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°C degrees Celsius
AAQ ambient air quality
AAQMP  Ambient Air Quality Monitoring Plan
AASHTO American Association of the State Highway and Transportation Officials
AD Ancestral Domain
ADP  Abandonment and Decommissioning Plan
ADSDPP  Ancestral Domains Sustainable Development and Protection Plan
AET Actual evapotranspiration
Afs  Affected Families
AL Ancestral Land
ALDP Alternative Livelihood Development Program
ALS Advance Learning System
AOC area of concern
AOR area of responsibility
Apr  April
AQ air quality
As  Arsenic
Aug August
AWEFP  Annual Work and Financial Plan
BCP Biodiversity Conservation Plan
BEMONC Basic emergency obstetric and newborn care
BF Bukidnon Formation
BFAR Bureau of Fisheries and Aquatic Resources
BHC Barangay Health Centers
BHS Barangay Health Station
BIMP Bureau of Jail Management and Penology
BLGF Bureau of Local Government Finance
BPC Bubunawan Power Company’s
BPSO Barangay Public Safety Officer
BUHITA Bukidnon-Higaonon Tribal Association
BUSECO Bukidnon Electric Cooperative
BZP Buffer Zone Plan
CAA Clean Air Act of the Philippines
CADT Certificate of Ancestral Domain Title
CALT Certificate of Ancestral Land Title
CBD Central Business District
CBMS Community Based Monitoring
CBP Capacity Building Program
Cd cadmium
CDF Controlled Dump Facility
CDO Cagayan De Oro
CDOCJ-MD  Cagayan De Oro City Jail - Mail Dormitory
CENRO City Environment and Natural Resources Office
CEPALCO Cagayan Electric Power and Light Co.
CFMP Chance Find Management Plan
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DENR
DepEd
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Central Fire Station

City General Services Office

methane

City Health Office

Children in Conflict with the Law

City Local Environment and Natural resources Office
Chronic Lower Respiratory Disease

Core Labor Standards

Comprehensive Land Use Plan

Central Mindanao High Standard Highway Project
Compliance Monitoring Report

cellular mobile telecommunication system

carbon monoxide

carbon dioxide

Cagayan de Oro Water District

the City Public Services Office

crime solution efficiency

Construction Vegetation Removal Plan
Construction Vegetation and Tree Planting Program
Construction Waste Management Plan

DENR Administrative Order

Development Centers/Day Care Centers

Del Monte Philippines Inc. Employees Agrarian Reform Beneficiaries Cooperative
December

Detailed Engineering Design

Digital Elevation Model
Department of Environment and Natural Resources
Department of Education

Design Guidelines, Criteria and Standards

Direct Impact Areas

DEL MONTE PHILIPPINES INC.

Dissolved Oxygen

Department of Finance

Department of Health

Department of Labor and Employment
Department of Transportation

Directly Observed Therapy

Department of Public Works and Highways

Direct Runoff

Department of Social Welfare and Development
Doctors to the Barrios

Environmentally Critical Area

Environmental Compliance Certificate

Early Childhood Care Development

Environmental Compliance Monitoring
Environmentally Critical Projects

Environmental Guarantee Fund

Engineering Geological and Geohazard Assessment
Engineering Geological and Geohazard Assessment Report
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Environmental Health Impact Assessment
Environmental Impact Assessment
Environmental Impact Study

Environmental Management Bureau
Environmental Monitoring Plan
Environmental Monitoring Plan
Environmental Management Plan
Equipment and Motor Vehicle Maintenance Plan
Environmental Quality Performance Levels
Environmental Risk Assessment
Environment Safety and Health
Environmental and Safeguards Section
Environmental and Social Safeguards Division
Final Disposal Facility

February

Federal Emergency Management Agency
Family Health Associates

Family Income and Expenditures Survey
Free, Prior and Informed Consent
Government Agencies

General Appropriations Act

Gross Floor Area

greenhouse gas
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ground-level concentration

Global Warming Potential

hectare

Hydrologic Engineering Center's - river analysis system
Hindfoot Length

Mercury

Household

High Standard Highway

Important Bird Area

Important Bird and Biodiversity Area
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Information, Education and Communication
Indirect Impact Area

International Labor Organization

IMP Impacts Management Plan
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Indigenous People

Intergovernmental Panel on Climate Change
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Internal Revenue Allotment

Implementing Rules and Regulations
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International Union for the Conservation of Nature
Impasug-ong Village Sites and services
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Japan International Cooperation Agency
Potassium

Kitanglad Alihuton Danao Inalad Manegay Ancestral Domain Claim
Key Informant Interview

Kindergarten Regular Program

Kindergarten Summer Program

Kindergarten Volunteer Program

background sound levels

24h averaged sound levels

Local Chief Executive

Local Employment Plan

Local Government Support Fund

Local Government Unit

peak sound levels

lowest sound levels

Level of Service

Low pressure area

Lightning

Municipal Agricultural Office

March

maximum

May

millibars

Memorandum Circular

Municipal Economic Enterprise Development Office
Municipal Environment & Natural Resource Office
Manolo Fortich Water District

Mines and Geosciences Bureau

minimum

Malaybalay Integrated Survey System

mean sea level pressure

millimeter

Multi-partite Monitoring Team

Memorandum of Agreement

Misamis Oriental General Comprehensive High School
Manual of Operations

Mindanao Polytechnic State College

Material Recovery Facilities

Municipal Social Welfare and Development Office
Municipal Solid Waste Management

Nitrogen

National Ambient Air Quality Guideline Values
National Power Corporation

National Commission for Culture and the Arts
National Center for Transportation Studies
northeast

National Economic and Development Authority
Non-Government Organization

National Housing Authority
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NIPAS National Integrated Protected Areas System
NMP Noise Monitoring Plan
NNW  north-northwest
NO2 Nitrogen Dioxide
Nov November
NPAAAD Network of Protected Areas for Agricultural and Agro-industrial Development
NPCC National Pollution Control Commission
NSCB National Statistical Coordination Board
NSSMP National Sewerage and Septage Management Program Section
NW northwest
NWRB National Water Resources Board
Oct October
OWMP Operation Waste Management Plan
P Phosphorus
PAGASA Philippine Atmospheric, Geophysical, and Astronomical Services Administration
PAR  Philippine area of responsibility
Pb Lead
PBCPP Philippine Biodiversity Conservation Prioritization Process
PCE Passenger Car Equivalent
PCO Pollution Control Officer
PEMAPS Project Environmental Monitoring And Audit Prioritization Scheme
PFZ Philippine fault zone
PGA Peak ground acceleration
PGR Philippine Growth Rate
PhilCom Philippine Communications
PHIVOLCS Philippine Institute of volcanology seismology
PHP  Philippine Peso
PIA  PHIVIDEC Industrial Authority
PLDT Philippine Long-Distance Telecommunication
PM10 particulate matter with aerodynamic diameter of 10 microns or less
PMO Project Management Office
PNP  Philippine National Police
PO Public offices
PSA  Philippine Statistic Authority
PTA Parent - Teacher Association
PWD persons with disability
RA  Republic Act
RAP Resettlement Action Plan
RCA Residual Containment Area
RD rainy days
RH relative humidity
RHU Rural Health Unit
RIC Resettlement Implementation Committee
ROW Right of way
RPM Revised Procedural Manual
RROW Road Right-of-Way
SAFDZ Strategic Agriculture and Fisheries Development Zone
SDA Strategic Development Area
SDP  Social Development Program
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SE  Southeast
SEC  Security and Exchange Commission
SEMP  Soil Erosion Management Plan
Sep September
SEP  Socioeconomic Program
SMP  Self-Monitoring Plan
SMR  Self-Monitoring Report
SO, sulfur dioxide
SOGI sexual orientation and gender identities
SOTELCO Southern Telecommunications Company Inc
SPD wind speed in meter per second
SPL sound pressure level
SRO  Surplus Runoff
SSE  south-southeast
SSROW  Social Safeguards and Right-of-Way Section
ST Soil Moisture Storage
STDs sexually transmitted diseases
STW  Soil-moisture storage withdrawal
SW Solid Waste
SWM Solid Waste Management
T Temperature
TCC Tagoloan Community College
TD tropical depression
TESDA Technical Education and Skills Development Authority
TIA Traffic Impact Assessment
TL Total Length
TMP Traffic Management Plan
TNA Training Needs Assessment
TS tropical storm
TSMP  Tree Survival and Monitoring Plan
TSP  total suspended particulates
TTBP Tree Transfer and Balling Plan
TV Tail-vent Length
TY tropical typhoon
UC Ultramafic Complex
UDHA Urban Development and Housing Act
UNESCO United Nations Educational, Scientific and Cultural Organization
UPMO Unified Project Management Office
USEPA United States Environmental Protection Agency
VTPPO Vegetation and Tree Planting Program during Operations
WC Wing Cord
WMP  Wildlife Monitoring Plan
WQG Water Quality Guidelines
WT Weight
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Cagayan de Oro City, Malaybalay City, Municipalities of Tagoloan, Manolo Fortich, Sumilao, Impasug-ong
PROPONENT: Department of Public Works and Highways in cooperation with JICA

Executive Summary

EXECUTIVE SUMMARY
PROJECT FACT SHEET
NENeIddd)lal Central Mindanao High Standard Highway Project (CDO - Malaybalay Section)
Project location [:EIElE\ Municipality/City  Province Region
Bugo, Puerto, Balubal Cagayan de Oro Misamis Oriental X (Northern
Mindanao)
Casinglot, Natumolan Tagoloan Misamis Oriental X (Northern
Mindanao)
Alae, San Miguel, Damilag, Manolo Fortich Bukidnon X (Northern
Dicklum, Sankanan, Tankulan, Mindanao)
Ticala, Mambatangan
Puntian, Vista Villa, Culasi, Sumilao Bukidnon X (Northern
Poblacion, Kisolon, San Mindanao)
Roque, Kisolon
Poblacion, La Fortuna, Capitan  Impasug-ong Bukidnon X (Northern
Bayong, Cawayan, Impalutao Mindanao)
Patpat, Kalasungay, Malaybalay Bukidnon X (Northern
Dalwangan, Barangay 10 Mindanao)

Project type*

Proponent

Office address:
Contact Person:

Project status

Project duration

Project Components

Project length

Project cost

Authorized
Representative for
ECC application:

Roads and bridges

Category A: ECP (3.4.1 Roads, new construction, NATIONAL ROAD: 220.0 km (length
with no critical slope) OR 210.0 km (length with critical slope))

Department of Public Works and Highways Central Office
Bonifacio Drive Port Area, 652 Zone 068, Manila, Metro Manila
Constante A. Llanes, Jr.

Assistant Secretary, Planning Service

Proposed

Construction (3.5 years)

Tagoloan CDO Manolo Sumilao Impasug- Malaybalay Total
Fortich ong
Interchanges 0 1 1 1 1 1 5
Overpass 1 0 6 6 5 4 22
Underpass 2 1 15 4 5 5 32
Bridge 3 1 12 9 14 12 51
Viaduct 2 0 0 6 0 0 8
65.6 km

Approximately Php 96,312,065,917.34

Julio Cesar Caculba- Authorized Representative

Amet-Asia, Inc.

Unit 303 One Corporate Center, J. Vargas Ave., corner Meralco Ave., Ortigas, Pasig
City,

Metro Manila info@maet-asia.com

+0945 723 8195 | 0923 614 8431

*Revised Guidelines for Coverage Screening and Standardized Requirements under the Philippine EIS System (EMB
Memorandum Circular 005 July 2014)
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Executive Summary

PROJECT DESCRIPTION

The proposed Central Mindanao High Standard Highway Project (Cagayan de Oro - Malaybalay Section)
(“Project”, “alignment”) is part of the Phase Il of the Master Plan on High Standard Highway Network
Development. The objectives of the plan were to improve the transport efficiency in the region and
contribute to enhancing the connectivity between the cities of Cagayan de Oro and Malaybalay as well as the
economic development of the surrounding area. The proposed Project will be spearheaded by the
Department of Public Works and Highways (DPWH) with the assistance of the Japan International
Cooperation Agency (JICA).

Location, Project area, accessibility - The Project with a length of 65.6 kilometers will traverse 28 barangays
of four municipalities and two cities in the Provinces of Misamis Oriental and Bukidnon in Region X-Northern
Mindanao. The Project is accessible through Butuan-Cagayan de Oro- lligan Rd. from the north and Sayre
Highway from the south.

Project rationale - The proposed Project is expected to improve the road transport network in Mindanao
through the improvement of its national roads and provide linkages between the cities of Cagayan de Oro in
Misamis Oriental and Malaybalay in Bukidnon. The Project is also seen to improve the economic situation of
the surrounding municipalities.

Project components - The alignment will have a 60-meter road right of way (RROW) with five interchanges
constructed near urban centers. The Project will also compose of 32 AASHTO Girders, 3 Steel Bridges, 6 Steel

Box Girders, 13 Underpasses, and 14 Overpasses.

Table ES-1. Length and width of the Project sections

Length (km) Width (m)

Section 1 11.9 60
Section 2 14.9 60
Section 3 14.9 60
Section 4 12.6 60
Section 5 11.3 60
Total 65.6

Table ES-2. Number of Project components per municipality

Tagoloan CDO Manolo Sumilao Impasug-ong Malaybalay Total
Fortich

Interchanges 0 1 1 1 1 1 5

Overpass 1 0 6 6 5 4 22

Underpass 2 1 15 4 5 5 32

Bridges 3 1 12 9 14 12 51

Viaduct 2 0 0 6 0 0 8
Project alternatives

This section presents the different selection criteria for siting, selection of technology, resources, and
contextualization of hazards based on available hazard maps from relevant institutions.

Project development phases
1. Pre-construction - This phase mainly involves conducting studies at the site, e.g., geotechnical

surveys, Right-of-Way Action Plan (RAP) Survey and possible relocation, preparation of the detailed
engineering design, procurement of relevant permits and clearances from government entities, and

@nmer jpage
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Executive Summary
contractor prequalification, tendering & awarding.

2. Construction — These activities include site clearing, construction of temporary facilities, excavation
works, construction of viaduct, bridges and superstructure and road pavement.

3. Operation - The operation of the project will include the following activities:

o Operation of toll gates;

o Regular inspection of road structures;

o Regular maintenance of facilities such as traffic signals, signages, and markings;
o Regular cleaning of roadways, and maintenance of toilet septic tanks;

. Preventive maintenance, monitoring and reporting; and

o Upgrade of structures and facilities, if necessary.

4.  Abandonment phase- This phase implied as dismantling of the temporary facilities used during the
construction phase. Dismantling of the temporary facilities will be phased according to the completion of

each road section.

The construction contractor is responsible for the following activities:

o Dismantling of temporary facilities.
. All construction wastes and spoil materials will be hauled out from the site.
. Recyclable construction spoils will be sold to interested buyers

. Solid wastes disposed in the municipal sanitary landfill or controlled dumps, and spoils containing
hazardous materials, including contaminated soils, will be hauled by a DENR- registered TSD facility.

Manpower - The indicative manpower requirement during the construction phase is 48,154.
Indicative construction timetable - The construction of the Project will take about 42 months or 3.5 years.

Indicative project investment cost - The Project will cost approximately Php 96,312,065,917.34

PROCESS DOCUMENTATION

The EIA study commenced with pre-scoping IEC followed by the technical scoping, baseline characterization,
impact assessment, and environmental management planning. site visit, geological survey, ambient air quality
sampling, sound level measurements, flora and fauna sampling, water quality sampling, key informant
interviews, perception survey) secondary data, information, literature, and expert judgment.

All public participation activities required by the ECC application process were conducted following the
current COVID-19 quarantine guidelines. The documentation of the public consultation activities is attached
in Annex 10.

Terms of reference of the EIA - The TOR of the EIA was based the pre-scoping IEC activities and the Technical
Scoping Checklist signed by the proponent, EMB CO, and preparer (Amet Asia). The technical scoping was
conducted with EMB CO on July 9, 2020. The outline and content of the EIS report, baseline information
required for each identified impact, and impact assessment methods were specified in the said checklist
(Appendix 44).EIS team

The key members of the EIA team are enumerated below.
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Table ES-3. EIS Team

Specialation/Module T e

Team Leader, Pedology, Water Quality, Engr. Jethro Alden C. Hipe, MSc, MA
Climate and Air Quality Patricia Erika Lim, EnP
Geology Samuel Sendon
Flora and Fauna (Terrestrial and Freshwater) Jaime Namocatcat, PhD Lorelaine Geografo
Hydrology/Hydrogeology Engr. Emiterio Hernandez, MSc.
People Nimfa Bracamonte Ph.D
Amabelle Embornas, MSc.
Project Manager Jan Heidel Bautista
Julio Cesar

EIA study area and schedule

The activities for the EIA study started in January to December 2021. Activities included IEC, Key Informant
Interviews, Focused Group Discussions, EIA perception survey, fieldwork, laboratory analysis, and impact
assessment, and report writing. The EIA was conducted at the Project area, its vicinities, and 28 host
barangays.
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Table ES-4. EIS Schedule

Activit = 0000o0o= 00000 & 0000 o#m |
" [ Te [ AW e[ ] Al s[ o[ N[0 s [ F m A w n[ ] A[s o] o] F[w[A[m[n sl A]s[o]N[o s w]alm]n[i]x]s o[ ]o]

Kick-off

Site Visit B

IEC Meeting .

Public Scoping .

Technical

scoping

Data gathering ....

HEEE
I iIEEIEmnnEn
preparation

Table ES-5. EIS study area

Cprovince " Gty Wunicipalt No of Barangays

Misamis Oriental Tagoloan 2
Cagayan de Oro 3
Bukidnon Manolo Fortich 8
Sumilao 6
Impasug-ong 5
Malaybalay 3
Total 27
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ENVIRONMENTAL IMPACT STATEMENT REPORT - Preparatory Survey

CENTRAL MINDANAO HIGH STANDARD HIGHWAY PROJECT (CDO — MALAYBALAY SECTION)
Cagayan de Oro City, Malaybalay City, Municipalities of Tagoloan, Manolo Fortich, Sumilao, Impasug-ong
PROPONENT: Department of Public Works and Highways in cooperation with JICA

Table ES-6. Baseline Environmental Conditions

Executive Summary

m_ Survey Item and Methodology Forecast Methodology

1 The Land

1.1 Land use and classification - Review of Comprehensive Land Use Plan of

affected LGUs

- Review on the list and maps of ECAs near
the Project

- Review on the current status of the
proposed Protected Areas near the Project

1.2 Geology/ Geomorphology - Observation on geological and geo-

1.3 Pedology

structural characteristics
- Observation on geohazards
- Literature review
Observation on geohazards
Literature review
Soil sampling on 3 stations
Soil analysis on the following parameters:
Soil Fertility: Nitrogen, Organic Matter, pH,
Phosphorus, Potassium,
Soil quality —Molybdenum, zinc, Manganese,
Iron, Nickel, Boron, Chlorine
Literature review

Sediment sampling on 10 surface water sampling
points

Parameters: Arsenic, Cadmium, Cyanide,
Chromium, Copper, Mercury, Lead, Selenium

1.4 Terrestrial ecology Flora

2 The Water

Survey on the tree along the 20 transects within
the alignment

Quadrat method survey on the understory
vegetation

Low and high rainfall period

Fauna

20 transect counts, 13 stations for traps and mist
nets, incidental surveys, opportunistic sampling
for mammals, birds, and herpetofauna
respectively

Low and high rainfall period

Interview with three experts with regards to the
Philippine Eagle, regional vegetation and
remarkable point for field survey.

2.1 Hydrology/hydrogeology Direct rainfall flood modeling

Literature review

2.3 Oceanography Not applicable

! ANET
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Qualitative

Qualitative

Qualitative and
Quantitative

Qualitative and
Quantitative

Quantitative
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2.4 Water Quality - Surface water sampling on 10 points Quantitative
traversing the alignment

m_ Survey Item and Methodology Forecast Methodology

- Groundwater water sampling on 10 points
near the alignment

- Parameters: Arsenic, BOD, Cadmium,
Chromium, Chlorine, COD, Coliform, Color,
Cyanide, Lead, Mercury, Nitrate, Oil and
Grease, pH, Phosphate, Sulfate, Surfactants,
TSS

2.5  Freshwater ecology 13 stations for the survey of plankton, Qualitative
macrobenthos and fishes

3 The Air
3.1 Meteorology/Climatology Literature review Quantitative
3.2  Air Quality and Noise - Air quality and Noise sampling points on 10 Quantitative

points
- Parameters: Nitrogen dioxide, sulfur dioxide,
TSP, PM10, Pb, 03, CO, wind speed and wind
direction
- Air dispersion modelling based on the traffic
volume prediction
- Noise modelling
4 The People
4.1  The People Literature review Qualitative
Utilization on the results of the stakeholder
meetings and perception survey
Interviews with the IP members

Environmental Impact Assessment and Mitigating Measures

The summary of the significant impacts, mitigation options, and expected residual effects for the land, water,
air, and people components is shown in Table ES-7. Summary of key impacts, mitigation options, and residual
effects (Land Component)Table ES-7 to Table ES-11.
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Table ES-7. Summary of key impacts, mitigation options, and residual effects (Land Component)

Sub-component  Key Potential Impact Pl c| o] A | Options for Prevention, Mitigation, Enhancement Residual Impact
D D D

Topography and Change/Inconsistency -A - Confirm classification of the other Project areas to the zoning Issuance of the Zoning
geological in land use regulation of the host cities and municipalities (P) Clearance
features - Proper implementation of buffer zone area (C)

- Strictimplementation of Construction Plan specifications for each
Project component (C)

- Maintain the construction site/ yards tidy and clean and rehabilitate
after construction. (C)

- Provision for temporary screens/ walls to minimize the visual clatter.
(©

- Restore RROW to its state prior to Project implementation if possible or
the current land use/zoning of the LGU where a road section is located.

(A)
Impairment of visual D -B -B -B - Include susceptibility of the Project area to natural hazards in the Minimal impairment of
aesthetics Detailed Engineering Design (DED) (P) visual aesthetics
- Formulation of Buffer Zone Plan (BZP) during construction and
operations

- Design and installation of facilities to harmonize with the surrounding
environment
- Proper implementation of buffer zone area (C)
- Strictimplementation of Construction Plan specifications for each
Project component (C)
- Maintain the construction site/ yards tidy and clean and rehabilitate
after construction. (C)
- Provision for temporary screens/ walls to minimize the visual clatter.
(©
- Sustained implementation of buffer zone areas(O)
- Regular maintenance of the highway(O)
- Proper demolition of the road, structures, and other ancillaries(A)
- Proper disposal of demolition wastes(A)
Encroachmentin D D D D Include susceptibility of the Project area to natural hazards in the n/a
Environmentally Detailed Engineering Design (DED) (P)
Critical Areas (ECA)
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Sub-component | Key Potential Impact Pl c|[ o[ A |

and protected areas

Existing land tenure
issue/s

Devaluation of land D
value as a result of
improper solid waste
management and

other related impacts

Change in surface D
landform/

topography/ terrain/

slope

Change in sub-surface/ D D D D
underground
geomorphology
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Residual Impact

Options for Prevention, Mitigation, Enhancement

-Conduct parcellary survey (P) Land issues resolved

-Secure documents showing authority to develop the Project RROW (P)

Insignificant
devaluation of land
value due to improper
solid waste
management

- Identify the final disposal site for solid waste, excavated soil, and
hazard waste at each LGU (P)

- Strictimplementation of Construction Plan specifications for each
Project component (C)

- Regular maintenance of the highway (O,A)

- Best housekeeping practices (O,A)

- Employ appropriate erosion control and slope protection measures. (C)

- Designate a spoils storage area and optimize re-use of spoils. (C)

- Increase vegetation and construction drainage canals at the break-of-
slope (between the gentle to moderate slopes. (C)

- Slope re-contouring, benching or lowering the slope gradient (C)

- Drainage system includes drain construction and anchored structures.
(©

- Strictimplementation of Construction Plan specifications for each
Project component (C)

- Regular monitoring of slope conditions and slope stabilization measures
constructed with focus on landform change. ( O)

- Check RROW with destabilized slopes and implement slope stabilization
measures (A)

- Conduct of factual Geological mapping with focus on the following:
geology, geomorphology, geohazards, areas that may be prone to
settlement or subsidence (P)

- Field assessment in active construction sites especially after heavy and
prolonged rains and after earthquakes (if it occurs) (C)

- Regular monitoring of identified areas prone to subsidence particularly
those underlain by the limestone (O).

- Follow recommendations of the geotechnical / civil engineer / geologist
to address any adverse geological and geomorphological conditions (O)

Unnecessary changes
in surface landform,
su-Bsurface
geomorphology, and
inducement of
geohazards minimized

n/a
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Sub-component Key Potential Impact P ““ Options for Prevention, Mitigation, Enhancement Residual Impact

Inducement of D -A -A D - Conduct of EGGA and factual geological mapping focusing on geology, Inducement of
subsidence, geomorphology, and geohazards (P) subsidence,
liguefaction, - Apply appropriate slope protection and other engineered structures (C) liquefaction,
landslides, mud/debris - Increase vegetation cover particularly at the vicinity of the break-of- landslides, mud/debris
flow slope (C) flow are minimized

- Surface drainage control works — construction of drainage canal at the
break-of-slope (between the gentle to moderate slopes) (C)
- Slope re-contouring, benching or lowering the slope gradient
- Good drainage system including under drain constructions and
anchored structures. (C)
- Strictimplementation of Construction Plan specifications for each
Project component (C)
- Regular monitoring of slope condition and slope stabilization measures
especially after prolonged rains and earthquakes. (O).
a) Regular monitoring of the slope conditions and slopes
stabilization measures especially after prolong heavy rains and
earthquakes. (O).
b) Regular monitoring of areas with identified geological hazards,
their current condition and the degree of the effects of hazards
previously identified. (O).
c) Recommend applicable solutions depending on the existing
geological and geomorphological conditions. (O).

Susceptibility from D -B -B D - Conduct of EGGA (P) Susceptibility of the
geo- and hydrological - Strictimplementation of Construction Plan specifications for each Project components
hazards Project component. from geo- and
- Install sufficient protection measures such as soil improvements during hydrological hazards
excavation activities and implement appropriate materials handling minimized

program or a site protection and rehabilitation program.

- Proper inspection of all installed and constructed / ongoing
construction structures and facilities.

- Coordinate with the PHIVOLCS during earthquake and volcanic events
to adjust construction schedule. Conduct earthquake drills for workers

@mm-:t X|Page
i an oo



ENVIRONMENTAL IMPACT STATEMENT REPORT — Preparatory Survey
"\ CENTRAL MINDANAO HIGH STANDARD HIGHWAY PROJECT (CDO — MALAYBALAY SECTION)
2% J  Cagayan de Oro City, Malaybalay City, Municipalities of Tagoloan, Manolo Fortich, Sumilao, Impasug-ong
JICA PROPONENT: Department of Public Works and Highways in cooperation with JICA

ry?

i
Q‘ 'Q
L/
LJ
L )
0. - ‘0
Executive Summary

Sub-component Key Potential Impact P n“ Options for Prevention, Mitigation, Enhancement Residual Impact

- Strictimplementation of Construction Plan specifications for each
Project component (C)

- Regular monitoring of areas with identified geological hazards, its
current condition and the degree of the effects of hazards previously
identified (O)

Pedology Soil erosion / Loss of D -A -B D - Prepare a plan to minimize cut and fill operations during construction Soil erosion controlled
topsoil/ overburden and operation(P) and minimized

- Implementation the recommendations of geotechnical engineer and
EGGA Report in areas of steep slopes and traversed by surface water
channels (C)

- Strictimplementation of Construction Plan specifications for each
Project component. (C)

- Immediate removal of excavated soil stockpiles(C)

- Optimize re-use of spoils(C)

- Surface drainage control works — construction of drainage canal at the
break-of-slope (between the gentle to moderate slopes). (C)

- Construct perimeter sediment barriers; (C)

- Divert upstream drainage away from the stockpiles(C)

- Install drainage canals and settling pond. (C)

- Regular monitoring of areas previously identified as erosion prone.
Focus on sections with steep slopes, areas transected by river and creek
channels, and exposed areas prone to soil erosion. (O)

Change in soil D -B -B -B - Identify staging areas (P) Changes in existing soil
quality/fertility and - Include a buffer zone during construction and operations (P) quality and fertility
soil contamination - Strictimplementation of Construction Plan specifications for each controlled and

Project component. (C) minimized

- Proper inspection and maintenance of machines and equipment. (C)

- Strictly implement solid waste management plan and proper disposal
by contractor in accordance with RA 9003, hazardous waste disposal in
accordance with RA 6969. (C)

- Conduct soil quality monitoring in case of any possible contamination
events occur. (C)
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Sub-component Key Potential Impact P n“ Options for Prevention, Mitigation, Enhancement Residual Impact

- Semi-annual monitoring of soil quality and fertility at identified stations

(0)
Vegetation removal D -A -B D - Conduct acensus of flora along the RROW; (P) Vegetation removal
and loss of habitat - Consider the locations of significant flora and fauna during Project and loss of habitat are
design. (P)If possible, avoid removal of trees along the RROW and minimized

include them in the visual design. If not possible, trees will be balled
and planted in areas that will not be affected by the project;

- Secure a Tree Cutting Permit from the DENR; (P)

- Strictimplementation of Construction Plan specifications for each
Project component. (C)

- Proper implementation of Tree Cutting Permit conditions (C)

- Limit the development activities within the planned structure or
component footprint. (C)

- Establish on site nurseries in accessible locations (C)

- Transplant saplings to affected areas especially riparian zones(C)

- Threat to existence D -A -B D - Conduct acensus of flora along the RROW; (P) Existence of important
of important local - Consider the locations of significant flora and fauna during Project local species will be
species design. (P)If possible, avoid removal of trees along the RROW and conserved

- Threat to include them in the visual design. If not possible, trees will be balled
abundance, and planted in areas that will not be affected by the project;
frequency and - Secure a Tree Cutting Permit from the DENR; (P)
distribution of - Strictimplementation of Construction Plan specifications for each
important species Project component. (C)

- Strictimplementation of a “No Hunting and No Collecting” policy (C)

- Collect saplings of endangered, vulnerable and other threatened
species and harden in nurseries for eventual transplanting to target
areas, particularly riparian zones (C)

- Adoption of lower noise and vibration construction method and
machines (C)

- Sustained implementation of buffer zones (O)

- Regular maintenance of the highway (O)

- Revegetate areas occupied by the demolished road sections, structures,
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Residual Impact

Options for Prevention, Mitigation, Enhancement

and other ancillaries. (A)

Hindrance to wildlife -
access -

Sustained implementation of buffer zones (O)
Regular maintenance of the highway (O)

n/a

- Revegetate areas occupied by the demolished road sections, structures,
and other ancillaries. (A)

Table ES-8. Summary of key impacts, mitigation options, and residual effects (Water Component)

Sub-ccomponent Key Potential Impact “-n

Hydrology/Hydro  Change in drainage morphology/ D -B

geology Inducement of flooding/ -
Reduction in stream volumetric
flow -
Change in stream depth D -B D D -

® s
i e oo

Options for Prevention, Mitigation, Enhancement

Residual Impact

- Design adequate drainage system (P); - Minimized
Road design must be compatible with existing slopes, changesin the
infrastructures, environmental condition (P); existing
Installation of silt fences (C) drainage
Establishment of no intrusion areas during road construction (C) morphology
Rapid re-vegetation of side slopes with anti-erosion cover, and the - Inducement of
use of appropriate anti-erosion technologies. (C) flooding
Strictimplementation of Construction Plan specifications for each controlled and
Project component. (C) minimized

All earthworks for site preparation and trench excavation
implemented during the low rainfall period if possible (C)
Reuse excavated earth material for backfilling whenever feasible
(©

Backfilling and leveling of the borrow pits to prevent water
ponding (C)

Provide adequate drainage systems to minimize the impact
downstream of active construction sites

Limit the area of project activities within the RROW (C)
Regular checking of temporary drainage canals to ensure
adequate storm

Regular maintenance of drainage canals, pipe culvert, cross
drains. (O)

Locate staging areas far from surface stream as possible (P) Change in stream
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Sub-ccomponent Key Potential Impact P c|[ o] A

Depletion of water resources / D -B
competition in water use

Water Quality Degradation of surface water D -A
quality
Aquatic Ecology Threat to existence and/or D -A
loss species of important local
and habitat
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Executive Summary

Options for Prevention, Mitigation, Enhancement
Strict implementation of Construction Plan specifications for each
Project component.
Restoration and maintenance of natural drainage traversed by the
alignment.(O)
Plan water conservation program during the construction phase
(P)
Use of any open water body or natural water source that are
being used by the general populace must not be permitted (C)
Construction of wells as source of potable water shall not be
allowed (C)
No mitigation recommended. Groundwater will not be extracted
during construction. (C)
Sustained implementation of the Water Conservation Plan (O)
Prepare plans for drainage and sediment ponds at the staging
areas. (P)
Prepare a Water Quality Monitoring Plan which will include
quarterly monitoring of relevant parameters during construction
and operation phase(P)
Strictimplementation of Construction Plan specifications for each
Project component. (C)
Best housekeeping practices(C)
Provide onsite sanitary facilities(C)
Adequate drainage leading to siltation ponds(C)
Implement the Water Quality Monitoring Plan during construction
phase(C)
Best housekeeping practices(O)
Provision of sanitation facilities(O)
Maintain drainage system leading to siltation ponds(O)
Implement the Water Quality Monitoring Plan for operation phase
(0)
Strict implementation of Construction Plan specifications for each
Project component.
Best housekeeping practices (O)

Residual Impact

depth is
minimized

Water depletion
controlled and
minimized

Water pollution
of waterbodies
controlled and
minimized

Impacts to the
freshwater
ecology
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Executive Summary

Sub-ccomponent Key Potential Impact nn“ Options for Prevention, Mitigation, Enhancement Residual Impact

- Proper implementation of the SEMP controlled and
Threat to abundance, - Bunded area for tanked fuels, lubricants, etc., with drainage minimized
frequency and distribution of leading to oil-water separator. (O)
species - Proper implementation of the Operation Waste Management Plan
(0)

- Provide onsite sanitation facilities (O)
- No wastewater discharges into rivers or streams (O)
- Implement the Water Quality Monitoring Plan for operation phase
(0)
NOTES - P = preconstruction; C= construction, O = operation; A = abandonment or closure; +/-: Positive/Adverse A= Significant impact is expected. B= Some impact is expected. C= Impact
is unknown. D= No impact is expected , NPl —No perceived impact

Table ES-9 Summary of key impacts, mitigation options, and residual effect (Air Component)

Sub-component Key Potential Impact n_ Options for prevention, mitigation, and enhancement Residual impact

Air quality Contribution in terms of - Allocating unused portions of the RROW for tree planting(P) Insignificant
greenhouse gas emissions - Strictimplementation of Construction Plan specifications for greenhouse gas
each Project component.(P) emissions

- Replacement of vegetation in non-structure areas to minimize
wind erosion of topsoil(C)

- Apply dust suppression measures, e.g., water application, in
active construction areas; (C)

- Compact exposed soil surfaces; (C)

- Provide tarpaulin cover on trucks loaded with construction
materials; (C)

- Haul spoils/excavated earth materials immediately after
excavation and stockpiled in a safe place and disposed in
designated disposal sites. (C)

- Prohibitidling in parking areas and emergency curb (O)

- Impose speed restrictions (O)

Degradation of air quality D -A -A D - Prepare an Ambient Air Quality Monitoring Plan (AAQMP) which  Air pollution
will include quarterly monitoring of relevant parameters during  controlled and
construction and operation phase at sensitive receptors minimized

identified in the baseline study of this EIS.
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Executive Summary

Sub-component Key Potential Impact “ Options for prevention, mitigation, and enhancement Residual impact

- Strict implementation of Construction Plan specifications for

each Project component. (C)

- Implementthe Motor Vehicle Maintenance Plan including:
PMS of construction equipment and machineries, and vehicles
will be strictly complied with (C)

+ Daily routine check-up of construction vehicles, equipment,
and machineries must be strictly complied with (C)

+ Implement the Ambient Air Quality Monitoring Plan (AAQMP)
during construction phase (C)

+ Monitor air quality at identified nearby sensitive receptors
regularly and evaluate effectiveness of the air pollution
reduction measures provided. (C)

- Use of low-sulfur gasoline (C)
- Proper installation, and maintenance of selected option, e.g.,
vegetation barrier.(O)
- Impose speed limits
Noise and Noise pollution D -A -A D - Prepare a Noise Monitoring Plan (NMP) which will include Excessive sound
Vibrations quarterly monitoring of noise at different periods of the day levels attenuated
during construction and operation phase at sensitive receptors

identified in the baseline study of this EIS.(P)

- Strictimplementation of Construction Plan specifications for
each Project component. (C)

- Maintenance of motor vehicle mufflers; (C)

- Provision of barriers and shielding stationary vibrating

equipment; and (C)

- Scheduling of noisy activities during daytime. (C)
- Implement the Noise Monitoring Plan (C)

+ Monitor noise levels at identified nearby sensitive receptors
(residential, school and hospital areas) including ecologically
significant area/s (if any) likely to be affected and evaluate
effectiveness of the noise reduction measures provided. (C)

- Implement the Motor Vehicle Maintenance Plan including:
* Install noise control devices such as mufflers and noise
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Executive Summary

Sub-component Key Potential Impact “n“ Options for prevention, mitigation, and enhancement Residual impact

suppressors on all construction equipment and machinery.
Use of electric instead of diesel-powered equipment,
hydraulic tools instead of pneumatic tools. (C)

- Daily routine check-up of construction vehicles, equipment,
and machineries must be strictly complied with(C)

+ Conduct regular inspection and preventive maintenance of
heavy equipment, machineries, and

* Impose a muffler sound limit

- Proper design installation and maintenance of selected sound
attenuation barriers option, e.g., vegetation barrier.service
vehicles to meet the DENR Emission Standard(O)

NOTES - P = preconstruction; C= construction, O = operation; A = abandonment or closure; +/ -: Positive/Adverse A= Significant impact is expected. B= Some impact is expected. C= Impact
is unknown. D= No impact is expected, NPl -No Perceived Impact

Table ES-10 Summary of key impacts, mitigation options, and residual effect (People Component)

Sub-component Key potential impact n_ Options for prevention, mitigation, and enhancement Residual impact

- Displacement of settler/s or - Authority document over RROW (P) None
involuntary resettlement - Conduct census of properties and land affected by the staging

- Displacement / disturbance areas and RROW (P)
of properties - implement the Resettlement Action Plan (RAP) (P)

- Change/conflictinland - Undergo the FPIC process as prescribed under RA 8371. (P)

People ownership - Secured the authority document of the RROW (C)
- Change/conflict Right of way - Strictimplementation of Construction Plan specifications for
Impact on Public Access each Project component. (C)

- Proper implementation of the RAP(C)- Prepare detailed Right-of-
Way Action Plan; Fair and just compensations to affected
families; budget allocation and resources to PAFs and properties.

Impacts on D -A -A D - Properconduct of the FPIC process as prescribed under RA8371.  Impacts on IP group,
IPs/Cultures/Lifestyle (A) culture, and lifestyle
- Strictimplementation of Construction Plan specifications for minimized

each Project component.(C)
- Proper orientation of migrant workers on culture oriented on
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Executive Summary

Sub-component Key potential impact “ C (0] A Options for prevention, mitigation, and enhancement Residual impact

the culture and ways of living in the city/municipality (C)
Impacts on physical cultural S -A -B D - Conduct survey of physical cultural resources (P) Physical cultural
resources - Stop all works in the vicinity of the find, until a solution is found resources preserved
for the preservation of these artefacts, or advice from the
relevant authorities is obtained. (C)
- Decisions on how to handle the find shall be taken by the
responsible authorities, including changes in the layout
conservation, preservation, restoration and salvage. (C)
- Construction works could only resume only after permission is
granted from the responsible authorities. (C)
Threat to public health and D -A -A -B - Implement the Construction Waste Management Plan (C) Threat to public
safety including: health and safety
+ Temporary stockpiles of excavated materials from foundation controlled and
works must be properly covered and regularly hauled to DENR  minimized
approved disposal sites.
+ Litter and other types of domestic garbage from construction
sites and camps must be properly kept in trash bins and
regularly disposed through LGU garbage collectors.
- Implement the Operation Waste Management Plan (OWMP) (O)
including:
+ Regular maintenance of highway to reduce visual impact due
to expected wear and tear.
+ Implementation of best housekeeping practices and continue
the regularly disposed through LGU garbage collectors.
- Formulate Occupational Health and Safety Protocols during
construction and operation phases.
- Grievance Redress Mechanism(P)
- Strictimplementation of Construction Plan specifications for
each Project component. (C)
- Implement the Motor Vehicle Maintenance Plan (C)
- Proper implementation of the CWMP (C)
- Conduct sensitization campaigns both for workers and local
communities about illicit behavior and crime. (C)
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ENVIRONMENTAL IMPACT STATEMENT REPORT - Preparatory Survey

CENTRAL MINDANAO HIGH STANDARD HIGHWAY PROJECT (CDO — MALAYBALAY SECTION)
Cagayan de Oro City, Malaybalay City, Municipalities of Tagoloan, Manolo Fortich, Sumilao, Impasug-ong
PROPONENT: Department of Public Works and Highways in cooperation with JICA

Sub-component Key potential impact n C

NOTES - P = pre-aconstruction; C= construction, O = operation; A =abandonment or closure; +/-:
Impact is unknown. D= No impact is expected, NPI- No perceived impact
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Enhancement for the Local
Benefits/Economies of the
Project - Generation of Local
Employment

Traffic contribution along
impact roads

+A

+A

+A

+A

Options for prevention, mitigation, and enhancement

Coordination with local law enforcement (C)
Maintain sanitary facilities (O)
Maintenance of traffic signs (O)
Proper implementation of the Traffic Management Plan (O)
Conduct skills training at the host LGUs (P)
Prioritize local hires (P)

Executive Summary

Residual impact

Local benefits from
the Project

Enhance the opportunity for new businesses and innovation (C) maximized

Implement the Local Employment Plan (C)

Purchase supplies from local sources (C)

Provide livelihood opportunities if possible (C)

Prompt payment of taxes and other legal fees (C)
Prioritize hiring of qualified residents from host LGUs (O)
Purchase supplies from local sources (O)

Provide livelihood opportunities if available (O)

Prompt payment of fees and taxes (O)

Prepare a workable Traffic Management Plan (TMP) for all
affected public roads (P)

Predetermined routes of construction materials (P)

Strict implementation of Construction Plan specifications for
each Project component.(C)

Implement the Traffic Management Plan (C)

Proper implementation of the Traffic Management Plan

Traffic congestion
and accidents
controlled and
minimized

Positive/Adverse A= Significant impact is expected. B= Some impact is expected. C=

Table ES-11 Integrated summary of impacts and target efficiencies

Project activity Component Key potential impact Options for Prevention, Mitigation, Enhancement
(Sub-component)

Target efficiency
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Executive Summary

Project activity Component Key potential impact Options for Prevention, Mitigation, Enhancement Target efficiency
(Sub-component)

Pre-construction’  (LAND) Land use - Compatibility with existingland - Confirm classification of the other Project areas to the zoning All measures implemented
and classification use regulation of the host cities and municipalities (100%)
- Compatibility with classification - Include susceptibility of the Project area to natural hazards in the
as an Environmentally Critical Detailed Engineering Design
Area (ECA) - Documents showing authority to develop the Project RROW
- Existing land tenure issue/s - Formulation and proper implementation of BZP, CWMP, and

- Impairment of visual aesthetics OWMP
- Devaluation of land value as a
result of improper solid waste
management and other related

impacts
(LAND) Geology - Change in surface - Conduct Geotechnical Investigation and EGGA and consider its 100% compliance with the

landform/geomorphology/topo recommendations in the DED recommended mitigation
graphy/terrain/slope - Conduct of Factual Geological mapping focusing on the geology, measures

- Change in sub-surface geomorphology, and geohazards, areas that may be prone to
geology/underground settlement or subsidence.
conditions - Prioritization scheme on rehabilitation of existing roads, landslide

- Inducement of subsidence, areas, and drainage canals.

liquefaction, landslides, mud /
debris flow, etc.

(LAND) Pedology Soil erosion / Loss of - Formulate a Soil Erosion Management Plan (SEMP) including: 100% compliance with the
topsoil/overburden * Minimize the modified area to prevent soil erosion of new recommended mitigation
Change in soil quality/fertility surface soil by cut and filling, measures
- Ensure the slope protection after cut and filling as soon as
possible.
+ Establish the adequate drainage system in the construction
area”

- Identify staging areas to prevent extensive development.
* Formulate BZP

! Although not expected to occur, inclusion of key impacts were included to indicate the recommended plans and studies for implementation during the Construction
and Operation phases as due diligence.
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Project activity Component Key potential impact Options for Prevention, Mitigation, Enhancement
(Sub-component)

- Conduct a census of flora along the RROW,;

- If possible, avoid removal of trees along the RROW and include
them in the visual design. If not possible, trees will be balled and
planted in areas that will not be affected by the project;

- Secure a Tree Cutting Permit from the DENR;

- Prepare CVRP, CVTPP, TTBP, TSMP, VTPPO, BCP, WMP

- Design adequate drainage system

- Road design must be compatible with existing slopes,

infrastructures, environmental condition.

- Locate staging areas far from surface stream as possible

- Formulate a Spoils Management Plan

- Formulate WCP for the construction phase

- Prepare plans for drainage and sediment ponds at the staging

! ANEYT
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ENVIRONMENTAL IMPACT STATEMENT REPORT - Preparatory Survey
CENTRAL MINDANAO HIGH STANDARD HIGHWAY PROJECT (CDO — MALAYBALAY SECTION)

Cagayan de Oro City, Malaybalay City, Municipalities of Tagoloan, Manolo Fortich, Sumilao, Impasug-ong

PROPONENT: Department of Public Works and Highways in cooperation with JICA

(LAND) Terrestrial

biology

(WATER)
Hydrology/
Hydrogeology

(AIR) Air quality
and Noise

PEOPLE

Impacts on terrestrial flora and
fauna

Change in drainage morphology/
Inducement of flooding/
Reduction in stream volumetric
flow

Change in stream depth

Water resource use and
competition

Degradation of surface water
quality

Contribution in terms of
greenhouse gas emissions (or
GHG mitigation potential)
Degradation of air quality
Increase in ambient noise level
Displacement of settler/s
Displacement / disturbance of
properties

Change/conflictin land
ownership

Change/conflict Right of way
Impact on Public Access
In-migration (proliferation of
informal settlers)
Cultural/Lifestyle change
(especially on Indigenous

areas.

- Prepare a Water Quality Monitoring Plan during construction and

operation phases

- Prepare an EMVMP during construction
- Prepare AAQMP during construction and operation phases
- Prepare a Noise Monitoring Plan (NMP) during construction and

operation phases

- Authority document over RROW
- Conduct census of properties and land affected by the staging

areas and RROW

- Prepare detailed Right-of-Way Action Plan; Fair and just
compensations to affected families; budget allocation and
resources to PAFs and properties.

- Undergo the FPIC process

- Conduct consultations with the stakeholders and formulate
mutually agreed schemes

- Review Journal of Assessment Transactions on Market and
Assessed Land Values to ensure fair compensation

Executive Summary

Target efficiency

100% compliance with the
recommended mitigation
measures

100% compliance with the
recommended mitigation
measures

100% compliance with the
recommended mitigation
measures

100% compliance with the
recommended mitigation
measures
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Cagayan de Oro City, Malaybalay City, Municipalities of Tagoloan, Manolo Fortich, Sumilao, Impasug-ong
PROPONENT: Department of Public Works and Highways in cooperation with JICA

Project activity Component Key potential impact Options for Prevention, Mitigation, Enhancement
(Sub-component)
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Executive Summary

Target efficiency

(LAND) Land use
and classification

Construction

(LAND) Geology
/Geomorphology

E ANEYT
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People, if any)

Impacts on physical cultural
resources

Threat to public health and
safety

Enhancement for the Local
Benefits of the Project -
Generation of Local
Employment

Traffic congestion

Compatibility with existing land
use

Compatibility with classification
as an Environmentally Critical
Area (ECA)

Existing land tenure issue/s
Impairment of visual aesthetics
Devaluation of land value as a
result of improper solid waste
management and other related
impacts

Change in surface
landform/geomorphology/topo
graphy/terrain/slope

Change in sub-surface
geology/underground
conditions

Inducement of subsidence,
liquefaction, landslides, mud /
debris flow, etc.

- Prepare ISMP

- Conduct survey of physical cultural resources

- Prepare CFMP

- Prepare CWMP and OWMP

- Formulate Occupational Health and Safety Protocols during
construction and operation phases

- Grievance Redress Mechanism

- Conduct skills training at the host LGUs

- Prepare a LEP

- Prepare a workable TMP for all affected public roads

- Predetermined routes of construction materials

- Proper implementation of the BZP

- Strict implementation of Construction Plan specifications for each
Project component

- Proper implementation of the CWMP

- Employ appropriate erosion control and slope protection
measures.

- Designate a spoils storage area and optimize re-use of spoils.

- Construction drainage canals at the break-of-slope (between the
gentle to moderate slopes).

- Slope re-contouring, benching or lowering the slope gradient

- Good drainage system including under drain construction and
anchored structures.

- Field assessment in active construction sites especially after
heavy and prolonged rains and after earthquakes (if it occurs).

100% compliance with the
recommended mitigation
measures

100% compliance with the
recommended mitigation
measures
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Executive Summary

Project activity Component Key potential impact Options for Prevention, Mitigation, Enhancement Target efficiency
(Sub-component)

- Apply appropriate slope protection and other engineered
structures

- Increase vegetation cover particularly at the vicinity of the
breakof-slope

- Surface drainage control works — construction of drainage canal
at the break-of-slope (between the gentle to moderate slopes)

- Slope re-contouring, benching or lowering the slope gradient

- Good drainage system including under drain constructions and
anchored structures.

- Strict implementation of Construction Plan specifications for each
Project component.

(LAND) Pedology - Sail erosion or loss of topsoil - Strictimplementation of Construction Plan specifications for each - Minimize (85-99%) or
- Change in soil quality/fertility Project component. avoid (100%) soil erosion
- Proper implementation of the SEMP and contamination

- Immediate removal of excavated soil, stockpiled in a safe place
and disposed in the designated disposal site.

- Optimize re-use of spoils

- Surface drainage control works — construction of drainage canal
at the break-of-slope (between the gentle to moderate slopes).

- Cover stockpiles with plastic sheeting; construct perimeter
sediment barriers;

- Divert upstream drainage away from the stockpiles

- Install drainage canals and settling pond.

- Proper implementation of the BZP and CWMP

(LAND) Terrestrial - Vegetationremoval andlossof - Strictimplementation of Construction Plan specifications for each  -100% compliance with
Ecology habitat Project component. the recommended
- Threat to existence of - Proper implementation of the CVRP, CVTPP, BZP, TTBP, and mitigation measures in
important local species comply with the DENR requirements to remove and replace accordance to RA 9147
- Threat to abundance, affected trees within the Road Right-of-Way (RROW) in
frequency and distribution of coordination with EMB X, concerned PENROs and CENROs. Limit
important species the development activities within the planned structure or
- Hindrance to wildlife access component footprint.
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ENVIRONMENTAL IMPACT STATEMENT REPORT — Preparatory Survey

CENTRAL MINDANAO HIGH STANDARD HIGHWAY PROJECT (CDO — MALAYBALAY SECTION)

Cagayan de Oro City, Malaybalay City, Municipalities of Tagoloan, Manolo Fortich, Sumilao, Impasug-ong
PROPONENT: Department of Public Works and Highways in cooperation with JICA

Project activity Component Key potential impact Options for Prevention, Mitigation, Enhancement
(Sub-component)

- Establish on site nurseries in accessible locations
- Transplant saplings to affected areas especially riparian zones
- Strictimplementation of Construction Plan specifications for each

(WATER)
Hydrology/
Hydrogeology

(WATER) Water
Quality

- Change in drainage morphology

- Inducement of flooding

- Reduction in stream volumetric
flow

Change in stream depth

Degradation of surface water
quality

Project component.

- Strict implementation of a “No Hunting and No Collecting” policy
- Collect saplings of endangered, vulnerable and other threatened

species and harden in nurseries for eventual transplanting to
target areas, particularly riparian zones

Strict implementation of Construction Plan specifications for
each Project component.

All earthworks for site preparation and trench excavation
implemented during the low rainfall period if possible
Reuse excavated earth material for backfilling whenever feasible
Backfilling and leveling of the borrow pits to prevent water
ponding

Provide adequate drainage systems to minimize the impact
downstream of active construction sites

Limit the area of project activities within the RROW

Regular checking of temporary drainage canals to ensure
adequate storm water flow.

Strict implementation of Construction Plan specifications for
each Project component.

Proper implementation of the SEMP and Spoils Management
Plan

Installation of sedimentation basins where applicable

Strict implementation of Construction Plan specifications for
each Project component.

Proper implementation of the Water Conservation Plan.
Strict implementation of Construction Plan specifications for
each Project component.

