PHILKAIROS, Incorporated

EXECUTIVE SUMMARY

1. Project Fact Sheet

Riverbend Consolidated Mining Corporation

Unit 1602, 16th Flr., 139 Corporate Center, 139 Valero
St., Bel-Air, Makati

Mr. Nicanor L. Escalante

Mr. Nicanor L. Escalante

Director

Contact No. : 0977-8078720

Email Address : nickescalante phil@yahoo.com

Mr. Joel A. Espineli

Philkairos, Inc.

JE Business Center

Pinesville Road corner Ortigas Avenue Extension
Barangay Dolores, Taytay, Rizal

Telephone Number: (02) 8706-4008

Email Address: admin@philkairos.com

Proposed Banaybanay Nickel Laterite Mining
Project

Barangays Puntalinao, Causwagan, Pintatagan,
Maputi, Panikian, and Mahayag

Municipality of Banaybanay,

Province of Davao Oriental

Resource Extractive Industry (Mining Project)
No. 263-2008-XI Amended-IB

with Amendment Order dated 24 June 2016
6,363.3368 hectares (MPSA) /

1,072.20 hectares for partial declaration (disturbed
area)

New Application

Nickel Mine Pits

Stockpiles

Waste Dumps

Siltation Ponds, Interceptor canals, Drainage lines
Haul / Access Roads

Work Camps

Field and Administration Office

Motorpool and Equipment Depot

9,600,000 WMT per annum

2. Brief Project Background

The project is covered by the MPSA 263-2008-XI-Amended-IB which includes areas covered
by ExPA 000267-XI (now Parcel Il of the MPSA) and ExPA 000252-XI (now Parcel Il of the
MPSA), containing an area of 6,023.89 has and 339.45 has, respectively. The northern
portion of the amended MPSA area is located in Barangays Napnapan and Fuentes,
Municipality of Pantukan, Province of Compostela Valley, whereas the rest of the tenement
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areas is located in Barangays Pintatagan, Puntalinao, Maputi, Mahayag and Causwagan, all
in the Municipality of Banaybanay, Province of Davao Oriental. The amended MPSA
tenement is bounded by geographic coordinates: 7° 01’ 30” and 7° 09’ 30” north latitudes and
125° 58’ 00” and 126° 03’ 00” east longitudes.

The Parcels 1l and Ill of MPSA 263-2008-XI-Amended-IB occur in the Southern Pacific
Cordillera of the eastern Mindanao terrain, characterized by distinct occurrence of Copper-
Gold prospects and deposits. The most prominent deposits include the Diwalwal Gold rush
area in the north and the Kingking Copper-Gold in the south. The Southern Pacific Cordillera
is also characterized by ophiolite rocks, which host chromite and nickel laterite occurrences,
specifically the terrains in the Municipalities of Banaybanay and Lupon, City of Mati and the
entire Pujada Peninsula.

This study covers an initial 1,072 hectare mine operating area which will be subject of a
partial declaration application with the MGB. Two open pit mines, each located at Puntalinao
and Causwagan areas, will be developed during the planned mine operation.

3. Process Documentation of the Conduct of EIA Study

The Environmental Impact Statement (EIS) is the result of the Environmental Impact Assessment
(EIA) conducted for the Nickel Project located at Barangays Puntalinao, Causwagan, Pintatagan,
Maputi, Panikian, and Mahayag, Municipality of Banaybanay, Province of Davao Oriental.

Both primary and secondary data were considered during the conduct of the environmental impact
assessment study. Based on the standard EIA procedures, collection of secondary data were sourced
from the following agencies and offices: Baseline and socio-economic profile of the municipality of
Carrascal, province of Surigao del Sur — National Statistics Office (NSO); Philippine Atmospheric,
Geophysical and Astronomical Services Administration (PAGASA) — climatological data; Philippine
Institute of Volcanology and Seismology (PHIVOLCS) for hazards; and Mines and Geosciences
Bureau (MGB) - geological data.

Primary Data Gathering Matrix
Methodology Source Person/s Gathered Data
Plans, Schedule,
Clearance and Permits,

Interview / Consultation EIA Study Team and Proponent Results of Related Studies,
Compliance Report

Ocular Inspection EIA Study Team Site Condition

Field Survey EIA Study Team Terrestrlal, freshwater and
Geologic surveys
Environmental data,

Research EIA Study Team compliance and

performance of the existing
project

LGUs and communities of
Barangays Puntalinao,
Causwagan, Pintatagan,
Maputi, Panikian, and Mahayag

Consultations Perception of the Project

Secondary Data Gathering Matrix
Methodology Agencies Gathered Data
Research National Statistics Office (NSO) | Socio-Economic and
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Secondary Data Gathering Matrix
Methodology Agencies Gathered Data

Demographic Profile of
Banaybanay, Davao
Oriental

Research PAGASA, Project NOAH (E:"mato'og'ca' Normal and

xtremes

Existing Data for Air and

Research EMB-DENR Water Quality

Research Mines and Geosciences Bureau | Geological Data

Research NCIP Status of FPIC Documents

Research PHIVOLCS / MGB Hazards

4. EIA Team

Riverbend Consolidated Mining Corporation (RCMC), the proponent of the Project has contracted the
services of a third party environmental consultant, Philkairos, Inc. in the preparation of the EIS. The
members of the EIA team are as follows:

Joel A. Espineli | Project Director
(IPCO-088)

Maria Luisa M. Guiterrez | Project Manager
(IPCO-097)

Hillel Cabria | Geology and Geohazards

Geology and Geohazards

REYERE SERif Environmental Impact Assessment

Reynaldo Baloloy | Hydrology

Felixberto H. Roquia | Socio - Anthropologist
(IPC0O-028)

Rodolfo Romarate Jr. | Terrestrial and Aquatic Ecology Specialist

Jan Julio A. Espiritu | Environmental Impact Assessment

Ana Karmela S. Miranda | Research
(IPCO-070)

Rexadi Roy Zamora | Research and Mapping

5. EIA Study Schedule

The overall schedule of activities is presented as follows:

Activities

. Planning with Technical Experts

. Gathering of project and environmental information
. Interpretation and analysis

. Public Scoping

. EIS Report Preparation

. EIS Review and Evaluation

. Public Consultations (presentation of the EIA result)
. Issuance of ECC

O INO(UAWIN|F
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6. EIA Study Area

The areas within the MPSA are all considered as primary impact areas (pink boundary) since the
whole MPSA area is mineralized with lateritic deposit. Different locations have different quality and
grades but all are expected to be developed and mined in the future. The secondary impact areas (n
red) are those which may experience and affected by the residual effect of the mining operation, such
as but not limited to sedimentation and siltation, dust pollution and intolerable sound due to the
operation of heavy equipment and machinery.

7. EIA Methodology

The preparation of the EIA is in accordance with the steps indicated in the Revised Procedural
Manual (RPM) for DAO 2003 — 30. The following are the steps undertaken by the consultants, as
prescribed in the RPM:

1. Public Scoping with Community

2. 1% Level: Project Briefing Meeting with Review Team
2" | evel: Technical Scoping with Review Team

3. Final Approval of Scoping Checklist

4. EIA Study and Report Preparation

5. Submission of Draft EIS

The EIA Team followed the Participatory Impact Assessment Method (PIAM) wherein the
stakeholders were involved in the conduct of the EIA through project briefing, focused group
discussion, and formal scoping meeting.

The EIA study consists of the following activities:

o Review of relevant laws, rules, regulations, pertinent guidelines and reports;

e Preliminary site inspection/reconnaissance-level survey by the relevant EIA team members;

e Review of available information and identify any gaps relative to addressing the Terms of
Reference (TOR);

Design and implementation of required field studies;

Provision of baseline information;

Identification, prediction and evaluation of impacts; and

Formulation of mitigation measures, management practices and monitoring work integrating
these into an Environmental Management Plan (EMP).

The Information, Education and Communication (IEC) campaign was conducted with the pre-scoping,
perception survey and distribution of IEC materials on the EIA process as presented in the table
below.

Activity Date Conducted
Public Scoping December 2016
Public Hearing (Presentation of EIA Results) To be scheduled

The Social Development Management Plan (SDMP) was done through a consultation with the
decision makers of the project affected Municipality and Barangays, the Barangay Chairpersons and
the members of Local Government Units (LGUSs), Indigenous Peoples groups and representatives of
Riverbend Consolidated Mining Corporation (RCMC).

During the Public Scoping conducted in December 2016, the following stakeholders were invited to
participate:
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e LGU officials from the Municipality of Banaybanay (Executive Offices — Mayor, Vice Mayor,

Municipal Council)

e Department Heads of the Municipal Government (Municipal Planning, Agriculture, Health,
Social Welfare and Development, Municipal Environment)

e Barangay Council
e NCIP

e Through the Barangay council, sectoral representatives were also invited (PWDs, Senior
Citizens, Health Units, IP Groups, Women’s Sector, etc.)

Summarized below are the issues and concerns raised during the Public Scoping:

PARTY WHO RAISED
THE ISSUE / SECTOR

CONCERN / ISSUE

RESPONSE (Responding Party /

REPRESENTED REEIOIEE)
Land Module
1. Municipal Councilor Banaybanay has been the target of Mr. Nick Escalante - President,
Eva Juliege - mining since the 70s but not a single one | Riverbend Mining

VChairman on
Environment sa SB

has prospered. Should mining be pushed
through ny Riverbend, my concern is that
Banaybanay is a rice area. | hope that an
intensive study should be done to assess
and protect the rice area as itis the
staple food of the community. Likewise, |
hope that the marine environment be
protected and safeguarded too. | hope
that it will not be like Golden Summit
before that there were a lot of issues
concerning them. In the end, | hope that
all the sectors would support the plan of
development.

My proposal is since Riverbend has
successfully complied with all the
requirements, | suggest that Riverbend
will take us to Tawi-Tawi for a visit to
their sister company so that we can see
the actual operation.

Having an MPSA means you are a
legal miner. We are the only
mining company that has the Big
Permit. Don’t worry our
consultants will do a study on the
rice granary area.

Ma’am Malou Gutierrez

Your question is being noted
upon. We might consider the
Lakbay-Aral program so that we
can fine-tune the barangay
stakeholders about the good
mining practices.

Doc Joji Roquia

We capacitate and build the
people in the LGU that is being
affected by letting them answer a
methodology that | created. In this
manner, we could ask Riverbend if
they could facilitate the process.

Water Module

2. Ester Solango —
Municipal Agriculturist of
Banaybanay

Banaybanay is a strong agricultural
municipality. We have existing projects in
agriculture like the Pagkain and Kita
program of the province and Alang sa
Dugang Ani of the municipality. Now I'm
worried that these projects might be
affected. Likewise, we have coastal
programs for our marginal fisherfolks.
There are farms and fish ponds in the
area. But we also had projects before
that got greatly affected like the

Doc Joji Roquia

We will be doing an EIA and with
that, we will be coordinating with
your office, ma’am. You also have
projects that perhaps can also be
a part of the Social Development
Plan.

