horks
Power Intake Concrete 540 md
Penstock D= 6,0 ~3.3mu Ex. in open 266,300 m3
L=1,300mn Shaft ex, 4,100 n3
Concrete 18,500 m3
Powerhouse D= 52,1 - 33,8 m] Ex. in open 166,000 m3
H = 45.4 n Ex. in shaft 46,200 n3
Concrete 28,600 m3
Drilling & Grouting 17,000 m
Tailrace Ex. in open 41,300 m3
Dredging 220,000 m3
Concrete 2,000,m3
Reinf. cone. Diaphragm 2,000 mZ
Switchyard Ex. in open 300 w3
Concrete 500 m3_
_fable 11-2 7Principal Construction Machinery
Place Machinery Specification Number
Cement Silo 600 ¢ 1
Common Use
Concrete Plant 1.6 m3 x 2 1
Penstock Boring Machine $250 - 1,150 mm I
Tower Crane L 50 m, 6.5 ¢ 1
Tower Crane 6.5 t 1
Power Plant | Crawler Crane 80 t i
Pump $250 mm, H = 50 m 3
_ Crawler Crane 40 ¢ 1
Tailrace " _
: Crawler Crane 100 ¢ 1

i1 - 11




Regarding the work schedule for the:Stage IT Project, an outline

based on the work schedule according to Fig. 11-3 and the critical

path method shown in Fig. 11-4 is given below:

1993:

1994

« Bids are to be accepted in the first third of April on

camp facilities for NAPOCOR, civil works, hydraulie equip—
ment, and electromechanical 'equipﬁent, with awards of
contracts aimed to be done six months later during the

first third of QOctober.

Work in 1993 will mainly consist of preparations for the
maln works, concerning which the timing for starting exca-
vation in the detour read tunnel work for National Highway
No. 321 in connection with the penstoeck project which will
be the eritical path in the entire schedule for this Stage
II Project, in effect, the first third of December, will

be especially important in maintaining the work schedule.

The start of open excavation at 266,000 m3 of the upper

part of the penstock must be in August of 1994,

Installation of intake gates 1is to be from April 1994
followed by start of penstock pipe installation at the

intake portions from August,

With regard to the intakes, béveﬁent work on the access
road to the intakes 1s to be completed by the middle of
Juﬁe in order to deliver intake gates, and installation of
the two Intake gates is to be completed by the middle of
July. ' .

In succession, removal of the éxisting coﬁcreie.ﬁﬁlkheads
at.;he intakes 1s to: be done with the end of July as the
target date. This is in preparation fér fhe'starﬁ of the
intake portion penstock pilpe installation schedﬁled for -
the first third of August. After installation of the
penstock pipes, the surroundings. of the pipes are to be

filled with concrete.
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. At the penstocks, -the upper open excavation, including
preparation of the lot for temporary penstock work is to

be completed.

-« The Etemporary detour road tunnel (L = 265 m, effective
width B = 5.0 m) for National Higlhway 321 to allow work to
be done on the lower part of the penstock Is to be
completed by the middle of March, and general traffic is
to be switched to the detour voad. In succession to
ﬁhis, slope excavation of the lower parts of the penstocks
is to be carried out from top to bottom using the low
detonation wave-veloclity explosive method and the bench-
cutting method with the target for completion the znd of
July. In succession teo this, inclined tunnel excavation
work 1s to be done using boring machines such as Big Man
and low detonation wave—velocity blasting in combination
with this to be completed aiming for the middle of April
1995 as the target.

« Installation ¢f penstock pipes 1s to be started on the
apper parts of the penstocks from the beginning of October
following the intake portions.

. At the powerhouse, in succession to this, water springing-
prevention boring and grouting works to allow excavation
of the vertical shafts to be performed ars to be started
ffcﬁ the first part of January. Subsequently, excavation
of the vertical shafts is to be done from the first third
of March using the low detonation wave-velocity blasting
method'whenever the existing power plant 1s stopped in
order not to cause trouble for the power plant, Along
with this, digging down is to be perfdrmed providing weep
holes to feduce‘ water pressure applied to the vertleal

- shaft walls.
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1995:

« At the upper parts of the penstocks, installation of pipes

is to be continued following construction of anchor blocks

and saddles.

At the lower ﬁarts of the penstocks, excavation of the
inelined tunnels 1s to be completed by the middle of
April, and consolidation grouting Is to be performed ffdm
inside and outside the'tunneis'to sacure stability of the
ground surrounding the tunnels. Installation of pipes for
the lower penstock portions is to be started from the
middie of June., The surroundings of the pipes inside the
tunnel are to be filled with conctéete in approximately

three months from the first part of December.

At the powerhouse, excavation of the vertical shafts is to
bé more or less completed the middle of December 1994,
followed by concrete lining of the vertical shaft walls.
Further, foundation concrete for generaﬁing equipment is
to be placed from around the middle of April in prepara-

tion for draft tube installation.

Draft tubes are to be installed in periods of -one month
gach from the first part of June for Unit Wo. 3, and the

first part of July for Unit No. 4.

After installacion of draft tubes, concrete is to be placed
around the respective tubes in preparation for installa-

tion of spiral casings.

At the tallrace, the reinforced concrete underground
diaphragm walls extending along both banks of the tailrace
from the power 'piant' outlet are to be constructed 1in
abproximatéiy three ménths.from thé first paft of May.
From the first part of August after tﬁis, a cofferdam to
allow work on the tailrace bay. to be done 1s to be
constructed using soil fill material and other water cut~
off material. Since the insi&é-éf the cofferdam is to be
dewatered following this, reinforcing is to be done with
steel struts set agalinst the diaphragm walls to enable

water presgure from the outside to be resisted.
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1996:

»

Ovdering of a dredging barge for dredging of the lower
channel is to be done ian the first third of July with

completion targeted for the end of December.

At the penstocks, the upper penstock plpes are to be
finished installing by the end of February, and the lowear
penstock pipes by the end of September in preparation for
trial operation of the No. 3 generating equipment sche-

duled for start-up from the first part of October.

At the powerhouse, in parallel with installation of the
generating equipment of the No. 3 and No. 4 units to be
continued from 1995, concrete placement and architectural
work are to be carried out. The civil works related to
the No. 3 unlt are to be completed'by the end of August,
and installation of the turbine-generator, installation of
distribution board equipment, and ipstallation of outdoor
switchyard equipment are to be completed alming for the

end of September, in preparation for trial operation.

Civil works on the outdoor switchyard are to be started
from around the first part of ?ebruafy, and concreke pla-
cement. is to be finished by the end of May, one month
before start of installation of outdoor switchyard

aequipment.

At the tailface, ekcavétiou inside the tallrace hay is to
be finished by around the middle of March, and along with
installing foundatlon piles, the placement of tailrace bay
bottom concrete is to be finished in a perlod of approxi-
mately 2.5 months. Following this, removal of the coffer-
dam is to be done with completion targeted for the end of

Augus [

In March, Wational Highway Route 321, which had been
closed for constructiosn of penstocks 12 to be reopened to
traffic, and subsequently, the portals of the detour tun-

nel are to be plugged for reasons of safety.
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11.1.4

1997: . The No. 3 unit, after three months of trial operation,
including one month of wet tests, is to commissioning from

the first part of January.

« Regarding the No. 4 generator, both eclvil works and
electrical equipment installation are to be completed by
the end of March., From the first third of April, tests
for a period of three wmonths including a wmonth of wet
‘tests are to be -completed, with commissioning. to be

started from the first part of July.

« All construction works lncluding removal of camp facili-

ties, etec., ara to be completéd by the end of October.

The layout of temporary facilities for counstruction are shown in
Figs. 11-1 and 11-2, respectively. As for the rehabilitation work
on Caliraya Dam, it is thought 2.5 years will be required including
prepatatory works. The work schedule for the Stage Ii Project 1Is

shown in Fig. 11-3.

Construction Procedures and Methods for Primcipal Structures

Constriction in Stage IT will be characterized by the fact that
intake, penstock, powerhouse, and tailrace works will be additions
to existing structures and will be perfdrmed in extremely close

proximity to the -existing structures.

Accordingly, the following comments are made regarding the special
natures 1in coastruction of the individual structures, and their

methods and procedures of construction:
(1)' Intake

The intake work comprises installatioﬁ of two intake gates,
and the subsequent installation of penstock pipe. This work
must be performed while the existing Ho. 1 and WNo. 2
generating units are in constant operation. The work must be

done by the following procedure:
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(2)

« The exlsting intake gate guldeway hardwares are cleaned and
repalred underwater, followed by installation of the two

gates.

» Dewatering is done by a method such as pumping out from the
spaces betwean gates and concrete Dbulkheads provided
downstream of the gates in the Stage 1 Project to razmove

water pressures acting on the bulkheads.

. The bulkheads are removed using tools such as pick hammers

50 as not to cause damage to existing permanent facilities.

« The concrete surfaces of the existing cavern are cleaned and
repaired, after which penstock pipe installation is per-

formed,

» The gap between penstock pipe and existing concrete 1is

filled with concrete.

» The two intake gates installed must be provided with locking
devices to absolutely prevent them belng raised until

cbmpletion of all the Stage II work downstream.
Penstock

(a) Excavation of the surféce stretches of the penstocks will
be done in extremely closs proximlty to existing
penstock pipe. Particularly, when breaking bedrock,
methods that will not cause damage to existing structures
due to vibration or flying of rock fragments must he
employéd. In this regard, tﬁe work must be done using an
explosive of low detonation wave-velocity (Conecrete
Cracker), quiet—action chemical disiategrator {(Calmmite),

or an Giant Breaker.

(b) The topography of the downstrean surface portions of the
penstocks has a height difference of approximately 90 m,
the gradient beling about 58 deg to constitute a steep
slope, the slope having outcropping of hard bedrock.
National Highway Route 321 crosses perpendicularly with a

poertion corresponding to the bottom end of the slope.

i1 - 17



(e)

With such a fileld. cowndition, especially in excavation,
rock falls will be of conecern, and there is ample possi-
bllity of traffic on the national highway Dbeing

obstructed.

For safety of traffic and smooth executlon of work, a

‘detour tunnel (one lane, length 265 m) passing inside the

slope is to be provided beforehand for the highway traf-
fic to be detoured, while with regard to excavation of
the slope, it is ﬁo be by benchcutting from the top with
rock broken using low detonation wave—-velocity explosive
or Gilant Breaker, with excavation muck hauled safely by
backhoe or bulldozer Lnto a speciai muck hopper enclosed

beforshand by means such as iron fences {(see Fig. 11-5).

For installation of penstock pipe, it is uecessary for an
incline to be temporarily_provide on the slope shaped by
excavation and concrete placement and using 'equipment

such as c¢ranes.

In counstruction on the inclined shaft portions of the
penstocks, especially in éxeavatién_of thé tunnels, they
will be extremely closz to penstock pipe already in place
adjacently, and in case ordimary blasting methods are
used, vibrations from detqnatibn of explosives will be
magnified due to transmission from pipe to bedrock. To
avold this, two vertical shafts through which large-
diameter boring machines for inclined shaft excavation
can be hauled in from the wmountain sides of the
powerhouse shafts are to be dug downward beforehand under
the horizontal portions of the bottom stretches of the
penstock to serve concurrently as drainage pits dﬁring
excavation of the powerhouse shafts, following which the

horizontal portions of the penstocks are to be excavated.

“In succession to this, ~large-diameter boring machines

(Big Man) are to be sat at the tops of the inclined
shafts and primary ﬁilot holes of diameter 250 mm.are to
be drilled, followed by teamihg'from the lower horizontal
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shafts upward to wmake pilot holes of diameter about
1,150 mm,

From the tops of the inclined shafts where these pllot
holes have been completed, the pilot holes ars to be uti-
lized to perform cutting for bdblasting and for mucking.
The bedrock must be broken carefully using means such as
blasting with a low detonation wave-veloclty explosive to

excavate the inclined shafts downward {see Fig. 11-6).

Further, for protectionm of tunnel walls after dinstalla-
tion of penstoek pipe and until completion of backfilling
with councrete, shotcrete or okther material is to be

applied‘besides providing steel supports.
{2) Construction of Powerhoussa

Tﬁe_ topographlical and geological features of the vertical
shaft portions of this powerhouse are that they almost
directly face Laguna de Ba?, the lower reservoir. The foun-
dation  rock at this seite 1s agglomerate of volcanic ejecta
with permeability generally high, a large amount of springing
of water having been recorded during Stage T work. The work
is to be performed within 20 m of existing structures of the
Stage 1 Project, while a. special condition is that the
existing power station is to be operated practically unrelated

to the Stage i1 Project.

As a consequence, especially in excavation of the vertical
shaft portion, what i1s of greatest importance besides preven-
tion and handling of water springing, and the accompanying
protection of excavated surfaces, I3 to carry out work in a
mannér not to cause any trouble for the exlsting generating

facilities, and for this purpose, the following will be the
procédure for eXechting the vertical shaft work (see
Fig. 11-7):
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Carvy out beforehand grouting with the dual purposes of pre-
venting water from springing at the perimeter of the wver-

tical shaft and consolidating the bedrock.

Provide grount holes inside the vertical shaft for preven-
tiom of'water'springing'at the bottom part of the wvertical

shaft during excavation.

For the soll portion close to the ground surface, coustruct
a concrete wall beforehand at the outer periphefy of the
vertical shaft to prevent water in the existing tallrace

legking out into the vertical shaft.

During excavation of bedrock inside the vertical shaft, pro-
vide stage presplitting beforehand by drilling narrowly-
spaced, deep boreholes perpendicular to the excavation lines

of existing facilities.

When blasting 1is used  in breaking: rock. foundation; the
blasting in excavation shall be conﬁrolled to limlt the
vibration velocity to 2 kine or less, with due consideration
on. the results of blasting test, so that ao adverse effect

is inflicted on the exlsting power plant,

In breaking rock foundations on the side of existing struc—
tures, the use of the sldwly exploding concerte cracker
{GCR), the static. cracke; (caimmite),. iron breaker, etc.
shall be considered, and the work shall be implenented with
good care to prevent vibration and dispersion of rock

pleces.

With regafd to blasting work to be dome in breaking bedrock,
it is to be carried out exércising éare, and performing only
when the existing power plant is stopped (twice daily) is
thought will be safe in,consideration of present circumétan—

ces concerning the existing generating facllitles.

