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Preface

Japan International Cooperation Agency (JICA) decided to conduct the preparatory survey and
entrust the survey to Tokyo Electric Power Services Co., LTD.

The survey team held a series of discussion with the officials concerned of the Government of the
Philippines, and conducted field investigations. As a result of further studies in Japan, the present report was
finalized.

I hope that this report will contribute to the promotion of the project and to the enhancement of
friendly relations between our two countries.

Finally, I wish to express my sincere appreciation to the officials concerned of the Government of

the Philippines for their close cooperation extended to the survey team.

March, 2013
Hidetoshi IRIGAKI
Director General
Industrial Development and Public Policy Department

Japan International Cooperation Agency



Summary

1. Country Profile

1-1 National Land and Natural Conditions
Located on the ocean route that links Japan to Southeast Asia, the Middle East and Europe, the Philippines
is composed of 7,109 islands of various sizes. Its national land area is approximately 0.8 times the size of

Japan, and its population of roughly 87 million is the second largest in the ASEAN region.

All of the Philippines belongs to the tropical rain forest zone, and temperatures nationwide reach a peak in
May and hit a low in January. The rainy season and dry season differ according to each area: in Isabela
Province in the north of Luzon Island where the Project site is located, the dry season lasts from March to
May and the rainy season is from August to October, however, annual rainfall around the Project site is

around 2,100 millimeters.

The Isabela Province is 2nd biggest province in the Philippines, and receives the benefit of the water from a
Cagayan mountain range. The Isabela Province was the 1st rank as for the corn quantity of production, and

the 2nd rank as for quantity of production of rice in the country in 2011.

The amount of water of Magat Integrated Irrigation System (MARIIS) which is the target of the project is

supplied from Magat River. The circumference of the project site is low-flat rice field.

1-2 Socioeconomic Conditions

Private consumption in the Philippines, supported by healthy remittances by overseas workers, is growing,
and in 2010 the Philippines recorded an economic growth rate of 7.6% (IMF, World Economic Outlook
Database) and GDP of US$199.6 billion (ditto). In 2011, due to the impact of the European credit crisis and
so forth, economic growth slowed to 3.7% (ditto) and the GDP was US$213.1 billion (ditto), however,
growth of 4.2% (ditto) is predicted for 2012, indicating that the country is enjoying firm economic growth.
Per capita GDP in 2011 was US$2,223 (ditto).

Looking at the GDP share of each industry, primary industry accounts for 13% (Philippine National
Statistical Coordination Board, 28 November 2012), secondary industry for 32% (ditto), and tertiary

industry for 56% (ditto), and tertiary industry has been growing rapidly in recent years.



In terms of diplomacy, the basic policies are security, economic diplomacy and protection of overseas
workers, and emphasis is placed on relations with Japan, the United States and China. Moreover, the
Government of the Philippines lays emphasis on the following policies geared to realizing even more
sustainable economic growth based on promoting overseas direct investment via improvement of the
business and investment environment: () enhancement of industrial competitiveness, @) infrastructure
development, and (3) promotion of employment. In order to address these policy issues, the government is

striving to make improvements based on various policy, system and administration improvement items.

Under these circumstances, there is a lot of external direct investment from Japan to the Philippines,

especially in the manufacturing sector.

In recent years, relations between the Philippines and Japan have deepened a lot, and the Japan-Philippines
joint statement on the comprehensive promotion of the “strategic partnership” was announced on the

occasion of President Aquino’s visit to Japan, thereby further strengthening ties between the two countries.

2. Background to the Project

2-1 Overall Goals

Having meager fossil fuel resources, the Philippines is promoting the diversification of energy sources,
however, it still relies on imported fossil fuels to generate half of its generated electrical energy, and it is
desirable to switch to further domestic and renewable energies from the viewpoints of energy security and
reduction of greenhouse gas emissions. Hydropower accounts for 21% of all power supply in the
Philippines and ranks with geothermal energy as a renewable energy and important source of power supply,

and its further utilization is anticipated.

In October 2008, the Government of the Philippines enforced the Renewable Energy Act of 2008, R.A.
9315 (hereinafter referred to as the “RE Act”) - the first comprehensive legislation on renewable energy in
Southeast Asia. This Act has the objectives of improving the self-sufficiency of energy supply,
strengthening the capacity of central and local governments via development of renewable energy, and
balancing economic growth with environmental protection. Furthermore, the Government of the
Philippines in June 2011 announced the National Renewable Energy Program with the goal of increasing
the amount of power generated from renewable energy by three times (to approximately 16,200 MW) over
the 2010 level by 2030. The Philippines depends approximately 40% of electricity source on imported
fossil fuel. For the purpose of energy security as well as reduction of greenhouse effect gas, domestic

renewable energy is expected to substitute imported fossil fuel.
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The Project, therefore, will encourage realizing the goals of RE Act as well as National Renewable Energy

Program.

2-2 Current Conditions and Problems in the Sector

In the Philippines, although there has been active mini-hydropower development following enactment of
the RE Act, because development has conventionally focused on large-scale hydropower development,
appropriate technologies concerning mini hydropower development have failed to take root. As a result, the
average operating rate of exiting flow-in type mini hydropower plants (10 MW or less) is 38%, which is far
lower than the corresponding rate of 76% in Japanese mini hydropower plants of the same scale. In future,
it will be necessary to conduct appropriate development upon giving full consideration to the rooting of
mini-hydropower technologies, mitigation of environmental impacts on local communities and ecosystems,

flood control based on units of rivers and securing of water supply for irrigation purposes and so on.

Meanwhile, the Philippines is an agricultural country and so far it has constructed approximately 23,000
kilometers of irrigation channels to supply water to 3 million hectares of farmland. However, the funds
constructing these facilities are dependent on the national budget and ODA funds, while autonomous

funding is limited to minor irrigation charges levied from farmers.

Under these conditions of threadbare state finances, the major challenge that faces the National Irrigation
Administration (NIA) from now on will be how to maintain these irrigation channels in a stable and
continuous manner, and an important theme will be how to secure new autonomous sources of funds.
Moreover, since electricity charges in the Philippines are some of the most expensive in Southeast Asia,
another important theme for improving the balance will be to reduce expenditure on electricity needed to

pump water from irrigation channels to paddies and upland fields.

In recent years in the Philippines, attention has come to be directed towards mini hydropower development
utilizing head works, which are frequently attached to irrigation facilities, and unused head of diversion
weirs. Hydropower development utilizing existing irrigation equipment makes it possible to secure stable
funds to manage irrigation equipment as well as provide a source of power for pumping water. Moreover,
since such development doesn’t require a lot of new civil engineering facilities installation, it is more
advantageous than regular hydropower development in terms of both environment and funding. In
particular, in the case of low-head mini hydropower development that utilizes water channels, as there are
numerous potential sites in irrigated areas, it is anticipated that current issues of the irrigation systems in the

Philippines can be mitigated and resolved by utilizing multiple potential sites in a certain region, even
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though each power capacity is not large. This scheme is expected to contribute to the sustainable

development of agricultural activities.

In line with the above, the Government of the Philippines requested to the Government of Japan for the

Grand Aid on small-scale hydropower development utilizing irrigation facilities in Isabela Province.

3. Outline of the Study Findings and Contents of the Project

Through constructing a mini hydropower plant in an irrigation district in a rural area of the Philippines, the
Project intends to promote utilization of domestic renewable energy, thereby contributing to the
diversification of energy sources and reduction of greenhouse gas emissions, as well as aiding the
dissemination of power in the area concerned.

The Project components are described below.

The Project will construct small-scale hydropower plant in irrigation area in rural area in the Philippines
aiming at:

- Promoting renewable energy,

- Diversity of energy source,

- Reduction of greenhouse gas, and

- Contribution to the electricity supply in the region
3-1 Civil Structures and Power Equipment
(1) Civil Structures

Table 1 gives an outline of the civil engineering facilities in the Project.

Table 1 Feature of Civil Structures

Category Facility Contents Remarks
. . Type dependent on
Type of generation Run of River type L
Power irrigation water
generating Peak water usage 3.0m%s Single unit 1.5m*/s
particulars Effective head 3.0m
Maximum output 45kW Single unit output 22.5kW
Reinforcement of existing
Inlet H 1.75m, W 1.75m, L 4.53m L .
irrigation weir
Civil Headrace H 1.75m, W 1.75m, L 3.80m Box culvert
structures Head works Drop 3.0m, W 1.75m Vertical drop method
Discharge channel H 1.5~4.8m, W 1.75m, L 5.73m Open channel
Outlet H1.5m, W 1.75m, L 1.65m Open channel
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(2) Generator, Transformation and Distribution Equipment

Table 2 and 3 shows the outline specifications of the generator, transformation and distribution equipment.