Follow-up answer:
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PARTY WHO RAISED
THE ISSUE / SECTOR
REPRESENTED

CONCERN / ISSUE

RESPONSE (Responding Party /
Response)

Holothuria project of our women sector
and the BuB program. Our municipality
is pushing for a more sustainable
agriculture. One more thing that | see as
a conflict later is that our uplands were
being surveyed for possible upland rice
production areas, irrigation system would
be placed. On that note, | hope that a
deeper assessment would be done
regarding the pros and cons of the
project.

The marginal fisherfolks and farmers
should come into play because they are
also stakeholders.

Ma’am Malou Gutierrez

May we endorse our marine filed
expert Jayr Romarate as he is
going to coordinate with you and is
also going to visit your office for an
interview. We will also be doing a
separate interview with MPDC and
MENRO. Agriculture programs
may also come in handy as
perhaps we can take a look into it
and adopt it into our SDMP.

Follow-up answer:
Doc Joji Roquia

We will also be in close monitoring
with the Disaster council.

3. Municipal Councilor
Abelito Cordova —
Chairman, Disaster and
Preparedness,
Municipality of
Banaybanay

| laud the preparations you made in order
that this Public Scoping would be
successful and useful. | hope that you
would be consulting the barangays
affected.

According to the reports made by Vice
Mayor Teves, the shell products
(seafoods) were affected by the cyanide
apparently found in nickel.

Doc Joji Roquia

Noted.

Ma’am Malou Gutierrez

Noted. We will let our geologist
visit your office one time so that he

can check on the veracity of the
report.

4. Valerio Literal —
Senior Citizen,
Barangay Punta Linao

My concern as a fisherfolk is about the
strict implementation like if ever the
mining would push through, | hope that
they would really uphold and take care of
the environment, that they would have a
sound waste water facility and that they
would not dispose of their waste to the
seas.

Doc Joji Roquia

With that being said, Riverbend
has assured us that they would
follow all the correct procedures
and they would implement good
mining practices in the area.

People Module

5. Brgy. Captain Ariel D.

Sison — Punong
Barangay, Barangay
Maputi

| have some knowledge in mining
because we had chromite mining
operations before with Golden Summit in
Maputi and Causwagan. | also know
about the sharing proportions because
we were also given shares by Golden
Summit. | was able to buy ambulance
and dumptruck for my barangay. So
going back, in the video that you
showed, | fear for the municipality and
the 5 affected barangays. You can just
imagine that in Tawi-Tawi, it's open
already. It’'s a different scenario here. We
still have farms, fishing areas and plenty
of trees. My concern is that should this
push through, | suggest that scoping

Doc Joji Roquia

Your suggestion and comments
are being noted.

Mr. Nick Escalante - President,
Riverbend Mining

Thank you Chairman for your
suggestions. For the information of
everybody, Riverbend Mining
already has the MPSA. But then
again, we still need the
Environmental Compliance
Certificate that is why we are
hiring the expertise of Philkairos

Proposed Banaybanay Nickel Laterite Mining Project
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PARTY WHO RAISED
THE ISSUE / SECTOR
REPRESENTED

CONCERN / ISSUE

RESPONSE (Responding Party /
Response)

should be done in the barangay level, in
all the barangays affected so that the
people would be the one to decide if we
would allow it. Today, in this Scoping,
there are only a few who attended. The
religious sector is not even here. They
should have been invited. Likewise, |
also know about those taxes that the
mining proponent would be paying.
Should there be mining operations here
in our municipality, stringent safety
measures would apply.

as they are technically competent
to do the Environmental Impact
Assessment of the study. EIA is
done in order to study, assess,
and mitigate any possible effects
of mining to land, air, water and
people. Talking about benefits, it is
true that Riverbend will be paying
excise tax of 2 percent for every
shipment  or  cargo being
transported by ship. That is quite a
lot of money that the barangay will
benefit for its own.

6. Barangay Chairman
Roel Quijano Dula, Sr. -
Punong Barangay,
Barangay Causwagan

| suggest that there should be a public
scoping in every affected barangay as
the people must be consulted first before
anything else.

Doc Joji Roquia

In order to avoid the bad
experience brought about by
Golden Summit, EIA should strictly
be followed.

7. Barangay Captain
Chavez — Punong
Barangay, Barangay
Mahayag

What | can say is that public scoping in
every barangay level should be done. |
got curious in the video presentation you
showed us. Perhaps, the proponent can
show us through Lakbay-Aral their Tawi-
Tawi site to give us a much clearer
picture on what to do.

Mr. Nick Escalante - President,
Riverbend Mining

Thank you for your suggestion.
We will be doing that so we can
come up with a more positive and
favorable endorsement from all
the stockholders.

Doc Joji Roquia

The barangay council is the one
that is going to give an
endorsement for a project to
proceed next.

8. Councilor Consuelo
Cabrera SB
Representative —
Barangay Pintatagan

In behalf of Barangay Pintatagan, our
voices are one with you in saying that we
strongly suggest that there should be a
barangay scoping to be facilitated in first.
Our people must be consulted.

Doc Joji Roquia

Just to set things clear, the
endorsement would only come
after all the assessment studies
have been completed. The EIA is
not a permit, rather, it is a
procedural tool done in a scientific
way, the process of assessing the
likely environmental impacts of a
proposal and identifying options to
minimize the effects of
environmental damage.

9. Rosalie Chula —
Barangay Kagawad,
Barangay Causwagan

Our barangay has been unfortunate to
experience worst problems during the
operations of Golden Summit. It was
nightmare. People were complaining day
and night. Then Riverbend Mining comes
into the picture. | hope you understand
our situation. Should the mining

Doc Joji Roquia

Noted.

Follow-up answer:
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PARTY WHO RAISED
THE ISSUE / SECTOR
REPRESENTED

CONCERN / ISSUE

RESPONSE (Responding Party /
Response)

operation start, we want a more
responsible mining company with good
mining practices. My only hope is that
you would adhere to your commitment of
helping us take care of our environment,
providing safety and protection, and
providing for us jobs and employment. |
also hope that there will be barangay
scoping first, like there is a need for the
barangay constituents to know more
about this project.

Mr. Nick Escalante — President,
Riverbend Mining

We understand the many
problems you had encountered
while Golden Summit had its
operations here. | can assure you
that we will not be like Golden
Summit. We are committed to
giving you good mining practices.

Proposed Banaybanay Nickel Laterite Mining Project
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8. Environmental Management and Monitoring Plan

Environmental
Aspect / EIA Module

Potential Impact

Proposed Management and Monitoring Plan

Residual Effects

Land Use,
Compatibility, tenure
and Visual Aesthetics

Compatibility with existing land use.

Based on the 2010 Land Use Map
from the NAMRIA, the major land
use or vegetative cover of the area
includes open forest,
shrubs/grasslands and perennial
crops.

The proponent will secure proper clearances prior to the
development of the project to address land compatibility.

Nil

Compatibility with classification as
ECA

The projectisin a cultural/social
and geologic hazard areas and
frequently visited or hard-hit by
typhoons

The proponent has undergone the

Free, Prior and Informed Consent (FPIC process) that
eventually forged a Memorandum of Agreement

(MOA) with the IP group/s. The proponent will follow abide
by the stipulations of the MOA to ensure the

safety and general well-being of the IP community.

The corresponding geohazard assessment findings shall
be taken into account in the planning, day to day
operations and the eventual rehabilitation of mining areas.
Disaster Preparedness and Response Teams shall
address emergencies.

Temporary. Repair/rehabilitation

efforts will follow.

Proposed Banaybanay Nickel Laterite Mining Project
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Environmental
Aspect / EIA Module

Potential Impact

Proposed Management and Monitoring Plan

Residual Effects

Existing land tenure issue/s

The proponent is undergoing the process of securing the
Free, Prior and Informed Consent with the

Mandaya tribe in the community. After series of
community consultative assemblies, consensus building

and decision meeting, an NCIP endorsement will be
issued to the proponent. A Memorandum of

Agreement (MOA) was forged between the tribal
representatives and the proponent.

Temporary. The stipulations of the
aforementioned MOA will be
enforced for the duration of the
project to give what is due to the
Mandaya tribe in the host
communities.

Visual aesthetics

The mining activity to operate in stages and immediately
rehabilitate the mined-out areas to lessen the visual
impact. Vegetation buffer, consisting

of suitable fast-growing trees, could also be maintained
around the mine sites to shield the view.

Temporary. The area will be
restored after closure.

Solid waste
management

Increased generation of solid
waste, disposal and related
impacts

Waste minimization and segregation practices shall be
enforced. Waste recycling and timely waste collection and
disposal are just a few of the numerous techniques that
will be used in the Project site. Likewise, proper

machine maintenance of equipment involves regular
maintenance check-up, timely fuel and oil change, and
proper machine handling to minimize the risk of soll
contamination. A designated machine shed and fuel/oll
depot with oil collectors and proper floor protection further
minimizes soil contamination. As much as possible, major

Moderately significant as improper
practice will lead to soil and water
contamination.

Proposed Banaybanay Nickel Laterite Mining Project
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Environmental
Aspect / EIA Module

Potential Impact

Proposed Management and Monitoring Plan

Residual Effects

maintenance works for equipment will be done outside the
project area. Each worker shall also be given instructions
on the proper storage, use and disposal of supplies used.

Geology

Changes in landform /
geomorphology / topography /
terrain / slope

Stabilize landslide areas by constructing benches or
retaining structures combined with revegetation

Plan road alignment properly to avoid passing on very
steep and unstable slopes; Conduct slope stability
analysis to be guide in slope design; Decrease slope
angle by constructing benches;

Consider the existing geologic hazard conditions in the
area in the design of roads and mine facilities;

Insignificant. There won’t be any
substantial changes in landform and
topography.

Geology

Susceptibility to natural hazards

The structural design for the project should strictly follow
other specifications set by the National Structural Code for
Buildings (NSCB) and other relevant requirements
specified in the National Building Code of the Philippines
(NBCP).

To mitigate this problem, the road should be properly
compacted during construction or rehabilitation. If
possible, the hauling route should not pass through the
built-up areas and a separate road should be used for
hauling laterite. Construction of other mine
infrastructures such as buildings in earthquake prone
areas need careful planning. Apply ground improvement
techniques such as densification, solidification,
replacement, lowering of groundwater table, dissipation of

Temporary. Immediate restoration of
damaged facilities.