As excavation of the vertical shaft progresses, the exca-
vated surface 1s to be protected by placing shotcrete and,

where necessary, providing another bars or rock bolts, and
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also arvanging weep holes at sulitable locatlons aiming to

stabillze the excavated surfaces.
(4) Tailrace

tnderground concrete diaphragm walls are to be provided at

both banks of the tallrace bay.

It will be difficult for these diaphragm walls to stand up by
themselves, when iun excavation of the tailrace bay and placing
of concrete, water in the bay is drained and the walls are

subjected to water pressure from the outside.

Accordingly, reinforcing must be done by providing steel bra-
ces or the like inside the bay. Removal of these braces must
be done carefully after work on the bay has been completed and
the bay has become filled with water accompanying removal of
cofferdams (see Fig. 11-8).

11.2 FEstimated Construction Cost

11.2.1

Tundamental Matters

The construction cost of the Stage IT Project was estimated based
on the design and construction méthods, materials and products in
accordance with the technology level that can be expected at the
present time, and considering the geological conditions of the

Project sites, reglonal conditions, project scale, etc.

- The cost estimate was based on prices as of January 1990, and for

the purpose of caleulations in this Report, an exchange rate of
US§1.00 = P22.50 was used.

The estimated items for the Stage II Project are as listed below.

As for the costs of rehabilitation work on Caliraya Dam, in addi-

. _tibn to making a review of the amount of increase resulting from

inflation from 1986 to January 1990, interest durlng construction

. wag taken into account and the total construction cost was calcu-

lated. .
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(1)

(2)

Estimation Items

(a)

(b)

(e)

(d)

(e)

()

Civil Works
. Camp Facilities: offices and lodging facllitles

. Tewmporary Facilities: access roads, natlonal highway
detour road, electrle distribution lines for construc~

tion works
. Waterway structures: intake, penstock, tailrace
. Powefhouse and switchyard: elvil and building works
Hydraulice Equipment: gates, penstocks, etc;.

Tlectromechanical Equipment: 'pump—tufbine, generator-—

motor, control device, switchyard equipment, etc.
Dredger: dredger, pumps and soil delivery pipes

Engineering and Administrative Cost: - plamning, coor-

dination, administration and maunagement, etc.

Interest during Construction: interest during the

construction period

Estinating Criteria

(a)

Civil Works

For unit price of civil works and hydraulic equipment,
comparison studies were made of receﬁt-unit construction
prices of NAPOCOR, unit construction prices at project

sites under construection or for which feasibility studies

" have been completed in the 'Philippines, and unit

construction prices at similar sites in Japan, and these
were broken down according Eo construction procedures and
estimations were made taking into consideration labor
costs, construction materials and machinefy costs, etc.

in the Philippines.
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i)

Labor Cost and Material Cost

Unlt lahor cost and unit material cost 1in

Philippines as of
Table 11-3 and Lll-4,

January 1990 are glven

Table 11=3 TLabor Cost

Itenm Unit Cost, US§/day (P/day)
Foreman 5,78 (130
Laborer 3.96 (89)
Carpenter 4,09 (92)
Electrician 5.78  (130)
Mechanic 4,62 (104)
Operator 5.11 (115)
Teamster 4.09 (92)
Steel sctter 4.09  (92)
Welder 4,09 (92)
Miner 4.09 (92)
Apprentice 3.82  (86)

Table 11-4 Construction Material Cost

Ttem Unit | Unit Cost, US$ (P)
Portland Cement (Bag) t 94 .44 (2,125)
Dynanrite kg 1.56 {35)
ANFO kg 0.90 (20)
‘Gassoline { 0,32 (7.2)
Light 0il { 0.22 (5)
Reinforcement t 666.67 (15,000)
Shaped Steel t 800 {18,000)
SQuared Timber m3 386.67  (8,700)
Timber (log) v | 297.78  (6,700)

It - 23

the
in

Ve



The transportation cost for cement, reinforcing
steel, shaped steel, etc., were calculated adapting

the unit cost employed by NAPOCOR.

Value added tax (VAT [0%) was not included in

material costs.
i1) Construction Machinery

The principal construction machines such as bulldo-
zers, backhoes, large-sized cranes, large-sized
boring machines, etc. for unprocurable 1in the
Philippinés would be impﬁfted and used, and construc-
tion wachinery costs_caléulated from CIF Manila port

prices.

311)  Access Road

(b)

(=)

The construction cost of roads for construction pur-
poses is to be calculated based on construction items

and their quantities and unit cost,
Hydraulic Equipment

Peanstocks, intake gates, tailrace gates, etc., would be

imported,
Electrical Equipment

Electrical equipment such as pump—turbines, - generator-—
motors, transformers, =etc., -are all to be imported.

Outdoor steel structures are also to he imported.

The existing gantry crane is to be used for installation

of main equipment.
Dredger

0f the dredger and soll delivery pipes required for main-
tenance of the lower channel of the tailrace, pumps would
be imported from abroad and ara to be included under

foreign currency requirements.
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(e)

(£)

(g)

(h)

(i)

The barge and the delivery plpes are to be domestically

produced and thus be covered with local currency,
Engineering and Administrative Cost

Construction management cost is generally around 10 to 15
percent of (a) - (4) costs, but since dam constructilon,
which generally occuples a large portion of project cost
ig not included in Stage 11, 6 peréent of (a) - (4d) costs

was considered to be appreprlate in this casa,

Compensation Cost

The land for the Project is owned either by WAPOCOR or by
the state. According to the results of fleld luvestiga-
tioné there are no water utilization rights or fishery
rights in the area which need to be compensated.
Consequently, as a result of discussions with WNAPOCOR,

compensation costs will not be 1ncluded.
Interest during Construction

As a result of discussions with NAPOCOR, interest during
construction is to be calculated at 6.33 percent per
anmum for foreign currency and 20 percent per annum for

local cufrency.
Import Duties and Various Taxes

Import duties on comstruction machinery, gates, steel
plpes, turbines, generators, etc., which must be imported
will not be included in view of the fact that this is a
national project. However, amounts corresponding to
impdrt duties on the above will be calculated for

reference purposes.
Contingencies

As a result of discussions with WAPOCOR, 10 percent of

‘forelgn currencj requirements and 15 percent of local

currency - requirements in the civil works construction

cost are to be included for contingencles.
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With regard to gates, penstock pipes, and electrical
equipment, only 5 percent of forelgn currency require-

ments 1is to be included.

(3) Division of Foreign and Local Currvency

(a)

(b)

(e)

Civil Works

Principal materials for civil works such as cement, rein-—
forcing steel, small steel products, and dynamite would
be domestic products and are to be included in local
currency requirements. As ragards constvuction equlpment
for civil works, items such as bulldozers and backhoes,
and temporary facilities machinery and apparatus such as
concrete plant and large—sized cranes are to be imﬁorted
and construction costs calculated ‘based on fofeign
currencf. Special equipment éuch as jack ‘Thammers,
crawler drills, boring machines, pgrout pumps and alr
compressors are to be lmported and included in foreign

currency requirements.
Hydraulic Equipment

Principal materials and manufacturing, fabrication and
transportation to be perfdrmed.outside the country for
gates and penstock pipes are to bé included in foreign
currency requirements., . Large-sized cranes, winches,
automatic welding machines, welding rods, etc., required
for installation are to be procured with foreign

CUYTENCY .

Domestic transportation costs and domestic labor costs
for fabrication and installation works are to be included

in local currency requirements,
Electrical Equipment

Principal electrical equipment items themselves are to be
included 1in foreign currency requirements. Domestic

transportation costs and domestic labor costs for
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installation works are to be inecluded {in local currency

requicements.
(d) Englreering and Administrative Costs

Local currehcy would cover 47 percent and foreign
currency 33 percent of engineering and adminlstrative

costs,
(e} Interest during Construction
Interest is to be caleulated separately for local and
foreign currency raquirements.
11.2.2 Estimated Conskruction Cost

Local and forelgn currency requirements and construction costs per
year of the approximate construction cost for the Stage 11 Project
and the rehabilitation cost for Caliraya Dam are given in Tables
11-5, 11-7, 11-8, and 11}1-9, respectively.

Table 11-5 Investment Cost

(103 us$)
Amount
Item

Fo Co Le Co Total

l. Stage II Project 107,351.9 63,621.3 170,973.2
Rehablilitation Works for

2. Caliraya Dam 4,820 5,598 _ 10,418

Total 112,171.9 69,219.3 181,391.2

The total amount of import duties that would ordinarily be levied
on materials and equipment imported for the Stage II Project 1s
approximately US$13.71 Million. A breakdown of this amount is
given in Table 11-6,
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Table 11-6 Amount of Import Duties

Unit: 103Uss$

 Item Amount

Measurement Device for Land Slide 1
Penétock 2,550
Gates and Other 313
Electromechanical Equipment 10,840
Pump for Dredger.Boat ' &
Total 13,710
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Table 11-7 Estimated Construction Cost

Unit: 103 uss

Ttem Forelgn Local Total
Currency Currency
Preparation Works
Camp Facilities 100 900 1,000
Access Road 0 300 300
Temporary Detour Road 380 370 750
Sub-total 480 1,570 2,050
Civil Works
Upper Canal 624 7.6 70
Power Intake 20 .4 77.9 98.3
Penstock 1,929 5,070 6,999
Powerhouse 5,487.3 10,054.9 15,542.2
Switchyard 21.2 77.8 99.0
Tailrace and Lower Canal 1,741.9 1,885.1 3,627.0
Sub-total 9,262,.2 17,173.3 26,435.5
Hydraulic Equipment 16,701 13,749 30,450
Electromechanical Equipment 60,400 5,800 66,200
Dredger Boat 50 700 750
Project Controlling
Engineering Fee 4,000 150 4,150
Administration Cost 0 3,400 3,400
Sub~total 4,000 3,550 7,550
Physical Contingency
Preparation Works 48 235.5 283.5
Civil Works 926.2 2,576 3,502.2
Hydraulic Equipment 35 0 835
Electromechanicasl Equipment 3,020 0 3,020
Dredger Boat " 2.5 0 2.5
Project Controlling 400 532 932
Sub—-total 5,231.7 3,343.,5 8,575.2
‘Total (Project Cost) 96,124.9° 45,885.8 142,010.7
. Interest during Construction C
(Interest ¥C: 6;33%, LC: 20%) 11,227,0 17,735.5 28,902,5
Grand Total (Investment Cost) | 107,351.9 | 63,621.3 | 170,973.2

11 - 29




T gy ag % % TR 6 EIL Y 22950 0 TEEE 9 b 1
TR T 801009 TP EIRS 8LLER 0 b 1
_ 2WLE 1601 ET2T 61229 % 7 0 8 4 teior-ang
191 0 FENE SR ERL' ¢ L ¢ o YL
1'eeg 1 7 2l 6 0 18931 ¢ 7. _
| B3] 9 o0l 9% 088 ' 61 ¥l 0 0|3 heeed samoq pue soeapem
!
66 o B 98 0] o 0 EES
1 . 0 21 69 0 0 v 1 i .
v | e T Wl 8 T N T paetgsyeg
ras el 6705 st )T ezt oL ST 7 o i
! REED Dl ) 99 fhLFL 92 ‘96% ¢ 9L 9 T T
£y 7 %162 § 01§ 16363 € REH 0 1 e oy savng
| .
,W 669 0 07 1601 PETK BRI S0 0 0 L
ng e 0 o7 188 £0 €81 % nwen 16 °5he 0 0 1
m 6261 0 15 607 51560 wws | s 0 0 3 soosuag
m
£ D 0 0 o1 0 0 L
6L " 0 y 7% 59 % 0 1
s a 0 0 e 9 0 4 apeity mag
; . _
| 0 L8 gy §'1 911 0 ) K _
i 9 ! 51 61 51 ? o 1 tee] seddy
L) L'L L8l gt 16 0 i 4 S{I0K 114120
g % 0 05 K 9tR 0 o 3.
oIS " 9 i § 508 159 0 9 1
e § 0 'R 5 562 5191 0 0 4 S0k vor1ezeda g
_ﬁ [-hI R
sy vy ! TProy L66! 9661 G651 v661l 561 7RET 1661 .
1e0f 35001 ¢ v

AUarIn) rexeq
fouazray udiney ¢

[Tog |

(2/1) zes3 yoey ur Jusmexinbey puni g-T17 2T4BL

11 - 30



7 RLE L 80 'BSL 57 £LM28'98 5846 5t WYLLR 11169 Tt £ 928 1°08¢ 1
612958 761026 9% '285 02 68 G64 91 R e9 2l BF UG T 0 ¢ 1 (3503 waMsIAL]}
616801 28 12e 9l 18509758 G I¥1 6% 6E 180 '¢T 296k 6 £'9%9 17065 4 {ei0] puesy
798 %2 %9 £0 M 108579 111672 913 L 181 1
COpL Ll 9°88E Y 67689 £81 Lang £, '8 0 | T vetiznnsey
brrAl) PR PUeY H $ 808 ¥ £ 698 £ 1t 4 Fu1np 1530910]
IENOFA 50 931 8! £ P55 Y 67 420 B AR 1 16 €05 21 U 78 L
2°TR Tk ERREDH 96 5ot 1 59 24971 1k 098 ‘01 816RC € 9 0 1
f¥el 06 2L 1R LF 356 1€ L9 66 20651 20 088§ s 38 4| (01 aoaleg prioy
7 SRt B09E 1 Pz LS8t iy ¥t 0 1
e I L) 0976 AR 8 8ka VB 0 o 1
JMRE i 1eny Copnl DI f 8IS £ 501 $01 b 4 A3uaRui100) 1PaISLH
|
nee -y R°E0L1 80T Lson 't £ 5L ROy Al 1
pee s, LG A L7 5063 o 0 3
oo 1] 1719, P19l 999 % 9gh by e J . WIBATTUTR 3030004,
¢ 6R9 67 o6 Th7 11 LER 50142 9% 70566 117 1918810 ] 0 1
£ RE RE 2R 60t 55 ‘985 2! 60 ‘RGO 159098 BF 1862 9 o 1
TR a1 18704 67 189 62 60 0%L "2l Zl 8L bl 0 4 (18R] 123010) P30}
_ 9 06§ 05t 0 0 0 1 i
04 M 0 048 oM 0 0 i 0 i
ne 0 or il 0 ] 0 4 El jeeg Jafpn
0799 0471 092 62 019 51 009 g ggk v g ] 1
ngg ¢ il 008 % 0 0 i 0 6 77| 1unedinby
a0y 09 0948 09612 00961 (09 g il ] 0 ¢ 4 19210902000 1230 1
oer 0g , [ 173821 7L L Py 2062 0 0 L
6vLET , A bog29 595 'C 960 7 i o 0 1
1009 59g 7 LgBe'e SeRE LR 1062 0 9 ] wandraby of prespdji
sqrmmy fei0) LBBIT 966 G661 PEART £661 A A T1661 . i