Table 2 Outline Specifications of Generator

Equipment Outline Specifications Remarks

Vertical axial flow turbine x 2
Water turbine Effective head: 3.0m

Maximum water usage: 1.5m’s

Procure from Japanese small or
medium enterprise

3 phase induction generator x 2 )
Generator Ditto
22.5kW

Turbine and generator control system

Control system Protective relay Ditto

Independent operation detection unit

. Single phase 25 kVAx 3 National Electrification
Main transformer - .
Voltage 440/13.2kV Administration standard
) 3 phase load switchgear with fuse )
Switchgear Ditto
Voltage: 24 kV
Distribution line 3 phase 4 line, 13.2 kVA Ditt
itto
(inter-connection line) New installation: 2.2 km
Distribution pole Steel poles Ditto
Instrument transformer
Power meter, etc. Instrument current transformer Ditto

Watt-hour meter

It is necessary to confirm local
Gate: W1600, H1500 . o
Gate, screen manufacturing capability in the
Screen: W1750,H1750

detailed design.

Table 3 Length of Distribution Line Work Sections

Section Length (m) Remarks
Lateral-B power plant ~ N0.9982 pole 2,200 | New installation
Total 2,200

4. Project Works Period and Outline of Project Cost

4-1 Project Works Period

Table 4 shows the works period that will be required to implement the Project.



Table 4 Project Works Period

Implementation Contents

Implementation Period

Implementation Months

equipment procurement period

Detailed design April ~ June, 2013 3 months
Tender work June ~ September, 2013 4 months
Facilities construction and October 2013 ~ November 2014 14 months

4-2 Qutline of Project Cost

Table 5 shows the outline of project cost.

Table 5 Outline of Project Cost

Total Project Cost

Non-disclosed up to Approval of the Execution and
procurement Contractor Agreements

Burden of Japan

Ditto

Burden on the host country side

0.06 billion yen

(Note) 1.0Php=¥2.03

5. Project Evaluation

5-1 Relevance

The Interim Development Plan (2011~2016) of the Philippines that was approved in March 2011 aims to
promote the development and utilization of domestic sources of renewable energy including hydropower.
Furthermore, the National Renewable Energy Program, which was announced in June that
year, has the goal of increasing the amount of power generated from renewable energy by
three times over the 2010 level by 2030; in particular, it states that hydropower development

projects including mini hydropower should be rapidly developed as a means of securing

power supply sources.

Against this background where the field of mini hydropower generation is regarded as a high priority field

in the Philippines, implementing pilot activities utilizing Japanese technology for mini hydropower

development utilizing currently unused head is significant in diplomatic terms too.
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5-2 Effectiveness
The anticipated outputs of Project implementation are as follows.
(1) Quantitative effects

Table 6 Quantitative Effect Indicators

i Reference Value Target Value (as of 2018)
(as of 2012) [3 years after Project completion]
Generated electrical energy at the generating end 0 151
(MWh/year)
Contribution to CO. emissions reduction 0 24
(tCOgylyear) (generating end)

(2) Qualitative Effects

None.

VII




Preparatory Survey Report
for
Preparatory Survey for Mini-Hydropower Development Project
in the Philippines
(Micro/Mini Hydropower Project in the Province of Isabela (Irrigation Canal)

Final Report

Contents
Preface
Location Map / Perspective
Pictures of the Project Site
Summary
Contents
List of Tables & Figures
Abbreviations
Chapter 1 Background Of the PrOJECT.......cc.eoiuiiiiiiieee ettt st 1-1
1-1 Background and Outline of the Grant PrOJECT ..........c.coiuiiiiiie it 1-1
I = 7= o3 o | £ 11 [T SRR 1-1
1-1-2 CoNteNtS Of REQUEST........ei ettt ettt st s e st beesbeesbeenneeas 1-2
1-1-3 SeleCtion Of PrOJECT SIE........ccciiiiiiietieite et 1-2
1-2 NALUFAl CONAILIONS ..ottt b e bt eae e ab e et e e sbeesae e b e ebeebeas 1-6
1-3 Environmental and Social CoNSIEratioNS ..........cccoiiiiiiiieieere e e 1-20
Chapter 2 Contents Of the PTOJECT........c.uiiieieiiiee e 2-1
2-1 BasiC ConcCept Of the PrOJECT........cuiiiee et e e e s re e e s e e e e 2-1
2-2 Outline Design of the Japanese ASSISTANCE ..........cciuriiiiiiiie ettt 2-1
2-2-1 DESIGN POLICY ...ttt ettt b et ere e reenreas 2-1
2-2-2 BASIC PN .....eotiitieit ettt b e sh e e b e reereas 2-6
2-2-2-L POWET PIAMN ...ttt sttt ae e st e e st e e be e sbeesaeesneenneenreas 2-6
2-2-2-2 CiVil SETUCTUIE PIAN. ..ottt 2-9
2-2-2-3 Power EQUIPMENE PIAN .........coiiieiie e st aee s e sree e e e 2-11
2-2-3 OULINE DESIGN DIAWING ... eiiteieiiteieesieesieesie ettt steesteesreeeeeesteesteesseesaeesnaeenseenseessenns 2-15
2-2-4 IMplementation PIan ...........oo e eere e 2-21



2-2-4-1 Implementation PONCY..........ccccii i e saae e 2-21

2-2-4-2 Implementation CONAIIONS .........coiiiiiiiiiii e e 2-21
2-2-4-3 SCOPE OF WOTKS ...ttt ettt et et e e st e s nee e snteeenneeesnneeenseeens 2-23
2-2-4-4 CoNnStruction MEtNOM ..........coiiiiiiiii e 2-23
2-2-4-5 CONSIIUCHON SUPEIVISION.....ciiiuiiiiietiitieesiee ettt stteessieeeseessbeeessbesssbeeesseeesbeesssseesseeans 2-25
2-2-4-6 QUAIty CONLIOL PIAN ... eiieiieecie e ste e s e e e snee e sbee e sneeeenseeens 2-26
2-2-4-7 ProCUrE€MENT PIAN .......oiuiiiiiii ettt ettt eee e e 2-26
2-2-4-8 Operation GUIdANCE Plan ..........ooiiiiiiie e 2-27
2-2-4-9 Soft Component (Technical Assistance) Plan...........cccoocvevciiiieeicie e 2-28
2-2-4-10 Implementation SChedUIE ..............ooiiii e 2-29
2-3 Obligation of RECIDIENT COUNTIY........eiiiiiiiiie it eiie ettt ettt e e siee e sbe e sabeesbeeenees 2-30
2-4 Project OPeration PIAN ..........coociiiiiee e siee e ste s e e sree e st essteeesste e e saaeesseeesseeesnseeenseeensessnses 2-33
2-4-1 Organization of ProjeCt OPEIation .............cciueiieeieereeriee ettt esieestee s seesbe e sbeesaeesaeens 2-33
2-4-2 Organization of Power Plant OPeration.............cceceereererneiniieiee e 2-34
2-5 Project COSt ESHMALION .........oiiiiieiiee et e see e reee s e stee e st este e ssee e st e e sneeesneeeesanesnresenseennnes 2-35
2-5-1 INitial COSt ESHMEALION ....ccveiitiiieiieiieiee st eie ettt sttt et e e be e saeesseeeneeenbeesaeesaeesnaeneeens 2-35
2-5-2 Operation and MaiNtENANCE COSL .........eirviiiiiiieiieseere e 2-36
Chapter 3 ProjeCt EVAIUALION..........c.cciieieiieeeie e seeesieeeseeesee s sneeesneeesnteeesseeesnseeesseeesssnessensnsesensens 3-1
b e I = Tolo oo 110 o LSRR 3-1
3-2 Necessary Inputs by ReCIDIENT COUNTIY ..........iiiiiiieriie it 34
3-2-1 INPULS OF DOE .....oiiiii ettt ettt e s e e et e e tee e s te e e seeesseeesnseeesneeesnseeensenesnseennnenans 34
3-2-1 INPULS OF NIA-MARIIS ...t e et e e et e e s aae e ste e e snreesreeesreeans 34
3-3 IMPOrtaNt ASSUMPLIONS .....oiiiiiiiiie ittt e st e s e st et ee e st e e sa e e ssteesbeeesabeeenbeeessaeesbeeeseeeenseeas 3-4
B B o= Tot Y 7= 111 = (o] TR 3-5
B I L1 (1Y 7= T o T TSR P 3-5
3-4-2 EMECHVENESS ... .ottt ettt b bbbt b e b et r e 35
[Appendices]
1. Member of List Of the StUAY TEAIM..........ooiii et sre e e e nneees A-1
P2 11 [0 Y8 T o1 11 SR A-2
3. List of Parties Concerned in the Recipient COUNTIY ...........oocieiiiiiiiiniie e A-5
4. MINULES OF DISCUSSIONS......ccutieteeiteeitiesie et esteesteesteesatessteeteesseesteesseeaseeanteesseesseesseesnsesseenseessesssessnsens A-7
5. MOA between DOE and NIA-CO .........ooiiiiiiiiiie ettt ne e A-15



