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(2) Distribution Map of Limestone Deposits

A distribution map of limestone deposits is shown below.

i DISTRIBUTION MAP OF LIMESTONE DEPOSITS
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(3) Distribution of Active Faults

The active faults map used in this study is shown below.
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(4) Distribution of VVolcanoes

The volcano map and list of active volcanoes used in this study are shown below.
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(5) Seismic Source Zones

A map of seismic source zones of the Philippines is shown below.
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(6) Seismic History

The seismic history (Magnitude > 4.0) of the Philippines over the last 50 years (1960-2010) is
shown below.
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(7) Distribution of Mineral Deposits

As for mineral deposits, the distributions of

deposits are shown below.
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4.9 ENVIRONMENTAL IMPACT ASSESSMENT
49.1 Policy

In this study, components of environmental impact are scoped to collect necessary GIS data
with reference to the IEE (Initial Environmental Examination) checklist. In hydropower
development, natural and social environmental components to be scoped are as follows®.

1) Land cover and vegetation distribution

2) Distribution of endangered plants and animals

3) Biological diversities

4) Other nature or landscape conservation area

5) Community distribution and habitat of indigenous people

6) Natural disaster area suffering from volcanic activities, geological hazard, etc.
7) Historical constructions or cultural heritages

Areas with the above features of 1) to 4) have been comprehensively evaluated and integrated
under the NIPAS (National Integrated Protected Areas System Act of 1992), and the National
Integrated Protected Areas are designated as nature conservation areas.

Item 5) is administered by the NCIP (National Comission on Indigenous People). As for item
6), disaster areas suffering from active volcanos have a negative impact on hydropower
development sites. Geological hazards such as landslides are evaluated after the scoping of
each project site because of small and limited impact.

Therefore, as components of environmental impacts for screening hydropower development
as shown in Fig.4.9-1, GIS data includes nature conservation areas, communities and habitats
of indigenous people, and active volcanoes. GIS data of these components has been collected
and prepared at the sites, and saved in the GIS after analysis.

f 3
Land cover and
vegetation
distribution
.
i N
Distribution of
. rare plants and
animals
Intecrated \
protected areas ( )
\ Biological
) r ) diversities
Components of Community and L
environmental habitat of p .
impact L1nd1_genoub people Other nature or
. . landscape
conservation area
Active volcanoes .
.

Fig. 4.9-1  Components of Environmental Impact for Screening Hydropower Development

! Table 2a. List of Environmentally Critical Areas, ANNEX 2-1a, DAO 2003-30
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4.9.2 Nature Conservation Areas

The NIPAS was enacted to establish and manage the National Integrated Protected Areas
System, in which specific protected areas are designated.

“Section 2 Declaration of Policy” states as follows.

Cognizant of the profound impact of man’s activities on all components of the natural
environment particularly the effect of increasing population, resource exploitation and
industrial advancement and recognizing the critical importance of protecting and
maintaining the natural biological and physical diversities of the environment notably in
areas with biologically unique features to sustain human life and development, as well as
plant and animal life, it is hereby declared the policy of the State to secure for the
Filipino people of present and future generations the perpetual existence of all native
plants and animals through the establishment of a comprehensive system of integrated
protected areas within the classification of national park as provided for in the
Constitution.

It is hereby recognized that these areas, although distinct in features, possess common
ecological values that may be incorporated into a holistic plan representative of our natural
heritage; that effective administration of these areas is possible only through cooperation
among the national government, local government and concerned private organizations; that
the use and enjoyment of these protected areas must be consistent with the principles of
biological diversity and sustainable development.

To this end, there is hereby established a NIPAS, which shall encompass outstanding
remarkable areas and biologically important public lands that are habitats of rare and
endangered species of plants and animals, bio-geographic zones and related ecosystems,
whether terrestrial, wetland or marine, all of which shall be designated as protected areas.

“Section 3 Categories” states as follows.

The following categories of protected areas are hereby established:

Strict nature reserve;

Natural park;

Natural monument;

Wildlife sanctuary;

Protected landscape and seascape;

Resource reserve;

Natural biotic area, and;

Other categories established by law, conventions or international agreements
which the Philippine Government is a signatory.

S@ o0 o

“Section 12 Environmental impact Assessment” states as follows.