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation

Page | E-11




PHILKAIROS, Incorporated

Environmental
Aspect / EIA Module

Potential Impact

Proposed Management and Monitoring Plan

Residual Effects

excess pore water pressure and applying shear strain
restraint (Orense, 2003). Damage to structures could be
reduced by applying the appropriate type of foundation.
Atrtificial fill should be sufficiently compacted prior to
construction of structures.

Geology Soil erosion

Proper water management in active mining areas and
other disturbed areas such as along access roads and
other infrastructures is critical in erosion and sediment
control. It typically consists of upslope diversion ditches,
onsite collection ditches, and a large sediment pond or
series of ponds throughout the mine site; typically, at the
point of lowest elevation. Noncontact drainage should also
be diverted around the mine site. Surface runoff is
minimized, thereby limiting the potential for rill and gully
development on disturbed landscapes and saturation of
the soil at specific areas, which can produce deep seated
slope failures in unstable grounds.

In non-active areas, such as cut and fill slopes along
roads, establishing self-sustaining vegetation is the most
effective erosion control.

Moderately significant as without
strict control it will pollute the waters

Terrestrial Ecology Loss of Vegetation, important
species, hindrance to wildlife
access, disturbance to terrestrial

environment

-Ensure that buffer areas and green belts are incorporated
in the plan. Top soil removed during construction will
be stored separately and reused.

- Remove only vegetation that is absolutely necessary

Temporary. Will be revegetsted.
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Environmental
Aspect / EIA Module

Potential Impact

Proposed Management and Monitoring Plan

Residual Effects

Oceanography

Inducement of flooding

Properly designed storm water drainage system;
rehabilitation and/or maintenance dredging of existing
canals and waterways draining near the project area.
Erosion and sediment control structures should be
constructed around the stockyards to prevent transport
and siltation when it is inundated during coastal flooding.
Ring dikes could act as containment structure

Temporary. Not significant - can be
contained

Impact on depth of water, wave
and current pattern

Maintenance dredging of the waterways and canals. .

Insignificant as there is no
permanent change in the
configuration of the coast as there is
no physical development to be
introduced downstream of the
project area

Ground Water

Depletion of water resources /
competition in water use

It is recommended that an in-depth study on the
groundwater availability and quality be undertaken in
order to guide the communities. Utilization of groundwater
resource in the area should also be regulated

Moderately significant. Moderately
significant. There may be a
cumulative effect on water uses

Fresh Water

Degradation of freshwater quality

Develop communal water supply systems for affected
communities. * Protection of spring water sources in the
mine site.

Use of spring waters rather than ground water source. ¢
Coordinate for the regulation of ground water extraction
especially in critical areas.

Moderately significant. There may
be a cumulative effect on water
uses.

Marine Water

Degradation of marine water quality
(Contamination, Increased
Turbidity, improper disposal of
wastes, etc)

Proper structures of existing and proposed mitigating
measures are strongly recommended to ensure the
confinement of the

suspended material during the construction and
operational phase of the project in case of say, accidental
spillage of siltation ponds, stockpiled

materials, high sediment laden flows during strong rainfall
events, during

Moderately significant. Fugitive
contaminants mat have a cumulative
adverse effect on marine water

quality’
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Environmental
Aspect / EIA Module

Potential Impact

Proposed Management and Monitoring Plan

Residual Effects

transport of materials, etc. for maintaining the
environmental integrity of the downstream coastal zone.

Marine Ecology

Strict solid waste management policy shall be
implemented within the project site.

» The environmental unit of the company shall conduct an
information, education and communication drive to all
workers to make fully aware of the

proper waste segregation.

Drainages shall be properly be designed where potential
water ways will be directed to a centralized settling pond.
* The settling pond shall be carefully designed that would
accommodate the volume of water with silt and allow silt
to settle.

Moderately significant. Fugitive
contaminants mat have a cumulative
adverse effect on marine ecology.

Greenhouse gas

Degradation of Air quality —
increased CO2 emission

Inventory of mobile vehicles, power consumptions and
stationary facilities that are run by fossil fuel shall be

Temporary. Will cease after closure
of the mine.

emission
surveyed.
Mobile emissions would include the company owned
vehicles, heavy equipment and other mobile vehicles.
Power generations would include generators and other
energy producing facilities. Carbon emission for
purchased electricity may be computed using the
greenhouse emission factor of 0.59 GHG coefficient for
Mindanao.
:Low fuel consuming equipment (new) to be used.. Power
conservation.

Air quality Degradation of Air quality - Dust Generation Temporary. Will cease after closure

Dispersion of dust particles, effects
of emission from equipment

* Air pollution due to mining and related activities can be
minimized by planning the activities in such a manner that
the generation of the pollutants is minimum possible. In
addition, provisions may be made for arresting the dust by
making suitable green belts or buffer zones. Some of the

of the mine.
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Environmental
Aspect / EIA Module

Potential Impact

Proposed Management and Monitoring Plan

Residual Effects

measures are:.

» Generation of dust in the removal of the vegetation and
soils can be minimized by maintaining adequate moisture
in the soil via regular water sprinkling along the ore
staging area, haul roads, and access roads.

* Proper maintenance of the haul roads can minimize the
generation of air borne dust.
 Covering the trucks with tarpaulin or canvass thus
enclosing the mineral handling and preparation units tend
to reduce the contribution of dust to the atmosphere.
Increase in Gaseous Emissions
» Gas emissions will be minimized by using properly
maintained motor vehicles and heavy equipment and by
utilizing higher grade motor fuel during the construction
and operations phases.

» Clean automotive diesel oil shall be used as fuel for all
diesel-fueled vehicles. Regular maintenance of engines
shall be implemented to ensure optimum engine
performances. * Regular maintenance of dump trucks and
heavy equipment to reduce gaseous emissions of NOx
and CO.

Noise level

Increased Noise levels

Restriction of Hours of Activity

Proper Maintenance of Vehicles and Equipment
Establishment of buffer zones in the motor pool area
Sound Insulation for Generator Sets

Temporary. Will cease after closure
of the mine.

Socio-economic

Displacement of settlers

There are no settlers that will be displaced

Nil

In-migration

The area will be secured by the proponent to prevent
possible illegal settlement within the area. While local
qualified residents will be prioritized for employment,
workforce that will be engaged from other areas will be

Temporary.

Proposed Banaybanay Nickel Laterite Mining Project
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Environmental
Aspect / EIA Module

Potential Impact

Proposed Management and Monitoring Plan

Residual Effects

provided with living quarters at designated facilities in the
project site. The community has sufficient housing
facilities for rent to accommodate migrants.

Socio-economic Cultural/Lifestyle change
(especially indigenous people if

any)

RCMC intends to abide by the provision of the law
particularly in the preservation of local culture of the IP
community and intends to implement programs to protect,
preserve and enhance the lifestyle and culture of the local
IPs. It has taken into consideration the provisions of the
IPRA law in formulating an Indicative Indigenous Peoples
Development Plant (IPDP), which will be finalized in
coordination with the local IPs, the LGU and the NCIP.

There have been cases, however,
wherein IPs had intermingled with
the locals in thecommunity.

Physical cultural resources

RCMC intends to partner with the local tourism office as
well as other tourism agencies in programs that will
enhance the municipality’s cultural resources through its
Social Development Programs.

Similarly, the proponent through responsible mining
practices, it aims to set an example to the host community
and encourage other stakeholders to support their
programs on responsible mining and environmental
protection.

The company will put up a Community Relations Office
that will facilitate the community extension program of the
company to the community. This office will be responsible
in seeing that no major detrimental alterations in any
cultural values and practices will occur in the area.

The enhancement may remain
permanent depending on the
leadership ans cooperation of the
community.

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation
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Environmental
Aspect / EIA Module

Potential Impact

Proposed Management and Monitoring Plan

Residual Effects

Resource competition - Delivery of
basic services

The Municipality’s residents are fortunate enough to enjoy
a very abundant water supply from both the shallow, deep
well and spring sources. In the level | water supply,
sources are deep well and springs which are generally
located and used in the rural areas where houses are
thinly scattered. For level Il the communal faucets where
houses are densely clustered a piped distribution system
for every 6-8 households are provided with faucets.
Currently, level Ill local waterworks system that is
operating in the Municipality are located in the barangays
of Piso, Pintatagan and Puntalinao. The Municipality has
existing watersheds and surface water areas which
support the irrigation system for domestic and agricultural
areas particularly the rice production areas of the
Municipality.

To ensure continuous supply of power, the proponent will
have stand-by generators for its operation especially in
remote areas of the mine site

Temporary. There won’t be any
competition after closure of the
mine.

Threat to public health and safety

RCMC will establish its Health and Safety Unit and
implement a Safety and Health policy that aims to
address, protect and ensure the general well-being of its
workers as well as its host community. An Emergency
Response Team (ERT) will be formed by the proponent to
develop and implement emergency response action plans
with the intent to partner with the LGU in terms of
Emergency response, training and enforcement. The ERT
will operate in coordination with the Government Agencies

Temporary. But may stop after
closure of the mine.

Proposed Banaybanay Nickel Laterite Mining Project
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Environmental
Aspect / EIA Module

Potential Impact

Proposed Management and Monitoring Plan

Residual Effects

such as National Disaster Risk Reduction Team, the local
PNP and the Barangay and Municipal Health Units.

Socio-economic

Generation of Local Benefits from
the project

Main Sources of Income
Enhancement of employment and livelihood opportunities
Increased revenue of LGUs

Significant residual impact as it will
tend to enhance the economy of the
Area.

Socio-economic

Traffic congestion

A detailed traffic management strategy will be formulated
to include schedule of work shifts, traffic route to and
within the mine pits, deliveries and other related elements.
Sufficiency of haul roads will be assessed to ensure that
increased traffic volume is accommodated. Corresponding
traffic signages such as directional, speed control & limits
will be put up to guide the workforce. Maintenance of haul
roads will also be programmed to assure optimum and
safe movement of all equipment.

Likewise, the main access to the project site will be
evaluated to assess sufficiency of its carriage to
accommodate increased traffic volume during transport of
mined materials. Specific routes will be monitored and in
coordination with the LGU, will be maintained. It is
proposed that alternative routes where public traffic will be
very minimal be sourced to minimize effects to the
community. Similarly, signages will be installed along
public access to ensure safety.

Public awareness and behavioral modification programs
will be included in the proponent’s IEC plan, to include
public awareness to traffic signs and road rules and
related concerns.

Temporary but will clear up after
closure of the mine.

Proposed Banaybanay Nickel Laterite Mining Project
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Risks and Uncertainties

In terms of climate change, weather is more unpredictable than before making it hard to determine a
clear dry season for shipment. Mindanao is an area where rain fall can be expected all year round
with pronounced heavy rain from November to April. Given the suspension or potential suspension of
a number of mines, there may be a rush on the operating mines to get out as much cargo as possible.
This may mean cargo comes direct from the mines to the loading barges as opposed to being allowed
time in the open to dry (during good whether periods).