{e10} @ L
A3ua3iny je20} : 1
Adua408) URIZILd 1 3

(85001 ¢ 1ty

(2/2) age} yo>Fd UT Juewearnbay pung g-T1 ATG¥L

11 - 31



000 262

meQ BARITTED JO SMNIOM UOTIBRITITIQRY?Y 107 Juswaiinbay pung &-T7 SI9RL

i 00081k Dt 000028 an ergs 009585 ¢ 00% 940 °F 00Y 295 T (02 '96 "1 0031291 005 0¥8 (1503 10303SanG]) [v10) pURIS-R
S804 0 3T '9RERS ¢ 24 F Q06 R2 1 0fe 293 00V "882 003 958 008 '%¢9 004 'L61 o1 g5z 091 56l 100 L8 009 %1 501730115083 BLIRD 1SRN L
6c 0Ll 006 08¢ - 003 65T 008 208 006 '69¢ 009 "LER 000 '22 400 ¢g 0002 0 fovabutwe) tearshud 9
008 91 003 "9¢ 0 ik ] 00z ‘29 8 062 'L2 80248 0 90p 22 150} Votrensipiapy L
H
w 000 "928 000 '928 0no "¥Ge ] 000 ¥E 000 'b5E 0 208 g 1008 934 Turganuctyg b
Tyl =iy 3315 fasesy | 606 061 008 ‘061 e 9 0 0 100 051 000 ‘08! 0 ¢ 1503 voriesadee] g
002 "eR e} n f 1] 0 i} 0 9 005 68 SXION UORIERTISIA] 3115 7
00g 208 "L 008 505°C 000 96T € D02 ¥E2 "¢ 0007L%Y 2 007 °081 72 066128 2 Q08 29r "1 008 802 1 0 terol
(00 "18¢ 000 'S0E 000 '9¢ o0p "18g 06 S0t 000 9% 9 8 0 9 uEQ Jo.32%)un5 w0l
~df 20} SRION YolreIt{rgeyay
0t "L1e ) 000 ‘202 0 0 0 086 949 004298 003 'e1g 0 9% 30 FIRJING EEINIS
-GMag o] SNJOK WOTIEIL] TQRNIY
009 16 ‘6 i 0 0 0 009 '16 002 ‘16 ¢ 0 (PRIS 1583 1% 30R(d ARITS
-puEY J0p SHION VOUIRITTIqEGDY
005 930 °¢ 006 825 2 000 885 % 005 E¥E T 001199 00% 798 ' ooy gEL 008 “L¥8 009 °6L8 ¢ feapi1ds peeotIIppY pring
90¢ Hg 0056 00008 005 ‘58 008 '8 060 08 0 8 0 0 212 jo M Jueyn
002 6Ll 002 681 000 02 8 0 il 002 6Lt 002 651 000 02 0 s
uomwDy Jo) Kemjridg Jurzsixg
10} SYION UaTYIRYILLiquyRY
150) 1331ty "
IRi0] jo 2 N A 1er0% 21 | terol 27 24 110l want
®Yog JESA PpU 1ead 151 Fe3 R
887 1oy

Il - 32




/ Novcliches

- _7_‘7‘ —
Manila North.
: —=
Harbor -~

LT

Quezon City

Los - Banos

Fig. 11-1 Transportation Route

11 - 33



m zZ—-1u Bd

TIINYIN oL

SOV AHVHOIWAL 40 NOLLYOO?

L13IP0NY INFNSTTRARL 2 3501S ) INT I IMO
FOVHOLS O3dWNG NYTAYIVH

/,. ) \\\l'-/lll\
.f .
oo Y DG UolISWDI3s  Bulsiey
oditRy 4 OJ.\.I' /I\\.l\

supKioIpyy
VAYHITYD

\\\\
o & T Y] T
-
o, ®r gz poos -
ORI EL R AN N o
pooJ 559200 1
Ao01suad Buprsig /
/;//;// 0o iz b auo.___/
7
vév,u
¥3
woop Buitsix3 Yo,
PIOAUDLING
. /
- NYVAYIVH
u - /
\ﬂg o.\ )

[COGERCE
!l.u\.lll...ll\.\l
\
Q ..\\J...r..\\
\

4

e

11 -~ 34




@7npaulg woIILNIRUCH £-17 *Sid

11 - 35

EEFLEICE ._u_uu.m;:.lk.. mf.«auu.
= Q ey T dund $4006 . teeg rafpasg
=3 (1u3rdinbg _.zi__t:smv.ﬂ. {
- [._ Cﬁvmaa_:um “:_mi hw;o& i
. = - - - 3 (Jo3erauag ‘avigini-dung) : N b ool
3518195 11 318) ﬂaﬂv n” :nuswn_;.cm n.;._“c.ua;mu
: : { = ﬁcwa&;wm FElg Fanvg) ; )
Y tuse e =y . F +—y (lo3ei3uay autainy-dungy ; 10U £ N | 1Usedinbg |E3T10EY0IWOIIIR] S
: === e = w 5 00E'T =1 ¥3035094
R -!..I.... : ) ! Sweg gz aren axepeg 1wandinky oryaeipig
' : Pemo : : : <0 09t 21312007
. : s oo HorItARIX] prehyaINg
" -.I,!..ii‘,_:....iiwa e 1 £% 000022 futiparg yeue] Jamon
_ : : ” == : ; ¢® 000°Z7 "ave) wFesyderq ysiay
, : o R " atauovey
oepIz}jos IA0EsY HH n“U 4_?_»“:3 1 'L oo.m.:_: . ao,_::.,:._u»w. EEAZRRA|
B = __ 2 0 Toron v
g — B v e
T == = | s enmess e
. : : : H : | st e 0 000 ‘991 uolygaeony : IJgnoyrInoy
21913007 “unj
A | SESAES == ﬂ ... Piuoued
: : : ; : c = : BOTITARING  Tuny
. n L . B toE1RATIND PRLITIER|
| | ﬂ i u:wh::ﬁ
. i ,. : “ ; ; : m : Intd 2aow2y : S EEATERSELLE
: L“ . , = 51 SELISpURY JO 1UaBIDSTIK | - tevey taddq
. { i b sawbaes s _ W £ 1 } wgg =1 proY 1n013Q Kiviodw)
, L P L i s _ w 9o =1 ©proy ssaddy
: : : : m : : : m e ©sa111r0my4 dWE]
s ol s wiviwid|c | ainlofs{vir{r|wv{wiar | alnjois|v]r| riwfvwlajr | ainjols|v|r| rinivimja|r | alnjofslv . N W
L6611 96871 G661 LR £E661 . : B




(POY3ISH UYIR4 TEITITID) [NPaYyd§ uwOIIInIIsuwo)d H-1] °*T1d

- 36

11

T . : T T I g s e iy ey ey e g T T R R i dwn 3] ooy sabpsd
| asiales W e _ RS FT T ! _J_..“, B R O T O O L tiun | — d §400 — 8 peig
RN R R S L rer b | G [we0c02e — bpaag |
[ ' ' ! 1 o [ o F P i _ b [ ) - i
Lo ,.m_%ooo,mkﬁ.fnw++1+1|4l1,_.r_l_.flJﬁ._ oy PR R P ouwoo? k 203
AN Prwdoe] | M I S O B | 14 : I S et el v Bosudol 2}
: ; A L =k el -t : dim o ey Pt : .
REREREIEI ' TRacie 1 _f“r? LT T |awi0002 "ue) whoaydong Sjutay
i oy i g g ey e = b r I e Il A A RO Ao sy [ S [ O ) DX .
IR 1 SRS B~y o ki ko B s 0 ) A S 5 _ >3 .
LT T et B b al =L oRts o = e S T S A R A Y T AN I Wop13)jo3 | 12uubyy Jamc1 g eo0uliB]
; : P : Lo P A K R L < I .
e = L e e e ey e e ey e i ....._... [ | T [ Q0% R P Eeltivy . ' - .
SRR TN U1 N a2 20 et ol o v i S A N S SO bt L 5% DIGAO MG
L ——— — — [ T S, M— WY N A HE ! . . 1
Ca : etk T T T TN T R o {1 |sw00E : 3 i
= e T T M+114:-EFF11.” - “ R A HERR A o T ualdintg  pIDAUDHMS , ’
R T T T R I o S R T S I R Ty " i0awdinkg 1ubjdiemad |
DBIALIS U o UNY b e e —ot _ &m A et dond aurgin T <3ra o
__Si_awuﬂJ R N T T iR L loip1auan B ngang (oG9I 1IN FOND
A TR T T m N A T weuidinby pIDAUDIIMG _
| _ ) “ ﬁ e T ' R I m m ; wawdinbg - uodiemod (VARG T Hun goN)
T e o pieg i N | : M : n "dinbg  [DOIUDYIAUIOI0a
Tyt NS ON I "J%mmh 34010 T ! R ! e M i 4oipiaueg g dwnd -auiqny N 10otoy 2213
IR B Gore T ey R L
i L 1 3 HE H - :
] T I i ERE Py P hwoool  Suirorg g bunig
RS T o . T
R I LTI S e : P S | w009'e2 ’ 3
\ 1 — ] o T 7T HE - -
! m | m ) ..mi I /o006 P | H R P R i U OCZ 9t DoX3 p_”u”m
: I ol F . S B | N H T
it T J.A.L Jn:\nsooomm i IR IR L1 jewcodoR . bIx3
R R ' T T Fr w00 PooY 88200y ISNOU B MOy
- H i ' P i ' H - H 1 1 1 —
wORS AU S0 2 ? I R i b T woogt adig Mooisuag ’
L w ON.\.. ¥2015uad reddn T i K. “ : P e it — -
A : ~ LT T lwoogE U035 " URL
! : ) : : ;
T T T ) AV i} A T T AN T Sl U0y
vort | ! Y i R Gl oo , ROOS'S : .
S I e A S A B o e oY BoX5 “unL
R _i:_.g_so@tuxmé.":._ﬁ“n_ R I R S I B R i A 3
t T ™ W, LD RI0I5US, L pm g u } — ™ i T T
RN RN vy Ay i owenr ki > 3 i vh NI AR IR N I R B IR O 72 023
t 1 i iy iy L= o= N — Ve - T v 'R S T T H 7 .
kd ! m D mwcru_zﬁ &q...ﬂ.fgu = _ ,,im.L Ao o3 A R I | m ws92 pPoCY ANcIag Alcrodull Ho0isURY
1 T L e e A e Y Tt v ! T R [ oS QU0
I T | el T E\Eoom [ [ ] ‘ [ o PRI N
- ] J i H ! = ! . . : 1 T i . -
IR NN L1 ibng anoway ' ' o : m “. Ll t s barg anoway
EEREEERRRED RN SR I I N N O 2109 ML
Cs R IR ' 6 h ! R R L TwO0s POOY S$30Y AoUT  Jamod
T e PR B T A aamrya 4 A A RE © 1 g7 opl|g puD o JUslinsoap jouun) Jsddn
1 1 1 il 1 I o ot 1 ) ' 1 ! 1, 1 L H ' L] 1 ! 1. L
A — e T — = y L A i 1 i 3
o R R e i a2 D IR R R N N SSIHI03 G005
Pono R o R Rt EE [ N SaU|CWI0] BouDdly
L] L A H H L1 L] Ll 1 1 ) 1 [} i ! ! 1 i i L]
I I L I A A e e J" I uaWwmnson tapua! bulpnisur ubisaq jout.
; 2 . S PIOMD DU vu_._mncm_ /L _ ! il L o O ..m.ﬁ. - : -
o A ‘ } pusiay = I I " : “ P " ' IR Y - /4 10 pdDMy g SUDLsirold
BRI e ! “ AR b Aprus Kufiqrsoag
NS I AN v T O ﬁ%zﬁ%%%z%%%ﬁA%_ms,_jzi% s ﬁ;ﬁ%&%ﬁ%@iﬁ%a_zﬁﬁ_
1661 966 | SE6 1 [ [T 268! 1861 0651 Agong waty
A S < t 5 4 i o}




_&_of Pensfock line  ~7 -

e
-
s /

,/”\2.'

eT—— {
Bench - cuf 8
H=2m C%*#"é
< /
Original ground surface cg

\
“-\
N
AN
~ 2.
|
\
I\
!
|
|
i
[
\f\;\

¢ of Road

Dump truck

Protect fence
Ly -
/ L5000 -

AN ) .
Parking area Wheeldozer {Loading, Hauling }

52,697

" Buildorer

&'//
Ve

v

S/

-~

Crawler drili { Drilling)

ackhoe { Excavation, Mucking }

Excavation Asurfp(:g

Temporary  defour

r' road  L=265m

5%
“d
+3

Prevention fence

Fig. 11-5 Excavation in Lower Part of Penstock

11 - 37



& of penstock \}//
O

¢ of shaff £. of shaft

o
T

A

7

Fyo.

¢ of shoft

L
\

Fig. 11-6 Penstock Tunnel Excavation Sequences

11 - 38



Tower crane 6.5t
( Discharging )

Crawler crane &0t

( Discharging )
ki
Bucket (2.5m)
k e - S A
 ~ Diphrapm wall ;
/ A A d k surfece -
ssumed rock su
. e \-‘
Rock ancher’ bar e Bucket .
Shotcrete 3
] [
,-/ ‘\\
o 2 - \_\
: ) Giant paving i
I Crawier drill k R
Presplititting {Oritling ) breaker 1300kg Backhoe 1.Om® ;

drilling_holes (Brecke 1o small rokes) ( Loading )

. Drainage pit for excavation

A\

———

Fig. 11-7 E=xcavation of Powerhouse Shaft

11 - 39



() GL+350 ~ EL+0.50

B

Bulldozer D8 Class Back hoe LOm3  Dump truck Iiton . |9

57 GL+3.50
VI

| 7 ELL0.50

Diaphragm wal]

{Gather muck) (Loading) (Carry out)

@ EL +0.50 ~ EL~4.50

7 GL13.50
Dump truck | lfon  Back hoe 1.0m3 : el
(Carry out} { Excavation, L_oading} O
I—7
1 Struct, Wale H=400 x 400
. : ot 7 EL+0.50
- E - =g -

. E | ‘0_' .
70 ‘.o._
i 3 '. .