Proposals for activities that are outside the scope of the management plan for protected
areas shall be subject to an environmental impact assessment as required by law before
they are adopted, and the results thereof shall be taken into consideration in the
decision-making process. No actual implementation of such activities shall be allowed
without the required Environmental Compliance Certificate (ECC) under the Philippine
EIA (Environment Impact Assessment) system. In instances where such activities are
allowed to be undertaken, the proponent shall plan and carry them out in such manner
as will minimize any adverse effects and take preventive and remedial action when

4-57 The Study Project on Resource Inventory
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appropriate. The proponent shall be liable for any damage due to lack of caution or
indiscretion.

Nature conservation areas, which were designated before/after the NIPAS in 1992, are shown
in Fig. 4.9-2. The construction of a hydropower plant in these areas is not prohibited by law,
but it requires parliamentary approval and needs time for that procedure. Actually,
run-of-river type plants can be developed. In Panay of the NIPAS area, Villasiga Hydropower
(8MW) is being constructed by a private developer, and Timbabban Hydropower (18MW) is
being prepared for construction also by a private developer. In Palawan, Longogan Power
Corporation has been permitted by the Palawanco Council for Sustainable Development
(PSCD) to develop Longogan Hydropower (6.8MW) located in an environmental critical area.
Hydropower sites located in nature conservation areas receive a lower valuation from the
environmental point of view.

The Study Project on Resource Inventory 4 -58
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Nature Conservation Areas
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4.9.3 Communities and Habitats of Indigenous People?

There are 109 races identified as indigenous people in the Philippines. “Indigenous peoples”
of the Philippines refer to a group of people or homogenous societies identified by
self-ascription and ascription by others, who have continuously lived as an organized
community on communally bounded and defined territory, and who have, under claims of
ownership since time immemorial, occupied, possessed and utilized such territories, sharing
common bonds of language, customs, traditions and other distinctive cultural traits, or who
have, through resistance to political, Social and cultural inroads of colonization,
non-indigenous religions and cultures, become historically differentiated from the majority of
the Filipinos.

ICCs (Indigenous Cultural Communities)/IPs (Indigenous Peoples) likewise include peoples
who are regarded as indigenous on account of their descent from populations that inhabited
the country, at the time of conquest or colonization, or at the time of inroads of
non-indigenous religions and cultures, or the establishment of present state boundaries, who
retain some or all of their own social, economic, cultural and political institutions, but who
may have been displaced from their traditional domains or who may have resettled outside
their ancestral domains (Section 3 (h) R.A.8371).

e s . . Region Population
Philippine Regional IP Population CAR 1.470,977
2,500,000 R-I 1,206,798
2,000’000 R-11 1,030,179
R-111 236,487
1,500,000 1 R-IV 936,745
1,000,000 - R-V 213,311
R-VI & VII 203,912
500,000 - R-IX 1,203,508
0 - R-X 1,802,266
ST RRLEEIRERRS R-XI 2,289,268

J S 83 'S S - 8 S Y Q': % §
S = & R-XII 1,856,300
3 S} R-XIIl1 (CARAGA) 1,004,750
S ARMM 730,054
< TOTAL 14,184,645

Fig. 4.9-3  Philippine Regional IP (Indigenous Peoples) Population

The Philippine Regional IP Population as in Fig. 4.9-3, Ethnographic Map as in Fig.4.9-4, and
Approved CADTs (Certification of Ancestral Domain Titles) / CALTs (Certification of
Ancestral Land Titles) and Ancestral Domain/Ancestral Land Areas on Process as in Fig.
4.9-5 are shown below. Hydropower sites located in the habitats of indigenous people receive
a lower evaluation from the environmental point of view.

2 National Commission on Indigenous People, INFO KIT, provided in 2010 June.
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Fig. 4.9-4  Ethnographic Map
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PMLLLPPLM Map Showing the Approved CADTS

AS Of February 2009
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Fig. 4.9-5 CADTSs/CALTs and Habitats of Indigenous People

4.9.4 Volcanic Activities

Volcano information in the Philippines is managed by PHIVOLCS. Volcanoes are classified
into three categories, namely, active, dormant, and extinct according to the activity level. The
classification is based on historical earthquake records in the past 500 years, activity records
in the past 10,000 years, etc. It has been found that 23 volcanoes are active at the present, and
5 of them, including Mt. Pinatubo, are energetically active. A distribution map and basic
information of active volcanoes are shown respectively in Fig. 4.9-6 and Table 4.9-1.
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The hazard range of eruption is different among volcanoes. Mt. Pinatubo at present has the
largest hazard range at 30 km in radius, while Mt. Canlaon has a range of 18 km in radius. In
this study, hydropower sites located within a 30 km radius from the crater of a volcano are
given a lower evaluation on the safe side from the environmental point of view.