w
'Taiw'an
Prov A'n ce N
s ::sl ELA “‘}z
4| - "Rpe
) % saran
' _ ISLANDS
=== Luzon o* S
Strait ; Philippine
<1 BABUYAN
ISLANDS Sea

v

L. ischnis

South o T

C/-'//)a | Ay e o ’ : - e, %f:fj;g:;nu
- y }

Sea

‘ Busuanga .
Istand

h]
. ) ] ‘
s 3WLEHAE f i Y
r
S il -
oy e N ‘ Mindanao §
e T e | T
VRl o - Sea
SR T, NEILLE)
T e b
! gl 1-'{:\
Lo V.
\.‘x\ ~ o H |
B 1Yy Fad A de v
ST ] - " Jolo,
el — e \ 23
o 1 * foa_ Bamn WA 3
S P el LAY omm T el Y s Celebss |
el T HERLT (4 e, Ea- RN oL
e . 'y == Baimbing Scale
I P
= l 0 150km
JNDONESIA.
R 13s
"3 e e [ [ A
Hesk BOLT0S (RO0AS 23

Location Map



| Control Gate

Induction Generator

Vertical axial flow turbine

Existing Channel

Perspective



Pictures of the Project Site

Photo-1: The Project site is located in flat rice-producing Photo-2: The water flow of the canal is controlled by the
area where the existing irrigation system supply water. existing irrigation system and is constant except the time of

water stoppage scheduled for approximately 1 month.

‘;_.:?L;

Photo-3: Approximately 3m-high water head at downstream Photo-4: Former approximately 30-year-old hydropower

2012/12/07 12

of the existing drop work is currently untapped. On both project planed at the existing irrigation gate near the Site
sides of the drop work, the Project will install simple turbines. was canceled due to mismatch of the site condition and

procured turbines which still remain at the project site.

Photo-5: The project will utilize the existing 13.2kV  Photo-6: MARIIS own and operate Barigatan Hydropower
distribution line near the Site which connects hydro power Plant. The supervisor and operators have sufficient

stations and 69kV substation in the vicinity. experience in plant operation.
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Chapter 1 Background of the Project

1-1 Background and Outline of the Grant Project

1-1-1 Background

The Philippines has meager fossil fuel resources, however, the country depends approximately 65% of
electricity source on fossil fuel (as of 2010, gross electricity capacity: 16,539MW, coal: 27%, oil: 20%,
natural gas: 18%, hydropower: 21%, geothermal: 13%). In terms of energy security as well as reduction of
greenhouse effect gas, domestic renewable energy is expected to substitute imported fossil fuel.

Currently total potential hydropower is estimated to be approximately 13,097MW. However, large-scale
hydropower development requires vast initial investment as well as long-range collection period and this
causes difficulties in funding and socio-environmental consideration especially in the Philippines where
private initiative lead the deregulated power market sector. As a result, only approximately 25%
(3,400MW) of total potential hydropower is utilized so far. Meanwhile, small-scale hydropower
development have less impact on the country’s whole energy balance, at the same time it causes fewer
difficulties in such aspects. In addition, the country has rich small-scale (capacity less than or equal to
10MW) hydropower potential of approximately 1,900MW. Therefore, it is expected that the country

aggressively develop small-scale hydropower.

In line with above, “Medium Term Philippines Development Plan (2011-2016)”, approved in March, 2011,
aims to develop/promote domestic renewable energy in the country. “National Renewable Energy

Program”, issued in June 2011, also aims to triple electricity production by renewable energy from 2010.

Meanwhile, in 2008, Global Environment Centre Foundation conducted potential study on
mini-hydropower development in the Philippines and confirmed the possibility of mini hydropower

development utilizing irrigation facilities in Isabela Province.

In line with the above, the Government of the Republic of the Philippines requested the Government of
Japan to conduct a Preparatory Survey for Micro/Mini Hydropower Development Project on Irrigation

Canal in Isabela Province.
The Project will be conducted in accordance with the “Green Growth” policy by Government of Japan,

which emphasizes on utilization of elaborated products, such as hydro turbines, fabricated by Japanese

small, medium scale enterprise.
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1-1-2 Contents of Request
Items originally requested by the Philippines side are shown in Table 1-1. Based on discussion, requested

components in the Project are confirmed as follows.

Table 1-1  Original Request and the Project Component

Original Request Project Component

a. Inventory Study for Hydropower Potential utilizing with | a. Out of Scope

National Irrigation System (NIS)

b. Construction of Mini/Micro-Hydro in NIS b. Ditto
c. Construction of Distribution Line (13.8kV) c. Ditto
d. Overseas Study Tour and Training d. Training in the Philippines

1-1-3 Selection of Project Site

During the 1* survey term, the Project site was selected according to the following criteria on the condition

that no negative impact would be caused by the Project over normal function of irrigation canal system.

a. Effective head : should be 2m or more

b. Installed capacity: should be 100kW or more

c. Power discharge: should be stable through the year

d. Distance from power grid: should be within 10km from major load center
e. Access: should be easy for heavy load transport

f. Land acquisition: should be none or easy (no compensation is preferable)
According to the criteria, Magat-C was initially selected as the Project site.
However, as summarized in Table 1-2, taking into account issues of the Philippines during the 2™ survey
term, Lateral-B was finally selected as the Project site and the Philippines side and the Mission Team

agreed it.

Potential sites in the target area are shown in Table 1-2.
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Table 1-2 Description of Site Selection

Time

Description

Minutes of Discussion (M/D)
(August, 2012)

NIA proposed candidate project sites. Among them, considering few issue on land
acquisition and others, Magat-C site was selected as the project site. DOE, NIA and

JICA agreed on the selection of Magat-C.

End of 1% survey mission
(September, 2012)

Mission Team found an additional potential site Lateral-A2 near Magat-C. JICA

decided to have additional survey on Lateral-A2 in the 2" survey mission.

During 2™ survey mission
(October, 2012)

Mission Team found an additional potential site Lateral-B near Magat-C.

Stakeholders’ Meeting
during 2" site survey mission
(October 12, 2012)

ISELCO-I insisted that:

(1) ISELCO-I and NIA had a contract dated November 9, 1983 on construction of
Magat-C mini-hydro.

(2) ISELCO-I has signed contract dated October 8, 2012 with an energy developer
on the development of Magat-C.

End of 2™ survey mission
(November 11, 2012)

JICA decided to designate both Magat-C and Lateral-B as the project site.

Since installation period of Lateral-A2 will be required more than one month, the
Lateral A2 Project was not accepted as the project site.

JICA requested DOE and NIA to settle above matter raised by ISELCO-I.