The price for nickel ore has increased given the recent Government audit activity and China is
reportedly stockpiling the cargo in anticipation of reduced volume and or an outright ban. This too may
mean mines take short cuts and more wet cargo is produced for loading on vessels.

Proposed Banaybanay Nickel Laterite Mining Project
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PROJECT DESCRITPION

Project Information

Riverbend Consolidated Mining Corporation (RCMC)
Unit 1602, 16th Flr., 139 Corporate Center, 139 Valero
St., Bel-Air, Makati

Mr. Nicanor L. Escalante

Director

Contact No. : 0977-8078720

Email Address : nickescalante phil@yahoo.com

Mr. Joel A. Espinel

Philkairos, Inc.

JE Business Center,

Pinesville Rd., Ortigas Ave. Extn.,

Taytay, Rizal

Telephone Number: (02) 8727-9005
Email Address: admin@philkairos.com
Proposed Banaybanay Nickel Laterite Mining Project
Barangays Puntalinao, Causwagan, Pintatagan,
Maputi, Panikian, and Mahayag
Municipality of Banaybanay,
Province of Davao Oriental
Resource Extractive Industry (Mining Project)
No. 263-2008-XI Amended IB
with Amendment Order dated 24 June 2016
6,363.3368 hectares (MPSA) /
1,072.20 hectares for partial declaration (area to be
disturbed)
New Application
Nickel Mine Pits
Stockpiles
Waste Dumps
Siltation Ponds, Interceptor canals, Drainage
lines
Haul / Access Roads
Work Camps
Field and Administration Office
e Motorpool and Equipment Depot
9,600,000 WMT per annum

The MPSA 263-2008-XI-Amended-IB includes the areas pertaining to ExPA 000267-XI (Parcel Il of the
MPSA) and ExPA 000252-XI (Parcel Ill of the MPSA). This MPSA amended area is composed of 75
contiguous blocks, containing a total area of 6,363.33 hectares (has). The area has been explored for
nickel laterite mineralization, with extensive exploration in Barangays Pintatagan, Puntalinao and
Causwagan. The exploration has eventually delineated a large nickel laterite zone at the central to
southern portion of the tenement.

Two open pit mines, each located at Puntalinao and Causwagan areas, will be developed during the
planned mine operation.

Proposed Banaybanay Nickel Laterite Mining Project
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1. Project Location and Area
a) Map showing sitio, barangay, municipality, province, region boundaries, vicinity.

The MPSA 263-2008-XI-Amended-IB includes areas covered by ExXPA 000267-XI (now Parcel Il of the
MPSA) and ExPA 000252-XI (now Parcel Ill of the MPSA), containing an area of 6,023.89 has and
339.45 has, respectively. Mining area 1 and mining area 2 has a total area to 500 hectares each. The
northern portion of the amended MPSA area is located in Barangays Napnapan and Fuentes,
Municipality of Pantukan, Province of Compostela Valley, whereas the rest of the tenement areas is
located in Barangays Pintatagan, Puntalinao, Maputi, Mahayag and Causwagan, all in the Municipality
of Banaybanay, Province of Davao Oriental. The amended MPSA tenement is bounded by geographic
coordinates: 7° 01’ 30” and 7° 09’ 30” north latitudes and 125° 58’ 00” and 126° 03’ 00” east longitudes.

The Parcels Il and Il of MPSA 263-2008-XI-Amended-IB occur in the Southern Pacific Cordillera of the
eastern Mindanao terrain (Fig. 1.1), characterized by distinct occurrence of Copper-Gold prospects and
deposits. The most prominent deposits include the Diwalwal Gold rush area in the north and the
Kingking Copper-Gold in the south. The Southern Pacific Cordillera is also characterized by ophiolite
rocks, which host chromite and nickel laterite occurrences, specifically the terrains in the Municipalities
of Banaybanay and Lupon, City of Mati and the entire Pujada Peninsula.

b) Geographic coordinates (shape file data) of project area (use WGS 84 datum - GPS setting)

The corner points that constitute the combined area pertaining to Parcels Il and 11l of MPSA 263-2008-
XI-Amended-1, are defined by their metes and bounds (Table 1.1a and Table 1.1b) as follows (Fig.
1.2, Fig. 1.3a and Fig. 1.3b):

Table 1.1.a Parcel Il - Corner points and
corresponding geographic coordinates.

Corner Latitude Longitude
1 7° 09 30” 1250 58’ 30”
2 7° 09 30” 126° 00’ 00”
3 7° 09 00” 126° 00’ 00”
4 7° 09 00” 126° 01’ 30”
5 7° 08’ 30” 126° 01’ 30”
6 7° 08’ 30” 126° 00’ 00”
7 7° 08’ 00” 126° 00’ 00”
8 7° 08’ 00” 126° 02’ 00”
9 7° 07’ 30” 126° 02’ 00”
10 7° 07’ 30” 126° 01’ 30”
11 7° 07’ 00" 126° 01’ 30”
12 7° 07’ 00" 126° 02’ 00”
13 7° 06’ 30” 126° 02’ 00”
14 7° 06’ 30” 126° 01’ 30”
15 7° 05’ 30” 126° 01’ 30”
16 7° 05’ 30” 126° 02’ 00”
17 7° 05’ 00" 126° 02’ 00”
18 7° 05’ 00” 126° 01’ 30”
19 7° 03 30” 126° 01’ 30”
20 7° 03 30” 126° 03’ 00”
21 7° 01’ 30" 126° 03’ 00”
22 7° 01’ 30" 126° 01’ 00”
23 7° 02’ 30" 126° 01’ 00”
24 7° 02’ 30" 126° 01’ 30”
25 7° 03’ 00" 126° 01’ 30”
26 7° 03’ 00" 1250 59’ 00”
31 7° 06’ 00” 125°¢ 59’ 00”
32 7° 06’ 00” 126° 00’ 00”

Proposed Banaybanay Nickel Laterite Mining Project
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Corner Latitude Longitude
33 7° 07 30” 126° 00’ 00”
34 7° 07 30” 125° 59’ 00”
35 7° 08 00” 125° 59’ 00”
36 7° 08 00” 1250 59’ 30”
37 7° 08’ 30” 1250 59’ 30”
38 7° 08’ 30” 125° 58’ 30”

Table 1.1b Parcel Ill - Corner points and
corresponding geographic coordinates.

Corner Latitude Longitude
27 7°02' 30” 125° 59’ 00”
28 7°02' 30” 125° 58’ 00”
29 7° 03 30” 125° 58’ 00”
30 7° 03 30” 125° 59’ 00”

Table 1.1c.1 Area 1 Mining Area

Corner Latitude Longitude

1 7° 03’ 00” 125° 58’ 30”
2 7° 03’ 30” 125° 58’ 30”
3 7° 03’ 00” 1250 59’ 00”
4 7° 04’ 30” 1250 59’ 00”
5 7° 04’ 30” 126° 00’ 00”
6 7°03 30" 126° 00’ 00”
7 7°03 30" 1250 59’ 30”
8 7° 03 00” 1250 59’ 30”
Table 1.1c.2 Area 2 Mining Area

Corner Latitude Longitude
1 7°01’' 30” 126° 01’ 00”
2 7°02' 30” 126° 01’ 00”
3 7°02' 30” 126° 01’ 30”
4 7° 03 00” 126° 01’ 30”
5 7° 03 00” 126° 02’ 30”
6 7°02' 00” 126° 02’ 30”
7 7°02' 00” 126° 01’ 30”
8 7°01’' 30” 126° 01’ 30”

Proposed Banaybanay Nickel Laterite Mining Project
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Figure 1.1 — Location and Map of MPSA 263-2008-XI AMENDED IB
(Source: Google Earth, 2020)
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Figure 1.2 : Map of the MPSA AREA (Source: NAMRIA)
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Map of MPSA and Mining Area 1 and Area 2 Legend

Banaybanay Nickel Laterite Mining Project &% Mining Area 1

&% Mining Area 2
“» MPSA-263-2008-XI AMENDED IB

Google Earth

© 2020 Google

Image © 2020 CNES / Airbus

Data SIO, NOAA, U.S. Navy, NGA, GEBCO
Image © 2020 Maxar Technologies

Figure 1.3a: Map of the Mining Area showing the whole MPSA area (yellow), Mining Area 1 (white), and Mining Area 2 (green)
(Source: Google Earth, 2020)
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Figure 1.3b : Enlarged Map of the Mining Area (Area 1 & Area 2)
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c) Describe the vicinity and the accessibility of the project site/area

The northern portion of Parcel Il is located in Barangays Napnapan and Fuentes, Municipality of
Pantukan, Province of Compostela Valley, whereas the rest of Parcel Il and Parcel Il are located in
Barangays Pintatagan, Puntalinao, Maputi, Mahayag and Causwagan, all in the Municipality of
Banaybanay, Province of Davao Oriental. The MPSA area is bounded in the North by the Provincial
boundary of Davao Oriental and Compostela Valley, to the East is Lupon, down South is the town of
San Isidro and on the setern portion is Davao Gulf. The project area is about 180 kilometers away from
Davao City via the Pan-Philippine Highway. It is 28 kilometers to the City of Mati. Across Davao Gulf is
teh Island Garden City of Samal.

The project area is accessible through the National Road, the Tagum-Davao Highway, passing through
the Barrio road. There are existing dirt roads to the project site, developed from a previous operation of
another company which can still be utilized. A few residences can be found along the way particularly
at the low lying areas near the National Road. The area is covered with mostly secondary forest growth.

Rationale for selection primary & secondary impact areas

In accordance with Annex 2-2 of the Revised Procedural Manual (RPM), Sec 3.a, the Direct Impact
Area (DIA) is initially delimited at the pre-EIA stage as “the area where ALL project facilities are
proposed to be constructed/situated and where all operations are proposed to be undertaken.” Based
on that definition, the DIA is the 2,237-hectare project area.

Potential Indirect Impact Areas (lIA) at the pre-EIA stage can be assumed or qualitatively determined
using secondary data, maps, and information from key informant interviews. The table below shows
how to estimate the IlIAs according to component.

Table 1.2: Guide matrix for Indirect Impact Area delineation
Component Details

Air Areas where maximum ground-level concentrations (GLC) of air
pollutants are predicted to occur. Significant during operation phase
of Project with the use of equipment and generator sets.

Water Areas along the river and river tributaries within and around the the
project site where silt may be deposited due to earth moving and
surface run-off

Land Location of Support Facilities, Staging areas, traffic and Haul
routes
Socio-economics Impacts of the Project in terms of relevant socio-economic

parameters particularly in the host and surrounding communities

The secondary impact areas are those which may experience and affected by the residual effect of the
mining operation, such as but not limited to sedimentation and siltation, dust pollution and intolerable
sound due to the operation of heavy equipment and machinery. Estimated range of the secondary
impact is about 1.0 kilometer from the periphery of the direct impact area.