Best housekeeping practices

Provide onsite sanitary facilities

Executive Summary

Target efficiency

- Minimize (85-99%) or
avoid siltation (100%)

- 100% compliance with
the recommended
mitigation measures in
accordance to RA 9275

- Provide sufficient onsite
sanitary facilities (100%)

- 100% compliance with
the recommended
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Executive Summary

Project activity Component Key potential impact Options for Prevention, Mitigation, Enhancement Target efficiency
(Sub-component)

- Adequate drainage leading to siltation ponds mitigation measures in

- Implement the Water Quality Monitoring Plan during accordance to RA 9275
construction phase - 100% compliance with
;Engage the services of the accredited third-party water the recommended
treatment companies to ensure the treatment of the mitigation measures

wastewater coming from different sources in compliance with
the DENR standards and shall comply with all the provisions of
RA 9275, the Philippine Clean Water Act of 2004 and its
Implementing Rules and Regulations;

(WATER) - Threat to existence and/orloss - Strictimplementation of Construction Plan specifications for 100% compliance with the
Freshwater species of important local and each Project component. recommended mitigation
Ecology habitat - Proper implementation of the SEMP measures in accordance to
- Threat to abundance, - Bunded area for tanked fuels, lubricants, etc., at the staging RA 9275
frequency and distribution of areas with drainage leading to oil-water separator.
species - Proper implementation of the CWMP

- Provide onsite sanitation facilities

- Provide cover on vehicles carrying construction materials

- No wastewater discharges into rivers or streams

- Contain runoff from construction areas with silt traps or curtains

- Maintain water quality of the Project Site according to minimum
standards or better, particularly on Total Suspended Solids,
Dissolved Oxygen, and Phosphate

(AIR) Air Quality - Degradation of air quality - Strictimplementation of Construction Plan specifications for - Compliance to the Clean
and Noise - Increase in ambient noise level each Project component. Air Act (100%)
- Divide active construction sites into smaller areas if possible; - 100% compliance with
- Apply dust suppression measures, e.g., water application, in the recommended
active construction areas; mitigation measures in
- Replace vegetation in non-structure areas to minimize wind accordance to RA 9275

erosion of topsoil;

- Compact exposed soil surfaces;

- Provide tarpaulin cover on trucks loaded with construction
materials;
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ENVIRONMENTAL IMPACT STATEMENT REPORT — Preparatory Survey

CENTRAL MINDANAO HIGH STANDARD HIGHWAY PROJECT (CDO — MALAYBALAY SECTION)

Cagayan de Oro City, Malaybalay City, Municipalities of Tagoloan, Manolo Fortich, Sumilao, Impasug-ong
PROPONENT: Department of Public Works and Highways in cooperation with JICA

Project activity Component Key potential impact Options for Prevention, Mitigation, Enhancement
(Sub-component)

PEOPLE - Displacement of settlers
- Displacement/disturbance of
properties
- Change/conflictinland
ownership
- Change/conflict Right of way
- Impact on Public Access

PEOPLE In-Migration

® ANEYT
i AN o

. Impose speed restrictions minimize (15-20 kph).
Component for Hazardous waste, mitigation measures and
target efficiency in accordance with RA 6969

Strict implementation of Construction Plan specifications for

each Project component.
Implement the Motor Vehicle Maintenance Plan
Use of low-sulfur fuel

Implement the Ambient Air Quality Monitoring Plan (AAQMP)

during construction phase

Maintenance of motor vehicle mufflers;

Provision of barriers and shielding stationary vibrating
equipment; and

If possible, scheduling of noisy activities during day time.
Implement the Noise Monitoring Plan

Implement the Motor Vehicle Maintenance Plan

Secured the authority document of the RROW
Strictimplementation of Construction Plan specifications for
each Project component.

Proper implementation of the RAP

Prepare detailed Right-of-Way Action Plan; Fair and just
compensations to affected families; budget allocation and
resources to PAFs and properties.

Implement the Informal Settler Monitoring Plan
Prioritize local hiring

Executive Summary

Target efficiency

-100% compliance with
the recommended
mitigation measures in
accordance to all
applicable provisions of RA
7279 (UDHA) , JICA
Guidelines for
environmental and social
considerations and the
ADB resettlement policy
(100%)

-100% compliance with
the proposed mitigation
measures

100% compliance with the
recommended mitigation
measures
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ENVIRONMENTAL IMPACT STATEMENT REPORT — Preparatory Survey

CENTRAL MINDANAO HIGH STANDARD HIGHWAY PROJECT (CDO — MALAYBALAY SECTION)

Cagayan de Oro City, Malaybalay City, Municipalities of Tagoloan, Manolo Fortich, Sumilao, Impasug-ong
PROPONENT: Department of Public Works and Highways in cooperation with JICA

Project activity Component Key potential impact Options for Prevention, Mitigation, Enhancement
(Sub-component)

PEOPLE

Cultural/Lifestyle change
(especially on Indigenous People,
if any)

Threat to delivery of basic
services /resource competition

Threat to public health and safety

Generation of local benefits from
the Project (BENEFICIAL IMPACT)

Strict implementation of Construction Plan specifications for
each Project component.

Proper orientation of migrant workers on culture oriented on
the culture and ways of living in the city/municipality

Strict implementation of Construction Plan specifications for
each Project component.

Implement the Informal Settler Monitoring Plan

Coordination of DPWH/contractor with the host LGUs regarding
needs of the migrants and residents of the community

Strict implementation of Construction Plan specifications for
each Project component.

Implement the Construction Waste Management Plan
Implement the Motor Vehicle Maintenance Plan

Proper implementation of the CWMP

Conduct sensitization campaigns both for workers and local
communities about illicit behavior and crime.

Coordination with local law enforcement

Increased LGU revenues resulting from the purchase of locally
available materials and equipment for construction, translating
to additional taxes.

Business establishments should be properly registered and
payment of the required taxes shall be monitored.

Alleviate economy and generation of employment income to
hosts, nearby barangays, and the two provinces as a whole
pursuant to DPWH Department Order No. 130, Series of 2016,
"Guidelines for the Implementation of the Provisions of Republic
Act No. 66885 and Republic Act No. 9710 or the Magna Carta of
Women which Specify the following:

Mandatory minimum percentage of 50% of the unskilled labor

Executive Summary

Target efficiency

100% compliance with the
recommended mitigation
measures in close
coordination with NCIP
and tribal leaders and
communities

100% compliance with the
recommended mitigation
measures in accordance to
RA 10066 in coordination
with LGU.

100% compliance with the
recommended mitigation
measures in coordination
with LGU.

100% compliance with the
recommended mitigation
measures in coordination
with LGU.
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CENTRAL MINDANAO HIGH STANDARD HIGHWAY PROJECT (CDO — MALAYBALAY SECTION)

Cagayan de Oro City, Malaybalay City, Municipalities of Tagoloan, Manolo Fortich, Sumilao, Impasug-ong
PROPONENT: Department of Public Works and Highways in cooperation with JICA

Project activity Component Key potential impact Options for Prevention, Mitigation, Enhancement
(Sub-component)
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Executive Summary

Target efficiency

Traffic congestion

(LAND) Land use

Opening of the .
and classification =

CMH to traffic Devaluation of land

value as a result of

improper solid waste

management and other

related impacts

= Change in surface landform/
geomorphology/
topography/terrain/slope

= Change in sub-surface
geology/underground
conditions.

= Effects of geohazards to the
Project

(LAND) Geology

E ANEYT
i 5/ s mc

requirements shall be recruited in the Barangay where the
project is located.

Mandatory 30% of the skilled labor requirement shall be
recruited in the Barangay where the project is located.
Purchase supplies from local sources

Provide livelihood opportunities if possible

Prompt payment of taxes and other legal fees

Strict implementation of Construction Plan specifications for
each Project component.

Implement the Traffic Management Plan

Sustained implementation of the BZP

Regular operation and maintenance of the highway
Implementation of the OWMP

Best housekeeping practices

Regular monitoring of slope conditions and slope stabilization
measures constructed with focus on landform change.
Regular monitoring of identified areas prone to subsidence
particularly those underlain by the limestone.

Follow recommendations of the geotechnical / civil engineer /
geologist to address any adverse geological and
geomorphological conditions.

Regular monitoring of slope condition and slope stabilization
measures especially after prolonged rains and earthquakes.

Regular monitoring of areas with identified geological hazards,

its current condition and the degree of the effects of hazards
previously identified.

100% com100%
compliance with the
recommended mitigation
measures in accordance to
RA 6685 and RA 9710 in
coordination with DOLE,
LGUs and Industry Sectors.
100% compliance with the
recommended mitigation
measures in accordance to
RA 6685 and RA 9710 in
coordination with DOLE,
LGUs and Industry Sectors.
All measures implemented
(100%)
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ENVIRONMENTAL IMPACT STATEMENT REPORT — Preparatory Survey

CENTRAL MINDANAO HIGH STANDARD HIGHWAY PROJECT (CDO — MALAYBALAY SECTION)

Cagayan de Oro City, Malaybalay City, Municipalities of Tagoloan, Manolo Fortich, Sumilao, Impasug-ong
PROPONENT: Department of Public Works and Highways in cooperation with JICA

(LAND) Pedology

(LAND) Terrestrial
Ecology

(WATER)
Hydrology/
Hydrogeology

(WATER) Water
quality

(WATER)
Freshwater
Ecology

- Soil erosion / Loss of
topsoil/overburden
- Change in soil quality/fertility

- Vegetation removal

- Threat to existence of
importantindigenous species

- Threat to Abundance,
Frequency, and Distribution of
Important Species

- Hindrance to Wildlife Access

- Change in drainage
morphology/ Inducement of
flooding/ Reduction in stream
flow

- Change in stream depth

- Water resource use and
competition

Degradation of surface water

quality

- Threat to existence and/or loss

species of important local and
habitat

- Threat to abundance, frequency

Executive Summary
- Regular monitoring of areas previously identified as erosion - Minimize (85-99%) or
prone. Focus on sections with steep slopes, areas transected by avoid siltation (100%)
river and creek channels, and exposed areas prone to soil - 100% compliance with
erosion. the recommended
- Sustained implementation of the Soil Erosion Management Plan mitigation measures in
- LGU/and or toll operators should have provision of emergency accordance with RA 9275
preparedness and response plan from implementation and strict
compliance of national disaster risk reduction measures
- Sustained implementation of the BZP 100% compliance with the
- Proper implementation of the CVRP, CVTPP, BZP, TTBP, andTree = recommended mitigation
Cutting Permit conditions measures
- Regular maintenance of the highway
- Regular maintenance of drainage canals, pipe culvert, cross 100% compliance with the
drains. recommended mitigation
- Restoration and maintenance of natural drainage traversed by measures
the alignment.
- Sustained implementation of the Water Conservation Plan
- Best housekeeping practices - Provide sufficient
- Provision of sanitation facilities sanitary facilities (100%)
- Maintain drainage system leading to siltation ponds - Compliance to the Clean
- Implement the Water Quality Monitoring Plan for operation Water Act (100%)
phase - All other measures
implemented (100%)
- Sustained implementation of the SEMP and BZP 100 % compliant to RA
- Bunded area for tanked fuels, lubricants, etc., with drainage 9275 and other applicable
leading to oil-water separator. regulations
- Proper implementation of the Operation Waste Management
XXIX|Page
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ENVIRONMENTAL IMPACT STATEMENT REPORT — Preparatory Survey

CENTRAL MINDANAO HIGH STANDARD HIGHWAY PROJECT (CDO — MALAYBALAY SECTION)

Cagayan de Oro City, Malaybalay City, Municipalities of Tagoloan, Manolo Fortich, Sumilao, Impasug-ong
PROPONENT: Department of Public Works and Highways in cooperation with JICA

Project activity Component Key potential impact Options for Prevention, Mitigation, Enhancement
(Sub-component)

(AIR)
Meteorology/
Climatology
(WATER) Air
Quality and Noise

PEOPLE

PEOPLE

PEOPLE

and distribution of species

Contribution in terms of

greenhouse gas emissions (or

GHG mitigation potential).

Air pollution from motor vehicles

Threat to public health and safety

Generation of local benefits from
the Project (BENEFICIAL IMPACT)

Traffic congestion

Plan

Provide onsite sanitation facilities

No wastewater discharges into rivers or streams

Implement the Water Quality Monitoring Plan for operation
phase

Impose speed restrictions

Prohibit idling in parking areas and emergency curbs

Proper installation, and maintenance of selected option, e.g.,
vegetation barrier.

Impose speed limits

Impose a muffler sound limit

Proper design installation and maintenance of selected sound
attenuation barriers option, e.g., vegetation barrier.
Maintain sanitary facilities

Maintenance of traffic signs

Proper implementation of the Traffic Management Plan
Prioritize hiring of qualified residents from host LGUs
Purchase supplies from local sources

Provide livelihood opportunities if available

Prompt payment of fees and taxes

Proper implementation of the Traffic Management Plan

Executive Summary

Target efficiency

100% compliance with the
recommended mitigation
measures

100% compliance with the
recommended mitigation
measures

100% compliance with the
recommended mitigation
measures

100% compliance with the
recommended mitigation
measures

100% compliance with the

recommended mitigation
measures
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Cagayan de Oro City, Malaybalay City, Municipalities of Tagoloan, Manolo Fortich, Sumilao, Impasug-ong
PROPONENT: Department of Public Works and Highways in cooperation with JICA

Chapter 1 - Project Description

CHAPTER 1 - PROJECT DESCRIPTION

1.1 Projectlocation and area

1.1.1 General location and area

The proposed Central Mindanao High Standard Highway Project (Cagayan de Oro - Malaybalay Section)
("Project" or "alignment") is part of the Master Plan on High Standard Highway Network Development, Phase
IIl. The Project is a new alignment that will supplement the existing road network in Region X. The objectives
of the plan were to improve transport efficiency in the region, contribute to improving connectivity between
the cities of Cagayan de Oro and Malaybalay, as well as the economic development of the surrounding areas.

The Project with a length of 65.6 kilometers will traverse 27 barangays of four municipalities and two cities in
the Provinces of Misamis Oriental and Bukidnon in Region X-Northern Mindanao (Table 1-1). The general
location and jurisdiction maps and the host barangays are shown in Figure 1-1.

The boundaries of the Project are defined by the geographic coordinates under WGS 89 are shown in Table 1-
2 based on points shown in Figure 1-1.

The proposed Project will be spearheaded by the Department of Public Works and Highways (DPWH) with the
assistance of the Japan International Cooperation Agency (JICA).

Table 1-1. Jurisdictions of the Project alignment

Province City/Municipality Barangay m City/Municipality

c de0 Bugo Bukidnon Impasug-ong Poblacion
L .agayan eoro Puerto La Fortuna
Misamis City
) Balubal Cawayan
Oriental . .
Casinglot Capitan Bayong
Tagoloan
Natumolan Impalutao
Alae Malaybalay Dalwangan
San Miguel Patpat
Damilag Kalasungay
M lo Fortich Dicklum Total: 2 Total: 6 Total: 27
anolo Frortic Sankanan Source: JICA Study Team
Tankulan
. Ticala
enel Mambatangan
Puntian
Vista Villa
sumil Culasi
umiao Poblacion
Kisolon
San Roque
.’},ﬂlﬂEt l|Page
N ASIA IncG
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Chapter 1 - Project Description

Table 1-2. Point coordinates of the proposed CMH Project

“ Longitude Latitude “ Longitude Latitude “ Longitude Latitude

START -1 124.7576 8.5140 171 124.7943 8.4888 124.8975 8.3333
2 124.7609 8.5128 172 124.7944 8.4885 342 124.8981 8.3332
3 124.7657 8.5150 173 124.7945 8.4883 343 124.8987 8.3332
4 124.7670 8.5187 174 124.7946 8.4881 344 124.9066 8.3329
5 124.7693 8.5212 175 124.7980 8.4819 345 124.9069 8.3329
6 124.7732 8.5231 176 124.7980 8.4818 346 124.9074 8.3328
7 124.7753 8.5243 177 124.7981 8.4816 347 124.9076 8.3328
8 124.7791 8.5267 178 124.7982 8.4814 348 124.9078 8.3328
9 124.7844 8.5252 179 124.7983 8.4813 349 124.9081 8.3327
10 124.7850 8.5238 180 124.7984 8.4812 350 124.9083 8.3327
11 124.7870 8.5210 181 124.7984 8.4811 351 124.9085 8.3326
12 124.7937 8.5147 182 124.7985 8.4810 352 124.9088 8.3325
13 124.7942 8.5107 183 124.7986 8.4810 353 124.9316 8.3260
14 124.7899 8.5040 184 124.7986 8.4810 354 124.9322 8.3259
15 124.7897 8.5004 185 124.7987 8.4808 355 124.9332 8.3255
16 124.7916 8.4967 186 124.7989 8.4806 356 124.9337 8.3253
17 124.7923 8.4957 187 124.7990 8.4805 357 124.9342 8.3251
18 124.7932 8.4944 188 124.7990 8.4804 358 124.9347 8.3248
19 124.7940 8.4919 189 124.7991 8.4803 359 124.9352 8.3246
20 124.7940 8.4902 190 124.7992 8.4802 360 124.9357 8.3243
21 124.7946 8.4881 191 124.7993 8.4801 361 124.9361 8.3240
22 124.7980 8.4819 192 124.7993 8.4799 362 124.9396 8.3219
23 124.8023 8.4695 193 124.8019 8.4750 363 124.9409 8.3212
24 124.7986 8.4581 194 124.8021 8.4744 364 124.9437 8.3197
25 124.7979 8.4565 195 124.8025 8.4732 365 124.9451 8.3191
26 124.7964 8.4529 196 124.8026 8.4726 366 124.9465 8.3185
27 124.7950 8.4481 197 124.8027 8.4720 367 124.9479 8.3179
28 124.7946 8.4454 198 124.8027 8.4713 368 124.9494 8.3174
29 124.7956 8.4383 199 124.8026 8.4707 369 124.9509 8.3170
30 124.7963 8.4365 200 124.8025 8.4701 370 124.9524 8.3166
31 124.7977 8.4311 201 124.8023 8.4695 371 124.9698 8.3123
32 124.7980 8.4277 202 124.7986 8.4581 372 124.9703 8.3121
33 124.7988 8.4236 203 124.7985 8.4579 373 1249714 8.3117
34 124.8012 8.4163 204 124.7984 8.4576 374 124.9719 8.3114
35 124.8028 8.4127 205 124.7983 8.4574 375 124.9724 8.3112
36 124.8092 8.4000 206 124.7982 8.4572 376 124.9729 8.3108
37 124.8114 8.3972 207 124.7982 8.4570 377 124.9734 8.3105
38 124.8159 8.3933 208 124.7981 8.4568 378 124.9738 8.3101
39 124.8179 8.3909 209 124.7980 8.4566 379 124.9742 8.3097
40 124.8198 8.3876 210 124.7979 8.4565 380 124.9795 8.3040
41 124.8264 8.3750 211 124.7964 8.4529 381 124.9802 8.3032
42 124.8263 8.3662 212 124.7962 8.4524 382 124.9814 8.3015
43 124.8315 8.3579 213 124.7958 8.4514 383 124.9818 8.3006
44 124.8590 8.3451 214 124.7956 8.4508 384 124.9823 8.2996
45 124.8657 8.3438 215 124.7955 8.4503 385 124.9826 8.2987
46 124.8710 8.3442 216 124.7953 8.4498 386 124.9829 8.2977
47 124.8742 8.3443 217 124.7952 8.4492 387 124.9830 8.2966
48 124.8828 8.3442 218 124.7951 8.4487 388 124.9831 8.2956
49 124.8865 8.3424 219 124.7950 8.4481 389 124.9836 8.2886
50 124.8881 8.3401 220 124.7946 8.4454 390 124.9837 8.2875
51 124.8922 8.3360 221 124.7945 8.4446 391 124.9842 8.2854
52 124.8937 8.3349 222 124.7945 8.4430 392 124.9845 8.2844
53 124.8987 8.3332 223 124.7946 8.4422 393 124.9850 8.2834
54 124.9066 8.3329 224 124.7947 8.4414 394 124.9855 8.2824
55 124.9088 8.3325 225 124.7948 8.4406 395 124.9861 8.2815
56 124.9316 8.3260 226 124.7950 8.4398 396 124.9868 8.2807
57 124.9361 8.3240 227 124.7953 8.4390 397 124.9875 8.2799
58 124.9396 8.3219 228 124.7956 8.4383 398 124.9910 8.2764
59 124.9524 8.3166 229 124.7963 8.4365 399 124.9913 8.2761
60 124.9698 8.3123 230 124.7966 8.4359 400 124.9918 8.2756
61 124.9742 8.3097 231 124.7970 8.4347 401 124.9920 8.2753
62 124.9795 8.3040 232 124.7971 8.4341 402 124.9922 8.2750
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124.9831 8.2956 233 124.7973 8.4335 124.9924 8.2747
64 124.9836 8.2886 234 124.7974 8.4329 404 124.9926 8.2744
65 124.9875 8.2799 235 124.7975 8.4323 405 124.9928 8.2741
66 124.9910 8.2764 236 124.7976 8.4317 406 124.9930 8.2738
67 124.9930 8.2738 237 124.7977 8.4311 407 124.9954 8.2699
68 124.9954 8.2699 238 124.7980 8.4277 408 124.9956 8.2695
69 124.9983 8.2669 239 124.7980 8.4272 409 124.9962 8.2688
70 125.0074 8.2612 240 124.7981 8.4263 410 124.9965 8.2684
71 125.0124 8.2528 241 124.7982 8.4259 411 124.9968 8.2681
72 125.0130 8.2440 242 124.7983 8.4254 412 124.9972 8.2678
73 125.0147 8.2383 243 124.7984 8.4249 413 124.9975 8.2675
74 125.0233 8.2229 244 124.7985 8.4245 414 124.9979 8.2672
75 125.0325 8.2139 245 124.7987 8.4240 415 124.9983 8.2669
76 125.0428 8.2085 246 124.7988 8.4236 416 125.0074 8.2612
77 125.0463 8.2053 247 124.8012 8.4163 417 125.0083 8.2605
78 125.0541 8.1928 248 124.8014 8.4159 418 125.0099 8.2590
79 125.0554 8.1891 249 124.8017 8.4151 419 125.0106 8.2581
80 125.0564 8.1808 250 124.8018 8.4147 420 125.0112 8.2571
81 125.0702 8.1673 251 124.8020 8.4143 421 125.0116 8.2561
82 125.0863 8.1657 252 124.8022 8.4139 422 125.0120 8.2550
83 125.0910 8.1650 253 124.8024 8.4135 423 125.0122 8.2539
84 125.1003 8.1631 254 124.8026 8.4131 424 125.0124 8.2528
85 124.7609 8.5128 255 124.8028 8.4127 425 125.0130 8.2440
86 124.7616 8.5126 256 124.8092 8.4000 426 125.0130 8.2433
87 124.7628 8.5126 257 124.8094 8.3996 427 125.0133 8.2420
88 124.7635 8.5128 258 124.8098 8.3990 428 125.0134 8.2414
89 124.7640 8.5130 259 124.8100 8.3986 429 125.0136 8.2407
90 124.7646 8.5134 260 124.8102 8.3983 430 125.0138 8.2401
91 124.7650 8.5138 261 124.8105 8.3980 431 125.0141 8.2395
92 124.7654 8.5144 262 124.8108 8.3977 432 125.0144 8.2389
93 124.7657 8.5150 263 124.8111 8.3975 433 125.0147 8.2383
94 124.7670 8.5187 264 124.8114 8.3972 434 125.0233 8.2229
95 124.7671 8.5190 265 124.8159 8.3933 435 125.0240 8.2217
96 124.7675 8.5197 266 124.8162 8.3931 436 125.0258 8.2193
97 124.7677 8.5200 267 124.8166 8.3926 437 125.0267 8.2183
98 124.7680 8.5203 268 124.8169 8.3923 438 125.0278 8.2173
99 124.7683 8.5206 269 124.8171 8.3921 439 125.0289 8.2163
100 124.7686 8.5208 270 124.8173 8.3918 440 125.0300 8.2154
101 124.7689 8.5211 271 124.8175 8.3915 441 125.0313 8.2146
102 124.7693 8.5212 272 124.8177 8.3912 442 125.0325 8.2139
103 124.7732 8.5231 273 124.8179 8.3909 443 125.0428 8.2085
104 124.7734 8.5232 274 124.8198 8.3876 444 125.0433 8.2082
105 124.7739 8.5235 275 124.8199 8.3873 445 125.0442 8.2076
106 124.7741 8.5236 276 124.8202 8.3869 446 125.0446 8.2073
107 124.7744 8.5237 277 124.8204 8.3867 447 125.0450 8.2069
108 124.7746 8.5238 278 124.8206 8.3865 448 125.0453 8.2065
109 124.7748 8.5240 279 124.8207 8.3863 449 125.0457 8.2061
110 124.7751 8.5241 280 124.8209 8.3861 450 125.0460 8.2057
111 124.7753 8.5243 281 124.8211 8.3859 451 125.0463 8.2053
112 124.7791 8.5267 282 124.8213 8.3858 452 125.0541 8.1928
113 124.7797 8.5270 283 124.8224 8.3848 453 125.0543 8.1924
114 124.7811 8.5273 284 124.8241 8.3827 454 125.0547 8.1916
115 124.7818 8.5272 285 124.8248 8.3816 455 125.0549 8.1912
116 124.7824 8.5270 286 124.8254 8.3803 456 125.0550 8.1908
117 124.7830 8.5267 287 124.8259 8.3790 457 125.0551 8.1904
118 124.7836 8.5263 288 124.8262 8.3777 458 125.0552 8.1899
119 124.7840 8.5258 289 124.8264 8.3764 459 125.0553 8.1895
120 124.7844 8.5252 290 124.8264 8.3750 460 125.0554 8.1891
121 124.7850 8.5238 291 124.8264 8.3651 461 125.0564 8.1808
122 124.7852 8.5235 292 124.8269 8.3628 462 125.0568 8.1785
123 124.7855 8.5228 293 124.8274 8.3618 463 125.0587 8.1743
124 124.7858 8.5225 294 124.8280 8.3608 464 125.0601 8.1725
125 124.7860 8.5222 295 124.8287 8.3599 465 125.0618 8.1709
126 124.7862 8.5219 296 124.8296 8.3591 466 125.0636 8.1695
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124.7865 8.5216 297 124.8305 8.3585 125.0657 8.1685
128 124.7867 8.5213 298 124.8315 8.3579 468 125.0679 8.1677
129 124.7870 8.5210 299 124.8590 8.3451 469 125.0702 8.1673
130 124.7937 8.5147 300 124.8597 8.3448 470 125.0863 8.1657
131 124.7940 8.5144 301 124.8611 8.3443 471 125.0868 8.1657
132 124.7945 8.5135 302 124.8619 8.3441 472 125.0879 8.1656
133 124.7946 8.5131 303 124.8626 8.3440 473 125.0884 8.1655
134 124.7947 8.5126 304 124.8634 8.3439 474 125.0889 8.1654
135 124.7946 8.5121 305 124.8642 8.3438 475 125.0894 8.1653
136 124.7946 8.5116 306 124.8649 8.3438 476 125.0899 8.1652
137 124.7944 8.5112 307 124.8657 8.3438 477 125.0905 8.1651
138 124.7942 8.5107 308 124.8710 8.3442 478 125.0910 8.1650
139 124.7899 8.5040 309 124.8714 8.3442 479 125.1003 8.1631
140 124.7897 8.5037 310 124.8721 8.3442 480 125.1009 8.1629
141 124.7894 8.5029 311 124.8724 8.3443 481 125.1022 8.1624
142 124.7893 8.5024 312 124.8728 8.3443 482 125.1028 8.1620
143 124.7893 8.5020 313 124.8732 8.3443 483 125.1034 8.1616
144 124.7893 8.5016 314 124.8735 8.3443 484 125.1039 8.1612
145 124.7894 8.5012 315 124.8739 8.3443 485 125.1044 8.1606
146 124.7895 8.5008 316 124.8742 8.3443 486 125.1048 8.1601
147 124.7897 8.5004 317 124.8828 8.3442 487 125.1052 8.1595
148 124.7916 8.4967 318 124.8833 8.3442 488 124.7993 8.4799
149 124.7917 8.4966 319 124.8842 8.3440 489 124.8019 8.4750
150 124.7918 8.4964 320 124.8847 8.3438 490 125.1093 8.1611
151 124.7919 8.4962 321 124.8851 8.3436 491 125.1096 8.1613
152 124.7920 8.4961 322 124.8855 8.3434 492 125.1099 8.1614
153 124.7920 8.4960 323 124.8859 8.3431 493 125.1101 8.1616
154 124.7921 8.4959 324 124.8862 8.3427 494 125.1104 8.1619
155 124.7922 8.4958 325 124.8865 8.3424 495 125.1106 8.1621
156 124.7923 8.4957 326 124.8881 8.3401 496 125.1109 8.1623
157 124.7932 8.4944 327 124.8885 8.3396 497 125.1111 8.1625
158 124.7933 8.4942 328 124.8893 8.3386 498 125.1113 8.1628
159 124.7936 8.4936 329 124.8898 8.3381 499 125.1090 8.1611
160 124.7937 8.4933 330 124.8902 8.3376 500 125.1093 8.1613
161 124.7938 8.4931 331 124.8907 8.3372 501 125.1096 8.1614
162 124.7939 8.4928 332 124.8912 8.3368 502 125.1099 8.1616
163 124.7940 8.4925 333 124.8917 8.3364 503 125.1101 8.1619
164 124.7940 8.4922 334 124.8922 8.3360 504 125.1104 8.1621
165 124.7940 8.4919 335 124.8937 8.3349 505 125.1106 8.1623
166 124.7940 8.4902 336 124.8942 8.3346 506 125.1109 8.1625
167 124.7940 8.4900 337 124.8953 8.3340 507 125.1111 8.1628
168 124.7941 8.4895 338 124.8958 8.3338  END-508 125.1113 8.1630
169 124.7941 8.4892 339 124.8964 8.3336
170 124.7942 8.4890 340 124.8969 8.3334

Source: derived from Google Earth
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Figure 1-1. General location map of the Project
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1.1.2 Initial impact areas

The Revised Procedural Manual (RPM) of DAO 2003-30 defined the Direct Impact Area (DIA) at the pre-EIA
stage as the extent where all “Project facilities are proposed to be constructed/situated and where all
operations are proposed to be undertaken”.

The Direct Impact Area (DIA) is the RROW of the 65.6-kilometer alignment following Annex 2-2 of the Revised
Procedural Manual of DAO 2003-30 (Figure 1-2). Based on the definitions provided, Direct Impact Areas (DIA)
are areas directly affected by the Project’'s ROW where acquisition of properties and displacement of
structures will be required. The host cities, municipalities and barangays are listed in Table 1-1. The direct
initial impact areas in the municipal and barangay levels are shown in Figure 1-3 and Figure 1-4 respectively.
The Indirect Impact Area (llA) was initially assumed as areas within one kilometer (1km) from the center of
the alignment. In addition, barangays adjacent to the Direct Impact Barangays (DIB) will be considered as
Indirect Impact Barangays (lIB). The llA is arbitrarily at the pre-EIA stage, clearly delineated after the study is
completed, and is more accurately established during post-ECC monitoring (Table 1-3).

The Project is mostly surrounded by dense agricultural areas with some residential and forest patches. The
Significant environmental features areas are shown in Figure 1-5. Photographs of Project alignment and
interchanges are shown in Figure 1-6 and Figure 1-7. The NAMRIA topographic map showing the Project site
is shown in Figure 1-8.

Table 1-3. Guide for delineating post-EIA impact areas

Ccampones oot

Air Areas where maximum ground level concentrations (GLC) of particulates are
predicted to occur.

Water Rivers and streams along the road alighment and RROW

Land Staging areas, road alighment and RROW

Socioeconomics Impacts in terms of relevant socioeconomic parameters

1.1.3 Site accessibility

The objective of the Project is to contribute to enhancing the connectivity between the cities of Cagayan de
Oro and Malaybalay. The Project is accessible via the Butuan-Cagayan de Oro - lligan Road in the north and
the Sayre Highway in the south (Table 1-4).

Table 1-4. Regional access to the Project site

North lligan City Lanao del Norte and Butuan-Cagayan de Oro — Iligan Road
Butuan, Agusan del Norte
South Valencia, Bukidnon Sayre Highway
A €T 6P
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Figure 1-3. Direct Impact LGUs Area (Municipal and City levels)
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Figure 1-4. Direct Impact Barangays
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Chapter 1 - Project Description
Figure 1-5. Significant environmental features near the Project site
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Figure 1-6. Photographs of selected points along the CMH alignment
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Figure 1-7. Photographs of intersections with the alignment
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Figure 1-8. NAMRIA map showing the Project site
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1.2  Projectrationale

Connectivity, mobility, and safety were the three elements identified in the Northern Mindanao Regional
Development Plan 2017-2022 in developing the transport infrastructure in the region. The region’s
connectivity resulted in increased gains in the trade and services sectors and intra-and inter-regional
efficiency of the movement of people, goods, and services.

The region, however, faces major challenges in the transport sector which primarily result in traffic
congestion in key cities and poor connectivity in rural production and lagging areas. Traffic congestion is a
primary problem in main thoroughfares in urban areas due to the concentration of motor vehicles and
narrow road networks. Unpaved local roads cause slow growth in rural areas due to poor linkage of
production areas to market centers.

The proposed Project is expected to improve the road transport network in Mindanao through the
improvement of its national roads and provide linkages between the cities of Cagayan de Oro in Misamis
Oriental and Malaybalay in Bukidnon. The Project is also seen to improve the economic situation of the
surrounding municipalities.

Contribution to development plans

Contribution to the National Development Plan - Transport infrastructure, such as high standard highways, is
envisioned to facilitate national development, in line with the objectives of the Philippine Development Plan
(2017-2022). The Central Mindanao High Standard Highway (CMH) will contribute to the enhancement of
security in Mindanao, reduction of economic disparities, and increase in the growth potential of inland areas.

Contribution to the Regional Development Plan - The Mindanao Spatial Strategy/ Development Framework
2015-2045 identified the Cagayan de Oro City-Malaybalay City-Valencia City-Davao City axis as a major
development axis in Mindanao. Once completed, the CMH will traverse Malaybalay City and Valencia City,
which are identified as sub-regional centers featuring agribusiness and eco-tourism.

Contribution to the DPWH Highway Development Policy - The Government of the Philippines, through DPWH,
pursues the development of land-based transportation projects to sustain the expansion of strategic
corridors. The Master Plan for the High Standard Highway Network Development (Phase 2) identified the
CMH (Cagayan de Oro-Malaybalay section) as a high priority project for short-term implementation. Once
realized, the project will be part of a nationwide program that will add about 1,044.6 kilometers of high
standard national roads and expressways.

Improvement of quality of life of the residents

Better access to urban services - In addition to an international airport and a container port, Cagayan de Oro
City, as a metropolitan center, features a high concentration of urban services (e.g., health care, education,
cultural facilities, etc.). The project will provide inland inhabitants in Central Mindanao an equitable access to
employment opportunities and other essential services, generally available in highly urbanized cities.

Enhanced manufacturing and logistics - According to the survey conducted by the JICA Study Team, the
perceived benefits of manufacturing and logistics companies from the completion of the CMH include the
following: (1) faster delivery of goods, (2) minimized damage on cargoes, (3) reduced transport cost, and (4)
increased access to source of materials.

Improvement of quality of life of the residents

Enhanced linkage of metropolitan centers - The Project will connect Cagayan de Oro City and Davao City, two
important metropolitan centers in Mindanao. Once realized, travel time between the two cities will be
reduced from six hours and thirty minutes to three hours and thirty minutes.

Development of industrial and trade corridor - NEDA Regional Office X envisions the lligan City — Cagayan de
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Oro corridor as a Strategic Development Area (SDA) for industry and trade. The CMH will enhance access to
the businesses and shipping ports in Northern Mindanao, which serves as a major gateway to growth areas of
Luzon and Visayas.

Development of agribusiness and eco-tourism - Bukidnon is envisioned to serve as an SDA for agribusiness
ventures and eco-tourism. With large-scale plantations and fertile land along the road alignment, the project
has the capacity to develop the untapped potential of agriculture, forestry, and livestock industries in
Bukidnon.

Solving current road traffic problems

Additional road capacity - The existing Sayre Highway carries approximately 9,000 vehicles/ day. The capacity
will imminently be surpassed by the traffic volume, and a new 4-lane highway would be needed. The Project
offers an alternate route that is designed to carry a significant traffic load within the corridor.

Increased travel speed - The existing alignment of the Sayre Highway poses vertical (steep slopes) and
horizontal (sharp curves) challenges to road users. This prevents smooth travel, especially of large vehicles
(buses and trucks), which comprise a combined 55% of the existing traffic. As a result, travel speed along
sharp curves was observed to be less than 20 km/hr. The project is expected to facilitate faster travel within
the corridor, with a design speed of 80 km/hr.

Safer travel option - The zigzag sections of the existing national highway also pose traffic safety issues. From
January 2018 to March 2019, a total of 130 accidents occurred along the Sayre Highway. The project, as a
high standard highway, will be designed with gentle gradients (both horizontally and vertically) to ensure
smooth and safe travel of road users.

1.3  Current situation of road network and traffic

1.3.1 Current Road network

The total length of the existing major road network in the area is 115.66 km while 32.9 km are still in
proposal. Most roads are generally narrow with two (2) lanes and a few of the roads are four to six (4 to 6)
lanes.

The following existing and planned roads, major ports and airport are illustrated in Figure 1-9.
e  Sayre Highway

Alae-PHIVIDEC Bypass Road (under construction)

Butuan City-Cagayan de Oro City-Iligan City Road

Manolo-Fortich- Libona-CDO Bypass/Alternate Road (road improvement)

Proposed Villanueva-Cagayan de Oro City-Opol Expressway

CDO Port/Mindanao Container Terminal/Laguindingan Airport

(3 AMET 15|Page
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Figure 1-9. Location of existing/planned roads and port/airport

Source: JICA Study Team

1.3.2 Current Road traffic situation

Traffic study along Sayre and Coastal Highway was conducted by the JICA Study Team last 2020. The traffic
volume trend is observed to be different along the Cagayan de Oro to Manolo Fortich section, as compared to
the section between Manolo Fortich and Malaybalay. The traffic volume along the Coastal Road is
approximately 15,000 vehicles/day. The traffic volume along Sayre Highway from Cagayan de Oro to Manolo
Fortich is approximately 9,000-10,000 vehicles/day while along the Manolo Fortich to Malaybalay section is
approximately 6,000-6,500 vehicles/day.

Along Sayre Highway, passenger cars, taxis, and HOVs occupied more than 50% of the traffic. The survey also
found out that a significant number of trucks pass through Sayre Highway. Trucks comprised approximately
40% of the traffic volume. Large trucks accounted for 25-30% of the traffic volume. This suggests that Sayre
Highway plays an important role in logistics within the region.

1.4 Project alternatives

This section presents the different selection criteria for siting, selection of technology, resources, and
contextualization of hazards based on available hazard maps from relevant institutions.

1.4.1 Interchange Location

In selecting the alighment, the interchange locations were first considered based on the following criteria.

*  Theinterchange should be located the road near the center of the city/municipality (Tagoloan; Manolo
Fortrich; Impasug-ong; Sumilao; and City of Malaybalay).

*  The interchanges in mountainous areas should be placed at an average interval of 10-15 km as per Japan
standard (No standard for interchange intervals in the Philippines).

Based on the above criteria, the detailed conditions of interchanges are stated as follows. The interchange

location should:

. have an easy to access from/to the national road (Sayre Highway),

. have a smooth terrain that is approximately 500m to 1km away from the national road to allow space for
an IC and a toll gate,

. not be a deformed intersection when intersecting with the national road, and
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. avoid direct connection to city center and high-density residential areas.

As a special case, the Manolo Fortich IC in Sections 2 and 3 is located near the existing access roads in Manolo
Fortich due to the difficulty of connecting directly to the national road in a configuration that meets the
above conditions (see Figure 1-10).

1.4.2 Selection criteria of Alignment
1.4.2.1 Siting

The Project alignment for the study is divided into five sections based on major interchange locations. Each
section has three alternatives (Figure 1-10) that were assessed according to the following criteria established
by the JICA Study Team: road performance, project cost, environmental and social impacts, and project
constructability (Table 1-5). The priority considerations as basic prerequisites for the design of the alignment
are enumerated below.

1. Road performance comprises of four sub items, namely: drivability, detour rate, traffic demand and
time. These items are used to quantify road performance corresponding to the level of High Standard
Highway Class 1. Drivability is normally affected by vertical curves used to change the elevations of
highways, and horizontal circular curves which can be specified by the radius. To keep drivability
requirement for High Standard Highway Class-1, vertical gradient is limited up to 4% and radii of
horizontal curves should be as large as possible. Detour rate is also calculated to see how much
longer or shorter a new route would be compared with the existing road. Traffic demand and travel
time can indicate the design capacity that the highway can handle.

2. Project cost consists of construction cost like earthwork, medium-sized and long-span bridges which
are more than 100 m of span length, and compensation expenses related to ROW. In order to make
the Project economically feasible, cost estimate should be shown and reviewed to determine if the
required function can be accomplished in a less expensive way.

3. Environmental and social impacts are divided into length of high cutting section, number of river
crossings, lengths of passages through forest and agricultural areas, and number of affected houses.
High cutting section may involve massive soil excavation work causing topographical and
geographical change to some extent, which should be minimized as much as possible. Constructing
river crossing structures as well as underpass/overpass may also affect the environment. When the
alignment may pass through the existing forest and agricultural areas, not only landscape but
cultivated land or local pathway would be disturbed. Involuntary resettlement may cause a conflict
and force local communities to be divided physically and socially. To consider these kinds of impacts,
their quantities are surveyed, calculated and used in the evaluation process.

4. Project constructability is taken as one of criteria items since the project anticipates the construction
of a long bridge with a long span length and high piers in a mountainous valley, there are constraints
on the choice of construction method and the application of appropriate construction machinery.
Therefore, project constructability is one of the criterion items.

Scores allocation was set up considering the level of importance of each item in the criteria through the
discussion with relevant departments of DPWH.

The criteria of the project cost and the environmental and social impacts are 35 points as the most important
item in this project. Twenty points are allocated to the road performance criteria as the next most important
items. The rest comes to constructability 10 points.

The criteria item and score allocation are defined and established with reference to the past FS by DPWH and
based on a result of discussion and agreement with technical working group and relevant departments of
DPWH, such as Planning Service (PS), Roads Management Cluster | (RMC-I), Bureau of Design (BOD), and
Environmental and Social Safeguards Division (ESSD) and others.
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Table 1-5. Criteria description of the selection of final alignment

Criteria Highest Description
Probable
Score
Road Performance Drivability 5 Road geometric features about planar and vertical
(20) (Comfort, Safety) alignments decide drivability. When a route has

many sections with vertical gradient of more than
4%, it has a low drivability. As section becomes less
rough and linear, the score increases.

Detour rate 5 When a new route detours far away from the
existing road and its length becomes longer,
traveling vehicles would take more gasoline cost
and transportation cost increases. Detour rate is
defined as new route length / existing road length.
As detour rate decreases, the score increases.

Traffic demand (2040) 5 A new route that could accommodate the large
number of traffic volume and future traffic
demand anticipated in 2040 is highly scored.

Travel Time 5 As travel time is taken shorter, the score increases.
Cost (35) Cost of Construction, 35 The total cost including construction, land
Land Acquisition, acquisition and relocation compensation is
Compensation estimated. As the cost decreases, the score
increases.
Environmental and Length of High Cut section 5 High cut section (H>10m) causes massive soil
Social Impacts (35) excavation work and large-scale topographical
change. As the section becomes longer, the score
decreases.
No. of river crossing 5 As the number of river crossings increases, the
score decreases.
Length of passage through 5 Part of the forest area would be affected by the
forest areas planned route. As the forest section to be affected
becomes longer, the score decreases.
Length of passage through 5 Some existing farmlands decrease when interfered
agricultural areas with route planning and farmer’s living may be

affected. As farmland to be acquired becomes
longer, the score decreases.

Number of affected houses 15 How many houses would be affected and
relocated on the route. As the number of houses
to be relocated increases, the score decreases.

Constructability (10) 10 As the length of bridge increases, the score
decreases.

Total 100 —
Source: JICA Study Team

Road Performance has sub-items of drivability, detour rate, traffic demand and travel time, they are allocated
equally with five points. Environmental and Social Impacts includes sub-items of length of high cut section,
number of river crossing, length of passage through forest and agricultural areas, and number of affected
houses, to which five points are also equally allocated to each sub-item, except for the sub-item number of
affected houses. The number of affected houses is given 15 points because it is considered highly important.
Table 1-6 shows the calculation and scoring for each of the above criteria items. Scoring is done in two ways.
One is to score the maximum to the best and the rest is simply scored by multiplying the ratio with the given
point. Another is to score within a range frame as defined, based on data obtained, because data are
scattered. For example, the number of affected houses varies widely from a minimum of 8 to a maximum of
72, as a result of this study — estimated about 170 in the Pre-F/S. These data have been estimated from digital
files and need to be refined more accurately through site survey. To make a buffer of accommodating some
variation of the data as a result of the site survey, a range scoring is used.
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Road

Traffic

Project Cost

Drivability

Detour Rate (r)*

Traffic Volume

Travel Time

Construction Cost,
ROW Cost

High Cutting
Section*

Environmental

Social

Construction

Total

(D ANET

U AsIA Inc

River Crossing

Affected Forest
Section*

Affected
Agriculture
Section*

No. of Affected
Houses*

Constructability*

Table 1-6. Calculation and Scoring

D ) S T S

35

15

10

100

Horizontal curve radius: not
less than 400m,

Vertical gradient: not more
than 4%

r=Alignment length / Existing
road length

Future traffic demand
forecast

Alignment length / Travel
speed

Construction cost =
Structure length x Unit price
per structure type.

ROW cost = Affected section
length x Unit price per
section type.

Relocation cost = No. of
affected houses x unit price
per house.

Total length of soil cutting
section with the height over
10m

Number of river crossings

e=Affected forest length /
Route length

e=Affected agricultural
length / Route length

Number of houses required
for relocation (n)

Bridge section length (km)

Chapter 1 - Project Description

5-point is given when the curve
length is 10% or less per total
length. 1-point is subtracted for
every 10% increase.

Refer to the score calculation sheet
(see Table 1-7).

5-point is given when traffic
volume is maximum. The rest is
scored by multiplying the ratio
with 5-point.

5-point is given when travel time is
minimum. The rest is scored by
multiplying the ratio with 5-point.

35-point is given when Project
Cost is minimum. The rest is
scored by multiplying the ratio
with 35-point.

L<0.1 km
~0.3 km
~0.6 km
~0.9 km
~1.2 km

L>1.2km 0

5-point is given to the minimum

number. The rest is scored by
multiplying the ratio with 5-point.

Refer to the score calculation sheet

(see Table 1-7).

Refer to the score calculation sheet

(see Table 1-7).

RINW U,

n <=10 15
~20 14
~30 13
~40 12
~50 11
~60 10
~70 9
~80 8
~90 7
~100 6
~110 5
~120 4
~130 3
~140 2
~150 1

n > 150 0

Refer to the score calculation sheet
(see Table 1-7).

Note:* Scoring is by a range set for each item, based on data range obtained from the survey.
Source: JICA Study Team
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Table 1-7. Score Calculation Sheet

Forest and Agricultural Section

r<0.6 e<0.1 0.0=L=05
0.6=r<0.7 45 0.1=e<0.2 45 0.5<L=1.0 9
0.7=r<0.8 4.0 0.2=e<0.3 4.0 1.0<L=15 8
0.8=r<0.9 35 0.3=e<0.4 3.5 1.5<L=2.0 7
0.9=r<1.0 3.0 0.4=e<0.5 3.0 2.0<L=2.5 6
1.0 2.5 0.5=e<0.6 2.5 2.5<L=3.0 5
1.0<r=1.1 2.0 0.6=e<0.7 2.0 3.0<L=35 4
1.1<r=1.2 1.5 0.7=e<0.8 1.5 3.5<L=4.0 3
1.2<r=13 1.0 0.8=e<0.9 1.0 4.0<L=45 2
13<r=1.4 0.5 0.9=e<1 0.5 4.5<L=5.0 1
1.4<r 0 1.0=e 0 5.0<L 0

Note: Scoring range is framed, based on data obtained.
Source: JICA Study Team
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Figure 1-10. Alternatives prior to selection of Project alighment

Source: JICA Study Team

Chapter 1 - Project Description
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1.4.2.2 Technology selection

There were no alternative technologies, operation processes, or measures to minimize wastes have been
identified at this stage. The construction technology used, type of structures erected, and pollution control
measures are standard to typical road projects. The measures for minimizing adverse impacts of residuals
during Project implementation are discussed in Section 1.5.2.

1.4.2.3 Resources

Resources in this context mean water, power, manpower, and material requirements during Project
implementation. The potable water requirement of the Project will be sourced from existing water systems in
active construction sites. The potential sources of power for the temporary facilities are the Cagayan Electric
Power & Light Company, Inc. (CEPALCO), Bukidnon Power Corporation (BPC), and power generators for
construction site far from the CEPALCO and BPC power lines. The generator sets will also be used as standby
power sources during power outages. Construction materials will be sourced locally when available.

1.4.2.4 Rationale for the chosen option
1.4.2.4.1 Sectionl

As a result of the Pre-F/S in the Master Plan, two alternative alignments were recommended — Alternative C,
consisting of a continuous loop bridge, and Alternative A, detouring to avoid steep slopes with a relatively
straight bridge — within a distance of about 8 km from the beginning point. In the Pre-F/S in the Master Plan
with desk-based study, there was no difference from environmental and social aspects of each alternative,
because the alternatives were almost same on the slope and hilly area and land was used as cultivated and
bush area in section 1, and there were not so many structures. Although Alternative C was preferentially
selected and its preliminary design was developed by the JICA Study Team at that time, it was concluded that
it would be necessary to conduct a comparative study by adding more alternatives and select the best one
through discussion with DPWH and related stakeholders. In this study, including Alternative C selected in the
Pre-F/S, two more new alternative routes are added and compared with it. The outline of them is shown in
Figure 1-11.

Figure 1-11. Alignments in Section 1
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Source: JICA Study Team

e S1-ALT. A'is making a detour north and climbing up gradually toward mountainous areas, like S1-ALT. B,
and then going further and turning back slightly to cross a deep valley, which will lead to long-span
bridge construction.

e S1-ALT. B is making a detour north and climbing up gradually toward mountainous areas, and then
turning right to cross a deep valley, which will lead to long-span bridge construction.

e S1-ALT. C, renamed and proposed in the Pre-F/S, is passing through a flat terrain before hilly area comes
out near where a loop bridge is situated about 100m high or higher above the ground, as shown in
Figure 1-12.

Figure 1-12. Image of Loop Bridge Proposed in the Pre-F/S (Alt.C)

Source: JICA Study Team

The evaluation result is listed in Table 1-8.

Table 1-8. Evaluation of Section 1

Criteia it | Score —SLAITA
Result Score Result Score Result Score
0.5 km long 1.8 kmlong
Drivability - 5 N::rl"llaerp 5.0 curve 5.0 curve 3.0
(R=500m) (R=320m)
Detour rate 1.403 0.0 1.368 0.5 1.403 0.0
. veh./
Traffic volume day 5 16,500 5.0 16,500 5.0 16,500 5.0
Travel time 8.78 9.0 5.0
mil. 3,071 2,951 2,560
el peso (9.2 km) (8.9 km) (7.7 km)
. . . mil. 5,551 6,736 7,905
b B peso (1.1 km) (1.2 km) (1.2 km)
Loz epen i e mil. 15,713 18,647 27,620
PJT Cost peso (1.6 km) (1.6 km) (3.1 km)
Construction mil. 24,335 28,334 38,085
peso
mil.
ROW 426.5 419.5 607.9
peso
28754 301 | 3865 224
Environme ngh Cut Sectlon 1. 0 1.1 1.0 1.0 1.0
River Crossing ea 5 1 5.0 1 5.0 1 5.0
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Aff. Forest % 5 58 25 56 2.5 53 2.5

- 8.5 - 8.5 - 8.5

Aff. Agriculture 25 4.0 27 4.0 28 4.0

Social Aff. Houses 32 12.0 32 12.0 54 10.0

Sub tota 160 140

Constructability - szrlt;gkem 5.0 . Brldge L=4.3 20

i s | 2 | Bl 3 50

Source: JICA Study Team

The above evaluation results are as follows.

e S1-ALT. A, like S1-ALT. B, is the route to ascend gradually toward mountainous areas and go further and
turn back slightly to cross a deep valley through a long-span bridge. The long-span bridge has the
superstructure made of steel box girder in the length of about 0.8 km and pre- stressed concrete girder
or rigid frame in the length of about 0.8 km, respectively. The bridge construction costs less than that of
S1-ALT. B despite of the same total length. Regarding environmental and social impacts, no difference is
shown between S1-ALT. B and C.

e S1-ALT. B is the route to ascend gradually toward mountainous areas and then turn right to cross a deep
valley through a long-span bridge. The long-span bridge has the superstructure made of steel box girder
with the length of about 1.4 km and prestressed concrete box girder in the length of about 0.2 km.
Constructing steel-type bridge may generally cost higher compared to prestressed concrete bridge, and
steel box girder bridge accounts for over 80% of the total bridge length. Therefore, it may give a negative
impact to the construction cost. The number of affected houses is 32, which is similar to the S1-ALT-A
and less impactful than the S1-ALT-C. More than half of the proposed route passes through forests and
other vegetated areas, but the other alternatives are almost identical and have comparable
environmental impact.

. S1-ALT. C is consisting of a loop bridge that turns its direction around and goes up slowly about 100m
high from the ground, attempting not to stay over vertical gradient to the maximum of 4%. The
longitudinal line is curved at a radius of 320 m including relatively small curves on a carriageway. This
may make drivability low. The superstructure of the bridge comprises largely of steel elements, and the
superstructure needs to be supported on 100m high or taller piers, which implies that this may be less
cost-effective and technically difficult. There are fifty-four (54) houses affected and required to be
relocated, greater than those in other two alternatives. More than half of the proposed route passes
through forests and other vegetated areas, but the other alternatives are almost identical and have
comparable environmental impact.