Bulldozer D8 Class
{Gather muck)

*,| v.EL=4.50

Diaphragm wall

Fig. 11-8 (1) Tailrace Excavation

11 - 40



(3 EL~-4.50 ~ EL-7.50

(e ) GL43.50
. V. /4

Struct, Wale H-400%400 " "

I I
- | ¢ EL+ 050

; =

J . 3 \ e

1 ‘5:‘ .. )

1 - g .

...‘ -'o"

o ..

Clam shel Struct, Wale e

0.6m? \ H-400X400 |2~ °
- - Eu'-",-' | v EL-4.50

&,

J 3 e

3 0. )

Post H 300 1 .

f ] A

] _ f\_\ o, -
{;BuﬂdozerDB(ﬂass : f\Znggyv—“~'*‘——-—I;b, A EL-790
| {Gather muck) [ A I

'| 0 ‘0.~ | Diaphragm wall

I i

H B A

- AR

S

Pig. 11-8 (2} Tailrace Excavation

i1 - 41






~ Chapter 12 Environmental Assessment






12.1

Chapter 12 Environment Assessment

Targets of the Lnvironmeatal Impact Assessment (E.T.A.)

The ofiginal Scope of Work of the present ®.I.A. study can be sum-

marlzed as follows:

< Identification and descriptlon of the principal effects produced on
the existing environment as a consequence of the implementation of

the Kalayaan Stage II Project {(two 150 MW additional units)

- Tndfcation of basic mitigation measures to be adopted, in order to
reduce the negative lwmpacts, either during construction or in the
operation stage '

As discussad above, the objective of this measure 1s to alleviate the

negative effect of Stage I1 Project.

The major environmental impact of this Project 1s the transfer of
water pollution in Laguna de Bay to Carilaya Lake. Tt must be noted
that this transfer of pollution is.already going on by the operation
of the power plant of Stage I, and the effect of construction of
Stage II power plant is only marginal. Stage IT only changes the
amount of water that 1Is exchanged betwesen the two lakes, and the
variation of water level of Carilaya reservoir remains the same as
before. . Considering the fact that the existing power plant is not
producing a . serious environmental problem, it can be reasoned that

Stage II Project will not cause a substantial effect.

The traffic of the national road, which is affected by the Project
durlng the construction period, can also be resolved by providing the

diversion tunnel.

Although there Is no serlous environmental impact of Stage II Project
as diséussed above, the Mission hereby propose the measures to alle-
viate the general enyiionmental effects which aré more or less
related to the pumpéd storage plant operation of Kalayaan Project

(with total ecapacity of 600 MW including Stage I and Stage 11).

12 - 1



12,2 General Approach
12,2,1 The Environment Related to Kalayaan Project

The general term “Envivonment'" 1is uormally interpreted as "the
whole complex of physical, social, cultural, eéon6m1¢ and aésﬁhetic.
factors, which affect individuals and communities”. Envi ronmental
Tmpact {s therefore any alteration (positive gr_negative)rproduced

on the above factors, as a consequence of human Intervention.

In our case, the physical Enviroanment of KPSPP can be considered as
the complex formed by Laguna Lake (LL), Caliraya Lake {CL), the
intermediate mountains and all dinfrastructures existing in the

oroximity and between the lakes.

The sgocloeconomic Environment is represented by all individuals
living in thies area, and/of performing social or economic activi-

ties on or related to it,

Defined as above, the KPSPP's area of influence 18 extremély wide,
covering an area that can be estimated at about 150,000 ha (90,000
of which corresponding to LL), and inhabited by nearly 1,000,000
people. o . '

The basic environmeantal problem of this area 1s the increasing
poliution of Laguna de Bay, caused by human and industrial settle-
ments and by the agricultural actiﬁities in all catchment area. 1In
this framework, the main environmental iwpact of KPSPP operation is

the "transfer of pollution" from Laguna to Caliraya lake.

A significant reduction of the pollution of Laguna de  Bay would
require a global control of all poliution sources in the entire
catchment. This is certalnly out of the scope of the present
Study: this goal is being 'pursued by a medium and long tern
program, not related to Kalayaan préject,' beihg considered by

Laguna Lake Development Authority (LLDA).

If a sclution of the maln environmental problem caused by the
KPSPP's operation: the mixing of polluted water from Laguna de Bay
with the orlginally clean water of Caliraya 1lake 18 to be

12 - 2



12,2.2

attempted, the first target will be reduclng the K¥SPP's area of
influence to a manageable systewm, where effective mwmltigation

measures may be produced.

‘The only possibility to creakte such a manageable system seens to be

to bound a portion of LL, which will be then acting as the lower

reservolr of KPSPP, and operate on it,.

In this area water quallty reclamation measures could be adopted,

thus arriving to an interchange of clean waters between LL and CL.

0f course, positive and negative aspects of this idea needs to be
carefully studied before Iimplemantation, assessing in depth the
consequences of the isolation of a portion of LL on the global phy-

sical and socioceconomic enviroament..

The other environmental effects related to Stage 1T will also be
discussed in this chapter, but their importance if far less signi-

ficant when compared with water qualfity in CL.

Present and Planned Operating Conditions

Wtﬁh'the_implementatipn of Stage 1T, Kaléyaan generating discharge
will increase from the present 120 m3/s (2 x 650), up to 240 mi/s,
and pump-up quantity will pass from about 100 to 200 n3/s.

The effective storage capacity of Caliraya and Lumot reservoirs
will not change, thus the total weekly amount of interchanged
waters will remain essentially the same., Only the "frequency” of
the interchanges and the daily volumes of water pumped and turbined
will be modified.

The exact response of CL to the modified hydrodynamic conditions
is not predictable without a proper hydrodynamic model, but con-
sidering the importance of the discharges when compared with CL
overall storage capacity (79.2 million m3), it's easy to understand
that equilibrium will be reached rapidly, possibly in & - 8 weeks
(according to a simplified transport model performed by EBASCO in
1980, for Stage 1 equilibrium should have been reached in 4

months).
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12.2.3 Priorities in FeloA

The T.0.R of the Study wention a loag 1ist of eavironmental effects
to be analyzed. nevertheless not all of them have the same ilmpor-
tance and a categorlization 1s necessary to weet the targets of the

Study.

in principle, secondary impacts, or changes induced by assocliated
investments will not be considered. The studies will be iimited to
primary impacts, related. to KPSPP's construction and operation

activities only..

Concerning E.I. after construction, as already mentioned, priority
'will be given Lo water quality, considering that improvenents on CL

are strictly related to the actions undertaken in LL.

Socioecononle impact is also of utmost importance, because of the

many activities related to water, elther in LL or CL.

Noise, plant safety and physical impact (including aesthetic) will

be briefly discussed. Other items will receive minor attention.

During construction, priority will be given to transportation and
public facilities aspects, followed by some soclioeconomic con-~

siderations.
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12.3

12.3.1

Present Environmental Conditions

In this section the present environmental situation will be
described, assessing 1n particular the impact already generated by

Stage‘l.

Physical Enviroanment

The physical environment, intended as the geographlc, geological,
soil, and climatological conditions of the area has already been
desceribed in Chapters 5 and 6.

The following adverse effects, produced by the KPSPP (either Stage

I or 11), must be mentioned:

- Restriction on land and water use, especlally in the area where

‘the powerhouse and the penstocks are located

- 8p0il and slope alteration, especially along the penstocks align-—
ment and in the powsrhouse area. Consequences are evident on

removal of vegetation covering;

- 80il erosion along the shore of CL, due to the daily water level
variations, and consequent increase of sedimentation in the

reservolr;

- Impact on aesthetics all along ClL. shores: to be consldered
important in the most popular resort area in the viecinity of
Manila

The potentially more dangerous adverse physical effects, consisting
in erosidn of the LL bottom in the plant area, due to the high
water velocities, and consequent sedimentation elsewhere, either in
the 1ower-tailrace or the upper intake canals, are controlled by
ekiating conqréte rgtéﬁtion. walls, sufficient canals width and

periodical dredging operations.
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12.3.2 Water Quality

(N

Monitoring and Studies

In order to determine the -impact of KPSPP on water quality,
monitoring activities have been conducted prior and during
plant operation (from 1979 to 1988) by NAPOCOR Environmental
Service Division - Enviromnmental Management Department, both

in LL and in CL.

Seven sample stations where cstablished.in Cl,, named from CLI
to CL7: 3 in the proximlty of the intake canal and the others
scattered along the reservolr. Two stations (LLl‘and LL2)
where established in LL: the first nearby the KPSPP tailrace

and the other at some two hundred meters distance.

Sampling was generally taken at three different depths: sur-
face, mid-depth and bottom, and the followling parameters were

analyzed:

-~ Lemperature

—- conductivity

~ total suspended solids
- total dissolved solids
- PH

~ total alkalinity

~ dissolved oxygen

~ chloride

~ ammondium

- nitrate/nitrite

~ phosphate

WAPOCOR reported, among others, the followlng remarks: "The

aforementioned monitoring results ténd to indlcate that ao
significant changes in the water quality of LL was brought
about by the operation of KPSPP, Thé_fe?erse; hoﬁeve:, is
seen to be happening in Lake Caliraya®™ (sece: KPSPP -
Operation and Trends of Water Quality - Pollution Monitoring
Section - NAPOCOR - September 1989). '

12 -6



(2)

A short fileld survey on water quality was conducted during the
first apprailsal Mission for the Project, in January 1990,
Results are attached in appendiz 3.

Conments

No statistical analysis of NAPQCOR monitoring data has been

done, due to the shortness of the assignment,

Anyhow, a wide spread of vange is evident, concerning both the
data relevant to CL and the measurements taken In the proxi-

nity of the tailrace.

Reasons should possibly be found in the sampling hour, con-
sidering that, immediately after pumping, In the upper canal
the same waters of LL should be found. On the contrary, at
the end of'generatiOn clearur waters coming from the upstrean

part of the reservelyr will be present.

There is anyhow a clear correspondence between LL and CL para-
meters, at least up to CL3 station and with some peaks also in

the other stations.

This correspondence seems to indicate that water mixing is
complete at least up to the spillway of Caliraya reservoir,
with strong 1nfluence up to the aqueduct arviving from Lumot
;eser#oir. The influence rapidly decreases in the upstrean

part of the lake.

Those data are partially cdntradictory with the results of the
mathematical mixing model performed by EBASCO in 1980, that on
the other hand was based on quite simplified equations.

The tﬁrbidity'in CL 1s also cieafly visible when crossing the

lake from the upper canal up.to the end (CL7 station). The
transparency of waters increases steadily from some 10 or
15 em (referring to a "Secchi Disk" analysis), up to 1.5 or

possibly 2.0 meters when approaching the lake's terminal part.
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It clearly indicate that CL's turbidity {s easgentially due to

the effect of pumping LL's waters.

Finally, we remark that all data normally fit in the standards
for Class "C" waters (for fishery), but are qulte far from
Class M“A" (human consumption). In fact LL is classified as

Class "C" and CL as Class "B" (fresh inland wate;é).

12.3.3 Biological Environment
(1) Monitoring of the Lakes and General Features

Informations relevant to - LI, biological environment are

available mainly from previous LLDA studies.

Laguna de Bay inhabits a total of some 65 algal species, of
which only two groups'are of importance; blue-green algae and
diatoms. Blue—green algée show a pronounced seasonal growth

(during the hottest season), where diatoms .are preseat all

year long.

Dense algal blooms, caused by microecystis or filanentous blue-
green algae, used to occur In. past years, endangering the

fishery production.

This phenomena seems to have been decreasing in the receat

past, due to reasons discussed in the next paragraph.

Macrophytes are normally represented by floatihg, submerged

and marginal'aquatic plaunts,

Floating aquatic plants shows a predominance of the well known
"E{chornia Crassipes" (water 1ilium), found almost everywhere
in the tropics; and whose rapid growth often causes disturban-

ceg to the water's users.
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Eichornia is often accompanied by other specles of water
weeds, such as waterlattuce (Plsta Stratiotes) and waterfern
(Salvinia Cucullata), which have an infestation capaclty simi-

lar to water lilium.

Submérsed aquatic plants are also capable of rapid vegetative
propagation, and are easily dispersed by water currents. More
common  specles are Hydrilla Verticellata (florida elodea),
Ceratophyllum dimersum {(Coontail) and Najas Gramiunea {(grassy

naiad). -

They are likely to predominate in shallow areas and in the
distribution channels, sometime completely impeding water flow

and thus causing serious ttoubles,

Emerged and marginal aquatic plants are of minor importance in

our case, not interrelating at all with KPSPP,.

As animal life is éoncerned; at least 15 species of fishes are
reported in Caliraya Lake, and it's likely that more than that

are living in the Lagoons' waters,

LLDA reports a potential fishery production up to 2.90 t/ha
per year, over an extension of some 31,000 ha. For this
study; no statistlical data have been made available on this
mattér, but such a production seems unlikely, since it would
require a so large amount of nutrients {nitrogen), possibly
not compatible with the entive biological equilibrium of the
Lake.

NAPOCOR conducted two biological studies on Laguna de Bay, the
" first related to the thermal power plant of SUCAT, and the
-gecond for the thermal PP of PILILLA.

Both studiés are only considering the environmental conditions
_in the vicinity of the plant, but it is likely that the blolo-
gical condition of the whole Laguna are similar, and the
results of those studies can therefore be translated also to

the eastern part and Kalayaan area.
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(2)

This last consideration can also be coufirmed by the conclu-
sions of the Water Quallity study on Laguna de Bay and tribu-
tary rivers, conducted in 1988 by Manila University of Life
{(see water quality index f{for weétern, middle and eastern

Lagoon).

Caliraya lake has never been monitored as far as biological
environment is concerned (algal species, aquatic plants and
animals, zooplankton, phytoplankton, bacterié). In any case,
following the opinlon of WAPOCOR ecnvironmental experts, it can
be assumed that biological couditions of the lake are stable,
and no significant variations have bean generated by the

operation of KPSPP.

