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EXECUTIVE SUMMARY

Project Fact Sheet

Name of Project

2x335 MW Coal-Fired Power Plant Project

Project Location

Brgys. Nalvo Sur and Carisquis, Luna, La Union

Project Area

Approximately 41 hectares

Nature Type of Project

Thermal power plant

Combustion Technology

Supercritical pulverized coal

To be Installed Capacity

2X300 MW(net), 2x335MW(gross)

Summary of Major
Components

Major Components

Brief Description

Jetty

150m-300m

Boiler System

2 units x 335 MW — SPC Boiler System

Steam Engine

2 units x 335 MW

Coal handling and coal feed
system

2 Covered Coal stock piles; 10m high; 150,000
tons total capacity (29 day worth for 2 boiler units)
2 Covered coal conveying streams; 700 tph
capacity each

Ash handling system

For bottom ash only; 1.5 hectares sufficient for 5
years

Electrostatic Precipitator

1 set for each boiler; 299.7% efficiency

Seawater Fluegas Desulfurizer

2 units (including 2 absorber and 2 Seawater
Treatment Systems)

Stack

Single stack (180m high); Will consist of an outer
cylindrical reinforced concrete shell and steel fuel

Cooling Water Intake Pipe

Length: 341.390m
Depth: 15m
Cooling water requirement: 111,624 tons/hour

Cooling Water Outfall

Length: 417.902m
Depth: 11.5m
Flow rate: 33.33md/s

Fuel oil system

Fuel oil pump: 35m3/hr; 150m
Oil storage tank: 400m?

Project Cost

Approximately PhP80 Billion

Construction Period

3.5 years

Commercial Operation Date

First quarter of 2022

Operation

PSA period is for 25 years

Proponent Name

Global Luzon Energy Development Corporation (GLEDC)

Proponent Authorized
Representative

Jaime T. Azurin (President - GBP)

Emil Garcia (VP - GLEDC)

Proponent Address and
Contact Details

22nd Floor GT Tower International, 6813 Ayala Avenue, Makati City

Environmental Impact
Assessment (EIA) Preparer

Apergu Consultants, Inc.

Preparer Contact Person

Lilli Beth S. Yazon
Managing Director

Preparer Address and
Contact Details

Unit 307 Philippine Social Science Center, Commonwealth Avenue

Quezon City
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Project Description Summary

This Environmental Impact Statement (EIS) has been prepared for the application of an Environmental
Compliance Certificate (ECC) for a Coal-Fired Power Plant Project with a 670 (2x335) megawatt generation
capacity. The project is to be located in a 41-hectare land area in Barangays, Nalvo Sur and Carisquis in the
Municipality of Luna, La Union.

The site is located approximately 260 aerial kilometers north-west of Manila. The project land area is currently
classified as a special industrial zone (based on The Comprehensive Land Use Plan 2014-2023) with an
elevation of about 15masl across the road while the beach front has an elevation of 3-7 masl. The beach front
along the Lingayen Gulf coast can also be utilized for industrial purposes as stated in the latest comprehensive
land use plan (CLUP).

The project will make use of two (2) state-of-the-art supercritical-pressure pulverized coal boilers producing three
hundred thirty-five (335) MW of power. Pollution control devices such as a Desulphurization system and an
Electrostatic precipitator (ESP) will be installed. The proposed power plant will have the following major
components: Boiler system, Steam Engine, Coal handling and coal feed system, Ash handling system, Pollution
control systems, Process systems, Stack, and Fuel oil system.

This proposed project will help address the demand for reliable and affordable power supply, given the country’s
rapidly growing economy. This will not only provide sufficient electricity to Filipino communities and industries but
also contributes to the national development.

As a developing country, the Philippines’ energy usage is increasing because of growth in our industries and the
growing demand from households. Daily activities in large and small businesses, hospitals, schools, offices,
government agencies and households are heavily dependent on electricity. However, the power supply from
existing power plants is not enough to meet the continually increasing demand.

EIA Process Documentation

EIA Team

The environmental impact assessment (EIA) was conducted by a team of specialists and consultants from
Apercu who have acknowledged expertise in their respective fields, in close coordination with the project
management and technical team of GLEDC (Table ES-1).

Table ES-1
EIA Team Composition
Module/Section Team Member EMB Registry No. | Company

Project Management Lilli Beth S. Yazon IPCO-094 Apercu
Project Coordination Corgjia Walter B Jimenez IPCO-074 Apercu

Marife M. Abrajano IPCO-389
Geology, Geomorphology, Land Armie Jean H. Perez, MSc IPCO-071 Apercu
Use and Pedology
Terrestrial Ecology — Wildlife Diane Shiela C. Castillo, MSc IPCO-295 Apergu
Terrestrial Ecology — Vegetation Tomas D. Reyes, Ph.D. IPCO-386 Apergu
Hydrology and Hydrogeology Odessey C. Herrera IPCO-391 Apergu

Engr. Leoncio L. Apit, Jr. - Apercu
Bathymetry Pete P. Peralta IPCO-254 Apercu
Freshwater Ecology Edzel V. Pares IPCO-390 Apergu
Thermal Plume Modeling Cesar L. Villanoy, Ph.D. - Apercu
Oceanography Robert R. Pabiling IPCO-107 Apercu
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Table ES-1 continued

Module/Section Team Member EMB Registry No. | Company

Marine Ecology Benjamin S. Francisco IPCO-038 Apercu
Fisheries and Macro-invertebrates | Michael Francisco IPCO-172 Apergu
Ambient Air Quality Ronald E. Jose IPCO-384 Apercu
Air and Noise Modeling Engr. Jethro Alden C. Hipe IPCO-005 Apercu
Environmental Risk Assessment Thelma Dela Cruz, MSc IPCO-387 Apercu
Public Health Roselmo Doval-Santos, M.D. IPCO-385 Apergu
Socio-economics Krishna Buenaventura, Ph.D. IPCO-093 Apergu

Gabriel Tilde IPCO-388 Apergu

From the proponent's side, project management was spearheaded by Mr. Grant Clark, Mr. Erickson Omamalin,
Mr. Alan Aguinaldo, and Mr. Janssen Dela Cruz.

EIA Schedule

The following major activities were undertaken to complete the EIA:

Table ES-2
EIA Study Schedule
Activity Date

IEC Activities 14-16 June 2016; 8 September 2016

Public Scoping 13 July 2016 \ Municipality of Luna

Technical Scoping | 9 August 2016

Module Date

Geology and Pedology 18 August 2016; 3-4 October 2016
Vegetation 25-29 July 2016
Wildlife 28 July — 1 August 2016
Hydrology 2-3 August 2016
Oceanography 25-28 September 2016

Primary Data Water Quality 21 August 2016

Gathering Freshwater Ecology 21 August 2016
Marine Ecology 22-25 July 2016
Ambient Air and Noise 12-23 August 2016
Socio Economic 10-13 August 2016; 13-14 September 2016
Health Study 2-3 August 2016
Traffic Study 19-20 August 2016

Data Gathered Date

PAGASA and MGB Data
NAMRIA (Topographical Date acquired: July- December 2016

2econ§aw Data Maps and( La%dgCo?/er Map) ’

athering . .
Host province, municipality 25 June 2014
and barangays data (CLUP Date acquired: 16 June 2016
and Health data) '
EIA Study Area

The environmental impact assessment for the project was conducted within the five (5) barangays in the
municipality of Luna. These are the barangays identified to be the project's direct and indirect impact areas.
Brgys. Carisquis and Nalvo Sur, where the project site is going to be located, are identified as the direct impact
areas (DIA) while Brgys. Darigayos, Nalvo Norte and Pila are the indirect impact areas (l1A).
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EIA Methodologies

The environmental impact assessment was conducted using guidelines from Presidential Decree 1586, DAO
2003-30 (“Revised Procedural Manual”); from EMB Memorandum Circular 2014-05 (“Guidelines for Coverage
Screening and Standardized Requirements under PEISS amending relevant portions of MC 2007-02"), from
DAO 2017-015 (“Standardization of Requirements and Enhancement of Public Participation in Streamlined
Implementation of the PEISS”) and other relevant laws pertaining to the protection of the environment. Primary
data were gathered through ocular inspection, on-site observations and field sampling in pre-determined sites
based on the project impact areas. Secondary data relevant to the assessment and documentation of the
existing physical and biological conditions at the proposed project site were gathered through the review of
related literature, data from government offices and extensive research. The methodologies used per module are

listed in Table ES-3.

Table ES-3
EIA Methodology
Module/Section Baseline Sampling Methodology Parameters/ Indices
Land
Soil Quality Laboratory Analyses
Techniques:
. , Glass Electrode (pH), Kjeldahl (N),
Geology/Geomorphology, Sgcongrydata gatherlng. Titrimetric (P), Flame AAS (K),
= Site Visit — Ocular Inspection . . :
Pedology, Land Use and | _ Soil Quality sampling at 4 stations Diphenylcarbazide (Cr*6), Hydride
Classification . y sampiing Generation AAS (As), Cold Vapor

Mapping

AAS (Hg), Flame AAS (Pb), Flame
AAS (Cd), Walkley — Black Titration
(Organic Matter)

Terrestrial Ecology — Flora and
Fauna

Quadrat Sampling, Transect Walks and
Mist Netting
Interviews,  Surveys,
Ocular inspection
Vegetation with 135 plots and Wildlife
with 6 sites

Inventory and

Parameters:  Density, dominance,
abundance, frequency, importance
value, species diversity, evenness,
endemicity, and conservation status

Water
: g:(r:iﬁgdaarz sva;ﬁ ii?/:ehnettr)"r]yg Secondary data gathered was used to
= Flow measurements (volumetric and assess and formulate wa.ter balance
float methods) analysis, flow  duration, qnd
= Interviews and photo-documentation ground_water recharge and production
Hydrology/hydrogeology analysis.

CORMIX software was used for thermal
plume modeling

Delft3D-PART software was used for
hydrodynamic and particle dispersion
modeling

PAGASA Climate Change Projections
2020 and 2050 were incorporated in
the analysis for the entire Water
Module.

Water Quality

Water quality sampling for:

Groundwater at 3 stations
Freshwater at 3 stations
Marine water at 4 stations

Water

Quality Laboratory  Analyses

Techniques:

Glass Electrode (pH), Mercury-filled
Thermometer (Temperature), Visual
Comparison (Color), Azide
Moadification-Dilution Technique
(BODs), Gravimetric dried at 103-105°
(TSS), Gravimetric dried at 180°C
(TDS), Diphenylcarbazide  (Cr*9),
lodometric ~ (DO), Gravimetric-
Petroleum Ether Extraction (Oil &
Grease), Hydride Generation AAS
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Table ES-3 continued

Module/Section

Baseline Sampling Methodology

Parameters/ Indices

(As), Flame AAS (Cd, Pb), Cold
Vapor AAS (Hg) and Multiple Tube
Fermentation (Total Coliform)

Freshwater Ecology

Carter's Habitat Assessment Form
Surface water sampling at 3 stations
located in Darigayos River

» In-siftu measurements of basic
limnological variables such as DO,
pH and temperature

= Analysis of freshwater
macrobenthos and plankton

biota,

Secondary  data from
government offices
Conduct of Marine Wildlife Survey and

Key Informant Interviews

gathering

Characterization and assessment of
marine communities included the following

" 20 Manta Tow Survey Stations arameters:  community  composition
= 3 Line Intercept Transect Stations P L y comp :
. g : abundance, biomass and relative cover of
Marine Water Ecology = 3 Fish Visual Census Survey Stations
. the coral reefs, plankton, seagrass and
= 4 Seagrass Stations . ) o
. . . invertebrate fauna. The Marine Wildlife
= 2 Macro-invertebrate Sampling Stations . .
oo Survey included Key Informant Interviews
" Siedive (KIls) with fisher folks
»  Quadrat Sampling '
=  Phototransect
= Market visit
Air

Meteorology/Climatology

Secondary data gathering:

Climate map of the Philippines

Climate normal data from 1981 to 2010
Annual windrose at the Dagupan City
Station from 1971 to 2000

Climate extremes data as of 2016
Tropical cyclone maps

= PAGASA Climate Change
Projections 2020 and 2050 were
incorporated in the analysis

Air Dispersion Modeling

AERMOD Software
Secondary data gathering:

Climate map of the Philippines

Annual windrose at the Dagupan City
Station from 1971 to 2000

Climate extremes data as of 2016
Tropical cyclone maps

= The EMB Air Dispersion Modeling
Guidelines (EMB  Memorandum
Circular 2008-003) were incorporated
in the analysis

Ambient Air Quality and Noise

Air Quality Sampling at 6 stations

1 hr sampling (As, Cd, Cr, Pb)

24 hr sampling (S02, NO2, TSP, PM10,
Hg)

Use of Kimoto Gas bubbler for Nox and
SOy; Staplex High Volume Sampler for
TSP; Multi-Rae Plus Gas meter with
Photo-lonization Detector for CO; and
Ecotech High Volume Sampler with 10
micron inlet.

Results were compared to the National
Ambient Air Quality Guidelines Values,
Rule VII, Part Il and the National
Ambient Air Quality Standards for
Source Specific Air Pollutants from
Industrial Sources/Operations Section 1
Rule XXVI Part VIl of the Clean Air Act
IRR

= Air Quality Laboratory Analyses
Techniques:

- Pararosaniline (SO2)

- Griess Saltzman (NO2)
Gravimetric (PM1o and TSP)
Flame AAS (Cd and Pb)

- Hydride Generation AAS (As)
- Diphenylcarbazide (Crt6)

- Cold Vapor AAS (Hg)
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Table ES-3 continued

Module/Section

Baseline Sampling Methodology

Parameters/ Indices

People

Socio-economics

= Secondary data gathering
=  Conduct of public
activities
= Survey of 306 households
= |nformation,
Communication (IEC) campaign
Key Informant Interviews (Klls)
Focus Group Discussions (FGDs)
Public Scoping

participation

Education,

= Demographic profile

= Availability of public services

= Socioeconomic data i.e. sources of
income, employment profile, etc.

Public health

Secondary data gathering
Conduct of EHIA

= Availability of public services in terms
of health resources

KIl and FGDs with the Brgy. Health | = Morbidity and mortality rates

Workers, Rural Health Unit Medical = Environmental health and sanitation

Staff and Doctor

profile

= Public Health Survey

Environmental Risk
Assessment

ERA Risk screening

Public Participation Activities

The conduct of IEC campaigns, FGDs, and Public Scoping were successfully carried out from June to July 2016.
Various stakeholders including the LGU, NGOs, fisher folk, farmers, women, youth, senior citizens, health
personnel, religious sector representatives, academe members, anti-crime organizations, OFWs, transport and
professional/civic groups participated in the activities. The program included presentations and handouts that
provided information about the proposed project, the proponent, the EIA process and the scope of the EIA Study.
The various public participation activities undertaken for this EIS are listed in Table ES-4. The stakeholders also
provided their inputs, insights, concerns and issues regarding the proposed project (Annex J). These concerns
were considered in the EIA Study.

Table ES-4
List of Public Participation Activities
Activity Venue Date Participants
, L Municipality of Luna officials, department
IEC Meeting Ejggli: tljz:\litrll\/lummpal of 8'02)48\:;”16122933 n heads and Association of Barangay Chairmen
' ' ' (ABC)

IEC Campaign People’s Hall, Municipal of 14 June 2016 Academe, school heads and religious sector

Luna, La Union 2:00 pm - 5:00 pm | representatives

. Barangay Hall of Carisquis, 15 June 2016 Host com.mun.|t.y - Broy. Cansqu[s .(women,
IEC Campaign Municioal of Luna. La Union | 9:00 am  12:00 nn | MeM: senior citizen, barangay officials, youth,
P ' ' ' fisher folk, media, Defend llocos, etc.)
Host community -
. Barangay Hall of Nalvo Sur, 15 June 2016 .
IEC Campaign Munici%a)I/ of Luna, La Union | 2:00 pm  5:00 pm Barangay Nalvo Sur (Barangay officials,
’ ’ ' women, men, farmers, fisher folks, etc.)
IEC Campaian People’s Hall, Municipal of 16 June 2016 Neighboring communities — Barangays Nalvo
paig Luna, La Union 9:00 am —12:00 nn | Norte, Darigayos and Pila

Luna Sports Complex, LGUs, Fisher folk, Farmers, Religious Sector,
Public Scoping Municipality of Luna, La 13 July 2016 Civic groups, Women, Youth, Academe,

Union OFWs
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EIA Summary
Summary of Alternatives
Table ES-5
Summary of Alternatives
Preliminary Options Major Considerations

Site Selection

Pebble picking activities on the beach front

Presence of a municipal landmark situated at the beach — head

Presence of agricultural farms on the property

Site is owned by several landowners

Target depth of 16-18m for the jetty is reached at 500m from the

shoreline

Land use classification: agricultural

Presence of few residential houses

Property composed of farmlands and fishponds

Target depth of 16-18m for the jetty is reached at 1km from the

shoreline

Land use classification: agricultural

Rolling hills terrain

No residential houses will be affected by the project

Target depth of 16-18m for the jetty is reached at 150-350m from

the shoreline

=  Project land area is classified as a special industrial zone; beach
front is classified as agricultural but can be utilized as industrial as
stated in the CLUP (2014-2023)

= Luna’s topography is well-suited for a coal-fired power project

Proposed Project Site because of its flat terrain, its ease of accessibility and its close
proximity to the sea.

=  Project site is not prone to landslides; has low susceptibility to
flooding; is not exposed to extreme climatic conditions and is
outside of the areas with liquefaction potential.

=  Project site is located in a tsunami and surge prone area. The
plant will thus be built at an elevation equal to or above the
national road and will be designed to withstand wave heights
above 2m.

=  Project site is located near potential seismic generators thus

structures will be designed using a g factor of 0.4

Site 1 (Luna, La Union)

Site 2 (Rosario, La Union)

(Luna, La Union)

Technology Selection

Supercritical Pulverized Coal (SPC) Technology was chosen over the
Supercritical Pulverized Coal PC and CFB technologies. SPC technology uses higher temperatures
Technology and pressures to achieve better efficiency, reduced fuel consumption
and produces less greenhouse gases on a per kilowatt hour basis.

Resource Selection

NREL'’s Philippine Wind Energy Resource Atlas classifies the wind in
Wind the La Union as marginal (4.4-5.6m/s). Wind utility —scale power plant
required wind speeds of 10m/s to 15m/s to operate.

Data from the US-based National Renewable Energy Laboratory show
Solar that Luna does not have the minimum solar irradiation and wind speed
necessary for a utility scale power plant to be feasible.

The nearest river, Darigayos River, is about 2 km away from the
Hydropower project site which has a computed power generating capacity of 1MW
based on the available stream flow.
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Preliminary Options

Major Considerations

Coal is considered the most abundant fossil fuel with significant
reserves available. Coal comprises majority of the electric power

Coal generation mix in the world because of its availability and affordability.
Coal will be imported from Indonesia and other foreign sources.
The area is assessed as an area with less productive aquifer and
therefore groundwater will not be used. The nearest freshwater source
Water supply is 2km away and will not be tapped by the project.

Freshwater will be provided by desalination and demineralizer facilities
that may be augmented by water service providers, as needed.

Environmental Assessment of Type of Power Plants

Wind Plant

Solar Plant

Hydropower Plant

LNG Plant

Coal Plant

Summary of Key Environmental Impacts and Management Plan

Table ES-6
Impacts and Mitigation Summary

Environmental
Component

Potential Impact Prevention or Mitigation or Improvement

I. PRE-CONSTRUCTION PHASE
The pre-construction phase includes activities such as planning, conducting of the feasibility study, detailed engineering,
ocular survey, and permit procurement. No perceived impacts during this phase.

Il. CONSTRUCTION PHASE

A.Land

o Project site is compatible with the existing comprehensive land
use and zoning plan of Luna - the area is categorized as a
special industrial zone. A buffer zone will be created around
the proposed coal fired power plant to separate the
neighboring residential and tourism establishments.

Change/Inconsistency in Land
Use

o Tenurial issues are not expected since the proposed site is a
private property that has been acquired by the project
proponent. The property is covered by a Transfer Certificate of
Title.

Tenurial /Land Issue

e Encroachment in protected areas under NIPAS is not
expected. There are no known protected areas within the
immediate vicinity of the project site.

Encroachment in Protected Areas
under NIPAS

o Project site falls within 3 ECA categories — (1) areas which
constitute the habitat of critical or endangered species; (2)
areas frequently affected by natural hazards; (3) water bodies
that support fishing activities;

o Ensure that necessary pollution control equipment to manage
the project’s environmental impact will be installed.

Encroachment in other ECAs

e The project is not expected to cause impairment of visual

Impairment of visual aesthetics .
aesthetics.

e Comply with the Ecological Solid Waste Management Act of
2000 implemented by the LGU, such as:
= Solid waste diversion through re-use, recycle, and
composting activities; and
= Solid waste segregation from point of waste source to
“‘compostable”, “non-recyclable”, “recyclable” “special
wastes”;

Devaluation of land value as a
result of improper solid waste
management and other related
impacts
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Environmental
Component

Potential Impact

Prevention or Mitigation or Improvement

Change in surface
landform/topography/terrain/slope

Install appropriate slope protection;

Remove loose rocks to prevent occurrence of rock fall; and
Provide appropriate drainage design for roads that will be
constructed to avoid road failure.

Change in sub-
surface/underground
geomorphology

The project is not expected to lead to changes in sub-surface
or underground geomorphology since the foundation of
buildings and other structures that will be constructed on site is
expected to be suitable for the substrate in the project site.

Inducement of subsidence or
collapse

Conduct further geotechnical studies prior to construction to
determine presence or absence of solution cavities; and
Comply with the recommended foundation design of the
geotechnical engineer.

Inducement of landslides or other
natural hazards

The project is not expected to induce landslides or other natural
hazards since coastal portion of the project site is essentially
flat and has low susceptibility to landslide hazards; and

The sloping hilly portion of the project site has low to moderate
susceptibility to mass movement hazards such as landslides
and rock fall.

Soil erosion/loss of topsail/
overburden and bank stability

Limit excavation and land clearing to what is required for
project construction; and

Stabilize stockpiles of excavated soils to minimize occurrence
of erosion particularly during the rainy season.

Change in soil quality/fertility

Inspect and maintain vehicles and machinery regularly

Provide cemented area for vehicles;

Use oil sumps in engine rooms and vehicle equipment
maintenance areas;

Collect and store oil sludge in oil sludge tanks that are lined
with impermeable materials; and

Dispose through a DENR accredited hazardous waste
transporter and treater.

Vegetation removal and loss of
habitat

Establish a 5m wide vegetated buffer around the project site;
Implement a conservation and rehabilitation program;

Collect seeds and wildlings of threatened plants, specifically
narra, mahogany, bani, bolong eta, danglin, is-is, and molave,
prior to construction;

Establish a nursery using important local species that will be
used to vegetate the buffer zone

Establish and maintain permanent vegetation around the
project site; and

Limit vegetation clearing and movement of workers to
designated areas only.

Threat to existence and/or loss of
important local species

Limit development activities within the proposed project area;
Delineate areas to be cleared to avoid unnecessary clearing.

Threat to abundance, frequency
and distribution of important
species

Limit vegetation clearing to designated areas only.

Disturbance or loss of species
due to habitat loss

Limit vegetation clearing and movement of workers to
designated areas only;

Ensure compliance with all regulations relevant to minimizing
noise generated from construction of the power plant..

Hindrance to wildlife access

Contain construction materials and equipment in designated
places to allow movement of wildlife in areas adjacent to
project site as they find temporary places for forage and refuge
during construction. Situation will be back to normal as soon as
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Environmental
Component

Potential Impact

Prevention or Mitigation or Improvement

reforestation and other efforts are performed by the proponent.

B. Water

Change in drainage
morphology/inducement of
flooding/reduction in stream
volumetric flow

Design an efficient drainage system with silt traps and storm
water outfall discharging to the sea;

Provide channel ditches and/or pipe drains to carry the
generated flows around the area being developed going to the
main storm water outfall leading to the West Philippine Sea.

Depletion of water resources/
competition in water use

Freshwater demands of the power plant during both
construction and operation phases will be supplied by
desalination and demineralizer facilities and augmented by a
water service provider, as needed;

There are no NWRB water grantees within the project
boundary.

Occurrence or aggravation of
flooding in nearby areas

Provide drainage channels around active construction sites
Design an efficient drainage system with silt traps and storm
water outfall discharging to the sea

Degradation of groundwater
quality

Maintain equipment, machinery and trucks to be used during
the course of work in perfect condition and free of oil leaks;
Repair impaired machinery and vehicles in a designated
cemented maintenance area with proper drainage and oil
absorbing materials;

Orient workers and contractors to effectively implement safe
environmental management practices within the construction
sites;

Provide on-site toilets and facilities at work areas; and

Establish and implement ecological solid waste management
plans.

Degradation of surface water
quality

Provide on-site toilets and facilities at work areas;

Establish and implement ecological solid waste management
plan; and

Re-vegetate construction sites to prevent erosion.

Degradation of coastal/marine
water quality

Create and implement a sedimentation and erosion control
plan. Set up devices to retain sediments and materials that may
find its way to the sea;

Dispose excess soil in order to prevent storm water from
carrying the particles into the coastal waters;

Orient workers and contractors to effectively implement safe
environmental management practices within the construction
sites; and

Provide on-site toilets and facilities at work areas.

Threat to existence and/or loss of

important local species and
habitat

Determine the most suitable location of pylons, away from
corals;

Assess and select a jetty area/angle with the least coral
occurrence;

Install silt curtains and entrapment mechanisms to prevent
sediments and silt from blanketing coral reef areas;

Protect and induce expansion of seagrass colonies;

Adopt innovative engineering design to ensure that pipe lying
will have the least disturbance to coral colonies;

Design supporting structures to have least damage to bottom
substrate;

Conduct coral transplantation, where feasible;

Install fish shelters in suitable sites; and

Avoid building of permanent structures in sensitive areas where
bivalves are assessed to reproduce.
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Environmental

Potential Impact

Prevention or Mitigation or Improvement

Component

Support efforts to improve habitats, fish production, and
recruitment;

Threat to abundance, frequency . . i ]

and distribution of species Support campaign against use of fine mesh net§, and
Employ silt curtains and entrapment mechanisms to prevent
sediments and silt from blanketing coral reef areas.

C. Air Change in local micro-climate Establish a Greening Program in cooperation with PENRO.

Contribution in terms of

9/:%%“22&86909”&;; E)T;)Sr?)lj?ar:;?s with Regular maintenance of heavy equipment and motor vehicles.

significant GHG emissions
Undertake dust suppression measures, e.g., water application,
speed restrictions minimize (15-20kph), in active construction
areas;
Replace vegetation in non-structure areas to minimize wind
erosion of topsoil;
Conduct compacting of exposed soil surfaces;
Provide tarpaulin cover on trucks loaded with construction

Degradation of air quality materials;
Hauling of spoils/excavated earth materials immediately after
excavation;
Regular maintenance of heavy equipment and motor vehicles;
Install Continuous Emission Monitoring System; and
Install pollution control devices i.e. Electrostatic Precipitator,
Seawater Flue Gas Desulfurizer, low NOx burner and CO
reduction system.
Regular maintenance of mufflers of standby generators and
other pertinent equipment;
Provision of ear plugs to workers directly exposed to high noise

Increase in ambient noise level equipment;
Use of effective noise-attenuating materials for the plant’s
structure and walling; and
Planting of the appropriate vegetation around the plant.