Coordination Meeting
(DOE, NIA and JICA)
(November 21, 2012)

DOE stated that the settlement of above matter would take long.
JICA concluded to give up the development of Magat-C and concentrate on the
development of Lateral-B
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Table 1-3 Candidate Site for Small-scale Hydro Development on Irrigation Canal

Potential Sites for JICA Study on Mini-Hydro Power in Irrigation Systems

. . Name of Head .Plant Capacity . Distance to
State Name of Potential Site L. Discharge Access to Site | Distribution | Efficiency | Rank Remarks
Irrigation System (m) 3 (kW) .
(m°/s) Line (km)
LUZON Region
San Fabian Dam Right San Fabian RIS 6.90 9.00 300 Good / NG 3.00 [ asm. 0.60] D |[Free
Dumuloc Dam Dumuloc RIS 4.00 4.00 200 Good / NG 4.00 | asm. 0.60] D [Free
Pangasinan The da'm is non-
Cabatuan Dam Dumuloc RIS 5.30 250.00 | Good / NG 5.000 | asm.0.60| p [|operationaldueto
damaged
structures
Baligatan II MARIIS 30.00 3,000 | Good / NG 1.000 Free
Isabela Magat C MARIIS 3.18 56.00 1,500 | Good / NG 0.50 Free
North Diversion Canal NDC)-MC |MARIIS 7.20 10.94 500 | Good / NG 0.050 0.648 A |Free
Macanae Dam UPRIIS Div-I 20.00 4.00 600 | Good / NG 3.000 0.765 B |Free
TRIS Chute-Main Canal |UPRIIS Div-I 15.00 6.00 1,000 | Good / NG 1.000 0.850 C |Free
RG3 of DC1 UPRIIS Div-I 3.00 28.00 800 [ Good / NG 0.200 0.765 B |Free
RG4 of DC1 UPRIIS Div-1 3.00 25.00 700 | Good / NG Free
Nueva Ecija RG5 of DC1 UPRIIS Div-I 3.00 20.00 500 | Good / NG 0.200 0.680 A |Free
Headworks of SDA Supply [UPRIIS Div-I 6.00 16.00 900 | Good / NG 0.100 0.680 A |Free
PRIS MC Canal UPRIIS Div-II 6.00 25.00 1,500 [ Good / NG 0.200 Free
RG 1 of DC1 UPRIIS Div-II 3.00 50.00 1,500 [ Good / NG 0.100 Free
RG 2 of DC1 UPRIIS Div-II 3.00 40.00 1,200 [ Good / NG 0.200 Free
Lateral E-SDC UPRIIS Div-5 4.70 17.70 600 [ Good / NG 1.000 0.736 B |Free
Camarines |Lower Lalo MLCCnal Lower Lalo RIS 7.00 5.00 300 | Good / NG 2.000 0.875 C |Free
Sur Upper Lalo Main Canal RIDA RIS 6.00 6.85 300 | Good / NG 1.000 0.745 B |Free
Visayas Region
Borongan Borongan CIP 4.00 10.00 250 [ Good / NG 0.200 0.638 A [The irrigation
Eastern Good /- NG systems are
Samar Sulat Sulat CIP 4.00 12.00 500 | (30 km from 1.000 | 0.638 A |under
BOﬁ?F%an construction

Source : 'NIA Potential Sites for Mini-Hydro Power Development (as of 20 June 2012)'
Updated following the meeting of 23 July 2012 of NIA-DOE-JICA Phil
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Fig. 1-1 Potential Site in the Target Area
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1-2 Natural Conditions

(1) Land and Nature
Located on the ocean route that links Japan to Southeast Asia, the Middle East and Europe, the Philippines
is composed of 7,109 islands of various sizes. Its national land area is approximately 0.8 times the size of

Japan, and its population of roughly 87 million is the second largest in the ASEAN region

All of the Philippines belongs to the tropical rain forest zone, climate. The entire country belongs to tropical
rainforest climate. The climate of the country is characterized by four major types, and the western region
of Isabela Province, where the Project site is located, belongs to Type III. In Type III, seasons are not very

pronounced but the weather is relatively dry from November to April and wet from May to October.

Temperature and precipitation of Isabela Province respectively are shown in Table 1-4 and Table 1-5.

Temperature reaches the maximum in April and May and the minimum in December and January. Annual
average precipitation is around 2,100 mm with more rainfall during May to November and less rainfall

from December to April.

The Project area is low-lying area with elevation not higher than 100 m and slope of 3% or less. Magat
River, the tributary of Cagayan River, flows from western mountainous area in Ifugao Province and travels
in the west part of the site. Isabela Province is known as the second largest province in the country and has
benefited from sufficient river water, and its production of corn and rice were ranked first and second

respectively in 2011.
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Table 1-4 Temperature of the Isabela Province

Unit: °C
Month 2006 2007 2008 2009 2010 Average
on
MAX. | MIN. | MAX. | MIN. | MAX. | MIN. | MAX. | MIN. | MAX. | MIN. | MAX. | MIN.
January 28.4 21.0 27.3 20.7 27.8 20.7 254 19.2 28.2 19.6 274 20.2
February 30.2 20.8 29.6 19.9 26.9 201 29.6 211 325 19.6 29.8 20.3
March 33.0 232 323 215 29.9 21.3 31.7 223 33.2 20.8 32.0 21.8
April 35.8 25.0 35.2 23.6 34.4 224 31.8 227 36.4 22.7 34.7 23.3
May 35.1 259 34.8 241 33.0 23.8 31.6 23.0 371 24.8 34.3 243
June 34.6 244 341 241 33.7 235 33.6 241 35.0 245 34.2 241
July 33.1 242 344 24.3 32.8 23.9 32.9 23.9 334 23.7 33.3 24.0
August 33.3 242 32.7 23.7 322 23.3 334 24.6 33.2 23.9 33.0 23.9
September 33.0 23.6 32.5 24.0 334 23.6 321 243 325 232 32.7 23.7
October 30.6 23.0 30.5 231 31.9 235 30.7 225 31.7 234 311 231
November 30.6 222 28.2 221 28.8 223 298 220 29.2 23.0 29.3 223
December 27.0 21.6 27.9 21.2 26.6 20.9 279 19.6 27.8 214 274 20.9
Average 321 23.3 31.6 22.7 31.0 224 30.9 224 32.5 225 31.6 22.7
40
35
30
z
=
g 20
g
=]
o
= 15
10
5 ——MAX.|
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0
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Source: Isabela Provincial Development and Physical Framework Plan, 2010-2016
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Table 1-5 Precipitation of the Isabela Province

Unit: mm
Month 2006 2007 2008 2009 2010 average

January 220.5 95.9 138.1 48 16.1 103.7
February 72.5 9.1 53.4 79.3 0 42.9
March 176.1 39.8 51.7 152.5 28.5 89.7
April 12.2 9.8 28.8 279.7 524 76.6
May 129.5 252 278.8 354.2 176.9 238.3
June 1514 187.6 204.8 121.8 217.3 176.6
July 201 457 71.5 353.7 177.4 169.9
August 232.6 374.3 178.7 232.6 136 230.8
September 4219 349.2 184.9 277.2 182.6 283.2
October 367.6 231 99.9 346.9 391 287.3
November 179.5 479.7 367.3 256.9 420.9 340.9
December 1911 135.6 113 14.1 44.6 99.7
Total 2366.9 2209 1770.9 2516.9 1843.6 2141.5

600

500

400
Bl
g
= 300 - o
= s
5 /

200 feeenct

100 bert

0 .
S S X D ) & ) oy & & & &
& @0@% > W W N R Q@&" & & S
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Source: Isabela Provincial Development and Physical Framework Plan, 2010-2016
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(2) Topography and Geology

The Philippines belongs to the mountain-forming zone called the circum -Pacific orogenic zone, the same
as Japan and has the complicated topography and geology because it is sandwiched in between Pacific plate
and Eurasian plate and is compressed by them. Fig. 1-2 schematically shows earth’s crust of Luzon where
the project is located. The Project Site is at the yellow colored point in the Fig. which is in central Coldirella

mountain range.

Geologic quadrangles (scale 1:50,000) such as Cabatuan, Cordon and Aritao are generally issued

surrounding the project site, and the site is shown by a red circle in Fig. 1-3.

Source: C.B.Dimalanta and G.P.Yumul, Jr., 2004

Fig. 1-2 Tectonics of the Luzon and schematic profile of W-E direction
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Fig. 1-3 Generally published geologic quadrangles and the position of the Project site

Bedrock surrounding the Lateral-B scheme is sedimentary rock belonging to Ilagan group of Miocene
epoch in Neogene of Cenozoic era. Rocks of the group consist of alternation of shale and sandstone formed
in the deep sea and neritic to terrestrial course sandstone and conglomerate. However the rocks are overlain
by quaternary soil called Bago sandy clay loam (referred from Soil Texture Map issued by Isabela

Province).
Since August, when the team carried out investigation, was the wet season and the water level of Magat

River was high, only a few rock outcrops were observed along the river , however, conglomerate exposure

was discovered just downstream of the MARIIS dam on the left bank of Magat River coincidentally.
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The strata dip to downstream and the bedding plane’s strike and dip is N10E/42SE (Fig.-4). Hydrothermal

alteration and clay minerals were observed at some parts of the rock .

The water qualities surrounding the canal are shown in Table 1-1. The pH value near the Lateral-B site
varies from 5.8 to 6.4 which is slightly acidic, whereas the Magat River water which is downstream of
MARIIS dam is 6.8 as near-neutral. On the other hand, EC (Electrical Conductivity) values are almost 20
m®/m, and there are few differences by the place. The quality of the water in itself does not adversely affect

concrete structures.