It is considered that i{nformations and data made avallable are
sufficient for the purposes of the preseat énal?éis, and that
the conditlions existing in LL will be entirely "transferred"
to CL (of course it doesn't mean that CL will react on the

game wWay)e
Basiec Ecological Considerations

Either blue-green algae or macrophyteS'seems'to be decreasing
during recent years, Water 1iliuw, as reported by NAPOCOR, is

not représenting a problem for the plant operation.

This phenomena should be carefully Investigated, since it may
be a consequence of the appearance of limiting factors,

infiuvencing the ecological equilibriﬁm of the Lagoon.

According to not confirmed fighermen's declarations, even
fishery production is decreasing 1n the last years. Thea
fishermen accuse Kalayaan plant of spreading poisonous
substances (which 1s without fundamentals), as before they.
where accusing the Napindan Control Structure, located at the
outlet of the lagoon, of loﬁering'the salinity level im the
lake, thus compfomising the fishes habitat {which was par-
tially true). o o '
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In reality, this phenomena is possibly due te¢ the concourse of

several factors, namely:
—~ Nitrogen removal operated by fishpen fishery;

~ Pogaible introduction in the lake of herbicides coming from
agricultural drainage (rice crops along the lake shore ars

especially dangerous);

~ Increasing turbidity of the waters, with consequent reduced

photosynthesis activity;

- Decreasing of dissolved oxygen at eutrophication levels,

even if it may happen only in some area of the lake;

~ Possible inecreased concentration of heavy metals and inorga-
nic salts, coming from industrial pollution, and affecting

the osmoregulation of aquatic plants and animals.

Other minor factors may also oceur, and following the
"Liebig's low of the minimum" (an organism is no stronger than
the weakest 1ink in its ecological chain of requiremeﬁts),
tﬁey may have a determinant influence 6n the equilibrium of

bibta.

The present situation is nevertheless not critiecal at all, and
the Laguna shows a strong ecological dynamic. In faect, in
spite'of the turbidity and shallowness of the waters, the
Dissolved Oxygen (DO) is still sufficient for the evolution of
the ecosystem, thus indicating that vertical and horizontal

h&drodynamic interchanges aré_well acting.

This is possibly due to the winds' action, proveking not only
waves movements, but {of major importance), a cooling effect
of the water surface; with high oxygen content, thus engen-—
dering a vertical flow and oxygen transfer to the lowest water

layers.

Considering the high presence of organic substances, the
effect of water turbidity is certainly not only due to

suspended solids, but is caused by the presence of mineralized
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12.3,4

organle sediments, normally deposited in the benthos (organism
attached ovr resting on the bottom or living in the bottom
scdiments), which could becowe an eutrophic or ipertrophic

zone, thus modifying the whole limnological equilibrim.

Social and Econonic Environment

The socloeconomic environment of Kalayaan is wainly represeunted by

the following communities:

= The fishermen associations, representing from the point of view
of the study the most important cowmunity, whilst a large part of
lake's related economic ackivities is and will be basad on

fishery;

~ The peasants communities, especially those living in the neigh-

boring of the plant and the rice croppers;

~ All people directly or indirectly living on tourist dévelopment of

Caliraya Lake.

To appreciate the importénce of the socioecbnbhic énvifonment, it
can be mentioned that Laguna de Bay Regioﬁ ié conprehensive of $4
municipalities "and 6 cities, with a total popuiation around 8.5
miliion people, 1.4 of which is estimated to live in the 23 lake

shore municipalltles,

Even limiting the environment related to KPSPP to the communities
scattered élong the road 'frqm. Santa Cruz .to Mabita and. around
Caliraya Lake, we found at 1éast i3 munici?alities and the city of
Santa Cruz Itself. Tt means a total ﬁopulaﬁibn certéinly.between
0.5 and 1 million people, and even.if a small percentage of it is
developing activities in some way related to KPSPP, figures in the

order of scme tenths of thousand persons are easlly reached.

The importance of fishefy ts well eﬁﬁhasized considering that in
1983, 1.0 bilifon pesos have been devoted to fishpen industfy by
the Philippine's Government, generating _more; than 100,000 job
opportunities (LLDA source).
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12,4 Expected Environmental Impact of Stage I1

12.4.1

Water Quality

(1

(2)

E.T. during Construction

The main primary impacts assoclated with eonstruction activi-
ties are teﬁporary,'and normally consist in lucreased erosion
from the construction site and coasequent Iincreased sedimen-

tation in the downstream waters.

Simple mitigation measures can generally be implemented in

order to minimize arosion, as:

Limlting the area denuded from vegetationm;

Limiting the time of éxposuré in a dennded state;

Creating retention basins to trap the sedlments;

i

Diverting the upstream rvunoff (hardly applicable for this

case).

E.I. during Operation

A slight effect of so0il erosion may continue during the plant
operation, especially on the enlarged slopes of the powerhouse
area and along the new penstock.alignment. Easy wmitigation
measure can be adopted, restoring as much as possible the par—

manent vegetative cover,

The operation of KPSPP's second stage, as already mentioned,
will increase the rate of water miking between LL and CL's
waters, and it's not possible, ét this study level, to make
any accurate prediction of the related ecosystems Interac—

tions,

A reliable forecast can only be made trough a modeling pro-
cess, which is largely used and relatively low-costing. A
brief description of those models, whose application is
strongly recommended before the starting-up of the Stage 11,
will be given hereafter. '
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Amoung the possible effects induced by the Plant operation on
the whole water system related to it, the following should be

mentioned:

- Increased sadimentation, especially in CL, due to the ero-
sion of the lake shores caused by the continuous water level
fluctuations and to the erosion effect of the strong velo—

city in the intake channel and tailrace;

-~ Increased water turbidity, due to susﬁended or dissolved

solids

~ Modification of the surface Water'temperature in the proxi-
mity of the canals (it could be a positive effect, while

increasing water's interchange with bottom layers)

- In general, modification of water ‘quality parameters, as

DO,'PH, Nitrogen, PhosPhdrous

Sedimentation and turbidity should be counsidered of major
importance, due to their influence on limmolegical equilibrim,

and carefully monitored.

12.4.2 Aquatic Organisms and Plants Life

The natural complexity of aquatic ecosystems makes very difficult
any prediction on biotic equilibrium modifications that may be
induced by changed water parameters, especially when the new water
quality specificéiions are not known. The following considerations

must therefore be considered only as basic guidelines.

As for the water quality data, better: answers may be obtained
trough the application of appropriate acological models, and trough

a continuous monitoring of both lakes.
(i) E.I. during Construction ' N

The environmental impact expected on aquatic blota during
construction in mainly related'to the dincreased water tur-

bidity.
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(2)

In the vieinity of the plant the high turblidity wmight stroungly
interfere with photosynthesis, leading to local eutrophication
and thus generating algal blooms and fish killings.

Aquatic vegetation along the lake shore will also be affected
and partially destroyed because of high turbidity, with
adverse effect on deposed fish eggs, generating an additional

decrease of fish population,

In any case, these effects will be limited to the coustruction
period and to the close neighboring of the plant, and will

probably not leave any permanent consequence to the lake.
E.I. durlng Operation

As mentioned, the impact of Stage II will result in an

. increasing of water mixing rate, leading Caliraya lake to the

same pollution level of Laguna de Bay.

Even 1f Caliraya will not give the same limologlcal answer as

Laguna de Bay, similar phenomena might occur, at different

times, in both lakes. o

The 1increasing of nutrient concentration (ailtrogen - and
phosphorous) might in particular cesult in the appearance of
eutrophication areas in some parts of the reservoir, where the

waters are shallower and the exchange is limited,

This phenomensa, as already happened in Laguna de Bay, will
enhance algal growth (blue green and green algal) and possible
algal blooms during the hottest season, as well as the
appearance of islands of macrophytes (water 1lilfum or other

species).

It wmust anyhow be noted that no algal blooms or uncommon

macrophytes growth has been remarked in CL until now, due to

the operation of Stage I, even if 1t was expected,
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In fact, coutrary teo Laguna de Bay, in Caliraya the vertical
circulation should be normally assured by the thermal strati-~

fication, at least in the epilimnion layer.

In the arens where the lake 1is deeper, the formation of an
jintermediate - thermocline =zone 1s nevertheless posaidble,
characterized by a rapid change in temperature and oxygen and
strongly reducing the oxygen transfer to the bottom layers

{hypolimnion}.

The increased presence of suspended solids will, on its turn,
increase the bottom muds and animal benthos that, for the lack
of oxygen, will be rapidly corrupted, forming ipertrophic
"pools", with consequences unpredictable on the basis of the

-present kunowledge.

As far as fishes are concarned, several species (as tilapia)
are easily adaptable to changéd conditions; because they are
omnivorous. The increased concentra;ion of nutrients might
produce, at least during a firét periéd, a corresponding
increase of population, opppsed after sometime by the unfa-

vorable effect of turbidity.

The reaction of Caliraya lake to changed ecological conditions
1s anyhow. not easy to predict, considering thé complex hydro—
dynamics of the catchment area and the_alﬁered_batimetry of
the lake itself. It's therefore of primary impoftance the
application of reliable ecological models, before the start—up
of the Stage 11 plant.,

12.4.3 Socloeconenic Environment

The sociceconomic impact analysls normally concerns the physical,

social, economic and aesthetic environment.

In general, the negative effects on sociqe§onomic envirouﬁent due
to the implementation of Stage I1I will be marginai, considering the

existence and long~standing operation of'Stage.I.

These affects will be,'in any case, mainly related to the changing
water conditions in Caliraya lake, and will be'negligible 1f, with
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appropriate witigation measures, a further degradacion of the water

quality could be avoided.

On the contrary, the benefits of the project for the neighboring
communities might be remarkable, because of the creation of labor
opportunities and dIncreased development of induced activities,

especially during the conmstruction phase.
(1) Physical Environment

During cohétruction, the more important problem will be repre-
sented by the transport and disposal of excavatlon and
construction materials, for which suitable areas shall be

found,

The utilization of already existing disposal aréas is normally
recomméndable, when still available and suitable for the pro-
jécf. "In any case, it should be checked that the disposal
areas do not interfere with the wusual social and econoamic
activities. Their re~conversion after completion of work is

suggested.

Another imﬁortant aspect to be checked before comstruction
concerns the riske, either for the workers or for local inha-
bitants, related with construction activities. -The more fre-—
quent risk factors should be pointed out and effective

protection measures adopted.

As permanent adverse physical effects, it is only worthwhile
to mention the partial removal of vegetatioa cover along the

penstock alignment, slightly increasing the soil erosion.

HTﬁe land use will not be affected at all, while the powerhouse
and penstock areas are already available, and certalnly not

suitable for different economic utilization.
(2). Social Environment

Minor social distufbances will be suffered by the populations
living in the surroundings of Kalayaan area during the

construction phase, originated from the movement of heavy
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trucks, the interference with the road, - the disposal of

construction materials, and so on.

Fishermen will be affected because of the 1increased waters
turbidliy, even if the strongest effects will be limited to
the plant's very close vicinity, and only the nearer fishpens

could be partially affected.

Actions of fishermen's associations against the implementation
of Stage II are anyhow possible, while they are already
accusing the plant for fish kiliing? and will therefore deduce
that doubling the plant capacity &ill.provoke a double fish
dying. -

It's therefore strongly recommended to carry on a specific
information cambaign among tﬁe fishermen, almed to ekplain the
purpose of the plant and the feasonsIWhy no disturbances to
the lagoons' animal.life could be expecﬁed by the plant opera—-

tion.

LLDA is well accustomed and aware of this problem, and may

give helpful suggestions and support to this campaign.

During plant operation, negative gocial effects will arrive to
the tourlst operators around Caliraya lake because of the
expected reduction of water's transparéncy and, in general,

for the poorer water conditiens,

In fact, the aesthetic of the lake and the touristic attrac-
tiveness of the sevefal resort areas existing along the shores
are strictly depending 6n the water quality and especially on
transparency. Sport—fishing and water-sky activities might
also be affected, with unfavorable ecomnomic toﬁsequences for

the local operators.

The use of the by—pass tunnel with one lane capaciﬁy instead
of the standard width road, during the excavation and erection
of the inclined stretch of the penstock, could generate some

disturbance to the traffic along the Luwmban - Kalayaan road.
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(3)

(4)

On the other hand, the positlve gocial effects linked to such
a blig investment In the area ace evident and wight also be

remarkable.

Direct and indirect employment opportunities will arise (even
1f. in a limited number), new Infrastructures will be created,
as well as improved ‘health, soecial, educational and
recreational services; public transport facilities will be

improved and land value increased.

The new investments might also induce new migratory trends,

with adverse effects that should be mitigated.
Aegthetic Environment

The most important aesthetic negative effects, as already men-
tioned, will be related to the further decrease of water
transparency in Caliraya lake, with the consequences discussed

here above.

Aesthetic of terrestrial environment is somehow already
affected by the existing open air penstock, in particular in

its subvertical stretch crossing the national road.

From this point of view, the new penstock will not introduce

any significant change to the present conditions,

The location and design of the powerhouse 1s of minimum
aesthetic disturbance, either looking from the lake or from

the ground.
Nolse and Vibratlouns

Noise resulting from the operation of KPSPP, even after the

construction of Stage 11, will remain confined within the

“plant's limlits, without affecting the publir.
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No specific noise measurements was taken during the appraisal
misslon, but noise and vibration levels reported by NAPGCOR
are within oc¢ under the normal range for power or industrial

plants.

Tnside the powerhouse, turbines and pumps represent the main
nolse and vibration source, whose effects are felt by indivi-
dual workers. Continuous noise monitoring is presently per-

formed by NPC and shall be also applied to the new units.

Noise problems will be more significant during construction,
due to the operation of cranes and holsting equipment, alr

compressors, concrete mixers, bulldozers, etc.

In general, the following mitigation measures can be adopted:

(5)

Assure that equipment is deeigned and menufactured conforming

with existing nolse control regulations
Assure adeguate operation and maintenance

Limit the time of day during which the most nolsy equipment and

engines can be operated
Plant Safety

Plant safety is another essential aspect to be analyzed and

carefully engineered during detailed design.

In this fespect, the more critical area is the penstock align-
ment, where surveillance is difficult and the commanication
cables between the powerhouse and the intake have already been

stolen in the past.