D. People Displacement/ disturbance of There are no residents within the project site that will be

properties

displaced.

Change/conflict in landownership

The proposed site is a private property that has been acquired
by the project proponent. The property is covered by transfer
certificate titles and a contracts to sell.

Change/conflict in Right of Way

The proposed project site has already been acquired by the
proponent and is covered by transfer certificate titles and
contracts to sell; conflict in right-of-way is not likely to occur.

In-migration

Conduct job fairs in one place to ensure migrants are tracked
and legitimate residents are given priority in the selection
process.

Proliferation of Informal Settlers

Assist the LGU in setting-up a migration information center in
barangay halls for easier migrant tracking; and
Report visitors staying in the area for more than a month.

Cultural/lifestyle change
(especially on indigenous people)

There are no indigenous people residing in the project area
thus, there are no perceived effects on cultural change.

Impacts on physical cultural
resources

No foreseen impacts present as there are no physical cultural
resources within the impact areas.

Threat to delivery of basic
services/resource competition

Proper planning of community resources;
Proper implementation of the CLUP; and
Preparation of Barangay Development Plans and Barangay
Disaster Risk Reduction Management Plan for barangays
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Environmental
Component

Potential Impact

Prevention or Mitigation or Improvement

Carisquis and Nalvo Sur, to be led by LGU and assisted by
GLEDC.

Threat to public health and safety

For power plant employees:

Provide safety and environmental awareness trainings for
workers;

Orient workers on occupational health and safety;

Provide Personal Protective Equipment (PPE);

Implement safety protocols;

Provide ample potable water within the construction site; and

Provide first aid facilities at the community centers/halls and
designate a safety officer to monitor safe working conditions.

For threats to public health due to pollutants:

Install pollution control devices to meet emission limits;

Provide proper sanitation and sewage at work sites, enforce
sanitation discipline among workers; and

Re-vegetate disturbed soil as soon as possible Implement solid
waste and hazardous materials management systems.

Generation of local benefits from
the project

Assist in the development of a more active Barangay
Development Council (BDC) to coordinate and enhance local
benefits.

Enhancement of employment and
livelihood opportunities

Provision of skills training to residents of the community prior to
the hiring process to increase the likelihood of barangay
residents being hired because of their qualifications;

Assist the LGU in identifying and preparing documentary
requirements for the projects eligible under ER 1-94; and
Coordinate Corporate Social Responsibility (CSR) initiatives
with the barangay.

Increased business opportunities
and associated economic
activities

Provide business management seminars to local residents who
plan to initiate small scale businesses.

Increased revenue of LGUs

Assist the LGU in identifying and preparing documentary
requirements for the projects eligible under ER 1-94.

Traffic Congestion

e Implement a construction traffic management plan; and
o Provide traffic signs to ensure public safety and avoid potential

traffic incidents.

lll. Operation Phase

A.Land Inducement of subsidence or e Subsidence, caused by expessi\(e groundwa.ter wit.hdrawal, is
collapse not expected from the project since the project will not draw
excessive volume of groundwater.
¢ Inspect and maintain equipment and machinery to avoid oil
spills and leaks;
e Use oil sumps in engine rooms and vehicle equipment
maintenance areas;
L . o o Ensure that maintenance areas have cemented surface and
Change in soil quality/fertility ash-pond s lined with HDPE:
e Collect and store oil sludge in oil sludge tanks that are lined
with impermeable materials; and
e Dispose hazardous waste through a DENR accredited
hazardous waste transporter and treater.
o Additional impact on vegetation is not expected during the
Vegetation removal and loss of operation phase. Proponent will continuously conduct Greening
habitat Program and enhance vegetation in designated conservation
sites.
B. Water Change in drainage morphology/ | e The project is not expected to cause any additional impact on
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Environmental

Potential Impact

Prevention or Mitigation or Improvement

Component
inducement of flooding/ reduction drainage morphology nor will the project induce flooding and
in stream volumetric flow cause reduction in volumetric flow during the operation phase.
Change in water circulation o Adapt a discharge pipe design that will promote very rapid and
pattern efficient mixing.
Degradation of groundwater e Ensure integrity of HDPE lining by establishing monitoring
quality stations in the vicinity of the ADA
e Use discharge pipe design that promotes very rapid and
Degradation of coastal/marine efficient mixing; and
water quality o Ensure that the wastewater treatment plant effluents will meet
the DENR effluent standards under the Clean Water Act.
Threat to existence and/or loss of | e Declare a focal conservation point (coral transplantation and
important local species and seagrass conservation) in the inter-tidal area with adequate
habitat tidal movement and replenishment.
o Continuously support strategies to improve fish production and
Threat to abundance, frequency, recruitment §uch as campaign fagainst use of fine mesh nets,
and distribution of species and restocking, where epologmally feaS|bIe: Jetties usually
become a natural recruitment area thru time due to the
structural relief and stable substrate that it provides.
C. Air , N e Proponent will continuously conduct a Greening Program in
Change in local microclimate cooperation with PENRO.
o Ensure operation and maintenance of PC boilers are according
Air pollution from stack emissions fo specifications; and
e Ensure proper operation and maintenance of ESP, SWFGD,
and NOx and CO reduction systems.
e Ensure proper operation and maintenance of generator set
Air pollution from standb engines,
genF()arators and vehicle e):nissions * Use of lowsulfur fuel; and . .
e Formulate and implement a motor vehicle maintenance
program, including emissions testing.
Carbon dioxide emissions e Continuously conduct the Greening Program
D. People For power plant employees:

Threat to public health and safety

Provide safety and environmental awareness trainings for
workers;

Orient workers on occupational health and safety;

Provide Personal Protective Equipment (PPE);

Implement safety protocols;

Provide first aid facilities at the community centers/halls and
designate a safety officer to monitor safe working conditions;
and

Put up appropriate safety signage around the plant.

For threats to public health due to pollutants:

Ensure proper operation and maintenance of pollution control
devices and water treatment facilities to meet emission limits;
and

Promote proper sanitation and sewage storage at work sites
enforce sanitation discipline among workers.

Threat to delivery of basic
services/resource competition

Assist the LGU to plan community resources efficiently;

Assist the LGU in implementing the updated Comprehensive
Land Use Plan of the Municipality of Luna; and

Assist LGU in the preparation of Barangay Development Plans
and Barangay Disaster Risk Reduction and Management Plans
for Brgys Nalvo Sur and Carisquis.

Generation of local benefits from
the project

Provide employment opportunities for local residents;
Livelihood opportunities for local residents that are enterprising

Executive Summary 13
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Environmental

Potential Impact Prevention or Mitigation or Improvement
Component

like selling food or providing board and lodging facilities to the
workers;

o Pay revenue to concerned LGUs; and

o Assist the LGU in identifying and preparing documentary
requirements for the projects eligible under ER 1-94.

IV. ABANDONMENT PHASE

Displacement of habitat for flora | e Perform Assisted Natural Regeneration (ANR) right after

A Land and fauna dismantling all the structures.
) Threat to existence and/or loss of | e Plant readily available planting stocks of indigenous timber and
important local species fruit trees on open spaces.
e Supervise proper waste disposal;
Disposal of wastes (ash and o Ensure appropriateness of the selected land fill site for coal-
B.W sludge) derived waste products; and
. Water o
o Re-vegetate the project site.
Abandonment of jetty and other e Remove structures and monitor recovery of the coastline from
offshore structures any previous accretion and scouring.
e Conduct community development planning prior to
C. People Impgct on employment and abandonment so that residents whose source of income and
) livelihood livelihood is the power plant would be prepared for the

proponent’s eventual abandonment of the project.

In summary, one of the main impacts of the project on the land environment would be the removal of threatened
floral species such as mahogany, narra, is-is, and bolong eta, danglin, bani and molave. Since seedlings and
saplings of these species will be collected prior to land clearing and replanted in a nursery that will eventually be
the source of plants for the buffer zone, this will ensure that propagation of the threatened species will continue.
Other land impacts are those normally associated with clearing and earthmoving activities (erosion, sediment
laden run-off, localized flooding, solid waste generation) all of which will be addressed by GLEDC with sufficient
mitigating measures to prevent these from occurring. With the various mitigations that will be in place, the only
residual impact on the land will be having a substantially built up area due to the power plant structure to replace
what was once partly a tree plantation area.

For the water module, the main impact would be during the operation phase due to thermal discharges. This will
be a continuing and residual impact for as long as the power plant is operating. The impact area is however
away from the corals with fair cover. These corals will however be impacted when the coastal structures are built.
The mitigation measures to prevent the dispersal of disturbed sediment will thus be crucial in ensuring that the
impacts are temporary enough to allow the corals to recover after the construction phase.

Power plant emissions are the main impact to the air quality but the provision of a 180m stack, pollution control
devices such as the ESP, the SWFGD among others, ensures that emission will meet DENR air quality
standards. No residual air impacts are foreseen based on the air dispersion modeling done.

The residents in the host barangays of Carisquis and Nalvo Sur will mostly be impacted in a beneficial way with
employment opportunities being provided during the construction phase and as recipients of GLEDC's CSR
programs during both the construction and operation phases of the project. The LGU will also be positively
affected with mainly with the payment of taxes and fees. The residual effect of this would be an overall economic
upliftment for the residents of the host barangays and the LGU.

No major risks and uncertainties are identified based on the findings of the EIA.

Executive Summary 14
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I.  PROJECT DESCRIPTION

1.0 BAsIiCc PROJECT INFORMATION

1.1 Project Information

Name of Project
Project Location
Project Area

2x335 MW Coal-Fired Power Plant Project
Brgys. Nalvo Sur and Carisquis, Luna, La Union
Approximately 41 hectares

Project Type/ Nature

Thermal power plant

Combustion Technology

Superecritical pulverized coal

Source of Main Fuel

Indonesia and other countries

Type of Fuel Bituminous or sub-bituminous coal
Scale of Production : 2x300MW (net), 2x335MW (gross)
Construction Period :  3.5years

Commercial Operation Date . First Quarter of 2022

Operation Duration : 25years

1.2 Proponent Profile

Name of Proponent :  Global Luzon Energy Development Corporation (GLEDC)
Address : 22nd Floor GT Tower International, 6813 Ayala Avenue,
Makati City

+63 (32) 464-1600

Jaime T. Azurin (President - GBP)

Emil Garcia (VP - Vivant)

Contact Details
Authorized Representative for
ECC Application

Global Luzon Energy Development Corporation is the special purpose company formed for the execution of the
project. It consists of companies with experience in the development and operations of power plants located across
the Philippine Islands.

2.0 PROJECT LOCATION AND AREA

2.1 Project Location

The proposed coal-fired power plant project will be situated in Barangays Nalvo Sur and Carisquis, Luna, La Union.
The project land area is currently classified as a special industrial zone (based on the Comprehensive Land Use
Plan (CLUP 2014-2023). The CLUP further states that the beach front along the Lingayen Gulf coast can also be
utilized for industrial purposes. The project location showing the region and barangays is presented in Figure PD-
1.

Figure PD-2 shows the 41-hectare project site through which the national highway traverses. The project site is
bounded by a barangay road in the south, Barangay Pila in the east, Nalvo Sur in the north, and the West Philippine
Sea in the west. Both sides of the national road consist of mahogany plantations which form part of the project site.
These plantations will likely be cleared giving way to the construction of power plant structures. Thus, trees which
will be affected by site clearing activities shall be replaced following the replacement ratio indicated in DENR
Memorandum Order No. 2012-02, which is 1:50 for private and forest lands. Beach vegetation, consisting
predominantly of talisay and aroma, are also found along the shore.

Project Description 15
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The 41-hectare project site comprises of five privately-owned properties supported with transfer certificate of titles,
which are the subject of the Contract to Sell (CTS) executed between the landowners and GLEDC (Annex K-2).

The CTS contains a provision allowing the buyer, GLEDC, to conduct pre-development activities on the properties.
Eventually, title and ownership will be transferred to GLEDC after full payment of the purchase price and execution
of a Deed of Absolute Sale.

Based on the parcellary survey (Annex K-3), the national road passing through the project site forms part of the
41-hectare property acquired, taking up 1.5 hectares of its total land area. The national road is included in the
project area since various power plant structures such as the coal conveyors, cooling water intake and discharge
pipes, and electrical and communication cables will traverse through it above ground (overhead) or underground.
Accordingly, clearances will be secured from appropriate government agencies while the design and construction
shall be compliant to regulatory and other related standards. Other than the structures that will be traversing it,
GLEDC intends to keep the national road and will consider its right-of-way and easement on the final layout of the
other power plant structures, most of which will be located on the larger section of the property (~30ha) east of the
national road.

The parcellary survey also reveals seawater encroachment of around 4.3 hectares on the property’s total land
area. A foreshore lease agreement will be applied because certain project components such as the jetty, intake
and discharge structures will be built on the foreshore and offshore areas. Based on the foreshore survey
conducted, the foreshore area is around 2.4 hectares.

Moreover, there is a ground depression lying from east to west of the project site as noted on the topographic
survey conducted on the properties.

2.2 Project Shape File
Figure PD-3 depicts the site’s configuration and provides the geographic coordinates using WGS 84 datum.
2.3 Vicinity and Accessibility

The project site is located about 300km north-west of Metro Manila. It can be reached via the North Luzon Express
way (NLEX), then through the Subic-Clark-Tarlac Expressway (SCTEX) and the Tarlac-Pangasinan-La Union
Expressway (TPLEX) exiting at the town of Binalonan, Pangasinan. Travelling via MacArthur Highway thereafter
will lead straight to the province of La Union. Municipalities along the way include Rosario, Agoo, Aringay, Caba,
Bauang, the city of San Fernando, San Juan, Bacnotan, Balaocan, and finally Luna. Travel time usually takes 4 to
6 hours. Landmarks in the province that indicate proximity to the site include the Noble Tower Resort. Figure PD-
4 is the Vicinity Map.

2.4 Project Impact Areas

The project impact areas are delineated into direct and indirect impact areas. The Direct Impact Area (DIA) for
this proposed GLEDC power plant includes the 41-hectare property within Barangays Carisquis and Nalvo Sur.
Additionally, the results of the air dispersion modeling predicts that at normal conditions, the potential highest
Ground Level Concentrations of NOx, the particular pollutant of concern, may occur 7km southeast of the stack
(refer to Section 3.2 of this EIS for the modeling results). Thus, the mountainous area where GLCs may occur
was likewise designated as a DIA. As shown in Figure PD-5, barangays Carisquis and Nalvo Sur are included
within the DIA.
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Specifically, the DIA delineated in Figure PD-5 include:

» Land - 41 hectares of land covered by the project footprint
» Water -
o Areas of the West Philippine Sea fronting the project site where marine resources are present
o Leased foreshore area - 23,529m?
o Area designated as the temperature compliance monitoring point of the thermal effluents
(672m?2)

> Air—area 7km southeast from the stack, where the highest GLCs for the 24hr NO, exceedances are
predicted to occur
» People - residents within barangays Carisquis and Nalvo Sur.

The Indirect Impact Area (I1A) is the area outside of the DIA. The IIA, as per MC 2010-14, is clearly delineated
only after the EIA study is done and is more accurately established during post-ECC monitoring. The municipality
of Luna and the barangays not included in the DIA are considered indirect impact areas.

3.0 PROJECT RATIONALE

3.1 Project Need at the National Level

Given the country’s rapidly growing economy, the proposed power project will help augment the demand for reliable
and affordable baseload power supply. The proposed power plant will not only supply enough electricity to Filipino
households and businesses but will also contribute to national development.

As a developing country, the Philippines’ energy usage is increasing because of growth in our industries and the
growing demand from households. Daily activities in large and small businesses, hospitals, schools, offices,
government agencies and households are heavily dependent on electricity. However, the power supply from
existing power plants is not enough to meet the continually increasing demand. The capacity additions requirement
of the country is presented in Table PD-1 (DOE PDP, 2016-2040).

Table PD-1
Capacity Additions Requirement, 2016-2040
Year : : National Grid
Peaking Mid-range Baseload Total

2016 2,500 105 2,605
2017 2,600 105 2,705
2018 2,700 105 2,805
2019 2,700 187 2,887
2020 2,900 269 3,169
2021 3,600 538 4,138
2022 150 4,400 807 5,357
2023 250 5,000 1,234 6,484
2024 300 5,400 2,043 7,743
2025 450 5,700 2,957 9,107
2026 450 6,200 3,953 10,603
2027 550 6,600 5,002 12,152
2028 650 7,000 6,021 13,671
2029 950 7,300 7,152 15,402
2030 1,150 7,800 8,388 17,338
2031 1,250 8,300 9,759 19,309
2032 1,550 8,800 11,130 21,480
2033 1,900 9,300 12,583 23,783
2034 2,100 10,000 14,059 26,159
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Year National Grid
Peaking Mid-range Baseload Total

2035 2,400 10,500 15,752 28,652
2036 2,650 11,200 17,445 31,295
2037 2,950 12,000 19,220 34,170
2038 3,250 12,700 21,235 37,185
2039 3,600 13,500 23,250 40,350
2040 4,000 14,500 25,265 43,765

3.2 Project Need at the Regional and Local Level

According to the Power Development Plan (2016-2040) of the Department of Energy, the Luzon grid will need an
additional capacity of 2,750MW by 2022 (the expected commercial operations of the project) and 24,385MW by
2040 (Figure PD-6). The proposed power plant aims to address in part, the requirements of the grid as a baseload
plant.

Luzon accounts for the highest electricity sales and consumption among all three grids being the country’s center
for commerce, business activities and major developments (DOE PDP 2016-2040). Among others, the Luzon Grid
serves the nation’s capital where Manila Electric Company (MERALCO) currently holds the exclusive franchise to
distribute power. As the largest electric distribution company in the Philippines, MERALCO's franchise area covers
36 cities and 75 municipalities measuring over 9,685 square kilometers. Aside from Metro Manila, MERALCO is
the exclusive power distributor of the surrounding provinces of Bulacan, Cavite, Rizal and certain
cities/municipalities/barangay of Batangas, Laguna, Quezon and Pampanga.

On its Distribution Development Plan for 2015-2024, MERALCO’s energy sales is forecasted to grow by a
compounded average growth rate of 3.7% (Table PD-2). With the expected increase in demand and load growth,
MERALCO has entered into a bilateral power supply contract with GLEDC to source a portion of its additional
capacity requirement from the proposed power plant. Upon expected commercial operations in 2022, the proposed
power plant's net capacity of 600MW and its annual associated energy of 4,608,000 MWh shall be made available
and provided to MERALCO.

Table PD-2
MERALCO Supply-Demand Surplus (Deficit), 2015-2024
Total Direct Utility's
Year C“.‘»ales to Energy_ ;:;al:ilri:;:% g:at::arsal:il:) ';I)’F;m.g Supply-Demand Surplus/ (Deficit)
ustomers | Consumption
Capaci Ener: Capaci Capaci Ener:

LA Ll Ll (ﬁW)ty (Wh) (ﬁW)ty Mgrgirtly (MWh)
2015 35,938,797 2,565,006 38,503,803 | 4,459,000 | 28,407,952 | (1,818,871) -29% (10,095,851)
2016 37,245,194 2,658,245 39,903,439 | 4,349,000 | 27,573,723 | (2,157,016) -33% (12,329,716)
2017 38,509,108 2,748,453 41,257,561 | 4,349,000 | 28,197,562 | (2,327,859) -35% (13,059,999)
2018 39,868,205 2,845,453 42,713,658 | 4,269,000 | 25,515,722 | (2,705,269) -39% (17,197,936)
2019 41,287,002 2,946,715 44,233,717 | 4,089,000 | 21,900,895 | (3,123,108) -43% (22,332,822)
2020 42,883,337 3,060,648 45,943,985 | 2,415,000 | 16,038,753 | (5,075,960) -68% (29,905,232)
2021 44,523,445 3,177,705 47,701,149 | 2,415,000 | 14,483,880 | (5,362,457) -69% (33,217,269)
2022 46,259,614 3,301,618 49,561,232 | 2,415,000 | 16,803,536 | (5,665,735) -70% (32,757,696)
2023 48,097,210 3,432,770 51,529,979 | 2,415,000 | 17,041,957 | (5,986,731) -711% (34,488,022)
2024 | 50,041,964 3,571,570 53,613,534 | 2,415,000 | 17,405,441 | (6,326,445) -72% (36,208,093)

The proposed power plant will also help to stimulate the local and provincial economy. It will provide employment
opportunities to the working-age population of Luna and neighboring localities during the construction period and
over the plant’s commercial operation.
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In addition to employment opportunities, other benefits, such as revenue share (as mandated by the Law) and
local taxes will be made available to the community. The plant may also encourage other businesses to the area,
both related and unrelated.

3.3 Project Benefits

The construction and operation of a power plantin the Municipality of Luna will be a major investment. As discussed
in the land use section, the only major industries in the municipality are agriculture and tourism, relegating it as a
3rd class municipality. Establishing a power plant in Luna will result in the following benefits:

1)  Additional income to the LGU through the collection of taxes, fees from various permits and clearances.

2) Increased employment opportunities especially during the construction phase where about 2500 skilled
and unskilled workers will be hired; long term employment to qualified residents during the operation
phase.

3) Indirect employment opportunities will be generated from allied services like transportation,
accommodations, commercial, food service and consumption.

4) Social assistance and generation of livelihood programs such as aquaculture, food production and
processing, and skills training, as part of GLEDC's Corporate Social Responsibility (CSR).

5) Benefits from the implementation of ER 1-94 where an estimated contribution of Php 50M/year will be
dedicated to the host community.

6) Real property tax and other local business taxes for the land and business operations.

4.0 Project Alternatives

4.1 Site Selection

Presented in Table PD-3 are the sites that were considered for selection on the location of the proposed project.
The considerations and reasons for selection of the current project site are as well presented in the table.

Table PD-3
Preliminary Assessment of Possible Sites of the Proposed Power Plant

Site Considerations

Presence of pebble collecting activities on the beach front

Presence of a municipal landmark is situated at the beach - head

Presence of agricultural farms on the property

Site is owned by several landowners

Target depth of 16-18m for the jetty is reached at 500m from the shoreline
Land use classification: agricultural

Presence of few residential houses

Property composed of farmlands and fish ponds

Target depth of 16-18m for the jetty is reached at 1km from the shoreline

Land use classification: agricultural

Rolling hills terrain

No residential houses will be affected by the project

Target depth of 16-18m for the jetty is reached at 150-350m from the shoreline
Project land area is classified as a special industrial zone; beach front is classified as
agricultural but can be utilized as industrial as stated in the CLUP (2014-2023)

Site 1
Luna, La Union

Site 2
Rosario, La Union

Site 3 (Project Site)

As shown in the above table, the site located in Brgys. Nalvo Sur and Carisquis in Luna, La Union was eventually
selected and preferred over the two alternative sites. The characteristics and condition of the selected site are
summarized as follows:

= No presence of residential dwellers in the site; thus, the project proponent will not have to deal with
resettlement issues.
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The properties comprising the proposed site have been idle for years compared to the agricultural farms
and fish ponds that are found on the two other sites.

The site is highly accessible with the national road traversing it while a barangay road bounds on the
southern part.

The nature of the proposed project in the site is consistent with Luna’s designation of the area as a
special industrial zone per Comprehensive Land Use Plan for 2014-2023.

Support from the host communities as evidenced by the project endorsement issued by the barangay,
municipal and provincial councils (Annex A-1).

No indigenous people were noted in the site and surrounding areas based on the field-based
investigation conducted by NCIP personnel in October 2017. Hence, GLEDC expects a certificate of
non-overlap will be issued eliminating issues concerning ancestral domain.

Since the site is located on a coastal area, the sea offers a possible source for cooling water
requirements as well as a possible location of the jetty that will be used in the transport and delivery of
coal.

The site is also found to be outside identified areas with liquefaction potential; not prone to landslides
and other mass movement hazards; not exposed to extreme climatologic conditions; and has low

susceptibility to flooding.

4.2 Technology Selection

In view of the demand for a reliable and affordable baseload power supply, a coal-fired power plant project is
proposed over the other types of baseload power plants such as geothermal and natural gas. Geothermal power
plants are site-specific and, so far, there are no geothermal fields that have been found on the selected site or on
its nearby areas. Likewise, no sufficient liquefied natural gas (LNG) supplies are found in proximity to the selected

site.

Two types of technology are available for high power generating coal-fired power plants. These are the Pulverized
Coal (PC) technology and the Circulating Fluidized Bed (CFB) technology. A comparison of these technologies is
presented in Table PD-4.

Table PD-4
Technology Selection

Technology

Description

PC

PC boilers are widely used in large commercial units ranging from 300 MW to above 1000MW. It usually
uses either sub-critical, supercritical or ultra-supercritical pressure. The supercritical technology is selected
for this project because it yields higher thermal efficiency than the sub-critical type while the ultra-
supercritical technology is being relatively less deployed, hence the environment impact would be lessened
in comparison to less efficient sub-critical unit of same output. The Supercritical Pulverized Coal (SPC)
technology uses super critical pressure and higher main steam temperature which mostly ranges from 540
to 566°C. The NOx formation in the furnace of a PC boiler is controlled using low-NOx burners or a
combination of combustion optimization systems (low NOx burners, Flue Gas Recirculation, and Over-fire
air) depending on the target furnace concentration. Sulfur dioxide is efficiently removed using a standalone
Seawater Flue Gas Desulfurization System.

CFB

Circulating Fluidized Bed (CFB) technology offers excellent multi-fuel capabilities and is a good option for
burning low grade coal, or combinations of diversified fuel. The use of relatively lower furnace temperature
compared to the PC technology results to lower NOx emissions. Sulfur dioxide is removed through addition
of limestone in the furnace, which converts the SO2 to sulphates during the combustion and circulation that
goes out with the ash. Commercial Unit capacities with CFB technology, however, are limited to 200~300
MW range, when 600MW commercial CFB boiler has been operated under very limited occasion for mostly
demonstration purpose.
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The proposed project will use the Supercritical Pulverized Coal (SPC) Technology because it is an efficient
technology. SPC uses higher temperatures and pressures to achieve better efficiency, reduced fuel consumption
and less greenhouse gas emissions on a per kWh of electricity output. Thus, the project’s technology will not only
address the country’s demand for cheap electricity but will meet stringent environmental standards as well.

4.3 Resource Selection

The proposed power plant will use coal as the primary fuel in electricity generation. Among fossil fuels, coal is
considered the most abundant therefore significant reserves are available. According to BP Statistical Review of
World Energy in 2016, the reserve-to-production ratio or the estimated time the reserve for coal will last considering
the current of production is 114 years, compared to 52.8 years for natural gas and 50.7 years for oil. Thus, because
of its availability and affordability, coal comprises majority of the electric power generation mix in the world.

Although not considered baseload, renewable energy sources such as solar, wind and hydro were likewise
assessed on the selected project site. Reports from the US-based National Renewable Energy Laboratory (NREL)
were used to determine the solar and wind energy potential of the site.

The renewable energy potential of the project site are detailed as follows:
» Solar

The project site’s solar irradiation or the radiant energy from the sun averages annually at 4.5 to 5
kWh/m?/day (Figure PD-7). The solar resource map shows that La Union is not among the best sites
for solar as compared to the provinces of llocos, Tarlac, and Pampanga, among others wherein utility-
scale solar power plants are developed. Moreover, it would take around 1 hectare for solar panels to
produce 1 MW of power, while coal, in the case of this project, can produce 600 MW in just 40 hectares.