As a result of the evaluation shown in table above, there is comprehensive perspective, S1-ALT. A is
recommended for Section 1.
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Figure 1-13. Steel Box Bridges on (a) S1-ALT. A (b) S1-ALT. B and in Section 1

s .
-—

Long-span Bridge on S1-ALT. A Long-span Bridge on S1-ALT. B

L=813 m (Steel Narrow Box Girder) L=1,440 m (Steel Narrow Box Girder)
Max. High Pier 140 m Max. High Pier 135 m

Source: JICA Study Team

1.4.2.4.2 Section2and3

The geographical features, such as mountains, hills, urban areas, plantations, farmlands, and golf courses
near the existing road, are widely distributed in Section 2 and 3, and they put constraints on the alternative
route planning. The outline of the alternative routes is shown in Figure 1-14.

Figure 1-14. Alignments in Section 2 and 3
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Source: JICA Study Team

* S2 and 3-ALT. A is the south route going rather straighter on the flat terrain and avoiding mountains and
urban areas, as well as the CADT but needs to pass through some plantation areas and CADT under
application. However, passing through the CADT under application is unavoidable because of
surrounding topographic conditions.

* S2and 3-ALT. B is also the south route relatively stretching far away from the existing road and avoiding
mountains and urban areas, as well as the CADT but needs to pass through some plantation areas and
CADT under application. However, passing through the CADT under application is unavoidable because
of surrounding topographic conditions.
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. S2 and 3-ALT. C is the north route less far from the existing road, avoiding mountains and urban areas.
During this study, it has been found that the new CADT is widely distributed in the northern part and S2
and 3-ALT. Cis passing through parts of the CADT that consists of mostly mountainous and agricultural
lands. This CADT was under review to see if it will be designated as development restriction and
protection area in the time of this alignment selection study.

The evaluation result is listed in Table 1-9.

Table 1-9. Evaluation of Section 2 and 3

Drivability Flat Flat
Road Detour rate 5 0.694 4 5 0.714
——m—m——
Traffic volume "g:y/ 5 18,500 5.0 18,000 49
UL Travel time 22.72 5.0 23.35 4.9
———m——
Earthwork mil. 8,776 9,097
peso (24.0 km) (24.8 km)
Medium-sized mil. 4,566 5,227 -
Bridge peso (2.6 km) (3.0 km)
USnetepanBridee mil. 10,764 9,694 -
PJT Cost peso (3.2 km) (2.9 km)
Construction ull 24,106 24,017 -
peso
mil. 1,358 1,448 -
RO peso (29.8 km) (30.7 km)
—-ma-m——
High Cut Sectlon km 5 2.0 2.2
Environme River Crossing ea 5 18 4.2 18 4.2 -
ntal Aff. Forest %

_————

Aff. Agriculture %
Social Aff. Houses

_—m———

Source: JICA Study Team
The above evaluation results are as follows.
* S2 and 3-ALT. A is the south route going rather straighter on the flat terrain, showing a good drivability,
and avoiding mountains and the CADT. The high cutting section is about 0.8km long, shorter than that of
S2 and 3-ALT. B, and causes relatively less environmental change. The number of affected houses is 72,
and is slightly higher than in S2 and 3-ALT-Proposal B.

e S2and 3-ALT. B is also the south route going on the relatively flat terrain, showing a good drivability, and
avoiding the mountainous areas and the CADT. However, there are about 2.2km long high cutting
section that requires massive soil cutting work and may cause a radical change in environment and
topography. The natural environment impact is high due to the major topographical changes with large
scale cutting section. The number of affected houses is 61 and is slightly lower than in S2 and 3-ALT A.
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*  As both S2 and 3-ALT. B and S2 and 3-ALT. A require crossing deep valleys, both alternatives require the
construction of long bridges: 2.9 km for S2 and 3-ALT. B and 3.2 km for S2 and 3-ALT. A. Although S2 and
3-ALT. A is slightly longer and has higher bridge costs, the project costs are the same for S2 and 3-ALT. A
due to the shorter road length.

e S2 and 3-ALT. C, proposed in the Pre-F/S, is decided to be excluded from the route evaluation in this
study, in order to avoid negative social impact to the people who live in the CADT.

As a result of evaluation shown in table above, there is comprehensive perspective, S2 and 3-ALT. A is
recommended in Section 2 and 3.

1.4.2.4.3 Section4

In Section 4, the existing road is located close to the environmental preservation areas, Key Biodiversity Areas
(KBA) and CADT — which is provisional and being applied for designation — so the alternative routes are laid
out to go to the south, as shown in Figure 1-15.

Figure 1-15. Alignments in Section 4
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Source: JICA Study Team

e S4-ALT. Ais moving to the south from the existing road, as presented in the Pre-F/S with the purpose of
improving the accessibility from the southern region.

*  S4-ALT. B is going through the existing road and laid out in less curved direction, avoiding KBA and CADT
areas.

e S4-ALT. Cis laid out to go further southbound from the existing road and improve the accessibility to the
southern region.

The evaluation result is listed in Table 1-10.

Table 1-10. Evaluation of Section 4
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Drivability Flat 5.0 Flat 5.0 Flat

Detour rate 0.795 4.0 0.799 4.0 0.803 3.5
Sub total | - | 9.0 | - 9.0 - 8.5
. veh./
Traffic volume tE 5 17,400 5.0 17,400 5.0 17,400 5.0
U Travel time i 9.48 5.0 9.53 5.0 9.57 5.0
Sub total - 100 | - | 100
Earthwork mil. 3,642 4,253 2,657
peso (9.9 km) (9.9 km) (8.2 km)
Medium-sized mil. 4,079 3,470 6,453
Bridge peso (2.4 km) (2.0 km) (3.7 km)
lLlongsspan Bridge mil. 802 2,139 2,407
PJT Cost peso (0.2 km) (0.6 km) (0.7 km)
Construction yll 8,523 9,862 11,517
peso
ROW mil. 548 472 364
peso (12.5 km) (12.6 km) (12.6 km)

B T 7 T

High Cut Sectlon km
Environm River Crossing ea 5 22 3 6 16 0 5 0 21 3 8
ental Aff. Forest % 11 22.0 4.0 17
———m
Aff. Agriculture % 75.0 82
Social Aff. Houses 9 11 0 16.0 14 0 25 13 0

————

Constructability = : sznzglfm

Total

Source: JICA Study Team

The above evaluation results are as follows.

. S4-ALT. A has the total bridge length of 2.6 km, the same as S4-ALT. B has, and a long-span bridge which
accounts for only 0.2 km. The project cost is less than those of both S4-ALT. B and S4-ALT. C. There is no
high cutting section distributed, which gives less impact to the surroundings. The forest section to be
affected is the shortest of the three alternatives. There are 49 houses affected and required to be
relocated, and over 80% of agricultural land to be cultivated. The number is greater than those in other
routes and its score is lowest but can be traded off with scores of project cost and environment.

*  S4-ALT. B is going relatively along the existing road and crossing two long-span bridges in the length of
0.64 km and medium-sized bridge in the total length of 2.0 km. It has about 2.0 km long high cutting
section that requires massive soil cutting work which may give a negative impact on the environment.
There are 16 houses required to be relocated and 75% of agricultural land to be cultivated, the minimum
compared to those of other two alternatives.

e S4-ALT. C detours the existing road far to the southward and no high cutting section is distributed like
S4-ALT. A. The total bridge length reaches up to 4.4 km, the longest among the alternative routes, hence,
the bridge construction becomes less cost-effective. The environmental impact is expected to be less
than that of S4-ALT-B and about the same as that of S4-ALT-A. There are 25 houses affected and
required to be relocated, which is intermediate compared to the other two proposals. More than 80% of
the route is agricultural land and is expected to have about the same social impact as the S4-ALT-A.
proposal.

As a result of evaluation shown in Table 1-10, there is a comprehensive perspective, S4-ALT. A is
recommended for Section 4.
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1.4.2.4.4 Section5

In Section 5, the environmental preservation areas, KBA and CADT, are distributed on the north, and the
alternative routes are laid out to cross the existing road, as shown in Figure 1-16.

Figure 1-16. Alignments in Section 5
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Source: JICA Study Team

. S5-ALT. Ais making a detour south further and curving down to the terrain.
e S5-ALT. B, proposed in the Pre-F/S, is making a detour south and going through the existing road.
e S5-ALT. Cis going straight along with the boundary of KBA and CADT and then crossing the existing road.

The evaluation result is listed in Table 1-11.

Table 1-11. Evaluation of Section 5

Criteria S5-ALT.A S5-ALT.B S5-ALT.C
Result Score Result Score Result Score
Drivability 5.0 Flat 5.0
Detour rate 3.5 0.789 4.0
Sub total : 8.5 - 9.0

5.0 5.0

17,100

Traffic volume 17,000

Travel time min 5 8.56 4.7 8.17 49 8.06 5.0
Sub total I 9.9 - 10.0

Traffic

Earthwork mil. 3,669 2,876 2,782
peso (9.4 km) (7.9 km) (6.9 km)
PJT Cost . . . mil. 3,287 4,992 6,461
Medium-sized Bridge ., (1.9 km) (2.9 km) (3.7 km)
Long-span Bridge mil. - - -
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peso
. mil.
Construction 6,956 7,867 9,244
peso

mil. 691 488 434

ROW

(11.3 km) (10.8km) (10.6km)
Sub total (mil.peso) 32.0 9,678 27.7
High Cut Section km 5 0.2 4.0 0.0 5.0 0 5.0
Environme River Crossing ea 5 15 4.7 14 5.0 22 3.2

ntal Aff. Forest f 4.5 13 4.5
Sub total

Aff. Agriculture 4 . 84 1.0
Social Aff. Houses 15 14.0
Sub total . - 15.0

n Bridge 3.0
Constructability c . L=3.7 km

Total 100 1 89.8 85.4 3 77.4
Source: JICA Study Team

The above evaluation results are as follows.

¢ S5-ALT. A has medium-sized bridges in the total length of 1.9km and the bridge construction cost is the
least among the three routes. As for the natural environment, there is no high cuttings sections, this
route is assessed as average of three alternatives. As for the social aspect, more than 80% of the route is
agricultural land and the social impact is expected to be about the same as the S5-ALT-B, but the number
of affected houses (8) is the lowest of the alternatives.

. S5-ALT. B has medium-sized bridges in the total length of 2.9 km and the bridge construction cost is the
second largest, compared with those of other two alternatives. As for the natural environment, this plan
is the highest evaluation of the three proposals, as there are few river crossings and no high cuttings. As
for the social aspect, more than 80% of the route is agricultural land and the social impact is expected to
be about the same as the S5-ALT-A proposal, and the number of affected houses (12) is about the
average of the three alternatives.

. S5-ALT. C has medium-sized bridges in the total length of 3.7 km and the bridge construction cost is the
largest, compared with those of other two alternatives. As for the natural environment, the forest
affected section is the shortest, but there are more river crossings, which is the lowest rated of the three
alternatives. The impact on agricultural land and the number of affected houses (15) are the highest
among the three alternatives.

As a result of evaluation shown in Figure 1-14, there is a comprehensive perspective, S5-ALT. A is
recommended for Section 5.

1.4.2.4.5 Summary of Alignhment

The selected alternative route under this F/S is passing toward south direction with a total length of 65.6 km
and having a total of 161 houses affected to be relocated.
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Figure 1-17. Recommended Alighment

—Sayre Highway (NPR)
——  Special Bridge

Key Biodiversity Areas
Certificate of Ancestral
Domain Title

[ Plantation

Source: JICA Study Team
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1.4.3 Hazard contextualization

The geological profiling, factual field geological mapping and hazard maps showed that Project
implementation is not expected to induce natural hazards, e.g., liquefaction, subsidence, landslides. The
Project however may be affected by the following natural hazards: ground shaking, ground rupture,
earthquake and rain-induced landslides, and flooding (Table 1-12). The reader is referred to Section 3.1.2.3.2
for the detailed discussion on the hazards.

Table 1-12. Hazard contextualization of the Project

Natural hazard Hazard assessment

Liquefaction Safe

Ground Shaking Prone

Ground Rupture High Susceptibility

Earthquake-induced landslides High Susceptibility

Subsidence Safe

Volcanic eruptions Safe

Tsunami Safe

Rain-Induced Landslide High Susceptibility

Flooding Susceptible to Moderate to High Flooding Hazard
Storm surge Safe

1.4.4 The “No Project” option

The existing national highway (Sayre Highway) is classified as a primary two-lane national highway. At
present, many sections of the road are in poor condition, a situation which becomes big problems for road
users. Particularly, many zigzag paths with a series of sharp curves have been found along the 3- km stretch
section near Cagayan de Oro and two canyons where serious traffic troubles often happen. Due to above
road traffic problems on the Sayre Highway, the Alae-PHIVIDEC Link Road is under construction, but the
design speed is 20 km/h based on the bypass road design drawing’ grade and curve elements, and this traffic
problem has not been fully solved.

Heavy trucks and vehicles driving at low speed along this zigzag and steep slopes in Sayre Highway often
cause traffic accidents that are approximately four times higher than accidents occurring at other road
sections.

The present daily traffic volume of 4-wheeled or more vehicles account for around 8,000 vehicles. Hence, the
road is getting into full capacity. Just in case this road happened to be closed for certain reasons like traffic
accidents, natural disasters, etc., many road users would have no choice but finding another path and forced
to detour through a longer route which would also take longer travel time.

Moreover, there are some agri-business places with very high development potentials located near the
project site. The NEDA Regional Office X is now planning to make the province of Bukidnon a strategic
development area. The proposed CMH project could certainly provide strong infrastructure support and
provide opportunities related to the following development plans of Region X:
Agri-business ventures and Eco-tourism (Bukidnon)

Build factories to process agricultural products and raw materials,

Revitalize eco-tourism and recreation,

Increase productivity of food crops, industrial crops, high value crops, poultry, piggery and large

livestock, and

Develop production of high value-added crops and vegetables.

The project through high-speed mobility, is envisioned to provide a safe and comfortable travel of people and
goods and propel the socio-economic development activities in Mindanao regions. From the foregoing, it
could be deduced that the project implementation is therefore inevitable.
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15 Project components

This section presents the Project’s layout, site development plan, and major components as well as the
processes, facilities (support and material handling), and pollution control and waste management system of
the Project.

1.5.1 General layout of the facilities

The design of the structures will conform to the DPWH Design Standard Guidelines and other specifications
of, where necessary. These design standards contain principles and requirements for road safety,
serviceability, and durability. The locations of major structures of the Project are located in Figure 1-18,
Figure 1-19 and Figure 1-20. The location of the support facilities will be updated along with the Feasibility
Study and Preliminary Design as the design and studies progress to subsequent stages.

1.5.2 Major components

The major components of the Project are the 65.6-km road with a 60-meter road right of way (RROW) and six
interchanges constructed near urban centers. The presence of toll booths will be updated along with the
Feasibility Study and Preliminary Design as the design and studies progress to subsequent stages. Other
components of the Project are shown in Table 1-13.

Table 1-13. Major Project components

1 1 5

Interchanges 0 1 1 1

Overpass 1 0 6 6 5 4 22
Underpass 2 1 15 4 5 5| 32
Bridges 3 1 12 9 14 12 51
Viaduct 2 0 0 6 0 0 8

Source: JICA Study Team

1.5.2.1 Preliminary designs

Geometric design standard - The standard references used for the Central Mindanao High Standard Highway
are a) Policy on Geometric Design of Highways and Streets, AASHTO 2011, 6™ Edition, b) Design Guidelines,
Criteria & Standards, volume 4 Highway Design, 2015, DPWH, and c) Japan Road Association, Road Structure
Ordinance, 2019.

Design speed - The recommended design speed of 80 kph taken from the previous pre-feasibility study (HSH
MP Phase-2 report) was used for the main alignment. The design speed was selected considering moderate

topographic conditions at the proposed alignment and traffic safety.

Interchange ramps - The interchange ramp design speed is 40 kph which is half of the highway design
speed. It is also the identified minimum design speed in AASHTO 2011.

High Standard Highway geometry - The geometry applied to the design of main alignment and ramp is
summarized in Table 1-14 and Table 1-15.
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Figure 1-18. Sections 1 and 2 Structural Map

Source: JICA Study Team
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Figure 1-19. Section 3 Structural Map

Source: JICA Study Team
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Chapter 1 - Project Description

PREPARATORY SURVEY FOR
SECTION 4 AND SECTION 5
CENTRAL MINDANAO HIGH STANDARD I:KSH‘WA‘Y PROJECT STRUCTURES LOCATION MAP

(C: de Oro-M

Source: JICA Study Team
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Table 1-14. Road geometric design standard for main alignment (80kph design speed)

Design Speed
Design Vehicle - WB 19
Stopping Sight Distance m 130
Passing Sight Distance m 245
ROW m 60
Terrain Condition Rolling
Cross Section Elements
Pavement
Lane Width m 3.65
Median Width m 3.0
Inner shoulder Strip m 0.75
Outer shoulder Strip m 3.0 2.5
Number of Lanes Nos 5
Normal Cross Slope % 2
Horizontal Alignment
Minimum Radius m 252
Min. Transition Curve Length m 70
Min. Radius not requiring m 379
Transition Curve
Min. Radius not requiring Super m 3,500
elevation m 2,000
Max. Relative Slope 1/200
Vertical Alignment
Maximum Vertical Gradient % 4 5
Minimum K value  Sag 30
Crest 26
Minimum Radius ~ Sag m 2,000
Crest m 3,000
Min Vertical Curve Length m 70
Max. Composition Grade m 10.5
Vertical Clearance
Road m 5.2

Source: JICA Study Team

Table 1-15. Road geometric design standard for ramp (40kph design speed)

Design Speed
Design Vehicle - WB 15
Stopping Sight Distance m 50
Passing Sight Distance m 140
ROW m 60
Terrain Condition Rolling
Cross Section Elements
Pavement
Lane Width m 4.5
Median Width m 0
Inner shoulder Strip m 0.75
Outer shoulder Strip m 3.0 2.50
Number of Lanes Nos 1
Normal Cross Slope % 2
Horizontal Alignment
Minimum Radius m 43
Min. Transition Curve Length m 50
Min. Radius not requiring m 95
¢ A ANMET 37|Page
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Transition Curve

Superelevation Runoff 1/143
Vertical Alignment
Maximum Vertical Gradient % 6 8
Minimum K value  Sag &)
Crest 4
Min Vertical Curve Length m 35
Max. Composition Grade m 11.5
Vertical Clearance
Road m 5.2

Source: JICA Study Team
Vertical clearance - The design vertical clearances of the highway and crossing road is 4.0 to 5.2 meters.

Number of lanes - The alignment is a dual 2-lane (2x2) road in accordance with the traffic demand.

Carriageway, Shoulder, and Median widths - The recommended cross-section configurations are presented
in the succeeding paragraphs.

a) Main Alignment - The carriageway of the main alignment is 3.65 m in accordance with HSH MP Phase-2
Report The deign widths of the inner and outer shoulders are 0.75 meter (using median island) and 3.00
meters respectively. The design widths will allow emergency stops at the shoulder without serious
conflict to traffic on the main lanes. The design width of median is 3.00 m with a guard rail post on
median island or a New Jersey Barrier that includes the inner shoulder as a lateral clearance (Figure 1-21).

Figure 1-21. Cross-sectional Configuration (4 Lanes) Main Expressway
23.600

3.650 3.650 1.500 3.650 3.650

3.000 750 150 3.000

L1 I |1

— (— —

| | L |
Source: JICA Study Team

b) Ramp - The design width of the carriageway of the 1-lane ramp is 4.5 meters. A 3.5-m lane width and a
widening of 1.0 meter is added to the carriageway at inner lateral clearance. The inner and outer
shoulders have design widths of 0.75 and 3.0 meters with provision for passing a stalled vehicles with
consideration for semi-trailers (Figure 1-22).
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Figure 1-22. Cross-sectional Configuration (1 Lane Ramp)
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3,500
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Source: JICA Study Team

c) Medium/ Small size bridge (L=<100m) — the cross-sectional configuration of small and medium sized
bridges (L=<100m) is the same as embankment roadway section (Figure 1-23).

Figure 1-23. Cross-sectional Configuration (1 Lane Ramp)

16.500
4500 1,500 4500
3.000 15( 750 |3.(mu

L | L |
Source: JICA Study Team

d) Viaduct Bridge (L>100m) — The inner and outer shoulder widths of viaduct bridges are 0.5 and 1.5m for
economic reasons (Figure 1-24).

Figure 1-24. Cross-sectional Configuration (2 Direction 5 Lane Main Ramp Approaching Intersection)

22.500
3.500 3.500 1.500 3.500 3.500
2.500 | 740 730 | 2.500
— gre—

L | L 1

Source: JICA Study Team
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Figure 1-25. Typical Cross Section Embankment and Cut: Row=60m
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Source: JICA Study Team

Figure 1-26. Typical Cross Section at Interchange: One-Lane Ramp
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Source: JICA Study Team

Figure 1-27. Typical Cross Section at Interchange: Two-Lane, Two-Direction Ramp
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Source: JICA Study Team
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1.5.2.2 Expressway design

Crossing road design - Crossing roads (under or over the highway) and service roads are included in the
designed to maintain the accessibility of the Sayre Highway after the construction of the CMH alignment.
while Table 1-17 shows the lists and types of road crossings of the alignment.

Figure 1-28 and Table 1-16 show the typical design of the under- and overpasses and their cross-sectional
configuration respectively while Table 1-17 shows the lists and types of road crossings of the alignment.

Figure 1-28. Typical Crossing Road of Expressway
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Source: JICA Study Team
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Table 1-16. Cross-sectional configuration of crossing road

Road Road Cross sectional Vertical
category width (m) configuration clearance (m)

National 10.7m 10,700 Vertical According to the DPWH Highway
Road [1.500 3380 3380 1800  clearance (4.9 Design Guidelines, Criteria and
i 0 m) + overlay Standards, the width of lane for
(0.3m)=5.2m Philippines’s roads are dependent
which classification of highways
5.2m according to system the particular
crossing road is subjected. For
2 Provincial, 10.1m Vertical National Roads, the minimum width
City, 10,100 clearance (4.9 of 2-lane travelled way is 6.7m or
Municipality 500 2,050 3,050 1,50 m) + overlay 3.35n_1 each d_lrectlon._For other road
Road o o e (0.3m)=52m crossings which constitute as
Provincial, City, Municipal, Tourism
roads require a minimum standard of
6.10m for 2-lane. Barangay and Farm
to Market roads is provided with
] = minimum 4.0m width of travelled
way.
3 Barangay 6.0m Vertical
Road (1 8,000 clearance (4.9
lane) 00 4,000 500 m) + overlay
i (0.3m)=5.2m
] e—

Source: JICA Study Team

Table 1-17. Road Crossing List (underpass, overpass and interchanges)

| No. [ Station | Road Classification | Crossing Type | Type of Crossing Structure [ Vertical Clearance

1 0+520 Trail R.C. Box Underpass

2 2+736 Tertiary R.C. Box Underpass 6
3 5+419 Trail Bridge Overpass 5.2
4 6+140 Farm R.C. Box Underpass 3.5
5 7+870 Trail R.C. Box Underpass 4
6 9+679 Trail R.C. Box Underpass 4
7 10+367 Farm R.C. Box Underpass 4
8 11+147.23 Interchange 1 R.C. Box Underpass 0
9 INT 1 (0+873.871) Farm R.C. Box Underpass 4
10 INT 1 (0+406.073) Farm R.C. Box Underpass 4
11 11+340 Farm R.C. Box Underpass 4
12 13+800 Tertiary Bridge Overpass 5.2
13 17+309 Farm R.C. Box Underpass 4
14  17+596 Trail R.C. Box Underpass 4
15  18+732 Tertiary Bridge Overpass 5.2
16  19+060 Farm R.C. Box Underpass 4
17  20+980 Farm R.C. Box Underpass 4
18  22+546 Farm R.C. Box Underpass 4
19  23+999 Secondary R.C. Box Underpass 6
20 24+606 Trail R.C. Box Underpass 4
21  26+130 Farm Bridge Overpass 5.2
22 26+750.00 Interchange 2 Bridge Overpass 0
23 274902 Farm R.C. Box Underpass 4
24  28+677 Farm R.C. Box Underpass 4
25  29+300 Trail Bridge Overpass 5.2
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mm Road Classification | Crossing Type | Type of Crossing Structure | Vertical Clearance

30+278 Trail Bridge Overpass
27 31+218 Trail R.C. Box Underpass 4
28  33+110 Trail Bridge Overpass 5.2
29 334893 Farm Bridge Overpass 5.2
30 37+200 Trail R.C. Box Underpass 4
31 38+154 Farm Bridge Overpass 5.2
32 394537 Trail Bridge Overpass 5.2
33 41+364 Tertiary Bridge Overpass 5.2
34  41+657.27 Interchange 3 Bridge Overpass 0
35 43+283 Farm R.C. Box Underpass 4
36 44+172 Farm R.C. Box Underpass 4
37  45+228 Secondary R.C. Box Underpass 6
38  49+010 Trail R.C. Box Underpass 4
39  49+495 Farm R.C. Box Underpass 4
40 50+540 Trail Bridge Overpass 5.2
41  52+064 Farm Bridge Overpass 5.2
42  52+500.00 Interchange 4 R.C. Box Underpass 4.5
43  53+511 Farm R.C. Box Underpass 5.2
44  53+553 Farm Bridge Overpass 4
45  55+940 Farm R.C. Box Underpass 5.2
46  60+160 Tertiary Bridge Overpass 6
47  61+165 Tertiary R.C. Box Underpass 4
48  63+219 Trail R.C. Box Underpass 5.2
49  64+040 Farm Bridge Overpass 5.2
50 64+666.10 Interchange 5 R.C. Box Underpass 0

Source: JICA Study Team

Vertical control — The vertical control design of the proposed alignment will be designed according to the
following: a) the embankment and cut height shall be kept minimum while providing sufficient clearance at
road crossing points to minimize construction cost; b) the minimum distance between Pl point of vertical
profile shall be 600m to provide smooth driving; and c) minimum vertical gradient is set as 0.3% to optimize
surface drainage.

1.5.2.3 Bridge design

Section 1 can be constructed with piers with heights exceeding 100m using Japanese state-of-the-art
technology. The provisionary design flood levels for creeks and rivers are 3m and 5m from the bed
respectively.

Other sections will be constructed using local technology, bridges with pier heights of 50m or more will be
avoided, and instead select long bridges. The typical bridge dimensions are shown in Figure 1-29 to Figure 1-

31 while Table 1-18 and Table 1-19 show the lists of the bridges, their length and type of structure. .

Figure 1-29. Schematic diagram of a medium or small bridge (L<100m)
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Source: JICA Study Team
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Figure 1-30. Schematic diagram of a long bridge (L>100m)
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Source: JICA Study Team

Figure 1-31. Schematic diagram of a ramp bridge
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Source: JICA Study Team

Table 1-18. Summary of applicable superstructure type for each span

Range of Span Pre-stressed Concrete m

L<40 m AASHTO girder
40<L<50 m Plate Girder
50<L<150 m Box Girder Box Girder
150<L<200 m Truss
200<L<240 m Extra-dosed

Arch
240<L<300 m Cable Staved
300<L<400 m ¥ Cable Stayed

Source: JICA Study Team

Table 1-19. List of bridges, length and type of structure

Bridge No. Section Length of Bridge (m)  Type of Structure
Viaduct-1 1 665 AASHTO Girder
BR-1 1 245 AASHTO Girder
BR-2 1 400 Steel Bridge

BR-3 1 540 Steel Bridge

BR-4 2 335 AASHTO Girder
BR-5 2 140 AASHTO Girder
BR-6 2 175 AASHTO Girder
BR-7 2 560 AASHTO Girder
BR-8 2 140 AASHTO Girder
BR-9 2 315 AASHTO Girder+ Steel
BR-10 3 240 Steel Bridge
BR-11 3 140 AASHTO Girder
BR-12 3 420 Steel Bridge
BR-13 3 175 AASHTO Girder
BR-14 3 210 AASHTO Girder
BR-15 3 540 Steel Bridge
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Bridge No. Section Length of Bridge (m)  Type of Structure
BR-16 3 210 Steel Bridge
BR-17 3 210 AASHTO Girder
BR-18 3 720 Steel Bridge
BR-19 3 350 Steel Bridge
BR-20 3 240 Steel Bridge
BR-21 4 170 Steel+AASHTO+ Steel
BR-22 4 315 AASHTO Girder
BR-23 4 210 AASHTO Girder
BR-24 4 245 AASHTO Girder
BR-25 4 105 AASHTO Girder
BR-26 4 105 AASHTO Girder
BR-27 4 240 Steel Bridge
BR-28 4 525 AASHTO Girder
BR-29 4 140 AASHTO Girder
BR-30 4 210 Steel+AASHTO+Steel
BR-31 4 175 AASHTO Girder
BR-32 4 140 AASHTO Girder
BR-33 4 280 AASHTO Girder
BR-34 5 210 AASHTO Girder
BR-35 5 245 AASHTO Girder
BR-36 5 400 AASHTO Girder
BR-37 5 175 AASHTO | Girder
BR-38 5 175 AASHTO Girder
BR-39 5 210 AASHTO Girder
BR-40 5 175 AASHTO Girder
BR-41 5 90 AASHTO Girder
BR-42 5 400 AASHTO Girder
BR-43 5 175 AASHTO Girder
BR-44 5 90 AASHTO Girder
BR-45 5 170 Steel+AASHTO+ Steel

Source: JICA Study Team

1.5.2.4 Interchange design

Figure 1-32 shows the location while Table 1-20 shows the specifications of the interchanges at the proposed
CMH alignment. The trumpet type as the most common interchange structure will be adopted for the Project.
The schematic diagrams the CMH interchanges are shown in Figure 1-33 to Figure 1-38.
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Figure 1-32. Location map of the CMH interchanges
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Table 1-20. Location and specifications of the interchanges

Station | Road Clssification | _Crossin Type

11+147.23 Interchange 1 R.C. Box Underpass 5.20
INT 1 (0+873.871) Farm R.C. Box Underpass 4.00
INT 1 (0+406.073) Farm R.C. Box Underpass 4.00
26+750.00 Interchange 2 Bridge Overpass 5.20
41+657.27 Interchange 3 Bridge Overpass 5.20
52+500.00 Interchange 4 R.C. Box Underpass 5.20
64+666.10 Interchange 5 R.C. Box Underpass 5.20

Source: JICA Study Team; NOTES: TCS — type of crossing structure; MVC — minimum vertical
clearance (meters)

Figure 1-33. CDO Interchange

Source: JICA Study Team

47 |Page



o ENVIRONMENTAL IMPACT STATEMENT REPORT - Preparatory Survey
m Q CENTRAL MINDANAO HIGH STANDARD HIGHWAY PROJECT (CDO — MALAYBALAY SECTION)
L ICA

\J
o j Cagayan de Oro City, Malaybalay City, Municipalities of Tagoloan, Manolo Fortich, Sumilao, Impasug-ong
PROPONENT: Department of Public Works and Highways in cooperation with JICA

Chapter 1 - Project Description

Figure 1-34. Mambatangan Interchange

Source: JICA Study Team

Figure 1-35. Manolo Fortich Interchange

Source: JICA Study Team
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Figure 1-36. Impasug-ong Interchange

Source: JICA Study Team

Figure 1-37. Dalwangan Interchange

Source: JICA Study Team
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Figure 1-38. Malaybalay Interchange
gt L} - 3T

Source: JICA Study Team

1.5.2.5 Pavement design

The pavement design will be conducted according to the Guide for Design of Pavement Structures (1993) by
the American Association of the State Highway and Transportation Officials (AASHTO) and the Design
Guidelines, Criteria and Standards for Public Works and Highways of the Department of Public Works and
Highways (DPWH). The pavement design will be conducted after the traffic demand forecast.

1.5.2.6 Drainage design

Flooding and protection against inundation of a roadway and its facilities are some of the major problems in
road design. Adequate flood control and drainage measures reduce damage to a roadway and its facilities
resulting to minimal maintenance, operational and even reconstruction cost.

The general references used for the design criteria and standards concerning hydrology and hydraulics in
were a) Design Guidelines, Criteria and Standards (DGCS) for DPWH (Department of Public Works and
Highways) published in 2015.; b) HEC (Hydraulic Engineering Circular) series, by FHWA (Federal Highway
Administration, USA); and c) HEC-HMS, HEC-RAS and HY-8 Manuals and Technical References, by U.S. Army
Corps of Engineers, Hydrologic Engineering Center.

These standards will serve as bases for the proposed hydrologic and hydraulic design criteria appropriate for
the Project. In addition, these standards will cover a) hydrologic design, b) Design Frequency or Return
Period, c) Runoff Computation Methods, Runoff Coefficients, d) Rainfall Intensity, e) Level of Development in
the Watersheds, f) Hydraulic Design, g) Manning’s Roughness Coefficient, h) Expansion and Contraction Loss
Coefficients, and i) Freeboard.

1.5.2.7 Road Markings and Signs and Safety

Besides the warning signs along the expressway, both the rest areas and the service areas should be
equipped with road markings and signs for the following purposes; a) to limit speeds to the allowable speed
limit; b) to give advance warning of junctions; c) to prevent stopping outside the zones specifically designated
for parking; d) to advertise the various services offered by the service area. The proponent will also institute
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safety measures such as street lighting. The Project will be designed based on the Road Safety Design Manual
of DPWH.

1.5.3 Support facilities

Camp sites which include offices, storage facilities, bunk houses, fabrication yards, and other temporary
construction facilities, will be constructed during the duration of the construction phase. The Contractor shall
designate camp site/s within the vicinity of active construction sites. Temporary access roads may be also
constructed in hard-to-reach areas of the alignment. The support facilities will be updated along with the
Feasibility Study and Preliminary Design as the design and studies progress to subsequent stages.

The water and power requirements during Project implementation are existing water systems in the areas
and the Cagayan Electric Power & Light Company, Inc. (CEPALCO) and Bukidnon Power Corporation (BPC).
Onsite generators will also be provided onsite during power outages.

1.5.4 Pollution control facilities

Construction Phase - Material Recovery Facilities (MRF) will be constructed at the camp sites for segregating
recyclable, biodegradable, and hazardous construction wastes. Temporary drainage and sewage facilities will
be also constructed and provided. Drainage leading to silt ponds will also be constructed in active
construction sites.

Project management will coordinate with the concerned local government units (LGUs) for the use of their
existing waste management facilities such MRFs, composting and recycling facilities, and sanitary landfills.
Construction spoil materials such as excavated soil, demolition and construction debris, and other spoil
materials will be disposed and used as filling materials in nearby reclamation/real estate/land development
projects or land cover for as regular maintenance of sanitary landfills.

Operation and Maintenance Phase — Sanitary facilities (comfort rooms, septic vaults) will be provided for
employees at the toll gates. The septic vaults will be regularly siphoned and maintained by contracted service
providers. Garbage bins will be provided at all toll gates for municipal solid wastes and collected daily.

Noise barriers will be constructed along the alignment near the noise sensitive receptors such as schools,
churches, hospitals, and residential areas. Tree planting will be actively conducted to air and noise pollution
from vehicles using the CMH highway. Adequate drainage system with grease traps will be constructed to
prevent oil and grease and other pollutants drain to the nearby surface waters. The potential wastes, key
environmental impacts, and planned mitigations with activities associated in each Project phase are shown in
Table 1-21.

Table 1-21. Pollution control strategies for the Project

Project phase | Brief description of Wastegeneration | Key environmental |Planned mitigation built into design
process/ activities information and social issues
involved

Pre- Detailed Architectural None expected  None expected Activities done:

construction and Engineering Design, - Traffic Impact Assessment
conduct of EIA, and - Perception Survey
securing of permits and - Public Consultations
licenses

- Treelnventory
- EIA

Formulate the following prior to

construction:

- Construction Waste Management Plan
(CWMP)

- Integrated Waste Management Plan

(D AMET Stipage
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Planned mitigation built into design

Construction Site preparation and
development, Erection

of structures

Operation Operation of toll gates
and equipment
maintenance

1.6 Process/Technology

1.6.1 Technology description

- Sewage

- Contaminated
runoff

- Resuspension of

sediments during

pipe laying and
construction of
intake structure

- Emissions of
fugitive
particulates (TSP,
PM10)

- Emissions of
gaseous
pollutants (SO2,
NO2)

- Construction
wastes

- Hazardous
wastes

- Municipal solid
wastes

- Hazardous
wastes

- Emissions of
fugitive
particulates (TSP,
PM10)

- Emissions of
gaseous
pollutants (SO2,
NO2)

- Sewage

- Storm water
runoff

Water pollution

Air pollution

Land pollution

Land pollution

Air pollution

Water pollution

(IWMP) during operations
- Secure Permit to Cut from DENR (if
required)

Activities prior to Construction and

Operation

- Designation and accreditation of a
PCO

- Applyandsecure aHW Generator ID
and Permit-To-Operate for the
Emission Source Installations, e.g.,
power generators and Discharge
Permit from EMB-RX

- Applyand secure surface water permit

from NWRB

Provision of an oil-water separator and

silt ponds

- Silt curtains at active pipe laying sites

- Onsite sanitary facilities

- Good construction practices

- Set up adequate toilet facilities,
ensure sufficient wash room for
workers

- Dust suppression on exposed soil
surfaces

- Proper maintenance of vehicles and
heavy equipment

- Set up adequate toilet facilities,
ensure sufficient wash room for
workers

Implement the CWM

- Setup adequate toilet facilities,
ensure sufficient wash room for
workers

Implement the IWMP

- Establishment of noise barriers
- Planting of vegetation barriers

- Provision of adequate drainage system
- Adequate treatment of process
wastewater

The construction technology used are standard to typical road projects. Regular inspection and maintenance

(A AMET
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will be done during the opening of the Project to motorists. Replacement or repair of degraded components
will be done as necessary to ensure that the reliability of the structures during its intended service life.
Maintenance may be classified as routine, periodic or annual activities depending on the requirements.

1.6.2
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Routine maintenance activities will include a) Pothole patching, sealing of cracks on pavement, b)
grading and patching of shoulders, c) drainage cleaning and clearing, d) roadside and future
maintenance; vegetation control, road signs and guardrail cleaning and repainting; and maintenance
of other street furniture, e) road marking maintenance, and f) bridge maintenance, structure
inspection;

Periodic maintenance activities will include resealing of pavement and re-gravelling of shoulders; and
Annual preventive maintenance activities will include asphalt concrete overlays and sectional
replacement of Portland Cement Concrete pavement and road markings.

Waste management systems

Waste management systems (WMS) in the context of the Project refer to the identification, quantification,
collection, treatment, and disposal of residuals during the construction and operation phases. The
environmental aspects that generated wastes, corresponding mitigations, and Project timeframe were
already presented in Table 1-21. In summary, the following mitigating measures earlier presented comprise
the WMS for each environmental component:

1.7

Air Pollution Management System

- Identification of air pollution sources

- Regular dust suppression on exposed soil surfaces

- Proper maintenance of vehicles and heavy equipment
- Restrict activities during daytime

- Good housekeeping practices

-Establishment of vegetation barriers

Water pollution management system

- Identification of water pollution sources

- Provision of drainage leading to siltation ponds

- Provision of an oil-water separator

- Provision of sanitation facilities

- Provision of silt curtains during pipe installation

- Proper treatment of process wastewater

- Proper collection, storage, and disposal of hazardous wastes using DENR- accredited TSDs
- Good housekeeping practices

Noise

- Identification of noise generators
- Restrict activities during daytime
-Establishment of noise barriers

Land pollution management system

- Identification of land pollution sources

- Proper spoils management

- Formulate and implement an integrated waste management system

- Proper collection, storage, and disposal (using DENR- accredited TSDs) of hazardous wastes
- Good housekeeping practices

Project size

The proposed Project is a four-lane 65.6 km road with a RROW of 60 meters. Other components include

(A AMET
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bridges, underpass, overpass and interchanges as shown in Table 1-22 to Table 1-24.

Table 1-22. Road Crossing List (underpass, overpass and interchanges)

Road Crossing Type of Crossing Vertical
Classification Type Structure Clearance

1 0+520 Trail R.C. Box Underpass

2 2+736 Tertiary R.C. Box Underpass 6
3 5+419 Trail Bridge Overpass 5.2
4 6+140 Farm R.C. Box Underpass 3.5
5 7+870 Trail R.C. Box Underpass 4
6 9+679 Trail R.C. Box Underpass 4
7 10+367 Farm R.C. Box Underpass 4
8 11+147.23 Interchange 1 R.C. Box Underpass 0
9 INT 1 (0+873.871) Farm R.C. Box Underpass 4
10 INT 1 (0+406.073) Farm R.C. Box Underpass 4
11 11+340 Farm R.C. Box Underpass 4
12 13+800 Tertiary Bridge Overpass 5.2
13 17+309 Farm R.C. Box Underpass 4
14 174596 Trail R.C. Box Underpass 4
15  18+732 Tertiary Bridge Overpass 5.2
16  19+060 Farm R.C. Box Underpass 4
17  20+980 Farm R.C. Box Underpass 4
18 224546 Farm R.C. Box Underpass 4
19 234999 Secondary R.C. Box Underpass 6
20 24+606 Trail R.C. Box Underpass 4
21  26+130 Farm Bridge Overpass 5.2
22  26+750.00 Interchange 2 Bridge Overpass 0
23 27+902 Farm R.C. Box Underpass 4
24  28+677 Farm R.C. Box Underpass 4
25  29+300 Trail Bridge Overpass 5.2
26 30+278 Trail Bridge Overpass 5.2
27  31+218 Trail R.C. Box Underpass 4
28  33+110 Trail Bridge Overpass 5.2
29 33+893 Farm Bridge Overpass 5.2
30 37+200 Trail R.C. Box Underpass 4
31 38+154 Farm Bridge Overpass 5.2
32 39+537 Trail Bridge Overpass 5.2
33  41+364 Tertiary Bridge Overpass 5.2
34  41+657.27 Interchange 3 Bridge Overpass 0
35 434283 Farm R.C. Box Underpass 4
36  44+172 Farm R.C. Box Underpass 4
37  45+228 Secondary R.C. Box Underpass 6
38 49+010 Trail R.C. Box Underpass 4
39  49+495 Farm R.C. Box Underpass 4
40 50+540 Trail Bridge Overpass 5.2
41  52+064 Farm Bridge Overpass 5.2
42  52+500.00 Interchange 4 R.C. Box Underpass 4.5
43  53+511 Farm R.C. Box Underpass 5.2
44  53+553 Farm Bridge Overpass 4
45  55+940 Farm R.C. Box Underpass 5.2
46  60+160 Tertiary Bridge Overpass 6
47  61+165 Tertiary R.C. Box Underpass 4
48  63+219 Trail R.C. Box Underpass 5.2
49  64+040 Farm Bridge Overpass 5.2
50 64+666.10 Interchange 5 R.C. Box Underpass 0

Source: JICA Study Team
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Table 1-23. List, length, and type of bridges at the alighment

rdee L secton Lengihm_Strucure e ___L prdge | secon [lengi m [ Sructrs tpe___

Viaduct-1 1 AASHTO Girder BR-23 4 AASHTO Girder
BR-1 1 245 AASHTO Girder BR-24 4 245 AASHTO Girder
BR-2 1 400 Steel Bridge BR-25 4 105 AASHTO Girder
BR-3 1 540 Steel Bridge BR-26 4 105 AASHTO Girder
BR-4 2 335 AASHTO Girder BR-27 4 240 Steel Bridge
BR-5 2 140 AASHTO Girder BR-28 4 525 AASHTO Girder
BR-6 2 175 AASHTO Girder BR-29 4 140 AASHTO Girder
BR-7 2 560 AASHTO Girder BR-30 4 210 Steel+AASHTO+Steel
BR-8 2 140 AASHTO Girder BR-31 4 175 AASHTO Girder
BR-9 2 315 AASHTO Girder+ Steel  BR-32 4 140 AASHTO Girder
BR-10 3 240 Steel Bridge BR-33 4 280 AASHTO Girder
BR-11 3 140 AASHTO Girder BR-34 5 210 AASHTO Girder
BR-12 3 420 Steel Bridge BR-35 5 245 AASHTO Girder
BR-13 3 175 AASHTO Girder BR-36 5 400 AASHTO Girder
BR-14 3 210 AASHTO Girder BR-37 5 175 AASHTO | Girder
BR-15 3 540 Steel Bridge BR-38 5 175 AASHTO Girder
BR-16 3 210 Steel Bridge BR-39 5 210 AASHTO Girder
BR-17 3 210 AASHTO Girder BR-40 5 175 AASHTO Girder
BR-18 3 720 Steel Bridge BR-41 5 90 AASHTO Girder
BR-19 3 350 Steel Bridge BR-42 5 400 AASHTO Girder
BR-20 3 240 Steel Bridge BR-43 5 175 AASHTO Girder
BR-21 4 170 Steel+AASHTO+ Steel BR-44 5 90 AASHTO Girder
BR-22 4 315 AASHTO Girder BR-45 5 170 Steel+AASHTO+ Steel

Source: JICA Study Team

Table 1-24. Location and specifications of the interchanges

m Road classification Crossing type | Crossing structure

11+147.23 Interchange 1 R.C. Box Underpass 5.20
INT 1 (0+873.871) Farm R.C. Box Underpass 4.00
INT 1 (0+406.073) Farm R.C. Box Underpass 4.00
26+750.00 Interchange 2 Bridge Overpass 5.20
41+657.27 Interchange 3 Bridge Overpass 5.20
52+500.00 Interchange 4 R.C. Box Underpass 5.20
64+666.10 Interchange 5 R.C. Box Underpass 5.20

Source: JICA Study Team; MVC — minimum vertical clearance (meters)

1.8 Development Plan, Description of Project Phases and Corresponding Timeframes

1.8.1

Pre-construction phase

This phase mainly involves conducting studies at the Project site involving the following activities:

a) Pre-Feasibility and Feasibility Studies;

b) Environmental Impact Assessment and Acquisition of Environmental Compliance Certificate (ECC) for
the Project;

c) Securing Various Permits and Clearances (i.e., Special Tree Cutting Permit, Project Endorsements,
LGU Clearances, etc.);

d) Conduct of Detailed Engineering Design (DED);

e) Implementation of Right-of-Way (ROW) / Land Acquisition and Implementation of the Resettlement
Action Plan (RAP) by DPWH;

f)  Pre-qualification, Tendering, and Awarding of Contract for the Construction of the Project; and

g) Financing for the Project.
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h) Conduct of FPIC and Securing of Certificate Precondition (CP)

1.8.2 Construction phase

This section presents the construction timetable, major construction activities, indicative equipment used,
source of construction materials, and support service and availability during the construction.

Indicative project timeline — The construction phase will take about three years after the acquisition of the
RROW (Table 1-25).

Table 1-25. Indicative Project implementation schedule
2021

.. 2022 [ 2022 [ 2023 [ 2024 | 2025 |
Activit
Hﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂl‘lﬂﬂﬂ
Feasibility Study HEEEEEEENNENE
Selection of Consultant ----

Detailed Engineering Design ---

ROW Acquisition
Construction

y 206 | 2027 [ 208 | 209 [ 2030 |
Activit
ﬂggﬂﬂggﬂgl_lgﬂggﬂggﬂ
Feasibility Study
Selection of Consultant
Detailed Engineering Design -----

ROW Acquisition I .
Construction ]

Source: JICA Study Team
Major construction activities — The typical construction activities are enumerated and described below.

1. Site clearing - This activity includes cutting of trees and vegetation and removal of affected structures
along the RROW. A Tree Cutting Permit, land and ROW acquisition documents, and other necessary
permits and clearances related to site clearing will be secured prior to site clearing.

2. Construction of temporary facilities — location of temporary facilities is not established as of this time. The
temporary facilities will be composed of engineer’s site offices, bunk houses for construction workers,
warehouse/storage areas, parking area for heavy equipment and vehicles, batching plant, and fabrication
yard, among others.

Wastewater treatment facilities, siltation ponds, materials recovery facility, buffer walls, and other
pollution control devices should be constructed in this temporary facility to mitigate adverse
environmental impacts.

3. Excavation works - all the accessible and fertile topsoil, together with the natural root systems, will be
removed to stock piles for later use on cut-and-fill slopes before placing the embankment. The depth of
excavation for topsoil stripping will be carefully controlled, on the basis of previously ascertained topsoil
thickness and to avoid contamination with subsoils.

If the excavated soil is not suitable for embankment material, it will be used as soil enhancer in
agricultural areas (if the soil is fertile), soil cover for sanitary landfill and dump sites, and other
appropriate uses.

4. Construction of viaduct foundations - Viaduct foundations will be constructed by excavation/drilling and
cleaning of rock formation, installation of pile reinforcements, and concrete pouring. In the cases where
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viaduct foundations are located in surface waters, silt traps or curtains will be installed to mitigate
siltation of the surface waters.

5. Construction of superstructure and road pavement — The roads and interchanges will be paved and
facilities such as toll gates and guardrails will be constructed and installed. Ancillaries such as traffic
signage, light posts, and other facilities will also be installed.

Types of equipment — The typical equipment during the construction phase are shown in Table 1-26

Table 1-26. Major equipment during the construction phase

S I R T

Dump Track 11 ton 48
Wheel Loder 1.53 m’ 5
Motor Grader 14G 3m/200HP 1
Vibratory Roller 11 ton, 125 Hp 2
Tired Roller 12.6 ton 2
Crawler Tractor (w/ Bulldozer) Caterpillar D7G PS 4
Hydraulic Excavator 1.0m’ 13
Backhoe 0.6 m’ 6
Vibratory Plate Compactor 7 Hp 21
Track Crane 160 ton, 300Hp 1
Crawler Crane 60T/275Hp 10
Drill Rig for Pile CWV Model TRM35/31 10
Concrete transit Mixer 5m’ 26
Concrete Pump 60 yd® 7
Concrete Plant 40m’/hr 2
Track Mounted Crane 21-25t, 200Hp 5
Concrete Vibrator Gasoline type 53
Semi-Trailer 20 tons 4
Asphalt Paver 4.7 m, 112 Hp 2
Asphalt Distributor 5 tons 4
Asphalt Plant 60 t/hr 2
Lane Marker 8 ton Track 61
Crane,Hydraulic Tel Boom, 121-140 tons 5
High Bed Trailer 65 tons 1

Source: JICA Study Team

Source of construction materials - Construction materials, equipment, and machinery will be sourced locally
according to the design specifications of the Project if available.

Support services, facilities requirements, and availability - Support services and facilities at the site will
include a field office, barracks for workers, canteen, warehouse, temporary sanitary facilities, First Aid Team,
communication. Water and power requirements will be sourced locally.

1.8.3 Operation phase

The operation of the project will include the following activities:

a) Operation of toll gates, as necessary;

b) Regularinspection of road structures;

c) Regular maintenance of facilities such as traffic signals, sighages, and markings;
d) Regular cleaning of roadways, and maintenance of toilet septic tanks;

e) Preventive maintenance, monitoring and reporting; and

f)  Upgrading of structures and facilities, if necessary.
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1.8.4 Abandonment phase

Abandonment or decommissioning in the context of the Project is implied as dismantling of the temporary
facilities used during the construction phase. Dismantling of the temporary facilities will be phased according
to the completion of each road section.

The construction contractor is responsible for the dismantling of temporary facilities. All construction wastes
and spoil materials will be hauled out from the site. Recyclable construction spoils will be sold to interested
buyers, solid wastes disposed in the municipal sanitary landfill or controlled dumps, and spoils containing
hazardous materials, including contaminated soils, will be hauled by a DENR-registered TSD facility. It is
expected that the modular nature of the temporary facilities will facilitate it dismantling and demobilization.
Restoration work will be according to procedures and standards prescribed in the approved civil works
contract following DPWH standards.

Most of the proposed locations of temporary facilities are planned to be developed as residential or
commercial areas. It is expected that the site of the temporary facilities ready for development once
removed.

1.9 Workforce Requirements

Most of the available jobs during the construction phase are masons, laborers, steel men, electricians,
plumbers, welders, heavy equipment operators, among others (Table 1-27). Office staffs and site engineers,
however, can be represented by women. The operation of the Project, on the other hand, will be manned by
toll supervisors, tollgate personnel, cashiers, patrol crews, janitors, security staffs, and road maintenance
staffs. These jobs can be represented by both men and women.

A percentage of the construction manpower will be provided by the contractor; hence DPWH will require the
contractor to adopt strict policy requiring to source workforce from qualified locals and to develop scheme of
prioritization in local hiring. In addition, the DPWH will strictly enforce RA 6685 during Project
implementation. This Act requires private contractors hire at least 50% of the qualified unskilled and at least
30% of the qualified skilled workers from the host city or municipality. As much as possible, all non-skilled
workers will be hired locally. Available local skilled workers will be also be prioritized. The Contractor, with
the help of LGU, will be required to post job vacancies needed for the Project in public bulletin boards. Job
fairs will be also conducted to enhance local manpower sourcing.

The contractor will also be required to apply labor standards and equal opportunities for both men and
women. A target percentage of female workers will be set at the DED stage of the project. Lastly, it will be
part of the policy of DPWH to hire qualified applicants including persons with disability (PWD), members of
indigenous communities, senior citizens and those any sexual orientation and gender identities (SOGI). These
all will be part of the Terms of References (TOR) of the contractor during construction and operations phase.