Independent from the implementation of Stage II, a complete
new fencing of the subhorizontal stretch and inereased watch

personnel will be highly recommendable.
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12.5 Proposed Actlons to Reduce G.1. Effects

12.5.1

12.5I2

Foreword

The present chapter will describe the most important engineering
measures suggested Ian order to minimize the adverse 1impacts of

KPSPP, intended as Stage I plus Stage Il.

The main target of those 1interventions is to restore as much as
possible the original water quality of Caliraya lake, by improving
the water quality In the portion of Laguna de Bay strictly related

to the plant operation.

Simple low cost non-engineering measures, uokt previously mentioned,

will be also described, to mitigate the secondary envirconmental

impacts of the plant.

Downstream Reservolr

To meet the target of obtaining a manageable environmental system
related to KPSPP, the partial isolation of the portion of Laguna de
Bay mnearest to the plant would be necesgsary, thus creating a

downstrean reservolr for the plant operation.

This can be obtained with the construction of a dike across LlL.
The location of this dike should be governed by the following two

factors:

- The.resdlting lower XPSPP reservolr shall be wide enough, to keep
the daily and weekly water level fluctuations within reasonable

limits;

~ At the sawme time, the total area shall be small enough, to allow
the implementation of a manageable and controllable water purifi-

cation program,

Considering the morphology of LL, a suitable location can be found

east of the axis forped by Jalajala Pramontry and Pilla rlver

outlet (see Fig. 12—1),

With this location, the lower regservoir will have a surface of

about 11 km?, Thus the maximum weekly water level fluctuation,
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correspondlng to the total live volume of Caliraya reservolr, will

not exceed 0.2 m.

The dike will not Form a contlnuous structure, but will be
interrupted, for a breach of 250 m, by a mobile barrage, made by
floating elenmeunts, whose purposge ‘will be the evacuation of the
floods that may come from the Pagsanjan and other 1nfiowing rivers

and streams, and aliowing the passage of large barges.

The structure and main characteristics of the proposed dike and

mobile barrage are shown in the attached Fig. 12-2.

The mobile barrage should normally be closed (floating), and opened
only when strictly hecessary. in this case tﬁe upper tank will be
filled with water by means of a small pﬁmp, and all mobile struc-—
ture will sink. Pumping out the water from the tank;.the barrage
will rise again. The pumps will be housed in a proper location

obtained in the main dike's body.

Mobile barrages of siwmilar kind {even if much more sophisticated)
“have been largely studied and applied in Italy, to prevent floods

in the Venlce Lagoon and for other purposes.

The whole structure, because of the existence of the mobiie
barrage, will not guarantee a complete c¢losure to the interchange
of waters between the two lake bodies, which 1z anyhow not required
and not even desirable. The "leakage' from the main Lagoons' Body
to the KPSPP downstream reservolr or vice-versa wouldn't in any

case exceed some percentage of the overall amount of pumped waters.

To allow the normal passage of the fisherman’s boats, two naviga-
tion channels, by-passing the dike's abutments on the two opposite

shores, are forosceen.

Under a water head of 0.2 m, a water velocity of 2.0 m/s will be
generated, which is quite strong for the usual fisherman boats.
Therefore, the navigatioﬁ ﬁhannelsIWill be equipped witﬁ'a double
very simple gate system.(wood—mé&e will probably be éﬁfficient);
operated 1like a navigation lock, pérmitting Eﬁe pagsége of the
boats 1in both directions even with the maximum level difference

between the two lake's bodies (Fig. 12-1).
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12.5.3 Creation of "Wetlands" Areas in the Downstream Reservolr

(1)

General Concepts

The second step for the solution of KPSPP's maln environmental
problem is the upgrading of the downstream reservvoir's water

quality.

This target is not easy to be accomplished, due to the exten-
slon of tha resarvolr and the many pollutanis discharged fronm

the various domestie, agricultural and {ndustrial sources.

The reservoir, anyhow, seems to have the proper charae—
teristics to implement a successful Phyto—~Bio—Depuration

program (wetlands).

This is an application of the "Eco-Technology", or Tcological
Engineering, based on the property of some aquatic plant or
waed to remove nutrients {nitrogen an phosphorous) from

polluted waters.

The- most suiltable areas for this techunology are in fact
polliuted river estuaries, out—-flowing in shallow basins wlth
limited_s;ream-éffects, normally with high sediment transport
and thus generating swampy areas. Troplcal climates are also

favorable to the growth of aquatic plants.

The sedimentation occur in the swampy areas outstanding the

river outlet {wetlands). Most of nutrients remain adsorbed or

~dissolved In the bottom mud, and are subsequently removed

trough organic~decay and assimllation process, performed by
certain species of bacterla ldving in the plant's roots

apparatus {rlzo-sphere}.

Those "wetlands" represent therefore, from the ecological
point of view, a natural treatment system, able to reduce the
nutrient's content of polluted waters, and trapping an impor-—
tant part of sediments in a precise and delimited area, from

where if necessary they can be removed.
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(2}

Principles of Wetlands Blochemlstry:

The pollutants removal in wetlands is essentially based on

bacteria metabolism and physical sedimentatien.

The nitrogen removal oceurs trough the biologically mediated

process of Nitrification and De-nitrification.

Witrification 1is the process leading from dissolved ammonla

(NH4*)  to nitrite/nitrate equilibrium, with the following

stechiometry:
2Nt + 30y e 2N0p™ + 4HY + 2H50 (nitrosomonas)
MO0y~ 4+ Qp  =e——em ANO3T _ {(nitrobacter)

De-nitrification, on its turn, leads from nitrate to molecular

nitrogen {gaseous), water and carbon dloxide:
2809~ + 2H% + 2(CH) —---- 2Hy0 + Np + 2005

According to recent ewperlences, nitrification and de-
nitrification occur simultaneously, ﬁith_a significant oxXygen
demand (1.7 g of oxygen are needed to vemove 1 g of nitrogen).

The Biochemical Oxygen Demand thus Iincreases.

The most important oxygen source for the phyto-bacteria iiving
in the roots apparatus will be the oxygen transmitted from the

vegetation to the roots.

Phytoplankton, microalgae and specific bacteria metabolism ara
also 'among the principal responsibles for the Biochemical
Oxygen Demand (BOD) reduction, and then for the restoration of

the original oxygen equilibrium,

The bacterial activity is'dependént:on temperature and reten-

tion time, which are helping the biochemical process.
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(3)

Wetland's Engineering

The aquatic enviroaments where the above described biochemical

process take place are classified as:

- patural wetlands
- artificial wetlands

~ phyto-depuration ponds {or swamps).

Natural wetlands are encountered along the shores of very
shallow lakes or lagoons {like the Venice lagovon in Italy)},
and are characterized by typical vegetation and tidal water

reglme.

The tidal movement 1is very important to¢ help the re-—
oxygenation process of the benthic zone {roots apparatus),

while the water level iz lower.

The efficiency of natural wetlands {in nutrient's removal is
related to various factors, among which the species of aquatic
plants living on 1it, the wetland's extension and the plants

"lay-out".

Among the artificial wetlands, two main systems are known and
employed: Free Water System (FWS) and Subsurface Flow Systen
(SF8).

FWS can be considered as an intermediate level between natural
and artificial wetlands, They are in fact developed 1in
natural swampy areas, where some engineering activity to
obtain optimum . hydraulic conditions and proper soil prepara-

tion 18 performed.

FWS, as mnatural wetlands, require areas of considerable exten-—

sion (at least some tenth of Ha), depending on the pollutants

concentration in the inflowing waters, and initial installa—

tion costs may be relatively important.
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(4)

Maintenance costs are on the contrary low and can easily be

repald trough the utillzation of the harvested plants.

Several examples of FWS exist all over. the world, namely in
United Stages and Italy., The efficlency is reported up to 70%

for Phosphorus, 90% for sediments and 60% for nitrogen.

FWS also show some effectiveness in the removal of heavy

metals and pesticides.

Sub-Superficial Flow Systems reqdire more complex engineering,

higher investments and more sophisticated malntenance.

They are operated nobt in natural areas but in artifieial per-
colation beds, where waters are -pumped, and with especially
designed prefiltering and drainage apparatuses. The required.

surface is of course less than with FUS,

Principal application field is the preliminary treatment of

urban 1liquid wastes or agriculture drainage waters.

Phyto-depuration ponds, on its turn, may utillze the capacity
of floating or semi-submerged aquatic plants, to metabolize
nutrients and reduce BOD. Their use can advantageously be

coupled with the above mentioned systems.
Creation of Wetlands in the Lower Reservoir

The downstream Kalayaan reserveir area has most of the charae-
teristics required to experiment and implement a successful
wetlands project, including the tidal regime created by the

plant operation.

Only the use of the Free Water System, other than the simple

creation of natural wetlands, can be suggested at the moment.

As the most suitable piant 'éﬁecies to be utiiized; "Canna
palustris” (?hragmetis'. Auétralis) .ceftéihly - presents
interesting characteristics and performance. 1t grows in a
temperature range between 12 and 23°C, germinating between 10
and 30°C. The maximum tolerated salinity in the waters is 45
- 50/1000, within a Ph range between 2 and 8.
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Following informations presently available over the results
obtained in ongoing projects and experimental fields, it can
be estimated that 1 Ha of canes is able to utilize, for its

growth, 300 kg of nitrogen and 40 kg of phosphorous.

Also the oxygen transfer to the benthic zone ig highly eifec-
tive, because the roots penetrate vertical and deeply in the

bottom.muds and In the soll,

The canes should -be harvested every 2 - 3 years, and it will

not be difflcult to find an economic utilization for them.

At preliminary level, the most sultable areas where such a
project could be previously experimented and then located are
the ones shown in Fig. 12f3, encountering the estuaries of
Pagsanjan and Santa Cruz rivers, both discharging in the lower

Kalayaan reservolr,

Ag Pagsanjan river Iis concerned, the covered area should
mostly be developed west of the river's axis, In order to
avoid interferénces with KPSPP., Some canalization works, to
operate a partial diversion of the river's waters, spreading

them over the whole project areas, will be necessary.

For the Santa Cruz river, more complex problems wmight be

expected, related to the high population density of the area,

. At least one river diversion channel, with a length of some km
will be needed, and its construction could arise difficulties
of different nature, disturbing the peasants and rice crop-

pers.

Other problems could alse arrive from the fishermen asso-

ciations, which will see the fishing surface reduced.

Fishermen should anyhow be made consclous that the lower
Kalayaan reservoir, once the water quality improve, might be
suitable for selected fish breeding, resulting im increased

revenues for the Sector.

It 18 worthwhile to underline that a project of this kind may

have a remarkable Importance, at experimental level, for the
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12.5.4

future implementation of LLDA programs, envisaging the water

quality upgrading of the whole Laguna.

Furthermore, the works which are mentioned ih this chapter
should be impleménted step by step, after feasibility studies,
considering not only technical but also environmental aspects,
and detatled englneering studies have been completed, and

after an experimental period of at 1east'two'years.

Tt 1s important to mention that the overall program (dike and
wetiands) should be implemented jointly, while the dike
itself, without the water quality restoration program, will be

usaless.

Other Mitigation Measures

Some other minor additional mitigation measure is mentioned

‘hereafter as general indications, subject to further evaluation:

~ Tree planting on the slopes all along the subhorizontal part of
the penstock .alignment, to {mprove visual Impact and wminimize-

soil erosion.

The possibility and opportunity of concealing the part of the
pensfock above the national _rpéd with prefabricated and. pre-
inherbed panels (similar to the ones freduently employed along
the highways, to prevent erosion and improve aesthetic), could

also be studied, depending oun cost;
-~ To lmprove safety measures and guard watching along the penstock;

- To extend the existing protection net in the tailrace canal up to
the bottom, to avoid racks obstructions by submersed or semi-

submerged plants, debris, etc.;

Not to allow fishpens to be located too closg‘ﬁo the plant could
also be suggestible, considering that they are trapping aquafic
plants that could be released at. once (especially during

pumping), and for safety reasons;
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- Tree or bush planting along the shores of Caliraya lake, where
the ground slope is smooth (5 - 10%), to reduce soil erosion due

to continuous water level variations.
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12.6 Recommended Studies, Investigatlions and Monitoring

12.6.1

Foreword

The key of the proposed enviroament countrol program ls the split-up
of a portion of Laguna de Bay, to be used as lower resarvolr for
the plant, and the implementation of a water purification program
in this part of LL., This will allow to pump clean water in CL,
thus solving the main environmental problem of the Projeéf itself

(both Stage 1 and Stage II).

While it 1s clear that such a program is not designed to solve the
overall pollution control of the entire LL, the success of the
water purification program in the lower reservoir may represent an
important contribution and a pilot experienée for the medium and

long term programs of LLDA,

On the other hand, the proposed splitting of LL will raise environ-
mental problems of its own, which mzst be fully studlied and solved

before the program is actually implemented.

In this respect, maln aspects where additional studies will he

required are:

- Hydrodynamic behavior and possible modifications of the water
quality of the entire LL once the separation dike is built, with
all related consequences on the physical and biological environ-

ments

- Socloeconomic problems raised by the proposed splitting of the
lake. Given the importance of the fishing industry and of the
navigation, and the sometime conflicting interests inmvolved, a
comprehensive study, followed by an adequate information campalgn

will be necessary.

~ A review of the existing imstitutional structures incharged of LL
will be also advisable, identifying the improvements possibly
required to assure an adequate operatlon of the dike structures
and auxiliary facilities and the proper management of the overall.

program.
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12,6.2

~ The design of the dike itself and of its appurtenant structures
~deserves all requlred fleld and laboratory Investigations, and a
careful consideration of the expected construction and operation

conditions,

In addition, the speclalized technology to be applied for the water
purification program shall be studied and optimized through exten-—

slve field experiments.

The following paragraphs'illustrate the additlonal studies, related
to the physical aspects mentioned above, that will be requlred
before a decision on the actual implementation of the proposed

environment control program is taken.

Hydrodynamle and Ecological Modeling

The application of hydrodynamic and ecological models to predick
the variations induced by the program both in Caliraya lake and in
Laguna de Bay 1is suggested.

The applications of system analysis to ecology (system ecology), is
becoming of atmost importance in environmental sclences, due to the
inereasing diffusion of powerful and sophisticated formal tools
(mathematical theory, electronic data proceésing, etﬁ.), and to the

availability of highly specialized software,.