Table 1-6 Measured Result of the natural Water Surrounding the Lateral-B Scheme

place No. pH [EC (mS/m) [Temp (°C) date
Magat-A P/S | Magat-C—-1| 6.4 21.0 270 14 Aug. '12
downstream of ,
MARIS dam Magat—-C-2 | 6.8 21.0 25.6 16 Aug. '12
pond of Magat—C | Magat—-C—-3 | 5.8 18.1 29.3
Lateral—-A Magat-C-4 | 5.8 24.1 27.1 03 Oct. 12

The canal branches off from the water gate just upstream of Magat-C with very low gradient to the site on
the terrace, but down sharply about 3m at the Lateral-B site. There are no such steep cliffs surrounding the
rice field but there is a small gap of more than 1 m at the site, and this might be recognized as a so-called

terrace cliff.

Generally, in cases where the terrace cliff is formed, the land on the eroded side is more dense and consists
of sand and gravel layers in many cases. Though the detail investigation should be carried out, the canal

bottom for the basement for the structure seems to be a gravelly layer.



Downstream view of MARIIS dam in the wet season. Riverbed outcrops are invisible because the river water fully

covers the riverbed.

S
Outcrop of conglomerate exposed at downstream of ~ Conglomerate has been hydrothermal altered and some
MARIIS dam. the bedding plane’s strike and dip is sulfide minerals were deposited and some part of them

N10E/42SE. were soften and changed to clay

Lowered water level in harvest time (2012/10/04) An embankment is exposed, and collapse is seen here

A part of the paddy field is eroded, and the cohesive and there to lower the waterway in the harvest time.

cultivation soil is exposed. However, the concrete structure of the weir is not
damaged.



(3) Natural Environment

According to the SAFDZ map, the Project site is in the strategic crop sub-development zone and the
strategic integrated fishery/ livestock sub-development zones are scattered in the zone (refer to Fig. 1-4).
Over most of the area, rice fields take part in the cultivated land, and only some mango trees are seen in
some rice fields. In addition, the cash crops such as bitter gourds are cultivated in the small portion of the

rice field zone in a higher terrace.

The irrigation canal beginning in the MARIIS dam reaches Alicia through San Mateo via Ramon in Isabela

Province. The scheme is in the middle of the canal, and is 4.7km from the intake in MARIIS dam.

Through natural environments investigation downstream of the MARIIS dam, some species of small fish
were confirmed coincidentally in the casting net of a local fisherman They are genus of Gobiidae and a
kind of percoid fish . There is some dealing of aquatic products which are caught by local people in the
MARIIS dam site of Magat River.

genus of Gobiidae and a kind of percoid fish caught by ~ Local people dealing fish and shellfish caught at
casting net at downstream of MARIIS dam in Magat surrounding MARIIS dam in Magat river

river
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(4) Irrigation Water

Fig. 1-6 shows design discharge of MARIIS. In the irrigation system, irrigation water is diverted at
MARIIS Dam located just downstream of Magat Dam and flows along MARIIS Main Canal (MMC) and
its sub-canals until it runs through the entire irrigation service area. Lateral-B is one of the sub-canals

originating just upstream of Magat-C gates.

Discharge from MARIIS Dam to Magat-C is summarized as Table 1-7. Since there is consistency between

design flow (56.00 m%s) and maximum measured flow (59.40 m*/s) at Magat-C , it is thought that the

irrigation system is operated as planned.

Table 1-7 Discharge of MMC

CP: Control Point

Qwa: Design Max. Main Canal Discharge

Qwmez: Theoretical Max. Main Canal Discharge

Qp: Design Max. Diverted Discharge

1-15

Location Quu(m°/s) Qua(m°/s)
Qo(m°/s)
MARIIS Dam 121.50
-40.00 Lateral -A
CP#1 81.00 81.50
-17.50 South Low Canal
CP#2 63.50 64.00 450 Lateral -B
-0.10 C Extra
CP#3
56.00 59.40
(Magat-C)
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MARIIS is operated according to three major patterns, namely dry season, wet season and maintenance

period, as shown in Fig. 1-7.

Dry Season Nov.~Jan. Constant Discharge of Design Flow
(Transitional Period) Feb.~ Mar. Gradually Decrease
Maintenance Period Ari.~ May Zero
(Transitional Period) Jun. Rapidly increase to Design Flow
Wet Season Jul.~ Aug. Depends on Requirement of Irrigator’ s
Associations

Based on monthly averaged discharge record provided by NIA-MARIIS, discharge of Magat-C is analyzed
and indicated in Table 1-9.

» While having some variations year by year, the trend of monthly discharge is consistent with the
operation patterns. The flow data is reliable enough for further design.
> It is possible to secure discharge of 20 m*/s or more at Magat-C except during the maintenance period

in April and May and transition period in October.

;§b
<° ,
Wet season & Dry season Maintenance
Discharge varies on demand é{’\ Full supply Period
N
May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May

Fig. 1-7 Annual Operation of MARIIS



Table 1-8 Monthly Mean Irigation Release for MARIS Main Canal (MMC)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean
2000 97.61 98.91 79.61 12.61 0.00 69.71 | 10741 | 109.62 85.16 39.28 68.60 98.87 72.28
2001 10183 | 101.09 | 6819 | 3678 | 8165 | 10828 | 9825 | 7784 | 6065 | 2640 | 10161 | 10082 | 80.28
2002 9747 | 9334 | 6899 3.12 0.00 | 4456 | 90.81 9060 | 8275 | 6724 | 8618 | 11074 | 69.65
2003 85.88 72.01 55.31 3.62 0.00 94.99 89.56 | 109.94 68.26 54.20 9461 9344 68.49
2004 7783 | 8158 | 5955 000 | 3653 | 8719 | 9338 | 9495| 6676 | 6300| 9160 | 8165| 6950
2005 | 12566 | 10128 | 4373 | 10.36 0.00 | 8922 | 114.47 | 10161 5135 | 3983 | 8243 | 6619 | 6884
2006 76.80 92.09 82.09 59.40 88.83 92.21 81.26 66.46 56.12 5396 | 111.15 96.16 79.71
2007 103.65 | 109.05 72.92 18.02 4134 | 11735 | 11258 84.41 64.24 24.29 8257 | 107.99 78.20
2008 9883 | 10519 | 5242 | 3945 | 8625 | 11446 | 11166 | 9541 7184 | 4376 | 90.79 | 103.31 84.45
2009 96.04 | 107.18 70.18 9.15 2421 | 106.24 | 106.22 | 109.27 65.05 12.26 9491 | 107.68 75.70
2010 66.31 7268 | 3825 000 | 1782 | 5798 | 117.84 | 10763 | 9959 | 3448 | 6211 | 11258 | 65.61
Mean | 9345 | 9404 | 6284 | 1750 | 3424 | 8929 | 10213 | 9525| 7016 | 4170 | 8787 | 9813 | 7388
Max. 125.66 | 109.05 82.09 59.40 88.83 | 117.35 | 117.84 | 109.94 99.59 6724 | 11115 | 11258 84.45
Min. 66.31 72.01 38.25 0.00 000 | 4456 | 8126 | 6646 | 5135| 1226 | 6211 66.19 | 6561
(unit: m*/sec)
Monthly Mean Irrigation Release for MARIS Main Canal (MMC)
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Table 19 Monthly Mean Discharge at Magat-C

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean
2000 4517 | 4578 36.84 5.84 0.00 3226 | 49.71 50.73 39.41 18.18 3175 | 4576 3345
2001 4713 | 46.79 31.56 17.02 37.79 50.11 4547 36.03 28.07 1222 | 4703 | 46.66 37.16
2002 4511 4320 31.93 144 0.00 2062 | 4203 | 4193 38.30 31.12 39.88 51.25 3223
2003 39.75 3333 | 2560 1.68 0.00 | 4396 | 4145 50.88 31.59 2508 | 4379 | 4324 31.70
2004 36.02 3776 | 27.56 0.00 16.91 4035 | 4322 | 4395 3090 | 2916 | 42.39 37.79 3217
2005 5816 | 46.87 | 20.24 479 000 | 4129 | 5298 | 47.03 23.77 1843 38.15 30.64 31.86
2006 3555 | 4262 3799 | 2749 | 4111 4268 37.61 30.76 2597 24.97 5144 | 4450 36.89
2007 4797 5047 33.75 8.34 19.13 54.31 52.10 39.07 29.73 11.24 38.21 49.98 36.19
2008 4574 | 4868 | 24.26 18.26 39.92 5298 | 5168 | 44.16 3325 2025 | 4202 | 47.81 39.08
2009 4445 | 4961 3248 423 11.21 4917 | 49.16 50.57 30.11 567 | 4392 | 4984 35.03
2010 30.69 33.64 17.70 0.00 825 | 2683 5454 | 4981 46.09 1596 | 28.75 52.10 30.36
Mean 4325 | 4352 29.08 8.10 1585 | 4132 | 4727 | 4408 3247 1930 | 4067 | 4542 34.19
Max. 58.16 5047 3799 | 2749 | 4111 54.31 54.54 50.88 | 46.09 31.12 51.44 52.10 39.08
Min. 30.69 33.33 17.70 0.00 0.00 20.62 37.61 30.76 23.77 5.67 28.75 30.64 30.36
(unit: m*/sec)
Monthly Mean Discharge at Magat-C
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1-3 Environmental and Social Considerations

The Project is classified as “Category C” according to “JICA’s Guidelines for Environmental and Social

Consideration” because the Project is likely to have minimal or little adverse impact on the environment

and society for the following reasons.