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation Page | 1-8



PHILKAIRQS, Incorporated

125560

125'580°E

126 00°E 126 20°E

126 40°E

7°60'N

7°40N

7°20'N

Legend:

5 k?:)fnnland

Scale: 1:40,000 in A3 Print

Map Projection: UTM Zone 52 N
Datum WGS 84

—— Highway
w— Existing Road

s Drainage

Impacts Areas - Land fol
N rocky  rocky sand and rocky (
Impact Areas - Flood Plain 34 )Y / =
 Impact Areas - Coast and Seas 15 A 3
roc) |
s |mpact Areas - Streams 42 4 \ 2 g ) )
%
— Direction of propagation 28 2 5 y
A £
L. 4 M\ ° 2 /
125°560°E 125°580°E 126'00°E 126 40°E
LEGEND: Data Source:
@ :I Project Area B 20mX5mX3m Siltation Pond NAMRIA Topographic Map of Pantukan-Sheet 4141-II, IMPACT AREAS
1 0 1km Buso-4241-1ll, Piso-4140-1, and Mati - 4240-1l Q1

B 25mX25mx5m Siltation Pond

B 60mXx20mx5m Siltation Pond

Job Order No.: 201607-10 | Date: August 2020

GIS and Map Layout: Ridge to Reef Solutions Inc.

Environmental Impact Assessment of the Proposed
Nickel Laterite Mine of Riverbend Consolidated Mining
Corp., Banay-banay, Davao Oriental

EXTRIDGE TO REEF.

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation

Figure 1.4: Impact Areas

Page | 1-9




PHILKAIROS, Incorporated

2. Project Rationale
Nickel usage

Usage of nickel has increased over time and is correlated with economic development. World nickel
demand increased from 1.123 in 2000 to 1.465 million tonnes in 2010 and surpassed 2.000 million
tonnes in 2016, with an annual average growth rate of 3.8% since 2000. Since then the strong growth
recorded by the Chinese economy has further accelerated the increase in nickel demand that, from
2010 until 2016 grew at an average rate of 5.6%. Asia is now by far the largest regional market for
nickel, representing 73% of total world demand. China alone now accounts for close to 54% of world
nickel demand compared with 5.5% in 2000 and 39% in 2010.

Nickel Usage (‘000 t)

Source: INSG, 2016
Figure 1.5. Nickel Usage

Nickel Production

Strong world economic growth until 2007 supported rising production of primary nickel metal. In 2007
world primary production stood at 1.411 million tonnes. However, the economic crisis led to lower
worldwide nickel production in the period 2008 to 2009 and production of primary metal declined to
1.316 million tonnes in the latter year. Production rapidly recovered in 2010 to 1.442 million tonnes and
increased further to 1.602 million tonnes in 2011. On an annual average the growth in production
between 2000 and 2010 was 3%. A new product — nickel pig iron (NPI) — started to be produced in
China in 2005 in different forms and grades. Production increased slowly in the first few years but in
2010 production was estimated at over 160,000 tonnes and in 2016 at about 380,000 tonnes. Indonesia
started NPI production in 2014. With rapid project developments and quick ramp-ups, it reached 89,000
tonnes of nickel contained in NPI by 2016 with further growth projected for the near future. Basically all
of this product is used in China and Indonesia in the production of stainless steel and has replaced
traditional products like nickel metal and stainless steel scrap.

In addition to new NPI production in China and Indonesia, several other nickel projects around the world
started. Examples are Ambatovy in Madagascar, with a capacity of 60,000 tonnes which has started
operations. Myanmar has its first nickel project in Tagaung Taung, which started production in 2013. In
New Caledonia, Vale’s Goro project with a capacity of 57,000 is currently in a ramp up phase. The world
primary nickel production totalled 1.983 million tonnes in 2016 reaching in the period 2010-2016 an
average annual growth rate of 5.5%.

Proposed Banaybanay Nickel Laterite Mining Project
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Production of Primary Nickel ('000t)
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Source: INSG, 2016
Figure 1.6: Production of Primary Nickel

Prices and Stocks

The price of nickel has shown considerable volatility over the last forty years. The chart below shows
the historic LME price for nickel in nominal values from 1991 to 2018H1. In the late 1980s there was a
peak in the price of nickel. In the first half of the 1990s the economic collapse of the former “Eastern
Bloc” countries resulted in a surge of nickel exports that drove nickel prices lower than the cash costs
of production resulting in reduced nickel production in the “West”. Until 2003 the nickel cash price
remained below US$10,000 per tonne. The price breached $14,000 per tonne in 2005 and then
escalated dramatically through 2006 before peaking at $52,179 per tonne in May 2007. Nickel prices
then declined until the end of 2008, when the average cash price in December hit a low of $9,678. In
early 2009, nickel prices began to once again climb and reached $24,103 by the end of 2010. In 2011
the price continued to move up and reached a peak in February, with an average price of $28,247. It
has declined since then until the end of 2013 when it stayed below $14,000. The initial reaction to the
implementation of the export ban of unprocessed ores in Indonesia in January 2014, nickel price
climbed to just below $20,000 in July 2014, but since then it declined almost every month until February
2016 to be traded at around $8,300. After this trough, a year of volatility at around $10,000 followed
and from the end of 2017, monthly average prices have consistently surpassed $10,000, showing rising
trend and a peak at $15,111 in June 2018.

LME stocks of nickel were relatively stable during the period 2001 to 2005 at around 20,000 tonnes. In
2005 stocks increased somewhat and again declined in 2006. During the period 2007 to 2009 stocks
rapidly increased to over 158,000 tonnes at the end of the period. In 2010 and 2011 destocking took
place with stocks at the end of December 2011 at 91,000 tonnes. Since the beginning of 2012 to March
2016 a long period of stocking took place, reaching over 470,000 tonnes in June 2015. In the second
guarter of 2015, the Shanghai Futures Exchange (SHFE) launched the nickel contract and stocks have
been rising there to a level of 73,000 in March 2016. By the end of March 2016, the combined LME and
SHFE stocks were over 500,000 tonnes. A period of destocking then started, that became more
accentuated in the beginning of 2018. By the end of 2018H1, inventories at LME and SHFE registered
warehouses combined were under 300,000 tonnes.

Proposed Banaybanay Nickel Laterite Mining Project
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Nickel Prices and Stocks
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Figure 1.7: Nickel Prices and Stocks

(Source: International Nickel Study Group
https://insg.org/index.php/about-nickel/production-
usage/#:~:text=World%20nickel%20demand%20increased%20from,rate%200f%203.8%25%20since%202000.,Retrieved:2020)

The mining industry is one of the priority areas of the Philippine Government in its aim to wisely utilize
existing natural resources in economic development. The proof of the Philippine Government's
aspiration to explore, develop ,and utilize the country's mineral resources is reflected in the enactment
of Republic Act No0.7942 (Philippine Mining Act of 1995), the promulgation of its revised implementing
Rules and Regulations (DENR) Administrative Order No0.96-40), the issuance of Executive Order
No0.270 (National Policy Agenda on Revitalizing Mining in the Philippines), and the issuance of the
Memorandum Circular No.67, which directs the Operationalization of the Mineral Action Plan for
Resources Development.

The Government, both national and local (regional included), will benefit from the project through taxes,
fees, and duties, both direct and indirect including labor and employment . Since the products of the
mine will be exported, the foreign revenue earnings of the country will also gain from this proposed
undertaking. The proposed amendment to the Project, in including the mining of Nickel reserves, will
further complement the present positive contributions of the project to the Philippine economy.

The Proponent will infuse an additional investment in direct and indirect capital for the entire project
duration. This includes the 400 million pesos per annum investment into the Nickel Mining Project. This
will have significant impact in local and national economy. The key beneficiaries will include the local
workforce and businesses allied to the mining operations. It will also impact significantly on the
government's revenue collection through the direct and indirect taxes paid by RCMC.

Education and development of new enterprises in the host communities will create employment and
new skills. Taxes from contractors would also significantly contribute to the direct earnings of the local
governments that are not only the main employers but are also 97% reliant on the national budget
allocation. The operation of the Nickel Mining Project is in line with the mandate of the Philippine
Government to promote the mining industry and at the same time augment foreign revenue earnings.
It will also provide a significant boost to local economies by creating opportunities for local employment.

The mining capacity in the country is severely underutilized. Of its 30 million hectares, 9 million hectares
are identified to have high potential for mineral deposit. The Philippine country profile of the U.S. State
Department claims that the Philippines has an estimated $840 billions of untapped mineral wealth.
According to The Resource Information Unit (Register of Pacific mining 2000), the Philippines is 2™ to
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Indonesia in the Asia Pacific Region in terms of mining potential. However, as of September 23, 2004,
only 473,373 hectares have been covered with existing mining rights.

Its excise tax, business tax and income tax are estimated to reach about Php378.14 Million, Php189.07
Million and Php3.74 Billion respectively. These taxes shall be appropriately shared by the national (60%)
and local (40%) governments, which will translate to better delivery of basic services by the various
national and local government agencies.

Market Study

As the Philippines fail to satisfy China’s nickel ore demand, refined metal prices will be pushed up by
more than 15 per cent. The Southeast Asian nation would not be able to supply enough ore once China
exhausts stockpiles built up before last year’'s export ban by Indonesia, previously the biggest producer.
China’s output of nickel pig iron, a lower-grade substitute for the refined metal used to make stainless
steel, may fall by about 30 per cent when the country becomes solely dependent on Philippine supply.

NPI producers would be completely reliant on Philippine ore after stockpiles of Indonesia ore run out,
and Chinese stainless steel producers will now have to source nickel elsewhere. The tightening supply
may drive prices to $16,000 a metric ton on the London Metal Exchange. Nickel for delivery in three
months on the LME rose 2.8 percent to $13,790 a ton. The metal slumped 34 percent since May 2014,
when it hit the highest in more than two years. While the Philippines raised output after Indonesia’s
export ban started in January 2014, Chinese imports still fell 33 percent last year to the lowest since
2010. Inbound shipments in the first three months of the year are also at the least in five years.

Any time between the third and fourth quarter, we’ll see the stockpiles being fully depleted. This event
will serve as a strong catalyst for price recovery. China’s inventories of laterite ore, the type shipped
from Indonesia, fell to equivalent of about 120,000 tons of pure nickel at the end of March from about
194,000 tons at the start of 2014. Current stockpiles of nickel ore, refined nickel and ferro-nickel can
cover three months of the country’s stainless steel production. While the Philippines in 2015 can export
close to last year’s record 43 million tons to China, the raw material will only be enough to make as
much as 350,000 tons of NPI, down from about 485,000 before the Indonesia ban. The forecast for
Chinese NPI output this year is at 360,000 tons

Prices may also find support from growing demand. China’s stainless steel production, which accounts
for 85 percent of the nation’s nickel consumption, will expand in the second half of the year after
contracting in the first quarter, resulting in its nickel demand expanding 3 percent in 2015. Banks see
prices averaging $17,500 a ton next year.