Table 1-27. Workforce requirements of the Project

Contractor | Consultant

Professional 20 60 80
Skilled Labor 25,159 25,159
Unskilled Labor 21,835 21,835
Technical and Support Staff 40 40 80
Total 47,054 100 48,154

Source: JICA Study Team

1.10 Indicative project cost

The indicative cost of the Project is Php 96,312,065,917.34
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CHAPTER 2 - LEGAL AND INSTITUTIONAL FRAMEWORK ON
ENVIRONMENTAL IMPACT ASSESSMENT

2.1 Philippines policy of environmental and social considerations

Environmental related laws in the Philippines are composed of under the Presidential Decree (PD) No.1151 as
environmental policy and PD No. 1152 as environmental regulation in relation to the national policy and
regulation. Other major environmental laws are established for natural resources, protection of wildlife and
bio-diversity, forest resources, mining, coastal and marine, ambient air, water quality, waste and disposal,
land use and resettlement, conservation of historical and cultural assets, environmental assessment, and
national integrated protected area system. Major legislations on environmental and social conservation
related to the proposed project are listed in Table 2-1, and relevant international treaties, agreements, and
protocols that the Government of the Philippines has ratified in Table 2-2.

Table 2-1. Environment-related laws and regulations in the Philippines

Law/Regulation

Environmental PD 1151 Philippine environmental policy
basis PD 1152 Philippine environmental code
Natural 1987 Constitution Exploration, development, and utilization of natural
Resource Article 12 Section 2 resources

PD 1198 Restoration or rehabilitation of areas affected by the

construction of infrastructure projects

Wildlife and RA 826: An Act Creating the  Promotion and preservation of national parks
Ecosystem Commission on Parks and

Wildlife, Defining its

Powers, Functions, and

Duties of 1952

RA 6147: An Act Declaring Preservation of Monkey Eating Eagle

the Pithecophaga jefferyi

Commonly Known as

Monkey-Eating Eagle as a

Protected Bird in the

Philippines of 1970

RA 9147: Wildlife Resources  Conservation and protection of wildlife resources and their

Conservation and habitats
Protection Act of 2001
RA 7586: National Establishment and management of national integrated

Integrated Protected Areas protected areas

System (NIPAS) Act of 1992

RA 11038: Expanded Expansion of national integrated protected areas
National Integrated

Protected Areas System

(eNIPAS) Act of 2018

Forest Resources PD 331 Regulation on development application for forest resources
and forest land development use

PD 389 Development and conservation of forests
PD 705 Protection, development, and rehabilitation of forest lands
PD 865 Regulation on log exportation
PD 1153 Forest recovery through citizen action

Pollution Control ~ RA 3931: Act creating the Establishment of national air, water pollution control
national water and air committee, definition of pollution and penalty

pollution control
commission of 1964
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Category Law/Regulation

Water Quality

Air Quality

Waste disposal

PD 1160 Authority to barangay captains to enforce pollution control
and environmental laws

RA 9275: Clean Water Act Water Quality Management

of 2003

MC 2004-11 Compliance of all wastewater dischargers to upgraded and
reclassified water bodies

MC 2004-13 List of classified/reclassified water bodies in 2003

PD 856 Sanitation standards

PD 1067 Utilization and development of water resources

DAO 1990-34 Water usage and classification, water quality criteria

DAO 1990-35 Water quality on effluent discharge for industrial and urban
drainage

DAO 2016-08 Updated water quality guidelines and general effluent
standards

RA 8749: Clean Air Act of Air pollution Control

1999

PD 1181 Control, and abate the emission of air pollution from motor
vehicles

DAO 2003-25 Hydrocarbon emission standards for motorcycle

DAO 2003-31 Emission standard for motor vehicles

DAO 2003-45 Designation of the members for the governing board for
Metro Cagayan de Oro airshed, Province of Misamis Oriental,
Region X

RA 6969: Toxic Substance Control of toxic substances and hazardous waste substances

and Hazardous and Nuclear  disposal

Wastes Control Act of 1990

RA 9003: Ecological Solid Establishment of ecological solid waste management
Waste Management Act of program, creation of national solid waste management
2000 committee

PD 825 Penalties for improper disposal of waste

DAO 2004-36 Streamline procedures for generation and compliance to RA
6969

DAO 1998-49 Technical guidelines for municipal solid waste management

NOTES: RA —Republic Act; PD — Presidential Decree; DAO — DENR Administrative Order

Table 2-2. International environmental agreements with the Philippines as signatory

Name of international treaty/agreement

Washington Treaty Convention on the International Trade in Endangered Species of Wild Flora 1981
and Fauna

International Tropical Timber Agreement 1983
United Nations Convention on the Law of the Sea 1984
World Heritage Convention Concerning the Protection of the World Cultural and Natural 1985
Heritage

Montreal Protocol on Substances that Deplete the Ozone Layer 1991
Vienna Convention for the Protection of the Ozone Layer 1991
Convention on Biological Diversity 1993
Basel Convention on the Control of Transboundary Movement of Hazardous Wastes and Their 1993
Disposal

Ramsar Convention on Wetlands of International Importance, Especially as Waterfowl Habitat 1994
Framework Convention on Climate Change 1994
Kyoto Protocol 1998
Cartagena Protocol on Bio-Safety to the Convention on Biological Diversity 2000
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Name of international treaty/agreement

Stockholm Convention on Persistent Organic Pollutants 2001

2.2  Laws and Regulations of Environmental Impact Assessment (EIA)

Any Project or activity which are likely to have adverse effects on the environment are required to conduct an
environmental impact assessment (EIA) in accordance with the Philippine Environmental Impact System
(PEISS). The governing laws and guidelines of the PEISS are shown in Table 2-3.

Table 2-3. Important laws and manuals of PEISS

Law/Guideline

PD 1152 Philippine Environmental Code — the concept of environmental impact assessment was
introduced for the first time

PD 1586 PEISS was established

PP 2146 and 803 Proclamation of Environmentally Critical Areas and classification of project as
Environmentally Critical Projects

DAO 2003-30 Implementing Rules and Regulations for the Philippine Environmental Impact Statement
System (PEISS) of PD 1586

DAO 2017-15 Guidelines on Public Participation under PEISS

DAO 2007-002 Revised Procedural Manual for DAO 2003-30

DENR MC2010-14  Standardization of Requirement and Enhancement of Public Participation in the
Streamlined Implementation of the PEISS

EMB MC 2010-004  Guideline for Use of Screening and Environmentally Critical Area (ECA)
Mapping Systems

EMB MC 2011-005 Incorporating Disaster Risk Reduction (DRR) and Climate Change Adaptation (CCA)
concerns in the PEISS

EMB MC 2014-005  Guidelines of Coverage Screening and Standardized Requirement under the PEISS

NOTES: PD — Presidential Decree; PP — Presidential Proclamation; DAO — DENR Administrative Order; MC — Memorandum

Circular

2.3 Environmental Impact Assessment System process in the Philippines (PEISS)

The Philippine EIA Process has six (6) sequential stages 1) Screening, 2) Scoping, 3) EIA Study and Report
Preparation, 4) EIA Review and Evaluation, 5) Decision Making, and 6) Post ECC Monitoring, Validation and
Evaluation/Audit stage. A summary flowchart of the complete process is presented in Figure 2-1.
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Figure 2-1. PEISS process
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2.3.1 EIAProject Categorization

At the Screening stage, the Project is assessed whether it is subject to go through EIA process. Projects which
have been originally declared as ECPs or projects in ECAs presumed to have significant impacts on the quality
of the environment are subject to PEISS. The projects have been classified into four (4) major groups as
shown in Table 2-4.

Table 2-4. Project categories under PEISS

Type and location ofthe Project

Category A : Environmentally Critical Projects or undertakings which are classified as ECPs under Presidential

Projects Proclamation No. 2146 (1981) Proclamation No. 803 (1996) and any
other projects that may later be declared as such by the President of the
Philippines. Proponents of these projects implemented from 1982
onwards are required to secure an Environmental Compliance

Certificate (ECC)
Category B : Projects or undertakings which are not classified as ECP under Category
Non-Environmentally Critical Projects A but which are likewise deemed to significantly affect the quality of the
(NECP) but Located in ECA environment by virtue of being located in Environmentally Critical Area

(ECA) as declared under Proclamation 2146 and according to the
parameters set forth in the succeeding sections. Proponents of these
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Category Type and location of the Project

projectimplemented from 1982 onwards are required to secure an ECC

Category C: Environmental Projects or undertakings not falling under Category A or B which are
Enhancement or Direct Mitigation intended to directly enhance the quality of the environment or directly
Project address existing environmental problem

Category D: Non-Covered Project Projects or undertakings that are deemed unlikely to cause significant

adverse impact on the quality of the environment according to the
parameters set forth in the Screening Guidelines. These projects are not
covered by the Philippine EIS system and are not required to secure an
ECC. However, such non-coverage will not be construed as an
exemption from compliance with other environmental laws and
government permitting requirement

Table 2-5 shows the classification of the project in accordance with the EMB Memorandum Circular 2014-005
or the Revised Guidelines for Coverage Screening and Standardized Requirements under the Philippine EIS
System. The proposed high standard highway is a new national road construction that will have a total length
of 65.6 kilometers, with viaducts and bridges. The proposed project is therefore classified under Category A
or Environmentally critical projects. As a Category A project, a preparation of an Environmental Impact
Statement (EIS) to be submitted to Environmental Management Bureau Central Office (EMB-CO) serves as a
requirement for the issuance of the project’s Environmental Compliance Certificate (ECC).

Table 2-5. EIA Project type categorization

Project/Description
. EBs [  ES [ IEEChecklst |  PD |

Bridges and >10.0 km >5.0 km but <10.0 >50 m but <5.0 km <50 m

viaducts (including km

elevated roads),

new construction

Roads, new National Road Provincial road and  All types of roads <2 km
construction other types of roads

> 20.0 km (length > 2.0 km but <20.0

with no critical > 20.0 km (length km (length with no

slope) or > 10.0 km with no critical critical slope) or >2

(length with critical ~ slope) or > 10.0 km km but <10.0 km

slope (length with critical (length with critical

slope slope

NOTE: ECP - Environmentally Critical Projects Source, CNC — Certificate of Non-compliance, PD — Project description: EMB
Memorandum Circular 2014-005

2.4  Other Permits and Requirements
The proposed Project may require by government agencies to apply for the following permits prior to
implementation. These are summarized in Table 2-6.

Table 2-6. Required environmental and social permits

Laws/Regulations Issuing Agency Application Procedure

Zoning Clearance Republic Act (RA) Check the LGUs (City To be obtained in
7160 Local compatibility Planning/ planning/ FS stage
Government Code with the land use Development
plan/ zoning Office)
ordinance of LGUs
Locational Republic Act (RA) Proposed projectis  LGUs (City To be obtained in
Clearance (if 7160 Local allowed in a Planning/ planning/ FS stage
. 63|Page
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Laws/Regulations Issuing Agency Application Procedure

needed)

Certificate of non
Overlap (CNO)

Certification for

non coverage of
National Cultural
Treasure (NCT)/
Important Cultural
Property (ICP)
Waste Management
Plan

(WMP)

Tree Cutting and/or
Tree Earth Balling
Permit

Traffic Impact
Assessment (TIA)

2.5

Government Code

Republic Act (RA)
8371 Indigenous
People Rights Act

Republic Act (RA)
10066 National
Cultural Heritage
Act

Republic Act (RA)
6969 Toxic
Substance and
Hazardous and
Nuclear Wastes
Control Act
Republic Act (RA)
9003

Ecological and
Solid Waste
Management Act
Presidential Decree
(PD) 953

particular zone/
district

The project site is
not overlapping
with the Ips
ancestral domain
claim

The project site is
not overlapping
other objects which
are considered as
cultural properties

Plan to manage
solid, liquid and
hazardous wastes

Removal, transfer,
and planting of
trees

Manage and control
traffic due to
project
implementation

Roles and Responsibilities of the Relevant Agencies

Development
Office)

National
Commission for
Indigenous Peoples
(NCIP)

National
Commission

for Culture and Arts
(NCAA)

DENR
EMB Regional
LGUs

DENR EMB Region
PENRO

CENRO

MENRO

To be obtained in
planning/ FS stage

To be obtained in
planning/ FS stage

Prior to construction

To be accomplished
after DED stage

As the Project proponent, DPWH main role is to prepare the EIS and secure the ECC while Environmental
Management Bureau Central Office (EMB CO) reviews the EIS and manage the EIA review committee (EIARC).
The ECC will is issued by the director of EMB CO and by DENR Secretary, while logistical arrangements in the
project area such as arrangement of public consultation are conducted by the EMB Regional Office (RO EMB).
Roles of the relevant agencies for EIA in the project are show in Table 2-7.

Table 2-7. Roles and responsibilities of concerned government agencies on EIA

Relevant Agency | Roles and Responsibilities

e Holding of a meeting for Information, Education and Communication (IEC)
e Holding a meeting for Public Scoping for EIA
® Preparation & submission of project description for scoping (PDS) and Environmental

DPWH Impact Statement (EIS)
e Payment of EIA review support fund
® Making the necessary logistical arrangements for public consultation
e Submission of final EIS
. 64|Page
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Relevant Agency | Roles and Responsibilities

e Facilitating of EIA Review Committee (EIARC) (scoping stage and substantive review
stage)
EMB CO ® Procedural screening of EIS
e Conduct of public consultation
® Preparation of decision document
EMB CO and

DENR CO e Approval of ECCs from EMB Director / DENR Secretary

® Supporting of EIA process in the project area;
RO EMB e Participation of public scoping facilitated by proponent of the project
® Making the necessary arrangements for EIARC site validation and public consultation

2.6  Environmental Monitoring and Management Plan

Under the PEISS, the primary purpose of monitoring, validation and evaluation/audit is to ensure the
judicious implementation of sound environmental management within a company/ corporation and its areas
of operation as stipulated in the ECC and other related documents. Specifically, it aims to ensure the
following:

e Compliance with the conditions set in the ECC;

e Compliance with the EMP commitments;

e Effectiveness of environmental measures on prevention or mitigation of actual project impacts vis-a-
vis the predicted impacts used as basis for the EMP design; and

e Continuous updating of the EMP for sustained responsiveness in addressing environmental impacts
of undertakings.

2.6.1 Responsible organization for the implementation environmental management and monitoring

Monitoring by Project Proponent

The Proponents with issued ECCs are primarily responsible for monitoring their projects. A proponent is
required to submit an ECC Compliance Monitoring Report (CMR) to the designated monitoring EMB office on
a semi-annual frequency. The detailed report on compliance to environmental standards specific to
environmental laws will be submitted through the Self-Monitoring Report (SMR) on a quarterly basis to the
concerned EMB office.

Multi-partite Monitoring Team

The MMT is primarily responsible of validating the proponent’s environmental performance and submits
findings/recommendations as a Compliance Monitoring and Validation Report (CMVR) to the concerned EMB
office.

Environmental Management Bureau
The EMB is primarily responsible for the over-all evaluation/audit of the Proponent’s monitoring and the
MMT’s validation.

2.7 Comparison of PEISS and JICA Guidelines

The results of the gap analysis between current relevant regulations in the Philippines to the JICA Guidelines
are shown in Table 2-8. Countermeasures are proposed to fill the gap.
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Table 2-8. Gap between JICA Environmental Guidelines and Relevant Regulations in the Philippine EIS System

Topic

Principle

Information Disclosure

Consultation

(D AMET

) AsIA InC.

JICA Guidelines for Environmental and
Social Considerations
(2010 April)
Environmental impact must be assessed
and examined from the earliest possible

planning  stage. Alternatives  or
mitigation measures to avoid or
minimize adverse impact must be

examined and incorporated into the
project plan.

EIA reports (which may be referred to
differently in a different system) must be
written in the official language or in a
language widely used in the country in
which the project is to be implemented.
When explaining projects to local
residents, written materials must be
provided in a language and form
understandable to them.

EIA reports are required to be made
available to the local residents of the
country in which the project is to be
implemented. The EIA reports are
required to be available at all times for
perusal by project stakeholders such as
local residents and copying must be
permitted.

For projects with a potentially large
environmental impact, sufficient
consultations with local stakeholders,

Relevant Regulations in the Philippines

The Philippines Environmental Impact
Statement System (PEISS) requires for the
project proponent to examine possible impact
and to conduct scoping in the pre-feasibility
study stage. In addition, PEISS requires to
conduct alternative study at the feasibility study
stage.

As a form of disclosure of the EIA findings,
Public Hearing is required for all new ECPs for
which public scoping was undertaken and for
PEISS-based applications.

EIA report will be disclosed.

EIA report is prepared in English which is the
common language in the Philippines. In
addition, in the EIA report, Project Fact Sheet is
prepared by mixing the language which is
familiar with the local communities.

The revised procedural manual (2008) stipulates
to conduct below:
Information, education and communication

No significant gap

No significant gap

No significant gap

Countermeasures

for Filling Gaps

Not Applicable

Not Applicable

Not Applicable
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Topic JICA Guidelines for Environmental and Relevant Regulations in the Philippines Countermeasures
Social Considerations for Filling Gaps
(2010 April)
such as local residents, must be (IEC)activities
conducted via disclosure of information Public scoping
at an early stage, at which time Participation of local stakeholders
alternatives for project plans may be Holding public hearing
examined. The outcome of such Sharing ECCand EIA reports
consultations must be incorporated into Prior to holding public hearing or consultation
contents of project plans. meetings, the EIA report shall be available at
In preparing EIA reports, consultations the EMB and the local government offices in
with  stakeholders, such as local which the project is located.
residents, must take place after
sufficient  information  has  been
disclosed. Records of such consultations
must be prepared.
Consultations with relevant
stakeholders, such as local residents,
should take place, if necessary,
throughout the preparation and
implementation stages of a project.
Holding consultations is highly desirable,
especially when the items to be
considered in the EIA are being selected,
and when the draft report is being
prepared.
Impacts to be The impacts to be assessed with regard Items below are required to be assessed and to No significant gapin  Internationally
Assessed to environmental and social beincluded in EIS report. the evaluation items  recognized
considerations include impacts on Land (land use, geology, topography, soil, land and contents. standards including
human health and safety, as well as on organisms), water (hydrology including However, Japanese standard
the natural environment, that are groundwater, ocean, water quality, freshwater environmental for soil, sediment
transmitted through air, water, soil, and marine organisms), air (including climate standards are not and vibrations shall
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Topic JICA Guidelines for Environmental and Relevant Regulations in the Philippines Countermeasures
Social Considerations for Filling Gaps
(2010 April)
waste, accidents, water usage, climate change, air quality, noise), people (relocation, established for soil, be referred to as
change, ecosystems, fauna and flora, migration, indigenous people, public health, sediment and benchmark.

including trans-boundary or global scale community contribution, basic services and vibration.
impacts. There also include social resource distribution, transportation, regional
impacts. In addition to the direct and environmental management, affected regional
immediate impacts of projects, their assets)

derivative, secondary, and cumulative

impacts as well as the impacts of

projects that are indivisible from the

projects are also to be examined and

assessed to a reasonable extent. It is also

desirable that the impacts that can occur

at any time throughout the project cycle

should be considered throughout the life

cycle of the project.

Monitoring Project proponents should make efforts The project proponent who obtained the ECC No significant gap Not Applicable
to make the results of the monitoring shall submit the Compliance Monitoring Report
process available to local project (CMR) semi-annually and the Self-Monitoring
stakeholders. Report (SMR) quarterly to the EMB. In addition,
When third parties point out, in concrete as a monitoring by a third party, Multipartite
terms, that environmental and social Monitoring Team (MMT) shall submit the
considerations are not being fully Compliance Monitoring and Validation Report
undertaken, forums for discussion and (CMVR) to the EMB semi-annually. These are
examination of countermeasures are the targets of information disclosure.
established based on sufficient
information disclosure, including
stakeholders’ participation in relevant
projects. Project proponents should
make efforts to reach an agreement on
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Social Considerations
(2010 April)
procedures to be adopted with a view to
resolving problems.

for Filling Gaps

or ordinances for the conservation of
nature or cultural heritage.

Project in protected areas is subjected to
environmental impact assessment and allowed
to be implemented only when the ECC is issued.

Ecosystem and Biota Projects must not involve significant All designated, critical habitats shall be There is no precise Accordingly, JICA
conversion or significant degradation of protected, in coordination with the local provision to prohibit Guidelines shall be
critical natural habitats and critical government units and other concerned groups, a project in an applied.
forests. from any form of exploitation or destruction environmentally It is necessary to

which may be detrimental to the survival of the sensitive area. confirm the
Projects must, in principle, be threatened species dependent therein. location of the
undertaken outside of protected areas (RA9147) protected area and
that are specifically designated by laws the project

alignment to avoid
traversing it, in
principle.

In addition, project proponent shall plan and
implement environmental mitigation measures.
(RA7586)

Source: JICA Study Team
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CHAPTER 3 - ANALYSIS OF KEY ENVIRONMENTAL IMPACTS

3.1 THE LAND
3.1.1 Land use and classification
3.1.1.1 Scope

This section described the existing land uses traversed by the proposed CMH alignment and the protected
areas and ancestral domains in its vicinity. The key impacts assessed were compatibility with existing land
use, compatibility with classification as an Environmentally Critical Area (ECA), land tenure issues, impairment
of visual aesthetics, and devaluation of land value because of improper SWM and other related impacts.

3.1.1.2 Methodology

The existing land use was described using the Comprehensive Land Use Plans and Socio-economic Profiles of
the six host municipalities and cities. Assessment of the key impacts was done using site visits, qualitative
analysis, and related documents.

3.1.1.3 Assessment of key impacts

3.1.1.3.1 Compatibility with existing land use

The summary of the land uses of the six (6) LGUs traversed by the proposed alighment is shown in Table 3-1.
Further processing of the data showed that the dominant land use in the host LGUs is forest and agricultural
(green cells in Table 3-1) occupying 88.36 percent of the total their total land areas.

Table 3-1. Summary of land uses at the six host LGUs

Forest 193,732.39 57.79%
Agricultural 102,486.44 30.57%
Agri-Industrial 10,402.09 3.10%
General Residential 15,340.91 4.58%
Commercial 75.97 0.02%
Parks and Recreation 33.96 0.01%
Institutional Zone 506.75 0.15%
Industrial 449.73 0.13%
Mineral Land (mining and quarry) 130.39 0.04%
Tourism 2,963.77 0.88%
Utilities, Transportation and Services Zone 1,277.87 0.38%
Rivers and creeks 1,660.31 0.50%
Open Land 3,118.04 0.93%
Cemetery 67.49 0.02%
Cockpit 1.49 0.00%
Pasture 3,010.00 0.90%
TOTAL 335,257.61 100.00%

Source: derived from Table 3-2

(D Amex 7LiPage
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Interpretation of the land use maps of the LGUs in Figure 3-1 to Figure 3-6 shows that the alignment
traverses different land uses enumerated below.

a) Cagayan de Oro — Urban, Agricultural

b) Tagoloan — Agricultural (Production, Industrial), Forest (Production)

¢) Manolo Fortich — Agricultural, Agricultural (Industrial), Forest

d) Sumilao — Agricultural, Agricultural (Industrial), Waterbodies (rivers, creeks), Tourism
e) Impasug-ong — Agricultural, Forest, Institutional

f) Malaybalay - Agricultural (Production), Agricultural (Plantation), Residential

The proposed CMH alignment with a 60-meter RROW is incompatible with the existing land uses and zoning

ordinances of the six LGUs it will be traversing. The proper land use compatibility process and corresponding
land use certificate should be secured prior to the construction phase.
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Table 3-2. Land use distribution at the host LGUs

CDO (2012) Malay (2016) Tagoloan (2017) Manolo Fortich (2013) Sumilao (2011) Impasug-ong (2019)

% of total | Area, ha % of total
Forest 24,755.28 43.13% 73,682.03 68.25% 1,530.35 17.93% 16741.21 34.97% 6763.92 32.72% 70259.6 75.69%
Agricultural 16,393.39 28.56% 32,238.16 29.86% 6116.32 71.65% 22888.49 47.82% 10422.03 50.42%  14428.05 15.54%
Agri-Industrial - - 67.62 0.06% ’ D 5251.07 10.97% 2,343.50 11.34% 2,739.90 2.95%
General Residential 1248.52 1.16% 449.401 2.17% 173.46 0.19%
Commercial 62.56 0.06% 7.4961 0.04% 5.91 0.01%

241.44 2.83% 1251 2.61%
Parks and Recreation 11,977.09 20.86% 19.37 0.02% 0 ° 11.1847 0.05% 3.41 0.00%
Institutional Zone 260.98 0.24% 105.3638 0.51% 140.41 0.15%
Industrial - - - - 217.3269 1.05% 44.97 0.05%
. . o
Mineral Land (mining 3112 0.05% i i 187.43 2.20% 79.27 0.17% i i 20 0.02%

and quarry)
Tourism 1,167.34 2.03% 6.38 0.01% - - 157.7 0.33% 4.8943 0.02%  1,627.46 1.75%
Utilities, Transportation

. - - 8.54 0.01% 99.4 1.16% 492.7 1.03% 325.3442 1.57% 351.89 0.38%
and Services Zone
Rivers and creeks - - 298.59 0.28% 354.96 4.16% 1,006.76 2.10% - - - -
Open Land 3,079.18 5.36% 38.86 0.04% - - - - - - - -
Cemetery - - 5.89 0.07% - - 17.0502 0.08% 23.25 0.03%
Cockpit - - 213 0.02% - - - - 1.4893 0.01% - -
Pasture - - - - - - - - - - 3,010.00 3.24%
Total 57,403.40 100.00% 107,952.91 100.00% 8,535.79 100.00% 47,868.20 100.00% 20,669.00 100.00% 92,828.31 100.00%

Sources: CLUP of Cagayan de Oro, Tagoloan, Manolo Fortich, Sumilao, Impasug-ong, and Malaybalay

73|Page



oS, — ENVIRONMENTAL IMPACT STATEMENT REPORT — Preparatory Survey
.'m‘. of ) CENTRAL MINDANAO HIGH STANDARD HIGHWAY PROJECT (CDO — MALAYBALAY SECTION)
‘o,“o' J CA Cagayan de Oro City, Malaybalay City, Municipalities of Tagoloan, Manolo Fortich, Sumilao, Impasug-ong
PROPONENT: Department of Public Works and Highways in cooperation with JICA

Chapter 3 - Analysis of Key Environmental Impacts

Figure 3-1. Existing Land Use Map of Cagayan de Oro City
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Figure 3-2. Existing Land Use Map of Tagoloan
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Figure 3-3. Existing Land Use Map of Manolo Fortich
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Figure 3-4. Existing Land Use Map of Sumilao
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Figure 3-5. Existing Land Use Map of Impasug-ong
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Figure 3-6. Existing land use map of Malaybalay City
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3.1.1.3.2 Compatibility with classification as an Environmentally Critical Area (ECA)

The evaluation of the proposed CMH alignment with ECAs defined in Table 1 of the Revised Guidelines for
Coverage Screening and Standardized Requirements (EMB Memorandum Circular 2014-05) is shown in Table
3-3.

Table 3-3. Evaluation of the proposed CMH alignment according to ECAs

o] e

All areas declared by law as national parks,
watershed reserves, wildlife preserves and
sanctuaries

The proposed alignment is outside of any
Protected Area (Table 3-4, Table 3-8 and
Figure 3-7).

2  Areas set aside as aesthetic, potential tourist Possible  The proposed alignment appeared to traverse

spots tourism areas in Sumilao (
Figure 3-4)

3 Areas which constitute the habitat for any No The proposed alignment is outside of any
endangered or threatened species of Protected Area (Table 3-4) and traverses
Indigenous Philippine wildlife (Flora and Fauna) mostly agricultural lands.

4  Areas of unique historic, archeological, No The proposed alignment mostly traverses
geological, or scientific interests agricultural lands.

5  Areas which are traditionally occupied by Yes The proposed alignment will avoid the
cultural communities or tribes approved CADTs or CADC (Table 3-5 and

Figure 3-9) but will traverse the AD Applied
area (Figure 3-10)

6  Areas frequently visited arid or hard hit by Yes The proposed alignment traverse areas prone
natural calamities (geologic hazards, floods, to natural hazards (subsidence hazard,
typhoons, volcanic activity) landslide, creep, flood hazard, erosion/ slope

failure, ground rupture (Section 3.1.2.3.3)

7  Areas with critical slope. All lands with slope of Yes Some portions of the proposed alignment will
50% or more classified as geohazard by Mines traverse the critical slopes (Figure 3-14).
and Geosciences Bureau (MGB)

8  Areas classified as prime agricultural lands Possible  Most of the alignment traverse the

agricultural lands (Figure 3-1 to Figure 3-6)

9  Recharge areas of aquifers No The proposed alignment mostly traverses the

agricultural lands in the lowlands.

10 Water bodies characterized by one or any No The proposed alignment will traverse water
combination of the following conditions: bodies (rivers, creeks) that are not tapped as
tapped for domestic purposes, within the a source of domestic water or within
controlled and/or protected areas declared by Protected Areas.
appropriate authorities, which support wildlife
and fishery activities

11 Mangrove areas characterized by one or any No The proposed alignment is inland and far
combination of the following conditions: with from the sea.
primary pristine and dense young growth;
adjoining mouth or major river systems; near
or adjacent to traditional productive fry or
fishing grounds; areas which act as natural
buffers against shore erosion, strong winds and
storm floods; areas on which people are
dependent for their livelihood.

12  Coral reefs characterized by one or any No The proposed alignment is inland and far
combination of the following conditions: with from the sea.

50% and above live coralline cover; spawning
and nursery grounds for fish; act as natural
A A 80|Page
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o

breakwater of coastlines

3.1.1.3.3 Land tenure issues

The proposed CMH alignment will not traverse the protected areas (Table 3-4 and Figure 3-7). The nearest is
the Mt. Kitanglad Range in Baungon, Sumilao, Malaybalay, and Talakag, which is about seven kilometers to
the alignment.

Table 3-4. Protected areas in the vicinity of the proposed CMH alignment

I ) Y3 e S

Mahoganao Cagayan de Oro, Mis. Oriental 11. 67 Watershed forest
reserve

Mt Kitanglad Baungon, Sumilao, Malaybalay, 271.01 7.07 National Park

Range Talakag, Bukidnon

Manupali Valencia, Talakag, Lantapan, 376.58 14.78 Watershed forest
Bukidnon reserve

Proposed Protected Areas

Mt. Lumot Gingoog City and Claveria, 6,000 ~27.77 Watershed forest
Misamis Oriental reserve

Mt Tago Manolo Fortich and Impasug-ong, 21409 13.36 Natural Park
Bukidnon

Mt. Tangkulan Quezon, San Fernando and 23,803 34.31 Watershed forest
Valencia, Bukidnon reserve

Mt. Pantaron Cabanglasan, Malaybalay and San 17,056 26.42 Watershed forest
Fernando, Bukidnon reserve

Mt. Palaopao Hill Manolo Fortich and Sumilao, 1,482 ~2.23 Watershed forest

Cave Bukidnon reserve

Mt. Kimangkil Malitbog and Manolo Fortich 13,341 ~36.32 Watershed forest

Range reserve

Source: PENRO Bukidnon, *Distance to the project

Two Key Biodiversity Areas (KBAs) (Table 3-5 and Figure 3-8), which are also defined as the Important Bird
and Biodiversity Areas (IBAs) at same area, named as the Mount Tago Range and the Mount Kitanglad, are
found near the project area. For the sake of simplicity, this report uses the term KBA when referring to an IBA
cum KBA area. The nearest KBA is the Mt. Tago KBA with 950m distance from the Project (green cells in Table
3-5). Although declared as an IBA in 2001" and KBA, Mt. Tago Mountain Range is not a declared Critical
Habitat under RA 7586; however, it listed as a biodiversity conservation priority area (CPA) by the Philippine
Biodiversity Conservation Prioritization Process (PBCPP) in 2002, a second iteration of the National
Biodiversity Strategy and Action Plan (NBSAP).

Table 3-5. KBA in the vicinity of the proposed CMH alighment

I S Y 7

Mt. Tago Range KBA  Manolo, Impasug-ong, Malaybalay 83,416
Claveria, Gingoog, Misamis Oriental

b [ luigain = AT, Malatbalay, Malitbog, Impasug-ong, Cabanglasan, Bukidnon

Kinabalian Complex o5 ey, A 6o N6 80,000 25.76
Esperanza, San Luis, La Paz, Loreto, Veruela, Agusan del sur
Mt. Kitanglad KBA Manolo Fortich, Sumilao, Malaybalay, Baungon, Lantapan, 31,015 8.14

! http://datazone.birdlife.org/site/factsheet/mount-tago-range-iba-philippines
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Talakag, Bukidnon
NOTES: KBA - Key Biodiversity Area; IBA - Important Bird and Blodinersity Area
Source: PENRO Bukidnon *to the project in kilometers

The list and location of approved, proposed, and converted CADT and CALT area are shown in Table 3-7 and
Figure 3-9. The proposed CMH alignment is not traversing the approved CADTs or CADC. but will traverse the
AD Applied area (Figure 3-8).

The target barangays of the Indigenous Peoples Plan are Barangay Ticala in the Municipality of Manolo
Fortich and the Barangays of Puntian, Vista Villa, San Roque, Kulasi, Poblacion, and Kisolon, all in the
Municipality of Sumilao as shown in Table 3-6.

On September 18, 2023, the NCIP Region X issued the Certification Precondition (CP) stating that after the
conduct of FPIC in accordance with NCIP Administrative Order No. 3, Series of 2012 and CEB Resolution No.
08-083-2021, it is found that the DPWH and JICA have complied with the procedural and documentary
requirements of NCIP. The CP was issued after the finalization of Resolution of Consent. Said document is
synonymous to the Memorandum of Agreement (MOA) being required by NCIP before they release the CP.

The implementation of FPIC is designated at the barangay level and is not applicable to individual IPs or
families. These designated target barangays are not recorded in the Certificate of Non-Overlap (CNO) but
have been assigned within the Working Order (WO), except for Barangay Kisolon. Following a subsequent
confirmation, Kisolon has been acknowledged as one of the impacted barangays within the Ancestral Domain
(AD). Consequently, it is treated as an additional affected barangay, distinct from the six barangays initially
listed in the WO.

Table 3-6. Jurisdictions of the Project Alignment and Units within the AD

. City/ Number of
Province Municipality Barangay IP PAFs CNO

Misamis Oriental | Cagayan de Oro City | Casinglot N/A Issued
Natumolan N/A Issued
Bugo N/A Issued
Tagoloan Balubal N/A Issued
Puerto N/A Issued
Bukidnon Manolo Fortich Mambatangan N/A Issued
Alae N/A Issued
San Miguel N/A Issued
Damilag N/A Issued
Diclum N/A Issued
Tankulan (Poblacion) N/A Issued
Sankanan N/A Issued
Ticala (AD Area*) 6 PAFs N/A Issued Issued
Sumilao Puntian (AD Area) N/A N/A Issued Issued
Vista Villa (AD Area) N/A N/A Issued Issued
San Roque (AD Area) N/A N/A Issued Issued
Kulasi (AD Area) N/A N/A Issued Issued
Poblacion (AD Area) N/A N/A Issued Issued
Kisolon (AD Area) 7 PAFs N/A K K
Impasug-ong Poblacion N/A Issued
La Fortuna N/A Issued
Capitan Bayong N/A Issued
Cawayan N/A Issued
Impalutao N/A Issued
(B Aam 82 |Page
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. City/ Number of
Province Munici\;ality Barangay 1P PAEs CNO
Malaybalay Dalwangan N/A Issued Issued***  N/A
Patpat (Lapu-Lapu) N/A Issued
Kalasungay N/A Issued

* Names of Seven Barangays in Bold with "AD Area" are located within MPUMUKAD.

**Kisolon is not recorded in the WO, however, it was confirmed by NCIP as the target of FPIC-P (within

MPUMUKAD)

*** Dalawangan is falling into another AD with CADT which does not overlap with the project. Therefore, another
separated CNO for the project was issued for Dalawangan, 18th September 2023.

Table 3-7. CADT/CALT areas in the vicinity of the proposed CMH alignment

[Name ___________Jlocaton ________________[Area(ha) [ Distance* | _Tribe

Baleteon AD

Kibuwa AD
Tagoloan AD
Kalasungay AD

Dalwangan AD

Dinlayan AL

Kitanglad Alituhon Inalad
Man-egay ancestral

Domain Claimant
(KADIMADC) AD

Ayoc AD
Bukidnon-Higaonon Tribal
Association (BUHITA) AD

Abunda-Berial AL
Kalanawan AD

Hagpa AD

Libhigad AD

Santiago AD

Linsahay-Edubos AL

Guilang-guilang AD

(25
¥ asxA Inc,

Approved CADT/CALT
Portion of Sitio Baleteon, Brgy.
Dalwangan, Malaybalay
Sitio Kibuwa, Impalutao, Impasug-ong
Sumpong, Can-ayan, Malaybalay
Portion of Brgy. Kalasungay, Malaybalay
Portion of Patpat, Malaybalay
Portion of Sumpong, Malaybalay
Sitios Inhandig, Green Valley and
Damitan, Dalwangan, Malaybalay
Portion of Can-ayan, Malaybalay
Portion of San Juan, Sumilao
Portion of Sumpong, Malaybalay
Portion of La Fortuna, Lupiagan, Kisolon,
Sumilao, Portion of Poblacion, Sitio
Intavas (Including Kibenton), Impasug-
ong
Guinawahan, Bontongan, Impasug-Ong
Upper Pulangi, Malaybalay

Siloo, Malitbog
Brgy. Hindangon & Balason, Gingoog
Portion of Brgy. San Luis, Malitbog
Portion of Guilang-Guilang, Manolo
Fortich
Brgy. Hagpa, Impasug-ong
Portion of Brgy. Kalabugao, Impasug-
ong

Proposed CADT/CALT
Brgy. Gango, Libona
Sitio Bugsok and Piglintian of Poblacion,
Libona
Santiago, Manolo Fortich

Sitio Lapinigan & Kalakala, Kiliog, Libona

CADC to CADT Conversion
Guilang-guilang, Manolo Fortich

467.01

2,954.54
991.71
4,556

4,205.57

258.11
3,251

1,653.28
36,626

102.8
20,170

258.11

4,367.18

351.52

351.52

19,325

1.04

1.76
1.86
2.39

3.62

3.67
4.14

6.39
8.51

17.2
20.4

35.53

6.82

11.95

12.21

0.6

Bukidnon
Higao-non
Higao-non
Bukidnon

Higao-non

Higao-non
Higao-non

Bukidnon
Bukidnon-
Higaonon

Higao-non
Higao-non

Higao-non

Higao-non

Bukidnon

Bukidnon

Bukidnon
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Note: Table3-7 shows the recent ADs from NCIP in 2021 while the available figure from NCIP in 2016 swon in Figure
3-9 does not reflect all ADs listed. No available latest GIS/maps.
Source: NCIP Region X, (2021) * distance to the project in kilometers

Table 3-8 shows the DENR land tenures within the vicinity of the Project. The Project alignment may traverse
a FLGLA land tenure managed by the Green Acres Agricultural Farm located in Alae, Manolo Fortich which is
currently under the provisional agreement with DENR.

Forest Land Grazing Management Agreement (FLGMA) and Forest Land Grazing Lease Agreement
(FLGLA) is a production sharing agreement between a qualified person, association and/or
corporation and the government to develop, manage and utilize grazing lands’.

Community Based Forest Management Agreement is a production sharing agreement between the
Department of Environment Natural Resources and the participating people’s organization (POs) for
a period of 25 years renewable for another 25 years and shall provide tenurial security and incentives
to develop, utilize and manage specific portions of forest lands™".

Protected Area Community-Based Resource Management Agreement (PCBRMA) is an agreement
entered into by and between the DENR and organized tenured migrant communities or interested
indigenous people in protected areas and buffer zones®.

Tree Farm Lease Agreement (TFLA) is an agreement between DENR and an organization of which a
communal organization may harvest, process, and sell forest products from the area in accordance

with a management plan previously submitted to the DENR.

Table 3-8. DENR land tenures in the vicinity of the proposed CMH alignment

Holder's Name

Julian Ong Can-ayan, Malaybalay 2. 95 FLGLA

Mezi Damilag, Manolo Fortich 251 4.49 TFLA

Green Acres Agricultural Farm Alae, Manolo Fortich 255 0 FLGLA

Lunocan Agricultural Development Darilig, Manolo Fortich 645 2.45 FLGLA

Corp.

Romulo T. De Leon La Fortuna, Impasug-ong 115 4.58 FLGMA

Cosmes Sulogan Capitan Anghel, Malaybalay 126 4.01 FLGLA

Mantibugao Small Scale Tree Bugo and Puerto, CDO and 90.76 0.34 CBFMA

Planters Association, Inc. Mambatangan, Manolo Fortich

Pulog Hill ISF PKS Farmers Lunocan and San Miguel, Manolo 256.91 1.51 CBFMA

Association Fortich

Diamond Hill Farmers Assn. Darilig, Manolo Fortich and Vista 153.56 1.56 CBFMA
Villa, Sumilao

Sitio Palaopao ISF Farmers Palaopao, Maluko, Manolo Fortich 319.24 1.20 CBFMA

Association

Capitan Bayong ISF Farmers Asso Capitan Bayong, 140 1.97 CBFMA

Cultural Communities Religious Habiugan, Dumalaguing, Impasug- 2000 6.20 CBFMA

Farmers Assn. Agro Ind. Coop ong, Bukidnon

Dumalaguing Highland Farmers Coop Dumalaguing, Kalabugao, Impasug- 2800 6.60 CBFMA
ong

Gaboc ISF Farmers Assn Gaboc, Lingion, Manolo 210 442 CBFMA

2> DENR Administrative Order No. 99-36
* DENR Administrative Order No. 96-29
* DENR Administrative Order NO. 04-32

D
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Holder’s Name

Sagpang Upland Farmers Asso., Inc. Maluko, Manolo Fortich 390.6 7.59 CBFMA
llignan Forest Dev't. Producers Guiehan, Manolo Fortich 2626 9.39 CBFMA
Cooperative, Inc.

Kibenton Forest Occupants Asso. Kibenton, Impasug-ong 594.96 5.65 CBFMA
Kibenton United Farmers Association 897.3 0.89 CBFMA
Zigzag Upland Dwellers Association Maluko, Manolo Fortich 58 6.08 CBFMA

NOTE: CBFMA - Community Based Forest Management Agreement, FLGMA — Forest Land Grazing Management Agreement,
FLGLA — Forest Land Grazing Lease Agreement; *to the project in kilometers
Source: CENRO
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Figure 3-7. Location of the proposed CMH alignhment in relation to protected areas
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Figure 3-8. Location of the proposed CMH alignment in relation to KBA
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Figure 3-9. Map of ancestral domains showing the proposed CMH alignment
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Note: Table3-7 shows the recent ADs from NCIP in 2021 while the available figure from NCIP in 2016 swon in Figure 3-9 does not reflect all ADs listed. No available latest GIS/maps.
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Figure 3-10. Indicative Map of the Higaonon- Taalaandig ICC Ancestral Domain Applied Area

INDICATIVE MAP OF THE HIGAONON-TALAANDIG ICC ANCESTRAL DOMAIN
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Figure 3-11. Location of the proposed CMH alignment in relation to DENR tenurial instruments
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Figure 3-12. Encroachment of the CMH alignment in the DENR Land Tenure (FLGLA)

CMH

Alignment
[

Manoio Fortich TR

{ o
=

9

Note: Detail location map shows the Green Acres Agricultural Farm mentioned in Table 3-8.
Source: Based on data of City Environment and Natural Resources Office (CENRO) Office DENR Manolo Fortich Bukidnon
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3.1.1.34 Impairment of visual aesthetics

Visual quality is a measure of the attractiveness of a place that includes the landscape, the architectural
features, and historic sites. These are evaluated by three criteria of unity, variety, and vividness (Litton et al.,
1974) and provide a basis for determining the visual quality of an object or a combination of objects.

Visual sensitivity describes the ability of a natural or man-made landscape to absorb visual change and is a
measure of how readily an area’s appearance is affected by the introduction of something new. Areas of low
visual sensitivity can easily absorb change, i.e., much alteration would be required to affect overall
appearance. Conversely, areas of high visual sensitivity are markedly susceptible to changes in their visual
aspects. Visual sensitivity was determined by mapping land use, homogeneity, and topography.

The evaluation of visual quality pertains to the degree and nature of contrast between the proposed Project
and its surroundings. The existing visual quality at the Project area is compared to the expected appearance
of the site to determine whether the visual character of the area would be degraded. Factors such as changes
in the appearance of the Project site from structure configuration, massing, setbacks, landscape buffers and
other features are taken into account. The evaluation further considers whether the Project would enhance
aesthetic conditions through the creation of new resources and whether the Project includes design features
that would offset or mitigate specific impacts.

The Project will be an additional view of development, whether or not visual aesthetics of the area is
impaired is subjective to the viewer. Major new visible objects brought about by the Project are the road and
its appurtenances, e.g., guardrails, curbs, toll booths, etc., interchanges, under- and overpasses, bridges,
RROW fence, and vegetated buffer zones. However, Project objects which will be likely seen by the populace
are those located near residential areas. Most of the road and its components will be visible only to motorists
using it.

Impairment of visual aesthetics is seen an insignificant in the long term because people will get use to visible
Project structures in addition to vegetated buffer zones and other landscaping within the RROW.

3.1.1.35 Devaluation of land value because of improper SWM and other related impacts

The six LGUs traversed by the proposed CMH alignment have solid waste management (SWM) systems
required by RA 9003. Important components of the SWM system in the LGUs are the presence of Material
Recovery Facilities (MRF), collection, and final disposal. A description of the SWM in the host LGUs is briefly
described below.

1. Cagayan de Oro City - The 25-hectare City Sanitary Landfill opened in 2017 in Barangay Pagalungan
about 12 kilometers from the city proper was the first in the city.

2. Tagoloan - The municipality temporarily established a Residual Containment Area (RCA) while in the
process finalizing its sanitary landfill. The LGU has also an eco-SWM park in Barangay Santa Ana
where municipal solid waste is sorted and processed.

3. Manolo Fortich - The municipal government is currently operating a five-hectare Controlled Dump
Facility (CDF) at Barangay Alae. About 60 percent of the barangays have MRF. Major industries are
required to manage their own waste because the conversion of municipal CDF to a Sanitary Landfill
will only accommodate household waste.

4. Sumilao - Solid waste management in the urban barangays is handled by the Ecological Solid Waste
Management Coordinator. Households and commercial establishments practice segregation of SW
at source and hauled and temporarily disposed in a one-hectare dump site in Barangay San Vicente.
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5. Impasug-ong — The municipality has a controlled dump site located in Barangay Capitan Bayong
with an area of two hectares.

6. Malaybalay City - The City government uses a controlled disposal facility in Barangay Can-ayan for
the final disposal of the collected waste. Biodegradables wastes is processed as organic fertilizer
through Bioreactor and vermi composting. Non-biodegradable wastes are disposed in the City MRF
for segregation and sorting with residual wastes are finally disposed in the final disposal area.

Solid wastes generation during construction and operation is expected. The initial estimate of municipal solid
waste generation based on the maximum number of personnel during construction and the average
generation rate of 0.4 kg/cap/day’ is 19.2 MT/day. These non-hazardous wastes generally consist of paper,
metals, glass, plastics, and food wastes.

Devaluation of land due to improper SW management however is unlikely because of the existing solid waste
collection system of the host municipalities and the waste management plans that will be implemented
during the construction and operation phases by the DPWH, construction contractor, and toll operator.

3.1.1.4 Mitigating measures

The recommended measures to minimize or address incompatibility with existing land uses, compatibility
with classification as an Environmentally Critical Area (ECA), land tenure issues, devaluation of land value
because of improper SWM and other related impacts are enumerated below. Impairment of visual aesthetics
is not expected to have a significant impact.

Pre-construction
a) Reclassification of Project RROW to the appropriate land use category of the host LGU;
b) Conduct parcellary survey and proper compensation of affected property owners;
c) Consider the presence of ECAs in the detailed engineering design (DED); and
d) Formulate a Construction Waste Management Plan (CWMP) and Operation Waste Management
Plan (CWMP).
e) Formulation of Buffer Zone Plan (BZP) during construction and operations.

Construction

a) Proper implementation of Construction Waste Management Plan (CWMP) and Operation Waste
Management Plan (CWMP).

b) Construction activities that necessitate utilizing portion of the road/street should be undertaken
upon permission by the LGU Traffic management team and outside of traffic rush hours.
Construction activities should not be a hindrance to the operations in neighboring area.

c) Proper implementation of buffer zone area.

d) Maintain the construction site/ yards tidy and clean and rehabilitate after construction.

e) Temporary stockpiles of excavated materials from foundation works must be properly covered and
regularly hauled to DENR approved disposal sites.

f) Litter and other types of domestic garbage from construction sites and camps must be properly
kept in trash bins and regularly disposed through LGU garbage collectors.

Operation
a) Regular maintenance of highway to reduce visual impact due to expected wear and tear.
b) Implementation of best housekeeping practices.

> National Solid Waste Management Status Report (2008-2018), EMB-DENR
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3.1.2 Geology/Geomorphology
3.1.2.1 Scope

This module described the existing geological conditions traversed by the alignment with focus on a) general
geological and geomorphologic setting, b) regional seismicity, geology and structural setting, c) site geological
setting, and d) possible geologic hazards that may affect the Project or may be induced by the development.

The key impacts assessed were changes in surface landform and sub-surface geology and inducement of geo-
hazards, e.g., subsidence, liquefaction, landslides, mud or debris flow.

3.1.2.2 Methodology

The existing geological and geomorphological conditions traversed by the CMH alignment was described
using primary (geological profiling and factual field geological mapping) and available secondary data, maps,
and literature. The impact assessment was qualitative and guided by the MGB Memorandum Circular No.
2000-33 and DENR A.O. No. 2000-28. The existing conditions were integrated in the assessment of the key
impacts previously mentioned. The geological conditions at the observation points, field logs summary of the
road alignment, and road alignment profiles are attached in Appendices 3 to 5.

3.1.2.3 Assessment of key impacts
3.1.2.3.1 Change in surface landform and geomorphology

The composite topographic and slope maps showing the proposed alignment and existing Sayre Highway are
shown in Figure 3-13 and Figure 3-14, respectively. Photographs of the geological observation points are in
Appendix 3. The general morphology and slopes along the CMH alignment from Cagayan de Oro to
Malaybalay are defined by the following:

a) Cagayan de Oro to Tagoloan - Generally characterized by broadly undulating to flattish on top of
rolling terrain with intermittent steep river valleys. Elevation varies from low (<20m) to £150m before the
break-of-slope towards the south. Slope gradient varies from 10° to 30°.

b) Manolo Fortich - Elevation ranges from 320 to 650m. Slope gradient mostly from 10° to 30° with
steep slopes of 50° to 70° across the existing river channels. Morphology is broadly undulating to flattish with
ravines and steep riverbanks.

c) Sumilao - Elevation ranges from 550 to 850m. Slope gradient mostly from 10° to 30° with numerous
creek channels having 30° slopes and steep slopes of 50° to 70° across the existing major river channels.
Morphology is undulating to rolling with ravines and steep riverbanks.

d) Impasug-ong - Elevation ranges from 580 to 700m. Slope gradient mostly from 10° to 30° with
numerous creek channels having 30° slopes. Terrain with steep slopes of 50° to 70° are found across the
existing major river channels. Morphology is undulating to rolling with ravines and steep riverbanks.

e) Malaybalay - Elevation ranged from 750 to 950m. Slope gradient mostly from 10° to 30° with
numerous creek channels having 30° slopes. Terrain with steep slopes of 50° to 70° are found across the
existing major river channels. Morphology is broadly undulating to rolling with ravines and steep riverbanks.

The proposed CMH alignment will traverse areas underlain by the Cagayan Gravel in the northeast and the
Bukidnon Formation consisting of moderate to thick beds of the tuffaceous sandstone/conglomerate/shale
with localized andesitic volcaniclastics towards the south to Malaybalay.

The Project traversing Cagayan de Oro, Tagoloan, Manolo Fortich, Sumilao, Impasug-on and Malaybalay is
expected to induce significant changes in the surface landform, topography, and slope. The road
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development involves rock excavations that will expose poorly consolidated gravel/sandstone/shale at the
northeastern section and the dominantly poorly indurated pebbly to conglomeratic tuffaceous sandstone of
the Bukidnon formation towards the south. Voluminous materials during the construction will be disturbed
and loose materials stockpiled.

Inclement weather conditions will induce downslope movement of rocks and regolith particularly on exposed
and barren surfaces along the stretch of the proposed road alignment. Excavated areas with steep rock walls
will be prone to mass-wasting processes such as rockfall, rockslide, erosion, slope failure and localized
landslides. In addition, unconsolidated sediments will be prone to rill erosion by concentrated but
intermittent flow of water usually during and immediately following moderate to heavy rains. Concomitant to
this will be the sedimentation of the adjacent water channels that may induce flooding at the lower ground.
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Figure 3-13. Composite topographic map showing proposed road alignment and existing highway with observation points
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Figure 3-14. Slope map of the Project alignment
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3.1.2.3.2 Change in sub-surface geology and underground conditions

Regional geological setting

Tectonic setting - The Philippine Islands are within a complex and rapidly deforming area between the two
opposing subduction zones: the Philippine Trench subduction zone on the east and the Manila Trench to the
west (Figure 3-15)°. The 1,200-km-long Philippine fault zone (PFZ) is a major tectonic feature that transects
the whole Philippine archipelago from northwestern Luzon to southeastern Mindanao” It is divided into
several segments and has been the source of large-magnitude earthquakes in recent years®. The Philippine
Fault runs on a NW-SE direction offshore on the western half of Ragay Gulf.

In the southern Philippines, the Island of Mindanao is defined by the Philippine Trench to the east, the
Cotabato Trench to the southwest, and the Sulu-Negros Trench-arc system to the northwest.