- Proposed facilities are very small in size and are installed within the existing premise of the irrigation
canal.

- Proposed mini hydropower plant utilizes untapped water drop and produces no additional recession
area so as to cause very little impact on upstream/downstream flow, water quality and ecosystem.

- No involuntary resettlement is required by the Project.

In line with the above, this part describes the contents of environmental and social consideration to be
conducted by the Philippine side as well as the items required for obtaining legal authorization in the

Philippines and their progress confirmed during the Preparatory Survey.

(1) Land acquisition
The Lateral-B MHPP will be installed within the premise of the existing irrigation sub-channel owned by
NIA-MARIIS. The area affected by the Project is estimated to be approximately 200 m? (20m x 10m) and

is considered to be very small. Therefore, no additional land acquisition is required.

(2) Compliance with the Indigenous Peoples Protection Law

The Project site is the MARIIS irrigation channel and surrounding area, and it has been confirmed with San
Mateo Municipal Office and Isabela Province NCIP office that no indigenous people inhabit the area.
However, since Project officials believe it necessary to conduct procedure to prove the NCIP claims that the
area contains no indigenous people or their land, MARIIS is currently looking into the subject. This report

will be used in making the said application.

(3) Meeting of Stakeholders
In this preparatory survey, a meeting of stakeholders comprising the following members has been staged. In
the course of this, outline explanation of the Project has been given and the basic understanding of the

participants has been obtained.
Table 1-10 Members of the Meeting of Stakeholders

Members Role in the Project

Department of Energy (DOE)
Hydropower and Ocean Energy Management Department | Supervisory implementing agencies
(HOEMD)

National Irrigation Administration, Central Office (NIA-CO) Implementing agency

MARIIS Project operation and maintenance agency
ISELCO-I Local power distribution company

San Mateo Municipal Office Host municipality of the Project site

Isabela Provincial Government Host province of the Project site
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(4) Environmental clearance in the Philippines

Concerning hydropower development in the Philippines, the contents of the environmental impact

assessment report required by the Department of Environment and Natural Resources (DENR) differ

according to the scale of development and amount of river flow used. According to the environmental

impact assessment manual (DAO 02-30) compiled by DENR-EMB, as is indicated in the contents of

environmental assessment reports according to project type as shown in Table 1-11 and Table 1-12, projects

entailing a Run-of -River type hydropower development with output no higher than 1 MW are classified as

Category D and do not require an EIA or IEE. The project implementing agency only needs to submit an

outline description of the project and obtain a Certificate of Non-Coverage.

The Project targets an existing irrigation channel rather than a natural river, but it is still classified as a

flow-in type project on a river.

Table 1-11  Project Categories

Environmentally Critical Projects (ECPs) with | Require to secure Environmental Compliance
et significant  potential to cause negative | Certificate (ECC)

environmental impacts. Submit Environmental Impact Statement (EIS)

report

Projects that are not environmentally critical in | Require to secure ECC, however in cases where
ETIE nature, but which may cause negative | the IEE Report fails to address all environmental

environmental impacts because they are located | issues, the application may be upgraded to an

in Environmentally Critical Areas (ECAs) EIS Report.

Projects intended to directly enhance | Require to submit Project Description for
Category C | environmental quality or address existing | issuance of Certificate of Non-Coverage (CNC).

environmental problems.

Projects not falling under other categories OR | Outside the purview of the Philippine EIS System,

unlikely to cause adverse environmental impacts. | and shall be issued Certificate of Non-Coverage
Category D (CNC) upon request by the proponent.

However additional environmental safeguards as
it may deem necessary.
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Table 1-12 Contents of Environmental Assessment Report according to Project Type
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Chapter 2 Contents of the Project

2-1 Basic Concept of the Project

(1) Overall Goal

In October 2008, the Government of the Philippines enforced the Renewable Energy Act of 2008, R.A.
9513 (hereinafter referred to as the “RE Act”) - the first comprehensive legislation on renewable energy in
Southeast Asia. This Act has the objectives of, (D improving the self-sufficiency of energy supply, @
strengthening the capacity of central and local governments via development of renewable energy, and
balancing economic growth with environmental protection. Furthermore, the Government of the Philippines
in June 2011 announced the National Renewable Energy Program with the goal of increasing the amount of
power generated from renewable energy by three times (to approximately 16,200 MW) over the 2010 level
by 2030. Because the Philippines relies on imported fossil fuels to cover 40% of its power generation
requirement, implementation of the Project can be expected to promote the utilization of renewable energy
based on domestic water resources, and thereby contribute to energy security and reduction of greenhouse

gas emissions.

The Project will contribute to achieving the goals of the RE Act and the National Renewable Energy
Program and it will contribute to the stable and ongoing maintenance of irrigation facilities based on mini

hydropower development.

(2) Project Purpose

Through constructing a mini hydropower plant in an irrigation district in a rural area of the Philippines, the
Project intends to promote utilization of domestic renewable energy, thereby contributing to the
diversification of energy sources and reduction of greenhouse gas emissions, as well as aiding the
dissemination of power in the area concerned. In addition, the Project aims to become a pilot undertaking
for disseminating mini hydropower development utilizing the idle head of irrigation channels in the

Philippines.

2-2 Outline Design of the Japanese Assistance

2-2-1 Design Policy

Considering said objectives of the Project and results of discussion between the Philippine side and JICA

Team, the Project is planned based on the following design policy.
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(1) Technical Standard and Cost Estimate Standard in the Project

The technical standards and cost estimate standards that are required in implementing the Project will
basically be adopted from the standards used by the host local government, but Japanese and international
standards will be referred to in situations where the local standards are insufficient or unclear. Concerning
design of civil engineering and electrical and mechanical equipment, the Hydropower Development Guide
Manual (March 2011) prepared by JICA will be referred to. As for power transformation and transmission
equipment, it has been decided to conduct the design based on standards prescribed by the National
Electrification Administration of the Philippines.

Table 2-1shows the main technical and cost estimate standards that need to be prepared in the Survey for the

Project.
Table 2-1 Technical Standard and Cost Estimate Standard Used in the Project
Name issue Remark
. - . Regulation on development scale, procedure,
Sﬁill?;par;SM|n|-Hydropower Development in the DOE etc bgsed on “Mini-Hydroelectric Power
Incentives Act” (Act. No. 7156)
8 Manual for Design, Implementation and DOE Technical manual prepared on JICA technical
[ . . . “ . .
ol Management for Micro-Hydropower EUMB cooperation project “Rural Electrification
% Development ;June 2009 Project” covering lower than 1MW scale
o Philippine Grid Code Jan,2001 ERC Criteria for transmission
Distribution Code Jan,2001 ERC Criteria for distribution
Philippine Electric Code (PEC) ERC Electrical standard in the Philippines
NEA Regulation NEA Regulation by NIA
Technical Standard for Hydropower Facilities METI
Technical Standard for Electrical Facilities METI
Technical Criteria for River Works MILT
Standard Specification of Concrete Structures JSCE
Technical Standard for Gate & Penstock JHGPA
Criteria for Transmission/Substation JESC
Technical Requirement Guideline for
. METI
Interconnection
§ Technical Guideline for Interconnection by JEA
e Distributed Generation
Technical Guideline for Design of Steel MAFE
Structures, Mini-hydropower Edition
The Institute of Electrical Engineers of Japan JEC
Standard Criteria of JEMA JEMA
Electric Technology Research Association ETRA
Standard for Cost Estimation on Civil Works MILT
Estimation Table for Machinery Ownership Rate MILT
Standard Yardstick for Construction CRI
Refere | Guideline and Manual for Hydropower JICA Technical manual for rural electrification on
nce Development Vol.2 Small Scale Hydropower mini-hydropower under 500kW

(2) Consideration of the Existing Irrigation Facilities
The Project is designed considering water operation in the existing irrigation facilities to avoid adverse

impact on water supply to surrounding crop fields.
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(3) Selection of Equipments

As an agricultural country, the Philippines has large-scale irrigation systems such as MARIIS and also many
smaller communal irrigation systems (CIS). Many of these irrigation systems possess untapped head that
can be used in hydropower generation. As is indicated in Fig. 2-2, the Project area has two potential sites

around Magat-C site alone.