Indonesia’s ore exports to China tumbled to 10.6 million tons in 2014 from 41.1 million tons the previous
year. The Philippines replaced Indonesia as the world’s largest producer of nickel ore last year and
accounted for 98 percent of China’s imports in March. The metal’s global deficit will deepen to 70,000
tons in 2016 from 33,000 tons this year. Stockpiles monitored by the LME have gained 61 percent in
the last 12 months to a record 444,756 tons.

(Source : Biggest Nickel Producer Can’t Mine Enough to Satisfy China
http://www.bloomberg.com/news/articles/2015-04-30/world-s-top-nickel-producer-can-t-mine-enough-
to-satisfy-china

Demand and Prices of the Ore/Mineral

While the nickel industry has recovered from the depths seen during the global downturn, a number of
uncertainties continue to surround its future years. Global nickel demand is still heavily dependent on
China, so whether the Chinese macroeconomic conditions experience a gradual slowdown or an abrupt
one will have a great impact on the price of nickel prices and the general nickel market.

Below are three price forecast trends for nickel from World Bank, International Monetary Fund (IMF)
and Economist Intelligence Unit (EIU).
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3. Project Alternatives

In terms of mining area, the proposed project has already obtained an MPSA and therefore no option
for the proponent to relocate. Mining projects are site specific, as mineral extraction only be undertaken
in areas where economic ore deposits occur. Unlike other natural resources, there is no opportunity to
consider other alternative sites in mineral development and utilization project the only alternative is not
having the project.

RCMC has assessed a number of alternatives in coming to the proposed extraction of Nickel.
The technological alternatives considered include the following:
. Constructability and operational aspects for mining:
Physical and mechanical characteristics of the nickel deposits;
Grade of the ore deposits;

Capital and operating cost; and
Mining rate or annual productivity.

ANANENRN

. Environmental Aspects:

Likelihood of significant impacts to the environmental values of the MPSA area; and
Influence of environmental fluctuation such as earthquake/rain- induced landslides,
volcanic eruptions, liquefaction, ground shaking, ground rupture, storm surge, tsunami,
and flooding and extreme climatologic conditions.

<]

o Community and social aspects:

Existing land use;

Avalilability of land for purchase or lease;
Opportunity for local, regional and national benefits;
Impact on local communities; and

Impact on cultural heritage.

SNENENENEN

Facility Siting

The proposed Nickel Mining project can utilize existing haul roads as access to the project area. While
new mine pits and stock piles would be developed that will require additional haul roads, this will be
minimal in terms of works and capitalization. Due to the terrain in the project area, it would be beneficial
and safer to locate the other support facilities outside the project are as shown in the proposed layout.

Mining Method

Considering the lateritic nature of the Nickel deposit, no other mining method would prove to optimize
return of investment and the incorporation of Progressive Mining Rehabilitation to minimize adverse
effects on the surrounding environment than Shallow Surface Mining technique. Factors contributing to
the implementation of Surface mining method are:

Deposit is shallow

Enables bulk mining which suits the low Fe grade nickel ore

100 percent of the resource would be recovered

Staff is very familiar and experienced in the proven method and technologies required to develop
a surface mine.

e Mine pits will be located where the economical lateritic deposits are and therefore, there is no
viable alternative.

Availability of Resources

In terms of Ore deposits, the exploration activities would show that there is sufficient amount of mineral
deposit which makes the project economically viable.

Proposed Banaybanay Nickel Laterite Mining Project
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Mineralization

The known and verified mineral occurrences in Davao Oriental are nickel, iron, chromite, copper, gold,
magnesite, magnetite and coal. The northern portion of Davao Oriental has copper and gold prospects,
which are spatially related to the volcanic — plutonic rocks of the Mount Diwata Range. The central to
southern portion, specifically the Pujada Peninsula, is prominent for nickel, chromite and magnesite,
with minor copper and gold prospects. Examples are the 5M gold prospect in the municipality of Boston
and the Mabalante copper — gold prospect in Mati city.

The nickel, chromite and magnesite are common in areas underlain by ultramafic rock peridotite and its
serpentinized equivalent. These areas include Banaybanay and more commonly in Governor Generoso
and portion of Mati city in Pujada Peninsula. The prominent Sawidan iron prospect in barangay
Tagbinonga, Mati city is a contact metasomatic / skarn iron prospect. It formed along the contact of
diorite and calcareous sedimentary rock, specifically sandstone.

No-Project Option

In the ‘No-Project Option’, there will be no investment that will be infused in the municipality. The project
area will remain as covered forest areas. Traditional extractive mining activities by small-scale miners
in the area will continue their activities which is detrimental to the protection of the environment since
most of them do not have the necessary permits. Included in these extractive activities are timber
cutting. Communities around the area also thrive on procuring wood requirements for other uses.

a. Banaybanay nickel laterite

The Banaybanay nickel laterite is composed of two confirmed limonite-saprolite areas, namely the
Causwagan nickel laterite in the southern portion of Parcel Il, and the Puntalinao nickel laterite in Parcel
[ll. The limonite-saprolite was formed from the intense chemical weathering of the ultramafic / ophiolitic
rock peridotite, which produced a distinct vertical zonation in the weathered portion of the peridotite.
This vertical profile is termed the “laterite profile”.

The nickel laterite profile was deduced from the test pits and core logging in Puntalinao area and the
limonite-saprolite horizons shown along the pit wall in Causwagan open pit. The upper horizon is
limonite zone, composed of ferruginous, commonly hematite-rich, soil. The lower horizon is termed
rocky saprolite, composed of weathered peridotite, which locally contains nickel sulphide, specifically
garnierite. The nickel laterite ore is composed of the limonite soil horizon in the upper section of the
nickel laterite profile, and the saprolite and saprolitic weathered host rock peridotite in the lower section.
The nickel laterite profile for the Banaybanay nickel laterite project is referred to as limonite-saprolite.

a.1 Causwagan nickel laterite

The limonite-saprolite zone in the Causwagan open pit measures approximately 300m wide by 600m
long. The in-situ limonite soil (Photo 1), however, extends approximately 200m further along the mine
haul road towards the west — southwest. The limonite-saprolite in the open pit and its potential extension
coincides with the upper slope to ridge crest area of the northeast — southwest hill, at elevations between
100m and 300m asl. The north wall of the open pit showed at least 5.0m thick limonite-saprolite horizon,
characterized by blocky to well-developed fracture pattern. Common fracture-fills are black to dark
reddish limonite and localized nickel sulphide garnierite (Photo 2).
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Photo 1. Limonite soil at Causwagan open pit.
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Photo 2. Fracture-fill nickel sulphide garnierite in saprolite in Causwagan open pit.

The assay results for the test pit samples in Causwagan-Mahayag showed maximum limonite-saprolite
thickness of 12 meters for the test pit grid pattern measuring 1.5 kilometers along the northwest-
southeast by 2.5 kilometers along the northeast-southwest.

a.2 Puntalinao nickel laterite

Limonite-saprolite was validated by test pit sampling in the northeast block of Parcel Ill in barangay
Puntalinao, continuing to the western portion of Parcel Il in barangay Pintatagan. It occurs on the middle
slope to ridge crest portion of an elongated ridge, at elevations between 400m and 900m asl (Photo 3).
The confirmed limonite-saprolite measures approximately 1.2 kilometers wide by 3.0 kilometers long
oriented along the northeast-southwest, and still open to the north-northeast. Using cut-off grade of
0.5% Ni and 0.8% Ni for the limonite and saprolite, respectively, the maximum thickness, and still open
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at depth, for the combined limonite-saprolite measured+indicated resource was 12 meters, at average
grade of 1.12% Ni. The average measured+indicated thickness of the limonite-saprolite is 8.10 meters.

Limonite-saprolite

Photo 3. Puntalinao ridge showing the limonite-saprolite at the upper slope to ridge crest portion,
which is still open to the northeast (left of photo). View is to the southwest.

b. Inferred nickel laterite resource

The Puntalinao-Pintatagan and Causwagan-Mahayag nickel laterites both follow a northeast-southwest
orientation, generally parallel to the configuration of the upper ridge to ridge crest portions. The limonite-
saprolite, as delineated by reconnaissance and semi-detailed geological mapping and extensive test
pit programs in both the Causwagan-Mahayag and Puntalinao-Pintatagan nickel laterites imply an
inferred resource of approximately 26,129,250 metric tonnes at average grade of 1.51% Ni (Table 1.3).

c. Resource Estimate

The nickel laterite resource estimate was based on the result of extensive test pit programs in both the
Puntalinao and Causwagan nickel laterite areas. The tonnage and grade estimates for the Puntalinao
limonite-saprolite has utilized the assays of 1,220 samples from 199 test pits. The tonnage and grade
estimates for Causwagan has utilized 680 samples from 79 test pits.

Table 1.3. Detail of the inferred nickel laterite resource estimates for the Puntalinao
and Causwagan nickel laterites.

Nickel Laterite Tonnage % Ni
Puntalinao 3,854,813 1.49
Causwagan 22,274,438 1.51
Total 26,129,251 151

The measured and indicated nickel laterite resource estimate has considered 25-meter and halfway to
surrounding test pit to the north, south, west and east directions, area of influence, respectively. The
cut-off grade was set to be 0.5% Ni and 1.0% Ni for the limonite and saprolite zones, respectively. The
specific gravity is 1.40, representing the in-situ laterite horizons. The total measured+indicated+inferred
limonite-saprolite resource estimate for the combined Puntalinao-Pintatagan and Causwagan-Mahayag
nickel laterite areas is 68,344,194 wet metric tonnes at average grade of 1.45% Ni (Table 1.4).

Table 1.4. Summary of resource estimate for the combined Puntalinao-Pintatagan and
Causwagan-Mahayag limonite-saprolite.