116" 00"E  117° 00"E 118" 00"E 119" 00"E 120" OQ"E  121° O0"E 122" 00"E 123" Q0"E 124" 00"E  125° 0Q"E 126" 00"E 127" 00"E

Fig. 4.9-6  Distribution Map of Active Volcanoes
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Table 4.9-1  Basic Information of Active Volcanoes
. Number of
No. | Name of Volcano Lel Long Province Region Eekaiel Historical Latest Eruption / Activity
N) ) (Bl Eruptions
1 |BabuyanClaro | 19525 | 121.95 | a9ayan (Babuyan 2 843 4 1917
Islands)
o | BanahawVolcano |, 567 | 129 483 | Laguna, Quezon 4A 2169 3 1843
Complex
3 | Biliran (Suiro) 11.65 | 124.467 | Biliran 8 1340 1 Sept. 26, 1934
4 | Bud Dajo 5.983 121.217 | Sulu ARRM 620 2 1897
5 | Bulusan 12.77 | 124.05 | Sorogon 5 1565 16 2"0%;21’ 2009 - Oct 4,
135+30 years B.P. 14C age
6 | Cabalian 10.281 | 125.214 | Southern Leyte 8 945 of charcoal found beneath
pyroclasitic flow unit
7 | Cagua 18.222 | 122.123 | Cagayan 2 1160 2 1907
8 Camiguin de 18.833 | 12186 Cagayan (Babuyan 2 712 1 1857
Babuyanes Islands)
9 | Didicas 10.077 | 122.202 | C39an (Babuyan 2 228 6 Jan. 6-9, 1978
Islands)
10 | Hibok-Hibok 9.023 | 124.675 | Camiguin 10 1332 5 Sept. 31, 1948 - Jul. 1953
11 | Iraya 20.483 | 122.017 | Batanes 2 1009 1 1454
12 | Iriga 13.457 | 123.457 | Camarines Sur 5 1143 2 Jan. 4, 1642
13 | Kanloan 10.412 | 123.132 | Negros Oriental 7 2435 26 Jun.3 - Jul. 25, 2006
14 | Leonard Kniaseff 7.382 | 126.047 | Compostela Valley 11 1080 g"r?aggn)t/)e ars B.P. (Before
15 | Makaturing 7.642 | 124.342 | Lanao del Sur ARRM 1908 7 1882
16 | Matutum 6.367 | 125.367 | Cotabato 12 2286 1 Mar. 7, 1911
17 | Mayon 13.257 | 123.685 | Albay 5 2460 I P 2009 - Jan. 6,
18 | Musuan 7.867 125.073 | Bukidnon 10 646 2 1867
19 | Parker 6.113 124.892 | Cotabato 12 1784 1 Jan. 4, 1641
. Boundaries of Pampanga,
20 | Pinatubo 15.133 120.35 Tarlac and Zambales 3 1445 2 Jul. 9 - Aug. 16, 1992
21 | Ragang 7.692 | 124.505 | Cotabato 12 2815 7 Jul. 1916
22 | smith 1954 | 121,017 | C393yan (Babuyan 2 688 5 | 1924
Islands)
23 | Taal 14.017 | 120.985 | Batanes 2 311 33 Oct. 3, 1977

Source: PHIVOLCS
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4.10

4.10.1

4.10.2

1)

BAsICc DATA ON CONSTRUCTION COST
Unit Costs of Civil Works, Gates and Penstocks

In general, unit costs used for the preliminary study are estimated based on the unit costs of
past similar hydroelectric power projects in the relevant country or neighboring countries.
Unit costs of main civil works, gates, screens and penstocks of similar hydroelectric power
projects in Southeast Asian countries are summarized in Tables 4.10-1 and 4.10-2.