> Wind

For the wind resource potential of the site, NREL's Philippine Wind Energy Resource Atlas (Figure PD-
8) classifies it as marginal with wind speed ranging only from 4.4 to 5.6 m/s. On the other hand, wind
turbines used in wind utility-scale power plants will require a wind speed of at least 10 to 15 m/s to
operate.

» Hydro

The nearest river — Darigayos River is approximately 2 kilometers away from the project site. After
considering the five water permittees of the river, the remaining streamflow of the Darigayos River is
around 14.9 liters per second with equivalent power generating capacity of 1MW compared to the
600MW generating capacity using coal.
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4.4 Summary of Environmental Assessment of the Site

Based on the preliminary assessment conducted by GLEDC, the chosen project site in Luna, La Union is suitable
for the proposed project given the required elevation and depth, the appropriate land classification, and the
absence of residential houses within the project site. The proposed project will use the SPC technology due to its
efficiency and reduced emissions as compared to the alternative. An environmental assessment was also
conducted to determine the natural hazards that may impose risks within the area. Table PD-5 summarizes the
assessment.

Table PD-5
Assessment of Natural Hazards on the Project Site
Hazard Assessment

Earthquake-induced The project site is not prone to landslides and other mass movement hazards.

landslides, volcanic eruptions

Rain-induced landslide and The project site has low susceptibility to flooding.

flooding

Extreme climatologic The project site is not exposed to extreme climatologic conditions. It is under the Type

conditions | climate with two distinct seasons - dry from November to April and wet the rest of
the year. The area has a normal mean temperature ranging from 25.8°C to 29.5°C
and a normal seasonal mean temperature difference of 3.7°C.

Liquefaction The project site is outside the identified areas with liquefaction potential.

Ground Shaking Area is located near potential seismic generators namely the Manila Trench, the
Philippine Fault Zone, the East Zambales Fault, the Abra River Fault, the Pugo Fault,
and one unnamed fault with the last three having potential magnitudes ranging from
6.56 to 7.24. To mitigate this, the structures will be designed taking into consideration
a g factor of 0.4.

Ground Rupture The recorded ground rupture nearest to the site happened in June 1990 due to an
earthquake generated by the Digdig Fault, whose epicenter was near Rizal, Nueva
Ecija.

Tsunami The project site is located in a tsunami prone area. Mitigation measures include
building the plant at an elevation at least equal or above the national road and
implementing an early warning system and workable evacuation plan.

Storm Surge The project site is prone to storm surges with wave heights ranging from 1.01m to
2m. Adequate mitigation measures to ensure plant safety from wave heights above
2m will be incorporated into the design.

4.5 No Project Option

In April 2016, the National Grid Corporation of the Philippines declared a red alert in Luzon, signifying that the
available power supply was lower than the area’s demand. DOE also declared a red alert for Luzon three months
after the NGCP declaration stating that power supply has remained unstable and was even reduced by 3000MW
due to continued outages from major energy facilities. If the 2x335MW coal-fired power plant or any power
development project in Luzon does not push through, the increasing demand in the Luzon grid, which is expected
to require an additional capacity of 2,750 MW by 2022, will not be met. Consequently, distribution utilities will be
forced to implement rotating brownouts and longer power interruptions. If this happens, not only will the economic
growth of Luzon be affected but also that of the whole country.

The Municipality of Luna foresees agri-industry as one of its secondary roles in the future. The municipality also
aims to be an industrial center in northern La Union. In fact, the municipality is anticipating that a 100-hectare area
in barangays Nalvo Norte, Nalvo Sur, and Carisquis will be used for a power plant. Thus, if the power plant will not
be realized, the anticipated development and economic growth in the municipality may be delayed by several years

5.0 PROJECT COMPONENTS
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51  General Layout

The general layout of the plant is presented in Figure PD-9. The major components of the power plant will be
situated in the project area east of the national highway. The two boiler units will be located adjacent to each other
at the northern part of the project area. The steam turbine building, which houses the steam turbine generators,
will be located to the south of the boiler system. North of the boiler units will be the electrostatic precipitator filters
followed by the FGD absorbers with the stack located in between them. The coal yard will be located on the
southern part of the project area while the on-site ash pond will occupy the northeast portion.

Several power plant structures will traverse the national road. These structures shall be designed and constructed
compliant to regulatory and other related standards. The coal conveyor will traverse over the national road and will
have a minimum height of 4.5 meters or higher as required by DPWH standards. Structures for the cooling water
intake pipe, the discharge pipe, as well as electrical and communication cables that will likewise traverse the
national road will be built underground and will be protected by concrete casings.

The project area is composed of several types of vegetation as discussed in detail in Chapter 2, Land Module
Section 1.4.3. These will likely be cleared to give way to the construction of the power plant structures.
Replacement planting to the lost vegetation will be done by the project proponent in accordance with DENR
Memorandum Order No. 2012-02. Remnants of an abandoned poultry house can be seen on the southeast corner
of the project area. The poultry house was already demolished when the properties were acquired in 2015. A house
which serves as the residence of the properties’ caretaker can also be found on the northern part, a few meters
away on the east side of the national road. Aside from these, there are no other structures found on the project
area.

The foreshore area measuring 2.3529 hectares will be leased out for this project. This is plotted in Figure PD-9 in
conjunction with the general plant layout. The identified area is based on the foreshore survey that was
commissioned to prepare a lot plan as part of the requirements of the foreshore lease application. The lot plans
have been submitted to PENRO-La Union for approval.

Additionally, an exclusive zone with dimension: 350m left of jetty, 500m seaward and 200m right of discharge
(based on thermal plume modeling) will be established within a certain distance from the project site. Access will
be restricted to the general public to ensure safety due to the high risk activities that will take place in the area.
The restriction is also intended to protect the power plant facilities located on this area such as the jetty, discharge
and intake structures. Access will however be allowed beyond the area.
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5.2  Components List

The project components are listed in Table PD-6. The detailed operational descriptions of the various components are
discussed in the succeeding sections.

Table PD-6
List of Project Components
Project Systems Components Specifications
Jetty Jetty Net x 2 x 300MW
Boiler system Boilers (supercritical pulverized coal reheat Gross 2 x 335MW
type) Approximately 150 m to 300m
Air preheaters, sealing and primary air fans Regenerative air preheater
Steam Turbine, Steam turbines (supercritical reheat type) Gross 2 x 335MW
Generator and Net 2 x 300MW
Auxiliaries Generator and auxiliaries Gross 2 x 335MW
Net 2 x 300MW
Soot blowing system Retractable steam soot blower
Steam condensing system Once through seawater condenser
Coal handling and coal Enclosed Coal Yard 2 covered coal stock piles at 10m high,
feed system total capacity of 150,000 tons for 29 day
worth
Covered belt conveyors and weighers 2 covered coal conveying streams; 700 tph
capacity each
Emergency reclaimer 1 unit, 700 tph
Ash handling system Bottom Ash Silo 2 units, 72-hr capacity
Coarse and fine ash silos 2 for each unit, for 72-hr Capacity, 1200m3
Fly ash pneumatic conveyor system 1 unit
Lined ash pond for bottom ash only Approximately 1.5 hectares for five-year
storage capacity
Cooling Water System Intake pipe 1x ~341.390m
(intake and Outfall) Sea water intake tower 2
Discharge pipe (outfall) 1x~417.902m
Pollution control systems | Electrostatic precipitators 1 set for each boiler; 299.7% efficiency

Seawater Flue Gas Desulfurization (SWFGD) | 2 units (including 2 absorber and 2
Seawater Treatment Systems)

Wastewater Treatment facilities 106,179 tph
Process systems Plant water system 111,792 tph
Condensate system 106,124 tph
Closed cycle cooling water system, 111,624 tph
Desalination and demineralization system 156 tph, 39 tph
Electro-chlorination system 257 tph
Stack One common stack to serve both units 180 m
Fuel Qil system Fuel oil transfer pump 35m?d/hr; 150m
Fuel oil tank 400m3, 1 storage tank
Support systems Instrumentation and control Distributed control system (DCS);
Programmable logic control (PLC) system
Firefighting system Electrical fire pump with redundant diesel
engine pump, NFPA and Philippine Code
compliant
Continuous Emission Monitoring System 1 system to provide monitoring for NOx,

SOx, total particulate, CO, CO2, Oz, and
stack gas flow rate and temperature
Electrical and Double circuit 500kV transmission line 160 km to Bolo substation from project
transmission system site, subject to SIS
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O

6.0

Process Description

6.1  Technology Description

The proposed project will use the Supercritical Pulverized Technology with the objective of producing power supply
in the most efficient way. This type of technology first came into operation in the early 1960s. The main
development in pulverized-coal combustion technology includes raising steam pressure and temperature used at
the boiler outlet/steam turbine. This process increases thermal efficiency and thus lowers plant emissions while
also ensuring the units’ operational reliability. The process flow diagram of the power plant is presented in Figure
PD-10.

6.2  Boiler System

The proposed power plant will have 2 boiler units. The function of the boiler is to provide steam to a reheat,
condensing steam turbine generator set by transferring heat produced by the combustion of fuel into water. Each
boiler unit will have the capacity necessary to ensure that the steam turbine generator will deliver the gross power
output equal to or to exceed the Turbine Normal Continuous Rating (TNCR) of 335MW. This is to be done over
the full range of climatic conditions at the site and fuel quality throughout the design life of the plant, including due
allowance for unavoidable degradation of the performance of the plant that will occur despite operation and
maintenance of the plant. The net output of 300MW per unit is the target unit capacity that will be exported to the
grid.

6.3  Steam Engine

The steam turbine will be used to transform the thermal energy of the steam, generated from the boilers, into kinetic
energy which is then transformed into electric energy by the generators. The gross output of 335MW is achieved
at the generator terminal at TNCR. The steam turbine-generator set will consist of one High Pressure, one
Intermediate Pressure, and one Low Pressure casing exhausting downwards into the condenser. All components
are well-proven standardized modules. The turbine is of the tandem compound design.

6.4 Coal Handling and Coal Feed System

6.4.1 Coal Specifications

The project is designed for burning bituminous coal and imported coals from Indonesia and other foreign sources,
while diesel oil will be used as secondary fuel for start-ups. The coal analysis is presented in Table PD-7.

Table PD-7
Coal Analysis for High Gross Calorific Value Specification
Component Units ez 1. el 2. el 3 Coal_4 Coal 5
(Indonesia) (Indonesia) (Indonesian) (Russia)
Gross calorific value (ARB) | Kcallkg 5500 5604 5900 5921 6100
Total Moisture (AR) % 21 20 16 14.4 -
Proximate Analysis
Volatile Matter (ADB) % 42 42.51 33.8
Fixed Carbon (ADB) % - 43.6 43.09 52.6
Ash (ADB) % 6 3.2 5.25 9
Total Sulphur (ADB) % 8 1.0 043 0.43 -
Inherent Moisture (ADB) % - 11.6 9.15 4.6 6
HGI - 45 43 59 40
East Kalimantan | East Kalimantan | East .
Source . Sachalin
Sumatra Sumatra Kalimantan
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The coal for the entire plant will be transported from the jetty to the plant stock piles using a conveyor system. Four
coal stock piles totaling 150,000 tons of storage capacity will be provided to meet the requirements for the two
units. At TNCR condition, average coal consumption is estimated to be 106.5 tons/hr for each unit or 2,556
tons/day.

6.4.2 Conveyors

There will be two coal conveying streams at the plant, each having the capacity of 700 TPH. All conveyors will be
covered and weather protected by galvanized metal hoods.

6.4.3 Transfer Towers

In the transfer tower, the conveyors will discharge coal through flap gates to the tail end of the tripper conveyor.
Tripper Conveyors will be equipped with a traveling tripper to discharge coal to Unit 1 & Unit 2 bunkers.

6.44 Coal Yard

The coal yard will be rectangular enclosed type to reduce the exposure of the stock piles to any weather
phenomena and prevent dust dispersion during stacking/reclaiming operations. The enclosed coal storage yard
will have a 150,000-ton storage capacity distributed into 2 stock piles. Coal pile height will be set at 10 meters to
minimize spontaneous combustion of coal in the stock pile. The coal yard will be enclosed with walls and a roof to
prevent fugitive dust from escaping the storage area due to wind and avoid water contamination from moisture and
rainfall. One stacker and re-claimer will be provided and coal shall be reclaimed through bull-dozing in reclaim
hoppers in case of emergency. It will also have a fire fighting system.

The covered coal yard will require controlled air circulation to lessen the occurrence of spontaneous combustion.
Possible designs that will be considered is to incorporate louvers at the lower portion of the covered coal yard or
to extend/overlap roofing with the coal yard concrete foundation in order to allow controlled air and light to pass
through. Trees will also be planted around the covered coal yard to serve as natural wind barriers.

The conceptual design of the coal yard is attached in Annex L.

6.4.5 Crushers

Uncrushed coal will be crushed by capacity crushers in the crusher house. Uncrushed coal from the stock piles
will be transferred in the crusher house by a series of conveyors. In an emergency, uncrushed coal will be
transferred from the jetty conveyor directly to the crusher house, increasing system flexibility.

The crusher house will be equipped with two screens and two crushers. From the crusher house, a series of
conveyors will transport the coal to the tripper conveyors located above the bunker for Unit 1 and Unit 2 boilers.

6.4.6 Dust Extraction /Suppression System

Dust extraction and dust suppression systems will be provided at the different transfer points and at the crusher
house. In addition, roof extraction fans will be provided in essential areas like the crusher house and the boiler
bunker floors. Dust suppression will be provided at the discharges of conveyors. The transfer towers’ bunker and
tripper enclosures will be vented through dust collection systems.

6.5  Fuel Oil System

Fuel oil will be delivered by road tankers to the plant. An unloading station will be provided for unloading fuel oil. A
pumping system with an unloading station will be provided. Fuel oil will be used for start-up and shutdown of the
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steam generator and to support low load operations. It will be supplied from the fuel oil tank with a capacity of
400m?3 and a failure rate/unit of 5.00E-06 as discussed in the Risk assessment. Redundant fuel oil transfer pumps,
fuel oil forwarding pipelines and return oil pipelines will also be provided.

The Fuel Oil system shall be designed to transfer fuel oil for boiler startup, and to supply the emergency diesel
generator (EDG) and diesel-driven fire pump. The same pumps will be used to supply fuel oil to a separate Day
Tank to meet the fuel oil requirement of the EDG and the diesel-driven fire pump.

6.6  Process Systems
6.6.1 Plant Water System

The water balance diagram for the proposed power plant is presented in Figure PD-11. The total water
requirements of 111,792 tons/hr is broken down as follows:

= Cooling water requirements — 111,624 tons/hr
= Freshwater requirements — 78 tons/hr, net of filtered backwash waste and reverse osmosis reject of 12
tons/hr and 78 tons/hr, respectively. The freshwater requirements is further broken down as follows:

o Service water — 38 tons/hr
o Demineralized water — 39 tons/hr
o Potable water — 1 ton/hr

6.6.2 Water Supply

During the construction phase, the water requirements will be primarily provided by water service providers. In
cases when the freshwater supply cannot accommodate the water demand of the construction, GLEDC may opt
to put up a desalination plant and draw water from the West Philippine Sea.

On the other hand, water requirements for the power plant's operations will be drawn out from the nearby West
Philippine Sea. Additionally, water service providers will be tapped to augment the freshwater requirements.

6.6.3 Desalination System

The power plant components will include a desalination system with a capacity of 156 tons/hr. The Water Treatment
Plant will house the Sea Water Reverse Osmosis (SWRO), Brackish Water Reverse Osmosis (BWRO) and Mixed
Polisher facilities, among others. The desalinated water shall be transferred to the Service/Fire Water Storage
Tank and Desalinated Water Storage Tank. It shall be suitable for use as service water, fire water, and potable
water and feed water for boiler make-up water production. The desalinated water stored in the Desalinated Water
Storage Tank shall be further demineralized in mixed bed polishers (MBP) for the production of boiler make-up
water in the water treatment system.

6.6.4 Demineralization System

A demineralization system, with a capacity of 39 tons/hr, shall be provided to manage dissolved minerals to the
desalinated water that will be used in the service and potable water systems. The minerals shall be injected into
the pipes to Service/Fire Water Storage Tank. The Service Water Pumps will continuously supply pressurized
service water for facility services, such as wash down provisions. Desalinated water from Service/Fire Water
Storage Tank shall be the source of potable water. Sufficient treatment systems, and equipment required for
treatment of the desalinated water to meet potable water standards shall be provided. Potable Water Pumps shall
be provided to supply potable water to the Administrative Building overhead tank and Steam Turbine Building
overhead tank for further distribution to the plant.
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6.6.5 Freshwater Requirements

The daily freshwater requirement of the proposed power plant is estimated at 1,872 tons. Of the total daily
requirement, 912 tons will be used as service water for ash and dust suppression and firefighting. Around 24 tons
will be allotted as potable water that will be stored on the potable water tank. The demineralized water storage tank
will use 648 tons which will be the source of condensate water. This will come from the desalinated water wherein
after treatment procedures, 288 tons will go to waste to be directed to the neutralization basin prior discharge.

The requirement will be sourced from sea water. GLEDC will utilize a water desalination system to source its water
requirements. A demineralization facility shall be included to manage dissolved minerals in the water. Water service
providers will also be tapped to augment the requirements.

6.6.6 Cooling Water Intake and Circulating System

Water for the cooling water system will be drawn from the West Philippine Sea through a 15m deep intake pipe
then conveyed to an intake pumping chamber. At the entry of the intake channel, a bar screen equipped with a
trash rake will be provided to screen any large debris entering into the pump house. The trash rake, with a semi -
automatic trash clearing arrangement, will be provided to clear the bar screen from getting clogged. Intake pumps
will be located in the chamber for each unit. Each pump chamber will be provided with Stop log gates to facilitate
maintenance, by isolating individual pump bays, and by providing screens at the entry of chamber. Cranes will be
provided in the pumping station also for maintenance.

A once-through type cooling water system will be provided for condensing the steam received by the condenser
from the exhaust of the steam turbine and dissipating the thermal load of other plant auxiliaries. The cooling water
requirement of the condenser is estimated at 106,124 tons/hr subject to final design. The cooling water for
condenser cooling will be pumped by CW pumps for each unit and the hot water from the condenser outlet will be
discharged to the Circulation Water Discharge Point through the FGD aeration basin.

Closed Cycle Cooling Water System

The closed cycle cooling water system provides the cooling water for the turbine’s auxiliaries, the boiler's
auxiliaries, the compressors, and the vacuum pump. The closed cycle cooling water system uses passivated DM
Water as the cooling medium. The system includes closed cycle circulating cooling water pumps and plate type
heat exchanger. The system is equipped with an expansion tank that will stabilize the system pressure, to eliminate
the water flow fluctuations and absorb the thermal expansion of water. The expansion tank will also provide the
closed cycle cooling water pump with sufficient net positive suction head.

6.7 Pollution Control Devices

Several pollution control devices are provided for the GLEDC power plant, to ensure that plant emissions meet the
following standards:

Table PD-8
DENR Emission Limit
Parameters Limit
Sulphur dioxide (SOz) 700 mg/Nmé at 6% O2
Nitrogen dioxide (NOz) 1000 mg/Nm3 at 6% O2
Total particulates 150 mg/Nm3 at 6% Oz
Opacity 20%
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6.7.1 Electrostatic Precipitator

An electrostatic precipitator, with at least 99.7% efficiency, will be installed to meet the particulate matter limit of
150mg/Nm3. The foundations of the ESP supporting structure will be of reinforced concrete isolated/combined
footing resting on soil. The general area below electrostatic precipitators shall be paved with gravel. Drains from
the equipment will be collected at a pumping out facility that will be connected to the site drainage system. Separate
foundations for the duct supporting structure and the fan handling structure shall also be provided adjacent to the
ESP supporting structure foundations.

6.7.2 SWFGD Systems

Seawater Flue Gas Desulfurization (SWFGD) System is a technology designed to remove SO, before effluents
are released to the environment, ensuring that the SO, emission limit of 700mg/Nm3 at 6% O is met. The liquid
absorbent (the circulating seawater downstream from each condenser for the power plant) and the flue gas
produced by the power plant, meet through the perforated plates and packing. SO, contained in the flue gas is
absorbed efficiently in the liquid absorbent, which is later treated in the seawater treatment system (SWTS)
composed of the coarse-aeration and fine aeration system, before it is released back to the sea, ensuring that
there will be no harmful effect on the environment. Figure PD-12 shows an overview of a typical SWFGD process.

The contact between the flue gas and seawater in the absorber brings forth the following chemical reactions:

SO, + HCO5 - HSO5 + CO,
SO; + H20 - HSOs + H*
HSO5 + 1/202 = SO + H*

After the above reactions, bisulfite ion (HSO3-) is generated and then it is partially oxidized to sulfate ion (SO42).
As a result, the pH value of the spent seawater is reduced due to increased hydrogen ions.

6.7.3 Low NOx Burners

A low NOx burner will be included in the combustion system to meet the Philippine regulatory limit of 1000mg/Nm3.
The low NOx burners control fuel and air mixing to create larger and more branched flames. As the peak flame
temperature is reduced, less NOx is formed. This also enhances burner efficiency as the improved flame structure
reduces the amount of oxygen available in the hottest part of the flame.
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6.7.4 Stack

One stack common for both units will be provided to discharge the exhaust gases from the boiler to the atmosphere.
The stack will consist of an outer cylindrical reinforced concrete shell and steel flue supported on RC foundation
mat on soil. The height of the stack will be 180 meters. The air dispersion modeling, as discussed in detail in
Chapter 2 Section 3 — Air Module, predicted the following ground level concentrations (GLCs) at normal operating
conditions:

Table PD-9
3rd Quartile Predicted GLCs at Grid Receptors (ug/Ncm)
Pollutant | Scenario GLC CAA
SOx 1hr 91.15 340
24hr 36.46 180
NOx 1hr 156.95 260
24hr 62.78 150
co 1hr 0.17 35
8hr 0.10 10
TSP 1hr 41.21 300
24hr 16.48 230
PM1o 1hr 0.11 200
24hr 0.05 150

6.7.5 Ash Handling System

The power plant’s ash handling system is unitized. The unit will have dry ash handling for both fly ash and bottom
ash system. The bottom ash (BA) is conveyed through mechanical conveyors to the bottom ash silo. The fly ash
(FA) from ESP is transported by pneumatic means to the fly ash silo. There are two units of fly ash and bottom ash
silos, two transport air compressors and three fluidizing blowers.

Fly Ash

Fly ash is formed due to combustion of pulverized coal in the steam generator. Coarse fly ash from the economizer
hopper, the air preheater hopper and the first field of the ESP are collected in a coarse ash silo while fine fly ash
from other fields of the ESP and stack hopper are collected in a fine ash silo. The fly ash handling system for each
unit will be designed to collect all fly ash in dry form using positive pressure pneumatic conveying system. There
will be two fly ash transport pipes. Each pipe shall be designed for 30 tons/hr ash flow. Both the pipes are connected
to the fly ash silos with 72-hour storage capacity. Bulk unloader will be on standby at all times.

100% of the fly ash is expected to be sold to cement manufacturing plants. The generated fly ash from the power
plant shall be hauled by cement plants to be utilized as cement additive.

Bottom Ash

The dry type air cooling bottom ash handling system will be adopted by the power plant. When the furnace bottom
ash fall to the conveying steel tape, temperature will be reduced from 850°C to 100°C through natural air cooling
during conveyance. Using the negative pressure in the boiler, the air used for cooling the slags is sucked in from
the outside to the dry type extractor inlet. After being heated, the hot air will go into the furnace bringing with it the
heat which has been brought out by hot slag back into furnace. The heat loss is reduced this way, and the boiler
efficiency could be increased. This project will be furnished with a set of air cooling slag extractor, whose capacity
is not less than maximum bottom ash discharged in BMCR condition, and 25% margin is considered. The bottom
ash, after slag extractor is crushed by a slag crusher and then conveyed to the ash silo through a bucket conveyer.
The ash concentrated in the ash silo is discharged to a truck regularly and transported to the ash disposal area.
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Ash Disposal Area

The expected total ash (bottom and fly ash) that will be generated by the power plant is around 460.08 tons/day or
156,428 tons/year. The material balance diagram is shown is Figure PD-13. Over the course of the plant’'s 25-
year operations, a total area of 38 hectares (BA - 8 hectares; FA — 30 hectares) shall be required for ash
storage/disposal, assuming there will be no out-takes. However, just like other coal-fired power plants, GLEDC
expects that all generated fly ash will be sold to cement manufacturing plants. When this is taken into consideration,
the area requirement for ash disposal/storage will be reduced to 8 hectares.

The on-site ash disposal area located on the northeastern part of the project site is intended for the bottom ash
only. The area is approximately 1.5 hectares and will be around 8.33 m deep. At such dimensions, the on-site ash
pond is expected to hold an initial 5-year storage capacity considering the annual bottom ash production of
approximately 31,287 tons or 25,030 cubic meters.

The area designated for ash disposal in the project site will be developed using active dry cells. As illustrated in
Figure PD-14, each cell will be made up of compacted soil lined with clay and high-density polyethylene (HDPE).
When cells become full, these will be covered with soil and then vegetated on top. To prevent overflows, there will
be perforated pipes to collect leachates. The collected leachates are then pumped to the wastewater treatment
facility for neutralization and treatment prior to discharge. During the dry season when the ash disposal area
becomes dry and dusty, GLEDC will conduct intermittent water spraying as needed to prevent dust dispersion.
Groundwater monitoring wells in the vicinity of the ash disposal area will be established and monitored on a regular
basis.

Accordingly, other sites are being eyed for ash disposal/storage subject to a separate study and environmental
compliance certificate application. GLDEC will locate a suitable area within a reasonable road haul distance where
the ash will be deposited, compacted and stored. GLEDC will also consider environmental concerns on truck
movements when deciding on the final location of the ash disposal/storage.

Project Description 43



Plant gross power 655182 kw
Plant net power 599985 kw
52.28 p 567.5 T 759.6 M St Turbi ;l;":’:;‘ﬁ';"(“:m goo T
54.37 p 341.1 T 759.6 M sam (urbine : Plntnet HR (LHV) 8475  KJAWh
P Plant net eff (HHV) 40 %
2524 p 56937 930.2M 164 T Plant net eff (LHV) 248 %
75M Aux. & losses 55198 KW
Fuel heat input (HHV) 5400 GJh
To stack \' \y/ Fuel heatinput (LHV) 5085  GJh
40T Fuel flow 5337 t/day
12305 M
327591 K
S02 30X
14.97 ppmv & . § s
4278 mgNm*3  [XRXS Boiler HPT IPT || 2x1 LPTs
@ 6% 02, dry I
X X X
4
S XX / / \ 0.066 p
$02 removal X 387
off = 05 % 577.7M
0K 245p 51p 0883 x
145.2T XX 5052505052 566 T 566 T
:l. :l 005 WRHANIS S c |1 X W— - - F
[><{ o Fan e &
s I. % Il'
R 130.2M,
ESP X 34677
——{| ES 46393 M
137.8T 1378T QASUBXRXXNK A {112 M Fuel (Luna 5800)
12618 M
Dust collection ] — :
e & 1156.3 M Air
28017
46393 M
2892T  2706T  2262T 187 T 1489T 119417  8664T 62T gaR;XT
: 0.365 p
277.8
%927 @ 8D - 70 | 6D —@— 5c H 40 H 3 H 20 H 10 |- 7T
9302 M 2042
TTD[C] -0.59 -1.75 -2.78 2796p 278 2.78 278 2.77 38.25 $
DCA[C] 5.00 5.00 5.00 1948 T 5.00 5.00 5.00 5.00 707 9 M
930.2 M :
Condensate System
Legend SCALE: NotToScale PAGE: 44

Figure PD-13. Material Balance Diagram

ENVIRONMENTAL IMPACT STATEMENT
2x335MW COAL-FIREDPOWERPLANT PROJECT

Seawater

DATA INFORMATION/SOURCE:
Source Map: GLEDC, 2017
Modified by: APERCU CONSULTANTS, INC (2017)

Q




Figure PD-14. Ash Storage Cell Diagram Legen:Rolkegand SCALE: NotToScale
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6.7.6 Aeration Basin

An aeration basin will be installed as a common structure for the two boiler units, with two compartments for each
unit. The aeration basin will receive the seawater used in the closed cooling system and SWFGD. It will also serve
as the seal pit for the condenser cooling water system. To ensure that no harmful effluent is released to the
environment, this seawater treatment system neutralizes the pH of spent seawater, which was extremely lowered
during SO, removal. It will also remove the chemical oxygen demand (COD) while it recovers dissolved oxygen
(DO). In the course of aeration, CO, gas dissolved in the spent seawater is stripped to gaseous phase, which
contributes to pH increase. The discharge from the aeration basin is conveyed through the buried pipe around
300m offshore.