In recent years in Japan, simple small-scale water turbines catering to installation on head works of
small-scale irrigation channels have been developed. Since these turbines have simple structure, even
though they have low generating efficiency, they can be manufactured and maintained by small factories
and major cost reductions can be anticipated even in developing countries such as the Philippines, provided
that appropriate technology transfer is carried out. It is anticipated that the utilization of such simple water
turbines can help lead to the dissemination of mini hydropower utilizing small irrigation channels in
developing countries. Moreover, Japanese manufacturers appear keen to transfer such technology to

developing countries.

In this project, according to the policy by Government of Japan, Turbine, Generator and Control System are
designed on the assumption to utilize the elaborated products fabricated by Japanese small, medium scale

enterprise. On that basis, Outline design was conducted with following basic policy.

(4) Minimization of reform of existing structures
The simple small-scale water turbine was developed on the premise of minimizing reform of existing civil
structures, and consideration has been taken in the Project too to ensure that reform of the existing channel

structure in line with the installation of hydropower facilities is kept to a minimum.

(5) Utilization of Local Resources

It is easy for construction machinery to enter the Project site, and a construction firm that possesses all types
of construction machinery (excavators, dump trucks, trucks, compaction machines, large trailers and mixer
trucks, etc.) is located nearby. Moreover, the civil engineer of this company also worked on the Magat-C
works in the 1980s and was employed by a Japanese firm in the Middle East for two years, so he is
well-versed in the local conditions and has experience of working with Japanese companies. Accordingly, it
will be easy to locally secure construction machinery and human resources for the Project. In the basic
design, the generating equipment was designed on the assumption that local equipment, materials and

human resources will be utilized to the full.

(6) Substation and Distribution Line
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The design of substations and distribution lines basically conforms to relevant standards of the Philippines.
The Project will connect Lateral-B Hydro Plant to the existing distribution line owned by ISELCO-I and

supply electricity.

Procurement of materials is done considering easiness of repair and replacement of supplies. Equipment of
substation and distribution line is available in the country. The following specifications are adopted for the
relevant equipment.

- Engineering Bulletin

- Philippine Grid Code

- Philippine Distribution Code

- Specifications and Drawings for 7.62/13.2kV line construction

(7) Quantitative Effectiveness Index
The following items are computed in order to evaluate quantitative effectiveness of the Project.
a. Gross power generation

b. Greenhouse effect gas reduction

1) Gross Power Generation
It is important to understand that power generation in the Project depends on water flow in the existing
irrigation canal which is influenced by climate as well as artificial conditions such as cultivation period and

maintenance of irrigation facilities.

As seen in Table 1-9, discharge at Magat-C varies year by year and fluctuation band is approximately

10m’/s (equivalent to 20% of maximum discharge).

Expecting such fluctuation, water flow for power generation is reduced to 80% of average flow data and

used to estimate gross power generation.
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Fig. 2-1 Duration Curve of Lateral-B for Estimation of Power Generation

2) Greenhouse Gas Reduction

This is expressed as the difference between baseline emissions and Project activity emissions.

ER, = BE, - PE, -
ER,: Annual emissions reduction (tCO2/year)
BE,: Baseline annual emissions (tCO2/year)
BE, = EGy x EF (case of power generating project)
EGy: Annual generated electricity (MWh/year)
EF..: Emission coefficient at all power sources (tCO2/MWh)
In the case of the Philippines, this is 0.487tCO2/MWh at the generating end and
0.520tCO2/MWh at the sending end.
PE,: Annual emissions in the project activity (tCO2/year)

This isn’t considered in the case of renewable energy (small-scale flow-in hydropower project).
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2-2-2 Basic Plan

2-2-2-1 Power Plan
As was mentioned above, since the Project is intended to be a pilot project for disseminating mini
hydropower utilizing irrigation facilities in the Philippines, sites have been selected by placing emphasis on

pilot features in view of the following points.

- Effective head should be low (since a low head entails technical difficulty, the pilot characteristics are
enhanced).

- Flow rate should be stable all year round.

- Distance to the power grid should be short (less than 10 km is assumed)

- It should be easy to transport heavy objects.

- There should be no need to acquire land.

Meanwhile, in the case of flow-in mini hydropower generation, the scale of development is automatically
determined by the site selection. Therefore, a generating plan that enables hydropower potential to be amply

utilized was compiled within the specific constraints of the site.

(1) Useful head
Based on the measurements conducted in the second field survey, the difference between the upstream and

downstream water level at Lateral-B was 3.0 m.
(2) Useful flow rate
Since flow observation is not conducted at Lateral-B, the useful flow rate was estimated based on flow data

from the aforementioned Magat-C.

In conducting estimation, it was assumed that the flow ratio of Magat-C and Lateral-B is constant at all

times. Accordingly, the flow rate data at Lateral-B was compiled using the following formula:

(Lateral-B flow rate) = (Magat-C flow rate data)
x (Lateral-B design flow rate 4.5 m’/s) / (Magat-C peak flow rate 56.0 m’/s)

Fig.2-2 shows the discharge-duration curve at Lateral-B obtained from these results.
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Fig. 2-2 Lateral-B Discharge Duration Curve

(3) Maximum output
The maximum output was sought upon taking into account the useful head, useful flow rate and applicable

scope of the procurable mini hydropower turbine at Lateral-B.

- As the loss head and turbine efficiency are unknown at the present time, the mitigation factor was set at
0.5 upon assuming the loss head to be 10% of the total head and the turbine efficiency to be 0.6.

- The number of units was set at two upon considering the available space for installation on the site.

- The type of turbine that cannot adjust the flow rate was selected.

- In the case of two units, it was made possible to switch between single unit operation and operation of
two units according to the flow conditions.

- Assuming the used flow per unit to be the parameter, the case where the generated electric power

becomes the maximum was adopted.

Fig.2-3 shows the results of the parametric study. From these results, it is clear that the peak generated

electric power occurs when the used flow per unit is 1.5m’/s.

According to hearings with Japanese makers, this head and flow rate constitute the applicable scope for

adoption of mini hydropower turbine on an irrigation channel.
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Therefore, the peak output is evaluated to be 45.0 kW.

Maximum output = (Gravitational acceleration m/s®) x (Head m) x (Flow rate m’/s)
x (Loss head-efficiency) x (Number of units)

= 98x30x1.5x05x2 = 45.0 (kW)

In this case, the annual generated electric power is predicted as follows (according to Fig. 2-2):

Days with 2 units operating = 196 days

Days with 1 unit operating =299 — 196 = 103 days

Annual generated electricity = (Output kW) x (Operating days) x (24 hours)
= (45.0x196x24)+(22.5x 103 x24) =267 (MWh)

Moreover, since the annual maximum generated electricity in respect to the equipment capacity is 394
MWh (=45.0 x 365 x 24) and the predicted annual generated electricity is 267 MWh, the equipment

utilization rate is 68% (=267--394) and a relatively high operating rate can be anticipated.
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Fig. 2-3 Relation of Flow Rate and Annual Power Generation at Lateral-B site
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2-2-2-2 Civil Structure Plan

This site is located in San Mateo Municipality, Isabela Province. The site has a diversion system by which
water is diverted from the Lateral-B channel to a tributary, and the Lateral-B channel width becomes
narrower at this point. In the Project, in order to install inside the MARIIS site, by-pass channels will be
newly installed on both sides of this tapered section and head works of approximately 3.0 m in height will
be established inside the new channels. Simple small-scale water turbines (vertical shaft axial flow turbines)

will be installed on each head works (two turbines in total). Fig. 2-4 shows the basic layout.

The main civil engineering facility will be the diversion channels having width of roughly 1.8 meters
installed on both sides of the existing channel. This Project site also has a dry season of roughly one month,
however, the structures are small, there are few schedule constraints and the period for installing equipment,
etc. may coincide with the period when water is flowing through the main channel. Therefore, stop-logs will
be installed on the upstream and downstream sides of the diversion channels in order to prevent water from

flowing in from the main channel.