Unit Costs of Civil Works
Unit Costs of Civil Works

The unit costs applied to this preliminary study are estimated based on the unit costs of past
F/S, detailed designs, etc. in the Philippines and Southeast Asian countries.

Since 1:50,000 scale topographic maps are used for the preliminary study, preliminary
guantities of structures are calculated by the formulae developed based on past similar
construction records. The unit costs consist basically of major kinds of works such as
excavations (open, tunnel), concrete and re-bar works. Preliminary construction costs are
estimated by means of multiplying preliminary quantities by preliminary unit costs.

Kind of works | Condition | Unit | Unit cost(US$)
Intake Dam (Weir) Work Unit Cost
Excavation soil : rock=1:2 m?® 8.0
Concrete m? 100.0
Re-bar works ton 1,200.0
Intake Work Unit Cost
Excavation Open, soil : rock=1: 2 m® 8.0
Concrete m° 140.0
Re-bar works ton 1,200.0
Settling Basin Work Unit Cost
Excavation Open, soil : rock=2:1 m® 6.0
Concrete m?® 140.0
Re-bar works ton 1,200.0
Headrace, Tributary Waterway Work Unit Cost
Excavation Open, soil : rock=2:1 m® 6.0
Excavation Tunnel m?® 100.0
Concrete Open m? 140.0
Concrete Tunnel m° 140.0
Re-bar works ton 1,200.0
Head Tank Work Unit Cost
Excavation soil :rock=2:1 m?® 6.0
Concrete m° 140.0
Re-bar works ton 1,200.0
Surge Tank Work Unit Cost
Excavation rock m® 140.0
Concrete m?® 140.0
Re-bar works ton 1,200.0
Spillway Work Unit Cost
Excavation soil :rock=1:1 | m? | 7.0
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Kind of works Condition Unit Unit cost(US$)
Concrete m° 100.0
Re-bar works Open ton 1,200.0
Penstock Work Unit Cost
Excavation Open m® 7.0
Concrete Open m?® 100.0
Re-bar works Open ton 1,200.0
Excavation Tunnel m? 100.0
Concrete Tunnel m° 100.0
Powerhouse Building
Building volume | m?® 90.0
Powerhouse Foundation Work Unit Cost
Excavation (Open) soil : rock=2:1 m? 6.0
Excavation (Semi-underground) soil : rock=1:2 m? 8.0
Excavation (Underground) rock m? 70.0
Concrete (Open) m? 140.0
Concrete (Semi-underground) m? 140.0
Concrete (Underground) m? 140.0
Re-bar works (Open) ton 1,200.0
Re-bar works (Semi-underground) ton 1,200.0
Re-bar works (Underground) ton 1,200.0
Outlet Work Unit Cost
Excavation soil : rock=2:1 m? 6.0
Concrete m? 140.0
Re-bar works ton 1,200.0
Temporary Roads
Road type
New Road length m 75.0
Road to be improved length m 35.0
New Bridge length m 4,000.0
Road Construction Unit Cost per m
Road type
New Road length m 150.0
Road to be improved length m 70.0
New Bridge length m 10,000.0
Fill Dam Work Unit Cost
Excavation m° 8.0
Embankment m? 10.0
Flood Spillway Work Unit Cost
Excavation m° 8.0
Concrete m? 100.0
Re-bar works ton 1,200.0
Gate ton 7,000.0
Gravity Dam Work Unit Cost
Excavation m° 6.0
Concrete m? 100.0
RCC Concrete m? 50.0
Gate ton 7,000.0
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4.10.3

()

Unit Costs of Metal Works

The unit costs of hydraulic equipment such as gates, screens, etc. and penstock steel pipes are
estimated as below. The unit costs include costs of fabrication, transportation and installation.

Gate : 7,000 US$ / ton
Screen : 7,000 US$ / ton
Steel (Penstock) : 4,000 US$ / ton
Steel (Spillway) : 3,000 US$ / ton

Price of Water Turbines, Generators and Transmission Lines
Price of Water Turbines and Generators

The equipment of a hydropower plant is specially designed and manufactured according to
respective parameters such as head and water discharge determined by the site conditions and
the equipment rating of each different power station. This design method is different from
equipment for a thermal power plant or nuclear power plant. There is no standardized
equipment for water turbines and generators, except for small equipment. That equipment is
unique as it must be made to order, according to the conditions of each individual site.
Therefore, the equipment price can be estimated by price approximation based on past price
results in the preliminary study stage. Price approximation is studied and investigated as
follows.