Stratigraphy - The general stratigraphy and regional geological map covering the proposed RROW from
Cagayan De Oro to Malaybalay is shown in Figure 3-16 and Figure 3-17 respectively. Five (5) rock formations
characterized the stretch of the proposed RROW: The Pleistocene Cagayan Terrace Gravel, Late Pliocene to
Pleistocene Bukidnon Formation, Early Pliocene Indahag Formation, the Cretaceous Awang Ultramafic
Complex, and the pre-Cretaceous Tago Schist, in the order of increasing age. The description of the rock
formations is summarized in Table 3-9.

6 Wong, et.al., Evaluating the Seismic Hazards in Metro Manila, 2006

’ H. Tsutsumi, et.al, Timing of Surface-Rupturing Earthquakes on the Philippine Fault Zone in Central Luzon Island,
Philippines

® PHIVOLCS, Large-scale digital mapping of the Philippine fault zone based on aerial photograph interpretation, July
2000
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Figure 3-15. Regional tectonic setting in the southern portion of the Philippines
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Figure 3-16. Generalized stratigraphy of Misamis Oriental-Bukidnon-Lanao
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Figure 3-17. Regional geologic map showing the proposed Project
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Table 3-9. Description of rock formations at the proposed alignment

Tago Schist (Cretaceous)’ The oldest rock in the region which is composed of the garnetiferous quartz-
sericite-epidote-amphibolite, greenschists, phyllite and slate. The rocks are
distributed in Mt. Tago, Mangima Canyon, Sayre Highway between Manolo
Fortich and Damay, Alae-Damilag area and vicinity of Mt Tagiptip in Bukidnon.
Barangays Cugman, Balubal and Pigsag-an, Umalag Creek, Cagayan and
Bobonawan Rivers in Misamis Oriental. The largest exposure in Bukidnon
underlies the western slope of Mt. Tago, bounded by Amusig and Tagaloan
Rivers on the northwest and southwest, respectively. In Misamis Oriental, the
schist is extensively exposed along an east-west trending belt from Malasag in
Brgy. Cugman to the upper reaches of Agusan River in Brgy. Balubal, Cagayan de
Oro City.

Other large exposures are to be found within the vicinity of Brgy. Pigsag-an,
Cagayan de Oro City and the upper reaches of Cugman River. Smaller isolated
bodies occur as erosional windows along Umalag Creek and Cagayan and
Bobonawan rivers in Misamis Oriental and along Sayre Highway between
Manolo Fortich and Damay, Mangima Canyon, and the western portion of Alae-
Damilag area in the vicinity of Mt. Tagiptip in the province of Bukidnon. Most of
the schists, which are intensely folded, are in fault contact with ultramafic rocks.
The garnetiferous quartz-sericite schist is fine-to medium-grained and contains
sericite, quartz, plagioclase and garnet. The epidote-amphibolite schist is closely
associated with the garnetiferous quartz-sericite schist.
Awang Ultramafic Complex — consists of serpentinite, dunite, peridotite which is in fault contact with the
(Cretaceous)w Magina Schist and unconformably underlies the Himalyan Formation. This
complex occurs as three (3) large bodies in the Caballero Range within the
vicinity of Lourdes, southeast of Opol and between Bigaan and Agusan rivers.
Serpentinites make up the largest portion of the Cretaceous ultramafic rocks. In
the vicinity of Cagayan de Oro City, the rocks are lenticular bodies within a
northeast trending fault zone. The serpentinite is usually highly sheared, locally
schistose and contorted. It varies from dark to bluish green; when mylonitized,
it is grayish, reddish or light greenish. It consists mainly of serpentine and
chlorite with minor amounts of actinolite and talc. Along Iponan River, an
elongated body of serpentinized peridotite is medium to coarse-grained, olive
green to gray when fresh and reddish brown when weathered. It exhibits a
shiny luster and has a soapy feel. Protoliths of the serpentinite are mainly
harzburgite and dunite with minor pyroxenite. Fine- to medium-grained dunite
usually occurs as small lenses interlayered in places with chromite. It is dense
and dark when fresh and yellowish brown or dirty white when weathered.
Indahag Limestone — consists of massive to well-bedded, dull white to brown and red, and coralline
(Pliocene)11 limestone with interbeds of conglomerate, tuffaceous sandstone and shale. The
rocks are distributed in Indahag, Cagayan de Oro City; Lumbia; Opol; Lugait near
lligan City; Cagayan River, Brgy. Alae, Cagayan de Oro. Exposures can also be
found along the seashore from Opol westward to Lugait near lligan City; along
Cagayan River and southeast of Barangay Alae, Cagayan de Oro City. Minor
interbeds of clastic rocks include conglomerate, tuffaceous sandstone and
shale. Three distinct horizons are recognizable along the banks of Cagayan
River, where the outcrops are thickest. Pacis (1966) noted that the lowest
horizon of the section along Cagayan River is largely coralline limestone with

° Geology of the Philippines, 2nd Ed. 2010, pp 398-399
1% Geology of the Philippines, 2nd Ed. 2010, pp. 399-400
" Ibid, p. 403
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calcisiltites, calcarenites and calcirudites. The middle section consists of
limestone rubble and coral fingers. Intercalated layers of coralline limestone,
calcarenite and limy tuff comprise the upper horizon. Projected thickness of the
Indahag limestone ranges from 250 to 300m.

Bukidnon Formation — consists of agglomerate, tuffaceous pebbly sandstone and conglomerate.

(Pleistocene) Exposures are well observed in the area east of Cagayan River. The
conglomerate is poorly sorted with pebble- to boulder-sized clasts of volcanic
rocks, schists and serpentinite. The thickness of this formation is estimated at

800 m
Cagayan Gravel (Pleistocene  — consists of intercalated gravel deposits, with interbeds of tuffaceous
— Holocene) sandstone and shale largely distributed in found along the National Road in

Cagayan de Oro City to Indahag road; from Bugo to Alae; and on the west bank
of Cagayan River just before the airport. The slightly consolidated and poorly
sorted gravel is composed of rounded to sub-rounded pebble- to boulder-sized
igneous and metamorphic rocks. The shales and tuffaceous sandstones are
slightly compacted. Thickness is estimated at 100 m.

Structures - Two main fault systems (Philippine Fault and Mindanao Fault) and hundreds of fault splays and
lineaments transect the region. The Diwata Range lies within the southern part of the Philippine between two
major tectonic structures that influence the geologic evolution of the Philippine Archipelago: the NNW-SSE
trending Philippine Fault Zone demarcating the western flank of the eastern Mindanao ridge and the
Philippine trench located about 75 km east offshore of the Mindanao coastline (Figure 3-18).

Bukidnon is part of the seismically active region of Northern Mindanao (Region X) because of the presence of
several active faults in the area which include the Central Mindanao Fault, Linugos River Fault, Cabanglasan
Fault, Tagoloan River Fault, Lanao Fault System and segments of the Mindanao Fault.

Site geological setting

The geology of the individual host LGUs are presented in the succeeding paragraphs. The reader is referred to
Appendix 3 and Appendix 4 for the factual geological mapping and field logs of the sections traversed by the
proposed Project.

Cagayan de Oro - The northeast area of the city traversed by the proposed Project was basically underlain by
the Cagayan Gravel (CTG) consisting of gravel deposits with interbeds of tuffaceous sandstone and shale.
Good exposures can be observed along the northern end of the Alae Bypass Road. Towards the south, the
observable rock types consisted of agglomerate, tuffaceous pebbly sandstone and poorly sorted polymictic
conglomerate of the Bukidnon Formation (BF). Exposures were well observed along the Alae Bypass Road and
along the Sayre Highway.

Manolo Fortich - Most of the rocks observed along the Sayre Highway including the southern section of the
Alae Bypass Road and the proposed alignment were the rocks of the BF consisting of moderately to thickly
bedded pebbly to conglomeratic tuffaceous sandstone, conglomerate, and shale beds. Localized fragments of
the Indahag Limestone (IL) were also noted along the Sayre Highway.

Sumilao — Three rock formations underlie the municipality: the Bukidnon Formation, Indahag Limestone, and
the Tago Schist. The general area of Sumilao is underlain mostly by the pebbly to conglomeratic sandstone
with shale interbeds, agglomerate, and volcaniclastics of the BF including the sections that could be traversed
by the proposed alignment. Most of the rocks observed along the Sayre Highway belonged to the Tago Schist
(TS) with intermittent occurrences of the tuffaceous sandstone/conglomerate and the Indahag Limestone.
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Impasug-ong - The area that could be traversed by the proposed alignment was basically underlain by the
rocks of the BF consisting variably of andesitic volcaniclastics, moderately to thickly bedded tuffaceous
sandstone, conglomerate and shale. The Sayre Highway was generally underlain by the tectonized harzburgite
with pyroxenite and dunite of the Ultramafic Complex (UC).

Malaybalay - The general area traversed by the Sayre Highway, the Diversion Road and the proposed
alignment in Malaybalay was basically underlain by the BF consisting of bedded pebbly to conglomeratic
sandstone/shale, poorly sorted conglomerate, and andesitic volcaniclastics. Most of the underlying rocks
along the Diversion Road were moderately to heavily weathered leaving behind reddish brown to brown 2- to
3-meter-thick soil materials.

Geological structures

The beds of the sandstone and shale, for both the terrace gravel and the volcaniclastic rocks of the Bukidnon
Formation area generally low dipping (5° to 15°) with variable strike directions to the NE for the
gravel/sandstone/shale, and NW to NE for the tuffaceous sandstone/shale/conglomerate towards
Malaybalay. Beds of the Indahag Limestone have moderate dips (20° to 45°) mostly towards the SE. The
schistose rocks of the Tago Schist are moderately to highly jointed, mostly with crenulation folds, with
variable orientations and having moderate to steep schistosity. The Ultramafic rocks along the Old Sayre
Highway are generally tectonized/fragmented.

Road networks transecting the thick Bukidnon Formation, the Ultramafic Complex, and the Tago Schist are
prone to creep, landslides and rockfall.

The nearest active fault relative to the northern section of the Project site is the segment of the Tagoloan
River Fault which lies around 16km to the east. Other faults with their relative distances to the Project
alignment are shown in Figure 3-18 and Figure 3-19.

Table 3-10. Nearest active fault relative to the Project

Nearest Fault Relative Distance to the Project

Cabangalasan Fault 37kms to the Northeast
Central Mindanao Fault 52kms to the East

Lianga Fault 80kms to the East-Northeast
Lanao Fault System 70kms to the West

Mindanao Fault Western Mindanao Extension 77kms to the West

The proposed alignment will traverse areas underlain by the Cagayan Gravel in the northeast and the
Bukidnon Formation consisting of moderate to thick beds of the tuffaceous sandstone/conglomerate/ shale
with localized andesitic volcaniclastics towards the south to Malaybalay.

Based on this, Project implementation will not induce significant change in the underlying rock types except

during excavation where the sub-surface morphology will be locally altered. However, changes in the sub-
surface morphology and the underlying soil types will be insignificant.
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Figure 3-18. Distribution of active faults in Mindanao showing the Project
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3.1.2.3.3 Inducement of subsidence, liquefaction, landslides, mud/debris flow

The project development, which will cover 65.6 linear-kilometers stretching from Cagayan de Oro to Tagoloan
to Manolo Fortich to Sumilao to Impasug-on to Malaybalay, will definitely induce significant change in the
surface landform / topography / terrain or slope. Road development will involve rock excavations that will
expose poorly consolidated gravel/sandstone/shale at the northeastern section and the dominantly poorly
indurated pebbly to conglomeratic tuffaceous sandstone of the Bukidnon formation towards the south.
During construction, voluminous materials will be disturbed, and loose materials will be stockpiled.

Increment climatic conditions will induce downslope movement of rocks and regoliths particularly on exposed
and barren surfaces along the stretch of the road alignment project. Excavated areas with steep rock walls
will be prone to mass-wasting processes such as rockfall, rockslide, erosion, slope failure and localized
landslides. In addition, unconsolidated sediments will be prone to rill erosion by concentrated but
intermittent flow of water, usually during and immediately following moderate to heavy rains. Concomitant
to this will be the sedimentation of the adjacent water channels that may induce flooding at the lower
ground.

3.1.2.3.3.1 Ground acceleration

Ground acceleration is the actual trembling or jerking motion produced by an earthquake'?. The degree of
shaking is generally affected by the underlying materials; hence, shaking is more severe on areas underlain by
unconsolidated sediments than site underlain by bedrocks.

The Deterministic Method developed by Fukushima and Tanaka (1990) represented by the equation below
was used to assess the worst-case scenario of ground shaking.

Log10 A = 0.41M — log10 (R + 0.32 x 10 (0.41M)) — 0.0034R + 1.30

where A= mean peak acceleration (cm/sec2)
R = shortest distance between site and fault (km)
M = surface-wave magnitude

The method presumed that the highest magnitude earthquake (MCE) recorded along the segments of the
active fault has the possibility to recur and that the epicenter will be at the nearest distance of the fault from
the Project site. An MCE of Ms=7.5 was used for computing the worst peak ground acceleration (PGA).
Amplification factors used for the different ground conditions were for medium soil is 1x, and for hard soil or
bedrock is 0.6x. The attenuation relation used in the calculation has been applied to western Pacific Island
settingsB. The distance of the major seismogenic structure from the Project site was estimated using
available maps from PHIVOLCS and Google Earth.

The result of the calculations for rock and soil conditions is shown in Table 3-11. The calculated deterministic
PGA values for rock and soil conditions are high relative to the calculated values using the deterministic
method™.

Table 3-11. PGA and computed acceleration values for the Project Site

Earthquake Source Computed PGA (g) acceleration

|_mag | nearest fault | dist(km) | g | softsoil | rock | medsoil | hardsoil |

7.5 Tagoloan River Fault 16 0.395114  0.549208 0.237068  0.343749  0.422772
7.5 Cabangalasan Fault 37 0.241394  0.335538  0.144837 0.210013  0.258292

2 http://www.mona.uwi.edu/uds/GEOHAZARDS_2001/GEOHAZ2001-029.html
* Thenhaus et al., 1994
* Fukushima and Tanaka, 1990
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Earthquake Source Computed PGA (g) acceleration
mmnmmm

Central Mindanao Fault

0.248652  0.107332
0.179985  0.077691
0.152331  0.065754
0.116561  0.050314

0.155631
0.112652
0.095344
0.072955

0.191408

0.13855
0.117262
0.089727

Note: In relation to potential earthquakes from various sources at various distances; mag — magnitude, dist — distance in km,

g —acceleration

Using the Instrumentality Intensity Scale, the computed values originating from the Tagoloan River Fault
(Intensity VIII) and Cabanglasan Fault (Intensity VII) with magnitude 7.5 earthquake will have very strong to
severe perceive shaking with moderate to heavy potential damage at the site (Table 3-12).
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Table 3-12. Instrumental Intensity Scale

Instrumental Acceleration Velocity Perceived Potential Damage
Intensnty (g) (cm/sec) Shaking g

<0.0017
0.0017-0.014
0.0017-0.014
0.014-0.039
0.039-0.092
0.092-0.18
0.18-0.34
0.34-0.65
0.65-1.24
>1.24

<0.1
0.1-1.1
0.1-1.1
1.1-34
3.4-8.1
8.1-16
16-31
31-60
60-116
116

Not Felt None
Weak None
Weak None
Light None
Moderate Very Light
Strong Light
Very Strong Moderate
Severe Moderate to Heavy
Violent Heavy
Extreme Very Heavy

Source: USGS
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Figure 3-19. Map indicating earthquakes intensities in Mindanao
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Probabilistic zonation maps shown in Figure 3-20 to Figure 3-22 provide a guide for estimating the peak
ground acceleration (PGA) in the Philippines™. Using these maps, the estimated peak horizontal accelerations
at the vicinity of the Project would be around 0.4g for the rock and medium soil component and 0.6 for the
soft component. These estimated peak ground accelerations have a 10% chance of occurrence in 50 years.
These standards will then apply to the 1 in 500-year probability.

Figure 3-20. PGA values for rock components in Northern Mindanao
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Figure 3-21. PGA values for medium soil components in Northern Mindanao
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Figure 3-22. PGA values for soft soil components in Northern Mindanao
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3.1.2.3.3.2 Liquefaction

Liquefaction is a phenomenon where the strength and stiffness of soil is reduced by earthquake shaking or
other rapid loading"®. It occurs in saturated soils where the space between individual particles is completely
filled with water. Earthquake shaking can cause the water pressure to increase to the point where the soil
particles can readily move with respect to each other. When liquefaction occurs, the strength of the soil
decreases and the ability of a soil deposit to support foundations for buildings and bridges is reduced.
Liquefied soil also exerts higher pressure on retaining walls which can cause tilting or sliding. This movement
can cause settlement of the retained soil and destruction of structures on the ground surface.

The CMH alignment is generally underlain by the bedrocks of the Cagayan Terrace Gravel and the tuffaceous
sandstone/shale/conglomerate and andesitic volcaniclastics of the Bukidnon Formation which are not
susceptible to liquefaction hazard (Figure 3-23).

3.1.2.3.3.3 Subsidence hazard

Localized outcrop of the Indahag Limestone was observed at the southern section of Barangay Alae, Manolo
Fortich (Figure 3-17) which could be susceptible to subsidence hazard. The rest of the Road Alignment will
traverse areas mostly underlain by conglomerate and sandstone of the Bukidnon Formation.

3.1.2.3.3.4 Landslide

The earthquake-triggered landslide susceptibility map showing the CMH alignment is shown in Figure 3-28.
Based on this map, the northern section in Barangay Sugbongcogon, Tagoloan and the Alae Bypass Road has a
high susceptibility to landslide and a localized portion with moderate susceptibility. Those areas with existing
major deep river valleys from Cagayan de Oro southwards to Sumilao and the southern section of Impasug-
ong have relatively high susceptibility to landslide with the smaller secondary river tributaries exhibiting
moderate susceptibility. The major river channel approaching Malaybalay is susceptible to moderate landslide
hazard.

Factual geological mapping identified several landslide zones on areas characterized by steeply sloping barren
or less vegetated rock walls with exposed loosely consolidated gravel deposits (CG), the tuffaceous pebbly to
conglomeratic sandstone and the heavily weathered andesitic volcaniclastics (BF), the schistose rocks (TS),
and the limestone (IL).

Any road work involving deep excavations transecting the loosely consolidated gravel/sandstone/shale of the
Cagayan Terrace Gravel, conglomerate/tuffaceous sandstone/shale of the Bukidnon Formation, the Tago
Schist, and the Indahag Limestone will induce landslide, rock fall and associated mass-wasting hazard.

3.1.2.3.3.5 Creep

Soil creep is a slow and long-term process of mass wasting. The creep makes trees and shrubs curve to
maintain their perpendicularity and can trigger landslides if they lose their root footing. In the course of time,
the combination of small movements of soil or rock in different directions may contribute to mass downslope
failure. Creep was observed in Barangay Puerto, CDO at 8°26’33” N/124°47’41” E where ‘terracettes’ or ‘soil
ripples’ were observed along the slopes.

3.1.2.3.3.6 Flood hazard

Those areas transected by the proposed CMH alignment from the boundary of Impasug-ong to Malaybalay
are susceptible to moderate to high flooding hazard while areas from the southern boundary of Impasug-ong
to Malaybalay have high flood susceptibility (Figure 3-24)

' http://www.ahabreviewsandtips.com/2011/08/phivolcs-liquefaction-susceptibility.html
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Any loose and unprotected stockpiled materials during the road development will be affected by rill and gully
erosion that may cause siltation of the nearby streams. This will induce flooding not only at the Project
segments but also areas at the lower ground.

3.1.2.3.3.7 Erosion/Slope failure

Several sections of the proposed road in Figure 3-27 will traverse steep rivers banks that are highly prone to
erosion or slope failure hazards.

3.1.2.3.3.8 Ground rupture

Ground rupture may arise during large earthquakes with the ground surface being displaced along the fault'’.
Any structure built across the fault is at risk of being torn apart as the two sides of the fault slip past each
other.

In the event of strong earthquake along the Libona Fault, possible surface rupture may occur at the vicinity of
8°20°47”/124°51’22” and 8°21’12”/124°50°29.5". Similar scenario may occur at the western segment of the
Diclum Fault at 8°23'13”/124°49’14” (Figure 3-29).

7 https://www.google.com/search?g=what+is+ground+or+surface+rupture
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Figure 3-23. Liquefaction hazard map of Mindanao
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Figure 3-24. Flood hazard map of Project site
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Figure 3-25. Eatthquake hazard map of Project site
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Figure 3-26. Volcanic Hazard Susceptability map of Project site
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Figure 3-27. Rain Induced Landslide map of Project site
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Figure 3-28. Landslide and flood hazard map of Project site
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Figure 3-29. Ground rupture hazard map at the Project site
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3.1.2.4 Proposed mitigating measures

3.1.24.1 Change in surface landform, geomorphology, topography, terrain, and slope

Pre-construction - Project development will induce significant change in the surface landform, topography,
terrain or slope. Thus, it is necessary to conduct geological investigation, engineering geological and
geohazard assessment and factual geological mapping that will focus on the geology, geomorphology, and
geohazards at the CMH alignment in accordance with DAO 2000-28.

Construction — Road development will involve rock excavations that will expose poorly consolidated
gravel/sandstone/shale at the northeastern section and the dominantly poorly indurated pebbly to
conglomeratic tuffaceous sandstone of the Bukidnon formation towards the south. Construction activities will
disturb voluminous materials and loose materials will be stockpiled. Inclement weather conditions will induce
downslope movement of rocks and regolith particularly on exposed and barren surfaces along the stretch of
the CMH alignment. Excavated areas with steep rock walls will be prone to mass-wasting processes such as
rock fall, rockslide, erosion, slope failure and localized landslides. The following mitigation measures
enumerated below will minimize these impacts.

a) Application of retaining walls, appropriate erosion control and slope protection measures and other
engineered structures along steep walls;

b) Increase vegetation cover particularly at the vicinity of the break-of-slope;

¢) Surface drainage control works — construction of drainage canal at the break-of-slope (between the
gentle to moderate slopes).

d) Recontouring of the slopes, benching or lowering the slope gradient;

e) Appropriate drainage system including under drain constructions and anchored structures.

Operation - Regular monitoring on the condition of the slopes and slopes stabilization measures particularly
on landform changes. Recommend applicable solutions depending on the currently observed geological and
geomorphological conditions.

3.1.2.4.2 Change in sub-surface geology/underground conditions

Construction -The construction of the proposed road will not induce any change in the underlying rock types.
However, sub-surface morphology will be locally altered by any excavations. There must be a conduct of field
assessment to include occurrences of any mass-wasting (landslide, rockfall, mudflow, creep, etc.) especially
after heavy and prolonged rains and after earthquake occurrences.

Operation - Regular monitoring of areas identified as subsidence prone in the southern section of Brgy. Alae,
Manolo Fortich where localized outcrop of the Indahag Limestone was identified. Follow the
ecommendations of the geotechnical/civil engineer/geologist to address any identified adverse geological
and geomorphological conditions.

3.1.2.4.3 Inducement of subsidence, liquefaction, landslides, mud/debris flow, etc.

Pre-construction — The Project appeared to be susceptible to ground acceleration; landslide, rock fall, creep,
settlement; road slip, and flooding. It is essential to conduct factual geological mapping focusing on the
geology, geomorphology and geohazards and identification of sensitive areas that will be prone to any
possible settlement or subsidence.

Construction phase - The following measures are recommended to minimize the occurrences and effect of the
natural hazards previously presented.

a) Application of retaining walls and other engineered structures along steep walls;
b) Increase vegetation cover particularly at the vicinity of the break-of-slope;
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¢) Surface drainage control works — construction of drainage canal at the break-of-slope (between the
gentle to moderate slopes).

d) Contouring of the slopes re-contouring, benching or lowering the slope gradient;

e) Good drainage system including under drain constructions and anchored structures.

f) Implementation of the recommendations given by the geotechnical engineer and those stipulated
in the geological/geohazard assessment report particularly on area identified to be prone to various
geohazards.

Landslide:

- The northern section in Brgy. Sugbongcogon, Tagoloan, Alae Bypass Road.

- Those areas with existing major deep river valleys from Cagayan de Oro southwards to Sumilao and
the southern section of Impasug-ong.

- The major river channel approaching Malaybalay

- Areas characterized by steeply sloping barren or less vegetated rock walls with exposed loosely
consolidated gravel deposits (CG), the tuffaceous pebbly to conglomeratic sandstone and the
heavily weathered andesitic volcaniclastics (BF), the schistose rocks (TS), and the limestone (IL).

Creep:
Brgy. Puerto, CDO at 8°26'33”N /124°47'41”E where ‘terracettes’ or ‘soil ripples’ were observed

along the slopes.

Flood Hazard:
Areas transected by the proposed alignment from the boundary of Impasug-ong to Malaybalay, are
susceptible to moderate to high flood hazard, while areas from the southern boundary of Impasug-
ong to Malaybalay have high flood susceptibility.

Erosion / Slope Failure:
Sections of the proposed road will traverse steep rivers banks which are highly prone to erosion /
slope failure hazard.

Ground Rupture:
Along the Libona Fault, possible surface rupture may occur at the vicinity of 8°20'47”/124°51°22”
and 8°21’12”/124°50'29.5”.

Similar scenario may occur at the western segment of the Diclum Fault at 8°23'13”/124°49’14”
Operation —the following measures are recommended during the opening of the CMH road to traffic:

a) Regular monitoring of the slope conditions and slopes stabilization measures especially after
prolonging heavy rains and earthquakes.

b) Regular monitoring of areas with identified geological hazards, their current condition, and the
degree of the effects of hazards previously identified.
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3.1.3 Pedology
3.1.3.1 Scope

This module described the existing soil types and quality traversed by the alignment. The key impacts
assessed were soil erosion, loss of topsoil or overburden and change in soil quality or fertility that included
sediment quality in streams affected by the Project.

3.1.3.2 Methodology

Soil quality and fertility -Soil samples were collected at three stations: at the start of the alignment in
Cagayan de Oro City, middle segment in Sumilao, and at the end in Malaybalay City (Table 3-13 and Figure
3-30). Composite soil samples were collected at the surface and at a depth of one meter. The parameters
analyzed and their corresponding method are shown in Table 3-14.

Table 3-13. Location of the soil quality sampling points

m Latitude | Longitude

8.509855  124.791145 Bugo, CDO Located near an existing paved road
52 8.313177  124.965641  Kisolon, Sumilao Located near an existing road unpaved
road and agricultural area
S3 8.165251  125.113072  Kalasungay, Malaybalay Located near an existing road unpaved

road and agricultural area

Table 3-14. Laboratory methods of analysis for soil quality

Nitrogen Kjeldahl

‘3 Organic Matter Walkley - Black

Ll pH On-site instrument

; Phosphorus Titrimetric
Potassium Direct Air-Acetylene Flame
Molybdenum Direct Nitrous Oxide-Acetylene Flame
Zinc Direct Air-Acetylene Flame
Manganese Direct Air-Acetylene Flame
Iron Direct Air-Acetylene Flame
Nickel Direct Air-Acetylene Flame
Boron Titrimetric
Chlorine Titrimetric

Stream sediment - Grab samples of sediment were collected at the same stations for surface water quality
analyzed for five parameters following the laboratory analytic method in Table 3-15.

Table 3-15. Laboratory methods of analysis for riverbed sediment quality

Arsenic Manual Hydride Generation AAS
Cadmium, Chromium, Lead Direct Air-Acetylene Flame
Mercury Cold Vapor AAS
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Table 3-16. Description of the stream sediment sampling stations

WQ1l Tagoloan River 8.52971N
WQ2 Dicklum River 8.35425N
WQ3 Kumaykay Stream 8.34422N
WQ4  Puntian River 8.29619N
WQ5 Tagalongon River 8.29878N
WQ6 Mapolo River 8.31123N
WQ7 Ipoon River 8.21708N
WQ8 Komotal River 8.215275 N
WQ9 Sawaga River 8.17999 N
WQ10 Sawaga River 8.16246 N

() AMET

) ASTIA InC,

124.788609E

124.84182E

124.87815E

124.91088E

124.92311E

124.96838E

125.02844E

125.030295E

125.05012 E
125.11364 E

Natumolan, Tagoloan

Dicklum, Manolo Fortich

Ticala, Manolo Fortich
Villa Vista/Puntian,
Sumilao

Culasi/Vista Villa, Sumilao

Poblacion/ Kisolon,
Sumilao

Impalutao, Impasug-ong

Dalwangan, Malaybalay

Patpat, Malaybalay
Sumpong, Malaybalay

Major river with
quarrying activities
Located near
agricultural area
Located near
agricultural area used
for bathing

Used for washing
vehicles

Used for bathing and
washing

Used for bathing and
washing

Used for bathing and
washing

Used for bathing and
washing

Used for bathing
Used for bathing
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Figure 3-30. Map of the soil sampling stations
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Figure 3-31. Map of the stream sediment sampling stations
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3.1.3.3 Assessment of key impacts
3.1.3.3.1 Soil erosion, loss of topsoil or overburden

The proposed CMH alignment is will traverse lands with eight soil types (Table 3-17): San Manuel Loam,
Umingan Clay Loam, Jasaan Clay Loam, Jasaan Silt Loam, Jasaan Clay, Adtuyan Clay, Calauag Clay, and
Mountain Soil (undifferentiated). The brief description of these soil types is presented in Table 3-17.

Table 3-17. Soil types traversed by the CMH alighment

San Manuel Loam The parent material of this soil type is recent alluvium deposit belonging to the
soil order/great group of Inceptisol and Dystropepts. It is found in small areas
along Pulangi River near Valencia and south-east of Dologon, Bukidnon. This soil
type is characterized by fine loamy textured clay and sand soil with no particular
mineral of any kind.

Umingan Clay This soil has a loamy texture with many gravels and pebbles skeletal occurring

Loam along the banks or rivers. It is subject to flooding fluventic receiving yearly
depositions of alluvial soil materials from rivers. It is in the incipient development
stage toward a mature soil Inceptisol but has not yet fully developed its diagnostic
horizons.

Jasaan Clay Loam  These soil type belong to the topographic group “Soils on a plateau” with volcanic

Jasaan Silt Loam materials as its parent material. It belongs to the soil order Ultisol/Hapludults and

Jasaan Clay is found in Barangay Alae and its vicinity in the north central part adjoining
Misamis Oriental.
Adtuyon Clay This soil type covers almost the entire Bukidnon Plateau. Its parent material is

volcanic lava or lahars composed of mixed boulders (basalt and andesite) and
belongs to the soil order/soil great group Ultisol/Paleudults,Hapludults.

Calauag Clay These soil type belong to the topographic group “Soils on a plateau” with
metamorphic rocks (schist) as its parent material. It is found in the low grassy hills
east of Malaybalay.

Mountain Soil Mountain soils are found in Mt. Kitanglad and Mt. Kalatungan and the whole

(undifferentiated) portion of the Pantadon Range and Mt. Malambo which borders Agusan and
Davao Provinces.

Sources: Philippine Rice Research Institute, Dejarme-Calalang, Guadalupe M. and Colinet, Gilles (2014)

The proposed CMH alignment will transect areas mostly characterized by slopes of 0° to 10° (nearly level to
gentle). Soil erosion in these areas is expected to be minimal and will only occur during the construction
phase. At least five sections of the proposed road development, however, will transect existing natural
drainages with steep slope channels varying from 30° to 70° (Figure 3-14). In general, the land can
accommodate the proposed development with minimal loss of soil or overburden and soil erosion.

The general characteristic of the blanketing soil varies from clayey to sandy on the northern portion which
becomes more lateritic with localized portion which are also clayey silt to sandy towards the elevated
sections of Bukidnon. The dominant erosional processes along the proposed alignment will be sheet/rill and
gully erosion where the finer soil and other unconsolidated materials are removed by concentrated but
intermittent flow of water usually during and immediately following moderate rains.

3.1.3.3.2 Change in soil quality and fertility

Soil quality and fertility - The laboratory analysis showed high levels of soil fertility parameters in the soil
samples (green cells in Table 3-18). For example, the organic matter content of the samples ranged from
11,890 to 94,480 mg/kg of soil while the NPK (Nitrogen, Phosphorus, Potassium) content ranged from 130 to
3000 mg/kg. This is indicative of suitability of the surrounding soils to agriculture and evidenced by the
presence of large farmlands, orchards, and plantations along the alignment.
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The results also showed adequate levels of Zinc, Manganese, and Iron across the stations (green cells in Table
3-19). The zinc content ranged from 76-112 mg/kg, manganese from 737 to 1,438 mg/kg, and iron from
44,900 to 72,500 mg/kg.

Table 3-18. Soil fertility at the sampling stations

Lab results Soil fertility guideline values* Soil fertility evaluation
| Parameter | s1 | s2 | s3 | High | Mod [ low [ S1 | 52

pH 8.3 82 811 55-75 5.0-5.5 <5.0&>8.0 Low Low Low
Organic Matter, % 1.189 9.448 3.675 >3 1-3 <1 Mod High High
Nitrogen, % 0.05 0.3 0.3 >0.25 0.15-0.25 <0.15 Low High High
Phosphorus, ppm 310 130 520 > 35 26 —35 <25 High High High
Potassium, mg/kg 450 720 790 > 250 150 — 250 <150 High High High

NOTES: S1, S2, S3 — soil sampling stations; *BSWM Soil fertility Rating Guideline Values; Mod - moderate

Table 3-19. Soil micronutrients at the sampling stations

Lab results Soil fertility guideline values Soil fertility evaluation*
Parameter | Unit [ s1 | s2 | s3 [ Deficient | Marginal [ Adequate | s1 | s2 [ s3

Molybdenum mg/kg <0.20 <0.20 <0.20

Zinc mg/kg 7834 112.4 76.22 <0.5 0.5-1.5 >1.5 Adequate Adequate Adequate
Manganese mg/kg 833.07 737.67 1438.57 <1.0 none >1.0 Adequate Adequate Adequate
Iron mg/kg 44900 72500 45300 <1.5 2.5-4.5 >4.5 Adequate Adequate Adequate
Nickel mg/kg 150.73 37.71  461.17
Boron % 0.41 0.41 0.3
Chlorine ppm 13.051 1.684 0.842

NOTES: S1, S2, S3 — soil sampling stations; * values with < sign means analyte is below the method detection limit; If (-) adverse
impact, (+) no impact. Value is the impact magnitude; NI - no impact; Source: General Guidelines for the Fertility of Soils, Bureau
of Soils and Water Management

Stream sediment - Very low levels of sediment contaminants were detected across stations based on the
Dutch soil intervention values indicating that the riverbed has not been contaminated (Table 3-20 and Table
3-21). For example, Arsenic, Cadmium, Mercury, and Lead levels were undetected because these were below
the Method Detection Limit of the laboratory analytic method.

Table 3-20. Heavy metal levels at the sediment sampling stations

| Parameter | Sedl | Sed2 | Sed3 | Sed4 | Sed5 | Sed6 | Sed7 | Sed8 | Sed9 | Sed10 | DSIV**
Arsenic (As) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 55
Cadmium (Cd) <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 12
Chromium (Cr) 64.48 59.10 19.97 22.04 8.57 <0.20 23.11 1495 1435 45.08 380
Mercury (Hg) <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 <0.08 10
Lead (Pb) <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 530
NOTES: S1, S2, S3 — soil sampling stations; * Dutch soil intervention value
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Table 3-21. Summary of heavy metal exceedances at the sediment sampling stations

Lab results, mg/kg*

| 000 labresubsmg/kg* 00|
| Parameter | Sed1 | Sed2 | Sed3 | Sedd | Seds | Sed6 | Sed7 [ Sed8 | Sed9 | Sed10 | DSIV** |
NI NI NI NI NI NI NI NI NI 55

Arsenic (As) NI

Cadmium (Cd) NI NI NI NI NI NI NI NI NI NI 12
Chromium (Cr)  315.52 320.9 360.03 357.96 371.43 NI 356.89 365.05 365.65 334.92 380
Mercury (Hg) NI NI NI NI NI NI NI NI NI NI 10
Lead (Pb) NI NI NI NI NI NI NI NI NI NI 530

NOTES: * values with < sign means analyte is below the method detection limit; **Dutch soil intervention value, mg/kg. Value is
the impact magnitude: (a) difference between DSIV and lab result. If (-) adverse impact, (+) no impact, NI - no impact

The photo documentation of the soil and sediment sampling are shown in Appendices 6 and 7 while the
laboratory reports are shown in Annexes 1 and 2.
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Figure 3-32. Soil types traversed by the proposed CMH alighment
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3.1.3.4 Proposed mitigation measures

The measures to prevent soil erosion and contamination of the soil and sediment during Project
implementation are enumerated below.

Pre-construction
a) Formulate a Soil Erosion Management Plan (SEMP) that includes among others minimized cut and
fill operations during construction and operation.to minimize the modified area to prevent soil
erosion of new surface soil due to cut and filling
b) Identify staging areas
¢) Formulate Buffer Zone Plan during construction and operations

Construction

a) Implement the recommendations of the geotechnical engineer and the Engineering Geological and
Geohazard Assessment (EGGA) Report particularly on areas with steep slopes and dissected or
traversed by natural surface-water channels;

b) Surface drainage control works, e.g., construction of drainage canals at the break-of-slope (between
the gentle to moderate slopes);

¢) Ensure the slope protection after cut and filling as soon as possible

d) Immediate removal of excavated soil stockpiles;

e) Optimize re-use of spoils

f) Cover stockpiles with plastic sheeting;

g) Construct perimeter sediment barriers;

h) Divert upstream drainage away from the stockpiles; and

i) Install drainage canals and settling pond.

Operation - Regular monitoring of areas previously identified to be prone to soil erosion particularly sections
with steep slopes, areas transected by river and creek channels, and identified exposed areas prone to soil
erosion.

3.1.4 Terrestrial ecology
3.1.4.1 Scope

This section investigated the existing terrestrial flora and fauna at the proposed CMH alighment to determine
species of interest under DAO 2007-01 and International Union for the Conservation of Nature (IUCN) Redlist
during the low (April-May 2021) and high (July-August 2021) rainfall periods. The srvey season was decide
based on the advises from the local ecological academic experts through Key Informant Interview on
Biodiversity Experts (Annex 3).

The key impacts assessed were a) vegetation removal and loss of habitat, b) threat to existence of important
local species, abundance, frequency and distribution of important species, and c) hindrance to wildlife access.

National legislation and regulations of known relevance to the proposed project were compiled as shown in
Table 3-22. The listed legislation and regulations are focused on the conservation, management, and
operations of the vegetation and wildlife that are present in the project area.

Table 3-22. National and Local Legislations on Terrestrial Ecology

National Legislations and Regulations

Presidential Decree No. 1152 (1977) The Environmental Code of the Philippines.
Comprehensive environmental management was
addressed, as were mitigating strategies, and the
notion of environmental impact assessment was
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National Legislations and Regulations

Presidential Decree No. 1586

Revised Procedural Manual DAO No. 30 Series of 2003
(IRR of Presidential Decree No. 1586)

Republic Act 9147, otherwise known as the Wildlife
Conservation and Protection Act of 2001

DAO 2019-09 Updated National List of Threatened
Fauna of the Philippines

DAO 2007-01 Establishing the National List of
Threatened Philippine Plant and their Categories.

DAO 2017-11 Updated National List of Threatened
Philippine Plants and their Categories

International Union for Conservation of Nature (IUCN)
Red List of Threatened Species 2022

Memorandum Circular No. 01, Series of 2014.
Guidelines for the implementation of the DPWH-
DENR-DSWD Partnership on the Tree Replacement
Project

presented for the first time.

Establishing an Environmental Impact Statement
System which requires all governments and projects
that are likely to have significant environmental
impacts to undergo an environmental impact
assessment (EIA) and secure an environmental
compliance certificate (ECC) prior the implementation.
Provide procedural guidelines for the conduct of
environmental impact assessments (EIAs) under the
Philippine Environmental Impact Statement (EIS)
System Law. The manual provides detailed procedures
and requirements for various stages of the EIA
process, including scoping, impact assessment, review
and evaluation, public participation, and decision-
making.

Provides for the regulation of wildlife trade and
penalizes activities such as hunting, killing, trading,
and collecting wildlife without proper permits or
licenses. The law also establishes protected areas,
wildlife sanctuaries, and critical habitats and mandates
the creation of a national wildlife database and
monitoring system.

Provides an up-to-date list of vulnerable fauna species
in the country. The order revises the existing national
list of threatened wildlife species and categorizes
them based on their level of endangerment. The
decree intends to give a more thorough and accurate
assessment of the conservation status of wildlife in
the Philippines.

Provides an updated list of threatened plant species in
the country. The order classifies threatened plant
species into different categories based on their level of
endangerment, such as critically endangered,
endangered, vulnerable, and other categories. The
order aims to promote the conservation and
sustainable use of Philippine plant species.

The Red List provides information on the conservation
status of plant and animal species and categorizes
them based on their level of endangerment.
Thousands of species have been assessed in the 2022
update, including newly identified species and those
that have been appraised based on new information.
A joint memorandum circular issued by the DPWH,
DENR, and (DSWD) in the Philippines. The circular
provides guidelines for the implementation of the
DPWH-DENR-DSWD Partnership on the Tree
Replacement Project, which aims to address the
negative impacts of road construction and
development activities on trees and forests in the
country.
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3.1.4.2 Methodology
3.14.2.1 Survey locations

A total of 20 transects and 13 wildlife stations at the proposed CMH alignment were established for the
terrestrial flora and fauna survey during low and high rainfall periods. The description of the survey stations
and locations are shown in Table 3-23, Figure 3-33, and Figure 3-34, respectively.

Table 3-23. Description of survey transect locations and wildlife sampling stations

Coordmates Elevation
Transect Location Description Elevation (WS)
Latitude Longitude (Transect)

8.526824N  124.773805E  Brgy. Near residential

Natumolan, areas

Tagoloan, - Coconut and mango

Misamis plantation areas,

Oriental open grassland, and
residual secondary 90 m
forest patches at the
ravine

Along a recently
constructed bypass

road
T2 8.509145N  124.790908E Brgy. - Residual secondary
Natumolan, forest patches, with
Tagoloan, dragon fruit farms at
Misamis the middle
Oriental - Along ariver 79 m

designated as
Station A2 in the
Aquatic Ecology

Report
770 W1 8.471173N  124.801985E  Brgy. - Mix Agroforestry
Puerto, areas — mango
Cagayan De orchards, tree
Oro, plantation, and 306 m 297m
Misamis cornfields
Oriental - Near residential
areas
T4 W2  8.440797N  124.794726E Brgy. Alae, - Open grasslands,
Manolo mango farms, and
Fortich, sugarcane
Bukidnon plantations 369 m 335 m
- Relatively dense
vegetation
- Near existing road
T5 8.390226N  124.818877E  Brgy. San - Corn and pineapple
Miguel, plantations
Manolo - Relatively dense
Fortich, vegetation of
Bukidnon residual forest 488 m
patches
- Along existing farm
road
T6 W3  8.353218N  124.841403E Brgy. - Agroforest patches
Damilag, near the river
Man.olo - Sl.Jrrounded by . 535 m 547 m
Fortich, pineapple plantation
Bukidnon - Along ariver

designated as

133 |Page



oSAe, — ENVIRONMENTAL IMPACT STATEMENT REPORT — Preparatory Survey
'@‘_ N, ] ) CENTRAL MINDANAO HIGH STANDARD HIGHWAY PROJECT (CDO — MALAYBALAY SECTION)
A leA Cagayan de Oro City, Malaybalay City, Municipalities of Tagoloan, Manolo Fortich, Sumilao, Impasug-ong
PROPONENT: Department of Public Works and Highways in cooperation with JICA

Chapter 3 - Analysis of Key Environmental Impacts

Coordmates Elevation
Transect Location Description Elevation (WS)
Latitude Longitude (Transect)

Station A4 in the
Aquatic Ecology
Report
Along a recently
constructed bypass
road
T7 W4  8.344273N  124.878687E  Brgy. Ticala, Along Mangima river
Manolo designated as
Fortich, Station A5 in the
Bukidnon Aquatic Ecology
Report
Mix agroforest areas
on both sides of the
ravine
Cornfields near the
river and pineapple
plantation at the top
of the plateau
T8 W5  8.334346N  124.899387E  Brgy, Ticala, Pineapple
Manolo plantations at the
Fortich, top of the plateau
Bukidnon Along Mangima river
Thick agroforest
areas at the ravine
T9 W6  8.316875N  124.949273E  Brgy. Mix agroforest areas
Poblacion, with pineapple
Sumilao, plantations and
Bukidnon cornfields
Open grasslands
Along Kulaman river
designated as
Station A8 in the
Aquatic Ecology
Report
T10 W7  8.312623N  124.968161E Brgy. Cornfields and
Kisolon, pineapple
Sumilao, plantations with
Bukidnon thick agroforest
patches.
Along a river
designated as
Station A9 in the
Aquatic Ecology
Report
Along an existing
road
T11 W8  8.304293N  124.979158E  Brgy. Cornfields and
Kisolon, pineapple
Sumilao, plantations at the
Bukidnon top of the ravines
with thick agroforest
patches near the
river
Along a river
designated as
Station A10 in the
Aquatic Ecology
Report

437 m 448 m

486 m 483 m

585 m 615m

527 m 527 m

592 m 604 m
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Coordmates Elevation
Transect Location Description Elevation (WS)
Latitude Longitude (Transect)

8.280694N  124.986617E  Brgy. - Plantations of
Poblacion, pineapple,
Impasug- sugarcane and corn
ong, - Near residential 715 m
Bukidnon areas and existing
road

Near poultry farms

T13 W9  8.263415N  125.001206E Brgy. La Sugarcane, corn and

Fortuna, pineapple
Impasug- plantations
ong, - Thick agroforest
Bukidnon areas on the ravines
- Along ariver 731 m 757 m

designated as
Station A1l in the
Aquatic Ecology
Report

Along existing road

T14 8.235670N  125.015447E  Brgy. - Primarily grasslands
Impalutao, - Plantations of
Impasug- plneapple,' banana, 846 m
ong, corn and rice.
Bukidnon - Generally minimal
vegetation
T15 W10 8.223170N  125.023118E  Brgy. - Pineapple and
Impalutao, cornfields with
Impasug- minimal vegetations 867 m
ong, - Open grasslands
Bukidnon
T16 8.212647N  125.037700E  Brgy. - Open grasslands
Dalwangan, with minimal
Malaybalay, vegetations
Bukidnon - Near poultry farms 869 m
and community
areas
T17 W11 8.198904N  125.050225E  Brgy. - Primarily pineapple
Dalwangan, plantations and
Malaybalay, plantation of lemons
Bukidnon were noted. 872 m
- Near large poultry
farms and
community areas
- Along existing road
T18 W12 8.183185N  125.055739E  Brgy. - Plantation of corn,
Patpat, pineapple,
Malaybalay, sugarcane and
Bukidnon rubber tree
- Near Sawaga river 867 m
designated as
Station A15 in the
Aquatic Ecology
Report
T19 8.166587N  125.077612E  Brgy. - Plantation of
Kalasungay, pineapples, corn and
Malaybalay, sugarcane 820 m
Bukidnon - Generally minimal
vegetation
T20 W13 8.162120N  125.110368E  Brgy. - Plantation of corn, 685 m
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Coordlnates Elevation
Transect Location Description Elevation (WS)
Latitude Longitude (Transect)

Kalasungay, pineapples,
Malabalay, sugarcane and some
Bukidnon fruit bearing trees

- Minimal vegetation

- Near residences and
large poultry farms

- Along existing road

- Near Sawaga river
designated as
Station A16 in the
Aquatic Ecology
Report

NOTE: WS* — wildlife station
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Figure 3-33. Terrestrial flora and fauna survey stations map
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Figure 3-34. Wildlife survey stations map
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3.1.4.2.2 Flora survey

Trees - Trees that fall within the survey stations including those within the riparian zones were counted
beginning from the entry point of the proposed CMH alignment in Tagoloan, Misamis Oriental to its exit point
in Malaybalay, Bukidnon. Trees were identified down to the species level as possible.

Grassland and understory vegetation - Grassland and understory vegetation along selected sections of the
tree transects were assessed using 1.0 m” quadrats spaced 50m apart along the transect line for a total of 20
quadrats. All species documented within each 1.0 m* quadrat were identified and classified according to life
form such as grass, shrub, tree seedling, fern, or vine, as applicable.

3.1.4.2.3 Wildlife Survey

Avifauna - Birds were surveyed by transect count, mist netting, and incidental surveys from Transect 1 to
Transect 20 and by point surveys at the wildlife/riparian stations. Transect counts were done by walking a 2-
km transect in each survey location for two hours. Two standard mist nets were installed in each of the 13
wildlife stations for a total of two net-nights/net-days per station.

Birds were identified using local names by acoustic calls and visual appearance with the aid of field guides
(Kennedy et al., 2000; Fisher and Hicks, 2000; Strange, 2000). All birds captured using mist nets were
subjected to standard biometric measurements such as total length (TL), tail-vent length (TV), weight (WT),
wing cord (WC), bill or culmen (B), gape (G), and tarsus (T) and were released after documentation.

Bats - Bats were collected using mist-nets installed near fruiting Ficus trees and along probable flyways. Age
and sex of bats were determined, alongside external measurements such as total length (TL), tail vent length
(TV), ear length (EL), forearm length (FA), and hindfoot length (HF). Bats were identified using the Key to
Philippine Bats (Ingle and Heaney, 1992). The bats were revitalized with sugar solution and released after
documentation.

Herpetofauna - Herpetofauna were sampled using the cruising method (opportunistic sampling) or incidental
surveys including nocturnal sampling for frogs. Streams, creeks, and microhabitats of each sampling station
were thoroughly searched for the presence of frogs guided by frog vocalization. All captured individuals were
subjected to morphometrics (snout-vent length, SVL). Identification of frogs is based on Alcala (1986), Alcala
and Brown (1998), and Brown et al. (2000).

Non-volant mammals - Small mammals were sampled using cage traps or snap traps baited with roasted
coconut meat and coated with peanut butter. Traps were positioned 5 to 10 m apart along possible runways,
near burrow entrances, under root tangles, on top of fallen logs, and other probable faunal corridors.

All individuals captured were photographed and subjected to biometric measurements such as weight, sex,
approximate age (adult, sub-adult or adult) and when applicable, reproductive condition, total length (TL),
tail-vent length, (TV), ear length (E), and hindfoot length (HF). For large mammals such as macaques and wild
pigs, survey techniques were carried out by detection of footprints and droppings.

Insects - Insects were collected via opportunistic sampling using a hand net. Specimens collected were placed
in paper packets (paper wax/ glassine paper) or centrifuge tubes with a pre-filled 95% ethanol for
preservation. After the collection period, rehydration and air drying will be done for butterflies and moths.
Where possible, insects were identified down to the genus or species level.

3.1.4.3 Data analysis

The relative frequency, relative density, relative dominance and species importance value (SIV) were
computed for all species as shown below:
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Relative Frequency No. of plots containing a species x 100
Sum of frequencies of all species

Relative Density No. of individual species x 100
Total no. of individuals of all species

Relative Dominance Dominance of species x 100
Total dominance of species

Abundance Total Number of Individual species x 100
Total Number of Species Population

Relative abundance Abundance of one species x 100
Total Number of Species Population

SIV = relative frequency + relative density + relative dominance

3.1.4.4 Assessment of key impacts

The results of the surveys were integrated in the assessment of the key impacts previously presented. The
reader is referred to the appendices enumerated below because only the salient findings of the survey were
included in this section.

a) Appendices 11, 15, 19, 21, 23, 26 - Photo documentation of the terrestrial ecology survey

b) Appendix 8 - Tree inventory data

c) Appendix 9 - Importance values of trees recorded across the stations

d) Appendix 10 - Species and conservation status of trees documented across stations

e) Appendix 12 — List of Flora Species indicated in the IUCN Red List

f)  Appendix 13 - Importance values of grassland and understory vegetation recorded across the
stations

g) Appendix 14 - Abundance and distribution of birds across stations

h)  Appendix 16 — List of Avifaunal Species indicated in the IUCN Red List

i) Appendix 17 - Total bat captures across stations in the Project Site

j)  Appendix 18 - Individual morphometrics of bats captured per site

k)  Appendix 20 - Abundance of murid species collected across the stations

1) Appendix 22 - Relative abundance of herpetofauna captured

m) Appendix 24 — List of Herpetofauna Species indicated in the IUCN Red List

n) Appendix 25 - Terrestrial insect distribution and abundance at the sampling sites

3.14.4.1 Vegetation removal and loss of habitat

Trees - The tree and bamboo survey recorded a total of 10,929 individuals and clumps with 98 species under
37 families. Trees further classified into a) forest-associated species, b) orchard, c) and plantation species
were generally dominated by plantation species with a relative abundance of 84.14% (Figure 3-35).

Across all sites, forest species were the most abundant with 72 species (73.46%) relative to orchard or
plantation species both with 13 species (13.72%) (Figure 3-36). Diverse species of forest trees were generally
observed in remnant forest patches along riparian zones. Transects with less tree diversity or abundance are
generally associated with pineapple plantation or agricultural areas, starting from Transect 1 in Tagaloan,
Misamis Oriental towards Transect 20 in Malaybalay, Bukidnon.
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The most abundant species recorded was Hevea brasiliensis (Brazilian fire tree) with a total count of 4,903
individuals, followed by Dendrocalamus asper (Giant Bamboo) with 1,278 clumps, and Falcataria moluccana
(falcata) with a total count of 1,131 individuals (Table 3-25). The rest of the top 10 most abundant trees were
all tree plantation and orchard species, notably Nephelium lappaceum (rambutan), Durio zibethinus L.
(durian), Lansium domesticum Correa (lanzones), Gmelina arborea Roxb. ex Sm. (gmelina), Mangifera indica
L. (manga), Swietenia macrophylla King (mahogany), and Spathodea campanulata P.Beauv. (Tulip tree).
Spathodea campanulata P.Beauv. (Tulip tree) was also the most frequently observed tree across the Project
Site with a Relative Frequency of 90%, followed by Gmelina arborea (gmelina) and Artocarpus odoratissimus
(marang) at 85 and 80% Relative Frequency, respectively (Table 3-26).