Limonite-  y\oasured | %Ni | Indicated | % Ni Inferred % Ni Total ;
saprolite % Ni
Puntalinao | 3,576,300 | 1.10 | 5,445,081 | 1.13 | 3,854,813 | 1.49 12’826’19 1.23
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Limonite- 1y oasured | % Ni | Indicated | % Ni Inferred % Ni Total -
saprolite % Ni
Causwagan | 2,303,000 | 1.45 | 30,890,563 | 1.49 | 22,274,438 | 1.51 55’488'00 Lo
TOTAL | 5,879,300 | 1.24 | 36,335,644 | 1.44 | 26,129,251 | 1.51 68’324’19 Las

d. Estimated Mine Life
The projected monthly mine production is 800,000 MT of nickel ores, hence this schedule:

Table 1.5: Projected Monthly Mine Production

Year Production (MT)

1 9,600,000

5 9,600,000

3 9,600,000

4 9,600,000

5 9,600,000

6 9,600,000

7 9,600,000

8 1,144,000
Total 68,344,000

Geohazard Considerations

Another consideration for site selection, mining methodology and the mine development plan is its
susceptibility to geologic and hydrological hazards summarized as follows:

Table 1.6: Summary of Hazard Susceptibility

Description of Hazard Level of Vulnerability
Susceptibility to Erosion MPSA area is susceptible to splash, sheet,
rill, gully and channel erosion
Susceptibility to Sedimentation Rivers are susceptible
Susceptible to liquefaction Unlikely in the MPSA Area / Possible along

creeks / Highly susceptible in coastal plains
or swampy araes

Susceptible to earthquake-triggered landslides High to extreme susceptibility in steep
slopes

Susceptibility to Ground Rupture (Seismic) Unlikely in the site

Susceptible to tsunami Shoreline area Susceptible to locally
generated tsunami

Proximity to fault structures 22Km away from the nearest structure
(PFZ 2)

Susceptible to Flooding Moderate to high flood susceptibility based

on MGB 1:10,000 map; facilities are within
low flood susceptibility area

Susceptibility to Mass Movement /Land slide MPSA area — high susceptibility (MGB,
1:10k hazard map; Project NOAH)
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Description of Hazard Level of Vulnerability
Susceptible to Volcanic Hazard Low Susceptibility (Hazard includes ashfall)

With the different mining methods presented in the table below, Surface Mining is the most suitable
form since it will generate optimum return on investment. Progressive Mining-Rehabilitation will be
incorporated to minimize the adverse effects on the environment.

Table 1.7: Options for Mining Methods

Alternatives Opportunities Issues

Deposit is shallow
Enables bulk mining which suits the | Surface disturbance is larger as

grade of nickel ore for extraction compared to underground mining
100 percent of the resource would projects (which is not suitable for
Surface Mining be recovered the project) but any environmental
Staff very familiar and experienced | disturbance could be addressed by
in the proven method and the Environmental Protection and

technologies required to develop a | Enhancement Program.
surface mine.

Not applicable for shallow deposit
Selective for high grade deposit
only

Lower resource recovery therefore
leaving much of the mineral
resource on the ground
Economically less attractive due to
high cost of development and
operational cost

Possible negative perception from
the community since they are not
familiar with underground mining

Underground Mining | Less surface disturbance

4. Project Components
a) Identification of Major Components
a.1l Mine Pits and Mine Facilities

Significant nickel laterite mineralization was delineated inside Parcels Il and Il of MPSA 263-2008-XI-
Amended-IB. The planned mine operation will be divided into two smaller mine areas, namely the
Causwagan block and Puntalinao block, with a combined 44 tenement blocks (Figure 1.8).

The Causwagan block is located at the southeastern portion of the Parcel Il. The mine pit design
measures 700m to 800m wide and as much as 1.5km long. Portion of the low relief topography at
elevations between 100 and 200m asl will have a pit stockpile, silt pond and waste dump areas.

The Puntalinao block is inside the central portion of Parcel Il and at the northeastern half of Parcel IlI.
The mine pit design measures approximately 500m wide and 1.5km long. It is surrounded by
characteristic high relief terrain. Ore stockpile area is separate, to be established at the port loading
facility itself in Puntalinao Port 1 area.

In year 1 of the mining operations, it will focus on the first 100 hectares, as projected, of Mining Area 1
creating a 50 hectares mined out area. Year 2 of the mining operations still includes Mining Area 1
which is projected to disturb an additional of 25 hectares and another 25 hectares from Mining Area 2
resulting to a total of 50 hectares mined out area with an estimate rehabilitation area of 50 hectares in
the latter part of year 1 and progressively to continue rehabilitation activities at this sequence. In the 3d
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year of the mining operations, the projected disturbed area would be at 200 hectares, this may attribute
to 150 hectares mined out area. Thus, the 100 hectares will be the company’s rehabilitation commitment
in the course of its three (3) years operation. Should there be any variance in terms of mined out and
rehabilitated hectarage still to be continued as a commitment by the proponent. With the context of DAO
No. 2018-19 as here followed, the company do not expect any effect in the mining operations when the
progressive rehabilitation sequenced is observed. Development of mine pit from year 1 to 3 are shown
in Figure 1.20a, Figure 1.20b, Figure 1.20c, respectively.

Table 1.8: Projected Mine Plan of the Mining Areas

Year Location Disturbed Mined Our Rehab Areas
area (has.) Area (has.) (has.)

Year 1 Area 1 100 50

Year 2 Area 1 25 50 50
Area 2 25

Year 3 Area 1 25 25 50
Area 2 25 25

TOTAL 200 150 100

The stockyards location was selected based on the available plain area away from the community which
has more than 20 hectares and proximate to the jetty’s location with existing haul roads from the pre-
pile stockyard area. Projected to have a low capital investment cost whereas no development needed
involving heavy equipment. The stockyard has a total number of 12 stockpiles with a total tonnage
capacity of 1,276,418.57 and a ten (10) meter road. Stockpiles will have an eight (8) meter height pile
with 30° slope and a matting material laid under the stockyard facility. (See Figure 1.10)

Pre-pile yard is a ten (10) hectare area that is almost the same as the stockyard area. It has a five (5)
meter pile height with a tonnage capacity of 93,500.00, where recently mined nickel ore is hailed and
stockpiled at 25 truckload per pile while awaiting for the assay results and its ore classifications before
transferring to the stockyard area.

There are three (3) proposed waste dumps inside the MPSA. Waste dump no. 1 and no. 3 are located
inside mining area 1 and mining area 2. Location of waste dump no. 2 is distanced from the two (2)
mining areas which is considered as alternative waste dump. Each waste dumps has an approximate
area of 20 hectares with a total capacity of 1,893,920 cu.m. These waste dumps were selected as they
are proximate to the mining areas. The design of the waste dumps as indicated in the attached plan
(Figure 1.12) will be typically located on the most favorable terrain to minimize environmental impacts.
The dumps will start at its lowest elevation, supported by rock boulders around its toe line to be sloped
at 35 degrees and to be compacted by backhoe’s bucket. The toe line around the dump will have to be
trenched in 2.5 width and 2.5 m depth to accommodate large sizes of rock boulders to control possible
movements of materials. As the first stage of dumps it will also serve as the foundation while it is
continually compacted as the dumps progresses in upward direction following the slope and the
drainage system. Downward proximate to the dumps toe line run off system will be addressed properly
by providing drainages. All dumps surface area’s run off from top to bottom will be managed by drainage
in each dump toe line which is 2% inclined from the crest line to prevent run off over flow across the
dumps crest resulting to slope erosions and eventual damages.

The proposed jetty port in the area (as shown in the mine facilities map provided) will be developed and
will be covered by an independent ECC application which is currently on process of securing relevant
documents for the application. This structure has a very vital role in completing the mining operations,
specifically, in transporting and shipping process of nickel ore.

The proposed mining project will be a direct shipping operations and no mineral processing will occur.

Proposed Banaybanay Nickel Laterite Mining Project
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Figure 1.8 : Map Showing General Layout of Facilities (Source: RCMC)
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b) Identification and description of support facilities and infrastructure requirements

A central office building for the administration, key operation group services and technical support
departments will be built in a 13-hectare are in Barangay Maputi. The technical key operations groups,
who will be directly involved in the mine pit operation will include the offices for Mine Geology and Grade
Control, Mine Engineering, Electrical, Civil Works, IT and Communication, Community Relations and
Environmental departments and Core house.

The Camp Site, a separate warehouses and buildings, will be constructed in the same areas for the
heavy equipment and motorpool, including the trucking contractors quarters, materials procurement
and storage facility, power generation facility, medical clinic and assay laboratory.

A first-aid clinic will be established on-site and strategic office and building complexes. The Mine clinic
will have medical personnel and equipment capable of handling and treating patient with serious
injuries. An ambulance will be available for immediate transport to the nearest city hospital in Tagum
City.

The electricity requirement of the mine pit operation and the support facilities will be supplied by the
Davao Oriental Electric Cooperative, Inc. (Doreco), with main office in Mati City. A stand-by back-up
250 kVA, 125kVA, and 75kVA generator sets will be provided.

Water requirement for domestic use in the mine support facilities, offices and water refilling stations will
be sourced from the spring water located to the west and upstream of the proposed Campsite. The
water requirement for dust suppression, irrigation and nursery maintenance, and environmental
emergency will be obtained from Mapanga River and from siltation ponds (Figure 1.17).

Table 1-9: Annual Water Consumption Per Source

Capacity Water Volume Annual
Sources Flow Usage Needed Totaérvgllume Consumption
(cu.m/day) (cu.m/day) per day (cu.m/day)
Water refilling station 15.0
Spring waters 192.0 Offices 20.0 100.0 23,400
Domestic use 65.0
Dust suppression 190.0
Nursery 90
Rivers/streams 114,630.92 maintenance ) 204.0 47,736
Environmental
5.0
Emergency

¢) ldentification and description of pollution control devices and waste management system

Solid waste management system of the proponent shall be adopted from the Republic Act 9003 also
known as the Ecological Waste Management Act of 2000 that applied resource recovery methodology
in which generated solid wastes are segregated according to its category to promote the 3 R’s (Reduce,
Reuse and Recycling) of solid waste management. Facilities such as compost pit and material recovery
facility (MRF) shall be constructed and implemented for proper storage and final disposal of segregated
collected wastes. Provision of color-coded garbage bin and compartmentalized garbage stand with
label indicating the classification of each wastes, as temporary storage for segregated wastes, to offices
and other working places. Temporary storage shall be equipped with cover to prevent the propagation
or attraction of vectors and the creation of nuisances. Collected solid wastes shall be weighed to monitor
the volume of generated solid waste per classification of biodegradable wastes, recycled wastes,
residual wastes, and hazardous wastes.

Biodegradable wastes shall be disposed to the compost pit. The decomposed wastes will enrich soil
nutrients, hence this shall be used in the nursery for potting of seedlings. Recyclable wastes shall be
stored temporarily in MFR. Residual wastes shall be disposed to the Local Government Unit Sanitary
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Landfill scheduled to be collected weekly. Classified special or hazardous wastes shall be treated before
disposal thus it shall be stored in the hazardous waste facility for proper disposal.