1) Price of water turbines

The approximations from past price records of water turbines are presented by various
companies/institutes as follows.

a) Calculation method Ex. 1 (According to the "Standard of Construction Cost
Estimation for Hydro-power Plan" published by the Agency of Natural Resources
and Energy and the New Energy Foundation, Japan)

i.  Construction cost for Pelton type turbine
Ct=58.4 x (P/</H )*® Thousand US$

ii. Construction cost for Francis type turbine
Ct=57.5x (P/v/H )*** Thousand US$

iii. Construction cost for Francis type turbine
Ct=70.6 x (P/~/H )*** Thousand US$

iv. Construction cost for Turgo impulse type turbine
Ct=511.8 x (P//H )*** Thousand US$

v. Construction cost for propeller type turbine (Tubular, Kaplan and diagonal
type)
Ct=42.5x (P/~/H )*® Thousand US$

vi. Construction cost for propeller type (inline type, submersible type) turbine
(including generator)

Ct=33.7 x (P/~/H )**® Thousand USS
Where, P : Power plant’s total turbine output in kW, H : Head in m

4-67 The Study Project on Resource Inventory
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b)

Calculation method Ex. 2 (According to the "Guide Book for Middle and Small
Scale Hydro Power”) (Calculation formula of blanketed turbines/generators and
other auxiliaries)

i.  Construction cost of electro-mechanical equipment for a power plant with a
Pelton turbine
Ct =243.6 x (P/+/H )*® Thousand US$

ii. Construction cost of electro-mechanical equipment for a power plant with a
double runner Francis, diagonal or tubular turbine

Ct=80.9 x (P/v/H )*® Thousand US$

iii. Construction cost of electro-mechanical equipment for a power plant with a
Francis, Kaplan or crossflow turbine

Ct=116.4 x (P//H )***® Thousand US$
Where, P : Power plant’s total turbine output in kW, H : Head in m

c) Calculation method Ex. 3 (According to the calculation formula by “A” electric
power company, Japan and USBR)
The price of a Francis turbine is calculated by “A” company’s method as follow.
Ct =58.2—4.38 In(x) Thousand US$/ton...........cceunee ©)
(Where, x = Pt max/v/H )
Turbine weight is calculated by the formula in “Selecting Hydraulic Reaction
Turbine” by USBR is as follows.
W = 15.175 (DMax)®*® (t0N) ...cvovvrrrreeeeeeeeseeeesiensenean, ®
Where, Dmax : Biggest dimension of the runner diameter (m)
The biggest runner diameter is calculated as follow by the formula of the USBR.
Dmax = (1.782 x H"2 xNs?),/N (M)......ccooormrrrrrnnrnn. ®
The price of Francis turbine can be obtained by substituting ® for @ and
substituting @ for @ in the following formula.
Ct=(58.2—4.38 Inx) x 15.175 x [(1.782 x H"? x Ns**)/N]*** Thousand US$
d) Calculation method Ex. 4 (According to the calculation method by “B” electric
power company, Japan)
The calculation formula by “B” electric power company is as follows.
i.  Construction cost for Pelton type turbine
Ct=61.0x (P/v/H )*** Thousand US$
ii. Construction cost for Francis type turbine
Ct=31.6 x (P/v/H )**'* Thousand US$
iii. Construction cost for Kaplan type turbine
Ct=20.2 x (P/~/H )*™** Thousand US$
Where, P : Turbine unit output in KW, H : Head in m
Simplified expressions for calculating the construction cost for Pelton and Francis
turbines are as follows according to the above study.
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i.  Construction cost for Pelton type turbine
Ct=60.9 x (P/vH )*® Thousand US$

ii. Construction cost for Francis type turbine
Ct=40.0x (P/v/H )*®  Thousand US$

Where, P : Turbine unit output in kW, H : Head in m

iii. Construction cost for Tubular, Kaplan and diagonal type turbine
Ct=29.8x (P/vH )*® Thousand US$

iv. Construction cost for inline propeller type and submersible type turbine
Ct=23.6x (P/vH )**® Thousand US$

v. Construction cost for crossflow turbine
Ct=49.5x (P/J/H )*®  Thousand US$

vi.  Construction cost for Turgo impulse type turbine
Ct=3583x (P/+H )*** Thousand US$