6.7.7 Wastewater Disposal

The power plant will include wastewater treatment facilities with a total capacity of 106,179 tons/hr. GLEDC will
adopt necessary measures to ensure that all discharges of the power plant conform to the water quality and effluent
standards set forth in DENR DAO 2016-08. This will involve the establishment of facilities for temporary storage,
monitoring and treatment before any effluent is finally drained to the West Philippine Sea. All discharges of the
plant shall be properly channeled to a defined outflow location.

Table PD-10 lays out the significant effluent parameters for coal-fired power projects identified in Section 7.1 and
the corresponding effluent standards set in Section 7.3 under water body classification “Class SC.”

Table PD-10
Significant Effluent Parameters and Standard
Significant Effluent Parameters DAO 2016-08

Temperature change, degree Celsius at 3
temperature compliance monitoring point
pH Value 6.0-9.0
COD, mg/L 200
Total Suspended Solids, mg/L 100
Phosphate, mg/L 1
Sulfate, mg/L 550
Nitrate as NOs.N, mg/L 20
Ammonia as NHz.N, mg/L 0.5
Chloride, mg/L -
Boron, mg/L 20
Chromium, mg/L 0.1
Nickel, mg/L 0.3
Copper, mg/L 0.04
Zinc, mg/L 1.5
Arsenic, mg/L 0.04
Cadmium, mg/L 0.01
Mercury, mg/L 0.004
Lead, mg/L 01
Oil & Grease, mg/L 10

Boiler, Firefighting & Filter Flushing Effluents

Wastewater from the boiler area, firefighting and filter flushing will be discharged to a preliminary basin for
temporary storage. Water from the drainage system will be discharged to a special retention basin. Quality of the
combined effluent will be analyzed and treated onsite with a Wastewater Treatment Plant (WWTP) to ensure
compliance to effluent standards before being discharged to the West Philippine Sea.
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Chemical Effluents

The effluents from the chemical water treatment/regenerations will be handled in a special neutralization basin for
treatment prior to discharge into West Philippine Sea. The discharge procedures and quality will both be in
conformity with DENR DAO 2016-08 and RA 6969 or the Toxic Substances and Hazardous and Nuclear Wastes
Control Act of 1990.

Coal Yard and Ash Yard Effluents

Water runoff from the coal storage and ash disposal areas will be treated in the water treatment system and
directed to the storm water drainage system. Its discharge will be monitored to ensure conformance to DENR
Effluent Standards.

Qil Containing Effluents

Oily water from vehicles from the equipment area and from the containment areas of fuel oil tanks and transformers
will be treated in an Oily Wastewater Treatment System (OWTS) and the WWTP.

6.8  Electrical and Transmission System

The electricity generated by the power plant is proposed to be transmitted to the Luzon Grid via a 500kV double
circuit overhead transmission line which will be connected to the Bolo substation that is approximately 160km away
from the project site (Figure PD-15). The System Impact Study (SIS) and the Facility Study are currently being
undertaken and will require the approval of the National Grid Corporation of the Philippines (NGCP) (Annex J).
This will also be subject to a separate environmental compliance certificate application.

6.9  Support Systems
6.9.1 Instrumentation and Control

The 1&C system will be composed of Distributed Control System (DCS), housed in the Central Control Room and
Electronic Equipment Room, and the Programmable Logic Controllers (PLC). PLCs will control the following
systems in designated locations:

Electrostatic Precipitator (ESP)
Flue Gas Desulfurization (FGD)
Electro-chlorination

Waste water treatment

Water treatment

Ash handling system

Coal handling system

Polisher system

Sea water screen

Low NOx burners

Field instruments will include hazardous area protection, field transmitters, control valves, temperature elements,
vibration transmitters, weather station, and analyzer system. Galvanized cable tray will be provided and signal
energy level wise segregation such as separation of power cables and other signals will be applied. Armored
cables, galvanized steel wire armor with PVC outer sheath, flame retardant, will be applied to field cables.
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6.9.2 Fire Fighting System

The Fire water pumps will be located in a Fire Water Pump House. The Fire Protection Water Supply System shall
consist of the following major components:

=  Electric motor driven horizontal fire water pump set

= Diesel engine driven horizontal fire water pump set

= Electric Motor driven jockey pump sets

= Utility pump set

It will be provided with a fire hydrant system, spray water system, clean agent system, fire detection and alarm
system, and a portable fire extinguishing system.

6.9.3 Continuous Emission Monitoring System (CEMS)

One (1) Continuous Emission Monitoring System (CEMS) will be provided for monitoring of NOx, SOx, total
particulate, CO, CO2, 02, stack gas flow rate, and temperature. A CEMS analyzer will be housed in analyzer field
cabinet with an air conditioning system located in a non-hazardous area. It will be interlocked with the operation of
the plant and will automatically reduce the capacity of the plant in case it detects any abnormality.

7.0 PROJECT SIzE

The project will make use of a state-of-the-art supercritical pulverized coal technology. The total net capacity of the
project is 600 MW (Table PD-11). The supercritical technology has a fast start-up which is very important for the
power plant to meet the grid requirements.

Table PD-11
Power Plant Components and Corresponding Capacities
Parameters Values

Total project area 41 hectares

23,529m? of foreshore area
Gross output of each unit 335 MW
Net output of each unit 300 MW
Net heat rate at 100% load 9,000 - 9,200 kJ/kWh HHV
Jetty 150m - 300m
Coal 5112 tons/day / 2 units
Coal Storage 150,000 tons (29 days’ worth for 2 units)
Ash pond For bottom ash only

Area: 1.5ha
Waste Water Treatment Facility 106,179 tph
Demineralizer 39 tons/hr
Cooling water 111,624tons/hr
Stack 180m

Transmission line

500kV double circuit transmission line to be
connected to Bolo Substation approx.160
km from project site, subject to compliance
to SIS
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8.0 DEVELOPMENT PHASES AND PROJECT SCHEDULE

8.1  Project Phases
8.1.1 Pre-Construction

Activities included for the pre-construction phase of the project are:

= Land Acquisition - Proponent was able to acquire the land and is covered by a Transfer Certificate Title.
= Preliminary Engineering Studies - The following preliminary engineering studies were undertaken:

» Geological Mapping
» Topographic surveys
» Cadastral surveys

> Seismic profiling

» Bathymetric surveys

= QOther Activities during the pre-construction phase will include:

» Contractor Selection
> Application of local government permits needed for the construction phase
» Finalization of engineering designs (final layout of the power plant’s facilities)

8.1.2 Construction Phase

The construction phase of the project will include building of major facilities, project components and ancillary
facilities of the power plant. Activities under this phase will include:

= \egetation Clearing - The vegetation and trees on site will be cleared. The waste generated shall be
properly disposed of through the municipal garbage collection system.

= Earthworks - Activities such as filling and excavation will be done in the proposed project site. The

project area will be filled to reach appropriate elevation (at least the same as the level of the national

road).

Delivery of construction materials to and from the site

Laydown of construction materials

Operation and movement of heavy equipment

Construction of offshore structures

During the construction, power requirements will be organized by the selected EPC contractor through the local
distribution utility, La Union Electric Cooperative (LUELCO). Temporary construction power line and transformer
with switchgear will be furnished and installed to supply the power needs for construction machinery, office and
staff barrack. Subcontractors shall also provide diesel generator set to facilitate work for individual work areas per
their agreement with EPC contractor. The construction load requirement ranges from 1 MW to 5~10 MW depending
on the stage of construction. The EPC contractor shall also furnish an environment management program in which
water management and waste management are defined, this also has to be approved by GLEDC and LGU. GLEDC
will also coordinate with the local water district and private water contractors for water supply source arrangement.

In the commissioning phase, power requirement will be initially accommodated by National Grid Corporation
(NGCP) through LUELCO at cold commissioning period. However, after units pass initial single equipment
commissioning stage and unit startup tests, units are able to generate power to satisfy its in house demand, which
means no external power supply is needed most of time at this stage. Overall commissioning, functional test and
performance test prior to plant takeover would take around 180,000~250,000 tons of coal and 500~1,000 tons of
diesel (depending on startup burner technology), and at same time, the units is able to generate 250,000~300,000
MWs electricity over same period of time.
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While coal is used in all generation test, diesel is mostly used during unit startup attempts and steam blow which
is universal requirement to clean up all debris and deposits left inside high pressure steam pipes during
construction. Emission during test and commissioning will be managed through air pollution control device as much
as technology allows, however, by nature upset condition will happen more often than any other operating stages
due to unstable condition, but all upset conditions will be governed by local EMB through and special emission
permit shall be obtained prior to commissioning stage, furthermore, all emission guarantee test will be certified by
DENR authorized third party.

Likewise, during commissioning, the plant open/close cooling water supply will be managed by internal systems,
Reverse Osmosis (RO) and Demineralizing plant will be able to generate quality water supply by processing
seawater to sustain test and commissioning activities. Any external water resource will not be used to supply the
plant water demand during test and commissioning period. Waste water treatment system will be commissioned
prior to any other waste water discharging activities, therefore, no untreated waste water is expected to be
discharged to the sea.

8.1.3 Operation Phase

Significant activities of the power plant during operation phase include the following:

= Electricity generation — GLEDC will generate electricity from the 2x335MW generation units starting
plant commissioning. The electricity generated will be evacuated to the Luzon Grid. The operation of
the SPC boilers is discussed in Section 6.0 of the Project Description.

= Delivery of coal to the plant — Coal will be sourced from Indonesia and other foreign sources and will
be delivered to the site via a coal carrier. Annual coal consumption is approximately 1,492,704 tons.

= Disposal of ash — Daily operations of the power plant for the 2x335MW will result in ash estimated at
460.08 tons/day. Fly ash will be sold to cement manufacturing plants while the bottom ash will be
disposed in ash disposal/storage area lined with clay and HDPE. The power plant includes an on-site
ash disposal area good for 5-years; thus, GLEDC is looking for other suitable sites for the remainder of
the power plant’s operations.

= Extraction of freshwater for domestic plant use — The volume of freshwater requirements of the power
plant will be around 1,872 tons per day. Seawater will be drawn from the West Philippine Sea and
processed in a desalination system to provide the freshwater requirements. This may be augmented
by sourcing from water service providers.

= Extraction of seawater for cooling purposes — The power plant will draw 111,624 tons per hour of
seawater from the West Philippine Sea and return this as heated effluent.

= Discharge of cooling water — The power plant will comply with DAO 2016-08 i.e. temperature change
will be at most 3°C above ambient at temperature compliance monitoring point.

= Wastewater from various plant processes — The power plant components will include wastewater
treatment facilities with total capacity of 106,179 tons/hr to treat effluents prior to discharge and ensure
compliance to the effluent standards of DAO 2016-08.

= Plant Emission — Estimated emissions are shown in Table PD-10 based on the result of the Air
Dispersion Modeling. A seawater FGD will be provided to meet SO, emission limit of 700 mg/Nm3. The
plant will also use an ESP to meet particulate emission and opacity limits of 150 mg/Nm3 and 20%,
respectively. Low NOx burners will be incorporated in order to meet NO, emission limit of 1000 mg/Nmé,

8.1.4 Abandonment Phase

The power plant is expected to operate for 25 years. Prior to abandonment, an abandonment plan will be
established. Environment will also be assessed and corresponding actions will be implemented.
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A general outline of the Abandonment Plan is provided below. A more detailed plan will be developed prior to
actual abandonment of the Project.

Abandonment Plan

1.0 Background

1.1 Description of Facilities and Site
1.2 Reason for Abandonment

2.0 Abandonment Plan
2.1 Identification of Possible Site Contaminants

211 Organic Contaminants
2.1.2  Inorganic Contaminants
21.3  Biological Contaminants

2.2 Remedial Actions and Alternatives

2.2.1  Contaminated Site Remediation
2.2.2  Leachate Prevention
2.2.3  Waste Disposal

2.3 Scope of Work and Implementation Schedule

2.3.1  Removal and Disposal of Materials, Equipment, and Solid Wastes
2.3.2  Excavation and Removal of Hazardous Wastes
2.3.3  Gas and Liquid Waste Removal
2.3.4  Covering of Site
2.3.5 Site Reclamation Procedures
2.3.6  Implementation Schedule
2.3.7  Impact Assessment and Environmental Management Plan for the
Abandonment Activities
2.4 Maps

25 Estimated Cost of Site Remediation Activities

3.0 Future Use of Abandonment Area

8.2  Project Schedule

The overall project construction schedule is estimated to be thirty-six (36) months for unit 1 and forty-two months
(42) for unit 2. The proposed construction schedule is projected to commence not later than August 2018 and the
plant is expected to operate for 25 years. The project schedule is presented in Figure PD-16.

Project Schodk 2015 | 2018 [ 2017 | 2018 | 2019 | 2020 | 2021 [ 222
af [e2[asfad|at[az[as[ad|at[azas[ad|at[azas[ae|at [a2[as[as|at [a2[as[a¢fat [a2[as[ad| ot [a2 [ a3 ] as
Pre-Constructon [ J
Construcion o L _ ]
Commissioning |__]
Operabons ’

Figure PD-16. Indicative Project Schedule
9.0 MANPOWER REQUIREMENTS

GLEDC will prioritize the employment of qualified Luna residents for its manpower requirements during the
construction and operation phases. It shall closely coordinate with the local government of Luna and the barangays
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who are capable in identifying their respective legitimate residents. Likewise, GLEDC will coordinate with the
Technical Education and Skills Development Authority (TESDA) in order to provide skills training to qualify
residents from the host barangays for the quality of work that will be required by the company.

The anticipated manpower requirement for the project is presented in Table PD-12.

Table PD-12
Projected Manpower Requirement of the Power Plant
Project Phase Manpower Requirement Expertise/Skills needed
Construction 2500 - 3000 60% Skilled and 40% unskilled workers

Operation & Maintenance

0&M management professionals,

Plant Management and ~20 Mechanical/Electrical engineering degrees or

Engineering . e
comparable levels of experience or training
Mechanical/Electrical engineering degrees or
. - comparable levels of experience or training,
Operations Department 60 85%
Chemistry degrees, 15%
Maintenance Department ~55 Mechanical/Electrical engineering degrees or

comparable levels of experience or training
Mechanical/Electrical engineering degrees or
Material Handling Department ~35 comparable levels of experience or training,
heavy equipment operator

PCO, CSR, HR, Safety, Accounting, Firemen,
Administrative Department ~30 Warehouse/Procurement, Training,
Performance

Security, 30%

Housekeeping/janitorial, 20%

Food preparation, 5%

Support and Maintenance, 40%

Others ~100

10.0 PRroJECT COST

The project is estimated to cost about Php80 billion (depending on several factors i.e. foreign exchange rate,
borrowing costs, transmission costs, other arrangements, etc.).
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Il. ASSESSMENT OF ENVIRONMENTAL IMPACTS

1.0 Land Module
1.1 Land Use
111 Methodology

Existing secondary data was reviewed to determine the municipal land use of Luna. The 2014-2023
Comprehensive Land Use Plan of the municipality was the major document referenced. Land use within the project
site was determined from ocular investigation. The Environmentally Critical Area (ECA) classification matrix is
based on the ECA classifications defined in EMB Memorandum Circular 005 and was used to assess the impacts
of the proposed project in relation to land use. Based on the assessment of impacts, measures to manage and
mitigate potential adverse impacts are recommended.

1.1.2 Municipal Land Uses

The municipality of Luna in the Province of La Union is politically subdivided into 40 barangays, four of which are
urban barangays while 36 are rural barangays. There are two coastal urban barangays and 12 coastal rural
barangays.

The municipality has a total land area of 4,361.62 hectares. A total of 761.62 hectares or about 17% of the land is
classified by DENR as Forestland while the rest is classified as Alienable and Disposable. Table EL-1 presents
the land uses in the municipality based on the Integrated Coastal Management Plan of Luna.

Table EL-1
Land Classification in the Municipality of Luna, Province of La Union
Land Use Area (hectares) Percentage

Built up areas
Residential 524.50 12.02
Commercial 18.40 0.42
Industrial 1.90 0.04
Institutional 26.60 0.61
Parks, playgrounds and open spaces 10.50 0.24
Cemeteries 6.50 0.15
Idle/vacant lands 10.00 0.23
Tourism center 112.50 2.58
Agricultural lands 2,479.90 56.86
Agro-forestland 153.00 3.51
Forestland 761.52 17.46
Sandy/stony land 198.00 4.54
Brackish pond/fishpond 58.30 1.34
Total 4,361.62 100.00

Source: Integrated Coastal Management Plan of Luna which was based on the
Comprehensive Land Use Plan of the Municipality of Luna (2014-2023)

The municipal land area allocated for agricultural use is about 57%, which are devoted to palay, corn, peanut,
tobacco, vegetables, and root crop production. Portions of the farmlands are also utilized as fishponds. Agricultural
lands also include the hilly and mountainous portions of the municipality that are utilized for poultry and livestock-
raising.
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Built up areas include lands devoted to residential, commercial, industrial and institutional use. Parks, playgrounds,
and cemeteries are also classified as built up areas. The entire built up area of the municipality is about 579
hectares comprising an estimated 13% of the municipal land area.

Residential clusters are concentrated in the urban core and distributed among barangays that are mostly clustered
along the roads. The urban residences follow a grid pattern and form rectangular blocks that is characteristic of
the Spanish colonized center.

Commercial areas are generally concentrated in the urban core near the municipal building and the Roman
Catholic Church named St. Catherine of Alexandria Parish. Commercial land uses include the public market and
major business establishments such as drug stores, gasoline stations, grocery stores, funeral parlors, furniture
shops, automotive repair shops, canteens and eateries, telephone stations, dental and medical clinics, etc.

Existing industrial activities in the municipality include pottery, production of hollow blocks, vulcanizing shops, and
radio and watch repair shops. No major industry exists within the municipality, a situation that will be
changed should the power plant development push through.

Institutional land uses include the municipal hall and plaza, the Luna Sports Center, rural health unit, barangay
health stations, schools, religious institutions and other public buildings.

Agro-forestlands account for 153 hectares of the municipal land area. These areas are found along the coastal
barangays and are mostly used for firewood production and fruit and root crop production.

Maijor inland fishponds in Luna are found in Barangays Mamay, Darigayos and Pitpitac, along Darigayos River.
These are used for the culture of tilapia, milkfish (bangus), hito, bunog, malaga and shrimps.

The sandy/stony beaches are found along the coastal areas of the municipality. Gravel, cobbles and sand deposits
abound in these areas. Some residents undertake quarrying of sand and gravel in the coastal areas of the
municipality. These are mostly sold to contractors, real estate developers and construction firms in the municipality.

The coastal barangays at the southwest portion of the municipality, including Barangays Darigayos, Carisquis,
Nalvo Sur and Nalvo Norte have been allocated for tourism use. White sand beaches are found in these barangays
while gravel and sand deposits are found in the other coastal barangays. There are no resorts within the project
site boundary but there are resorts to the north of the project site. Effects of the power plant development
to beach resorts include increase in occupancy rates, especially during the construction phase.

Figure EL-1 shows the proposed land use map under the 2014-2023 Comprehensive Land Use Plan of the
municipality. The location of the 41-hectare project site of the proposed coal-fired power plant in
Barangays Nalvo Sur and Carisquis is presently classified as a special industrial zone. Thus, the project
is compatible with the municipality’s designated land use for the area.

The project site is located approximately 7km north of the Holcim Cement Plant, another industrial
establishment along the coastal area of La Union but within the municipality of Bacnotan. Similar to the
Holcim Cement Plant, the proposed coal-fired power plant will be located along the coast, adjacent to
tourism establishments.

Hence, despite the project site being compatible with the existing comprehensive land use and zoning
plan of Luna, a vegetated area will be established around the project boundary to separate the project site
from the neighbouring tourism establishments. It will also serve as mitigation against noise during the
construction and operation phases.
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1.1.3  Project Site Land Uses and Tenurial Concerns

The coastal area of the project site is covered with beach vegetation that is dominated by talisay and aroma, among
others (Plate EL-1). Mahogany plantations and shrubs are found on both sides of the national road (Plate
EL-2), but are not covered under CARP. Farther to the east, land cover in the project site consists of trees,
shrubs and grass (Plate EL-3). An abandoned pouliry stands in the southeast corner of the project site while the
barangay road leading to Barangay Carisquis bounds the site on the south. Small rice fields are located to the
north (Plate EL-4) while residential areas and tourism establishments are found to the west-northwest of the project
site (Plate EL-5), all of which are outside the project property.

The project site is not located within CARP areas or CALC/CADT areas and there are no informal settlers
within the project site. Tenurial issues are not expected since the property is covered by a Transfer
Certificate Title (Annex K-1). The site is private property and currenty being acquired by the project proponent
with an executed Contract to Sell (Annex K-2). Title transfer under the proponent’s name will be done after full
payment of purchase price and execution of Deed of Absolute Sale. The contract to sell includes a provision that
allows the proponent to conduct pre-development activities in the properties.

Prargd e A BT

talisay and aroma were observed near the sides of the national road.

shoreline.

Plate EL-3. Trees, shrubs and grass are the dominantland ~ Plate EL-4. Small rice fields are adjacent N-NW of the
cover in the central and eastern parts of the project site. The trees in the photo delineate
project site. the project site boundary.
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Plate EL-5. Houses and tourism establishments are found on the
north-northwest, outside of the project site.

1.1.4 Environmentally Critical Areas

Based on the ECA classification matrix presented in Table EL-2, the project site falls within at least three (3) ECA
categories: (1) areas which constitute the habitat of critical or endangered species (due to the presence of
mahogany), (2) areas frequently affected by natural hazards, and (3) water bodies that support fishing activities.
Although the project site is located adjacent to tourist spots, the project site is classified as a “special
industrial zone”, as mentioned in the Comprehensive Land Use Plan (2014-2023) of the municipality.

There are no known protected areas under the National Integrated Protected Areas System (NIPAS) within the

immediate vicinity of the project site.

Table EL-2
ECA Classification Matrix for the Luna Coal Fired Power Plant in La Union Province

12 ECA Categories

Project
Falls within
ECA
Description

Remarks

1. All areas declared by law as national parks, watershed
reserves, wildlife preserves, and sanctuaries
= Areas declared as such under Republic Act No.
7586 or the National Integrated Protected Areas
System (NIPAS) Act
= Areas declared as such through other issuances
from pertinent national and local government
agencies such as presidential procalmations
and executive orders, local ordinances and
international commitments and declarations

No

The project is not located within a protected
area declared under the NIPAS Law.

2. Areas set aside as aesthetic potential tourist spots

= Aesthetic potential tourist spots declared and
reserved by the LGU, DOT or other appropriate
authorities for tourism development

= Class 1 and 2 caves as cited in EMB MC 2014-
004 and defined under DENR MC 2013-03 and
significant caves as may be determined by BMB
and EMB

Yes

Several tourist spots/ sites are located in the
Municipality of Luna (Figure EP-1). Nearest
are the Pebble Beach Resort and Morning
Seven Resort Hotel which is both located in
Barangay Nalvo Sur beside the project site
boundary (approximately 105m and 210m
northeast, respectively).
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12 ECA Categories

Project
Falls within
ECA
Description

Remarks

Areas which constitute the habitat of any endangered or
threatened species of indigenous Philippine wildlife (flora
and fauna)

Areas identified as key biodiversity areas
(KBAs) by BMB

Areas declared as Local Conservation Areas
(LCA) through issuances from pertinent national
and local government agencies such as
presidential proclamations, executive orders,
local ordinances, and intenational commitments
and declarations

Yes

Mahogany and narra plantations, which are
categorized as vulnerable and endangered
species based on IUCN (2016), can be found
insite the project site boundary. Clearing of
vegetation during site preparation will affect
these species.

Areas of unique historic, archaeological, geological or
scientific interests

All areas declared as historic sites under RA
10066 by NHCP

The whole barangay or municipality, as may be
applicable, where archaeological,
paleontological and anthropological
sites/reservations are loated as proclaimed by
the National Museum

The whole barangay or municipality, as may be
applicable, of cultural and scientific significance
to the nation as recognized through national or
local laws or ordinances (e.g. declared
geological monuments and scientific research
areas and areas with cultural heritage
significance as declared by the LGUs or NCCA)

No

The project site is not within this ECA
category.

5. Areas which are traditionally occupied by cultural
communities or tribes

Areas issued Certificate of Ancestral Domain
Title (CADT) or Certificate of Ancestral Land
Title (CALT) by National Commission on
Indigenous People (NCIP)

Areas issued Certificate of Ancestral Domain
Claim (CADC) or Certificate of Ancestral Land
Claim (CALC) by the DENR

Areas that are historically/traditionally occupied
as ancestral lands or ancestral domains by
indigenous communities as documented in
reputable publications or certified by NCIP

No

There are no known ancestral domains in the
municipality.

6.