Also, a manually operated slide gate will be installed on the main channel to ensure that water level on the
upstream side is kept at a constant level.

Table 2-2 Feature of Generation System and Civil Structures

Category Facility Contents Remarks
) . Type dependent on
Type of generation Run of River type o
Power irrigation water
generating | Peak water usage 3.0m%s Single unit 1.5m%s
particulars | Effective head 3.0m
Maximum output 45kW Single unit output 22.5kW
Reinforcement of existing
Inlet H 1.75m, W 1.75m, L 4.53m L .
irrigation weir
Civil Headrace H 1.75m, W 1.75m, L 3.80m Box culvert
structures | Head works Drop 3.0m, W 1.75m Vertical drop method
Discharge channel H 1.5~4.8m, W 1.75m, L 5.73m Open channel
Outlet H1.5m, W 1.75m, L 1.65m Open channel

It is noted that NIA-MARIIS requested the following during the 3™ Site Survey.
- Afence enclosing power facilities is required for security of the Project site.

- Instead of outdoor type control box, indoor type control box is desired also for security reasons.

Necessity and facility plan for the request shall be determined in the detailed design.
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2-2-2-3 Power Equipment Plan

(1) Generation System

@ Turbine

a. Turbine type

A turbine that is compatible with the 2 m head of the Project cannot be selected from general selection
charts, however, upon investigating maker catalogs, the horizontal shaft propeller turbine and vertical

shaft axial flow turbine are deemed to be potential choices.

In the Project, the vertical shaft axial flow turbine will be adopted at Lateral-B.

b. Generating output

The power plant output will be as follows.

Table 2-3 Feature of Generation System

Item Contents Remarks

Turbine type Vertical shaft axial flow turbine

Effective head (m) 3.0

Flow rate (m3/s) 1.5

Turbine generator combined efficiency (%) 51

Generator output (kW) 22.5

Quantity (units) 2

Power plant output (kW) 45

c. Quantity of main units
According to the selected type of turbine, since there is a limit to the flow that can be used with the

designated effective head, 2 units x 1.5 m*/s have been set for Lateral-B.

@ Generator
Since generator output is small compared to the existing grid capacity, the inexpensive induced

generator will be adopted at both power plants.

@ Control device
All operation controls for the turbine and generator such as starting, stopping and emergency stopping,
etc. will be carried out manually. In the event where a protective relay is activated, an alarm will be

sounded and the gate will be closed manually.
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Concerning routine operation, operators will operate the gate to maintain the necessary water level

while monitoring the water level from the detector fitted to the head tank.

Since the Project turbines have no guide vanes for performing flow regulation, the number of

operating units will be adjusted in order to respond to periods of low incoming flow.

Since the power plant has no responsibility to operate independently, the generators will be stopped by
means of independent operation detector in the event where the grid is suspended. Resumption of

operation will be confirmed by telephone communication from the substation.

(2) Transformation and distribution equipment

@ Outline

The transformation equipment for the power plant will be installed outdoors on the plant premises.
The transformation equipment will comprise a 24 kV load switcher (with PF), 13.2 kV/400V main

transformer, business energy meter and arrester, etc. and will be installed inside an area enclosed by

fence, etc.
69KV T/L

. Cabatuan S/S
. |
! CB |
: e TR 12.5MVA I
- () 69/13.2kv |
! |
! L%):l CB ﬁo] CB B CB |
| O @) |
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13.2kV D/L

Load Load
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ISELCO-I Distribution Area (Planning) (Existing) |

Source : JICA Study Team

Fig. 2-5 Outline of Transformation and Distribution
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@ Frequency and voltage of use
Equipment will be planned assuming the frequency of use in the Philippines of 60 Hz and the
distribution line voltage of 13.2 kV of the distribution company (ISELCO-1).

@  Supply system
Lateral-B power plant will be connected and supply power to the local distribution company

(ISELCO-1) grid (overhead distribution line) via a 3 phase 4 line connection.
@ Distribution line route
Considering maintenance following distribution line construction, economy will also be taken into

account when deciding the route. Table 2-4 shows the distance of the works section.

Table 2-4 Distance of Distribution Line Works Section

Section Length (m) Remarks
Lateral-B power plant ~ N0.9982 pole 2,200 | New installation
Total 2,200

(® Transformation and distribution equipment specifications
a. Transformation equipment
1) Transformer
In order to connect to the existing distribution system (13.2 kV), a step-up transformer having the
following specifications will be installed close to the power plant.
Type: Single phase x 3 units
Voltage: 440 V/ 13.2 kV
Capacity: 25 kVA x 3 units

ii) Switchgear
Switchgear will be assembled on the transformation equipment pole located at the power plant exit,
which can act as a demarcation point between the power plant and distribution line and can be cut off
in the event of accidents.

Type: 3 phase load switchgear with fuse (LBS)

Voltage: 24 kV
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ii1) Lightning conductor
A lightning conductor will be assembled on the transformation equipment pole to prevent lightning
surges damaging the generating equipment.

Type: Insulator lightning rod

Voltage: 20 kV

iv) Instrumentation
In order to gauge the quantity of power supplied to the distribution line, an instrument transformer will
be installed on the transformation equipment pole, and an energy meter will also be installed.
Instrument transformer (PT) 3 phase Voltage: 14kV / 200V
Instrument current transformer (CT) 3 phase Current: 50 A/5 A

Integrating electricity meter: 3 phase Type: GEKV2C x 2

b. Distribution equipment
i) Power line
The local distribution company (ISELCO-1) uses ACSR, which has high tensile strength, and the

same type of wire will be used throughout in the interests of maintenance.

Also, line size that entails no problems in terms of transmission capacity will be selected.

- Power line specifications: 1/0 ACSR (approximately 53.5mm?)

i) Supports (poles)
Steel hollow poles, which are easily available in the Philippines, will be adopted. The pole length
will be decided upon considering the local environment, but 35 feet will be adopted in consideration

of the load during transportation and so on.

iii) Pole-mounted transformers

Transformers will not be newly installed in the project.

iv) Mounting hardware/branch lines

The pole mounting method is standardized in the NEA standard (Specifications and Drawings for
7.62/13.2kV Line Construction), and the method here will be selected upon considering horizontal
and vertical angles in accordance with this.

Mounting method (3 phase): C type
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Table 2-5 Outline of the Equipment

Equipment

Outline Specifications

Remarks

Water turbine

Vertical axial flow turbine x 2
Effective head: 3.0m
Maximum water usage: 1.5m%/s

Procure from Japanese small or
medium enterprise

system
Protective relay
Independent operation detection unit

Generator 3 phase induction generator x 2 Ditto
22 .5kW
Control system Turbine and generator control Ditto

Main transformer

Single phase 25 kVA x 3
Voltage 440/13.2kV

National Electrification

Administration standard

Instrument current transformer
Watt-hour meter

Switchgear 3 phase load switchgear with fuse Ditto
Voltage: 24 kV

Distribution line 3 phase 4 line, 13.2 kVA Ditto

(inter-connection line) New installation: 2.2 km

Distribution pole Steel poles Ditto

Power meter, etc. Instrument transformer Ditto

Gate, screen

Gate: W1600, H1500
Screen: W1750,H1750

It is necessary to confirm local
manufacturing capability in the
detailed design.

2-2-3 Outline Design Drawing

No-1 :  General Layout and Profile
No-2 : Section View

No-3 : Single Diagram

No-4 : Sub-Station Layout and Plan
No-5 : Distribution line Route
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No-2 : Section View
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No-3

Single Diagram
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No-4

Sub-Station Layout and Plan
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No-5 : Distribution line Route
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2-2-4 Implementation Plan

2-2-4-1 Implementation Policy

(1) Limitation of the scope of works

The Project construction sites will be restricted to the premise of sub-canal of MARIIS (Lateral-B).

(2) Utilization of local construction firms, etc.

In the survey, the capacity of local construction firms was investigated, although information was collected
on just one construction company in the area around the construction site. This company is located 30
minutes from the construction sites along a main road and it is a compound company that operates rice
milling plants and gasoline stations, etc. It owns all types of construction machinery (excavators, dump
trucks, trucks, compaction machines, large trailers and mixer trucks, etc.) and maintains them in good
condition. Moreover, the civil engineer of this company also worked on the Magat-C works and was
employed by a Japanese firm in the Middle East for two years. In view of the company size, ownership of
heavy machinery, location in relation to the project sites and the fact that it has an employee with
experience of the Magat-C works, this company is deemed to possess ample technical capacity for

implementing the Project.
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