Where, P : Power plant’s total turbine output in kW, H : Head in m

Price of generators

The formulas for the preliminary cost estimate of generators are shown below.

a)

b)

Calculation method Ex. 1 (According to the "Standard of Construction Cost
Estimation for Hydro-power Plan" published by the Agency of Natural Resources
and Energy and the New Energy Foundation, Japan)

Construction cost for a generator according to this method is:
Cg=217x(P/v/H )*™ Thousand US$
Where, P : Power plant’s total turbine output in kW, H : Head in m

Calculation method Ex. 2 (According to the calculation method by “A” electric
power company, Japan)

The construction cost for a generator according to the method of “A” electric power
company is calculated as follow.
Cg =36.2—3.13 In(X) (Thousand US$/ton).... ©®
Where, X = kVA /N, kVA : Generator capacity (KVA),
N : Rotation number of generator

Total weight of a generator is as follows.

a. Incase the turbine is a vertical Francis type (VF)
W = 16.02 x (KVA/N)** (ton)

b. In case the turbine is a horizontal Francis type (HF)
W = 10.45 x (KVA/N)*®% (ton)

The above generator weights (Wg) include the generator itself, AVR/Exciter, air
cooler, lubrication system and auxiliary piping. Then, the construction cost of the
generator can be calculated by substituting the generator weight into the above
formula.
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c) Calculation method Ex. 3 (According to the calculation method of “B” electric
power company, Japan)

The construction cost for a generator according to the method of “B” electric power
company is calculated as follow.

In case the generator is a synchronous type, (synchronous type is adopted for all
sites)
Cg =390.6 x (KVA/N)**®  Thousand US$
Where, kVA : Capacity of a generator (kVA),
N : Rotation number of generator

Formula a) is a function with a parameter of P/ JH , and the estimated cost is a very

rough value. By the general method, with a formula having a function with a parameter
of kVA/N, such as b) and c), the estimated cost is more accurate than Formula a).

A simplified expression for calculating the construction costs for a generator is as follow,
according to the above study.
Cg =390.9 x (kVA/N)**®  Thousand US$

If the above expression is adopted as the cost estimation formula, it becomes
complicated to calculate, because the rotational speed must be calculated as a parameter.

Therefore, the rotational speed for only the calculation of the generator price, which is
different from the actual speed, is temporarily determined, and then the generator price is
calculated by using this value. This speed shall be 85% of one obtained from the limit
of the specific speed.

Moreover, for expediency, it is assumed that 1.12 times the water turbine output is the
generator capacity, though the capacity of a generator is actually calculated by
multiplying the generator efficiency by the water turbine output and dividing by the
generator power factor. (0.95 / 0.85 = 1.12, when the generator efficiency is 95%
and power factor is 0.85).

Price of other electro-mechanical items

The preliminary prices of other electro-mechanical items such as control equipment,
overhead traveling cranes, switchgear and sometimes including inlet valves are
considered as 30% of the total of the turbine and generator prices. Then, the total of all
electro-mechanical items for the power plant is calculated roughly.

(2) Price of Transmission Lines

The unit costs of transmission lines in the Philippines are estimated by referring to unit costs
per km by the NGCP as follows. The unit cost includes civil works such as the foundation of
towers, assembling of towers, and installation of towers.

Type of Transmission Line | Unit Cost (US$/km)
69 kV 27,000.00
115 kV 35,000.00
230 kv 119,000.00
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The Study Project on Resource Inventory
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on Hydropower Potential in the Philippines



	Chapter 4 Basic Data for Hydropower Resources Database
	4.8 Geological Data
	4.9 Environmental Impact Assessment
	4.9.1 Policy
	4.9.2 Nature Conservation Areas
	4.9.3 Communities and Habitats of Indigenous People
	4.9.4 Volcanic Activities

	4.10 Basic Data on Construction Cost
	4.10.1 Unit Costs of Civil Works, Gates and Penstocks
	4.10.2 Unit Costs of Civil Works
	4.10.3 Price of Water Turbines, Generators and Transmission Lines