Areas frequently visited andfor hard-hit by natural
calamities. The area shall be so characterized if any of the
following conditions exist:

6.1 Geologic hazard areas:

Areas claasified by the MGB as susceptible to
landslide

Areas identified as prone to land subsidence and
ground settling; areas with sinkholes and sags
as determined by the MGB or as certified by
other competent authorities

6.2 Flood-prone areas:

No

No

The flat areas of the municipality including the
project site are not prone to landslides and
other mass movement hazards. The eastern
and southern hilly and mountainous portions
of the municipality have moderate
susceptibility to landslides (Figure EL-14)

The project site has low susceptibility to

flooding as shown in the MGB flood and
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Project
12 ECA Categories FaIIE(\;v : Uiy Remarks
Description
= Areas with identified or classified by MGB or landslide hazard susceptibility map of the
PAGASA as susceptible or prone to flood Bangar Quadrangle (MGB 2010) (Figure EL-
14).
6.3 Areas frequently visited or hard-hit by typhoons:
=  For purposes of coverage, depressions, storms h .
. ; e coastal areas of llocos Region are
and typhoons will be covered in the category Yes frequently affected bv tvohoons and floodin
= This shall refer to all provinces affected by a quenty yyp g-
tropical cyclone in the past
6.4 Areas prone to volcanic activities/earthquakes:
= This refers to all areas around active volcanoes
designated by Philippine Institute of Volcanology
and Seismology (PHILVOCS) as Permanent
Danger Zone as well as areas delineated to be
prone to pyroclastic flow hazard, lava flow The project site is categorized as an ECA in
hazard, lahar hazard and other volcanic hazard this section because of tsunami hazards.
as found applicable per active volcano Yes Nonetheless, other hazards such as
= This refers to all areas identified by Philippine liquefaction and volcanic-related hazards, are
Institute of Volcanology and Seismology not found to be within the project site.
(PHILVOCS) to be transected by active faults
and their corresponding recommended buffer
zones, as well as areas delineated to be prone
to groundshaking hazard, liquefaction hazard,
earthquake-triggered landslide hazard and
tsunami hazard.
7. Areas with critical slope
This shall refer to all lands with slope of 50% or more as No The site is generally flat.
determined from the latest official topographic map from
NAMRIA
8. Areas classified as prime agricultural lands
The project site is still classified as
Prime Agricultural lands shall refer to lands that canbe used agricultural land but not of the prime category.
for various or specific agricultural activities and can provide No Further, a municipal resolution declaring the
optimum sustainable yield with @ minimum of inputs and area as special industrial zone has been
developments costs as determined by DA, NIA or passed (Annex A).
concerned LGU through their zoning ordinance
9. Recharge areas of aquifers
= Recharge areas of aquifers shall refer to sources
of water replenishment where rainwater or The NWRB recharge/aquifer map has
seepage actually enters the aquifers No indicated the project site as a “less productive
= Areas under this classifcication shall be limited aquifer”
to all local or non-natinal watersheds and
geothermal reservations
10. Water bodies The West Philippine Sea fronting the project
is being utilized for fishing activities The
All natural water bodies (e.g., rivers, lakes, bay) that have been Yes approximate fishing ground of fisher folks in
classified or not the municipality is shown in Figure EW-54.
(Source: Luna Municipal Government and
Key Informant Interview)
11. Mangrove areas characterized by one or any No Mangroves were not observed within and in

combination of the following conditions:

the vicinity of the project site.
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Project
12 ECA Categories Fa";&" : i Remarks
Description
= with primary and pristine and dense young growth
= adjoining mouth or major river system
= near or adjacent to traditional productive fry or
fishing grounds
= which acts as natural buffers against shore erosion,
strong winds and storm floods
= on which people are dependent for their livelihood,
pursuant to and taking into consideration RA No.
7161 which prohibits the cutting of mangrove
species
12. Coral reefs characterized by one or any combination of Coral reefs are found a few kilometres
the following conditions: offshore from the project site. However,
= with 50% and above live coralline cover No average live coral cover are as follows:
= spawning and nursery grounds for fish Manta Tow Survey: 10%
= which act as a natural breakwater of coastlines Line Intercept Survey: 26.52%

The geologic structures that can pose seismic hazards (e.g., liquefaction, ground shaking and tsunami) to
the project site include the Manila Trench, Philippine Fault Zone, Abra River Fault and Pugo Fault. The hilly
portion of the project site has low to moderate susceptibility to landslides due to the thin soil cover, gentle
to moderate slope, and the relatively stable nature of the limestone substrate. The coastal area of western
Luzon, including the project, site is prone to storm surges with wave heights ranging from 1.01 to 2m
(Lapidez et al 2015).

To address the project impacts on the water body that supports fishing activities, the proponent will
ensure that necessary pollution control equipment will be installed. These include facilities for wastewater
and sewage treatment, air pollution control installations, and lined stockpile areas for coal and waste ash,
among others. Replacement planting of lost vegetation will also be done using indigenous and endemic
plant species, foremost being mahogany species. The equivalent number of replacement trees will follow
the recommended uniform replacement ratio for cut or relocated trees as indicated in DENR Memorandum
Order No. 2012-02. The replacement ratio for planted trees in private and forest lands is 1:50 while the
replacement ratio for naturally growing trees is 1:100.

A no-fishing zone will be established within a certain distance from the project site but fishing can still be
done beyond this section. The no fishing zone is recommended for the safety of the plant facilities as well
as the safety of local fishermen. A power plant is a vital installation and ensuring its safety is of utmost
priority.

A foreshore area of 2.3529 hectares will be applied for a foreshore lease agreement with the DENR. The
identified area is based on the foreshore survey commissioned by the proponent. The lot plans have been
submitted to PENRO-La Union for approval, which is a pre-requisite requirement in the filing of application
for foreshore lease agreement. Several power plant components that will be built or traverse the foreshore
area include the jetty, intake and discharge structures. The location, final design and layout of these
structures will be finalized in time for the formal filing of foreshore lease application. These will form part
of the requirements that will be submitted during application.

GLEDC will implement an appropriate emergency evacuation plan and regular execution of earthquake
drills in response to the natural hazards present in the area.
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1.1.5 Impairment of Visual Aesthetics

Various stages of Project development will inject new elements into the existing landscape and visual environment.
During the pre-construction and construction phases, the following activities have the potential to impact on the
visual aesthetics on site:

= Clearance of existing vegetation in the project site, and,
= Presence of heavy equipment, machinery and vehicles on site.

During the operation phase, the establishment of the project site will result in permanent changes to the visual
landscape of the area with the introduction of new and non-natural elements.

Visual impairment during the pre-construction and construction phases are unavoidable impacts but
temporary. GLEDC will designate a specific spoils dump area thereby preventing the presence of several
construction areas that are potential eyesores. These areas will also be selected to minimize visual impact.
Other measures that GLEDC will employ to reduce the visual impacts during the construction phase
include:

= Create greenery in exposed areas

= Develop exposed areas in line with the landscape

= Ensure maximum utilization of spoils/debris and muck for construction purposes, thereby
decreasing the amount that needs to be stockpiled

= Disposal of rock from both surface and underground excavation works will be undertaken with
careful consideration.

1.1.6  Solid Waste Management Scheme

The municipality pays attention to waste management due to increasing urbanization. While garbage collection is
confined only within the poblacion area, most burn their solid wastes or bury them in their backyard pits. At present,
the urban areas’ garbage is being dumped at the municipal dumpsite in Barangay Sucoc Norte, outside of the
poblacion area.

In addition to the improvement of the landfill facilities, solid waste management activities are also being
undertaken like waste segregation, clean and green projects, reforestation, and building of material recovery
facilities for recycling. As for biodegradable waste, it is being used in the production of organic fertilizer in a
vermicomposting facility installed in the area. In terms of sewage disposal facility, Luna has yet to have one
installed.

Solid wastes from the proposed project may be generated from construction activities such as removed
vegetation; waste materials from daily activities of construction workers (papers, plastics, and
biodegradable wastes); construction wastes such as wooden crates and various steel pieces, wastes from
offices (papers, plastics, carton, bulbs, etc); and hazardous wastes that include used engine oil and
lubricants. If left unmanaged, spills and leaks of hazardous materials could reach and contaminate
surrounding soils and may consequently lead to devaluation of land value.

To mitigate potential impacts, solid and hazardous wastes will be disposed properly by the proponent.
Specifically, the proponent will coordinate with the LGU to determine if the wastes from the project can be
accommodated. At the same time, the proponent will participate in the waste management scheme
implemented by the LGU. A Solid Waste Management Plan (SWMP) will also be developed to engage all
workers within the site to manage and recycle wastes. Trash bins will also be provided throughout the site
following the segregation scheme of the municipality.

Waste management within the project site will be monitored regularly by visual inspection.
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1.1.7 Summary of Potential Impacts and Mitigation Measures for Land Use

The following Table EL-3 summarizes the potential impacts and proposed mitigation for land use.

Table EL-3

Summary of Impacts Related to Land Use

Project Phases and
Potential Impact

Environmental
Component Likely
to be Affected

Description

Mitigation or Enhancement
Measures

|. Construction Phase

= Project site is compatible
with the existing
comprehensive land use
and zoning plan of Luna -
the area is categorized as

classification as an ECA

and People

typhoons, volcanic activity, etc.);
and,

= Water bodies characterized by one

or any combination of the following
conditions: tapped for domestic
purposes; within the controlled
and/or protected areas declared by

Impact in terms of The land area for the project site is L .
- . Land Use and . . a special industrial zone.
compatibility with already  compatible  with  the )
- People = A vegetated area will be
existing land use proposed lanse use.
created around the
proposed coal fired power
plant to separate the
neighboring residential and
tourism establishments.
= Secure a tree cutting permit
The project will overlap/ impact on | * Collect  seediing  of
the following ECASs: indigenous  species  and
= Areas set aside as aesthetic establish a nursery with
potential tourist spots these . .
= Areas which constitute the habitat | * TN€ power plantwill be build
of any endangered or threatened | @t an elevation at least
species of indigenous Philippine |  €qual to elevation of the
wildlife (flora and fauna); national road
. A ; iv visited and/ = The proponent will ensure
Impact i terms  of hrejsh't reguen yt V'T'e lan.t.or that necessary pollution
pact I . Land Use; Water; ara-nit by natural - calamities control equipment will be
compatibility with (geologic ~ hazards,  floods, | e

Replacement planting of
lost vegetation will be done
using indigenous  and
endemic plant species,
foremost being mahogany
species. The replacement
ratio for planted trees in

Impairment  of visual

aesthetics

Land Use; People

appropriate ~ authorities;  which | private and forest lands is

support  wildlife ~and  fishery |  1:50 while the replacement

activities. ratio for naturally growing
trees is 1:100.

= Designattion of a specific

spoils dump area to prevent

the presence of several

Vari . construction areas that are

arious  stages of  Project

development will inject new elements
into the existing landscape and
visual environment.

potential eyesores.
Employ the following to
reduce the visual impacts

during the construction
phase:
o Create  greenery in

exposed areas
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Environmental
Component Likely Description
to be Affected

Project Phases and
Potential Impact

Mitigation or Enhancement
Measures

o Develop exposed areas in
line with the landscape

o Ensure maximum
utilization of spoils/debris
and muck for construction
purposes, thereby
decreasing the amount
that needs to be
stockpiled

o Disposal of rock from both
surface and underground
excavation works will be
undertaken with careful
consideration.

Solid wastes from the proposed
project may be generated from
construction  activites such as
removed vegetation; waste materials | = Comply with the Ecological

from daily activities of construction Solid Waste Management
workers  (papers, plastics, and Act of 2000 implemented
biodegradable wastes); construction by the LGU, such as:
Devaluation of land value wastes such as wooden crates and | o Solid wastes diversion
as a result of improper L . various steel pieces, wastes from through re-use, recycle,
. and Use; People ' . ! A
solid waste management offices (papers, plastics, carton, and composting activities;
and other related impacts bulbs, etc); and hazardous wastes o Solid wastes segregation
that include used engine oil and from point of waste source
lubricants. If left unmanaged, spills to “compostable”, “non-
and leaks of hazardous materials recyclable”, “recyclable’<
could reach and contaminate “special wastes”

surrounding  soils and  may
consequently lead to devaluation of
land value.

. Operation Phase — no identified impacts

1.2 Geology /Geomorphology
1.21 Methodology

The regional geology is based on secondary data from the Mines and Geosciences Bureau (MGB), Philippine
Institute of Volcanology and Seismology (PHIVOLCS) and published articles on the geology of the llocos region.
Seismic and tectonic information are based on PHIVOLCS maps and publications while stratigraphic data is based
on the Geology and Mineral Resources of the Philippines published by MGB. Description of regional
geomorphology is based on interpretation of NAMRIA topographic maps encompassing the project site and vicinity.
Discussion on flood and landslide hazards is based on the MGB flood and landslide hazard map of the Bangar
Quadrangle (MGB 2010).

Description of site geology is based on field observations. Observed rock outcrops were described and
photographed for future reference. Assessment of project impacts to geology is based on previous similar projects
and on geologic site assessment. Based on the outcome of these assessments, measures to manage and mitigate
potential adverse impacts are recommended.
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1.2.2 Regional/General Geology

The Municipality of Luna in the Province of La Union is a coastal municipality located on the northwest section of
Luzon Island. The coastal plain where the municipality is located is bound by the West Philippine Sea to the west,
the Cordillera Mountains to the east and the Lingayen Gulf Region to the south. The municipality lies within
geographic coordinates 16948’ to 16953’ longitude and 120018’ to 120026’ latitude.

The active tectonic structures in the area include the east-dipping Manila Trench to the west, the East Zambales
Fault to the southwest, and the northerly segments of the Philippine Fault Zone to the east (Figure EL-2A & Figure
EL-2B). The Umingan-Lingayen Fault, which forms the northwest boundary of the Caraballo and Cordillera
Mountains with the Central Luzon Plain, is located offshore a few kilometers west of the municipality. The known
active faults within 25km of the project site include the Pugo Fault, the Abra River Fault and an unnamed fault.
These are further discussed in the seismic hazard section of this report.

Rocks in the general vicinity of the project site include sedimentary rocks consisting of sandstones and shales with
minor conglomerates and limestone lenses. These are capped with alluvial deposits in the river floodplains and
the coastal plain. The geologic map of Northern Luzon is shown on Figure EL-3.

1.2.3 Geomorphology of the Project Site

The coastal plain located north of Lingayen Gulf is narrow and consists mostly of alluvial and piedmont deposits.
The northern part of Luna Municipality consists of the coastal plain while the southern part consists of hills with
narrow valleys in between. In some places like Barangays Carisquis and Darigayos, the foothills extend into the
sea. The highest elevation in the municipality is about 68.6m in Mt. Cangisitan in Brgy. Ayaoan.

The slope ranges from 0-3% in the coastal plains and 3-15% in the rolling areas. The hilly and mountainous portions
have slopes ranging from 15-65%. A slope map of the Darigayos River basin, where the project site lies, was
generated using the STRM digital elevation and is presented in Figure EL-4.

The site of the proposed coal-fired power plant is located along Darigayos Point between Barangays Carisquis
and Nalvo Sur and is divided into the coastal and hilly areas. The coastal area has an elevation ranging from 0-
10m above sea level and a width of around 20m. The berm is elevated by about 1-1.5m from the shoreline. The
coastal portion of the project site is overlain by white coralline sand, angular to well-rounded pebbles with diameters
ranging from >1cm to about 5-6¢m, and dead coral fragments (Plate EL-6). Coralline limestone was observed in
several areas along the shoreline and a large outcrop was observed near the mouth and on the bed of an unnamed
creek (Plate EL-7).

The hilly portion of the project site is found east of the national road and bound on the south by the road leading
up to Brgy Carisquis. This area has an elevation ranging from 10-20m with maximum elevation of 37m. The foothills
abut into the sea. Outcrops of coralline limestone were observed along the road to Barangay Carisquis (Plate EL-
8). The project site has thin soil cover with coralline limestone cropping out in some areas. South of this hilly area
is Darigayos River which drains to the West Philippine Sea in Brgy Darigayos. This river has a wide floodplain and
drains most of the southern and eastern barangays of Luna municipality (Figure EL-5).

The project will have minimal changes to the surface landform, topography, terrain or slope of the site.
Most of the plant facilities are to be located on the gently sloping coastal portion of the project site and
the slope in this area is expected to be maintained during the construction and operation phases of the
power plant. However, site preparation works such as land grading will alter the surface landform and
slope of the hilly portion of the project site.

There are no important landscapes in the vicinity of the project site such as caves, rock monuments,
springs, natural leisure parks, as shown in the topographic map (Figure EL-5).
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The project is expected to utilize the existing barangay road and national road as access to the project
site. Internal roads will be developed both in the coastal and hilly portions of the project site. The cut and
fill method will be used, particularly in the hilly area where the limestone bedrock is shallow.

Change in slope and topography due to excavation and other site preparation works will be managed by
installing the appropriate slope protection. All loose rocks will be removed in order to prevent the
occurrence of rock fall. Roads that will be constructed will have an appropriate drainage system to avoid
road failure.

The project is not expected to lead to changes in sub-surface or underground geomorphology. The
foundation of the buildings and other structures that will be constructed will be suitable for the substrate
(limestone) in the project site. All excavations will be filled up as construction works progress.

Plate EL- 6. The coastal area of the project site is overlain ~ Plate EL-7. Outcrop of coralline limestone near the mouth
by coralline sand, angular to well-rounded of an unnamed creek.
pebbles and dead coral fragments.

PR &

Plate EL-8. Outcrop of coralline limestone observed along the road leading to Barangay Carisquis.
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Inducement of subsidence or collapse

Limestone is normally a sound foundation material but it often contains solution cavities of variable sizes.
These solution cavities influence rock strength and make the limestone susceptible to failure. Joints on
the limestone outcrops were observed only on the shoreline and not on the hilly portion of the project site.
Thus, the presence of solution cavities, if any, will be the only cause of concern during project
development.

To eliminate the risk of foundation collapse, further studies should be done prior to construction to
determine presence or absence of solution cavities. These can include geotechnical analysis that will
extend sufficiently into the limestone bedrock using instruments such as a ground penetrating radar,
among others. As shown during the 2013 earthquake in Bohol, the main cause of failures of the foundation
was the presence of sinkholes at shallow depths. Sampling of the limestone will be maximized so that
extensive strength tests are done on limestone with variable degrees of cavitation. The recommended
foundation design of the geotechnical engineer will also be complied with.

Subsidence is normally associated with excessive groundwater withdrawal. The project is not expected to
lead to subsidence or collapse during the operation phase since seawater will be used for the cooling
water requirement of the power plant.

1.2.4 Geologic and Other Natural Hazards

1.2.41 Seismic Hazards

Based on the preliminary earthquake assessment for the proposed Luna coal-fired power plant project, the
potential seismic generators located near and in the vicinity of the project site include the Manila Trench, the
Philippine Fault Zone, the East Zambales Fault, the Abra River Fault, the Pugo Fault and an unnamed Fault. The
last three seismic generators have potential magnitudes ranging from 6.56 to 7.24 and can cause peak ground
accelerations ranging from 0.25g to 0.31g in medium soil (corresponding to the underlying sedimentary and
alluvialdeposits in the project site). The g factor contour map for medium soils, according to Thenhaus et al, is
presented in Figure EL-6. Power plant structures will be built using a g factor based on the actual
geotechnical properties of soil and/or rock materials at the project site. Based on the National Structural
Code of the Philippines, the recommended seismic factor of Luna, which falls under the Zone 4
classification, is 0.4.

Among the destructive earthquakes that have affected the Philippines, at least three have epicentres located about
150km to 200km from the project site. These include the Casiguran earthquake on 02 August 1968 (Ms 7.3), the
Laoag earthquake on 17 August 1983 (Ms 6.5) and the Luzon earthquake on 16 June 1990 (Ms 7.9). The seismicity
map of Northern Luzon is presented in Figure EL-7. As gleaned from the map, shallow seated and low magnitude
earthquakes have affected the project site and vicinity. Power plant structures will be designed with due
consideration of the nearby fault lines and past earthquake occurences in nearby/surrounding areas.

The June 1990 earthquake has the highest magnitude and the closest epicentre (about 150km) to the project site.
This quake was generated by the Digdig Fault, a splay of the Philippine Fault. The ground rupture generated during
this earthquake measured about 125km along the fault’s trace.

As part of its emergency plan, GLEDC will have an earthquake evacuation plan and will conduct
earthquake drills regularly.
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1.2.4.2 Liquefaction

Liquefaction, which results from strong ground shaking during an earthquake, causes water-saturated and loosely
packed non-cohesive soil to lose stiffness and liquefy. Liquefaction is a major hazard in the areas mapped by
PHIVOLCS (Figure EL-8). The areas affected by liquefaction during the 1990 earthquake were mostly located
within the alluvial complexes of the Agno and Tarlac River systems within the Luzon Central Plains. The coastal
plain east of Lingayen Gulf, from Agoo to north of San Fernando City, is also susceptible to liquefaction as shown
by the PHIVOLCS map.

Figure EL-8 shows the zoomed-in section of the power plant site and indicates that the project site is just
outside of the identified areas with liquefaction potential. The municipal CLUP 2014-2023 indicates that
the areas prone to liquefaction are in the northeastern part of the municipality, particularly Oaqui, Rissing
and Napaset.

The liquefaction potential of the project site will be determined when GLEDC undertakes the detailed
geotechnical studies of the project site. This hazard can be mitigated and the risk can be reduced to
acceptable levels through the construction of small structures with limited floor area, limiting the number
of people on the site to what is necessary, to limit the people exposed to the risk, and use of appropriate
foundation design to overcome the constraint posed by the type of substrate in the project site.

1.2.4.3 Tsunami

Tsunami is another seismic hazard in the project site. Figure EL-9 shows the coastal areas of the Philippines that
are prone to tsunamis. The coastal areas of northwest Philippines, including the project site, have experienced
tsunamis in the past and these areas have high potential of experiencing other tsunamis in the future. The
municipal CLUP 2014-2023 also indicates that, although no records are available, a tsunami was felt in Darigayos,
which caused the sea level to rise but was observed to quickly subside and did not cause damage or loss to life.
The estimated maximum wave height of a tsunami that can affect the project site and vicinity is 8.15m (see Figure
EL-9). Since the project site has elevation ranging from 0-10m, the lower portions of the project site will be prone
to coastal flooding when a tsunami occurs.

Since the project site is prone to tsunamis, a tsunami emergency and evacuation plan will be included in
the plant’s overall emergency plan. The plant structures will also be built at an elevation at least equal or
above the elevation of the national road. Another measure to address the possible impact of tsunami and
storm surge to the project site is the construction of a storm surge or flood barrier that will be left open to
allow water passage during normal conditions but will be closed when threat of a tsunami or storm surge
is imminent.

1.2.4.4 Storm Surges

The western side of Luna is prone to storm surges, since it is located along the shores of the West Philippine Sea.
The hazard mapping of MGB Region | have also identified Barangay Nalvo Sur as having moderate susceptibility
to coastal erosion, storm surge and tsunami.

The storm surge hazard map of the Philippines is shown in Figure EL-10. As shown on the map, the coastal areas
of NW Luzon are expected to have storm surge heights ranging from 1.01m to 2m (Lapidez et al 2015). Storm
surges during super-strong typhoons such as Super-typhoon Yolanda that affected the Visayas in 2013 can reach
heights of 5-6m. Since the elevation at the project site ranges from 0-10m, the lower portions of the project site
near the coast will be prone to coastal flooding when a storm surge occurs. Climate change projections for Region
1 indicate that days with rainfall >300mm are expected to increase in 2020 and 2050, which are expected to
coincide with strong typhoons. Thus, occurrence of storm surge is also expected to increase in the future.
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Figure EL-8. Liquefaction Susceptibility Map of the Project Site
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Since the area is prone to storm surges, GLEDC will design the plant, especially the coastal area to prepare
against any potential occurrences of a storm surge. The impact of natural hazards such as storm surge,
coastal flooding and flash floods can be mitigated by incorporating the appropriate measures in the project
design such as shore protection, levees and proper drainage layout. A storm evacuation plan will be in
place and will be implemented during the occurrence of strong typhoons. Design of project facilities will
be compliant with the national building code and local zoning ordinances.

1.2.4.5 Volcanic Hazards

The project site has low susceptibility to volcanic hazards. Figure EL-11 shows that there are no active volcanoes
within the vicinity of the project site.

1.2.4.6 Landslide Hazard

The flat areas of the municipality including the project site are not prone to landslides and other mass movement
hazards. The eastern and southern hilly and mountainous portions of the municipality have moderate susceptibility
to landslides (Figure EL-12). The hilly portion of the proposed site of the coal-fired power plant has low to moderate
susceptibility to landslides due to the thin soil cover, gentle to moderate slope and relatively stable nature of the
limestone substrate.

The project is not expected to induce landslides or other natural hazards. The coastal portion of the project
site is essentially flat and has low susceptibility to landslide hazards. The sloping hilly portion of the
project site has low to moderate susceptibility to mass movement hazards such as landslides and rock
fall. However, since the project site is located in a tsunami prone area, the proponent will prepare an early
warning system together with a workable evacuation plan. The plant’s safety officer will include logging
on to the US Geological Survey (USGS) and PHIVOLCS websites on a regular basis for any imminent
occurrences of these hazards.

1.2.4.7 Flooding Hazard

The flat areas of the municipality that are occupied by settlements and agricultural areas are prone to flooding
when the rivers and creeks overflow during heavy and prolonged rains.

The project site has low susceptibility to flooding as shown in the MGB flood and landslide hazard susceptibility
map of the Bangar Quadrangle (MGB 2010) (Figure EL-12). The project site is located in a slightly elevated area
several kilometers north of Darigayos River, which is the major river system that causes flooding in the low-lying
areas on the southern part of Luna municipality.

To prevent any flooding in the project site due to the development, proper drainage channels will be built
to divert flood waters away from the plant structures with due consideration of the actual hydrological
properties of river catchments. The ground depression, which according to the guides was widened to
allow for rainwater runoff to drain to the sea, will be maintained with culverts ensuring that outflow to the
sea will continue unimpeded and flooding will not occur in the area.
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High susceptibility to landslide

Areas with high landslide susceptibility rating have active/recent
landslides and tension cracks that could directly affect the community.
Those with steep slopes and drainages that are prone to landslides
damming are also highly susceptible to landslides.

Moderate susceptibility to landslide

Areas with moderate landslide susceptibility rating have inactive/old
landslides and tension cracks which are located away from the
community. These areas usually have moderate slopes.

Low susceptibility to landslide

Areas with low to gentle slopes and lacking tension cracks have low
landslide susceptibility rating

Projectsite

28’

High susceptibility to flooding

Areas with greater than 1 meter flood height. These areas are usually
flooded for several hours during heavy rains; include landforms of
topographic lows such as active river channels, abandoned river
channels and areas along river banks, also prone to flashfloods.

Moderate susceptibility to flooding

Areas with less than 1 meter flood height. These are usually inundated
during prolonged and extensive heavy rainfall or extreme weather
condition.
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1.2.5 Summary of Potential Impacts and Mitigation Measures for Geology and Geomorphology

Table EL-4 presents the summary impacts and mitigation measures for Geology and Geomorphology.

Table EL-4
Summary of Impacts Related to Geology and Geomorphology
- Environmental Mitigation or
P;?éitt;??;:::td Component Likely to Description Enhancement
be Affected Measures
. Construction Phase
The project will have minimal changes
to the surface landform, topography,
terrain or slope of the site. Most of the
plant facilities are to be located on the
gently sloping coastal portion of the | Change in slope and
project site and the slope in this areais | topography  due to
expected to be maintained during the | excavation and other site
construction and operation phases of | preparation works will be
the power plant. However, site | managed by installing the
preparation works such as land | appropriate slope
Changes in grading will alter the surface landform | protection. All loose rocks
geomorphology of the | Geomorphology and slope of the hilly portion of the | will be removed in order

project site

project site.

The project is expected to utilize the
existing barangay road and national
road as access to the project site.
Internal roads will be developed both in
the coastal and hilly portions of the
project site. The cut and fill method will
be used, particularly in the hilly area
where the limestone bedrock is
shallow.

to prevent the occurrence
of rock fall. Roads that will
be constructed will have
an appropriate drainage
system to avoid road
failure.

The project is not expected to lead to
changes in  sub-surface  or

Changes in Sub-surface or underground geomorphology. The | All excavations will be
geomorphology of the underground foundation of the buildings and other | filled up as construction
project site geomorphology structures that will be constructed will | works progress.
be suitable for the substrate
(limestone) in the project site.
Limestone is normally a sound | Further studies should be
foundation material but it often | done prior to construction
contains solution cavities of variable | to determine presence or
sizes. These solution cavities influence | absence  of  solution
rock strength and make the limestone | cavities. Sampling of the
susceptible to failure. Joints on the | limestone will be
Inducement of limestone outcrops were observed only | maximized so  that
Subsidence on the shoreline and not on the hilly | extensive strength tests

subsidence or collapse

portion of the project site. Thus, the
presence of solution cavities, if any, will
be the only cause of concern during
project development.

are done on limestone
with variable degrees of
cavitation. The
recommended foundation
design of the
geotechnical engineer will
also be complied with.