Table 3-24. Taxonomic Classification of the Flora Species Present in the Project Area

| Family | sSpeces | _ __ CommonName ____|

Achariaceae

Pangium edule

Football Fruit

Actinidiaceae Saurauia sp. -

Adoxaceae Sambucus javanica Elderberry
Anacardiaceae Anacardium occidentale Cashew Nut
Anacardiaceae Mangifera indica Mango
Anacardiaceae Semecarpus sp. -

Anacardiaceae Rhus taitensis Sumac
Annonaceae Annona muricata Soursop
Annonaceae Annona squamosa Sugar apple
Annonaceae Polyalthia longifolia False Asoka
Araliaceae Osmoxylon sp. -

Araliaceae Polyscias nodosa Malapapaya
Apocynaceae Alstoniascholaris Blackboard Tree
Araucariaceae Araucaria heterophylla Norfolk Island Pine
Arecaceae Cocos nucifera Coconut Palm

Bignoniaceae
Bignoniaceae
Bignoniaceae

Spathodeacampanulata
Tabebuia chrysotricha
Hydroanthus chrysotrichus

African tuliptree
Golden Trumpet Tree
Yellow Trumpet Tree

Bombacacee Ceiba pentandra Kapok Tree
Brownlowiaceae Diplodiscuspaniculatus Balobo

Burseraceae Canarium ovatum Pilinut

Cannabaceae Trema orientalis Oriental Trema
Clusiaceae Garcinia mangostana Mangosteen
Combretaceae Terminalia catappa Tropical Almond Tree
Cunoniacee Spiraeopsissp -

Dipterocarpaceae Shorea contorta White Lauan
Elaeocarpaceae Elaeocarpus sp. -

Euphorbiaceae Macaranga bicolor Hamindang

Euphorbiaceae

Macaranga hispida

Nasturtium Tree

Euphorbiaceae Macaranga sp. -
Euphorbiaceae Macaranga tanarius Parasol Leaf Tree
Euphorbiaceae Mallotussp. -

Euphorbiaceae
Euphorbiaceae
Euphorbiaceae

Melanolepismultiglandulosa
Homalanthusmacradenius
Hevea brasiliensis

Ayum-ayum
The bleeding Heart
Brazilian Fire Tree

Fabaceae Acacia mangium Black Wattle
Fabaceae Casia fistula Golden Shower Tree
Fabaceae Erythrina variegata Variegated Coral Tree
Fabaceae Falcatariamoluccana Moluccan albizia
Fabaceae Leucaena leucocephala Ipil-ipil
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L Family | Speces | _ _ CommonName ____|

Fabaceae Pithecellobium dulce Manila Tamarind
Fabaceae Pterocarpus indicus Narra

Fabaceae Schizolobiumparahyba Brazilian Fern Tree
Fabaceae Caesalpinia pulcherrima Peacock Flower
Fabaceae Albizia saman Rain Tree
Fabaceae Albizia saponaria Soap Acacia
Hypericaceae Cratoxylumsumatranum Kansilay Tree
Lamiaceae Gmelina arborea Yemane
Lauraceae Litsea cordata Litsea
Lauraceae Litseaphilippinensis Bakan
Lauraceae Persea americana Avocado
Lauraceae Cinnamomum mercadoi Kalingag
Lecythidaceae Barringtonia reticulata Barringtonia
Lythraceae Duabanga sp. -

Malvaceae Duriozibethinus Durian
Melastomataceae Astroniasp. -

Meliaceae Lansiumdomesticum Lanzones
Meliaceae Sandoricumkoetjape Santol
Meliaceae Swietenia macrophylla Mahogany
Meliaceae Azadirachtaexcelsa Giant Neem Tree
Meliaceae Azadirachta indica Neem Tree
Moraceae Artocarpus blancoi Tipolo
Moraceae Artocarpus heterophyllus Jackfruit
Moraceae Artocarpus odoratissimus Marang
Moraceae Ficus ampelas Ampelas
Moraceae Ficus fiskei Sandpaper Leaf
Moraceae Ficus minahassae Cluster Fig Tree
Moraceae Ficus nota Tibig

Moraceae Ficus pseudopalma Philippine Fig
Moraceae Ficus septica Hauli Tree
Moraceae Ficus ruficaulis Ficus Tree
Moraceae Ficus sp. 1 -

Moraceae Ficus sp. 2 -

Moraceae Ficus sp. 3 -

Moraceae Ficus balete Balete Tree
Moraceae Ficus magnoliifolia Common Fig
Moraceae Streblus asper Kalios Tree
Myrtaceae Eucalyptus camaldulensis River Red Gum
Myrtaceae Eucalyptus deglupta Mindanao Gum
Myrtaceae Psidium guajava Guava
Myrtaceae Syzygiumaqueum Water Apple
Myrtaceae Syzygiumcumini Java Plum
Pinaceae Pinus kesiya Khasi Pine
Poaceae Dendrocalamus asper Rough Bamboo
Phyllanthaceae Antidesmaghaesembilla Black Currant Tree
Rhamnaceae Rhamnus philippinensis Buckthorn
Rhamnaceae Ziziphus jujuba Jujube
Rubiaceae Greeniopsissp. -

Rubiaceae Neonauclea sp. -

Rubiaceae Morindacitrifolia Indian Mulberry
Rutaceae Melicopetriphylla Three Leaf
Sapindaceae Pometia pinnata Lychee
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| Family | Speces | __ __CommonName ____|

Sapindaceae Nephelium lappaceum Rambutan
Sapotaceae Chrysophyllumcainito Star Apple
Sterculiaceae Sterculia rubiginosa Rusty Sterculia
Sterculiaceae Kleinhoviahospita Guest Tree
Urticaceae Dendrocnide sp. -

Verbenaceae Vitex parviflora Molave

Table 3-25. Abundance estimates of top 10 tree species recorded across stations

Rubber tree Hevea brasiliensis (Willd. ex A.Juss.) Miill.Arg. Plantation 4,903
Giant Bamboo Dendrocalamus asper (Schult.f.) Backer ex Heyne Plantation 1,278
Peacocks plume  Falcataria moluccana (Miq.) Barneby & J.W.Grimes Plantation 1,131
Rambutan Nephelium lappaceum L. Orchard 493
Durian Durio zibethinus L. Orchard 455
Lanzones Lansium domesticum Correa Orchard 327
Gmelina Gmelina arborea Roxb. ex Sm. Plantation 292
Mango Mangifera indica L. Orchard 272
Mahogany Swietenia macrophylla King Plantation 232
Tulip tree Spathodea campanulata P.Beauv. Plantation 216

*Number of individuals or clumps

Table 3-26. Top 10 species of trees frequently recorded across survey sites

Tulip tree Spathodea campanulata P. Beauv. Tree Plantation
Gmelina Gmelina arborea Roxb. ex Sm. Tree Plantation 85
Marang Artocarpus odoratissimus Merr. Orchard 80
Mahogny Swietenia macrophylla King Tree Plantation 70
Bakan Litsea philippinensis Merr. Forest 70
Antipolo Artocarpus blancoi (Elmer) Merr. Forest 65
Jackfruit Artocarpus heterophyllus Lam. Orchard 65
Malapapaya Polyscias nodosa (Blume) Seem Forest 60
Ipil-ipil Leucaena leucocephala (Lam.) de Wit Exotic Reforestation 55
Alim Melanolepis multiglandulosa (Reinw. ex

Forest 55

Blume) Rchb. & Zoll.
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Figure 3-35. Abundance of trees at the survey stations

m Forest = Orchard = Plantation

Figure 3-36. Species richness per tree category recorded at the survey stations

A

m Orchard Trees = Plantation/Exotic Reforestion/Ornamental Trees = Forest Species

The proposed CMH alignment will cut across vast agricultural areas that will affect existing orchards and tree
and pineapple plantations. As such, majority of trees that will be removed during road construction are
orchard/plantation species (Relative Abundance=90.3%) such as coconuts, mango trees, Brazilian rubber tree,
Brazilian fire tree, gmelina, mahogany, and cash crops like corn and vegetables. Only sections around
Barangay Natumolan in Tagoloan, Barangay Alae in Manolo Fortich and riparian zones have significant stands
of forest trees (Relative Abundance=9.7%), usually interspersed with or surrounded by small farms.
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3.1.4.4.2 Threat to existence, abundance, frequency, and distribution of important species

The IBAT Proximity Report identified 523 species in the IUCN Red List that are potentially found within 50 km
of the area of interest. IBAT Proximity Report using buffer of 50 km indicates that there are 40 species listed
as endangered (EN) and 11 species listed as critically endangered (CR), 246 are Vulnerable (VU), 226 are Near
Threatened (NT). IBAT results also show that there are two Key Biodiversity Areas near the Project (i.e., Mt.
Tago Range and Mt. Kaluayan - Mt. Kinabalian Complex) and three Protected Areas (i.e., Mahoganao, Mt
Kitanglad Range and Manupali)

As for habitats of birds and/or others in the area, it may be changed due to cutting trees though its impact is
considered as small degree. However, road projects may enhance access to the biodiversity-rich areas and
protected areas that might lead to habitat destruction and the catalyst for the spread of major threats. Since
the project is located outside the nearest Protected Area (Mt. Kitanglad at 7.07 km) and KBA (Mt. Tago Range
at 950m), minimal impacts were expected.

3.144.2.1 Flora

Trees - Calculations of Species Importance Values (SIVs) showed Hevea brasiliensis (Brazilian fire tree) as the
‘most important species’ vis-a-vis most planted commercial species with an SIV of 91.95, followed by
Dendrocalamus asper and Falcataria moluccana (falcata) at SIVs of 25.85 and 19.67, respectively. The rest of
the top 10 species with highest SIVs are all tree plantation or orchard species. Hevea brasiliensis (Para rubber
tree) is a widespread species native to the Amazon region of South America. This species has been introduced
to several tg{c:pical countries outside its natural range where plantations to produce natural rubber have been
established

Species Diversity

Table 3-27 displays data collected from transects regarding species diversity. There are 20 transects listed,
and for each transect, the number of species, individuals, dominance, evenness, H-diversity, and criterion are
recorded. The number of species identified in each transect ranges from 3 to 50, and the number of
individuals ranges from 4 to 1427. Dominance is a measure of the most common species, and it ranges from
6.93% to 77.57%. Evenness is a measure of how equally distributed the species are, and it ranges from 9.31%
to 75.37%.

H-diversity is a measure of the diversity of the area, and it ranges from 0.76 to 3.06. A higher H-diversity
indicates a more diverse area. The criterion ranges from very low to high and is based on the H-diversity
score. Overall, the data suggests that most of the transects have very low to low diversity, with only a few
having moderate or high diversity. The evenness of the diversity index varies widely, indicating that some
areas have a more evenly distributed variety of species than others. The dominance measure also varies
widely, with some areas having a few dominant species and others having more evenly distributed
dominance.

Table 3-27. Species Diversity Indices of the Transects Established for Flora

1 6.93% 42.64% 3.06 High
2 15 89 18.80% 50.09% 2.02 Low
3 28 1016 48.64% 14.44% 1.4 VerylLow
4 20 312 24.55% 32.28% 1.87 Very Low
5 24 252 12.64% 45.12% 2.38 Low
6 20 120 61.67% 15.62% 1.14 Very Low
7 24 55 7.44% 75.37% 2.9 Moderate
8 21 536 75.38% 10.22% 0.76  Very Low

'® Fabriani, F. & Hills, R. 2020. Hevea brasiliensis. The IUCN Red List of Threatened Species 2020
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8.88% 61.70% 2.85 Moderate
10 23 147 29.63% 31.34% 1.98 VeryLow
11 15 137 64.87% 17.73% 0.98 Very Low
12 8 37 29.47% 56.80% 1.51 VeryLow
13 24 182 55.49% 15.56% 1.32 VerylLow
14 3 4 37.50% 94.28% 1.04 VeryLow
15 16 277 42.16% 27.27% 1.47 VerylLow
16 26 1215 30.41% 17.15% 1.5 Verylow
17 16 42 11.90% 72.42% 2.45 Low
18 21 1101 76.56% 9.31% 0.67 Very Low
19 18 456 77.57% 9.73% 0.56 Very Low
20 24 1427 37.54% 17.83% 1.45 VeryLow

Relative Abundance

Figure 3-37 shows the most abundant species recorded was Hevea brasiliensis (Brazilian fire tree) with a total
count of 4,903 individuals, followed by Dendrocalamus asper (Giant Bamboo) with 1,278 clumps, and
Falcataria moluccana (falcata) with a total count of 1,131 individuals. However, the species “Others” were the
summation of trees which has less than 1% relative abundance that overall comprises as 10.74%. Across all
sites, forest species were the most abundant with 72 species (73.46%) relative to orchard or plantation
species both with 13 species (13.72%). Diverse species of forest trees were generally observed in remnant
forest patches along riparian zones. Transects with less tree diversity or abundance are generally associated
with pineapple plantation or agricultural areas, starting from Transect 1 in Tagaloan, Misamis Oriental
towards Transect 20 in Malaybalay, Bukidnon.

Figure 3-37. Overall Relative Abundance of Terrestrial Flora

B Hevea brasiliensis
1.98 _ W Dendrocalamus asper
212 48 ‘ B Falcatariamoluccana
2.49
2.67

W Nephelium lappaceum

W Duriozibethinus

2.99 W Lansiumdoemesticum

B Gmelina arborea

® Mangifera indica
Swietenia macrophylla

W Spathodeacampanulata.

W Artocarpus blancoi

Others

Species Presence

Table 3-28 lists below shows tree species observed with their presence or absence in 20 transects. Some
species are present in almost all transects, such as Albizia saman, while others are only present in a few
transects, such as Astronia sp. One interesting thing to note is the presence of certain species in specific
transects. For example, Artocarpus blancoi is present in all transects except for transect 1 and 13. In
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addition,there are clustering of certain species in the transects. For instance, transects 1, 6, and 9 have a high
number of Artocarpus heterophyllus, while transects 4, 5, and 7 have a high number of Ceiba pentandra. This
could be because these species are adapted to specific environmental conditions that are present in these

transects.
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Table 3-28. Presence of Floral Species per Station and their Location

Plantation
Plantation
Plantation
forest and
Plantation
Riparian Forest
Plantation
Plantation
Plantation/
Farm Field
Riparian Forest
Plantation
Riparian Forest

o
< ]
O —
= (5}
© e
= [=
9 8
S| &
i 2

[

Patch/Plantatio
Riparian Flora
Riparian Forest
Riparian Forest
Riparian Forest

Acacia mangium + + + 4
Albizia saman + +

Albizia saponaria +

Alstoniascholaris +

Anacardium occidentale + +

Annona muricata + + + +

Annona squamosa +

Antidesmaghaesembilla + +

Araucaria heterophylla +

Artocarpus blancoi + + + + + + + + + + + + +
Artocarpus heterophyllus + + + + + + + + + + + + +
Artocarpus odoratissimus + + + + + + + + + + + + + + + +
Astronia sp. +
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Azadirachtaexcelsa + +

Azadirachta indica +

Barringtonia reticulata. +

Caesalpinia pulcherrima +

Canarium ovatum +

Casia fistula + + +

Ceiba pentandra + + + + + + + +

Chrysophyllumcaimito + + + +

Cinnamomum mercadoi +

Cocos nucifera + +

Cratoxylumsumatranum + + + +

Dendrocalamus asper + + + + + + + + + +

Dendrocnide sp. +

Diplodiscuspaniculatus +
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Duabanga sp. +

Duriozibethinus + + + +

Elaeocarpus sp. + +

Erythrina variegata + +

Eucalyptus camaldulensis +

Eucalyptus deglupta + +

Falcatariamoluccana + + + + + + + + +

Ficus ampelas +

Ficus balete + +

Ficus fiskei +

Ficus magnoliifolia + +

Ficus minahassae + + + + + + + + + i

Ficus nota + + + + + + + +

Ficus pseudopalma + + &
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Ficus ruficaulis + + + +
Ficus septica + + +
Ficus sp. + + + + + + +
Ficus sp. 2 + +
Ficus sp. 3 + o +
Ficus sp. 4 +
Garcinia mangostana + +
Gmelina arborea + + + + + + + + + + + + + + + + +
Greeniopsis sp. + + +
Hevea brasiliensis + 4 + + +
Hydroanthuschrysotrichus + + 4
Kleinhoviahospita +
Lansiumdomesticum + + + + + + 4
Leucaena leucocephala + + + + + + + + + + + +
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Litsea cordata +
Litseaphilippinensis + + + + + + + + + + + + +
Macaranga bicolo + + + + + + +
Macaranga hispida + + + + + + +
Macaranga sp. + +
Macaranga tanarius + + + + + + + + + +
Mallotus sp. + +
Mangifera indica + + + + + + + + +
Melanolepismultiglandulosa + + + + + + + + + + +
Melicopetriphylla + +
Morindacitrifolia +
Neonauclea sp. + +
Nephelium lappaceum + + +
Omalanthuspopulneus + + +
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Osmoxylon sp. + + + + + +

Palaquium sp. +

Pangiumedule +

Persea americana e + + + +

Pinus kesiya + + 4 & +

Pithecellobium dulce + + + + +

Polyalthia longifolia +

Polyscias nodosa + + + + + + + + + 4 + +

Pometia pinnata + + + +

Psidium guajava + + + +

Pterocarpus indicus + + + + + + + + + +

Rhamnus philippinensis +

Rhus taitensis + +

Sandoricumkoetjape + + + + 1 + + + +
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Saurauia sp. + +

Schizolobiumparahyba + + + + + o +

Semecarpus sp. + + +

Shorea contorta +

Spathodeacampanulata. + + + + + + + + + + + + + + + + + +

Spiraeopsis sp. +

Sterculia rubiginosa + + +

Streblus asper +

Swietenia macrophylla + + + + + + + + + + + + + +

Syzygiumaqueum +

Syzygiumcumini +

Terminalia catappa + + o

Trema orientalis + + + + + + + +

Vitex parviflora + +
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Ziziphus jujuba +
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From the 98 species recorded, Pterocarpus indicus Willd. is classified as Endangered according to IUCN and
Vulnerable as per DAO 2017-11, while the others were classified as follows based on DAO 2017-11: Vitex
parviflora and Shorea contorta — Endangered; Azadirachta excelsa —Vulnerable; Canarium ovatum and
Cinnamommum mercadoi - Other Threatened Species (Table 3-29).

Pterocarpus indicus is a large tree species native to much of China, India and Southeast Asia. The species has a
very wide native range but is experiencing severe population decline in all parts of the distribution and in
each country within the range. Vitex parviflora is known from 13 localities in the Philippines and Indonesia
(Moluccas and Lesser Sunda Islands) and East Timor. Reported to be one of the dominant trees in the
Philippine monsoon forest. There is a decline in area of occupancy and extent of occurrence as well as loss of
quality of habitat'. While Shorea contorta is a large tree endemic to the Philippines. It has been a
commercially important source of timber. Shorea contorta has experienced decline due to illegal logging and
timber extraction as it is one of the premium hardwoods in the country®.

The three species “Introduced” were Anacardium occidentale L., Casia fistula L., and Falcataria moluccana
(Mig.) Barneby & J.W. Grimes. Invasive tree species recorded were the Gmelina arborea Roxb. ex Sm.,

Eucalyptus camaldulensis Dehnh., and Psidium guajava L.

Table 3-29. Conservation status of recorded tree and plant species

Narra Pterocarpus indicus Willd.

Molave Vitex parviflora LC En
White lauan Shorea contorta LC En
Philippine Neem Tree Azadirachta excelsa LC Vu
Pili Canarium ovatum LC OTS
Kalingag Cinnamommum mercadoi LC OTS

NOTES: Conservation status: En=Endangered, Vu = vulnerable, and OTS = Other Threatened Species

Grassland and Understory Vegetation - A total of 38,654 individuals of grassland and understory vegetation
representing 62 species in 24 families across habitat gradients were sampled from Transect 1 to Transect 20.
Astraceae was the dominant family across all transects with 10 species followed by Fabaceae with 8 species.
On a per Family basis, Poaceae was the dominant family with 12,476 individual counts followed by
Acanthaceae with 11,972 individuals.

Across all species, Asytasia gangetica subsp. Micrantha (Chinese violet) had the highest Species Importance
Value (SIV) with 74.06 followed by Axonopus compressus (carabao grass), Rottboella cochinchinensis,
Sphagneticola trilobata, and Oplimenus hirtellu, with Species Importance Values of 54.18, 18.37, 13.32, 12.48,
respectively. Except for saplings of Coffea arabica, Swietenia macrophylla, Colocasia esculenta (taro), and
Manihot esculenta (cassava), most understory plants across the Project Site were generally weed vegetation.

Based on Table 3-30, there are a total of 64 species belonging to 28 families of which family Poaceae has the
highest number of species observed, which is 7 species. This is followed by the Asteraceae family with 6
species listed and Fabaceae family with 5 species listed.

Moreover, the Poaceae family, also known as the grass family, is represented by several species including
Axonopus compressus, commonly called Carpet Grass, Eleusine indica, known as Goosegrass, and Eragotis
amabilis, or Lovegrass. These grasses are commonly found in lawns and pastures due to their tolerance for
heavy foot traffic and grazing.

'® de Kok, R. 2020. Vitex parviflora. The IUCN Red List of Threatened Species 2020
?% Energy Development Corporation (EDC). 2020. Shorea contorta. The IUCN Red List of Threatened Species 2020
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Table 3-30. Taxonomic Classification of the Grass and Shrubs Present in the Project Area

I S N

Acanthaceae Asytasia gangetica subsp. Micrantha Chinese violet
Acanthaceae Ruella tuberosa Minnieroot
Acanthaceae Odontonema cuspidatum Firespike
Acanthaceae Phaulopsis imbritica Purple phaulopsis
Amaranthaceae Amaranthus spinosus Spiny amarath
Amaranthaceae Amaranthus viridis Slender amaranth
Araceae Colocasia esculenta Taro

Araceae Alocasia cucullate Chinese Taro

Aspleniaceae

Cyathillium cinereum

Soft tree fern

Asteraceae Sphagneticola trilobata Creeping oxeye
Asteraceae Ageratum conyzoides Billygoat Weed
Asteraceae Chromolaena odorata Siam Weed
Asteraceae Synedrella nodiflora None
Asteraceae Crassocephalum crepidiodes Unknown
Asteraceae Spilanthes paniculata Toothache plant
Asteraceae Acmella paniculata Toothache plant
Asteraceae Erigeron canadensis Canadian fleabane
Asteraceae Eclipta prostata False daisy
Asteraceae Tridax procumbens Coatbuttons
Bromeliaceae Ananas comosus Pineapple
Commelinaceae Commelina diffusa None
Commelinaceae Tradescantia fluminensis Inch plant

Convolvulaceae
Cornaceae
Cucurbitaceae
Cucurbitaceae
Cyperaceae
Euphorbiaceae
Euphorbiaceae

(3 ANMET
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Ipomea batatas

Cornus sericea
Melothria pendula
Melonchia corchorifolia
Kylinga nemoralis
Euphorbia hirta

Euphorbia heterophylla

Sweet potato

Red osier dogwood
Creeping cucumber
Heartleaf melon
None

Asthma plant

Wild poinsettia
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I S

Euphorbiaceae

Euphorbiaceae

Euphorbia prostata

Manihot esculenta

None

Cassava

Fabaceae Mimosa pudica Sensitive Plant
Fabaceae Arachis hypogea Peanut

Fabaceae Calopogonium mucunoides None

Fabaceae Crotalaria pallida None

Fabaceae Mimosa diploticha Giant Sensitive Plant
Fabaceae Chamaecrista nictitans Sensitive Partridge Pea
Malvaceae Sida rhombifolia Arrowleaf sida
Malvaceae Corchorus olitorus Jew's mallow
Meliaceae Swietenia sapling Mahogany
Nephrolepidaceae Nephrolepis bisserata Sword fern
Piperaceae Peperomia pellucida Shiny bush
Piperaceae Piper sarmentosum Wild betel

Poaceae Axonopus compressus Carpet Grass
Poaceae Rottboella cochinchinensis None

Poaceae Oplimenus hirtellu Basket grass
Poaceae Eleusine indica Goosegrass
Poaceae Digitaria ciliaris Southern crabgrass
Poaceae Cloeme rutidosperma Sweetgrass
Poaceae Echinocloa colona Jungle Rice
Poaceae Grona trifloral Clustered bluegrass
Poaceae Eragotis amabilis Lovegrass

Polygonaceae

Polypodiaceae

Rubiaceae Centrosa pubescens Buttonweed

Rubiaceae Borreria laevis Smooth Borreria

Rubiaceae Richardia grandiflora largeflower pusley

Rubiaceae Oldenlandia corymbosa

Rubiaceae Borreria ocymoides Smooth buttonweed
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Polygonum tomentosum

Drynaria cordata

Woolly jointweed

Heartleaf fern
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I S

Rubiaceae Coffea arabica* seedlings Arabica coffee
Solanaceae Solanum torvum Turkey berry
Thelypteridaceae Christella normalis None
Verbenaceae Stachytarpheta jamaicensis Blue porterweed
Verbenaceae Lantana camara Lantana

Species Density

Figure 3-38 displays the density of species in both grassland and understory vegetation, with a threshold of
10 individuals/m?. According to the data presented, the plant species with the highest density is Asytasia
gangetica subsp. Micrantha, with 441.47 individuals/m?. On the other hand, the species with the lowest
density is Melonchia corchorifolia, with only 0.33 individuals/m?.

Figure 3-38. Overall Relative Abundance of Grass and Shrubs Present in the Project Area

W Asytasia gangetica subsp. Micrantha

14.85 14.21 P
12.21 W AXONOpUS COMPIessus

14.41 13.79 W Sphagneticola trilobata
11.85 . .
/ m Oplimenus hirteilu

16.42

® Rotthboelia cochinchinensis

m Arachis hypogea

m Drynaria cordata

B Kylinga nemoralis

W Borreria laevis

m Chromolaena odorata

® Commelina diffusa

m Ageratum conyzoides

® Euphorbia hirta

W Fleusine indica
Mimosa pudica

m Digitaria ciliaris

u Centrosa pubescens
Euphorbia prostata
Oldeniandia corymbosa
Euphorbia heterophylia

Tradescantia fluminensis

Synedrelia nodifiora

Species Importance Values

Across all species, Asytasia gangetica subsp. Micrantha (Chinese violet) had the highest species importance
value (SIV) with 74.06, followed by Axonopus compressus (carabao grass), Rottboella cochinchinensis,
Sphagneticola trilobata, and Oplimenus hirtellu, with species importance values of 54.18, 18.37, 13.32, and
12.48, respectively. Except for saplings of Coffea arabica, Swietenia macrophylla, Colocasia esculenta (taro),
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and Manihot esculenta (cassava), most understory plants across the project site were generally weed

vegetation.

Figure 3-39. Importance Value of Grass and Shrubs Present in the Project Area

W Asytasio gangetica subsp. Micrantha
B AXONOpUs COMPressus

B Rotthoella cochinchinensis
W Sphagneticola trilobata

B Oplimenus hirteflu

B Drynaria cordata

B Ageratum conyzoides

B Mimosa pudica

m Arachis hypogea

B Eleusine indica

m Chromolaena odorata

Centrosa pubescens

List of Important Flora Species

Appendix 12 Flora species were recorded as vulnerable, endangered and near threatened species, according

to IUCN and DAO 2017-11, which was observed in the survey. These species were considered as important

flora species.

3.1.4.4.2.2

Fauna

Avifauna - Columbidae was the most species-rich family throughout the sampling season with a total of four
species during the low rainfall period and six species during the high-rainfall period.

Accipitridae
Accipitridae
Accipitridae
Alcedinidae
Alcedinidae

Alcedinidae

(HAMET

2 ASIA INC,

Table 3-31. Taxonomic Classification of the Avifauna Species

I B —T—

Brahminy kite

Philippine serpent-eagle
Black-shouldered kite
Collared Kingfisher
Southernsilvery kingfisher

White-throated kingfisher

Haliastur indus***
Spilornis cheela*

Elanus axillaris **
Todiramphus chloris***
Ceyx argentatus*

Halcyon gularis**
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Anatidae Philippine Duck Anas luzonica*

Apodidae Fork-tailed swift Apus pacificus**
Apodidae House swift Apus nipalensis**
Apodidae Glossy swiftlet Collocalia esculenta***
Ardeidae Cattle egret Bubulcus ibis***
Artamidae White breasted wood swallow Artamus leucoryn***
Bucerotidae Mindanao hornbill Penelopides affinis**
Campephagidae Pied triller Lalage nigra*

Columbidae Grey-capped emerald dove Chalcophaps indica***
Columbidae Pied Imperial Pigeon Ducula bicolor**
Columbidae Philippine Cuckoo Dove Macropygia tenuirostris***
Columbidae Red Collared Dove Streptopelia tranquebarica**
Columbidae White-eared brown dove Phapitreron leucotis***
Columbidae Zebra dove Geopelia striata***
Corvidae Large-billed crow Corvus macrorhynchos***
Cuculidae Black-faced coucal Centropus melanops***
Cuculidae Philippine coucal Centropus viridis***
Dicaeidae Fire-breasted flowerpecker Dicaeum ignipectus***
Dicaeidae Red keeled flowerpecker Dicaeum austral***
Estrildidae White-bellied Munia Lonchura leucogastra**
Estrildidae Chestnut munia Lonchura atricapilla***
Falconidae Philippine falconet Microhierax erythrogenys*

Hirundinidae
Laniidae
Locustellidae
Locustellidae
Megalaimidae
Meropidae
Monarchidae

Motacillidae

(3 ANMET
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Barn Swallow
Long-tailed shrike
Striated grassbird
Tawny grassbird
Coppersmith barbet
Blue-throated bee-eater
Black-naped Monarch

Eastern Yellow Wagtail

Hirundo rustica**

Lanius schach***

Megalurus palustris***
Megalurus timoriensis***
Psilopogon haemacephalus ***
Merops viridis***

Hypothymis azurea**

Motacilla flava*
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Muscicapidae
Muscicapidae
Muscicapidae
Nectariniidae
Nectariniidae
Nectariniidae
Oriolidae
Pachycephalidae
Passeridae
Psittacidae
Psittaculidae
Pycnonotidae
Pycnonotidae
Rallidae
Rhipiduridae
Rhipiduridae
Sturnidae
Sturnidae
Timaliidae
Turdidae
Turnicidae
Tytonidae

Zosteropidae

Blue-and-white flycatcher
Oriental magpie-robin
Pied Buschat
Brown-throated sunbird
Lina’s sunbird
Olive-backed sunbird
Black-naped Oriole
White-vented whistler
Eurasian tree sparrow
Philippine hanging parrot
Guaiabero

Philippine bulbul
Yellow-vented bulbul
Barred rail
Black-and-cinnamon fantail
Philippine pied fantail
Asian glossy starling
Coleto

Brown tit-babbler

Island thrush

Barred Button quail
Eastern Grass-owl

Mountain white-eye

Cyanoptila cyanomelana*
Copsychus saularis***
Saxicola caprata***
Anthreptes malacensis*
Aethopyga linaraborae***
Cinnyris jugularis***
Oriolus chinensis**
Pachycephala homeyeri*
Passer montanus***
Loriculus philippensis***
Bolbopsittacus lunulatus**
Hypsipetes philippinus ***
Pycnonotus goiavier***
Hypotaenidia torquata***
Rhipidura nigrocinnamomea*
Rhipidura nigritorquis***
Aplonis panayensis***
Sarcops calvus*

Macronus striaticeps*
Turdus poliocephalus*
Turnix suscitator***

Tyto longimembris***

Zosterops japonicus***

Note: (*) means present during Low Rainfall Period; (**) means present during High Rainfall Period; (***) means present in

both Period

Species Diversity

Table 3-32 shows the diversity of species across different locations and times. The data accumulated during

the two sampling periods has a criterion ranging from very low to moderate diversity. The number of species

identified greatly influences the diversity of the area. Species count or number is directly proportional to the

value of H-diversity, the greater number of species the higher H-diversity. Moreover, the table below shows

that Transect 9 under low rainfall period has the highest H-diversity with 2.55 which categorized to moderate

diversity on Shannon-Weiner index with a total of 17 species, dominance of 9.80% and evenness 75.05%.

With the result, it shows that the species are highly distributed and poorly dominated in the area. Dominance

(3 ANMET
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considers both the richness and evenness of the species. Moreover, the evenness in the diversity index
presents the degree of evenness on the area composition and richness. It is a measure of biodiversity which
guantifies how equal the community is.

Table 3-32. Species Diversity Indices of Avifauna

Low-Rainfall Period 16.83% 59.07%
High-Rainfall Period 19 408 29.85% 29.23% 1.71 Very Low
2 Low-Rainfall Period 8 17 16.26% 86.65% 1.94 Very Low
High-Rainfall Period 13 50 29.04% 44.95% 1.77 Very Low
3 Low-Rainfall Period 3 13 62.13% 66.26% 0.69 Very Low
High-Rainfall Period 18 124 28.43% 35.89% 1.87 Very Low
4 Low-Rainfall Period 6 6 16.67% 100% 1.79 Very Low
High-Rainfall Period 14 170 32.29% 33.77% 1.55 Very Low
5 Low-Rainfall Period 2 2 50% 100% 0.69 Very Low
High-Rainfall Period 17 58 27.23% 43.03% 1.99 Very Low
6 Low-Rainfall Period 10 18 11.73% 91.72% 2.22 Low
High-Rainfall Period 9 20 29.00% 59.60% 1.68 Very Low
7 Low-Rainfall Period 23 63 9.15% 70.60% 2.79 Moderate
High-Rainfall Period 13 40 28.63% 46.78% 1.81 Very Low
8 Low-Rainfall Period 11 14 11.22% 91.09% 231 Low
High-Rainfall Period 12 22 27.27% 55.28% 1.89 Very Low
9 Low-Rainfall Period 17 39 9.80% 75.05% 2.55 Moderate
High-Rainfall Period 9 21 26.98% 62.37% 1.73 Very Low
10 Low-Rainfall Period 21 80 13.28% 54.96% 2.45 Low
High-Rainfall Period 8 13 25.44% 71.07% 1.74 Very Low
11 Low-Rainfall Period 9 11 12.40% 94.66% 2.15 Low
High-Rainfall Period 9 47 37.35% 40.40% 1.29 Very Low
12 Low-Rainfall Period 3 3 33.33% 100% 1.1 Very Low
High-Rainfall Period 4 6 33.33% 86.60% 1.24 Very Low
13 Low-Rainfall Period 11 17 14.88% 79.30% 2.17 Low
High-Rainfall Period 13 60 32.83% 36.68% 1.56 Very Low
14 Low-Rainfall Period 2 15 68% 82.47% 0.5 Very Low
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High-Rainfall Period 33.33% 86.60% Very Low
15 Low-Rainfall Period 22 110 14.94% 48.25% 2.36 Low
High-Rainfall Period 19 42 24.38% 46.52% 2.18 Low
16 Low-Rainfall Period 3 7 34.69% 98.06% 1.08 Very Low
High-Rainfall Period 19 54 26.95% 41.24% 2.06 Low
17 Low-Rainfall Period 3 14 38.78% 90.99% 1 Very Low
High-Rainfall Period 13 24 27.08% 53.29% 1.94 Very Low
18 Low-Rainfall Period 16 124 20.72% 48.31% 2.05 Low
High-Rainfall Period 18 80 27.97% 37.54% 1.91 Very Low
19 Low-Rainfall Period 3 38 42.38% 85.56% 0.94 Very Low
High-Rainfall Period 13 28 27.56% 51.17% 1.9 Very Low
20 Low-Rainfall Period 13 157 24.44% 46.95% 1.81 Very Low
High-Rainfall Period 28 232 28.50% 25.16% 1.95 Very Low
Relative Abundance

The five most commonly encountered bird species across transects during the low-rainfall period were the
Eurasian tree sparrow (Passer montanus) with a mean relative abundance of 29.58%, Yellow-vented bulbul
(Pycnonotus goiavier) at 12.62%, Glossy swiftlet (Collocalia esculenta) at 11.01%, Zebra dove (Geopelia
striata) at 7.05%, and Olive-backed sunbird (Cinnyris jugularis) at 4.70% (orange cells Table 3-33).

During high rainfall period, the Glossy swiftlet (Collocalia esculenta) with a mean relative abundance of
21.46%, Eurasian tree sparrow (Passer montanus) at 19.82%, Yellow-vented bulbul (Pycnonotus goiavier) at
9.91%, White breasted wood swallow (Artamus leucoryn) at 6.56%, and Zebra dove (Geopelia striata) at
5.47% were the dominant species (orange cells in Table 3-33). The dominance of these birds was greatly
influenced by the availability of food items such as in the case of granivores like Passer montanus which were
common and abundant near rice fields, and Pycnonotus goiavier which feeds on nearby fruiting trees’! 2

Passer montanus species has an extremely large range from Asia and Europe. The population was suspected
to be stable overall in the absence of evidence for any declines or substantial threats. It is found increasingly
not only in built-up areas, but also in open arid countries. Their breeding season begins in April or May and
goes on to January. Declines in this species in Europe may be a result of changes in agricultural practices such
as the increased use of pesticides and herbicides. Pycnonotus goiavier is described as common throughout
its range and abundant in lowland and mid-altitude areas of Borneo. The population is suspected to be
increasing rapidly as this species benefits from deforestation and the creation of artificial habitats**
Collocalia esculenta global population size has not been quantified, but the species is reported to be

2 Tanalgo, K. C., Pineda, J. A., Agravante, M. E., & Amerol, Z. M. (2015). Bird Diversity and Structure in Different
Land-use Types in Lowland South-Central Mindanao, Philippines. Tropical life sciences research, 26(2), 85-103.

?2 sekercioglu, C. H. (2012). Bird functional diversity and ecosystem services in tropical forests, agroforests and

agricultural areas. Journal of Ornithology, 153(1), 153-161.

2 BirdLife International. 2017. Passer montanus. The IUCN Red List of Threatened Species.2017

** BirdLife International. 2016. Pycnonotus goiavier. The IUCN Red List of Threatened Species 2016
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abundant. The population is suspected to be stable in the absence of evidence for any declines or substantial
threats”™

Table 3-33. Composition and abundance of bird species during the low-rainfall period

Accipitridae

Alcedinidae

Anatidae
Apodidae
Ardeidae
Artamidae
Campephagidae
Columbidae

Corvidae
Cuculidae

Dicaeidae

Estrildidae
Falconidae
Laniidae
Locustellidae

Megalaimidae
Meropidae
Motacillidae
Muscicapidae

Nectariniidae

Pachycephalidae
Passeridae
Psittacidae
Pycnonotidae

Rallidae
Rhipiduridae

Sturnidae

Timaliidae
Turdidae
Turnicidae
Tytonidae
Zosteropidae
Total

Brahminy kite

Philippine serpent-eagle
Collared Kingfisher
Southern silvery kingfisher
White-throated kingfisher
Philippine Duck

Glossy swiftlet

Cattle egret

White breasted wood swallow

Pied triller

Grey-capped emerald dove
Philippine Cuckoo Dove
White-eared brown dove
Zebra dove

Large-billed crow
Black-faced coucal
Philippine coucal
Fire-breasted flowerpecker
Red keeled flowerpecker
Chestnut munia
Philippine falconet
Long-tailed shrike
Striated grassbird

Tawny grassbird
Coppersmith barbet
Blue-throated bee-eater
Eastern Yellow Wagtail
Blue-and-white flycatcher
Oriental magpie-robin
Pied Buschat
Brown-throated sunbird
Lina’s sunbird
Olive-backed sunbird
White-vented whistler
Eurasian tree sparrow
Philippine hanging parrot
Philippine bulbul
Yellow-vented bulbul
Barred rail
Black-and-cinnamon fantail
Philippine pied fantail
Asian glossy starling
Coleto

Brown tit-babbler

Island thrush

Barred Button quail
Eastern Grass-owl
Mountain white-eye

NOTE: RA — relative abundance

> BirdLife International. 2020. Collocalia esculenta. The IUCN Red List of Threatened Species 2020
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Haliastur indus
Spilornis cheela
Todiramphus chloris
Ceyx argentatus
Halcyon gularis

Anas luzonica

Collocalia esculenta
Bubulcus ibis

Artamus leucoryn
Lalage nigra
Chalcophaps indica
Macropygia tenuirostris
Phapitreron leucotis
Geopelia striata

Corvus macrorhynchos
Centropus melanops
Centropus viridis
Dicaeum ignipectus
Dicaeum austral
Lonchura atricapilla
Microhierax erythrogenys
Lanius schach
Megalurus palustris
Megalurus timoriensis
Psilopogon haemacephalus
Merops viridis
Motacilla flava
Cyanoptila cyanomelana
Copsychus saularis
Saxicola caprata
Anthreptes malacensis
Aethopyga linaraborae
Cinnyris jugularis
Pachycephala homeyeri
Passer montanus
Loriculus philippensis
Hypsipetes philippinus
Pycnonotus goiavier
Hypotaenidia torquata
Rhipidura nigrocinnamomea
Rhipidura nigritorquis
Aplonis panayensis
Sarcops calvus
Macronus striaticeps
Turdus poliocephalus
Turnix suscitator

Tyto longimemobris
Zosterops japonicus

1
33
1
9
1
89
14
17
2
3
1
31
57

N N W UL

239

808

0.12
4.08
0.12
1.11
0.12
11.01
1.73
21
0.25
0.37
0.12
3.84
7.05
0.62
0.37
0.25
0.25
1.36
0.62
0.25
0.5
0.99
0.12
0.74
1.24
0.12
0.5
0.62
0.12
1.36
0.5
4.7
0.37
29.58
0.25
1.36
12.62
0.62
0.25
1.36
4.33
0.25
0.37
0.12
0.12
0.25
0.37
100.00
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Figure 3-40. Relative abundance of Avifaunal species in Low Rainfall Period.
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Table 3-34. Composition and abundance of bird species during the high-rainfall period

Family Common Name Scientific Name Total RA (%)
Accipitridae Brahminy kite Haliastur indus 13 1.72
Black-shouldered kite Elanus axillaris 2 0.27
- Collared Kingfisher Todiramphus chloris 22 2.95
Alcedinidae . . .
White-throated kingfisher Halcyon gularis 9 1.24
Fork-tailed swift Apus pacificus 2 0.27
Apodidae Glossy swiftlet Collocalia esculenta 157 21.55
House swift Apus nipalensis 3 0.41
Ardeidae Cattle egret Bubulcus ibis 2 0.21
Artamidae White breasted wood swallow Artamus leucoryn 48 6.59
Bucerotidae Mindanao hornbill Penelopides affinis 1 0.14
Grey-capped emerald dove Chalcophaps indica 2 0.21
Pied imperial pigeon Ducula bicolor 1 0.07
Columbidae Philippine Cuckoo Dove Macropygi.a tenuirostris. 1 0.14
Red collared dove Streptopelia tranquebarica 2 0.27
Zebra dove Geopelia striata 40 5.49
White-eared brown dove Phapitreron leucotis 9 1.17
Corvidae Large-billed crow Corvus macrorhynchos 22 3.02
. Black-faced coucal Centropus melanops 10 1.37
Cuculidae . e
Philippine coucal Centropus viridis 1 0.07
Dicacidae Fire-breasted flowerpecker Dicaeum ignipectus 11 1.44
Red keeled flowerpecker Dicaeum austral 23 3.16
. Chestnut munia Lonchura atricapilla 11 1.51
Estrildidae . . . . . .
White-bellied Munia White-bellied munia 2 0.21
Hirundinidae Barn swallow Hirundo rustica 7 0.89
Laniidae Long-tailed shrike Lanius schach 4 0.48
Locustellidae Tawny grassbird Megalurus timoriensis 5 0.69
Striated grassbird Megalurus palustris 7 0.96
Megalaimidae Coppersmith barbet Psilopogon haemacephalus 7 0.96
Meropidae Blue-throated bee-eater Merops viridis 1 0.14
Monarchidae Black-naped monarch Hypothymis azurea 1 0.14
L Oriental magpie-robin Copsychus saularis 7 0.96
Muscicapidae Pied Buschat Saxicola caprata 1 0.14
Nectariniidae Lina’s sunbird Aethopyga linaraborae 1 0.14
Nectariniidae Olive-backed sunbird Cinnyris jugularis 27 3.71
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Family Common Name Scientific Name Total RA (%)
Oriolidae Black-naped oriole Oriolus chinensis 1 0.14
Passeridae Eurasian tree sparrow Passer montanus 145 19.9
Psittacidae Philippine hanging parrot Loriculus philippensis 1 0.14
Psittaculidae Guaiabero Bolbopsittacus lunulatus 1 0.14
. Philippine bulbul Hypsipetes philippinus 7 0.89
Hicnorotss Yellow-vented bulbul Pycnonotus goiavier 73 9.95
Rallidae Barred rail Hypotaenidia torquata 9 1.24
Rhipiduridae Philippine pied fantail Rhipidura nigritorquis 15 1.99
Sturnidae Asian glossy starling Aplonis panayensis 2 0.27
Turnicidae Barred Button quail Turnix suscitator 3 0.34
Tytonidae Eastern Grass-owl Tyto longimemobris 1 0.14
Zosteropidae Mountain white-eye Zosterops japonicus 16 2.2
Total 729 100.00

NOTE: RA — relative abundance

Figure 3-41. Relative abundance of Avifaunal species in High Rainfall Period.
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The 808 birds recorded during low-rainfall period sampling (April-May 2021) resolved into 48 species and 32
families comprised of 15 Philippine endemics with three (3) island endemics, 32 resident species, one (1)
migratory species, and one (1) introduced. The high-rainfall period sampling (July-August 2021) recorded 732
individuals classified into 47 species and 30 families, with only nine (9) Philippine endemics, one (1) island
endemic, eighteen (18) resident species, one (1) migratory, and one (1) introduced.

Philippine endemic species were the Philippine serpent-eagle (Spilornis cheela) under family Accipitridae,
Philippine Duck (Anas luzonica) under Anatidae, White-eared brown dove (Phapitreron leucotis) and
Philippine Cuckoo Dove (Macropygia tenuirostris) under family Columbidae, Black-faced coucal (Centropus
melanops) and Philippine coucal (Centropus viridis) under Cuculidae, Red keeled flowerpecker (Dicaeum
austral) under Dicaeidae, Philippine falconet (Microhierax erythrogenys) under family Falconidae, Yellow-
vented bulbul (Pycnonotus goiavier), Philippine pied fantail (Rhipidura nigritorquis) under Rhipiduridae,
Coleto (Sarcops calvus) under Sturnidae, and Brown tit-babbler (Macronus striaticeps) under family Timaliidae
(green cells in Table 3-35).

The survey also documented three Mindanao endemics, namely, Southern silvery kingfisher (Ceyx argentatus)
under family Alcedinidae, Lina’s sunbird (Aethopyga linaraborae) under Nectariniidae, and Black-and-
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cinnamon fantail (Rhipidura nigrocinnamomea) under the family Rhipiduridae. New endemic species
recorded during the high-rainfall period sampling were the Mindanao tarictic hornbill (Penelopides affinis)
under the family Bucerotidae, and Guaiabero (Bolbopsittacus lunulatus) under family Psittaculidae (yellow
cells in Table 3-35).

The Mindanao endemic Southern Silvery Kingfisher (Ceyx argentatus) is classified as Near Threatened by IUCN
and Vulnerable according to DAO 2019-09 (reds cell in Table 3-35), while Philippine endemic Philippine Duck
(Anas luzonica) is classified as Vulnerable both in IUCN and DAO 2019-09 (red cells in Table 3-35) and Lina’s
sunbird (Aethopyga linaraborae) as Near Threatened as per IUCN and Vulnerable by DAO 2019-09 (Table
3-35). Eurasian tree sparrow (Passer montanus) is an introduced species with a conservation status of Least
Concern (blue cell in Table 3-35).

Table 3-35. Species, endemicity and conservation status of bird species along the CMH alignment26

IUCN

Black-shouldered kite (Elanus axillaris)

Accipitridae Brahminy kite (Haliastur indus) N LC NI
Philippine serpent-eagle (Spilornis cheela) PE LC NI
Alcedinidae Collared Kingfisher (Todiramphus chloris) N LC NI

Southern silvery kingfisher (Ceyx argentatus) ME . NT VU
White-throated kingfisher (Halcyon gularis) PE LC NI

Anatidae Philippine Duck (Anas luzonica) PE W v
Fork-tailed swift (Apus pacificus) N LC NI
Apodidae Glossy swiftlet (Collocalia esculenta) N LC NI
House swift (Apus nipalensis) N LC NI
Ardeidae Cattle egret (Bubulcus ibis) N LC NI
Artamidae White breasted wood swallow (Artamus N LC NI

leucorynchus)

Bucerotidae Mindanao tarictic hornbill (Penelopides affinis) ME LC EN
Campephagidae Pied triller (Lalage nigra) N LC NI
Zebra dove (Geopelia striata) N LC NI
Philippine Cuckoo Dove (Macropygia tenuirostris) PE LC NI
) Pied imperial pigeon (Ducula bicolor) N LC NI
Columbidae Red collared dove (Streptopelia tranquebarica) N LC NI
White-eared brown dove (Phapitreron leucotis) PE LC NI
Grey-capped emerald dove (Chalcophaps indica) N LC NI
Corvidae Large-billed crow (Corvus macrorhynchos) N LC NI
Cuculidae Black-faced coucal (Centropus melanops) PE LC NI
Philippine coucal (Centropus viridis) PE LC NI
Dicacidae Red keeled flowerpecker (Dicaeum australe) PE LC NI
Fire-breasted flowerpecker (Dicaeum ignipectus) N LC NI
Estrildidae White-bellied Munia (White-bellied Munia) N LC NI
Chestnut munia (Lonchura atricapilla) N LC NI
Falconidae Philippine falconet (Microhierax erythrogenys) PE LC NI
Hirundinidae Barn swallow (Hirundo rustica) N LC NI
Laniidae Long-tailed shrike (Lanius schach) N LC NI
; Striated grassbird (Megalurus palustris) N LC NI
Locustellidae Tawny grassbird (Megalurus timoriensis) N LC NI
Megalaimidae Coppersmith barbet (Psilopogon haemacephalus) N LC NI
Monarchidae Black-naped monarch (Hypothymis azurea) N LC NI
Meropidae Blue-throated bee-eater (Merops viridis) N LC NI
Monarchidae Black-naped monarch (Hypothymis azurea) N LC NI
Motacillidae Eastern Yellow Wagtail (Motacilla flava) N LC NI
Muscicapidae Oriental magpie-robin (Copsychus saularis) N LC NI

*® low and high-rainfall periods
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IUCN

Pied Buschat (Saxicola caprata)

Blue-and-white flycatcher (Cyanoptila cyanomelana) N LC NI
Brown-throated sunbird (Anthreptes malacensis) N LC NI
Nectariniidae Lina’s sunbird (Aethopyga linaraborae) ME NT VU
Olive-backed sunbird (Cinnyris jugularis) N LC NI
Oriolidae Black-naped oriole (Oriolus chinensis) N LC NI
Pachycephalidae White-vented whistler (Pachycephala homeyeri) N LC NI
Passeridae Eurasian tree sparrow (Passer montanus) | LC NI
Psittacidae Philippine hanging parrot (Loriculus philippensis) N LC NI
Guaiabero (Bolbopsittacus lunulatus) ME LC NI
. Yellow-vented bulbul (Pycnonotus goiavier) N LC NI
Philippine bulbul (Hypsipetes philippinus) E LC NI
Rallidae Barred rail (Hypotaenidia torquata) N LC NI
Philippine pied fantail (Rhipidura nigritorquis) PE LC NI
i YeIIow—vent'ed bulbul (Pycr'ronot'us' goiavier) PE LC NI
Black-and-cinnamon fantail (Rhipidura
. . ME LC NI
nigrocinnamomea)
Sturnidae Asian glossy starling (Aplonis panayensis) N LC NI
Coleto (Sarcops calvus) PE LC NI
Timaliidae Brown tit-babbler (Macronus striaticeps) PE LC NI
Turdidae Island thrush (Turdus poliocephalus) N LC NI
Turnicidae Barred Button quail (Turnix suscitator) N LC NI
Tytonidae Eastern Grass-owl (Tyto longimemobris) N LC NI
Zosteropidae Mountain white-eye (Zosterops japonicus) N LC NI

NOTES: Residency status: | = introduced, N = Native, PE=Philippine endemic, ME=Mindanao endemic, M = migratory.
Conservation status: CR = Critically Endangered, EN=Endangered, VU = vulnerable, NT = Near Threatened, and LC = Least
concern

Species Presence

Table 3-36 shows the species presence in each transect between two different sampling periods. However,
there are only 13 species that were only observed during low rainfall periods. Meanwhile, there are 11
species that were recorded during the high rainfall sampling period.
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Table 3-36. Presence of the Identified Avifauna per Station and their Location

Transect

Plantation
Plantation
Plantation
Plantation
Plantation
Plantation/
Farm Field

7
< o
1o} P
® o
e |
9 8
| 3
s 2

e

Patch/Plantatio
Riparian Flora
Riparian Forest
Riparian Forest
Riparian Forest
In etween forest
and plantation
Plantation
Riparian Forest
Riparian Forest
Plantation
Riparian Forest

Aethopyga linaraborae a b a

Anas luzonica a

Anthreptes malacensis a
Aplonis panayensis a b a a a a b a b
Apus nipalensis b b
Apus pacificus b b
Artamus leucoryn a ab b a ab a a b ab b a ab
Bolbopsittacus lunulatus b

Bubulcus ibis a b b
Centropus melanops b b b a b a ab
Centropus viridis a a b

Ceyx argentatus a

Chalcophaps indica b b b a a a
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Cinnyris jugularis b ab b ab b a ab a a ab ab a ab a b ab b ab
Collocalia esculenta ab ab ab b b b a ab a ab b ab ab a ab b ab
Copsychus saularis b b a b ab a a b a b
Corvus macrorhynchos b b b b b ab ab b b ab
Cyanoptila cyanomelana a a a a
Dicaeum austral b b b b a ab ab ab b ab b b
Dicaeum ignipectus b b b b a b ab b b b b
Ducula bicolor b
Elanus axillaris b
Geopelia striata ab b b ab b a ab ab b a b b b ab a ab ab
Halcyon gularis ab b b b a a b a a
Haliastur indus b b ab b a a b b b b b b
Hirundo rustica b b b
Hypotaenidia torquata b ab b a b a b ab b b b
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Hypothymis azurea b

Hypsipetes philippinus b b b a a a a a b b

Lalage nigra a a

Lanius schach b a b b a ab

Lonchura atricapilla b ab b b b b b ab

Loriculus philippensis a b

Macronus striaticeps a a

Macropygia tenuirostris a b

Megalurus palustris ab b b a a a a ab b b

Megalurus timoriensis b ab b b b b

Merops viridis a a a b a

Microhierax a a

erythrogenys

Motacilla flava a
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Oriolus chinensis b
Pachycephala homeyeri a
Passer montanus ab ab ab b b ab ab ab a a ab ab ab ab a ab ab ab ab ab
Penelopides affinis b
Phapitreron leucotis a b ab a a a ab a a ab ab ab b
Psilopogon a b ab b a a b
haemacephalus
Pycnonotus goiavier ab ab b ab b ab ab b a ab b ab ab a ab b ab ab ab
Rhipidura nigritorquis ab b ab b a a b ab b b ab b b
Rhipidura a
nigrocinnamomea
Sarcops calvus a a
Saxicola caprata a b
Spilornis cheela a
Streptopelia b b
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Transect

BRI R R R R R D

Plantation
Plantation
Plantation
Riparian Flora
Riparian Forest
Plantation
Plantation
Plantation/
Farm Field
Riparian Forest
Plantation
Riparian Forest

7
< o
1o} P
® o
e |
9 8
g | 3
s 2

e

Patch/Plantatio
Riparian Forest
Riparian Forest
Riparian Forest
In etween forest
and plantation
Plantation

tranquebarica

Todiramphus chloris ab ab ab b ab ab a a a b ab b ab b ab
Turdus poliocephalus a

Turnix suscitator b ab b

Tyto longimembris a b
White-bellied Munia b b

Zosterops japonicus a a a b

Note: (a) means present in Low Rainfall Period; (b) means present in High Rainfall Period; (ab) means present in both Periods
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Chapter 3 - Analysis of Key Environmental Impacts

List of Important Species

Appendix 16 shows the list of avifaunal species found across the stations as listed in the IUCN Red List.
Avifaunal species were recorded as vulnerable, endangered and near threatened species, according to IUCN
and DAO 2019-09, which was observed in the survey. These species were considered as important avifaunal
species.