In "Fundamentals of Ecology", Eugine P. Odum states: 'mathematical

models provide a useful shorthand for describing a complex ecologi-
cal system, and equations permit formal statemeat of how ecosystem
is 1likely to interact. The. process of translating physical or
biolegical concepts ... into a set of mathematical relationships,
and the manipulation of the mathematical system thus derived, 1is

called System Analysis".

The basic goal of System Analysis 1is the prediction of dynamic and
ecological changes that will ocecur over time, with or without the

influence of human actions,

A mathematical model suitable to describe. a complex ecological

system 1is formed by a set of basic eleménts, called "system
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variables", normally orvdered into a list -of "state variables" or
"system state vectors', representing under a set of complex mathe-

matical (vectorial) formulas, the "way of reacting” of our system.
y _ ¥

Sophisticated modeling systems are aﬁailable, for the prediction of
numerous natural or induced phenowena.  As environmental hydraulics
and water quality ave concerned, available wmodels range from
"tsupamis" prediction, to algal blooms, tidal eclrculation, oxygen

depletion, dam break, eutrophication, and so forth.

To set the specific modeling system able to describe sapecific
hydrodynamics and envirvonmental ¢onditions and to make appropriate
predictions, proper model engineering, site investigations and data

collection are requested.

For the Project, a model engineering should consider the following

"segments" (modules):

- Hydrodyuamics: representing continuity and comservation of
momentum on x, y and z directions; bi or three—-dimensional water

mixing

- Advection-dispersion: representing mass conservation, sediment

erosion, transport and'deposition;

- Water quality: describing BOD and DO medifications; oxygen
depletion and bacterial decay balances; organic nitrogen, ammo-

nia, nitrite and nitrate balances;

- Eutrophication: describing phytoplankton,- benthic algae,
zooplankton, oxygen balance and mineralization estimate; depen-

dence on nutrient availability, light and temperature. -

The eutrophication model segment, as an example, wmay consider the
following state variables and processes (ref.: Danish Hydraulic

institute, DK):

_phytoplankton production, sedimentation and extinction;

- grazing;

zooplankton exeretion, respiration and extinction; ' . -

i

mineralization of suspended detritus;
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sedimentation and mineralization of detritus;
- accumulation in sediments;
- production and extinction of benthic vegetation;

- exchange with surrounding waters.

The Water Quality model, on its turn, may consider the followling
(ref.: Hydcaulic Research LTD, UK):

— BOD for slow and fast dissolved carbonaceous;
- slow and fast organic nitrogen;

- ammonia nitrogen and nitrate;

- DO, salinity, temperature;

- suspended solids and inert particulate;

- fast and slow particulate BOD;

— algal and benthal carbon;

- orthophosphate;

- silica.

The most expensive part for the application of those models is nor-
mally data collection and field survey, when data are not
avallable, In this case it seems that wmost data, even if in
discontinuous historical series, could be available elther from
NAPOCOR monitoring campaign, or trough LLDA, and only a short field

survey would be sufficient to set-up a reliable data entry.

Retention Dike for the Lower Reservolr

The easiest and cheapest way to build this dike would be by the
hydraulic f111 technique, dredging the hottom of the lake along a
strip ﬁarallel to the dike and using the dredged material to build
the body of the dike itself. Adequate layers of sand, gravel and
possibly rockfill should then be added on both faces to protect the

dike from the water and waves action (Fig. 12-4).

The technical feasiblility of this concept and the design of the

_embankment and 1its foundations will depend on the geotechnical

-characteristics of the lake's bottonm material? which shall be

determined through adequate field and. laboratory inveépigations.

1z - 33



12.6.4

Should the bottom material be unsuitable, then a completély dif-
fereat design should be developed, possibly applying the end
dumping construction method, with the dike material (tout-venant)
possibly coming from the excavations required for Stage 1I of the
plant itself., 1In this case, foundation problems are likely, and

the cost will be substantially higher.

In addition to the dike itself, attention shall also be devoted to
the design of the mobile barrage, where emphasis shall be given to

simplicity of construction and easy of operatlon and maintenance.

The design of the fishing boats navigation canais will not repre-
sent a significant prpblem. Given the water velocities expected, a
double gates system, operating like a very simple navigation lock
shall be foreseen, to allow an easy passage to the boats in all
hydraulic conditions. In any .case, it will be necesgsary to
invesfigate with the local fishermen the more suitable location and

operation characteristics of these canals.

0f course, the comnsequences of the activities related to the dike
construction on the overall hydraulic behavior and environmental

conditions of LL shall be fully assessed.

Wetlands

The implementation of the wetlands program should be planned and
studied carefully, because investment costs are felatively high and
benefits are strictly depending on project cholces and design

accuracy.
The following stages are foreseen:

a) Information campaign to assess results already' obtained in
other countries, where similar programs have been successfully

conducted;

b} Precise chemico-physical and biolbgical data gathering and ana-
lysis, in the areas sultable for future wetlands development,
as: soll composition, sediment, phytoplankton and zooplankton,.

benthos, nekton (fish and swimming invertebrates), and so onj
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c)

a)

e)

£)

g)

Aceurate monitoring of the content in nutrients and other ele-
ments in the rivers and streams Inflowing In future wetland

areas (namely Pagsanjan and Santa Cruz rivers);

Selection of a limited number of specles, sultable of success-

ful results in our biota;

Preliminary system design, establishing the basic design para-

mefers;

Small scale field experiments with selected species, varying

-plants layout, water depth, stream effect, and other project

parameters;

On the basis of the results obtalned during the small scale

experiments, final design will be prepared, including:

Sizing of wetiénds,

—- Selection of optimum plant species (a mixing of various spe-

cies should not be excluded);

- Deéign of the necessary river diversion works (side

channels);

.~ Final definition of other preoject parameters, including

planning of maintenance activitles, definition of cropping

cycles, use of cropped plants, etc.

This program could be strongly helped by the parallel implemen—

tation of the previocusly described hydrodynamic and ecologlcal

model.

Stages from a) to f) correspond to the feasibility study level, and

they are extended in terms of time, but not excessively costly.

During the same period, the social feasibility of the whole program

should also be assessed, before entering in the final design and

construction stages.
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12.6.5 Limnologlecal and Water Quality Honitoring

Considering the ilmportance of the aquatic environment directly sub-
ject to the influence of KPSPP after the Implementation of Stage XX
and when the lower retention dike will be constructed, a continuous

monltoring program of the two lakes is suggested.

The program could be managed and coanducted by NAPOCOR personnel in
charge of the plant, under the supervision om NPC Environmental

Division.

A8 far as the lower lake 1is concerned, strict accordance and

cooperation with LLDA will be neceésary and helpful.

The NAPOCOR Enviroumental Division has all necessary competence to
establish and lead such a program {as they have already done), even
if the lack of operation persomnel may raise some difficulty.
Therefore, it is not necessary to Iindicate a detall water gquality

monitoring program.

It is anyhow suggested not.to liﬁit the monitdring to a simple data
collection and analysis, but to use the available data to determine
a "Lake Evaluation Index (LEI)'", which will provide a concise and
helpful information to understand the "steps forward" made in the
improvemeut of the water quality and limnological conditions of

the two lakes (lake restoration).

The LEL methodology has besen set up in the 1960s. It was offi-
cially adopted by the Environmental Protection Agency (EPA) of the
UsSe in 1972, and subsequently used to evaluate results of specific

restoration techniques, applied on different lakes.

Among the varlous approaches, the one based on "target variables"
(Donald B. Porcella & others, 1980}, scems to. be adequate to this

gpecific case.

Selected target variables, to represent geneval water quality and
limnological 1lake's conditions, are set either independently or

combined in a manner to provide a single index number (LEI).
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The following "Target Varlables" can be consldered:
1) Secchi depth (SD);.

2) Total phosphorous (TP);

3) Total nitrogen (TN);

4) Chlorophill-a (CA);

5) DOy

6) Macrophytes.(MAC).

Thege wvariables span most of the main water gquality problems
affecting either Laguna de Bay or Caliraya lake, and are commonly
and easily measured. Other "target variables" may in any case be
added, without any conceptual complication for the proposed metho-

dology, when deemed useful.

Each variable is then defined and tranaformed to a scalar range
{linear or logarithmic), in order to facilitate combination and

comparison between different variables.

A “rrophic Stage Index" (TSI) is then established and related to

‘each variable.

To give an example, for Secehi Depth (SD) it can be assumed that
light 1intensity (1) disappearance decreases with depth (2),

according to the Beer—-Lambert Law:
1n I/Io = -nZ,

where n 1s the extinction coefficient, and Io the reference value

for light intensity.
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if S$Do is the maximum limit (target) for Secchi Disk (éould be 3 m
for Laguna de Bay and 14 m for Caliraya), the following TSI is

obtained (Carlson):
TSI = 10 [log (SDo) - log (SD)]

Carlson's TSI is then equated with the scalar rating value (X8D),

for use in the final LEI formula, giving an expression such as:
XSD = a - b*ln (8D},
with XS0 ranging O -~ 10G.

Similar methods are estdblished for the other varlables, computing

the correspondent XTP?, XTN, XCA, XDO, XMAC,

Although each target variables caa be used by itself to evaluate a
Trophic Stége Index {(thus lake résponse'to restoration program),
the formulation of a compound index_(LEI) give'a mnore expressive

global response.

The LEI can be formulated case by case, and'normaily a formulation
already used for other lakes (to have a base of comparison), may be

adopted.

The LEL has a range between 0 (minimal impact) and 100 (maximum
impact), and 18 expressed as a function of the various adopted

single target varlables:
LEI = f(XSD, XTP, XCA, XDO, XMAC)

Either the LET or other variables are graphically represented,
giving the Iimmediate perception if the values fall in the
Oligotrophic (0 ¢ LEI < 40), Mesotrophic (40.{ LEI < 60), Eutrophic
(60 < LEI < 80), or Ipertrophic (80 < LEI < 100) zone (ranges are

glven as example only).

It shall be mentioned that an overall Water Quality Index (that
gives a different information than LEI), has already been ela~
borated by LLDA, and 1s reported in the "Water Quality Data on
Laguna de Bay and Tributary Rivers - Vol. 5", edited by the
Manila's University of Life, on 1988.
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Therefore, the elaboration of the proposed lake restoration index
will not pose any problem, and the method is possibly already

known.
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12.7

Implementation Program and Cost Evaluation

The suggested time schedule for the engineering and implementation of

all envisaged environmental Interventions, is shown in Fig, 12-5.

The time schedule is gelf-axplanatory. We only note that the pro-
posed environmental program Is not necessarily linked to the engi-
neering and construction of Stage II, considering also that KPSPP is
already producing its environmental effects, trough the operation of

Stage I.

A .preliminary cost evaluation, not 1nc1udtng interests during

construction, has been developed, with the following results:

(Thousand U.5.5)

Item Foreign C. Local C, Total
Retention Dike 400 1,300 2,200
Wetlands 1,200 2,000 3,200
Other Interventions 100 200 300
Total | 1,700 4,000 5,700

Pending more precise studies and analyses, the figures given above
should be considered as orders of magnitude, to be precisely eva-
luated at a more advanced stage of the design. 1In particular, the
cost of the retention dike is estimated on the assumption that the

hydraulic £f11l technique will be applicable,
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Fig., 12-2 _Structur.e of Dike and Mobile Barrage
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Pict. 12.1: Aguatic plants (water yacynis) floating
nearby the KPSPP tailrace

Pict. 12.2 : Macrophyte blocom beside the tailrace
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Pict. 12.3 : Intermediate stretch of penstock,
easily accesible from the road

Pict. 12.4: Suitable area for WETLANDS at the
Pagsanjan river estuary
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Pict. 12.6 : Tree planting on the siopes along the penstock alignement is suggested,
against soil erosion
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Pict. 12.7 : Pishpens localed very close to the tailrace







Chapter 13 Economic Evaluation






13.1

Chapter 13, FEcononic Evaluation

Methods of Fconomic Evaluation

The economic evaluation for the Stage 11 Project has been made

according to;

1) Benefit/Gost Method
2) Equalizing Discount Rate Method.

The total costs of the Stage 1L Project and its alternative project
were calculated respectively for their specified time pericds from

the beginning of work to the last year of the depreclation period of

- operation. Then conversion was made from the said total costs into

their cumulative present valoes. The Benefit/Cost Method was used
for finding whether a ratio of benefit/cost of the Stage II Project

exceeds 1,0 or not.

The other method is to obtain an "Equalizing Discount Rate" which
equalizes the present wvalues of cumulative costs to be incirred

during the specified time period of operation of the pumped storage

‘power project  and that of 1ts alternative project counted from the

commencement of work of the Stage II Project., This method was also
used to know if the discount rate obtained in the above wmanuer
exceeds a social discéunt rate of 15% which refiects an "opportunity
cost of capital" prevailingly applied to economlc evaluation of pro-

jects in the power sector in the Philippines,

BeSides, social discount rate(s) for project evaluation are deter-—
mined mostly by a planning agency of a country. 1In the Philippines,
the goﬁernméﬁt agency - responsible for 'plénning sets up soclal
discount rafes as national'paraﬁeters applicable to respective cate—
gories of projects. A soclal discount rate for project evaluation in
the power sector is determined to be 152. in this context, the
Mission decided to use this rate {15%) for economic evaluation of the

Stage I1 Project, -based on the results of discussion with NAPOCOR,
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13.2 Total Cost of the Stage II Project

The total cost of the Stage II Project includes, constructlon cost,

operation and malntenance cost and fuel cost for pumping. The

figures of the construction cost were referved to the figures glven

in Chapter !1 and the aunual operation hours were calculated to be

1,500 hrs (6 hr/day x 250 days).

(1)

(2)

(3)

Construction Cost

As shown 1n '"Construction Cost'  of Chapter 11, the total
construction cost {without interest during constructlon} of the
Stage I1 Project amounts to US$142.01 Million. Nevertheless,
the amounts of US$0,507 Millions of VAT and other Eaxes are
included in the local currency portion. The Construction Cost
referred to herein amounting to US$5141.50 Millions, which has
been obtained by deduction of the amount of wvarious tazes
including VAT_from the total, has been taken up for the economic

evaluation.

It is estimated that the commencement year of work for the Stage
11 Project and the completion year thereof will be 1991 and
1997, respectively.