II. Operation Phase
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- Environmental Mitigation or
P;?;:‘:‘tt;?f;:::td Component Likely to Description Enhancement
be Affected Measures
Subsidence is normally associated
with excessive groundwater
withdrawal. The project is not
Inducement of Subsidence expected to lead to subsidence or No mitigation

subsidence or collapse

collapse during the operation phase
since seawater will be used for the
cooling water requirement of the
power plant.

measures needed.

The western side of Luna is prone to

GLEDC will design the
plant to prepare
against any potential
occurrences  of a
storm surge.

Incorporate the
appropriate measures
in the project design

o such as  shore
storm surges, since it is located along rotection levees
the shores of the West Philippine Sea. an propér drainagé

Geologic and other The hazard mapping of MGB Region | layout.

natural hazards

Storm surge

have also identified Barangay Nalvo
Sur as having moderate susceptibility
to coastal erosion, storm surge and
tsunami.

A storm evacuation
plan will be in place
and will be
implemented  during
the occurrence  of
strong typhoons.
Design of project
facilies  will  be
compliant with  the
national building code
and local zoning
ordinances.

Geologic and other

Tsunami is another seismic hazard in
the project site. Figure EL-9 shows the
coastal areas of the Philippines that
are prone to tsunamis. The coastal
areas of northwest Philippines,
including the project site, have
experienced tsunamis in the past and

A tsunami emergency
and evacuation plan
will be included in the
plant's overall
emergency plan.

The plant structures
will also be built at an

natural hazards Tsunami these areas have high potential of elevation at least
experiencing other tsunamis in the equal or above the
future. elevation  of the
national road.
Construction of a
storm surge or flood
barrier.
The project is not expected to induce The proponent  will
landslides or other natural hazards. prepare an early
The coastal portion of the project site is warning system
essentially flat and has low together  with a
Geologic and other susceptibility to landslide hazards. The workable evacuation
Landslides sloping hilly portion of the project site plan.
natural hazards has low to moderate susceptibility to The plant's safety
mass movement hazards such as officer will include

landslides and rock fall.

logging on to the US
Geological ~ Survey
(USGS) and
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; Environmental Mitigation or
HEEE) P IEEEENT Component Likely to Description Enhancement
Potential Impact
be Affected Measures

PHIVOLCS websites
on a regular basis for
any imminent
occurrences of these
hazards.

Geologic and other
natural hazards

Seismic hazards

Based on the preliminary earthquake
assessment for the proposed Luna
coal-fired power plant project, the
potential seismic generators located
near and in the vicinity of the project
site include the Manila Trench, the
Philippine Fault Zone, the East
Zambales Fault, the Abra River Fault,
the Pugo Fault and an unnamed Fault.

Power plant
structures will be built
using a g factor based
on the actual
geotechnical
properties of  soil
and/or rock materials
at the project site.
Power plant
structures  will  be
designed with due
consideration of the
nearby fault lines and
past earthquake
occurences in
nearby/surrounding
areas.

GLEDC will have an

earthquake
evacuation plan and
will conduct
earthquake drills
regularly.

Geologic and other

The liquefaction potential of the
project site will be determined when

Construction of small
structures with limited
floor area, limiting the
number of people on
the site to what is
necessary, to limit the
people exposed to the

natural hazards Liquefaction GLEDC undertakes the detailed sk and use of
geotechnical studies of the project ro
site. approprllate .
foundation design to
overcome the
constraint posed by
the type of substrate
in the project site.
Proper drainage
channels will be built
The project site has low susceptibility to divert flood waters
to flooding as shown in the MGB flood away from the plant
and landslide hazard susceptibility structures with due
map of the Bangar Quadrangle (MGB consideration of the
. 2010). The project site is located in a actual  hydrological
Geologic and other . : . ,
Flooding slightly  elevated area  several properties of river
natural hazards . . .
kilometers north of Darigayos River, catchments.
which is the major river system that The ground

causes flooding in the low-lying areas
on the southern part of Luna
municipality.

depression,  which
according to the
guides was widened
to allow for rainwater
runoff to drain to the
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; Environmental Mitigation or
P;?tic;tt;??;:::td Component Likely to Description Enhancement
be Affected Measures
sea, will be
maintained with

culverts ensuring that
outflow to the sea will
continue unimpeded
and flooding will not
occur in the area.

1.2.6  Monitoring Plan for Geology and Geomorphology

Monitoring for the presence of solution cavities and sinkholes will be done during the excavation for building
foundation. Foundation of structures will not be constructed on areas where cavities and sinkholes are found.

1.3  Pedology / Soils

1.3.1 Methodology

Soil samples were obtained from four stations to assess the soil quality in the project site and vicinity. Soil samples
were taken from the surface and at 0.5m-1m depth. The soil samples were placed in pre-labeled Zip-lock plastic
bags and were submitted to Ostrea Mineral Laboratories, Inc. for analysis of the following parameters: nitrogen,
phosporus, potassium, pH, organic matter, hexavalent chromium, arsenic, cadmium, lead and mercury.

The soil characterization is followed by an assessment of potential impacts that could arise due to the construction
and operation of the project on soil quality. Based on the outcome of these assessments, measures to manage

and mitigate potential adverse impacts are recommended.

The location and description of the soil quality sampling stations are presented in Table EL-5 and Figure EL-13.

Table EL-5
Soil Quality Sampling Station Description
Station ID Coordinates Elevation Site Description
16°50'12.50"N
S1 120°20"16.15"E 16m In the proposed power block
16°50'5.47"N
S2 120°20'11 68'E 18m In the proposed coal yard
16°49'52.22"'N .
S3 120°20'6.86'E 22m In the proposed ash disposal area
s4 16°49'30.04"N 23m Control Station in Brgy. Darigayos approximately
120°20'13.15"E 700m away from the south of the project site

1.3.2 Soil Types

Based on the soil map series retrieved from the BSWM, most of the surface soil in Luna consists of San Manuel
Silt Loam. This soil type is well drained and not prone to flooding. Its parent materials include old alluvium, recent
alluvium and coastal deposits. The surface soil is coarse granular while the subsoil ispale brown silt loam to fine
sandy loam. San Manuel Silt Loam has moderate to high fertility and found extensively on the alluvial plains of the
municipality where crops are grown.

The other soil types in the municipality according to the Luna Comprehensive Land Use Plan (2014-2023) include
Vigan Clay Loam, Bauang Clay, Bolinao Clay, gravel deposits, beach sand and hydrosol. The different soil types
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of the municipality are shown in the soil map on Figure EL-14. As gleaned from the map, most of the municipality
is overlain by San Manuel Silt Loam while the coastal area, where the project site is located, is overlain by beach
sand.

Soil erosion and loss of topsoil/overburden will occur during project development, especially during land
clearing and excavation for building foundation. Excavation and land clearing will thus be limited to what
is required for project construction. Stockpiles of excavated soils will be stabilized to minimize occurrence
of erosion, particularly during the rainy season.

The sediment sources in the project site and vicinity include the alluvial deposits of Darigayos River as well as the
marine sediments from the West Philippine Sea. The beach sand deposits in the project site can be easily eroded
by wind and wave action.

During the construction phase of the coastal structures (jetty, intake and outfall pipes) when erosion and
siltation is most likely to happen, prevention measures like levees, and siltation ponds or silt traps will be
installed.

There are no major rivers traversing the project site, thus riverbank stability will not be a concern during
project development. The banks of the ground depression within the project site are thickly vegetated and
lined with limestone boulders. Thus, the creek bank is stable. In addition, culverts will be installed to
ensure unimpeded flow of water during rain events.

1.3.3  Soil Quality

The results of the soil sample analysis are presented in Table EL-6. In the absence of Philippine soil quality
guideline values, the results are compared to the Dutch Target and Intervention Values (2000) which identifies
guideline values for various soil quality parameters. All other soil quality data to be obtained for the proposed power
plant project will be compared to the Dutch Target and Intervention Values (2000).

Values of organic parameters are presented in Figure EL-15 while values of pH and organic matter are presented
in Figure EL-16. In the absence of agricultural activities within the project site, nitrogen and potassium in soil
samples is presumed to be from natural sources.

Values of heavy metals (e.g. hexavalent chromium, arsenic, cadmium, lead and mercury) are low and are well
within the Dutch Target and Intervention Values (2000) for these parameters (Figure EL-17).

Change in soil quality/fertility due to oil leaks/spills of construction equipment and machinery and from
the vehicles used in the site can occur during construction.
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Table EL-6
Results of Soil Quality Analysis
Dutch Target (TV) and
Parameters | Units | Station S1A | Station S1B  Station S2A | Station S2B  Station S3A  Station S3B  Station S4A | Station S4 B '“te"‘*“t::;‘,g'“es i
v v

Nitogen (N) | % 0.22 0.29 0.28 0.09 023 0.18 027 026 NIA NIA
Phosphorus (P) | % 0.116 0.106 0.102 0088 0.121 0.086 0.123 0.094 NIA NIA
Potassium (K) | mghkg | 931.08 1176.61 939.34 957.98 124117 129161 785.78 767.50 NIA NIA
oH - 75 82 73 69 75 78 83 8.3 NIA NIA
Organic Matter | % 824 323 751 320 203 3.01 468 246 NIA NIA
Hexavalent mglkg 445 <0.10 3.40 156 081 <0.10 036 <0.10 100 380
Chromium (Cr)
Arsenic (As) | malkg 939 9.76 6.69 778 6.00 6.67 735 7.00 29 55
Cadmium (Cd) | mglkg <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 08 12
Lead (Pb) malkg <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 85 530
Mercury (Hg) | mglkg 0.096 0.074 0.088 0.068 0.110 0,054 0043 0074 3 10

Source of soil target values: Dutch Target and Intervention Values, 2000 (the new Dutch list)
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The regular inspection and maintenance of vehicles and machineries is a mitigating measure that GLEDC
will implement and this will be done in a designated and cemented area. Use of oil sumps in engine rooms
and vehicle equipment maintenance areas will be employed to allow oil and grease in oily wastewater to
settle before the wastewater is discharged to the drains. Oil sludge will be collected and stored in oil sludge
tanks that are lined with impermeable materials. Disposal will be through a DENR accredited hazardous
waste transporter and treater.

During operation, changes in soil quality can be caused by oil spills and leaks from equipment, machinery
and vehicles. Coal ash can also affect soil quality within the immediate vicinity of the ash pond.

A designated and cemented area for vehicle maintenance and repair will be established for the operation
phase. The area will be equipped with oil absorbing materials and receptacles for oil contaminated waste
and will have proper drainage channels to carry runwater to a settling pond prior to discharge.

The ash pond will be lined with clay and HDPE to prevent leachate from contaminating soil.
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Figure EL-15. Values of organic parameters in soil samples from the project site and vicinity.
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Figure EL-16. Values of pH and organic matter in soil samples from the project site and vicinity.
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Figure EL-17. Heavy metal values in soil samples from the project site and vicinity.

1.3.4 Summary of Potential Impacts and Mitigation Measures for Pedology

Table EL-7
Summary of Impacts Related to Pedology
Project Phase Environmental Mitigation or Enhancement
and Potential Component Likely Description M
easures
Impact to be Affected
. Construction Phase
Excavation and land clearing will
thus be limited to what is required
Soil erosion and loss of for project construction.
Soi . topsoil/overburden will occur during Stockpiles of excavated soils will
o erosionand | ject development, especially duri be stabilized to minimi
loss of topsoll oil types project development, especially during e stabilized to minimize
land clearing and excavation for buildin f erosion, particularl
g g occurrence of erosion, pa y
foundation. during the rainy season.
Levees, and siltation ponds or silt
traps will be installed.
There are no major rivers traversing the Culverts will be installed to ensure
Degradation of Soil tvpes project site, thus riverbank stability will not impeded flow of water duri
riverbank stability P be a concern during project development. unimpeged flow ot water during
The creek bank is stable. rain vents.
Regular inspection and
maintenance of vehicles.
Use of oil sumps in engine rooms
and vehicle equipment
Change in soil quality/fertility due to oil maintenance areas will be
L leaks/spills of construction equipment and employed. Oil sludge will be
Degradation in soil Soil quality machinery and from the vehicles used in collected and stored in oil sludge

quality/fertility

the site can occur during construction.

tanks that are lined with
impermeable materials. Disposal
will be through a DENR
accredited hazardous waste
transporter and treater.
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Project Phase Environmental I
anc{ Potential Component Likely Description Mltlgatm&or LTl
Impact to be Affected easures
Il. Operation Phase
Degradation in soil Soil quality Changes in soil quality can be caused by | e A designated and cemented area

quality/fertility

oil spills and leaks from equipment,
machinery and vehicles. Coal ash can also
affect soil quality within the immediate
vicinity of the ash pond.

for vehicle maintenance and repair
will be established. The area will
be equipped with oil absorbing
materials and receptacles for oil
contaminated waste and will have
proper drainage channels to carry
runwater to a settling pond prior to
discharge.

e The ash pond will be lined with
clay and HDPE to prevent
leachate from contaminating soil.

1.3.5 Monitoring Plan for Pedology

Annual monitoring during the construction and operation phases of the power plant is recommended for the
following soil quality parameters: nitrogen, phosphorus, potassium, arsenic, mercury, chromium, and cadmium.
The soil samples should be collected in areas adjacent to the power plant facilities. Soil samples should be
collected from the surface and at 0.5m to 1m depth. Annual sampling is recommended for organic and heavy metal
parameters. Annual sampling for total petroleum hydrocarbon in soil samples near the diesel tank is recommended
for the first five years of operation and this can be discontinued if results show that values of DRO and ORO remain
low and within the Canadian soil quality guideline values.

The summary of recommended monitoring plan for soil quality is provided in Table EL-8 while the recommended
location of monitoring stations is shown in Figure EL-18.

area
o 5S4 down gradient of ashpond

Table EL-8
Summary of Recommended Monitoring Plan for Soil Quality
Parameters Sampling Stations Method Frequency
o Northwest (S1) and Southwest (S2)
of uncrushed covered coal stockpile;

Arsenic ¢ S1 location of construction laydown | Collection of soil samples Once a year
Mercury area from surface and at 0.5m during construction
Chromium o North (S2) and northwest (S6) of to 1m erth . an operation
Cadmium ash pond,; Analysis of sql samples phases of power
Lead o Near sedimentation basin (S5) by an accredited DENR olant

e S3 location of construction laydown | laboratory

Total petroleum
hydrocarbon (DRO and
ORO)

o Adjacent to diesel tank and oil tank
(S6)

Collection of soil samples
from surface and at 0.5m
to 1m depth

Once a year
during construction
and operation
phases of power

In the absence of Philippine soil quality guideline, the Dutch Target and Intervention Values (2000) guidelines were
used for the monitoring plan for soil quality.
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1.4 Terrestrial Ecology - Flora

141 Methodology

Sampling Stations

The field data collection was done on July 25 to 29, 2016. Purposive quadrat sampling technique was used in the
survey. This sampling technique was chosen with the intention of recording as many plant species as possible.
The plots [=quadrats], with a dimension of 10m x 10m each, were laid one by one as new plant species was
encountered in its location. The locations of all these plots are shown in Figure EL-19. About 135 plots were
established in the project site. These exclude the 124 smaller nested plots (2m x 2m) purposely utilized to facilitate
listing of understorey plants and weeds. The distribution of plots (big and small) among the habitat types surveyed
is provided in Table EL-9.

Table EL-9
Distribution of Big and Small Plots among the Vegetation Types Surveyed
Luna, La Union

Habitat/Vegetation Type Big Plot (100 m?) Small Plot (4 m?)
Beach thicket 7 7
Brushland 94 94
Riparian strip 20 0
Mahogany plantation 12 12
Narra Plantation 2 2
Grassland 0 9

Total 135 124

Apart from species identification, bio-measurements such as diameter at breast height (DBH in cm), total height
(TH in m) and crown cover (CC in %) were noted. For the weeds and undergrowths, only number of individuals
and percent crown cover were recorded.
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Computation of Importance Value

Species dominance in each vegetation type was determined either by computing the species importance value
(V) of canopy plants such as trees and shrubs or by estimating the crown cover of each species with respect to
plot size for grasses and understorey vegetation. Importance value is the sum of the relative frequency, relative
density and relative dominance.

The formulas to derive the IV (based on Brower, 1989 as cited by Fernando et al., 1998) are provided below:

Density = total number of individuals of a species

] ] Density of a species
Relative Density = — — x 100
Total densities of all species

Crown area of a species

Dominance =
Total area sampled

Dominance of a species

Relative Dominance = - — X
Total dominances of all species

Number of times a species is encountered
Occurence = - x 100
Total number of plots established

Number of occurrences

v _ x 100
requency = il number o foccurrences

] Frequency of a species
Relative Frequency = Total of frequencies x 100

Importance Value (IV)
= Relative Density + Relative Dominance + Relative Frequency

Computation of Diversity Indices

On the other hand, diversity indices were also determined using the richness and dominance computation following
the equations of Magurran (1988) and Brower (1989) as cited by Fernando et al. (1998). Species richness is
measured by the Shannon diversity index (H') which assumes that individuals are randomly sampled from an
indefinitely large population. It equally considers that all species are represented in the sample. Evenness (E),
which is a measure of dominance, is the ratio of observed diversity to maximum diversity. Both were assessed
using the following formula:

Species Diversity (H') = — Z pi(logpi)

. . IV of a species cumulative crown cover of a species
where: pi = =

Total IVs of all species " Total cumulative crown covers of all species
Evenness Index (E) = H'/LN(s)

where: s = number of species
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The species diversity index (Table EL-10) is the ratio between the number of species or importance values that
may be expressed as the number of individuals, biomass productivity and the like (Odum, 1971). A high index
value usually means a large number of rare species — “rare” in the sense that, it is represented by a low number
of individuals as opposed to high counts for a few common species. The index of dominance, on the other hand,
expresses the degree to which the dominance is concentrated in one, several, or many species (Odum, 1971).

Table EL-10
Ordinal Classification of Species Richness and Evenness Indices
(adopted from Fernando et al., 1998)

Relative Value Rating Species Diversity (H’) Evenness (E)
Very High 3.50 - 5.00 0.75-1.00
High 3.00-3.49 0.50-0.74
Moderate 2.50-2.99 0.25-0.49
Low 2.00-249 0.15-0.24
Very Low 0.00-1.99 0.05-0.14

Determination of Threatened Status

The global threatened status of each species was determined from the IUCN Red List of Threatened Species 2016
using the link “http://www.iucnredlist.org/search” and from DAO 2007-01 for the Philippine threatened status.

Impact Assessment and Mitigation Measures for Terrestrial Flora

An assessment of potential impacts that could arise due to the construction and operation of the project on
terrestrial flora was conducted based off the baseline data gathered. Based on the outcome of these assessments,
measures to manage and mitigate potential adverse impacts are recommended.

1.4.2 Regional Land Use and Vegetation Cover

No specific record, as of this date, has been written to describe the regional land use and vegetation cover of Luna.
However, based on the published book of Fernando et al. (2008) and the relative location of the project site, it can
be inferred that the facade of the site facing the West Philippine Sea was once a lush beach forest extending about
50-100 meters from the coastline and the inner portion of the project site was an evergreen tropical forest. The
muddy substrates near the project site were once before covered with thick mangrove forest. Human interventions
(i.e. agricultural and built-up conversion; resource exploitation and land use change) have changed the pristine
vegetation cover to its current state.

1.4.3 Existing Habitat Types within Study Area

Site Characteristics

The whole project site is composed of several vegetation types (Figure EL-20), though a big portion of the whole
area is dominated by brushlands. The beach thicket of shrubs and small trees bound the western part of the
proposed project site facing the West Philippine Sea. On both sides of the main road a stretch of mahogany
plantation is situated. A stand of mahogany is also found in the northern part of the project site. Narra plantation,
composed of more than 50 trees, is also seen next to the mahogany plantation on the right side of the main road.
A riparian strip along a ground depression is located in the middle portion of the project site bisecting the main
road. Lastly, grasslands occupy the open gaps and the areas around the abandoned poultry facility and the old
pasture land. According to the hired field guides, almost half of the whole area was utilized as pasture land by the
previous owner years ago.

Land Module 97



Mahogany Plantation

i w West Philippine Sea B Lk
Narra Plantation
' Beach Thicket |

) Riparian Strip

0 300 ' 600
/Meters

Figure EL-20 Vegetation Types in the Project Site LEGEND: SCALE: 1:8,000 PAGE: 98
) DATA INFORMATION/SOURCE: ,
D Project Layout ashpond [l Foreshore Area Basemap and Boundary: NAMRIA Topographic
ENVIRONMENTAL IMPACT STATEMENT - . , BAngRr sheet diad) '

2x335MW COAL-FIRED POWER PLANT PROJECT Jetty/ Temporary Jetty Cooling Pipe / Outfall Pipe Ground Depression Project Boundary: GLEDQ 2016
Created by: Apercu_AConjares




Environmental Impact Statement

“ 2x335MW Coal-Fired Power Plant Project
) Barangays Carisquis and Nalvo Sur, Luna, La Union

p—

A total of 119 plants were identified in the proposed project site. These belong to 113 genera under 49 families.
Trees and shrubs were abundant in the site among all other plant types in terms of number of species (Table EL-
11). The most represented families were Fabaceae (legumes) and Euphorbiaceae (euphorbs) with 15 and 13
genera, and 14 and 13 species, respectively (Table EL-12).

Table EL-11
Number of Species based on Plant Type
Plant Type Species
Fern 1
Herb 22
Shrub 30
Straggling fig 1
Tree 54
Vine 12
Total 119
Table EL-12
Family with the Most Number of Genera and Species
Family Genera Species
Fabaceae 14 15
Euphorbiaceae 13 13
Poaceae 6 6
Lamiaceae 3 5

Note: Only families with > 5 representative species are included in the table

Land clearing in the proposed project area will result to permanent loss of local species including Bolong
eta, Isis, Mahogany, Molave, and Narra, which are threatened, endangered, and vulnerable species. This
will decrease the abundance of the local population.

Cutting of trees was one of the concerns raised by the host community during the scoping activities. To
address this concern and mitigate the impact, a complete inventory of trees that will be affected by the
project will be conducted by the proponent. Thereafter, the proponent will apply for and secure a tree-
cutting permit from the local, regional and national DENR offices. Based on the inventory of trees, the
proponent, in coordination with the DENR, will initiate seedling replacement strategies. It is expected that
the threatened plants [listed in Table EL-20] which will be affected during the construction phase will be
the focus of the tree replacement program.

Collection of seeds and wildlings of indigenous plants will be done. Nurseries will be established where
the seedlings of the identified endangered and vulnerable species within the site will be nurtured and will
be used for the replacement program. A vegetated buffer area will be established around the project site.
GLDEC will look for another site where a greening program will be implemented, in close coordination with
the LGU and the local PENRO/CENRO offices.

1.4.4 Project Site Species Composition
Beach Thickets

Based on the seven (7) big plots established in the beach stretch of the project site, around nine (9) species of
shrubs and trees were identified. The most common was talisai (Terminalia cattappa) with an importance value of
77.51%. This was followed, in decreasing order, by ipil-ipil (Leucaena leucocephala), kakauate (Gliricidia sepium),
and aroma (Acacia farnesiana) with computed importance values of 69.27%, 48.53% and 43.44%, respectively.
Other species with less than 40% importance values were binunga, alim, kamachile and mala-molave. Among the
listed species in Table EL-13, talisai, aroma, bangkoro and kamachile were found naturally growing in the beach
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area. These were all written in the list of beach forest plants of Fernando et al. (2008). Other species in the list
were observed distributed all throughout the project site, these being sun-loving plants.

Table EL-13
Species of Trees and Shrubs in the Beach Thickets of Luna, La Union
Species Scientific Name I[R)elati_ve Relative Rel_ative Importance
ensity Frequency Dominance Value

Talisai Terminalia cattapa 29.82 21.27 20.41 77.51
Ipil-ipil Leucaena leucocephala 24.56 18.18 26.53 69.27
Kakauate Gliricidia sepium 17.54 13.64 17.35 48.53
Aroma Acacia famesia 14.04 18.18 11.22 43.44
Bangkoro Morinda citrifolia 7.02 4.55 16.33 27.89
Binunga Macaranga tanarius 1.75 4.55 3.06 9.36
Alim Melanolepis multigladulosa 1.75 4.55 2.04 8.34
Kamachile Pithecelobium dulce 1.75 4.55 2.04 8.34
Mala-molave Local name only 1.75 4.55 1.02 7.32

Total 100.00 100.00 100.00 300.00

The stocky! vegetation along the beach stretch, generally, serves as barriers to strong wind currents especially
during typhoon events. The beach plants, aroma talisai, bangkoro and kamachile, in particular were all resistant to
salt sprays, protecting other plants in the landward side from drying up. They also served as habitat for wildlife.

As observed, the limited number of plant species in the beach front was brought by the combined disturbance of
typhoons occasionally visiting the area and the frequent strong wind velocity and exposure to salt sprays, apart
from the impact of heavy human pressure (e.g. firewood collection). Edaphic factors (i.e. soil physical and chemical
characteristics) had little contributions in the present species composition in the area.

The most common plant in the understorey of the beach vegetation was pandakaki (Tabernaemontana
pandacaqui) with a computed cumulative crown cover of 115, amounting to 24.06% of the total crown cover (Table
EL-14). Pandakaki is a shrub with wide ecological amplitude. It grows commonly in the open and may also survive
under the shade of big trees (Fernando et al., 2004). Its fruits are eaten by frugivorous birds and that ecological
role perhaps is the reason for its wide dispersal over the project site. It was found fruiting during the field survey.
Hagonoi (Chromolaena odorata) and coronitas (Lantana camara) followed with cumulative crown cover values of
91 and 80, respectively. These values fell within the total crown cover percentage range of 15-20%. Both species
are naturalized in the country and are now widespread and very common (Reyes, 2006; Fernando et al., 2004;
Fernando et al., 1998; Quimio, 1996).

Other vegetation, with crown cover percentages below 10%, were aroma, uoko, ipil-ipil, Zizyphus and others.

Beach vegetation will be cleared during the construction phase, when the coastal structures such as the
jetty, which will accommodate delivery of equipment and material by the sea, are going to be built. None
of the species found on the beach, however, are considered threatened or vulnerable and therefore for this
section, removal of vegetation will not affect any important species.