Bats

A total of 71 bats were collected during low rainfall period across 11 stations resolved into five (5) species of
fruit bats (Pteropodidae) and one (1) species of insect bat (Hipposideridae). Ptenochirus jagori was the most
abundant with a relative abundance of 70.42% followed by Cynopterus brachyotis and Rousettus
amplexicaudatus with relative abundances of 19.72 and 4.23%, respectively. A lone insect bat, Hipposideros
diadema was also collected. Majority of bats collected had almost 1:1 age and sex ratio.

Table 3-37. Taxonomic Classification of Volant Mammals

Pteropodidae Greater Musky Fruit Bat Ptenochirus jagori***
Lesser Short-Nosed Fruit Bat Cynopterus brachyotis***
Long-tongued Nectar Bat Macroglossus minimus***
Geoffroy’s Rousette Rousettus amplexicaudatus***
Fischer’s pygmy Fruit Bat Haplonycteris fischeri*
Lesser Musky Fruit Bat Ptenochirus minor**
Hipposideridae Diadem Leaf-Nosed Bat Hipposideros diadema*

Note: (*) means present during Low Rainfall Period; (**) means present during High Rainfall Period; (***) means present in
both Period

Species Diversity

Table 3-38 shows the species diversity between stations in different sampling periods. The data accumulated
during the two sampling periods has a criterion ranging from none to very low diversity. The number of
species identified greatly influences the diversity of the area. The result shows that the species are highly
distributed and averagely to highly dominated the area. Dominance considers both the richness and
evenness of the species. Moreover, the evenness in the diversity index presents the degree of evenness on
the area composition and richness. It is a measure of biodiversity which quantifies how equal the community
is. However, it can be inferred in the table that during high rainfall period it has a higher H-diversity than the
low rainfall period.

Table 3-38. Species Diversity Indices of the Stations Established for Volant Mammals

Low-Rainfall Period 72.22% 78.46% Very Low
High-Rainfall Period 4 7 30.61% 89.65% 1.27 Very Low
2 Low-Rainfall Period 2 2 50% 100% 0.69 Very Low

High-Rainfall Period - - - o - -

3 Low-Rainfall Period 2 4 62.5% 87.74% 0.56 Very Low
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High-Rainfall Period 38.37% 75.37% Very Low
4 Low-Rainfall Period 0 0 - - - -
High-Rainfall Period 4 18 30.25% 89.58% 1.28 Very Low
5 Low-Rainfall Period 3 6 50% 79.37% 0.86 Very Low
High-Rainfall Period 2 8 62.5% 87.74% 0.56 Very Low
6 Low-Rainfall Period 3 12 43.06% 83.51% 0.92 Very Low
High-Rainfall Period 4 19 45.15% 69.89% 1.03 Very Low
7 Low-Rainfall Period 3 12 43.06% 83.51% 0.92 Very Low
High-Rainfall Period 3 15 39.56% 91.48% 1.01 Very Low
8 Low-Rainfall Period 1 8 100% 100% 0 None
High-Rainfall Period 2 5 52% 98.01% 0.67 Very Low
9 Low-Rainfall Period 1 3 100% 100% 0 None
High-Rainfall Period 3 8 46.88% 82.01% 0.90 Very Low
10 Low-Rainfall Period 1 3 100% 100% 0 None
High-Rainfall Period 2 3 55.56% 94.46% 0.64 Very Low
11 Low-Rainfall Period 3 15 66.22% 62.44% 0.63 Very Low
High-Rainfall Period 3 5 36% 95.72% 1.06 Very Low
12 Low-Rainfall Period - - - = - -
High-Rainfall Period 4 21 50.57% 61.61% 0.90 Very Low
13 Low-Rainfall Period - - - = - -
High-Rainfall Period 2 11 70.25% 80.33% 0.47 Very Low
Relative Abundance

In the low-rainfall period, Ptenochirus jagori was the most abundant with a relative abundance of 70.42%
followed by Cynopterus brachyotis and Rousettus amplexicaudatus with relative abundances of 19.72 and
4.23%, respectively. A lone insect bat, Hipposideros diadema was also collected. Majority of bats collected
had almost a 1:1 age and sex ratio.

During the high-rainfall period, a total of 144 bats were collected representing 5 under Pteropodidae. Across
all sites, Ptenochirus jagori was the most abundant bat species with a relative abundance of 55.56% (blue cell
in Table 3-39 followed by Cynopterus brachyotis and Ptenochirus minor with relative abundances of 20.83 and
12.50% respectively. Majority of bats captured were adults (79.8%) and female (64.9%), suggesting relatively
high reproductive capacity. Although this is a widespread and abundant species with large populations,
Ptenochirus jagori has likely experienced low-level population declines due to forest loss. The species is most
common in lowland forest and is also common in secondary forest, often present in cropland and urban parks
and residential areas and relatively common in Ultramafic Forest and mangrove forest. This frugivorous tree
and cave roosting species which occurs from sea level to at least 1,950 m is abundant in primary forest and
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common in secondary forest. Ptenochirus jagori is occasionally present in agricultural areas near forest and
has been found in degraded habitats®’

In terms of species endemicity and conservation status, Ptenochirus jagori, P. minor and Haplonycteris fischeri
are Philippine endemics while the rest are native species. All of the bat species were under the least concern
category of IUCN and not included in DAO 2019-09.

Figure 3-42. Overall relative abundance of bat species surveyed during the low and high rainfall periods

& Greater musky fruit bat
(Prenachirus jagori)

® Lesser short-nosed fryit bat

(Cymopterus brachyotis)

(Rousettus amplexicaudatus)

Low rainfall period High rainfall period

Table 3-39. Composition and abundance of bats species captured across survey sites

Low rainfall period High rainfall period
RA (%) RA (%)

Ptenochirus jagori 50 70.42  Ptenochirus jagori 80 55.56
Cynopterus brachyotis 14 19.72  Cynopterus brachyotis 30 20.83
Macroglossus minimus 2 2.82 Ptenochirus minor 18 12.50
Rousettus amplexicaudatus 3 4.23 Macroglossus minimus 9 6.25
Haplonycteris fischeri 1 1.41 Rousettus amplexicaudatus 7 4.86
Hipposideros diadema 1 1.41  Total 144 100.00
Total 71 100.00

NOTE: RA — relative abundance

Species Presence

The table below shows the presence of volant species in different stations. The table shows that species
Ptenochirus minor was only observed in high rainfall sampling period, while Hipposideros diadema and
Haploncyteris fischeri were present in the low rainfall sampling period.

Table 3-40. Species Presence Per Station for Volant Mammals

Lz i e a0 s o s s e

Greater Musky  Ptenochirus jagori
Fruit Bat

Lesser Short- Cynopterus ab ab b ab ab b b b ab b b
Nosed Fruit Bat  brachyotis

Long-tongued Macroglossus b a b a b
Nectar Bat minimus
Geoffroy’s Rousettus b b b a ab a b b

%7 Alviola, P.A. et al. 2021. Ptenochirus jagori. The IUCN Red List of Threatened Species 2021
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Common Name Species Name
wi | wa | ws | we | ws | wo | w7 | ws | ws | wio | wi | wiz ) wis|
Rousette amplexicaudatus
Fischer’s Haplonycteris a
pygmy Fruit fischeri
Bat
Lesser Ptenochirus minor b b b b b b
Musky Fruit
Bat
Diadem Hipposideros a
Leaf-Nosed Bat  diadema

Note: (a) means present in Low Rainfall Period; (b) means present in High Rainfall Period; (ab) means present in both Periods

Conservation Status and Endemicity

In terms of species endemicity and conservation status, Ptenochirus jagori, P. minor and Haplonycteris fischeri
are Philippine endemics while the rest are native species. All the bat species were under the least concern
category of IUCN and not included in DAO 2019-09.

Table 3-41. Species, endemicity and conservation status of bat species across survey sites

Family Common Name Scientific name Residency [Ve)] DAO 2019-
Status

Pteropodidae Greater musky fruit bat

Ptenochirus jagori

Lesser short-nosed fruit  Cynopterus brachyotis N LC NI

bat

Long-tongued nectar bat  Macroglossus minimus N LC NI

Geoffroy's rousette Rousettus amplexicaudatus N LC NI

Fischer's pygmy fruit bat  Haplonycteris fischeri PE LC NI

Lesser musky fruit bat Ptenochirus minor PE LC NI
Hipposideridae Diadem leaf-nosed bat Hipposideros diadema N LC NI

NOTES: Residency status: N - native, PE - Philippine endemic, Conservation status: LC - Least concern, NI- not included

Herpetofauna — A total of eight (8) species were recorded belonging to seven (7) families of which three (3)
species were observed in two rainfall periods. These are frogs or toads such as Rhinela marina, Limnonectes
mangnus and Kaloula pulchra. However, 4 species were only observed during the high rainfall period, which
comprises snakes and toads. The table below shows the species composition present in different rainfall
periods.

Table 3-42. Taxonomic Classification of the Herpetofauna Present in the Project Area

Bufonidae
Ceratobatrachidae
Dicroglossidae
Megaphrydae

Microhyalidae

(@ amer

Cane Toad

Platymantis

Giant Philippine Frog
Mindanao Horned Frog

Painted Narrowmouth Toad

Rhinela marina***
Platymantis sp**
Limnonectes mangnus***
Megophrys stejnegeri**

Kaloula picta**
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Banded Bullfrog Kaloula pulchra***
Colubridae Rat Snake Coelagnathus sp.**
Varanidae Yellow Headed Water Monitor Varanus cumingi**

Note: (*) means present during Low Rainfall Period; (**) means present during High Rainfall Period; (***) means present in
both Period

Relative Abundance
The 34 frogs collected during the low rainfall period and resolved into 3 families and 3 species was dominated
by Limnonectes magnus with a relative abundance of 70.59% (Table 3-44).

During high rainfall season, total frog captures were also dominated by Limnonectes magnus with a relative
abundance of 53.33% (blue cell in Table 3-44) followed by Rhinela marina at 33.33%. Other herpetofauna
captured were three (3) individuals of Coelognathus sp. and one (1) individual of Varanus cumingi both
captured during high-rainfall period. Frog abundance and diversity across all sites were very low and high
poaching pressure for the edible Limnonectes magnus.

Limnonectes magnus species complex is found on Mindanao, Basilan, Bohol, Camiguin, Samar and Leyte
Islands in the Philippines. It is common to very common where its habitat remains intact, although some
subpopulations are in decline because of over-exploitation. It inhabits undisturbed and disturbed streams and
rivers in lower montane and lowland forests. It breeds and deposits egg clutches in quiet side pools of
forested riverine habitats. Due to its large size, the species is collected in large numbers for human
consumption, which may pose a threat to the overall population. On Mindanao, the major threat is the
destruction and conversion of both lowland and montane rainforest habitat due to small-scale agricultural
activities, large-scale oil palm plantations, wood collection for charcoal production, and expanding human
settlements®®

With regards to frog species endemicity, the Megophrys stejnegeri and Kaloula picta are Philippine endemics
while Limnonectes magnus and Varanus cumingi is a Mindanao endemic. However, Kaloula pulchra and
Rhinela marina are considered as introduced and invasive species. In terms of conservation status,
Limnonectes magnus is under Near Threatened category under IUCN and Other Threatened Species (red cells
in Table 3-46) as per DAO 2019-09 with the rest under Least Concern and not included in DAO 2019-09.

Conservation Status and Endemicity

With regards to frog species endemicity, the Megophrys stejnegeri and Kaloula picta are Philippine endemics
while Limnonectes magnus and Varanus cumingi are Mindanao endemic. However, Kaloula pulchra and
Rhinela marina are considered as introduced and invasive species. In terms of conservation status,
Limnonectes magnus is under Near Threatened category under IUCN and Other Threatened Species as per
DAO 2019-09 with the rest under Least Concern and not included in DAO 2019-09.

2% JUCN SSC Ampbhibian Specialist Group. 2020. Limnonectes magnus (amended version of 2019 assessment). The
IUCN Red List of Threatened Species 2020
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Figure 3-43. Overall relative abundance of frog species during low and high rainfall periods

& Cane toad (Rhinela marina)

s Platymantis [Platymantis sp. 1)
# Giant Philippine frog
. ¢ phidiopine fros (Limnonect ax
(Limnanectes magnus) Giant Phiippine frog (Limnonectes
M3gNuUs)

® Cane 10ad (Rhinela marina) Mindanao hormded frog

{Megophrys
» Banded bulifrog [Kaloula RPSIED AT

pulchra)

Low rainfall period High rainfall period

Species Presence

Table 3-43 shows the occurrences or presence of herpetofauna observed in different stations between the
two rainfall periods. The table shows that the species Platymantis sp was only observed in Station 7. As well
as the species Megophrys stejnegeri, Kaloula picta. Kaloula pulchra and Varanus cumingi were observed at
stations 6, 7, 8 and 4 alone, respectively. However, it can also be observed that there are no species that were
present in the same station for two rainfall periods. Consequently, there are certain stations in which this
species favors the vegetation and food availability during such rainfall period.

Table 3-43. Species Presence of Herpetofauna

T e e e [ e [ [
Rhinela marina b a b a a a a a
Platymantis sp. b
Limnonectes mangnus b a a b a b b b b
Megophrys stejnegeri b
Kaloula picta b
Kaloula pulchra b
Coelagnathus sp. b b b
Varanus cumingi b

Note: (a) means present in Low Rainfall Period; (b) means present in High Rainfall Period; (ab) means present in both Periods
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Table 3-44. Composition and abundance of frog species captured

Low rainfaII period High rainfall period
RA (%) RA (%)

Kaloula pulchra 2.94 Rhinela marina 10 33.33
Limnonectes magnus 24 70.59 Platymantis sp. 1 1 3.33
Rhinela marina 9 26.47  Limnonectes magnus 16 53.33
Total 34 100.00 Megophrys stejnegeri 1 3.33
NOTE: RA — relative abundance  Kaloula picta 1 3.33
Kaloula pulchra 1 3.33

Total 30 100.00

Table 3-45. Composition and abundance of other herpetofauna captured (high rainfall)

RA (%)

Colubridae Rat snake Coelognathus sp. 3 75.00

Varanidae Yellow headed Varanus cumingi 1 25.00
water monitor

Total 4 100.00

Conservation Status and Endemicity

With regards to frog species endemicity, the Megophrys stejnegeri and Kaloula picta are Philippine endemics
while Limnonectes magnus and Varanus cumingi are Mindanao endemic. However, Kaloula pulchra and
Rhinela marina are considered as introduced and invasive species. In terms of conservation status,
Limnonectes magnus is under Near Threatened category under IUCN and Other Threatened Species as per
DAO 2019-09 with the rest under Least Concern and not included in DAO 2019-09.

Table 3-46. Species, endemicity and conservation status of herpetofauna across survey sites

Bufonidae Cane toad Rhinela marina
Ceratobatrachidae  Platymantis Platymantis sp. 1 - - -
Dicroglossidae Giant Philippine frog Limnonectes magnus ME ~ NT  OTS
Megophrydae Mindanao horned frog Megophrys stejnegeri PE LC NI
Microhyalidae Painted Narrowmouth Toad Kaloula picta PE LC NI
Banded Bullfrog Kaloula pulchra | LC NI
Colubridae Rat snake Coelognathus sp. - - -
Varanidae Yellow headed water monitor  Varanus cumingi ME LC NI
NOTES: Residency status: | = introduced, PE=Philippine endemic, ME=Mindanao endemic; Conservation status: LC = Least

concern, NT=Near Threatened, NI= not included, OTS=0Other Threatened Species

List of Important Species
In this report, only species Limnonectes magnus was recorded as Near threatened by IUCN and Other
Threatened species in DAO 2019-09. Appendix 24 shows the details of the important species.

Small Mammals — There are 3 species of non-volant mammals recorded in the report that belonged to only

one family- Muridae. Furthermore, only Rattus tanezumi was observed in two rainfall sampling period, while
Rattus norvegicus and Rattus rattus was only observed during high rainfall period.
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Table 3-47. Taxonomic Classification of Small Mammals

Muridae Brown Rat Rattus norvegicus**
Asian House Rat Rattus tanezumi***
Black Rat Rattus rattus**

Note: (*) means present during Low Rainfall Period; (**) means present during High Rainfall Period; (***) means present in
both Period

Relative Abundance

Only one rodent (Rattus tanezumi) was captured during low-rainfall survey (orange cell in Table 3-48) while
three species were recorded during high-rainfall period where the Rattus norvegicus ad a relative abundance
of 50% and Rattus tanezumi and Rattus rattus both with 25% each. All murid species collected were
introduced species and considered as pests in households and agricultural areas.

Figure 3-44. Relative Abundance of Non-volant Mammals in Low-rainfall and High-rainfall Period

100% ~

90% 1 25%

80% -

70% -

60% -
Rattus rattus
50%

0 B Rattus tanezumi
40%

30% B Rattus norvegicus
L

20% -
10% -

0% -

Low Rainfall Period High Rainfall Period

Table 3-48. Composition and abundance of murid species captured (high rainfall)

Rattus tanezumi 1 100. OO Rattus norvegicus 2
Total 1 100.00 Rattus tanezumi 1 25
NOTE: RA —relative abundance  Rattus rattus 1 25
Total 4 100.00
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Figure 3-45. Overall relative abundance of non-volant mammals during low and high rainfall periods

= Brown rat (Rattus

]
Black rat [Rattus rattus)
l

Low rainfall period High rainfall period

® Asian house rat (Rattus

tanezumi)

Conservation Status and Endemicity
All murid species collected were introduced species and considered as pests in households and agricultural
areas.

Table 3-49. Species, endemicity and conservation status of murid species across survey sites

Brown rat Rattus norvegicus
Asian house rat Rattus tanezumi I LC NI
Black rat Rattus rattus | LC NI

Insects - A total of 109 individuals under 26 genera belonging to seven Orders of insects were recorded during
low rainfall period sampling and 100 individuals in 24 genera representing 8 orders were recorded during the
high rainfall period (Table 3-50). All the insects identified and recorded in the project area were not classified
as threatened species according to DAO 2019-09, which presents the 'Updated National List of Threatened
Philippine Fauna and Other Categories'.

Table 3-50. Taxonomic Classification of the Insect Identified within the Project Area

“ Family/ eenetane

Blattodea Roach Blattodea**
Coleoptera Metallic flea beetle Alticini sp. ***
Coleoptera Jewel beetle Buprestidae*
Coleoptera Tortoise beetle Cassidinae*
Coleoptera Leaf beetle Chrysomelidae***
Coleoptera Long nose weevil Rhinotia sp. *
Coleoptera Asian lady beetle Harmonia sp. ***
Coleoptera Firefly Lampyridae***
Coleoptera Broad nose weevil Curculionidae***
Coleoptera Long horn beetle Oberea nigriventis***
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“ FamiIY/ SCientiﬁc o

Coleoptera
Coleoptera
Coleoptera
Diptera
Hemiptera
Hemiptera
Hemiptera
Hymenoptera
Hymenoptera
Hymenoptera
Lepidoptera
Lepidoptera
Lepidoptera
Lepidoptera
Lepidoptera
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Orthoptera

Phasmatodea

Tiger beetle

Tiger Beetles

Weevil

Mosquito hawk

Red cotton stainer

Assasin bug

Kissing bug

Carpenter ant

Yellow spotted mason wasp
Velvet ant

Common grass yellow

Blue moon butterfly
Metalmark moths

Scarlet Mormon

Common Mormon

Dancer Damselfly

Ebony jewel wing

Blue ground Skimmer
Crimson marsh glider
Green skimmer

Red parasol dragonfly
Slender skimmer

Black bambootail damselfly
Jewel damselfly
Red-veinted darter dragonfly
Pigmy skimmer dragonfly
Grasshopper

Stick insect

Neocollyris sp. **
Cicindelinae**
Pseudapocyrtus sp.***
Tipulidae*

Dysdercus cingulatus***
Rhynocoris iracundus**
Triatominae**
Camponotus*

Odynerus bicinctus*
Mutillidae**

Eurema hecabe*
Hypolimas bolina philippinensis*
Choreutidae**

Papilio rumanzovia**
Papilio polytes alphenor**
Argia sp.*

Calopteryx maculata*
Diplacodes trivialis***
Trithemis aurora**
Orthetrum serapia**
Neurothermis terminata*
Orthetrum sabina sabina***
Prodasineura verticalis*
Rhinocypha colorata***
Sympetrum fonscolombii*
Tetrathemis platyptera*
Caelifera***

Phasmatodea**

Note: (*) means present during Low Rainfall Period; (**) means present during High Rainfall Period; (***) means present in

both Period
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Species Diversity

Table 3-51 displays the variation in species diversity across stations during different sampling periods. The
data collected during these periods indicates a range of diversity from none to very low. Based on the results,
it is evident that the species are widely distributed due to its high evenness and less likely to dominate the

area. However,

the data shows no relationship with H-diversity between two sampling periods.

Table 3-51. Species Diversity Indices Per Station Established for Insects

Low-Rainfall Period 18.37% 95.71% Very Low

High-Rainfall Period - - o - - -

2 Low-Rainfall Period - - - - - -
High-Rainfall Period 7 11 15.7% 94.92% 1.89 Very Low
3 Low-Rainfall Period 6 19 39.06% 59.01% 1.26 Very Low
High-Rainfall Period 1 7 100% 100% 0 None
4 Low-Rainfall Period 5 10 26% 82.85% 1.60 Very Low
High-Rainfall Period 4 13 32.54% 85.61% 1.23 Very Low
5 Low-Rainfall Period 3 4 37.5% 94.28% 1.04 Very Low
High-Rainfall Period 2 5 68% 82.47% 0.50 Very Low
6 Low-Rainfall Period 7 10 22% 82.05% 1.75 Very Low
High-Rainfall Period 5 7 26.53% 87.43% 1.47 Very Low
7 Low-Rainfall Period 7 11 17.36% 90.51% 1.85 Very Low
High-Rainfall Period 5 14 38.78% 67.43% 1.22 Very Low
8 Low-Rainfall Period 7 14 20.41% 83.63% 1.77 Very Low
High-Rainfall Period 7 11 19.01% 86.31% 1.80 Very Low
9 Low-Rainfall Period 6 10 20% 90.84% 1.70 Very Low
High-Rainfall Period 5 8 25% 89.11% 1.49 Very Low
10 Low-Rainfall Period 3 7 38.78% 90.99% 1.00 Very Low
High-Rainfall Period 7 10 18% 89.45% 1.83 Very Low
11 Low-Rainfall Period 9 16 28.13% 62.85% 1.73 Very Low
High-Rainfall Period 6 14 25.51% 80.44% 1.57 Very Low
Relative Abundance

Terrestrial insects under Order Coleoptera were the most dominant taxa in both low and high rainfall

sampling with a mean relative abundance of 66.67% and 79% of the total population, respectively (orange

and blue cells in Table 3-52 followed by order Odonata with a mean relative abundance of 19.44 and nine
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percent during the low- and high rainfall periods. Other major groups of terrestrial insects were poorly

represented in both low and high rainfall period with a mean relative abundance of below 5 percent each.

Broad-nose weevils (Curculionidae) of order Coleoptera were the most dominant species (30 individuals)
representing 28 percent mean relative abundance (orange cell in Table 3-53) of the total population during
the low rainfall period and a mean relative abundance of 34% in high rainfall period (blue cell in Table 3-54).
This species was the most common across survey sites and occurs conspicuously in groups. Moreover, the top
five most abundant species in the low and high rain periods were all from Order Coleoptera. Data further
suggested a low diverse terrestrial insect community throughout the sampling periods essentially dominated
by broad-nose weevils (Curculionidae). As the largest group in the Coleoptera, Curculionidae are common in
the Philippines (Bacras et al., 2021).

Table 3-53. Composition and abundance of terrestrial insects captured (low rainfall)

Table 3-52. Composition and abundance of insect Orders captured

High rainfall
(Order | Abundance | RA (%) | Order | Abundance | RA (%)

Coleoptera
Odonata
Lepidoptera
Orthoptera
Hemiptera
Hymenoptera
Diptera

Total

73 66.67 Coleoptera
21 19.44 Odonata

4 3.7 Lepidoptera
4 3.7 Orthoptera

3 2.78 Hemiptera

3 2.78 Hymenoptera
1 0.93 Phasmatodea

109 100.00 Blattodea

Total

NOTE: RA — relative abundance

100

79

e S S = N Vo)

79.00
9.00
4.00
1.00
4.00
1.00
1.00
1.00

100.00

Corder | Commontiame | scienfcname | Aoundance | A0
7

Coleoptera

Diptera
Hemiptera
Hymenoptera

Lepidoptera

Odonata

(3 AMET
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Metallic flea beetle
Jewel beetle

Tortoise beetle

Leaf beetle

Long nose weevil
Asian lady beetle
Firefly

Broad nose weevil
Long horn beetle
Weevil

Mosquito hawk

Red cotton stainer
Carpenter ant

Yellow spotted mason
wasp

Common grass yellow
Blue moon butterfly
Dancer Damselfly
Ebony jewel wing
Blue ground Skimmer
Red parasol dragonfly
Slender skimmer
Black bambootail

Alticini sp. 6.42
Buprestidae 1 0.92
Cassidinae 2 1.83
Chrysomelidae 6 5.50
Rhinotia sp. 12 11.01
Harmonia sp. 4 3.67
Lampyridae 4 3.67
Curculionidae 30 27.52
Oberea nigriventis 2 1.83
Pseudapocyrtus sp. 4 3.67
Tipulidae 1 0.92
Dysdercus cingulatus 3 2.75
Camponotus 1 0.92
Odynerus bicinctus 2 183
Eurema hecabe 1 0.92
Hypolimas bolina philippinensis 3 2.75
Argia sp. 1 0.92
Calopteryx maculata 4 3.67
Diplacodes trivialis 1 0.92
Neurothermis terminata 2 1.83
Orthetrum sabina sabina 1 0.92
Prodasineura verticalis 2 1.83
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Corser | commanName | detiicrame | noundace | RA 09

damselfly

Jewel damselfly Rhinocypha colorata 6 5.50
:?:g_gi:;ed darter Sympetrum fonscolombii 3 575
Pigmy skimmer dragonfly  Tetrathemis platyptera 1 0.92
Grasshopper Caelifera 4 3.67
Total 109 100.00

Table 3-54. Composition and abundance of terrestrial insects captured (high-rainfall)

NOTE: RA — relative abundance

Blattodea Roach Blattodea
Asian lady beetle Harmonia sp. 8 8
Broad nose weevil Curculionidae 34 34
Firefly Lampyridae 3 3
Leaf beetle Chrysomelidae 6 6
Coleoptera Long horn beetle Cerambycidae 2 2
Metallic flea beetle Alticini sp. 8 8
Tiger beetle Neocollyris sp. 1 1
Tiger beetle Cicindelinae 3 3
Weevil Pseudapocyrtus sp. 14 14
Rhynocoris
. . 1 1
. Assasin bug iracundus
Hemiptera Kissing bug Triatominae 1 1
Red cotton stainer Dysdercus cingulatus 2 2
Hymenoptera  Velvet ant Mutillidae 1 1
Papilio polytes
2 2
T — Common Mormon alpheno'r
Metalmark moths Choreutidae 1 1
Scarlet Mormon Papilio rumanzovia 1 1
Bll.Je ground Diplacodes trivialis 2 2
Skimmer
Crimson marsh glider  Trithemis aurora 3 3
Odonata Green skimmer Orthetrum serapia 2 2
Jewel damselfly Rhinocypha colorata 1 1
Orthetrum sabina 1 1
Slender skimmer sabina
Orthoptera Grasshopper Caelifera 1 1
Phasmatodea  Stick insect 1 1
Total 100 100
NOTE: RA — relative abundance
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Figure 3-46. Overall relative abundance of terrestrial insect order
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Figure 3-47. Overall relative abundance of dominant terrestrial insect species
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3.1.4.4.3 Hindrance to wildlife access

Ecologically significant areas are the limited remnant forest patches in riparian zones surrounded or
interspersed with small farms. The entire stretch of the proposed CMH alignment is highly disturbed following
massive conversion to agricultural areas, thus there will be no hindrance to wildlife access that will be
affected by the Project.

Murid species recorded were considered as pests. No large mammals were documented, e.g., highly mobile
species, Philippine macaques, wild pigs, and deers, whose mobility or habitat access might be limited by the
Project. According to the interview with Philippine Haribon Foundation, the known nesting habitats of the
Philippine Eagle were mostly in Mt. Tago and Mt. Kitanglad and were also remotely located to be affected by
the Project. However, the Project cuts across a portion of the Kulaman River in Poblacion Sumilao, a known
staging area of Philippine eagle juveniles in search of territories.

3.1.4.5 Proposed mitigation measures
3.1.4.5.1 Vegetation removal and loss of habitat

Direct impacts of road construction refer to the physical changes and disturbances that occur in the natural
environment because of the construction activities. This includes habitat loss or fragmentation, soil erosion
and vegetation removal. Indirect impacts may not become evident until some time after construction has
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been completed. However, mitigating measures for both direct and indirect impacts are provided in the
discussion below.

The proposed CMH alignment will cut across vast agricultural areas affecting existing orchards and
plantations (tree and pineapple). As such, the majority of trees that will be removed during road construction
are orchard/plantation species and cash crops like corn and vegetables. Vegetation clearing will be involved
prior to the road construction which can result in loss of habitat and decrease in biodiversity.

Pre-construction — It is necessary to consider the locations of significant vegetation types and populations
during Project design. A complete census of flora in the planned development areas must be conducted to
determine the number and species of vegetation that will be affected followed by securing a Tree
Cutting/Earth-balling Permit from the DENR. Establishment of buffer zone with widths around ecologically
sensitive areas, especially the area near the foot of Mount Tago, which is approximately 950 meters from the
proposed alignment will be part of the mitigating measures. Buffer zones are determined based on the
sensitivity of vegetation areas, wildlife habitats, and riparian zones, with an approximate buffer zone width of
100 meters. Non-sensitive areas, on the other hand, can accommodate buffer zone widths of approximately
10 to 20 meters.

Construction — Roads can act as barriers that fragment habitats, making it difficult for plants to disperse and
colonize new areas which may eventually make the plant populations more vulnerable to disease, pests and
other threats. Earthworks and rock excavations during construction can lead to increased soil erosion. Soil
erosion can result in the loss of valuable topsoil which is important for plant growth. Emissions from vehicles
and heavy machines during construction of road infrastructure.

Generation of dust may occur during construction activities due to the removal of vegetation and disturbance
to the topsoil, vehicle movements on unsealed roads and wind dispersion of stockpile materials. This may
affect the transpiration and photosynthesis which can cause smothering of vegetation. Key important species
for both flora and fauna might be affected. The following measures are recommended to minimize the
impacts of vegetation removal.

Avoidance of unnecessary tree cutting. If tree cutting is required, secure a tree cutting permit from DENR and
DPWH. Replacement of cut trees will be in accordance with DENR Memorandum Order (DMO) 2012-02.
Create and provide an infrastructure plan with tree charting indicating the geotagged location of individual
trees affected by the project. Regular inspections will be carried out to ensure that vegetation is cleared and
stockpiled in the appropriate locations, that no necessary flora is impacted, and that the relevant databases
are kept up to date. Stockpiles should be appropriately shaped and compacted to avoid erosion and
sedimentation of nearby open water courses or drains. Incorporating green infrastructure into road and
highway design can help to mitigate the impacts of roads on terrestrial flora. For example, roadside
vegetation can act as wildlife corridors, and permeable surfaces can help to reduce runoff and soil erosion.
Reroute the alignment of highways to avoid hitting the Key Biodiversity Area and disturbing key important
species.

3.1.4.5.2 Threat to existence, abundance, frequency and distribution of important species

Construction — Sapling collection of endangered, vulnerable and other threatened species such as Vitex
parviflora (Endangered), Pterocarpus indicus (Vulnerable), Shorea contorta (Vulnerable), Azadirachta excelsa
(Vulnerable), Canarium ovatum (Other Threatened Species), and Cinnamommum mercadoi (Other
Threatened Species), hardening in established nurseries, and transpplanting the hardened saplings in target
reforestation areas. It is also necessary to implement a “no hunting, no collection” policy on wildlife during
the construction.

It is imperative to institutionalize the practice of reforesting road buffer zones with native trees and integrate
substantial reforestation funding in the overall road construction budget. Reforestation of the buffer lanes on
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both sides of the road with native species should be a default mitigation plan for road projects to protect
local indigenous species of trees and enhance vegetation cover.

3.1.4.5.3 Hindrance to wildlife access

Despite the fact that the stretch of the Project alignment is highly disturbed following massive conversion to
agricultural areas, reforestation of riparian zones with native species will improve riparian ecology and
enhance habitat access and utilization and minimize hindrance of wildlife access. Even though there is a little
possibility of the occurrence of road killings of wildlife, walls should be installed on both sides of the project
alignment. Speed limits during the construction phase should be implemented.

Unnatural lighting effects that may impact upon flora and fauna or deplete the sense of naturalness of the
area. This can negatively impact insects and animals through attraction and disorientation or by disrupting
their natural habitats. Artificial nighttime lighting is thought to reduce occupancy of habitat areas adjacent to
roadways for some species and may decrease use of wildlife crossing structures. Additionally, nighttime
lighting attracts insects and may indirectly lead to increased road mortality for bats and other insectivorous
animals. Among the possible management options to reduce the effect of light pollution at night is the
reduction of light intrusion by modifying the height of streetlamps, lighting intensity, spectral composition.

In addition, the establishment of underpasses or box culverts may be considered a critical mitigating measure
to protect wildlife and promote ecological connectivity. Road alignment can act as a physical barrier,
hindering the movement of wildlife and disrupting their natural migration patterns. Also, by providing
underpasses or box culverts, the chances of wildlife-vehicle collisions will be greatly reduced, ensuring safer
roads.

3.1.4.54 Invasion of weed species and loss of important local species

Roads can act as corridors for invasive plant species, which can quickly spread into new areas and
outcompete native plant species. This can lead to the displacement of native flora and a reduction in
biodiversity. One of the most effective ways to mitigate the impacts of roads on terrestrial flora is to restore
habitats that have been disturbed or destroyed during construction. This can involve replanting native
species, removing invasive species, and restoring natural water flows. Site nurseries in partnership with the
Barangay LGU are recommended to establish in accessible locations to serve as repositories of recovered
saplings of forest trees when vegetation removal becomes inevitable. After saplings are hardened in
nurseries, saplings will be transferred to highly impacted areas, especially riparian zones. The development
activities must also be limited within the planned structure or component footprint.
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3.2
3.2.1 Hydrology/Hydrogeology
3.2.1.1 Scope

THE WATER

This module described the existing hydrology and hydrogeology at the proposed CMH alignment and its
vicinities relevant to assessing the following key impacts: a) change in drainage morphology, b) inducement of
flooding, c) reduction in stream volumetric flow, d) change in stream depth, and e) water source use and
competition.

3.2.1.2 Methodology

Primary data was obtained by doing streamflow measurements of streams traversed by the alignment (Table
3-55). The stream width, depth, and velocity were measured to estimate its discharge rate. The activity was
conducted on April 25 to 30 and July 27 to 31, 2021 covering the low and high rainfall periods. The photo-
documentation of the field work is shown in Appendix 27.

Table 3-55. Location and observations of streamflow measurement points

Latitude S O

H1 8.5292191 N

H2 8.3535948 N

H3 8.3447317 N

H4 8.3357613 N

H5 8.3170328 N

H6 8.3161957 N

H7 8.2167793 N

H8 8.2167793 N

H9 8.1839268 N

H10 8.1640427 N

124.7891425 E

124.8405358 E

124.8745521 E

124.9051012 E

124.9496271 E

125.0009035 E

125.0289096 E

125.0289096 E

125.0575419 E

125.1130562 E

Tagoloan River
Dicklum River

Kumaykay
River

Puntian River
Tributary
Tagolongon
River Tributary
Kulaman River
Tributary
Ipoon River

Komotal River

Sawaga River

Sawaga River

Natumolan,
Tagoloan
Dicklum, Manolo
Fortich

Ticala, Manolo
Fortich

Vista-Villa-Puntian
Boundary, Sumilao
Culasi-Vista Villa
Boundary, Sumilao
Poblacion Boundary,
Sumilao, Bukidnon
Impalutao, Impasug-
ong

Dalwangan,
Malaybalay

Patpat, Malaybalay

Sumpong,
Malaybalay

Sand and gravel mining
activities; near the bay
Small tributary stream
surround by bamboo
Located in deep ravines,
used for swimming and
animal bathing.

Used for swimming and
washing

Used for washing

Used for swimming and
washing.

Clear cold water with
reddish sediments

Has a small dam for
irrigation water supply.
Used for swimming and
washing.

Used for swimming and
washing.

Used for swimming and
washing.

Secondary data consisted of literature from recent surveys and key informant interviews with focus on the
portion of the Tagoloan River watershed traversed by the proposed CMH road. The assessment and the
corresponding methodology for floodplain inundation are made with respect to Tagoloan River.

3.2.1.2.1 Flood analysis

The flood hazard analysis was conducted for the 100-year return period using the 2-D option of HEC-RAS
defined by underlying topography and 2D shallow water and momentum equations. The model simulates
flood properties such as flood extent, flood depths and velocities. It consisted of a short-term storm event
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simulation module for flooding by river overflow and flash flood events with a time scale within a couple of
hours to a few days. The physical characteristics of the Project area and a digital elevation model were
combined with the result of flood simulations to generate the flood hazard map.

The areal extent of 2D model showing in Figure 3-50 is the watershed of Tagoloan River taking into account
the location of the proposed CMH alignment. The simulation results can be used as a basis in the detailed
design of flood control facilities or as part of engineering measures for the proposed CMH Project.

3.2.1.2.2 Tagoloan river basin spatial analysis

The Tagoloan River Basin crosses Malaybalay City, municipalities of Sumilao, Baungon, Impasug-ong, Manolo
Fortich, and Malitbog in the province of Bukidnon; and municipalities of Tagoloan, Villanueva, and Claveria in
the Province of Misamis Oriental, and drains to Macajalar Bay through the municipality of Tagoloan.

The basin has an area of 177,300.16 hectares based on spatial analysis. The extent of this area was used to
estimate the river basin discharge. A digital terrain model (DTM) was generated using a digital elevation
model (DEM) of a portion of Northern Mindanao processed by an open-source GIS platform. The Tagoloan
River Basin and its tributary channels were delineated using the generated DEM and DTM.

3.2.1.2.3 Water balance analysis

Water balance in hydrology is a study where portions of the precipitation in the form of rain go in each of the
stages in the hydrologic cycle. It is used to describe and quantify the flow of water in and out of a system.

A monthly water balance estimate for the Tagoloan River Basin was simulated using a site-specific water
balance model developed by the US Geological Survey (USGS, 2007). The model, referred to as the
Thornthwaite Monthly Water Balance Program, computes the components of the hydrologic cycle such as
precipitation, evapotranspiration, and runoff, among others.

Inputs to the model are data on mean monthly temperature, (T) in degrees Celsius (°C); monthly total
precipitation, (P) in millimeters; and the latitude (in decimal degrees) of the location of interest. Temperature
and rainfall records (1985 - 2020) from the Philippine Atmospheric, Geophysical and Astronomical Services
Administration (PAGASA) station in Lumbia, Cagayan de Oro City was used because it is closest to the river
basin. The latitude of the location of interest (in this case, 8°) was used for computing the day length needed
for the calculating potential evapotranspiration (PET). The PET represents the climatic demand for water,
relative to the available energy.

According to the Thornthwaite Program, when P for a month is less than PET, then the AET is equal to P plus
the amount of soil moisture that can be withdrawn from storage in the soil. Soil-moisture storage withdrawal
(STW) linearly decreases with decreasing S such that as the soil becomes drier, water becomes more difficult
to remove from the soil and less is available for AET. The water balance diagram is shown in Figure 3-48.
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Figure 3-48. Diagram of a water balance model
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Figure 3-49. Location map of streamflow measurements
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Figure 3-50. Extent of the 2D flood model (cyan-colored polygon) and river networks surrounding the proposed Project
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3.2.1.3 Assessment of key impacts

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

Flood analysis - Figure 3-51 and Figure 3-52 show the simulated maximum flood depth (meters) including
portions of the floodplain for the 100-year return period indicating the general trends of floodplain
inundation. Most of the floodwaters were confined in the main rivers and tributaries, with large swatches of
inundation visible near the riverbanks indicating overflows and those isolated areas representative of
depression storages in the catchment.

Figure 3-51. Predicted 100-year flood inundation map of the Project site at baseline conditions

NOTES: in meters
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Figure 3-52. Predicted 100-year flood inundation map of the Project site at baseline condition (zoom)

i

NOTES: in meters

The hourly contours (delineated by white lines in Figure 3-53) of peak flood arrival time were generated to
visualize the peak arrival times of the flood in the downstream areas starting from the peak of the rainfall
event. For example, the peak flood in the area near the coast will arrive in less than 3 hours while it will take
less than 1 hour for the maximum flood to reach the midstream area of Tagoloan River. Thus, the maximum
floodwaters are predicted to reach the sea in less than 3.5 hours reckoned from the peak hours of rainfall.
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Figure 3-53. Estimated arrival times (hr) of flood peaks as it flows downstream for a 100-year storm event

NOTES:meters

Higher than normal flow velocities are expected with the sudden rush of floodwater due to rainfall-induced
storms which may cause major structural damage or collapse of existing flood protection works along the
river or scouring of riverbeds, among others. High flow velocities may also delay the response for
emergencies and evacuation which may contribute significant losses to life and property within the most
flood-vulnerable communities.

The velocity map in Figure 3-54 shows high flood events occurring at the main channels that are potential
hotspots for structural damage or property losses, which in main river sections reach more than 4 meters per
second. Different communities near the riverbanks located within the towns traversed by Tagoloan River
were predicted to be the most vulnerable to flood water inundation in less than 3 hours after the peak of
rainfall are likewise vulnerable to high flood flow velocities.
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Figure 3-54. Predicted maximum flood velocity map for a 100-year storm event

NOTES: in meters

Using the predicted maximum depth and velocity values, the flood severity grid map was derived by
multiplying the depth grid times with the velocity grid. The flood severity grid map represents the combined
effect of depth and velocity, most often communicated in categories of Low, Medium, High, Very High and
Extreme Hazard. As a simplified approach, the Federal Emergency Management Agency (FEMA) uses the
depth velocity categories in Table 3-56. The resulting flood severity grid map derived from the maximum
depth and velocity values predicted by the HEC-RAS model using the FEMA metric is shown in Figure 3-55.

Table 3-56. Simplified flood depth and velocity severity grid symbolization categories

Flood Severity Category | Depth Velocity Range (ftz/sec) Depth Velocity Range (mz/sec)

Low <2.2 <0.2
Medium 22-54 0.2-0.5
High 5.4-16.1 0.5-1.5
Very high 16.1-26.9 1.5-25
Extreme >26.9 >2.5

Source: FEMA, 2018
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Figure 3-55. Flood severity grid map using FEMA categories for the Project area, 100-year storm event

g oo oV - T

Flood analysis due to climate change — Rainfall is the most important natural factor in flooding. Table 3-57
shows that climate-change induced changes in rainfall at the headwaters of Tagoloan River are decreasing in
trend. The positive change in June, July, and August downstream of Tagoloan River in the area of Misamis
Oriental resulted in small rainfall change of 32 mm (or 5.2% increase from 615.7 mm) for the 2050 projection.
Thus, climate change impacts on flooding in the area may be considered insignificant.

Table 3-57. Seasonal rainfall changes in 2020 and 2050 under medium-range emission scenario

Observed Baseline (1971- Change in 2020 (2006- Change in 2050 (2036-
2000) mm 2035) 2065)

Bukidnon 329.7 3356 653.8 5595 29 -103 -44 -03 -51 -13.0 9.7 -5.8
Lanao del Norte 337.5 350.3 662.5 621.1 9.6 -06 -22 69 25 -1.9 1.4 7.1
Misamis 392.1 323.4 633.1 7283 9.1 1.4 6.1 6.1 5.2 0.3 -5.1 46
Occidental

Misamis Oriental 4425 296.0 615.7 581.1 4.6 10.4 3.7 2.9 1.8 17.8 5.2 0.1
Source: Climate Change in the Philippines”, PAGASA, February 2011; NOTES: DJF — December, January, February; MAM — March,
April, May; JJA —June July August; SON — September, October, November

Flood assessment — The flood inundation modeling showed that segments of the CMH alignment will traverse
some flooded portions delineated by the 100-year flood of Tagoloan River as well as the construction of new
bridges crossing various tributary rivers. Slope protection works for the construction of river crossings has the
potential to impact water flow in the river. These waterways are recommended to be examined during the
detailed engineering design for any localized flooding problems related to the alignment. Identified problems
should be corrected to the extent practicable. The proposed Project will provide an opportunity to construct
river crossings and other river improvement works that are more compatible with current DPWH standards
for hydraulic structures and other applicable stream management practices.
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In addition to stream crossings, it will be necessary to provide small culvert crossings to allow water to drain
properly and prevent inducement of flooding. Natural flows in rivers and creeks will be maintained and may
be widened or deepened so that flood discharges are not adversely affect upstream areas of highway
crossings. Any man-made canals and channel improvement works that may be affected, if any, will be
modified to the extent possible to maintain its existing use and capacity. Coordination regarding the river
improvement works will be conducted with the DPWH and/or the LGUs concerned. With these interventions,
changes in drainage morphology, inducement of flooding and/or reduction in stream flow will be minimized,
if not prevented.

3.2.1.3.2 Change in stream depth

Tagoloan River Basin discharge flows - The Tagoloan River Basin where the alighment traverses shown in
Figure 3-56 illustrates the extent of the river basin and the associated tributary network. The river basin is
delineated in white while the river channels are in blue lines.
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Figure 3-56. Tagoloan River Basin and its tributary network in Northern Mindanao
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The monthly discharge flows of Tagoloan River Basin were derived from the monthly water balance results.
Preliminary results indicated a decreasing trend in flows from January to April and September to December
while an increasing trend may be observed from May to September (Figure 3-57). The average monthly flow
for the 36-year simulation from 1985 to 2020 is calculated at 41,886.45 liters per second (lps) while the 2050
projection shows an average monthly flow of 30,078.88 Ips. The monthly flow estimates for 2020 and 2050
are shown in Attachment 25.

Figure 3-57. Average monthly simulated flow of Tagoloan River Basin (simulation year 1995-2020)

Figure 3-58. Average monthly simulated flow of Tagoloan River Basin (simulation year 2050 projection)

Mean, Max, and Min Values of Tagoloan River Basin Mean mont

Simulation Year 2050 Projection

Tagoloan River Basin flow duration analysis - A flow-duration analysis (as post-analysis) was also performed
on the monthly simulated stream flows. For every value of exceedance probability (or fraction of time of
availability and hence of its dependability), the corresponding amount of flow that at least is available is
presented in the flow duration curve. The curve can be used to show the percentage of time river flow that is
expected to exceed a design flow of a specified value (e.g., the daily requirement of the Project) or to show
the discharge of the stream that occurs or is exceeded some percent of the time (e.g., what is the available
flow, say 90% of the time?).
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As an illustration, the derived flow duration curve in the Figure 3-59 shows that for an annual basis, the flow
at 50% dependability level of the Tagoloan River Basin is about 27,839.95 liters per second. In the assessment
of water permit applications for example, the National Water Resources Board (NWRB) use the discharge of
river that equals or exceeds 80% of the time. Applying this concept in the river basin, the 80% dependability
level of the basin is around 6,908.69 liters per second.

Figure 3-59. Flow duration curve of Tagoloan River Basin derived from the 1985-2020 runoff simulation

Tagoloan River Basin Flow Duration Curve
Simulation Year (1985-2020)
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Similarly, the flow duration curve of the Tagoloan River Basin derived from runoff simulations using 2050
PAGASA climate projection showed dependable flows at 50% and 80% of the time are 13,372.75 Lps and
5,267.02 Lps respectively (Figure 3-60).

Figure 3-60. Flow duration curve of Tagoloan river basin from the 2050 Projection runoff simulation
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Change in stream depth - The alteration of upstream rivers’ flow capacities will translate to changes in water
levels and flow downstream. The processes involved with building roads and highways often involve adding
or removing large masses of dirt and stone along the route. If standard methods of construction are not
followed, it is possible that excavated materials and loose soils may end up in the waterways, creeks or
stream which will eventually alter its natural topography.
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The short-term increase in runoff with sediment may also occur due to the removal of vegetation cover and
topsoil of the road alignment. The sediments may get washed into these water sources leading to change in
stream depths.

3.2.1.33 Water source use and competition

3.2.1.3.3.1 Tagoloan River Basin water balance

Baseline monthly water balance (1985-2020) - Initially, a monthly water balance was simulated using the
1985-2020 observed data to establish a baseline for the following output parameters: potential
evapotranspiration (PET); precipitation (P); (P-PET); soil moisture storage (ST); actual evapotranspiration
(AET); water deficit (PET-AET); surplus; and total runoff (ROtotal).

From Figure 3-61, the average monthly water balance based on the 1985 to 2020 data generally implied that
most part of the precipitation (P) is lost to actual evapotranspiration by an average of 63% while 37% goes to
soil moisture and total runoff.

If the sum of P and STW is less than PET, then a water deficit is calculated as (PET-AET). If P exceeds PET, then
AET is equal to PET and the water in excess of PET replenishes ST. When ST is greater than Soil-moisture
storage Capacity (STC), the excess water becomes surplus (S) and is eventually available for runoff. With
reference to Figure 3-61, water deficits occur between February to April since precipitation is less than the
PET and that PET is generally greater than AET.

Runoff (RO) is generated from the surplus (S), at a specified rate (rfactor). The rfactor parameter determines
the fraction of surplus that becomes runoff in a month. The remaining surplus is carried over to the following
month to compute total S for that month. Direct runoff (DRO), in millimeters, is added directly to the runoff
generated from surplus (RO) to compute total monthly runoff (ROtotal), in millimeters. The generated
monthly ROtotal may be used to estimate the monthly discharge (Q) of a given catchment area which may be
considered in designing the drainage system of the Project.

For example, a catchment area of 100 hectares and an average ROtotal of 100 mm in a given month, the
corresponding catchment discharge (Q) for that month will be 0.039 m>/sec or 38.58 liters per second (Ips).
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Figure 3-61. Simulated monthly water balance (1985-2020)
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Projected monthly water balance (2050) — The PAGASA 2050 climate change projections highlighted that the
annual mean temperatures all over the country are expected to rise by 1.8 to 2.2 °C. In terms of seasonal
rainfall change, there is generally a substantial spatial difference in the projected changes in rainfall in 2050 in
most parts of the country, with reduction in rainfall in most provinces during the low rainfall (MAM), while
rainfall increases are likely in most areas during the southwest monsoon (JJA, SON). Table 3-58 summarizes
the 2050 projections of PAGASA seasonal changes in temperature and rainfall for Northern Mindanao.