Operation and Maintenance Cost

The operation and maintenance cost 1lncludes mainly salaries for
personnel engaged 1in operation and maintenance of the pumped
storage power plant and expenditure Eo be incurred in repair of
the said plant for maintenance purposes. The percentége of the
operation and maintenance cost oceupied in the conmstruction cost

is to be 1.2% by reference to data furnished by NAPOCOR.

Fuel Cost for Pumping per Xilowatt~hour of Base-Load Thermal

Power Plant

(a) Electric power for pumping-up energy for the. Stage II
Project is to be supplied by advanced coal-fired thermal
power plants which will be commissioned in 1997 and sub-

sequent years. Coal for the "incremental fuelling" at such
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(b)

coal~fired thermal power plants at midnight 1s assumed to
be imported. The cost of this imported coal and the heat

rate thereof, according to NAPOCOR, are as follows:

C&¥ 48,06 (Us$/M1)
Land 54.58 {Uss/MT)
H. Rate 11,160 (BTU/LB)

= 6,200 (Real/kg)
EX. Rate 22.5 (Peso/USS)

For pumped storage purposes, operation of the coal-fired
thermal power plant is assumed to be improved from a level
of a plant factor of 50% with a thermal efficiency of 33.8%
and a calory of 2,544 Kcal/kWh to that of a plant factor of
100% with a thermal efficiency of 36% and a calory of 2,389
Kcal/kWh. Then the thermal efficlency to correspond te the
incremental power generaktlon can be expressed by the
following formula;

(2,389 x 100) -;0(2,544 x 30) . 5,234 Keal/kih

Consequently, the fuel cost per kWh is;

54.58 ($/kg) " 2,234 (Real/kWh)
1,000 6,200 (Kecal/kg)

= 0.0197 ($/k¥Wh)

Pumping-up Energy

Pumping-up energy as shown below has been obtained on the

assumption that a maximum overall efficiency of the pumped
storage power plant 1s 70%, station service rate for incre-
mental generation of coal-fired thermal power plants 1.3%,
transmission loss rate 2%, and station service rate of the

pumped storage plant 0.6%,

Pumping~up Energy

= Annual Energy < 1
Generation * 0.7 x (1-0,013) x (1~0.02) x (1~-0.006)
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13.3

(4)

- 1
w A F.G. X 0-673

= ACE.GI x 1-486
{c) Fuel Cost
The fuel cost 1s obtained by multiplying the fuel unit cost

of US$0.0197 per kWh stated in (a) above by the quantity of

energy for pumped stovage.
Annual Cost

The annual cost (expenditure) for the pumped storage plant was

obtained by totalling the figures stated in Sections of (2) and
(3).

Total Cost of Alternative Gas Turbine Project

It is assumed that a gas turbine plant corresponding to the output of

the Stage II Project 1s to be coustructed in the suburbs of Manila

close to a load center. - The total cost of the alternative gas

turbine plant is to include the construction cost, operation and

maintenance cost and fuel cost.

(1)

(2

Construction Cost

By reference to data provided by NAPOCOR and according to prac-
tical experience, the construction cost (= without interest
during construction) per.kw of a gas turbine in the order of 50°
MW is estimated at US$365. The.construction cost of the gas
turbine projeect is obtained by'multiplyihg 376 MW of the gas

turbine plant later described.
Operation and Maintenance Cost

The operation and maintenance. cost includes salaries of person-—

‘nel of the gas turblne plant as well as expenses for repair of

the -plant for maintenance purposes. Reference was made to an
actual record of operation and maintenance of the gas turbine
plants located in the Luzon Grld area of NAPOCOR. Namely, the
annual fixed cost 1s US30.5/kW, while the annual variable cost
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(3)

(4)

is US$0.0032/kWh. These figures were multiplied by the
generating output and energy generation of the gas turbine plant

to find the operation and maintenance cost.
Fuel Cost

Diesel oll is to be used for the gas turbine plant. According
to the latest data furnished by NAPQCOR, fuel per Million BIU
costs US$3.5/MBTU. Therefore, the fuel unit cost has been
calculated to be US$0.0392/kWh,

Thus the figure of US30.0392/kWh was multiplied by the annual

energy generation of the gas turbine to obtain the fuel cost.
Annual Cost

The cost glven in Section (2) was added to that In Section (3)

in order to obtain the annual cost.

13.4 Adjustment Factor of Construction Cost and Present Value Factor for

Cumulative Annual Cost

(1)

Adjustment Factor of Comstruction Cost

The serviée life of the Stage II Project is 50 years whereas its
alternative gas turbine project has a service life of 15 years.
There exists a difference in the service lives between both pro-
jects. Projeect evaluation should be made on the same comparable
level so that the projects with different service lives can be

properly evaluated.

In this economic evaluation, computations were made for 15 years
which 1is identical with tha service 1life -of the gas turbine

plant.

‘In ease the capital cost (construction cost) of the pumped

storage power plant 1is expressed as Ph and the interest rate
(discount rate) is r, the capital cost; Ah to be recovered
equally per year during the entire period of 50 years is
expressad by the following equationf
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(2)

Ah = Ph x (Capital Recovery Factor)

(1 + )30
(1 + )20 -1

= Ph %

In other words, Ah 15 obtalnable by muttiplying the capital cost
of the pumped storage power plant by a capltal recovery factor

for 50 years.

The next step is to calculate the present value; Sh of a sum to
obtain a recovery amount; Ah of the capital cost of the pumped
storage power plant over 15 years by means of a present value of

annuity.

For this purpose, the following equation Is used:

Sh = Ah x (Present Value Factor of Annuity)

(1 + )13 -1
b -
r{l + r)l5

= Ah

Accordingly, the following is the adjustment equation of the

Construction Cost of the Stage II Project.

Adjustment Factor - (1 + )0 x (1 + )15 -1
of Construction Cost 1 + )30 - r(l + r)l3

Where r is 0.15, the adjustment factor becomes 0(.878.

Present Value Factor of Cumulative Annual Cost

The work for the Stage I1 Project is to commence in 1991 and to
be completed in 1997 (commissioned in July of the same year),
On the other hand, work for thé gas turbine pfojéct is also to
begin in 1995 and assumed to be completed at the same time when
the Stage I1 Project is expected to be completed. The annual
cost to be incurred per year during the entire period of opera-

tion is assumed to be constant.

The cumulative annual cost covering 15 years is to he converted:
to the present value thereof at the first generation time of
such annual cost. The present value is obtainable by multipli-
cation of the annuwal cost by the preseat value of annuity'factor

provided by the following equation.
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Present Value - (1 + )t - 1
Factor of Ammuity (1 + )0

v = discount rate, n = gervice life

Iun order to further convert the value obtalned by the equation
given above into a present value at the beginning of the commen-
cement year of the Stage II Project, the present value of the
cumulative annual cost can be obtained through multiplication of
the amount of such present value by the present value factor

obtained from the equation given hereuader:

1

Present Value Factor = ———
{1 + r)n

r = discount rate, n time period

In sum, the following equation gives the conversion factor for
obtaining the present value of cumulative annual cost at the

beginning of the commencement year of the Stage II Project.

Present Value Conversionr - (1 + )13 - % 1
Factor of Cumulative Annual r(l + r)ld (1 + )03
Cost

Where r 1is 0.15, the present value factor of the cumulative

annual cost arrives at 2.357.
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13.5 BSalient Features for Benefit/Cost Calculations

The assumptions taken up for necessary calculations made in Sections

13.2 through 13.4 are as follows:

Table 13—-1 Salient Features for B/C Calculations

Description Stage 1L Project Gas Turbine Plant

Proiect
Qutput 300 MW 376 MW {Note 1)
(150 MW x 2)

Annual Operation Hours " 1,500 hrs. ' 1,500 hrs.
Annual Energy Generation 450 GWh 441 GWh (Note 2)
Station Service Rate

~ Power (kW) _ 0.5% 0.6%

- Energy Loss (kWh) 0.6% . . 0.7%
Transmisslon Loss Rate

~ Pumped Storage 2% 0%

- Generation 2% 0%
Forced Outage Rate 0z 8%

Scheduled Qutage Rate _ 3.8% . 3.8%
{for Repair) _ .

Max, Overall Efficiency 707

Decrease in Output due to

Amblent Temperature 0% 13.2%
. {Design ambient

temperature 37°C)

Service Life 50 years _ 15 years
Total Construction Cost 141.30 ' 137.24
{USSM)
Outflow of Construction Cost
(USSM) '
1991 0.57
1992 0.57
1993 12.91
1994 24,75
1995 39,12 54.90
1996 45 .46 61.76

1997 - 18.13 20.58
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{(Note 1) kW Adjustwment Factor

Station TForced S5cheduled Output
- Service Outage Outage Decraase
Loss Factor Rate Rate Rate
Pumped Storage Plant _ (1 -~ 0.005)'x (1-0 € ~-0,038) (-0
Gas Turbine Plant (1 - 0.006) (1 - 0.08) (1 - 0.,038) © (1 —- 0.132)
= 1.254

Output of Alternaktive
Gas Turbine Plant t 300 MW x 1.254 = 376 MW

(Wote 2) &Wh Adjustment Factor

Station Service Transmission

Loss Factor Loess Factor
Pumped Storage Plant _ (1 - 0.006) < (1 - 0.02)
Gas Turbine Plant (1 - 0,007) (1 - 0)
= 0,981

Energy Genevation of Alternative Gas Turbine Plant:

450,0 GWh x 0,981 = 441 GWh

13.6 Benefit/Cost Ratlo (Discount Rate: 15%)

The discount rate aprplicable for economic evaluation of projects in
the power sector of the Philippines is 15%. If necessary calcula-
tions are made at this discount rate, a Benefit/Cost ratio is

obtained as follows:
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Tabhle 13~2 Computation of Benefit and Cost

(In USSM)
Item Stage IT Project Gas Turbine Project

(1) Dpaily Operatlon Hours 6.0 hrs. 6.0 hrs,
(2} Annual Genération Hours 1,500 hrs. 1,500-hrs.
(3) Annual Enetgy Generation 450.0 Glh 441,0 GwWh
{4) Construction Cost 141,50 137.24
{5} Annual Operation & 1.70 1.60

Maintenance Cost
(6) Amnual Fuel Cost 13.17 17.30
(7) Annual Cost 14.87 18.91

(= (5) + (6)) :

{(8) Present Value of
Cumulative Annual Cost 35.05 44.56

(= (7) x 2.357)

(9) Present Value of 74,77 ' 66,50
Comstruction Cost

(10) Adjusted Present Value 65.65 -
of Construction Cost
for Stage II Project
(= (9} x 0.878)

(11) Total Cost (8) + (10) {8) +:{9)
100.70 111.06

As seen from Table 13-2, Benefit (B)/Cost (C).and Benefit (B) - Cost

(C} are as follows:

111,06/100.70 = 1,10
111,06 — 100.70 = 10.36 (USSM)

B/C
B-C

The B/C ratio exceeds 1.0 at a social diecount rate of 15% reflecting
the opportunity cost of capital which is applied in the Philippines.
Accordingly, the Stage II Projlect 1is ‘found to be eéonomically
feasible. |

1t is said that official exchange rates do not always reflect

substantlal values of foreign exchange In developing countries, If
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guch exchange rates are used, it is feared that costs of imported

makberials and eqﬁipment might be regarded as lowerev artificlally.

In evaluating prices of imported goods, sounewhat certain adjustment
In other words, another rate becomes

of

is needed. nacessary for main-

taining a balance of demand and foreign exchange.

supply

Practically speaking, an official exchange rate is multiplied uni-

formly by a certain numerical factor im orvder that appropriate econo-

mic evaluation can be  dome, A figure obtained through the

above-mentioned procedure is used for economle calculation of costs.

In fact, the planning agency of the Philippine Government has decided

to multiply each amount of imported goods by 1.2 as

order to get its economic (accounting) price.

For

13-3 illustrates comparisons between the Stage II

alternative gas turbine project in terms of economic

a shadow rate in

reference, Table

Project and 1ts

evaluation, uti-

lizing the said numeraire.

Table 13~-3 Economic Evaluation (w/ and w/o Shadow Pricing)

CELAY - USSM)
Stage 2 Projest Gas Turbine Proroject
ftes Harket Price Econosic Price Harket ?rice feonowic Price
FC Lc Total FC L Total fC LE Total T Ic Total
() Coastruction Cost 95,12 45.38 141050 115,35  45.38 160.73 116,65 2053 13024 139.98  20.59 16057
@ Annuzl Operation & 0.5t L19 1.70 0.61 L l.9 L 80 0.48 L1Z 1.60 0.58 1.12 110
Haintenance Cost
(3 Anpual Fuel Cost 13.17 000 8.1 15.81 0.00 1581 17. 36 0.06 17,30 W 0o 207
@ Annual Cost (;(2)+(3))) 13.68 L1 LB 16. 42 119 1761 17.18 L 129 2134 112 2248
(6) PV of Cumul, Annu Cost | 32,25 280 3505 3870 280 4L30 41.92 264 4456 .30 264 S2H
(=32, 351}
@ P¥ of Const. Cost 50,19 2398 T4 .95 2398 393 96, 92 9.97 6650 §1.83 491 T
N Adj. P of Const. Cost 460 2L05  85.65 53.52 2.5 7457
(={6)x 0. 878}
(8) Total Cost 76.84 23,86 100.70 92.21 23.86 116.07 9844 1262 1.0 118.13 1262 136.74
B/C L10
B/C 1§34/  Shedow Pricing)

13 - 11




13,7 Equallzing Discount Rate (EIRR)

The equalizing discount rate was obtained by calculation of the total
costs of the Stage II Project and its alternatlive gas turbine pro-
ject. As shown in the following table, the equalizing discount rate
is found to be 21,15%. This rate exceeds 157 which 1s established as
a soclal discount rate to reflect an opportunity cost of capital for
project evaluation in the power sector 1in the Philippines.

Accordingly, this 1ndicates the economic viability of the Stage IT

Projecta
Table 13-4 Equalizing Discount Rate
. (In US$M)
Discou?t Stage 11 Gas Turbine Plant (B) - (C)
Rate (%) Project (G) Project {B) .
15 160.70 .111.06 | f10.367
20 79.16 80.43 +1.27
21 75.01 . 75.76 +0.15
22 72.28 71.46 | -0.82
21.15 75,10 _ 75.10 | 0
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