1 The term stocky vegetation is commonly used in forest ecology which means thickset, sturdy, solid, stout, chunky,
and the like.
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Table EL-14
Understorey Species in the Beach Thickets of Luna
Species Scientific Name Cumulative Crown Cover | Percentage

Pandakaki Tabernaemontana pandacaqui 115 24.06
Hagonoi Chromolaena odorata 91 19.04
Coronitas Lantana camara 80 16.74
Aroma Acacia farnesiana 45 9.41
Uoko Mikania cordata 41 8.58
Ipil-ipil Leucaena leucocephala 30 6.28
Zizyphus Zizyphus sp. 30 6.28
Palis Callicarpa erioclana 15 3.14
Dilang butiki Centrosema pubescens 11 2.30
Tridax Tridax procumbens 10 2.09
Balloon vine Cardiospermum halicacabum 5 1.05
Kamariang gubat | Selaginella cuppresina 5 1.05

Total 478 100.00

Brushlands

The habitat type or vegetation formation with the most number of species was the brushland. A total of 58 species
of trees and shrubs were identified in 94 big plots established (Table EL-15). Ipil-ipil (Leucaena leucocephala) had
the highest importance value of 42.78%, which is a naturalized fast-growing tree species that is very widespread
in the country (Fernando et al., 1998). It was introduced in the Philippines as a reforestation species in the 70s or
perhaps earlier. It can grow in almost all types of soil and may resist drought for almost a year (Reyes, 2006;
Quimio, 1996). In other parts of the country, its seeds are broadcasted in idle farms to restore the nutrients in the
soil (Reyes, 2006). Ipil-ipil, together with kakauate (Gliricidia sepium), according to the CLUP of Luna, La Union
(2014), is the most common species in the municipality. Other common tree and shrub species in the brushland
included: Guioa sp., raintree (Samanea saman), mala-apanang, matang hipon (Breynia rhamnoides), kalios
(Streblus asper), achuete (Bixa orellana), Philippine gmelina (Gmelina philippinensis) and others.

Brushlands are among the ecosystems with a vast number of plant species. It is the mid-stage in the forest
succession process when and where most of the sun-loving tree species preponderate (Reyes, 2006). In the
project site, anthropogenic, in addition to edaphic and climatic factors, have contributed much in the predominance
of pioneer species. Among these pioneers are: Guioa sp., mala-apanang, matang hipon (Breynia rhamnoides),
kalios (Streblus asper), kakauate (Gliricidia sepium), Philippine gmelina (Gmelina philippinensis), himbabao
(Brousonnetia luzonica), alim (Melanolepis multiglandulosa), alahan (Guioa koelreuteria), tubang bakod (Jatropha
curcas), malubago (Hibiscus tiliaceus), pandakaki (Tabernaemontana pandacaqui), dita (Alstonia scholaris),
governor's plum (Flacourtia sp.), magilik, ligas (Semecarpus cuneiformis), sablot (Litsea sebifera), isis (Ficus nota),
binunga (Macaranga tanarius), nino (Morinda bracteata), balinghasai (Buchanania arborescens), and katagpo
(Psychotria sp.).

The site was once utilized as pasture land for raising cattle and other ruminants (CLUP of Luna, La Union, 2014).
Low stature vegetation dominated by grasses was the main crops in the past. In addition, frequent cutting of trees
may have limited the growth of large vegetation. The remnants of the original vegetation indicate that the area was
once forested (fully vegetated). This is supported by the presence of the trees bolong eta (Diospyros pilosanthera),
molave (Vitex parviflora), kusibeng (Sapindus saponaria), kuratan (Linociera sp.), and wildlings of magabuyo
(Celtis luzonica). The first two (2) species (bolong eta and molave) and the last species (magabuyo) are recorded
in the “red list” as threatened (vulnerable and/or endangered) species in both IUCN 2016 and DAO 01-2007.

Of the species listed in Table EL-15, three (3) trees are considered vulnerable: Mahogany, Molave and Isis.
The relative densities of these trees are very low with all of them having a density of less than one (with
the highest density being 22 for Ipil-ipil trees). These vegetation will be removed during the construction
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phase to make way for the plant structures. During the operation phase, these vulnerable species will be
used for greening and landscaping of the power plant site.

Several fruit and food trees, including achuete, himbabao, atis, kamachile, siniguelas, malunggai, kamias,
manga, lemonsito and sampaloc will also be removed during the construction phase. Whenever possible,
trees with less than 15cm diameter will be balled and replanted as landscape species during the operation
phase.

Two tree species — Dita and Bani - are considered of least concern in the IUCN listing but will also be
included as species in the nursery and used for landscaping during the operation phase.

Table EL-15
Species of Trees and Shrubs in the Brushlands of Luna
Speci s Relative Relative Relative Importance
pecies Scientific Name Densi .

ensity Frequency Dominance Value
Ipil-ipil Leucaena leucocephala 22.34 16.79 20.18 59.31
Guioa Guioa sp. 16.83 10.94 11.34 39.11
Raintree Samanea saman 4.75 7.38 16.36 28.49
Mala-apanang Local name only 7.41 5.09 3.63 16.13
Matang hipon Breynia rhamnoides 5.80 3.31 5.05 14.16
Kalios Streblus asper 4.28 5.09 4.55 13.91
Achuete Bixa orellana 3.42 5.60 2.51 11.53
Kakauate Gliricidia sepium 2.57 4.33 3.55 10.44
Philippine gmelina Gmelina philippinensis 3.61 2.04 3.76 9.41
Bolong eta Diospyros pilosanthera 2.00 3.82 3.45 9.26
Himbabao Brousonnetia luzonica 2.38 4.33 1.35 8.05
Alim Melanolepis multiglandulosa 3.61 2.29 2.04 7.94
Bangkoro Morinda citrifolia 2.38 1.78 3.44 7.60
Kamachile Pithecelobium dulce 2.57 2.04 1.36 5.97
Mala-sudiang Vaccinium sp. 1.14 1.27 2.53 4,95
Mala-molave Locally identified 1.52 1.02 1.51 4.05
Talisai Terminalia catappa 1.14 1.78 0.78 3.71
Suding Ixora macrophylla 1.05 2.04 0.40 3.48
Alahan Guioa koelreuteria 0.86 1.78 0.62 3.25
Tubang bakod Jatropa curcas 1.24 1.27 0.66 3.17
Malubago Hibiscus tiliaceus 0.38 0.76 1.75 2.89

Tabernaemontana
Pandakaki pandacaqui 0.38 1.02 1.33 273
Dita Alstonia scholaris 0.57 1.27 0.76 2.60
Sua Capparis sp. 1.14 0.76 0.36 2.27
Mahogany Swietenia macrophylla 0.48 0.76 0.90 2.14
Sampalok Tamarindus indica 0.57 1.27 0.24 2.08
Golden shower Cassia fistula 0.38 0.76 0.25 1.40
Molave Vitex parviflora 0.29 0.76 0.24 1.29
Sineguelas Spondias purpurea 0.38 0.51 0.36 1.25
Malunggai Moringa oleifera 0.19 0.51 0.36 1.06
Duhat Syzygium cumini 0.19 0.25 0.60 1.05
Governor’s plum Flacourtia sp. 0.29 0.51 0.22 1.01
Magilik Helictres umbellata 0.48 0.25 0.18 0.91
Ligas Semecarpus cuneiformis 0.19 0.51 0.18 0.88
Kawayan tinik Bambusa blumeana 0.38 0.25 0.24 0.88
Sablot Litsea sabifera 0.10 0.25 0.48 0.83
Isis Fiscus nota 0.10 0.25 0.36 0.71
Bani Pongamia pinnata 0.19 0.25 0.24 0.69
Binunga Macaranga tanarius 0.19 0.25 0.24 0.69
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Speci s o Relative Relative Relative Importance
pecies Scientific Name . .
Density Frequency Dominance Value
Atis Annona squamosa 0.29 0.25 0.07 0.61
Kusibeng Sapindus saponaria 0.29 0.25 0.05 0.59
Nino Morinda bracteata 0.10 0.25 0.24 0.59
Kamias Averrhoa bilimbi 0.19 0.25 0.12 0.57
Anonas Annona reticulata 0.10 0.25 0.18 0.53
Apanang Neotrewia cumingii 0.10 0.25 0.12 0.47
Kuratan Linociera sp. 0.10 0.25 0.12 0.47
Mangga Mangifera indica 0.10 0.25 0.12 0.47
Balinghasai Buchanania arborescens 0.10 0.25 0.12 0.47
Neem tree Azadirachta indica 0.10 0.25 0.12 0.47
Bignai Antidesma bunius 0.10 0.25 0.10 0.45
Kangko Aphanamixis perrottetiana 0.10 0.25 0.06 0.41
Hagiwis Pouteria sp. 0.10 0.25 0.06 0.41
Malabulak Bombax ceiba 0.10 0.25 0.02 0.37
Lemonsito Tryphasia triflora 0.10 0.25 0.02 0.37
Biriba Rollinia deliciosa 0.10 0.25 0.02 0.37
Katagpo Psychotria sp. 0.10 0.25 0.01 0.36
Subiang vine Bridelia stipularis 0.10 0.25 0.01 0.36
Albutra Arcangelisia flava 0.05 0.20 0.01 0.26
Magabuyo Celtis luzonica 0.05 0.05 0.01 0.11
Total 100.00 100.00 100.00 300.00

The understorey vegetation of the brushlands harboured a total of 63 plants (Table EL-16). Hagonoi (Chromolaena
odorata), among all understorey plants, led in terms of cumulative crown cover with a value of 1,324 and an
equivalent cover percentage share of 23.52%. Other commonly associated species with more than 400 cumulative
crown cover values were: ipil-ipil, coronitas, dilang butiki, and pandakaki. Their crown cover percentage shares
ranged from 7 to 13% of the total crown cover. The rest were infrequent as defined by their crown cover percentage
shares of less than 5%.

Table EL-16
Understorey Species in the Brushlands of Luna
Species Scientific Name Cumulative Crown Cover Percentage
Hagonoi Chromplaena odorata 1324 23.52
Ipil-ipil Leucaena leucocephala 698 12.40
Coronitas Lantana camara 500 8.88
Dilang butiki Centrosema pubescens 450 7.99
Pandakaki Tabernaemontana pandacaqui 449 7.98
Digitaria Digitaria ciliaris 193 343
Guioa Guioa sp. 192 3.41
Saluyot Corchorus olitoreus 178 3.16
Sua Capparis sp. 159 2.82
Baling-aui Flagellaria indica 145 2.58
Pongapong Amorphophalus campanulatus 103 1.83
Kalios Streblus asper 87 1.55
Kamote-kamotehan Ipomoea triloba 87 1.55
Passion fruit Passiflora edulis 85 1.51
Tubang bakod Jatropha curcas 82 1.46
Aroma Acacia farnesia 75 1.33
Gatas-gatasan Euphorbia hirta 64 1.14
Wild ampalaya Momordica charantia 64 1.14
Wild sampaguita Jasminium sp. 62 1.10
Baling-uai Flagellaria sp. 60 1.07
Tikog Fimbristylis dichotoma 60 1.07

Land Module

103



Environmental Impact Statement
2x335MW Coal-Fired Power Plant Project
Barangays Carisquis and Nalvo Sur, Luna, La Union

)

Species Scientific Name Cumulative Crown Cover Percentage
Crab's eye plant Abrus precarious 58 1.03
Landrina Commelina benghalensis 45 0.80
Susong dalaga Acalypha indica 40 0.7
Kulitis Amaranthus spinosus 31 0.55
Mala-apanang *local name only 30 0.53
Uoko Mikania cordata 29 0.52
Maramani Alysicarpus vaginalis 24 0.43
Cactus Echinopsis sp. 20 0.36
Tuhod manok Synedrella nodiflora 20 0.36
Sablot Litsea sabifera 18 0.32
Raintree Samanea saman 17 0.30
Alim Melanolepis multiglandulosa 16 0.28
Alternanthera Alternathera sessilis 15 0.27
Sampa-sampalukan Phyllanthus amarus 15 0.27
Apoy-apoyan Cleome rutidosperma 10 0.18
Biriba Rollinia deliciosa 10 0.18
Croton Croton sp. 10 0.18
Matang hipon Breynia rhamnoides 10 0.18
Albutra Arcangelisia flava 7 0.12
Walis-walisan Sida acuta 7 0.12
Atis Annona squamosa 6 0.1
Makahiyang lalake Mimosa invisa 6 0.1
Palis Callicarpa erioclana 6 0.1
Paragis Eleusine indica 6 0.11
Gooseberry plant Physalis angulata 5 0.09
Krus-krosan Dactylactenium aegyptium 5 0.09
Lemonsito Triphasia trifolia 5 0.09
Magilik Helictres umbellata 5 0.09
Neem tree Azadirachta indica 5 0.09
Oplismenus Oplismenus compositus 5 0.09
Tubli Derris philippinensis 5 0.09
Castor oil bean Ricinus communis 3 0.05
Danglin Grewia multiflora 3 0.05
Dioscorea Dioscorea sp. 3 0.05
Binunga Macaranga tanarius 2 0.04
Hauili Ficus septica 2 0.04
Himbabao Brousonnetia luzonica 2 0.04
Siling labuyo Capsicum frutescens 2 0.04
Banato Mallotus philippinensis 1 0.02
Lagundi Vitex negundo 1 0.02
Albutra Arcangelisia flava 1 0.02
Talisay Terminalia cattapa 1 0.02
Total 5629 100.00

The construction activities will require the clearance of land to give way to the plant facilities. This will
result in the loss of vegetation from direct impact areas. The removal of vegetation in the proposed project
area will result to permanent loss of brushland, shrubs and small trees, Mahogany and Narra plantations,
and grassland vegetation.

Removal of the understorey in the brushland area will not involve any vulnerable or threatened species
but involves species used as food and considered medicinal. These can easily be planted in the nursery
during the construction phase and replanted in the plant site and vicinity during the operation phase.
These species are highlighted in yellow in the table above.
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Riparian Strip

The riparian strip is formed along the ground depression situated almost at the middle of the project site. During
the survey, there was no water flowing on the creek. According to the hired field guides, this was intentionally
widened to drain out flood water during heavy and extended rains in the rainy season. No unique species was
noted in the riparian ecosystem of the site (even if 20 big plots had been laid strategically for the inventory). This
could be due to the seasonal disturbances experienced annually. No small plots were established to survey the
understorey vegetation since there were no plants to be noted in the understorey layer.

All of the 24 species of plants along the riparian strip were found present in the brushlands (Table EL-17). Likewise,
ipil-ipil, Guioa, raintree, sablot and matang hipon dominated this type of vegetation. Ipil-ipil stood out to be the most
common species with an importance value of 99.32%.

Table EL-17
Species of Trees and Shrubs in the Riparian Strip of Luna
Speci s Relative Relative Relative Importance
pecies Scientific Name Densi .

ensity | Frequency | Dominance Value

Ipil-ipil Leucaena leucocephala 38.83 25.00 35.49 99.32
Guioa Guioa sp. 14.89 10.53 8.54 33.96
Raintree Samanea saman 4.79 7.89 20.54 33.22
Sablot Litsea sabifera 8.51 7.89 6.16 22.57
Matang hipon Breynia rhamnoides 7.45 7.89 4.43 19.77
Himbabao Brousonnetia luzonica 3.19 6.58 4.81 14.58
Alim Melanolepis multiglandulosa 2.66 3.95 2.89 9.50
Ligas Semecarpus cuneiformis 3.19 3.95 1.99 9.13
Talisai Terminalia cattapa 2.66 3.95 2.25 8.85
Mala-sudiang Vaccinium sp. 3.19 1.32 1.54 6.05
Kalios Streblus asper 1.06 2.63 1.28 498

Takipan Cafyotg rum_phiana var.

philippinensis 1.06 2.63 0.83 453
Pandakaki Tabernaemontana pandacaqui 0.53 1.32 2.25 4.09
Kakauate Gliricidia sepium 2.13 1.32 0.51 3.96
Alahan Guioa koelreuteria 1.06 1.32 1.28 3.66
Tubang bakod Jatropha curcas 0.53 1.32 1.60 3.45
Igyo Dysoxylum gaudichaudianum 0.53 1.32 0.64 2.49
Bikal Dinochloa acutiflora 0.53 1.32 0.64 2.49
Atis Annona squamosa 0.53 1.32 0.64 2.49
Dita Alstonia scholaris 0.53 1.32 0.64 2.49
Isis Fiscus nota 0.53 1.32 0.32 217
Magilik Helictres umbellata 0.53 1.32 0.32 217
Wild sampaguita Jasminium sp. 0.53 1.32 0.32 217
Mala-apanang Local name only 0.53 1.32 0.06 1.91

Total 100.00 100.00 100.00 300.00

Of the above listed species of trees and shrubs in the riparian strip of Luna, one is identified as of Least
Concern (Dita) and one is vulnerable (Is-is), based on IUCN 2016. These will also be cleared during
construction activities. This will result in the loss of important vegetation species. To mitigate this,
seedlings of these 2 species will be part of the nursery species and will be used for the buffer zone and
for landscaping during the operation phase.

The easements of the ground depression will be protected using engineering and/or vegetative structures.
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Mahogany Plantations

Mahogany plantations are purposely established to provide timber and lumber. Plantations aid in carbon storage
during the period of production. In addition, they also prevent surface runoff, encourage water table recharge, and
serve as habitat for wildlife.

There were 18 species of trees identified in the mahogany stands of Luna. Kakauate (Gliricidia sepium) and raintree
(Samanea saman) were the most common associates of mahogany (Swietenia macrophylla) with importance
values of 29.71% and 15.35%, respectively. Fruit trees such as anonas (Annona sp.) and atis (Annona squamosa)
were also found planted within the mahogany stands. The rest of the species in Table EL-18 had importance
values less than 15%.

Table EL-18
Species of Trees and Shrubs in Mahogany Plantations of Luna
Species Scientific Name Relati.ve Relative Rellative Importance

Density | Frequency = Dominance Value

Mahogany Swietenia macrophylla 71.67 29.27 68.72 169.65
Kakauate Gliricidia sepium 3.33 12.20 14.18 29.71
Raintree Samanea saman 3.33 7.32 4.70 15.35
Ipil-ipil Leucaena leucocephala 5.00 7.32 243 14.75
Anonas Annona sp. 3.89 7.32 2.59 13.80
Talisai Terminalia cattapa 1.67 7.32 2.03 11.01
Alim Melanolepis multiglandulosa 1.67 2.44 1.22 5.32
Bolong eta Diospyros pilosanthera 2.22 2.44 0.32 4,99
Himbabao Brousonnetia luzonica 1.67 2.44 0.32 4.43
Narra Pterocarpus indicus 1.11 244 0.81 4.36
Pandakaki Tabernaemontana pandacaqui 0.56 2.44 0.81 3.80
Kalios Streblus asper 0.56 2.44 0.41 3.40
Guioa Guioa sp. 0.56 2.44 0.41 3.40
Mala-apanang Local name only 0.56 244 0.41 3.40
Phaenthus Phaenthus sp. 0.56 2.44 0.24 3.24
Binunga Macaranga tanarius 0.56 2.44 0.16 3.16
Sablot Litsea sebifera 0.56 2.44 0.16 3.16
Atis Annona squamosa 0.56 2.44 0.08 3.08

Total 100.00 100.00 100.00 300.00

Together with mahogany, bolong eta (Diospyros pilosanthera) and narra (Pterocarpus indicus) were
among the threatened (vulnerable and critically endangered based on IUCN 2016) species. Both narra and
mahogany, though included in the red list, are very common in the project site. Further, these trees were
also observed planted in tree farms along the roadsides of Luna. According to Fernando et al. (1998) and
Quimio (1996), these were the common reforestation species in the country, which thrive in almost all
types of soil. These species will thus be used in the for the replacement and greening programs.

The understorey plants of the mahogany plantation were composed of 25 species. Hagonoi (Chromolaena odorata)
was the dominant species, seconded by pandakaki, matang hipon, and dilang butiki, with more than 50%
cumulative crown cover values. Each of the remaining associated species had less than 50% cumulative crown
cover value (Table EL-19).

Narra Plantation

There were about 33 narra trees in the two (2) big plots within the established plantation. The plantation seemed
to be well-maintained, thus no other species were noted in the tree and shrub layer. However, around 8 plants
were recorded in its understorey with hagonoi as the most dominant species. Other associated plants such as
dilang butiki, sua, pandakaki, kalios, matang hipon, coronitas and saluyot were listed as associates (Table EL-20).
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Table EL-19
Understorey Species in Mahogany Plantations of Luna
Species Scientific Name Cumulative Crown Cover Percentage |
Hagonoi Chromolaena odorata 135 22.46
Pandakaki Tabernaemontana pandacaqui 64 10.65
Matang hipon Breynia rhamnoides 63 10.48
Dilang butiki Centrosema pubescens 58 9.65
Pongapong Amorphophalus campanulatus 40 6.66
Aroma Acacia farnesiana 30 4.99
Talisay Terminalia cattapa 30 4,99
Uoko Mikania cordata 30 4.99
Ipil-ipil Leucaena leucocephala 26 4.33
Coronitas Lantana camara 25 4.16
Raintree Samanea saman 22 3.66
Mala-apanang Local name only 15 2.50
Guioa Guioa sp. 10 1.66
Wild bougainvilla Bougainvillea spectabilis 10 1.66
Alim Melanolepis multiglandulosa 7 1.16
Binunga Macaranga tanarius 5 0.83
Kamote-kamotehan Ipomoea triloba 5 0.83
Magilik Helictres umbellate 5 0.83
Matang araw Melicope triphylla 5 0.83
Zizyphus Zizyphus sp. 5 0.83
Passion fruit Passiflora edulis 3 0.50
Sua Capparis sp. 3 0.50
Kalios Streblus asper 2 0.33
Saluyot Corchorus olitoreus 2 0.33
Kulot-kulotan Triumfeta triloba 1 0.17
Total 601 100.00
Table EL-20
Understorey Species in Narra Plantation of Luna
Species Scientific Name Cumulative Crown Cover Percentage
Hagonoi Chromolaena odorata 20 31.25
Dilang butiki Centrosema pubescens 10 15.63
Sua Capparis sp. 10 15.63
Pandakaki Tabernaenamontana pandacaqui 9 14.06
Kalios Streblus asper 5 7.81
Matang hipon Breynia rhamnoides 5 7.81
Coronitas Lantana camara 3 4.69
Saluyot Corchorus olitoreus 2 3.13
Total 64 100.00

Narra is identified as a vulnerable species under the IUCN Threatened Status (2016), and critically
endangered under the Philippine Threatened Status (DAO 07-01). Existing Narra plantations will be
included in the removal of vegetation during project construction. Given the current conservation status
of the species, an additional Special Cutting Permit will need to be secured by the proponent as mandated
by the DENR. Narra seedlings will comprise the nursery that will be set up during the construction phase
and these will be planted in the buffer zone area during the operation phase.

Grassland

Grasslands are home to enormous number of insects and other grazing animals. A big portion of the project site
was once utilized for pasture.
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From the 9 plots established in the grasslands, 26 broadleaves, grasses and sedges were recorded (Table EL-
21). Hagonoi, similar to other vegetation types, stood out in terms of computed cumulative crown cover. lts value
was 145 which are 18.19% of the total crown cover percentage. Kulitis and Alternanthera sessilis were also
common with cumulative crown cover values and crown cover percentage shares of 85 and 82, and 10.66% and
10.29%, respectively.

Table EL-21
Weed Species in Grasslands of Luna
Species Scientific Name Cumulative Crown Cover | Percentage

Hagonoi Chromolaena odorata 145 18.19
Kulitis Amaranthus spinosus 85 10.66
Alternanthera Alternathera sessilis 82 10.29
Cadena de amor Antigonon leptopus 65 8.16
Digitaria Digitaria ciliaris 65 8.16
Zizyphus Zizyphus sp. 60 7.53
Makahiyang lalake Mimosa invisa 45 5.65
Saluyot Corchorus olitoreus 38 4.77
Coronitas Lantana camara 32 4.02
Gatas-gatasan Euphorbia hirta 32 4.02
Walis-walisan Sida acuta 30 3.76
Ipil-ipil Leucaena leucocephala 25 3.14
Cyperus Cyperus sp. 20 2.51
Landrina Commelina confusa 18 2.26
Balloon vine Cardiospermum halicacabum 10 1.25
Krus-krosan Dactylactenium aegyptium 10 1.25
Castor oil bean Ricinus communis 5 0.63
Kamote-kamotehan Ipomoea triloba 5 0.63
Maramani Alysicarpus vaginalis 5 0.63
Pandakaki Tabernaemontana pandacaqui 5 0.63
Wild ampalaya Momordica charantia 5 0.63
Raintree Samanea saman 4 0.50
Paragis Eleusine indica 2 0.25
Sua Capparis sp. 2 0.25
Balatong aso Cassia sp. 1 0.13
Sarat Scleria scrobiculata 1 0.13

Total 797 100.00

Species Diversity

The species diversity and evenness indices for the vegetation types in the project site ranged from very low to high
and high to very high, respectively. The brushland’s tree and shrub layer had the highest species diversity index
value of 3.07, which is interpreted as high. Its evenness index was computed to be very high with a numerical
value of 0.76 (Table EL-22). These high and very high values are expected since this vegetation type had the most
number of species compared to other vegetation types. In addition, the importance values were almost evenly
distributed to more than five (5) plant species.

On the other hand, mahogany plantation’s tree and shrub layer had the least species diversity index value of 1.78,
though evenness was computed high. The very low species diversity was due to the few number species of plants
recorded in this type of vegetation and the dominance of mahogany amounting to more than half of the computed
total importance value. Given the same reasons, the narra plantation understorey and the beach thicket tree and
shrub layer also had very low species diversity index values.
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Table EL-22
Species Diversity and Evenness in the Habitat/Vegetation Types of Luna
Habitat/Vegetation Type Species Diversity | Interpretation | Evenness | Interpretation
Beach thicket
a. Tree and shrub layer 1.88 Very low 0.86 Very high
b. Understorey layer 2.11 Low 0.85 Very high
Brushland
a. Tree and shrub layer 3.07 High 0.76 Very high
b. Understorey layer 2.09 Low 0.70 High
Riparian strip 2.43 Low 0.76 Very high
Mahogany plantation
a. Tree and shrub layer 1.78 Very low 0.61 High
b. Understorey layer 2.64 Moderate 0.82 Very high
Narra plantation
a. Tree and shrub layer - -
b. Understorey layer 1.87 Very low 0.90 Very high
Grassland 2.70 Moderate 0.83 High

1.4.5 Summary of Potential Impacts and Mitigation Measures for Terrestrial Flora

Table EL-23
Summary of Impacts Related to Terrestrial Flora
Project Phase Environme_ntal e e
and Potential Impact Comgzlﬁf\;;lé(:ly to Description Mitigation or Enhancement Measures

|. Construction Phase

e A complete inventory of trees that will
be affected by the project will be
conducted by the proponent.

o The proponent will apply for and secure
a tree-cutting permit from the local,
regional and national DENR offices.
Based on the inventory of trees, the

Land clearing in the proposed project proponent, in coordination with the

area will result to permanent loss of local DENR, will initiate  seedling

species including Bolong eta, lsis, replacement strategies.

Mahogany, Molave, and Narra, whichare | e Collection of seeds and wildlings of

threatened, endangered, and vulnerable indigenous plants will be done.

species. This will decrease the | e Nurseries will be established where the

abundance of the local population. seedlings of the identified endangered
and vulnerable species within the site
will be nurtured and will be used for the
replacement program.

o A vegetated buffer area wil be
established around the project site.
GLDEC will look for another site where
a greening program  will be
implemented.

Existing Habitat Types
within  Study Area -
Project site

Impacts to terrestrial flora and
habitat

Of the species listed in Table EL-12, 3
trees are considered vulnerable:
Mahogany, Molave and Isis. This
vegetation will be removed during the
construction phase to make way for the

e During the operation phase, these
vulnerable species will be used for
greening and landscaping of the power

Existing Habitat Types plant site.

Impacts to terrestrial flora and within  Study Area -

habitat

Brushlands

plant structures.
Several fruit and food trees, will also be
removed during the construction phase.

o Whenever possible, trees with less than

15cm diameter will be balled and
replanted as landscape species during
the operation phase.
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and Potential Impact

Project Phase

Environmental
Component Likely to
be Affected

Description

Mitigation or Enhancement Measures

e Two tree species — Dita and Bani — are

considered of least concern in the [UCN
listing but will also be included as
species in the nursery and used for
landscaping during the operation
phase.