Table 3-58. Climate change projection in 2050 for Region X

Seasonal temperature increases (in °C) 1.9
Seasonal rainfall change (in %) 1.8 -17.8 -5.2 -O.1

Source PAGASA: NOTES: *medium-range emission scenario DJF — Dec Jan Feb, MAM — March April May, JJA —
June July Aug, SON — Sept Oct Nov

Figure 3-62 illustrates the changes in temperature and rainfall as projected in 2050. Temperature is generally

expected to be higher than the observed baseline throughout the year and more marginal precipitation in the
months of December, January, and February and lesser precipitation is expected for the rest of the year.
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Figure 3-62. Baseline vs 2050 projections on precipitation and temperature
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The effect of temperature and rainfall changes on the water balance was examined using the 2050
projections. The effect of higher temperatures consequently raises the potential evaporation (PET) because it
is highly dependent on available energy (heat). Likewise, the actual evapotranspiration (AET) became
generally higher than the observed baseline. The projected change in rainfall affected both soil moisture
storage and runoff. Soil moisture storage and runoff significantly decreased throughout the year. Figure 3-63
illustrates the 2050 projected monthly water balance for the Tagoloan River Basin.

Figure 3-63. Monthly water balance using temperature and rainfall changes projected in 2050
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Table 3-59 shows the detailed summary of the changes between the baseline and projections. From these
results discussed in the earlier section, there is a marginal increase in precipitation for 2050 against the
baseline data (in the months of DJF) and because of the increase in ambient temperature affecting
evapotranspiration rates, an increase in potential and actual ET by 14.4% and 9.6% was predicted
respectively. Likewise, due to predicted increase in evapotranspiration losses in year 2050, a corresponding
reduction in soil moisture storage and total runoff by 13.5% and 28.2% respectively was also predicted.

Table 3-59. Summary of changes in P, PET, ST, AET, and ROq,:, from the 36-year baseline (1985-2020) to
2050

| Parameter | Jan | Feb | Mar | Apr | May | dun | Jul | Aug | sep | Oct | Nov | Dec | Total |

Precipitation (P)

Baseline 1288 89.4 75.8 787 170.6 246.4 2452 205.5 224.8 199.0 168.2 156.7 1989.2
205.0 . 1311  91.0 623 64.7 1403 233.5 2324 1948 2246 198.8 168.1 159.6 1901.2
Projection

Potential Evapotranspiration (PET)

Baseline 100.0 94.5 1129 120.3 1329 1248 1249 1245 1148 1125 103.2 1015 1366.9
205.0 . 112.5 106.3 130.2 138.8 153.3 144.8 145.0 144.4 1299 127.4 116.8 1142 1563.7
Projection

Soil Moisture Storage (ST)

Baseline 146.3 129.0 100.6 845 99.8 142.0 186.8 193.5 1944 193.7 177.1 166.7 1814.3
205.0 . 1345 1150 77.0 571 581 105.1 156.6 167.4 184.0 187.8 169.6 157.3 1569.5
Projection

Actual Evapotranspiration (AET)

Baseline 904 799 86.2 779 117.8 122.8 1249 1243 1148 111.7 102.2 98.1 1251.0
205.0 . 984 859 893 76.1 1174 139.7 144.7 142.0 129.0 125.7 1139 108.6 1370.5
Projection

Total Runoff (ROrta))

Baseline 653 450 312 241 331 592 673 699 900 8.4 847 76.6 734.8
205.0 . 58.1 404 249 16.8 21.2 364 363 382 593 63.7 673 651 527.7
Projection

Baseline annual water balance - The annual water balance for the Tagoloan River Basin based on the
hydrologic simulations is summarized Table 3-60. The 36-year average showed that about 33% of 1,989.15
mm of precipitation becomes total runoff (or 734.82 mm) and about 63% of precipitation is lost as actual
evapotranspiration (about 1,250.99 mm). Around 8% of rainfall (151.19 mm) is retained into the soil that
eventually contributes to the groundwater becoming baseflow.

Because the Tagaloan River Basin is large with land cover dominated by cultivated crops, grassland, and
brushland, a significant amount of precipitation is lost to actual evapotranspiration and leaves little to be
absorbed and infiltrated into the soil column. This was evidenced by the low value of rainfall-runoff ratio of
0.33 (runoff coefficient).

Table 3-60. Annual water balance estimates for the Tagoloan River Basin

vear | 70 | (e [ (aen) |51 (RO | vear | () | (En | (aEn) |51 | (ROw)

1985 1,818.80 1,307.30 1,130.90 128.62 551.00 2004 1,144.60 1,364.30 1,225.40 94.48 209.60
1986 1,584.00 1,301.30 1,189.40 146.16 536.80 2005 1,609.30 1,363.10 1,091.90 114.11 381.70
1987 1,093.90 1,338.40 1,075.30 82.60 130.50 2006 1,386.70  1,345.80 1,202.40 138.41 272.20
1988 1,554.50 1,343.50 1,008.70 103.25 354.30 2007 1,640.20 1,340.30 1,145.30 127.88 378.00
1989 2,082.20 1,306.70 1,285.00 181.25 847.70 2008 2,133.00 1,303.10 1,302.40 196.63 810.20
1990 1,964.60 1,340.00 1,118.60 138.53 736.20 2009 2,352.10 1,361.10 1,361.10 17496 1,044.40
1991 1,416.00 1,327.70 1,211.60 131.14 384.40 2010 1,799.90 1,393.50 1,250.70 129.57 538.50
1992 1,202.90 1,352.10 958.50 101.67 256.80 2011 2,163.80 1,363.20 1,356.20 185.34 684.70
1993 1,831.40 1,310.50 1,075.50 124.10 563.70 2012 1,670.30 1,386.70 1,344.50 146.88 425.10
1994 1,749.90 1,299.20 1,267.50 152.68 672.60 2013 2,067.60 1,366.00 1,350.80 183.56 707.10
1995 1,849.80 1,312.40 1,109.70 127.38 556.60 2014 2,824.10 1,467.70 1,467.70 200.00 1,340.70
1996 1,780.80 1,304.20 1,304.20 189.76 573.10 2015 2,183.40 1,491.70 1,488.40 187.19 676.50
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vear | @) | Gen | a0 |60 [ ®Owd | ver | @) | ¢en | aen |50 | (RO |

1997 1,614.80 1,350.60 1,280.90 138.58 409.60 2016 2,682.20 1,512.60 1,496.80 177.04  1,107.30
1998 1,325.30  1,405.90 968.30 92.80 268.00 2017 4,885.50 1,468.80 1,468.80 200.00 3,242.70
1999 2,306.20 1,314.00 1,314.00 197.65 888.70 2018 3,668.90 1,490.90 1,490.90 194.02  2,321.60
2000 2,094.70 1,320.60 1,320.20 188.45 878.10 2019 2,462.10 1,492.80 1,492.80 193.06 1,102.50
2001 2,000.60 1,332.30 1,262.20 154.63 680.30 2020 2,01490 1,429.50 1,286.90 145.66 678.70
2002 1,718.30 1,344.50 1,287.30 156.22 596.40 36-year

2003 1,932.10 1,354.90 1,044.90 118.62 647.20 average 1,989.15 1,366.87 1,250.99 151.19 734.82

NOTE: P — Precipitation, PET — Potential Evapotranspiration, AET — Actual Evapotranspiration, ST Soil Moisture Storage, ROyota —
Total Runoff

3.2.1.3.3.2 Local sources of water supply

There local water districts supplying the domestic water requirements of concession areas within the areas
traversed by the proposed CMH alignment are enumerated and described below and shown Figure 3-64.
Some water sources lack geographic coordinates and were not included in this plot. The reader is referred to
Annex 6 for additional information about the water districts described below.

1. The Tagoloan Water District covers the eight (8) Barangays of the municipality of Tagoloan, namely:
Brgy. Mohon, Santa Cruz of Sihayon left and right, Poblacion, Baluarte, Sogbongcogon, Gracia,
Promise Land, and Natumolan. The majority of its water sources come from deep wells with
chlorination as the primary mode of treatment and distributed via a Level Il water distribution
system (water metering). Unfortunately, water production data was not available nor included in
the data provided. The same is true for the municipality of Impasug-ong, Bukidnon where it only
indicated the two sources of its water supply: from Iglerop spring and a deep well in Barangay
Poblacion.

2. The Cagayan de Oro Water District (COWD) service area covers a portion of the municipality of
Tagoloan, the City of Cagayan de Oro, and Manolo Fortich. The water sources in the COWD Cagayan
de Oro Service area are 31 groundwater production wells, a spring (Malasag Spring), and surface
water from Cagayan de Oro Bulk Water, Inc. in Baungon, Bukidnon. From 2018 to 2020, the average
annual volume of water distributed in the service area is about 66.56 million cubic meters (MCM) or
about 5.55 MCM per month.

3. In the Manolo Fortich service area of the COWD, 20 water sources mainly from groundwater
through deep wells and springs using chlorination delivered an annual average of 2.781 MCM of
potable water from 2018 to 2020 to.

4. In the Municipality of Sumilao, data from Kisolon-San Vicente Water Supply System showed that
the volume of water distributed for 2018-2019 averaged of 532,459.50 cubic meters from the two
major water sources, Larok and Kisolon Spring.

5. The Municipal Economic Enterprise Development Office (MEEDO) of Impasug-ong have two springs
(Iglerop and Intavas spring in La Fortuna) and a deep well in Poblacion producing water serving the
following areas in the municipality: Barangay Poblacion, La Fortuna, Sitio San Juan in Barangay La
Fortuna, Sitio Kiasin in Barangay Capitan Bayong, and Sitio Kibangan in Barangay Poblacion. The
monthly volume of water distributed by the MEEDO is 0.4428 MCM.

6. Data from the Malaybalay Water District including Primewater Malaybalay showed that its water
supply is sourced from five (5) mountain creeks and seven (7) deep well pumping stations. Based on
their monthly water production data, the total water produced from these water sources was
approximately 8.607 MCM per year from 2018 to 2020.

From the water production data gathered, the total annual average water supplied to various water
concession areas is about 78.483 MCM (Table 3-61).
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Table 3-61. Annual water volume distributed to various water concession areas

T Annual Water Distributed*
Municipality 2018 2019 m Annual Average

Cagayan de Oro 51,580,308.00 73,215,745.00 74,891,720.00 66,562,591.00
Manolo Fortich 2,556,883.00 2,784,395.00 3,001,935.00 2,781,071.00
Sumilao 485,634.00 579,285.00 532,459.50
Malaybalay 8,223,893.30 8,945,379.66 8,653,009.00 8,607,427.32
Annual total average 78,483,548.82

*in cubic meters

From the flow duration curve, the 80% dependability level of the Tagoloan River Basin is around 6,908.69
liters per second or about 217.87 MCM per year. Comparing this with the volume of water distributed
amounting to 78.483 MCM by various water service providers, showed sufficient enough surface water
available in the basin for abstraction and use.

In addition, considering that groundwater sources are the primary source of water supply in the area, the
water balance analysis previously presented showed that around 8% of rainfall is retained into the soil that
eventually contributes to the groundwater becoming baseflow. This translates to about 268.06 MCM of
annual rainfall volume that percolates into the soil and replenishes the groundwater table showing more than
adequate water supply. Based on this, the Project is not expected to cause depletion and cause undue
competition of the water resources in the area.
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Figure 3-64. Location of water supply sources in the Project area
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3.2.1.3.3.3 Water resource competition

The use of water for the Project is temporary in nature and is needed only during construction. Water
abstraction from surface water resources would be used for construction activities and for equipment
cleaning, dust control, and staging areas. The proposed Project may temporarily impact surface water volume
in locations suitable for water withdrawals. During withdrawals, minimal disruption of the normal access to
and use of surface water resources is expected in the proposed RROW and adjacent areas. The water
resources affected by Project construction, as well as temporary access roads, would be restored following
construction.

Project implementation will not involve installation of new wells for potable water. Instead, water supply
requirements for construction personnel, temporary facilities and site offices will rely on existing water
service providers and will not compete with the requirements of the domestic water users in the area. Thus,
water resource use and competition are considered insignificant for the Project.

3.2.1.4 Proposed mitigation measures

3.2.1.4.1 Change in drainage morphology, inducement of flooding, reduction in stream
volumetric flow

Pre-construction — the construction of the proposed Project and its appurtenant structures such as river
crossings and slope protection work have the potential to impact water flow in the river altering its drainage
morphology, induce flooding risk due to the presence of structures in or along the stream, and the effects of
the reduction of flow downstream. The impact of these changes should be addressed and mitigated in the
planning and detailed engineering design stage such as examination of any localized flooding problems
related to the highway.

In addition to carefully designed stream crossings and slope protection works, it is necessary to provide small
culvert crossings to allow water to properly drain and prevent flooding. Natural flows in rivers and creeks will
be maintained or may be widened or deepened so that flood discharges would not adversely affect upstream
of highway crossings. Any man-made canals and channel improvement works that may be affected by the
Project, if any, should be modified to maintain its existing use and capacity. Coordination with the DPWH
and/or the LGUs concerned regarding the river improvement works is emphasized.

Construction - Best management practices will be utilized during construction to further minimize changes in
drainage morphology and riverine impacts. It is anticipated these practices will include properly installed silt
fences, establishment of no intrusion areas during road construction, rapid re-vegetation of side slopes with
anti-erosion cover, and the use of appropriate anti-erosion technologies.

Operation - Regular maintenance of drainage canals, pipe culvert, cross drains.

3.2.1.4.2 Change in stream and water depth

Pre-construction — During pre-constrution, staging areas must be located far from surface stream as possible and
Spoils Management Plan must be formulated.

Construction - if standard methods of construction are not followed, it is possible that excavated materials
and loose soils may end up in the waterways, creeks or streams, eventually altering its natural topography.
The short-term increase in runoff with sediment may also occur due to vegetation and topsoil removal at the
road alignment. Sediments may get washed into these water sources leading to changes in stream depths.

Disposal of unused or excess fill material during construction will comply with the DPWH standard
specifications and other applicable environmental laws, policies and regulations. Disposal will not be allowed
in wetlands, floodplains, or other environmentally sensitive areas. Erosion and sedimentation will be
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controlled using temporary and permanent erosion and sediment control plans based on DPWH standard
specifications and other applicable guidelines.

Earthworks will be conducted in a manner that minimizes disturbance to river sediments and containing
sediments that become waterborne. Temporary mitigation measures to minimize physical impacts to the
water resource may include floating booms where appropriate to contain sediment plumes and debris to the
greatest extent practical within the river. Other erosion control measures for the land side of the Project may
include silt fences, temporary sediment basins, diversion dikes, and other common engineering practices.

Operation - Restoration and maintenance of natural drainage traversed by the alignment.

3.2.1.4.3 Water resource use and competition

Construction - the water requirements of the Project deal with the potable water for construction personnel,
equipment cleaning, washing, dust suppression, compaction of soil, among others. To minimize competition
of water use, site staff shall not be permitted to use any open water body or natural water source adjacent to
or within the designated site that are being used by the general populace, for the purposes of bathing or
washing of clothes. Construction of wells as source of potable water shall not be allowed, instead the services
of water service providers for the water supply requirement of the Project staff shall be engaged.

The water usage of the Project is temporary and is needed only during construction. Water abstraction from
surface water resources by the proposed Project would be used for construction processes and would consist
of equipment cleaning, dust control, and in the construction barracks. The proposed Project may temporarily
impact surface water volume in locations suitable for water withdrawals. During withdrawals, minimal
disruption of the normal access to and use of surface water resources would be anticipated in the proposed
Project ROW and adjacent areas. The water resources affected by the proposed Project construction, as well
as temporary access roads, would be restored following construction.

The Project will not involve installation of new wells for potable water. Instead, water supply requirements
for construction personnel, temporary facilities and site offices will rely on existing water service providers
and will not compete with the requirements of the domestic water users in the area. Thus, water resource
use and competition are deemed insignificant for the Project.

3.2.2 Oceanography

Oceanography is not applicable because the proposed Project or any of its components are not located near
the seas. The nearest coastal area to the RROW is more than 800 meters.

3.2.3 Water quality
3.2.3.1 Scope

Gathering of secondary data from various sources combined with primary data gathering through
groundwater survey and obtaining samples of surface and groundwater was done in order to determine the
baseline data of water quality along the Project site in line with DAO 2021-19 and DAO 2016-08.

3.2.3.2 Methodology

Groundwater quality - A survey was done to determine locations of deep wells or springs near the Project.
Grab samples were collected at 10 stations during the high rainfall period (July 26, 27, 29 to 30, 2021). The
seuver season was set in consideration of the abundant of water and the availability of sampling of deep
wells or springs. All of the groundwater quality stations are utilized for drinking, bathing and washing by the
locals. The location and description of the stations are shown in Table 3-62 and Figure 3-65. Photographs of
the sampling stations and the laboratory reports are shown in Appendix 30 and Annex 5 respectively. The
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existing groundwater quality was described by comparing the laboratory results with the DENR Class A WQG

values.

Table 3-62. Description of the groundwater water quality sampling stations

n Groundwater Name Source type

AU U5 DI UE] 8.5172IN  124.76284E  Casinglot Tagoloan
Casinglot Reservoir (Electric pump)
GW2  Purok 1A Spring Spring water 8.39112 N 124.83234E  San Miguel Manolo
GW3  Enlapay Spring Spring water 8.33595 N 124.89176 E Ticala Fortich
GW4  Lumok Spring Spring water 8.34294 N 124.91293E Puntian
GWS5  Briana Spring Spring water 8.30061 N 124.94921E Poblacion Sumilao
GW6  Kisolon Reservoir Spring water 8.31803 N 124.96956 E  Kisolon
GW7  Kalahi Seeds Reservoir  Spring water 8.26076 N 125.00866 E Egsgng Impasug-ong
Gws bureauofsSoils Deep well 8.20972N 125.0334E  Dalwangan
Reservoir (Electric pump)
GW9  Patpat Waterbrake Deep vyell 8.19605 N 125.05702 E Patpat W ELEE R
(Electric pump)
GW10 Kalasungay Spring Spring water 8.16255 N 125.11394E Kalasungay

Surface water quality - The existing water quality of the rivers and streams traversing the Project alignment
were described by collecting grab samples at ten stations near the alignment from April 25, 28 to 30 and July
26, 27, 29 to 30, 2021 to cover the low- and high rainfall periods (Table 3-63 and Figure 3-66). The survey
period was set to one sample for one season in consideration of the annual rainfall trend near project area
(the low rain season is from November to May and the high rain season is from June to October).
Photographs of the sampling stations and the laboratory reports are shown in Appendix 29 and Annex 4,
respectively.

Table 3-63. Description of the surface water quality sampling stations

Coordinates
Name of river _ Baranga Municipalit
n_m Longitude

WQ1 Tagoloan River 8.52971N 124.788609E Natumolan Tagoloan

WQ2 Dicklum River 8.35425N 124.84182E  Dicklum .
5 Manolo Fortich

WQ3 Kumaykay Stream 8.34422N 124.87815E Ticala

WQ4 Puntian River 8.29619N 124.91088E  Villa Vista/Puntian

WQ5 Tagalongon River 8.29878N 124.92311E  Culasi/Vista Villa Sumilao

WQ6 Mapolo River 8.31123N 124.96838E  Poblacion/ Kisolon

WQ7 Ipoon River 8.21708N 125.02844E  Impalutao Impasug-ong

WQ8 Komotal River 8.215275 N 125.030295E Dalwangan

WQ9 Sawaga River 8.17999 N  125.05012 E Patpat Malaybalay

WQ10 Sawaga River 8.16246 N 125.11364 E Sumpong

The sampling procedures and analyses for both groundwater and surface water samples were done according
to the Water Quality Guidelines and General Effluent Standards of 2016 (DENR Administrative Order 2016-

08).
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Figure 3-65. Groundwater quality stations along the Project alignhment
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Figure 3-66. Surface water quality stations along the Project alighment
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3.2.3.3 Assessment of key impacts
3.23.3.1 Degradation of groundwater quality

The results of the laboratory analysis are shown in Table 3-64. The salient findings after comparing the results
with the DENR Class A WQG values with reference to Table 3-65 are enumerated below.

a) The pH in all stations were less than the WQG values except in Stations GW5 GW6, GW9, and GW10
(green cells in Table 3-65). The low pH may be caused by minerals and organic decaying matter
present in the soil.

b) All other water quality parameters were less than the DENR Class A WQG values.

Project implementation is not expected to affect groundwater quality because water requirements during
construction and operation will not be sourced from deep wells.

3.2.3.3.2 Degradation of surface water quality

Low rainfall period - The results of the laboratory analysis are shown in Table 3-66. The salient findings after
comparing the results with the DENR Class C (assumed) WQG values with reference to Table 3-67 are
enumerated below.

a) Fecal coliform levels at all stations were less than the WQG values except in Station WQ10 - Sawaga
River (green cell in Table 3-67). The exceedance may be due to the presence of the game farm near
the station.

b) The TSS levels at all stations were less than the WQG values except for Stations WQ1 and WQ2
(yellow cells in Table 3-67). The TSS WQG values in Stations WQ1 and WQ2 were exceeded by 425
and 18 mg/Li respectively. The high exceedance in Station WQ10 was likely due to the proximity of
a sand and gravel quarry to the station.

c) All other water quality parameters were less than the DENR Class C WQG values.

High rainfall period - - The results of the laboratory analysis during the high rainfall period are shown in Table
3-68. The salient findings after comparing the results with the DENR Class C (assumed) WQG values with
reference to Table 3-69 are enumerated below.

a) Fecal coliform levels in all stations were less than the WQG values except in Station WQ1 —
Tagoloan River, Station WQ2 — Dicklum River and Station WQ5 — Tagolongon River (green cells in
Table 3-69). The highest was in Station WQ2 with an exceedance of 9000 MPN/100mL. The
exceedance in Station WQ1 may be caused by the domestic animals grazing along the riverside
while a barnyard and poultry farm were observed upstream of Stations WQ2 and WQ5 respectively.

b) The dissolved oxygen in all stations were higher than the WQG values except for Station WQ2
(orange cell in Table 3-69). Possible causes of this low DO level are surface runoff and organic loads
entering the river upstream of the station.

c) All other water quality parameters were less than the DENR Class C WQG values.
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Table 3-64. Groundwater quality at the sampling stations

I T N T TN TN TR T T T T T T

Arsenic me/L <0.00697 <0.00697 <0.00697 <0.00697 <0.00697  <0.00697 <0.00697 <0.00697 <0.00697  <0.00697
BOD mg/L <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 3
Cadmium me/L <0.000723 <0.000723 <0.000723 <0.000723 <0.000723 <0.000723 <0.000723 <0.000723 <0.000723 <0.000723 0.003
fhhgf)m'”m me/L <0.00114  <0.00114 ND ND ND ND ND  <0.00114 <0.00114 <0.00114 0.01
Chlorine

’ me/L <0.200 <0.200 ND ND ND ND ND <0.200 <0.200 <0.200 250
(residual)
coD me/L 4.00 6.00 4.00 7.00 13 14.00 3.00 <2.00 5.00 400 NwQV
Fecal MPN/100mL <18 27 33 14 <1.8 45 <1.8 <1.8 17 5 50
Coliform
Color TCU 5 <5 <5 <5 <5 <5 <5 <5 <5 <5 50
Cyanide me/L 0.0205  <0.0159 ND ND ND ND ND  <0.0159  <0.0159  <0.0159 0.07
Lead me/L <0.00365 <0.00365 <0.00365 <0.00365 <0.00365 <0.00365 <0.00365 <0.00365 <0.00365  <0.00365 0.01
Mercury me/L <0.000070 <0.000070 <0.000070 <0.000070 <0.000070 <0.000070 <0.000070 <0.000070 <0.000070 <0.000070 0.001
Nitrate me/L 0.91 0.68 1.09 1.74 1.03 0.42 0.69 1.19 0.81 0.4 7
g'r'ezzg me/L <0.939 <0.939 ND ND ND ND ND <0.939 <0.939 <0.939 1
pH - 7.43 6.57 6.71 6.57 6.48 6.10 7.83 6.90 6.28 553  6.5-8.5
Phosphate me/L 0.31 0.06 <0.01 0.14 0.01 0.1 0.12 0.04 <0.01 0.1 05
Sulfate me/L 46 <1 <1 <1 <1 <1 10 2 4 3 250
Surfactants me/L <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.2
TSS mg/L <3 <3 <3 <3 <3 <3 <3 <3 3 <3 50

NOTES: NWQG — no WQG value, ND — none detected; *DENR CLASS A values based on DAO 2021-19 (Updated Water Quality Guidelines and General Effluent Standards for Selected Parameters)
and DAO 2016-08 (Water Quality Guidelines and Effluent Standards of 2016)
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Table 3-65. Existing groundwater quality impacts

Crarameter | unt | aw1 | owa | cwa | cwe | cws | cwe | owr | cws | aws | cwio_

Arsenic mg/L 0.00303 0.00303 0.00303 0.00303 0.00303 0.00303 0.00303 0.00303 0.00303 0.00303
BOD mg/L 2 2 2 2 2 2 2 2 2 2
Cadmium mg/L 0.002277 0.002277 0.002277 0.002277 0.002277 0.002277 0.002277 0.002277 0.002277 0.002277
Chromium (hex) mg/L 0.00886  0.00886 NAND NAND NAND NAND NAND 0.00886 0.00886  0.00886
Chlorine (residual) mg/L 249.8 249.8 NAND NAND NAND NAND NAND 249.8 249.8 249.8
COD mg/L NA NA NA NA NA NA NA NA NA NA
Fecal Coliform MPN/100mL 48.2 23 17 36 48.2 45.5 48.2 48.2 33 48
Color TCU 45 45 45 45 45 45 45 45 45 45
Cyanide mg/L 0.0495 0.0541 NAND NAND NAND NAND NAND 0.0541 0.0541 0.0541
Lead mg/L 0.00635 0.00635 0.00635 0.00635 0.00635 0.00635 0.00635 0.00635 0.00635 0.00635
Mercury mg/L 0.00093 0.00093 0.00093 0.00093 0.00093 0.00093 0.00093 0.00093 0.00093 0.00093
Nitrate mg/L 6.09 6.32 5.91 5.26 5.97 6.58 6.31 5.81 6.19 6.6
Oil and Grease mg/L 0.061 0.061 NAND NAND NAND NAND NAND 0.061 0.061 0.061
pH - WR WR WR WR BLR BLR WR WR BLR BLR
Phosphate mg/L 0.19 0.44 0.49 0.36 0.49 0.4 0.38 0.46 0.49 0.4
Sulfate mg/L 204 249 249 249 249 249 240 248 246 247
Surfactants mg/L 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
TSS mg/L 47 47 47 47 47 47 47 47 47 47

NOTES: (+) values means no impact; NWQG — no WQG value; NA — not applicable; NAND — not applicable, not detected; WR — within range; AUR — above Upper Range; BLR — below Lower
Range
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Table 3-66. Stream water quality at the sampling stations (low rainfall sampling period)

[ty [ e 7w ([ e [ e [ s [ mey ey | we [ me | |

Arsenic mg/L <0.00416 <0.00416 <0.00416 <0.00416 <0.00416 <0.00416 <0.00416 <0.00416 <0.00416 <0.00416

BOD mg/L 1 1 <1 5 <5 <1 <1 <1 <1 <1 7
Cadmium mg/L <0.000727 <0.000727 <0.000727 <0.000727 <0.000727 <0.000727 <0.000727 <0.000727 <0.000727 <0.000727 0.005
Chromium (hex) mg/L ND ND ND ND ND ND ND ND ND ND 0.01
COoD mg/L 45 41 44 51 12 21 23 20.1 21 20 NWQG
Fecal Coliform MPN/100mL 150 170 6.1 27 44 34 47 16 36 280 200
Color TCU 10 10 10 10 5 5 10 16 10 10 75
Cyanide mg/L ND ND ND ND ND ND ND ND ND ND 0.1
Dissolve Oxygen mg/L 5.85 5.6 6.26 5.34 5.86 5.63 6.14 7.7 7.86 5.63 5
Lead mg/L <0.00517 <0.00517 <0.00517 <0.00517 <0.00517 <0.00517 <0.00517 <0.00517 <0.00517 <0.00517 0.05
Mercury mg/L <0.00007 <0.00007 <0.00007 <0.00007 <0.00007 <0.00007 <0.00007 <0.00007 <0.00007 <0.00007 0.002
Nitrate mg/L 0.58 1.11 0.2 0.41 0.72 0.19 0.18 0.18 0.14 0.44 7
Oil and Grease mg/L ND ND ND ND ND ND ND ND ND ND 2
pH - 7.97 5.6 6.26 7.62 7.4 7.88 7.22 7.22 7.63 7.64 6.5-9.0
Phosphate mg/L 0.06 0.03 0.04 0.04 0.03 0.07 0.05 0.05 0.05 0.12 0.5
Residual Chlorine mg/L ND ND ND ND ND ND ND ND ND ND 350
Sulfate mg/L <1 7 <1 5 8 <1 <1 <1 <1 8 275
Surfactants mg/L <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 1.5
Temperature °C 33.5 30.7 30.7 25.2 24.3 26.9 32.4 24.6 26.6 23 25-31
TSS mg/L 505 98 24 11 12 6 13 17 11 8 80

NOTES: NWQG — no WQG value, ND — none detected; *DENR CLASS C values based on DAO 2021-19 (Updated Water Quality Guidelines and General Effluent Standards for Selected Parameters)
and DAO 2016-08 (Water Quality Guidelines and Effluent Standards of 2016)
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Table 3-67. Existing stream water quality impacts (low rainfall sampling period)

Parameter | __Unit __[classC__WQ1 ___wQ2 ___wa3 a4 ___was___wae a7 __|was Qo __[waio _

Arsenic mg/L 0.02 0.01584 0.01584 0.01584 0.01584 0.01584 0.01584 0.01584 0.01584 0.01584 0.01584
BOD mg/L 7 6 6 6 2 2 6 6 6 6 6
Cadmium mg/L 0.005 0.004273 0.004273 0.004273 0.004273 0.004273 0.004273 0.004273 0.004273 0.004273 0.004273
Chlorine (residual) mg/L NWQG NA NA NA NA NA NA NA NA NA NA
Chromium (hex) mg/L 0.01 NAND NAND NAND NAND NAND NAND NAND NAND NAND NAND
COD mg/L NWQG NA NA NA NA NA NA NA NA NA NA
Color TCU 75 65 65 65 65 70 70 65 59 65 65
Cyanide mg/L 0.1 NAND NAND NAND NAND NAND NAND NAND NAND NAND NAND
Dissolve Oxygen mg/L 5 0.85 0.6 1.26 0.34 0.86 0.63 1.14 2.7 2.86 0.63
Fecal coliform MPN/100mL 200 50 30 193.9 173 156 166 153 184 164 -80
Lead mg/L 0.05 0.04483 0.04483 0.04483 0.04483 0.04483 0.04483 0.04483 0.04483 0.04483 0.04483
Mercury mg/L 0.002 0.00193 0.00193 0.00193 0.00193 0.00193 0.00193 0.00193 0.00193 0.00193 0.00193
Nitrate mg/L 7 6.42 5.89 6.8 6.59 6.28 6.81 6.82 6.82 6.86 6.56
Qil and Grease mg/L 2 NAND NAND NAND NAND NAND NAND NAND NAND NAND NAND

pH - 6.5-9.0 WR WR WR WR WR WR WR WR WR WR
Phosphate mg/L 0.5 0.44 0.47 0.46 0.46 0.47 0.43 0.45 0.45 0.45 0.38
Sulfate mg/L 275 274 268 274 270 267 274 274 274 274 267
Surfactants mg/L 1.5 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
Temperature °C 25-31 AUR WR WR WR BLR WR AUR BLR WR BLR
TSS mg/L 80 -425 -18 56 69 68 74 67 63 69 72

NOTES: (+) values means no impact, (-) adverse impact, value is impact magnitude; NWQG — no WQG value; NA — not applicable; NAND - not applicable, not detected; WR — within range; AUR
— above Upper Range; BLR — below Lower Range
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Table 3-68. Surface water quality at the stations (high rainfall sampling period)

ey [ wn P e o Jf e [ we) [Tues [ we [ery L 0en [ 56 W [E]

Arsenic mg/L <0.0035 <0.0035 <0.0035 <0.0035 <0.0035 <0.0035 0.0035 <0.0035 <0.0035 <0.0035

BOD mg/L <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 7
Cadmium mg/L <0.00028 <0.00028 <0.00028 <0.00028 <0.00028 <0.00028 <0.00028 <0.00028 <0.00028  <0.00028 0.005
Chlorine (residual) mg/L ND ND ND ND ND ND ND ND ND ND 350
Chromium (hex) mg/L ND ND ND ND ND ND ND ND ND ND 0.01
CcoD mg/L ND ND 14 5.00 3.00 4.00 ND 3.00 4.00 4.00 NWQG
Color TCU 5 10 10 5 <5 5 10 10 5 15 75
Cyanide mg/L ND ND ND ND ND ND ND ND ND ND 0.1
Dissolve Oxygen mg/L 6.9 4.97 7.79 6.14 5.03 6.48 5.43 5.27 5.46 5.25 5
Fecal Coliform MPN/100mL 350 9200 53 40 350 55 55 21 11 8.2 200
Lead mg/L <0.0026 <0.0026 <0.0026 <0.0026 <0.0026 <0.0026 <0.0026 <0.0026 <0.0026 <0.0026 0.05
Mercury mg/L <0.000070 <0.000070 <0.000070 <0.000070 <0.000070 <0.000070 <0.000070 <0.000070 <0.000070 <0.000070 0.002
Nitrate mg/L 0.03 0.41 0.13 0.26 0.44 0.12 0.05 0.03 <0.01 0.03 7
Oil and Grease mg/L ND ND ND ND ND ND ND ND ND ND 2
pH -- 8.36 7.23 7.42 7.59 7.1 8.08 7.69 8.00 7.09 7.81 6.5-9.0
Phosphate mg/L 0.08 0.11 0.03 0.03 <0.01 0.04 <0.01 0.12 <0.01 0.04 0.5
Sulfate mg/L <1 8 2 4 <1 <1 11 <1 20 <1 275
Surfactants mg/L <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 1.5
Temperature °C 27.9 26.1 26.7 24.30 24.8 23.00 20.7 26.8 23.7 24.7 25-31
TSS mg/L 47 50 13 4 <3 3 10 4 <3 5 80

NOTES: NWQG — no WQG value, ND — none detected; *DENR CLASS C values based on DAO 2021-19 (Updated Water Quality Guidelines and General Effluent Standards for Selected Parameters)
and DAO 2016-08 (Water Quality Guidelines and Effluent Standards of 2016)
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Table 3-69. Existing stream water quality impacts (high rainfall sampling period)

Crarameter | unt | cac | wa1 | ez | wad | Wae | was | was | war | was | was | waio

Arsenic mg/L 0.02 0.01650 0.01650 0.01650 0.01650 0.01650 0.01650 0.01650 0.01650 0.01650 0.01650
BOD mg/L 7 6 6 6 6 6 6 6 6 6 6
Cadmium mg/L 0.005 0.00472 0.00472 0.00472 0.00472 0.00472 0.00472 0.00472 0.00472 0.00472 0.00472
Chlorine (residual) mg/L 350 NAND NAND NAND NAND NAND NAND NAND NAND NAND NAND
Chromium (hex) mg/L 0.01 NAND NAND NAND NAND NAND NAND NAND NAND NAND NAND
CoD mg/L NWQG NA NA NA NA NA NA NA NA NA NA
Color TCU 75 70 65 65 70 70 70 65 65 70 60
Cyanide mg/L 0.1 NAND NAND NAND NAND NAND NAND NAND NAND NAND NAND
Dissolve Oxygen mg/L 5 1.9 -0.03 2.79 1.14 0.03 1.48 0.43 0.27 0.46 0.25
Fecal Coliform MPN/100mL 200 -150 -9000 147 160 -150 145 145 179 189 191.8
Lead mg/L 0.05 0.0474 0.0474 0.0474 0.0474 0.0474 0.0474 0.0474 0.0474 0.0474 0.0474
Mercury mg/L 0.002 0.00193 0.00193 0.00193 0.00193 0.00193 0.00193 0.00193 0.00193 0.00193 0.00193
Nitrate mg/L 7 6.97 6.59 6.59 6.74 6.56 6.88 6.95 6.97 6.99 6.97
Oil and Grease mg/L 2 NAND NAND NAND NAND NAND NAND NAND NAND NAND NAND
pH -- 6.5-9.0 WR WR WR WR WR WR WR WR WR WR
Phosphate mg/L 0.5 0.42 0.39 0.39 0.47 0.49 0.46 0.49 0.38 0.49 0.46
Sulfate mg/L 275 274 267 275 271 274 274 264 274 255 274
Surfactants mg/L 1.5 1.4 1.4 1.4 1.4 1.4 14 1.4 1.4 1.4 1.4
Temperature °C 25-31 WR WR WR BLR BLR BLR BLR WR BLR BLR
TSS mg/L 80 33 30 67 76 77 77 70 76 77 75

NOTES: NWQG — no WQG value; NA — not applicable; NAND — not applicable, not detected; WR — within range; AUR — above Upper Range; BLR — below Lower Range
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3.2.3.4 Proposed mitigation measures

The proposed mitigating measures to minimize ground and surface water pollution in the different Project
phases are presented below.

Pre-construction phase

a) Prepare plans for drainage and sediment ponds at the staging areas and active construction sites;
and
b) Prepare a Water Quality Monitoring Plan for the construction and operation phases.

Construction phase

a) Strict implementation of Construction Plan specifications for each Project component;
b) Provide sanitary facilities at the staging areas and active construction sites;

¢) Provide adequate drainage leading to siltation ponds;

d) Implement the Water Quality Monitoring Plan during construction phase; and

e) Best housekeeping practices.

Operation phase

a) Provision of sanitation facilities, e.g., septic vaults in the offices;

b) Maintain drainage system leading to siltation ponds;

¢) Implement the Water Quality Monitoring Plan during operation phase; and
d) Best housekeeping practices.

3.2.4 Freshwater ecology
3.2.4.1 Scope

This section described the existing aquatic ecology of the freshwater waterbodies and assessment of
potential Project impacts. The existing aquatic ecology was described by 14 (low rain period) and 17 (high rain
period) sampling sites at the rivers and streams traversed by or adjacent to the proposed CMH alignment. The
objectives of the assessment are enumerated below.

1. Determine species composition, diversity, abundance, distribution, and seasonality of plankton,
fishes and macrobenthic fauna, and aquatic insects;

2. Assess endemism and conservation status of aquatic species based on DAO 2004-15 and DAO 2007-
1 as amended in DAO 2007-24 and IUCN/CITES Appendix | and Il criteria;

3. Identify, assess, and propose mitigation measures of the potential impacts of the Project to local
aquatic biodiversity and ecological conditions in relation to Fisheries Act (RA 10654), Wildlife
Resources Conservation and Protection Act (2001), and DENR Memorandum Circular 2007-2
(Critical Habitats);

3.2.4.2 Methodology

The assessment done from April 28 to May 7, 2021 (low rain period) and July 25 to August 5, 2021 (high rain
period), determined species composition, diversity, abundance, distribution, and seasonality of aquatic
ecology using the 17 stations Site (Table 3-70 and Figure 3-67). In-situ water quality analysis and streamflow
measurements were also done at the sampling areas. Appendix 31 shows the photo documentation of the
ecological assessment. As for the ecology sampling period,

Table 3-70. Locations of aquatic ecology sampling stations

water bod —
' [Tatiude | Longitude _ '

Al 8.523545° 124.791755° Tagoloan River A10 8.304605° 124.978894° Atugan River
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 stton |2 ] Waterbosy | staton [ PPt
A2 8.510598° 124.791472° Bugo Stream All 8.263309° 125.001386° Atugan River
A3 8.399158° 124.810456° Alae River Al12 8.217137° 125.028438° Ipoon River
A4 8.353080° 124.841668° Dicklum River Al3 8.215390° 125.030989° Komotal River
A5 8.344272° 124.878038° Kumaykay River Al4 8.187729° 125.050267° Sawaga River
A6 8.295869° 124.910720° Puntian River A15 8.183277° 125.056200° Sawaga River
A7 8.298831° 124.923080° Tagolongon River Al6 8.162573° 125.110856° Sawaga River
A8 8.316260° 124.953292° Kulaman River Al7 8.162461° 125.113840° Sawaga River
A9 8.312597° 124.968263° Mapolo River

225|Page



YT — ENVIRONMENTAL IMPACT STATEMENT REPORT - Preparatory Survey
:m’, of ) CENTRAL MINDANAO HIGH STANDARD HIGHWAY PROJECT (CDO — MALAYBALAY SECTION)
- ".' j CA Cagayan de Oro City, Malaybalay City, Municipalities of Tagoloan, Manolo Fortich, Sumilao, Impasug-ong

PROPONENT: Department of Public Works and Highways in cooperation with JICA

.
r

Chapter 3 - Analysis of Key Environmental Impacts

Figure 3-67. Aquatic ecology sampling stations along the Project alignment
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Stream measurements and in-situ water quality analysis

Discharge rate - Streamflow measurements were done using a transect meter and a digital water velocity
meter (Xylem, USA). The streamflow was calculated using the Velocity Area Method (EMB-DENR Manual for
Ambient Water Quality Monitoring Vol I).

In situ water quality analysis — the pH, Dissolved Oxygen (DO), Electrical Conductivity, and Total Dissolved
Solids (TDS) at each station were determined using a calibrated portable water quality meter.

Aguatic ecological assessment

Plankton - Plankton samples were collected using 4-inch diameter plankton sieves with 20-um and 90-um
mesh sizes to filter phytoplankton and zooplankton, respectively, from 16 L river or stream water samples.
The filtrate was carefully rinsed with filtered water and stored in carefully labelled plastic containers.
Phytoplankton and zooplankton samples were fixed in situ using 5% buffered formalin solution and 95%
ethanol respectively. Three replicate samples were collected for phytoplankton analysis and one composite
sample for zooplankton from three sub-stations. The average plankton density was determined using two
aliquots per sample examined microscopically using a Sedgewick-Rafter counting cell with 1-ml volume.
Plankton organisms were identified down to the lowest taxa where possible using plankton guides and
references. Photomicrographs of plankton representatives were taken using a digital camera for
documentation.

Fishes and macrobenthic fauna - Fishes and macrobenthic fauna were collected from upstream, midstream
and downstream sections of a river or stream using a Dip net for three minutes by vigorously agitating the
bottom. Samples were emptied into a white basin and sieved through a 100-um metal sieve to remove plant
litter and other organic debris. Samples were sorted into fishes, mollusks, crustaceans, and aquatic insects,
and stored in 15-mL screw-capped, centrifuge tubes, preserved with 95% ethanol, and labeled with date,
station number, and stream section.

3.2.4.3 Assessment of key impacts

3.2.4.3.1 Threat to existence of important local species, abundance, frequency and distribution
of important species

3.24.3.1.1 Stream measurements and in-situ water quality

In situ water quality analysis — The Dissolved Oxygen (DO, mg/L) content was relatively high ranging from 8.8
to 15.9 ppm during the high rainfall period and 9.8-14.5 ppm during the low rainfall. The pH was slightly basic
ranging from 7.1 to 8.0 and 6.8—7.9 during the during the low and high rainfall periods respectively. Water
temperatures, depending on time of measurements ranged from 22.4-28.4 °C and 22.4-32 °C during the low
and high rainfall periods respectively. Electrical conductivity values in the 17 stations ranged from 54-188
uS/cm (low rainfall) and 46—174 uS/cm (high rainfall). The Total Dissolved Solids (TDS) readings ranged from
27 — 94 mg/L during low rainfall and 23 — 88 mg/L during high rainfall. DO and pH values are within parameter
limits specified under DAO 2016-08. Figure 3-68 and Figure 3-69 shows the water quality and discharge rates
at the aquatic ecology assessment during the low and high rainfall periods.
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Figure 3-68. In-situ water quality (DO, pH, temperature, EC) at the aquatic sampling stations
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Figure 3-69. In-situ Total Dissolved TDS and discharge rate at the aquatic sampling stations
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Discharge rate - Discharge rates of rivers and streams representing natural ecological flows ranged from 0.024
- 21.979 m*/s and 0.04 — 26.562 m®/s the low and high rainfall period, respectively. The highest discharge
rate during low rainfall period was recorded in Station Al (Tagoloan River) at 21.979 m>/s and Station A17
(Sawaga River) at 2.095 21.979 m®/s while the lowest discharge rate was recorded at Station A12 (Ipoon river)
with 0.0024 m?/s.

The highest discharge rate during the high rain period was also recorded at Station Al at 26.562 m®/s
followed by Station A8 (Kulaman river) at 15.105 m>/s while the lowest discharge rate was also recorded at
Station A12 at 0.04 m>/s (Ipoon river). Discharge rates increased during the high rain period that was brought
about by monsoon rains.

3.24.3.1.2 Phytoplankton

Dominant major phytoplankton groups - A total of 54 taxa in six major phytoplankton groups were recorded
during the low rainfall period and 42 taxa in five major phytoplankton groups during the high rainfall period.
Cyanobacteria (blue-green algae) was the most dominant group observed during the low rainfall period with
mean relative abundance of 52.66%, while diatoms (Bacillariophyta) were the most abundant group with
mean relative abundance of 67.46% on the high rainfall period (Table 3-71 and Figure 3-70).

Table 3-71. Density* and relative abundance of major phytoplankton groups

Low rainfall period High rainfall period
Phylum RA (%) | Phylum RA (%)

Bacillariophyta 4657 18.71 Bacillariophyta 4200 67.46

Chlorophyta 7090 28.49 Chlorophyta 554 8.89
Chrysophyta 2 0.01 Cyanophyta 1437 23.05
Cyanophyta 13107 52.66 Dinophyta 28 0.42
Dinophyta 24 0.09 Euglenophyta 12 0.18
Euglenophyta 9 0.03 Total 6225 100
Total 4657 100 Note: RA —relative abundance

NOTE: *in cells/L, RA — relative abundance

Figure 3-70. Relative abundance of major phytoplankton groups
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Dominant phytoplankton genera - Chlorella sp., a green alga (Chlorophyta) was the most abundant taxa
during the low rainfall period with a mean relative abundance of 24.60% followed by Gleocapsa sp., a blue-
green algae (Cyanobacteria) with a mean relative abundance of 21.68%. During the high rainfall period,
Fragillaria sp. and Synedra sp., both diatoms (Bacillariophyta), were the most abundant phytoplankton having
mean relative abundances of 17.57% and 15.61% respectively (Figure 3-71). Other phytoplankton major
groups and taxa were poorly represented in the samples. The species composition of phytoplankton is shown
in Appendix 32.
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The phytoplankton communities present in these stations were diverse and showed seasonality. The blue-
green algae (Cyanobacteria) dominated during the low rainfall period, but the green alga Chlorella sp.
(Chlorophyta) was the most abundant phytoplankton during this time period (Figure 3-71). As fresh influx of
freshwater increases during the high rainfall period, the diatoms (Bacillariophyta) become the dominant
group that is dominated by Fragillaria sp., Synedra sp., Melosira sp., and Navicula sp. in the plankton samples
(Figure 3-71). A blue-green alga (Cyanobacteria), Oscillatoria sp. was the fifth most abundant taxa during the
high rainfall period. The variations in abundances between taxa and phytoplankton groups was mainly
governed by the influx of freshwater and residence times.

Figure 3-71. Relative abundance of dominant phytoplankton genera

Low rainfall period

High rainfall period

Comparative abundance of phytoplankton per rainfall periods - Figure 3-72 and Figure 3-73 illustrates the
comparative abundance of phytoplankton organisms across the aquatic ecology stations. During the low
rainfall period, Aquatic Station 10 (Atugan river) had the highest total phytoplankton density of 13,277 cells/L
while the lowest was Aquatic Station 16 (Sawaga river) with only 160 cells/L. Aquatic Stations 11 (Atugan
river), A15 (Sawaga river), and A7 (Tagolongon river) had relatively high phytoplankton densities of 3,125
cells/L, 1,970 cells/L and 1,704 cells/L respectively. All other stations had densities below 1,000 cells/L.
Phytoplankton densities during the high rainfall sampling period were comparatively lower, with the highest
phytoplankton count of only 1,238 cells/L in aquatic station 8 (Kulaman river) and the lowest density was at
station 3 (Alae River) with only 2 cells/L phytoplankton density. These values were considerably higher than
those observed in the head waters of Alanib River, Mt. Kitanglad, Bukidnon (Opiso et. Al. 2014). The relatively
higher densities observed during these assessment periods can be explained by nutrient influx from domestic
origins and runoff coming from the surrounding agricultural lands (Bertomen et. al., 2017).

The influx of freshwater during the high rainfall period disrupts the proliferation and population growth of
phytoplankton due to increased water volume and flow leading to lesser residence times of phytoplankton
(dilution effect) and increased turbidity. Phytoplankton population growth lags the influx of freshwater
despite the influx of nutrients into the aquatic environment which needs sufficient time to proliferate.
Flowing waters generally have lower phytoplankton densities compared to stagnant waters due to higher
residence times that promote higher population densities. This explains why stagnant pools of water, ponds,
and lakes are visibly greener than flowing streams or rivers. During heavy rains, silt and clay particles are
carried into streams and rivers which lower water clarity due to higher turbidity impeding light penetration
that is needed by these photosynthetic organisms in order to grow and reproduce.

In general, the phytoplankton communities present in these rivers and streams are diverse in terms of major
groups and species composition. Higher diversity and higher phytoplankton densities are experienced during
the low rainfall period than in high rainfall period (Figure 3-72 and Figure 3-73). The observed phytoplankton
densities were relatively lower compared to stagnant pools, ponds and lakes but this shows that even in clear
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and flowing bodies of water, a healthy community of microscopic phytoplankton grows and thrives. Some of
the representative phytoplankton taxa

Figure 3-72. Comparative abundance of phytoplankton organisms across aquatic ecology stations
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Figure 3-73. Species composition of phytoplankton across stations
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3.24.3.1.3 Zooplankton

Dominant major zooplankton groups — the zooplankton community observed across all stations was relatively
diverse, with eight taxa in four major groups - Amoebozoa, Arthropods, Nematoda, and Rotifera. Amoebozoa
was the most abundant group during low rain period with a mean relative abundance of 54.29%, followed by
Nematoda (round worms) and Rotifera with mean relative abundance of 20%, and Arthropoda (Diaptomus
sp.) with only 6.05% mean relative abundance (Table 3-72 and Figure 3-74). Appendix 32 shows the
representative zooplankton species.

Only five zooplankton taxa in three (3) major groups were recorded during high rain period. Amoabozoa
(Arcella sp. and Centropyxis sp.) was also the most dominant group with a mean relative abundance of
52.99%, followed by Rotifera (Asplanchna sp. and Lecane sp.), with 32.61%, and Nematoda (Nematodes) with
only 12.23% mean relative abundance (Table 3-72 and Figure 3-74).

Table 3-72. Composition and relative abundance of major zooplankton groups
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Amoebozoa 54, 28 Amoebozoa 54, 17

Arthropoda 2 5.71 Nematoda 3 12.50

Nematoda 7 20.00 Rotifera 8 33.33

Rotifera 7 20.00 Total 24 100

Total 35 100.00 Note: F —frequency, RA — relative
abundance

Figure 3-74. Relative abundance of major zooplankton groups during low and high rainfall periods
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Dominant zooplankton genera - With regards to the dominant taxa, Arcella sp. was the most abundant during
the low rainfall period with 16.62% followed by Centropyxis sp. with 15.84%. Arcella sp. is also the most
abundant species during the high rainfall period with 45.83% followed by Lecane sp. with 20.83% (Table 3-73

and Figure 3-75)

Table 3-73. Composition and relative abundance of zooplankton per genera

Arcella sp. 9 16. 62 Arcella sp. 11 45, 83
Centropyxis sp. 10 15.84 Centropyxis sp. 2 8.33
Diaptomus sp. 2 3.52 Nematode 3 12.50
Filinia sp. 4 6.74  Asplanchna sp. 0 12.50
Lecane sp. 1 1 1.56 Lecane sp. 3 20.83
Lecane sp. 2 1 1.56 Grand Total 24 100.00
Trichotria sp. 1 0.98 Note: F—frequency, RA — relative abundance
Grand Total 35 100.00

Figure 3-75. Relative abundance of zooplankton genera during low and high rainfall periods
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Comparative abundance of phytoplankton per rainfall periods — The zooplankton density per station was
relatively low with the highest density of only 11 individuals/L (Station A1) observed during the low rain
period and 8 individuals/L (Station A8) during the high rain period. Zooplankton density during the low rain
period ranged from 1 — 11 individuals/L compared to 0 — 8 individuals/L during the high rain period (Figure
3-76 and Figure 3-77). These zooplankton densities were low compared to standing bodies of water where
densities often reach hundreds of individuals per liter. These values are considered normal due to the
relatively low phytoplankton densities observed in streams and rivers.

Figure 3-76. Species composition of zooplankton across stations
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Figure 3-77. Comparative abundance of phytoplankton organisms across stations
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3.2.4.3.1.4 Fishes and Macrobenthic Fauna

A total of 189 individuals of fishes and macrobenthic fauna were collected during low rain period across
stations resolved into 10 families and 15 species. The most abundant species was Gambusia affinis (mosquito
fish, introduced) with a relative abundance of 37.04%, followed by Macrobrachium rosenbergii (native) and

Oreochromis niloticus (tilapia, aquaculture species, introduced), with relative abundance of 23.81% and
19.58%, respectiv