Impacts to terrestrial flora and

habitat

Existing Habitat Types
within ~ Study Area -
Riparian strip

Of the listed species of trees and shrubs
in the riparian strip of Luna, one is
identified as of Least Concern (Dita) and
one is vulnerable (Is-is), based on IUCN
2016. These will also be cleared during
construction activities. This will result in
the loss of important vegetation species.

Seedlings of these 2 species will be
part of the nursery species and will be
used for the buffer zone and for
landscaping during the operation
phase.

The easements of the ground
depression will be protected using
engineering and/or  vegetative
structures.

Impacts to terrestrial flora and

habitat

Existing Habitat Types
within  Study Area -
Mahogany plantation

Together with mahogany, bolong eta and
narra were among the threatened
species. Both narra and mahogany,
though included in the red list, are very
common in the project site. Further, these
trees were also observed planted in tree
farms along the roadsides of Luna.

These species will be used in the for the
replacement and greening programs.

Impacts to terrestrial flora and

habitat

Existing Habitat Types
within Study Area - Narra
plantation

Narra is identified as a vulnerable species
under the IUCN Threatened Status
(2016), and critically endangered under
the Philippine Threatened Status (DAO
07-01). Existing Narra plantations will be
included in the removal of vegetation
during project construction.

An additional Special Cutting Permit will
need to be secured by the proponent as
mandated by the DENR.

Narra seedlings will comprise the
nursery that will be set up during the
construction phase and these will be
planted in the buffer zone area during
the operation phase.

1.4.5 Monitoring Plan for Terrestrial Flora

An inventory of all plants to be affected by the project will be conducted during the preconstruction phase especially
on the impact zone. During the operational phase, monitoring of the survival of the planted seedlings on
rehabilitation sites will be conducted monthly for the first year and quarterly for the succeeding year. Restocking
(replacement of dead individuals) will be done whenever necessary. Riparian management, protection and tending
will be conducted. During the abandonment phase, reforestation and ANR will be conducted in appropriate areas.

Inventory of seedling survival and appropriate replacement program will be effectuat.
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Table EL-24
Complete List of Plant Species Encountered in the Proposed Project Site with Conservation Status
Philippine Habitat Type
IUCN Threatened
Species Latin Name Family Name Plant Type Threatened Status Distribution Beach Mahogany | Narra -
Status (2016)  (DAO 2007- thicket | Brushland pIanta%iorlll plantation | RiParian | Grassland
01)
Achuete Bixa orellana L. Bixaceae S NE/NA NI P +Ht
Guioa koelreuteria (Blanco)
Alahan Merr. Sapindaceae T NE/NA NI N +++ +++
Albutra Arcangelisia flava (L.) Merr. | Menispermaceae \% NE/NA NI P ++
Melanolepis multiglandulosa
(Reinw. ex Blume) Rechb. f.
Alim & Zol. Euphorbiaceae T NE/NA NI P +++ +++ +++ +H+
Alternanthera sessilis (L.) R.
Bonga-bonga Br. Ex Roem.& Schult. Amaranthaceae H NE/NA NI P +++ +H+
Anonas Annona reticulata L. Annonaceae T NE/NA NI EN +Ht +Ht
Neotrewia cumingii (Muell.-
Apanang Arg.) Pax & K. Hoffm. Euphorbiaceae T NE/NA NI P +H
Apoy-apoyan Cleome rutidosperma DC. Cleomaceae H NE/NA NI EN +++
Fabaceae:
Aroma Acacia farnesiana (L.) Willd. | Mimosoideae S NE/NA NI P +Ht + +
Atis Annona squamosa L. Annonaceae T NE/NA NI EN +++ +++ +++
Fabaceae:
Balatong aso Cassia tora L. Caesalpiniodeae S NE/NA NI N ++t
Buchanania arborescens
Balinghasai (Blume) Blume Anacardiaceae T NE/NA NI P +++
Baling uai Flagellaria indlica L. Flagellariaceae H NE/NA NI NI +H
Cardiospermum
Balloon vine halicacabum L. Sapindaceae \Y NE/NA NI P +++ +++
Mallotus philippinensis
Banato (Lam.) Muell.-Arg Euphorbiaceae T NE/NA NI P ++
Bangkoro Morinda citrifolia L. Rubiaceae T NE/NA NI P +++ +
Bani Pongamia pinnata Pierre. Fabaceae T LC NI P ++
Antidesma bunius (L.)
Bignai Spreng Euphorbiaceae T NE/NA NI P +H
Dinochloa acutiflora (Munro)
Bikal S. Dransf. Poaceae v NE/NA NI P +H+
Macaranga tanarius (L.)
Binunga Muell.-Arg. Euphorbiaceae T NE/NA NI NI +Ht +H +H
Biriba Rollinia deliciosa L. Annonaceae T NE/NA NI EN ++
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Philippine Habitat Type
IUCN Threatened
Species Latin Name Family Name Plant Type Threatened Status Distribution Beach Brushland Mahogany | Narra Riparian Grassland
Status (2016) = (DAO 2007- thicket plantation | plantation P
01)
Bitaog Calophyllum inophyllum L. Clusiaceae T NE/NA NI P +
Diospyros pilosanthera
Bolong eta Blanco Ebenaceae T NE/NA Endangered N + +
Cactus Echinopsis sp. Cactaceae H NE/NA NI EN +++
Cadena de Antigonon leptopus Hook. &
amor Amn. Polygonaceae V NE/NA NI EN +Ht
Castor oil bean | Ricinus communis L. Solanaceae S NE/NA NI EN +Ht +Ht
Centrosema pubescens Fabaceae:
Dilang butiki Benth. Papilionoideae V NE/NA NI P +HH +H +H +HH
Coronitas Lantana camara L. Verbenaceae S NE/NA NI EN +Htt +Ht +Ht +Htt +Htt
Crab's eye Fabaceae:
plant Abrus precatorius L. Mimosoideae \ NE/NA NI P +++
Croton Croton sp. Euphorbiaceae T NE/NA NI P(?) +++
Cyperus Cyperus sp. Cyperaceae H NE/NA NI NI +++
Danglin Grewia multifiora Juss. Malvaceae S NE/NA Vulnerable P +++
Digitaria setigera Roem. &
Digitaria Schult Poaceae H NE/NA NI P ++ +++
Dioscorea Dioscorea sp. Dioscoreaceae \Y NE/NA NI P +++
Lower
Risk/Least
Dita Alstonia scholaris (L.) R. Br. | Apocynaceae T Concern NI P +++ +++
Duhat Syzygium cumini (L.) Skeels | Myrtaceae T NE/NA NI EN +++
Gatas-gatasan | Euphorbia hirta L. Euphorbiaceae H NE/NA NI P(?) +++ +++
Fabaceae:
Golden shower | Cassia fistula L. Caesalpiniodeae T NE/NA NI EN ++
Gooseberry
plant Physalis angulata L. Solanaceae S NE/NA NI P +++
Governor's Flacourtia rukam Zoll. &
plum Moritzi Flacourtiaceae T NE/NA NI P ++
Hagiwis Pouteria sp. Sapotaceae T NE/NA NI N +
Chromolaena odorata (L.)
Hagonoi R.M. King & M. Robinson Asteraceae S NE/NA NI P +Ht+ +H++ +H++ +Ht+ +Ht+
Hauili Ficus septica Burm. f. Moraceae S NE/NA NI P +H
Himbabao Broussonetia luzonica Moraceae T NE/NA NI P +HH+ +H +HH
Dysoxylum
gaudichaudianum (A. Juss.)
Igyo Mig. Meliaceae T NE/NA NI NI +H
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Philippine Habitat Type
IUCN Threatened
Species Latin Name Family Name Plant Type Threatened Status Distribution Beach Brushland Mahogany | Narra Riparian Grassland
Status (2016) = (DAO 2007- thicket plantation | plantation P
01)

Leucaena leucocephala
Ipil-ipil (Lam.) de Wit Fabaceae T NE/NA NI EN +Ht +Ht +Ht +HH +Ht
Isis Ficus ulmifolia Lam. Moraceae S Vulnerable NI N +H+ +H+
Tubang bakod | Jatropha curcas L. Euphorbiaceae S NE/NA NI P +++ +H+

Gliricidia sepium (Jacq.)
Kakauate Walp. Fabaceae T NE/NA NI EN +H+ e+ +H+ +++
Kalios Streblus asper Lour. Moraceae T NE/NA NI P +H++ +++ +++ +++

Pithecellobium dulce Fabaceae:
Kamachile (Roxb.) Benth. Caesalpiniodeae T NE/NA NI EN +t ++t
Kamias Averrhoa bilimbi L. Oxalidaceae T NE/NA NI NI +Ht
Kamote-
kamotehan Ipomoea triloba L. Convolvulaceae \ NE/NA NI P +H+ +H+ +H+

Aphanamixis perrottetiana
Kangko A. Juss. Meliaceae T NE/NA NI P(?) +++
Katagpo Psychotria sp. Myrsinaceae T NE/NA NI N(?) +++

Bambusa blumeana J.A. &
Kawayan tinik J.H. Schultes Poaceae T NE/NA NI EN +++

Dactylactenium aegyptium
Krus-krosan (L.) Beauv. Poaceae H NE/NA NI P ++
Kulitis Amaranthus spinosus L. Amaranthaceae H NE/NA NI P(?) +++
Kulitis Amaranthus viridis L. Amaranthaceae H NE/NA NI P(?) +++
Kulot-kulotan Triumfeta rhomboidea Jacq. | Malvaceae S NE/NA NI EN +++

Linociera philippinensis
Kuratan Merr. Oleaceae T NE/NA NI N +

Sapindus saponaria L.
Kusibeng forma microcarpa Radlk. Sapindaceae T NE/NA NI N +
Lagundi Vitex negundo L. Lamiaceae S NE/NA NI P(?) +++
Landrina Commelina benghalensis L. | Commelinaceae H NE/NA NI P(?) +H +Ht
Lemonsito Triphasia trifolia Lour. Rutaceae S NE/NA NI P(?) +H+
Ligas Semecarpus cuneiformis Anacardiaceae T NE/NA NI P +H +H
Magabuyo Celtis luzonica Warb. Celtidaceae T NE/NA NI N +
Magilik Helictres umbellata Malvaceae T NE/NA NI N +++ +t +it
Mahogany Swietenia macrophylla King | Meliaceae T Vulnerable NI EN +++ it
Makahiyang Fabaceae:
lalake Mimosa invisa (L.) DC Mimosoideae H NE/NA NI EN ++ +Ht
Mala-apanang | *locally identified only Euphorbiaceae T NE/NA NI N +++ +++ +Ht
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Philippine Habitat Type
IUCN Threatened
Species Latin Name Family Name Plant Type Threatened Status Distribution Beach Brushland Mahogany | Narra Riparian Grassland
Status (2016) = (DAO 2007- thicket plantation | plantation P
01)
Malabulak Bombax ceiba L. Malvaceae T NE/NA NI P +
Mala-molave Vitex sp. Lamiaceae S NE/NA NI N +++ +++
Mala-sudiang Vaccinium sp. Ericaceae T NE/NA NI P(?) +++ +++
Malubago Hibiscus tiliaceus L. Malvaceae T NE/NA NI P +++
Malunggai Moringa oleifera Lam. Moringaceae S NE/NA EN +++
Mangga Mangifera indica L. Anacardiaceae T Data Deficient NI P +H
Fabaceae:

Maramani Alysicarpus vaginalis L. Papilionoideae H NE/NA NI P +++ +H+

Melicope triphylla (Lam.)
Matang araw Merr. Rutaceae S NE/NA NI N ++
Matang hipon Breynia rhamnoides (Retz.) | Euphorbiaceae S NE/NA NI NI +H++ +++ ++ +H+
Melodinus vine | Melodinus sp. Menispermaceae \% NE/NA NI N +++
Molave Vitex parvifiora Juss. Lamiaceae T Vulnerable Endangered P +H

Critically

Narra Pterocarpus indicus Willd. Fabaceae T Vulnerable Endangered P +Ht +tt
Neem tree Azadirachta indica A. Juss. | Meliaceae T NE/NA NI EN +t
Nino Morinda bracteata Roxb. Rubiaceae T NE/NA NI P +H+

Oplismenus compositus (L.)
Oplismenus Beauv. Poaceae H NE/NA NI P +++

Callicarpa erioclana
Palis Schauer Lamiaceae S NE/NA NI P +Ht +Ht

Ervatamia pandacaqui
Pandakaki (Lam.) Pichon Apocynaceae S NE/NA NI P +Ht +Ht +Ht +Htt +Ht +Htt
Paragis Eleusine indica L. Poaceae H NE/NA NI P +++ +++
Passion fruit Passiflora edulis Sim. Passifloraceae \ NE/NA NI P +Ht +++
Phaenthus sp. | Phaenthus sp. Annonaceae T NE/NA NI N(?) +
Phil. gmelina Gmelina philippinensis Lamiaceae S NE/NA NI N +Ht

Amorphophallus

campanulatus (Roxb.)
Pongapong Blume ex Decne Araceae H NE/NA NI P(?) +++ ++

Samanea saman (Jacq.) Fabaceae:
Raintree Merr Mimosoideae T NE/NA NI EN A +++ et +++
Zizyphus Zizyphus sp. Rhamnaceae S NE/NA NI N(?) ++ +++ ++

Litsea sebifera (Willd.)
Sablot Persoon. Lauraceae T NE/NA NI P +H+ +H+ +H+

Corchorus acutangulus
Saluyot Lam. Malvaceae S NE/NA NI P(?) +Ht +++ +H+ +HH++
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Philippine Habitat Type
IUCN Threatened
Species Latin Name Family Name Plant Type Threatened Status Distribution Beach Brushland Mahogany | Narra Riparian Grassland
Status (2016) = (DAO 2007- thicket plantation | plantation
01)
Fabaceae:

Sampalok Tamarindus indica L. Caesalpiniodeae T NE/NA NI P(?) ++
Sampa- Phyllanthus amarus Schum
sampalukan and Th. Kongl. Euphorbiaceae H NE/NA NI P +++
Guioa Guioa sp. Sapindaceae T NE/NA NI N(?) +Ht +++ +H+
Sarat Scleria scrobiculata Nees Cyperaceae H NE/NA NI P +++
Selaginella Selaginella cuppresina Selaginellaceae F NE/NA NI P(?) +++
Siling labuyo Capsicum frutescens Solanaceae S NE/NA NI N(?) +++
Sineguelas Spondias purpurea L. Anacardiaceae T NE/NA NI EN +++
Sua Capparis sp. Capparaceae T NE/NA NI N(?) +++ +++ +++ +++

Bridelia stipularis (L.) BI.
Subiang vine Budr. Euphorbiaceae S NE/NA NI N(?) +H+
Suding Ixora macrophylla L. Rubiaceae S NE/NA NI N(?) +H+
Susong dalaga | Acalypha indica L. Euphorbiaceae H NE/NA NI P +++

Caryota rumphiana Mart.
Takipan var. philippinensis Becc. Arecaceae T NE/NA NI N(?) +H
Talisai Terminalia catappa L. Combretaceae T NE/NA NI NI +H+ +++ +++

Fimbristylis dichotoma (L.)
Tikog Vahl. Cyperaceae H NE/NA NI P +Ht
Tridax Tridax procumbens Asteraceae H NE/NA NI P +H+
Tubli Derris philippinensis Merr. Fabaceae \Y NE/NA NI N ++

Synedrella nodiflora (L.)
Tuhod manok | Gaertn. Asteraceae H NE/NA NI NI +++

Mikania cordata (Burm. f.)
Uoko B.L. Rob. Asteraceae \ NE/NA NI P +H+ ++H+ ++H+
Walis-walisan Sida acuta Burmf. Malvaceae S NE/NA NI P(?) it
Wild ampalaya | Momordica charantia L. Cucurbitaceae S NE/NA NI P(?) +++
Wild
bougainvilla Bougainvillea sp. Nyctaginaceae S NE/NA NI P(?) ++
Wild
sampaguita Jasminium sp. Oleaceae S NE/NA NI N(?) +H +H

Legend: Plant Type: T = tree; S = shrub; H = herb; V = vine
Threatened Status: NE/NA = not evaluated/not assessed; NI = no information
Distribution: N = native or endemic; P = pantropic; EN = Exotic (introduced) and Naturalized
Note:
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Relative abundance (based on importance value

computation and ocular inspection at the project site) -
Sparse S/+
Uncommon U/++
Common Cl++
Very common V| ++++
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1.5 Terrestrial Ecology - Fauna

The terrestrial fauna surveys for the coal fired power plant, which ran from August 5- 8, 2016 were conducted to
determine the terrestrial wildlife organisms inhabiting within the proposed project area. Specifically, the survey
intended:

to study and enumerate terrestrial wildlife animals occurring within the study area;

to compare the relative abundance of terrestrial wildlife animals among the study sites;

to identify possible impacts of the proposed project to wildlife animals; and

to provide mitigating measures for the conservation of terrestrial wildlife animals within the perimeter of
the project.

Selection of the study sites was based on: 1) location of the main project area and boundary; 2) location of the two
(2) affected barangays; and 3) areas with the highest probability that a substantial number of wildlife species would
be observed. Table EL-25 shows the sampling sites covered within the project area.

1.5.1 Methodology

Rapid assessment of wildlife was conducted to survey major vertebrate groups, namely, mammals, birds, reptiles
and amphibians, within the project site. Designated stations and line transects for the survey are shown in Figure
EL-21.

Ethnobiological interviews were also conducted to determine the presence of other terrestrial wildlife animals that
were not recorded during the field surveys. This approach involved local people living in the site who were asked
to describe what kind of wildlife species they have seen in the area. Information given by the local people would
then support some data in the report that were not actually observed during the sampling period. Information such
as local names, habitat type, and socio-economic importance were also noted.

The weight (using pesola spring scales), length, sex and age of all captured species were also noted in this study.
Pesola is a precise and handy spring balance, with durable anodized aluminum tube and long scale of high
resolution, used to determine the physical measurements of a wide variety of specimens (Plate EL-9 to Plate EL-
11).

Wildlife assessment is followed by an assessment of potential impacts that could arise due to the construction and
operation of the project on terrestrial fauna. Based on the outcome of these assessments, measures to manage
and mitigate potential adverse impacts are recommended.
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Table EL-25
Wildlife Sampling Sites

Site ID Coordinates Barangay Elevation Site Description
op " . Substantial portions of brushlands,
Site 1 lgogg(;’gbzgsz Nalvo Sur '16‘8 pr)]:c;)t(g?sately especially mahagony (Shorea sp.) trees
' and grassland
or(y " . Near the beach where plant species have
Site 2 120?2)3,:21 S3IIIE Nalvo Sur ,;\r:sgt)::?ately adapted to conditions of regular tide, wind
' and salinity fluctuations
Substantial portions of grassland and
brushlands; most observed plant species
oEAIR 4 A0 . in the area is ipil-ipil (Leucaena
Site 3 ]SO§23'117°3“(‘),.E Nalvo Sur 9? ;:Tr]cggsately leucocephala). Grasslands most common

species, Hagonoi (Chromolaena odorata),
Makahiyang lalae (Mimosa invisa) and
Saluyot (Corchorus olitoreus)
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Table EL-23 continued

Site ID Coordinates Barangay Elevation Site Description Site Photos
: Numerous fig trees observed in the area
. 16°50'4.19"N N Approximately L
Site 4 120°2010.82"E Brgy. Carisquis 17 meters and this is also near the abandoned
poultry farm
Near the beach thickets area; most
. " , common plants were talisai (Terminalis
Site 5 16 ‘19 5,3'03.,N Brgy. Carisquis Approximately catlappa), Ipil-ipil (Leucaena
120°20'1.86"E 8 meters .y
leucocephala), kakauate (Gliricidia
sepium) and aroma (Acacia famesiana)
Brushland and grasslands area, few fig
trees (Ficus sp.); grasslands species were
Site 6 16°49'56.52"N Brav. Carisquis Approximately | Hagonoi (Chromolaena odorata);
120°20'10.57"E 9y- g 27 meters Alternanthera (Alternathera sessilis);
Digitaria (Digitaria cilaris) and Ipil-ipil
(Leucaena leucocephala)
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O

Herpetofauna

No standardized method was employed in the survey of amphibians and reptiles. Instead, numerous microhabitats
for frogs and reptiles were examined intensively for the duration of the fieldwork. These microhabitats included tree
holes, the forest floor, buttresses, decaying logs, leaf axils, epiphytes and tree ferns. Sampling was conducted
from late afternoon until evening (Plate EL-12). The results and sampling locations for amphibians and reptiles are
listed in Table EL-26. Additionally, frogs were surveyed and identified by their calls. Interviews with local guides
were also conducted. Identification of amphibians and reptiles was based on Brown et al. (2000), Diesmos et al.
(2000), Brown et al. (2012), and Brown et al. (2013). Population and threatened status were followed using [UCN
2000.

Table EL-26
Amphibians and Reptiles Sampling Sites
Stations/Sites Northing Easting Northing Easting
Transect 1 16°50'10.03"N | 120°20'24.69"E | to | 16°50'14.82"'N | 120°20'9.14"E
Transect 2 16°50'3.31"N | 120°20'21.26"E | to | 16°50'7.00"N 120°20'4.63"E
Transect 3 16°49'59.28"N | 120°20'3.33"E to | 16°49'57.85"N | 120°20'14.82"E
Transect 4 16°49'51.91"N | 120°20'13.79"E | to | 16°49'54.58"'N | 120°20'1.98"E
Transect 5 16°50'19.82"N | 120°20'14.03'E | to | 16°49'50.96"N | 120°19'59.83"E
Transect 6 16°50'18.46"N | 120°20'18.50"E | to | 16°49'50.03'N | 120°20'7.16"E
Avian Survey

The composition and distribution of avians were assessed using the transect survey (Table EL-27) and mist-netting
(Table EL-28) methods. A standard 2-km route for each transect line involved regular pacing at a specific rate of
1 kilometer per hour (250 m for every 15 minutes). During the transect walk, the observers recorded the following
information of the birds observed: species name, number of individuals, type of habitat and species association
(single, pairs, flock, feeding groups or mixed flock. The transect surveys were done during the early morning (5:30-
10:00 AM) and during the afternoon (3:00-6:30 PM). A sound recorder was also used to record bird calls and songs
that were then identified up to species level, using birds’ song and call archives online (i.e. xeno-canto.com).

Mist-nets were set up in strategic locations that involved either setting the nets singly or in series and operated for
days (Plate EL-13). Specific sites included ridges, cliffs, clearings, and areas along streams, rivers or near bodies
of water. Three (3) pieces of 12x24m mist nets were employed per station and each net had an average 36 mm
mesh size. Nets were checked several times during the day. Captured birds were identified up to species level and
basic biometric data were recorded. Nomenclature and classification were based on Kennedy et al. (2000).
Population and threatened status were determined using the IUCN Red List 2000.

Table EL-27
Avifauna Sampling Sites - Bird Census
Stations/Sites Northing Easting Northing Easting
Transect 1 16°50'10.03"N | 120°20'24.69"E | to | 16°50"14.82'"N | 120°20'9.14"E
Transect 2 16°50'3.31"N | 120°20'21.26"E | to | 16°50'7.00"N 120°20'4.63'E
Transect 3 16°49'59.28"N | 120°20'3.33"E to | 16°49'57.85"N | 120°20'14.82"E
Transect 4 16°49'51.91"N | 120°20'13.79"E | to | 16°49'54.58"'N | 120°20'1.98"E
Transect 5 16°50'19.82"N | 120°20'14.03'E | to | 16°49'50.96"N | 120°19'59.83"E
Transect 6 16°50'18.46"N | 120°20'18.50"E | to | 16°49'50.03'N | 120°20'7.16"E
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Table EL-28
Avifauna Sampling Sites — Mist Netting
Stations Longitude Latitude
16°50'13.90"N 120°20'17.45"E
Site 1 16°50'15.68"N 120°20'19.05"E
16°50'11.38"N 120°20'18.04"E
16°50'15.45"N 120°20'12.83"E
Site 2 16°50'17.89"N 120°20'13.24"E
16°50'14.61"N 120°20'11.98"E
16°50'9.01"N 120°20'12.22"E
Site 3 16°50'6.70"N 120°20'13.54"E
16°50'4.17"N 120°20'18.62"E
16°50'4.55"N 120°20'8.36"E
Site 4 16°50'3.06"N 120°20'12.16"E
16°50'2.47"N 120°20'9.35"E
16°49'52.40"N 120°20'2.43"E
Site 5 16°49'52.94"N 120°20'1.39"E
16°49'51.75"N 120°20'1.10"E
16°49'57.90"N 120°20'7.14"E
Site 6 16°49'52.44"N 120°20'9.96"E
16°49'52.53"N 120°20'5.34"E

Mammalian Survey

Two methods were used to survey volant and non-volant mammals. Identification was based on Heaney, Gonzalez
and Alcala (1987) and Ingle and Heaney (1992). Population and threatened status were followed using the IUCN
2000.

Volant Mammals

The same mist-netting stations (Table EL-28) set up for the bird sampling were used to capture bats (3 pieces of
12x24m mist nets) (Gonzalez et al., 2003). Captured animals were carefully removed from the nets, identified and
released back to the habitat. Basic information such as species name, number of individuals and type of habitat
were recorded. Captured bats were identified up to species level.

Non- Volant Mammals

The use of live traps or box traps (Plate EL-14) is an effective means to capture small terrestrial mammals
unharmed. Six (6) live traps with the same sizes were employed at each of the sites indicated in Table EL-29.
Non-volant or ground dwelling mammals were surveyed using cage traps, baited with cooked coconut meat laced
with peanut butter. Traps were placed on the ground near fallen logs, holes, and along possible runways such as
root systems of trees or stumps. Traps were checked several times during the day. Captured mammals were
identified up to species level.
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Table EL-29
Non- Volant Mammals Sampling Sites (Live Traps)
Stations Longitude Latitude
16°50'13.73"N 120°20'17.54"E
16°50'15.84"N 120°20'18.83"E
Site 1 16°50'13.44"N 120°20'16.60"E
16°50'12.83"N 120°20'18.48"E
16°50'15.62"N 120°20'18.53"E
16°50'12.22"N 120°20'19.92"E
16°50'14.55"N 120°20'12.03"E
16°50'15.22"N 120°20'13.16"E
Site 2 16°50'14.29"N 120°20'13.57"E
16°50'17.13"N 120°20'14.07"E
16°50'14.57"'N 120°20'15.46"E
16°50'13.64"N 120°20'15.94"E
16°50'7.18"N 120°20'10.04"E
16°50'6.26"N 120°20'13.55"E
Site 3 16°50'10.27"N 120°20'10.85"E
16°50'11.33"N 120°20'17.74"E
16°50'4.53"N 120°20'18.34"E
16°50'9.89"N 120°20'13.04"E
16°50'4.16"N 120°20'8.45"E
16°50'2.29"N 120°20'9.72"E
Site 4 16°50'2.87"N 120°20'11.98"E
16°50'0.56"N 120°20'10.01"E
16°49'59.95"N 120°20'12.85"E
16°50'1.96"N 120°20'14.80"E
16°49'52.83"N 120°20'2.71"E
16°49'53.12"N 120°20'2.44"E
Site 5 16°49'52.10"N 