Generated hazardous waste shall be properly organized in the storage facility such that hazardous
wastes with different characteristic shall be kept separately. Proper handling of hazardous wastes
generated from the maintenance of vehicles and equipment including assay laboratory chemical wastes
and container shall be handled, stored and disposed of properly to prevent hazard and contamination.
A separate storage for waste oil and other hazardous waste shall be provided. Provisions of hazardous
waste storage facility will be impermeability of flooring, proper ventilation of the storage facility, provision
of oil and water separator and emergency devices. The design of the septic vault for infectious wastes
will be impermeability of flooring, fully concrete with plastered walls, floor and cover, and provision of
detachable cover for access of disposing infectious wastes. Hazardous wastes shall be disposed
through a DENR accredited transporter and treatment storage and disposal facility.

Wastewater at the mine pits will constitute the rain water runoff and silted ponded water. This will be
managed by developing appropriate drain channels to the designated settling ponds. These series of
settling ponds are designed so that on the last stage of the process, where water quality analysis is
taken to ensure that it is already within the permissible limits and effluent quality as stipulated in DAO
2016-18, are suitable for discharge to natural environment. Discharging to natural environment is
carried out only when it is at critical level (to overflow), especially when there is a weather condition
threat. But other than that, these waters are reserved and utilized for dust suppression activities and
environmental activities such as in nurseries and rehabilitation areas. The same water will also be used
as reserved for environmental emergencies such as fire, clean up, and housekeeping.

As presented in Figure 1.17, there are 3 types of siltation ponds based on their capacity.

Mine drainage mitigation and maintenance will be confined in, and immediately close to the mine pits.
Development of channel drains will restrict the flow of runoff and storm water from the disturbed mine
pit — stockpile area to an area with adequate space and appropriate elevation to be utilized as settling
pond or sump, and which will prevent the outflow of silt-saturated water. Further reduction of the
drainage grade allows the formation of low to gentle slope, where water runoff is reduced.

Management of sewerage and drainage mine system will also look into the installation of surface
stability lining, specifically on very erodible soils; mini dams and periodic desiltation program on water
confining structures and natural basins.

Erosion of topsoil will be minimized by restricting the ground slopes to more stable slope gradient, not
exceeding 10%. Earthwork lining (rip-rap) will be installed on weak slopes, specifically to ground slope
composed of relatively soft material. All affected ground slopes at the mine pit area will be rehabilitated
and replanted. The accumulation of sediment-bearing surface water to creek and river channels will be
mitigated by draining it to settling pond on-site. Water quality monitoring on creeks and river channels
will be part of the monitoring study during the mine operation.

Smoke and dust generation will be minimized by strict monitoring on the road worthiness of vehicles,
specifically hauling dump trucks, and establishing regular water sprinkler system at the mine pit and
along the hauling road. Air quality monitoring device recommended by the Environmental Management
Bureau (EMB) will be utilized.

As practiced, water conservation activities and/or programs will be in placed to ensure that resources
are conserved and utilized efficiently such as: signages are posted in strategic areas to conserved
usage of water; regular inspection of water pipes to ensure no leakage; controlled and monitored water
tanks refilling; collection and suction of water from silt ponds to be utilized in dust suppression activities.

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation Page | 1-27



PHILKAIROS, Incorporated

LEGEND:
BN Waste water w/ I Hazardous [ Sepfictank BB Office/bunkhouse /messhall
floating aquatic plants waste facllity ) o
1 Motorpool with ol separator [ MRF I Sitation pond drainage —=>runoff direction
GATE 2
SUBCONTRACTOR £ HEAVY ECIUIPMENT
subcon 4 PARKING AND MOTORFOOL AREA
= [
T = T
- - -— — == — S — =
SUBCONTRACTOR 3 HEAVY EQUIPMENT
subcon 3 PARKING AND MOTORPOOL AREA
=N | —
= AN
] BM ROAD [
SUBCONTRACTOR 2 HEAVY EQUIPMENT
subcon 2 PARKING AND MOTORPOOL AREA
= - LI
. e - -— .
— — —
= . ]
subcon | © SUBCONTRACTOR 1 HEAVY EQUIPMENT
(=) PARKING AND MOTORPOOL AREA
=
B == |
£ [ = -_— -_— ~
= (5] ) = — — B
=t N
CONTRACTOR HEAVY kcy
EQUIPMENT FARKING AREA ~
| | Sporl facililies area (-O\I
= =
q I T
0] ANRI Staffhouse area
. I ]
v k. = =
2] conlractor area —= —= —= ]
— o
o I I I Assay lab
i} O SRy e
o i}
T 1] II lI ANRI Dtfices area T
o
500 SOM NURSERY AREA | g
= = = =
l. — —_— —— =
GATE &
GPERATOR ANG CONTRACTOR | == - o o " el casamane,
e R o S n Wi Camg Faciies and Damestic :: e :..::
BAMAYSANKY 0AVAD DRIENTAL FH) pepes [Wefe Massgenee] Lf Fas) s

Figure 1.13. Design Layout of Campsite Facilities and Waste Management
(Source: RCMC)

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation Page | 1-28



PHILKAIRQS, Incorporated

OlL SEPARATOR

—3m—
DRAINAGE IE
L o
LT T LT L
2 7 7 7 : T
| | | 2ND FLOGR 2D FLOOR 2D FLOOR | | | 3 |
| | | HEAVY EQUIPMENT || PROPERTY OFFICE(  LIGHT OFFICE | | | ; |
OFFICE
| | | | | | H |
E | BAY 1 | BAY 2 | BAY 3 h BAY 4 | BAY 5 | BAY & | WASH | § |BAY |
=
| | | GROUND FLOGR GROUND FLOOR GROUND FLOOR | | | UNDER CHASSES)
| oo | HEAVY EQUIPMENT | USEDPARTS LIGHT EQUIPKENT | | |REPAIRR/FMS |
| | | PARTS RCOM PARTS RDOM | | | = |
i i 1 L Al L Al i i i i
I HALLWAT |
50.0m
MOTORPOOL FLOOR PLAN
SCALE: | 150
‘_.._ 1.2m —-—‘-— 0.8m —-—|-— 0.9m —-—‘
Geound elevanion /J ,J /L|/
4/&:‘1} Effivent
Inlluent
E
=
- T PVE pipe
L | 5 il 4]
CwAMmE | CHAMBER 7 CHAMEER 3
3.0m
OIL/WATER SEPARATOR SECTION
SCALE 1; 30m
OPERATOR AND CONTRACTOR AFPROVED B! FROVET MAss: SHET CONTENTS CHECKED BY: Il:';l: FREPART) BY; CREWING MO
MOTORPOOL AND OIL/WATER SEFARATOR LAYOUT PLAN
ARC N|CKEL RESOURCES INCORPORATED I - — Y
PURCIE 2, POBLACIDN, BANATEARAY TUNAD CRIENTAL PHIUPAHES LECATRR: FLOOR PLAM AND SECTION R )
BAMAYBANAY, DAVAD ORIENTAL, PHILIFFINES ™

Figure 1.14. Motorpool and Oil & Water Separator Layout Plan (Source: RCMC)

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation

Page | 1-29




PHILKAIRQS, Incorporated

CRUSASE e
200w
2.00m 1k B.00m
b I
T F
CHBaCAL
e =o oL
830m
J_J /—’I

WASTE BECTROMC &
BETREA RO

FLOOR PLAN
SCALE T K0m

PERSPECTIVE VIEW

200m ,

| CITE
FiraasiEs

RIGHT SIDE VIEW

FRONT VIEW
APPROVED BY: PROJECT RAME: SHIET CONTINTS CHECHD bY: LIRS AL PENE) it DRAWING AD.
SECRATOR - ANE): COHTRAGTOR DESIGN HAZARDOUS WASTE FACILITY R o
SSUED AT
ICKEL RESOURCEB INCORPORATED -
W'N—”-mm o3 FLOOR PLAN & SECTION FEB. MY . et
™

Proposed Banaybanay Nickel Laterite Mining Project

Riverbend Consolidated Mining Corporation

Figure 1.15. Hazardous Waste Facility Design (Source: RCMC)

Page | 1-30




PHILKAIRQS, Incorporated

15,00m

5.00m

2 LAYER RACK

5.00m

L

2 LAYER RACK

2 LAYER RACK

A

I— 3,’.)Dm——|

PERSPECTIVE View

FLOOR FLAN
SCAE T 80
RIGHT SIDE VIEW
FRONT VIEW SCALE & 50m
SCALE 1008 -

1500 m

MATERIAL RECOVERY FACILITY &

300m

5.00 m

—r

SHEET CONIBTS

CHECKED 81

ISSLED On*

ISSUED AY:

PREPARED BY:

DRAWING WO,

OPERATOR AND CONTRACTOR

ARC NICKEL RESOURCES INCORPORATED
PUROC 7, PORLACION, IMNAYIANAY DAVAD ORENTAL, ML MIS

APPROVED BY:

DESIGN MATERIAL RECOVERY FACILITY

LOCATION

BANAYBANAY, DAVAO ORIENTAL, PHILIPPINES

FLOOR PLAN & SECTION

WD B

Proposed Banaybanay Nickel Laterite Mining Project

Riverbend Consolidated Mining Corporation

Figure 1.16. Material Recovery Facility (MRF) Design (Source: RCMC)

Page | 1-31



PHILKAIRQS, Incorporated

/ [AREAT

w w w w w w w w w w
8 8 8 3 ‘8 ‘8 8 8 8 R
© =] 2] (2} (=] Q - - o [
R 0 s =lh = Jnn = oo =Q = ’:Q & L. S = _
- ') wn wn © © © ©w o ©
‘(\_J o~ o~ g o~ 3 (‘:A o~ N o~
f e Wl NI S o v =GN =R =4
v | NG e &) | % £ g
s SILTATION POND DIMENSION AND CAPACITY \ 7= \
N " i P \
76 00N Voloiie ] Total i/ S N
Length | Width | Depth P Quantity | Volume | s
L | o) | ) | |
20 5 3 300.00 60 18,000.00)
5 | 5 | 5 [312500] 32 | 100,00000 =
4
ks 60 | 0 [ 5 [ewooo| 8 | 4300009 .
5 Total 0 | 16600000 = —— EXISTING ROAD
7430N %- Z === PROPOSED HAUL ROAD
d 00 —— 10M INTERVAL
\ CONTOUR
\ B 20mX5mX3m Siltation Pond
& 71 (Drawn not to scale)
. 25mX25mX5m Siltation Pone
700 (Drawn not to scale)
b _ 60mX20mX5m Siltation Pon
TA400N m— & (Drawn not to scale)
o RUNOFF DIRECTION
g 2 RIVER/STREAMS
78 e (s DRAINAGE
3 PIT LIMIT

MINE FACILITIES

\

WATER USAGE
Sources | Capacity Flow USAGE water | Total
(cu.m/day) volume | volume
needed | perday
[water 150
Spring waters 1920 [Offices 200 1000
Domestic use 650
730N
Dust suppression 1300 JE
|apanga ver) | 21463052 [Nursery maintenance 50 2040
Environmental Emergengy| 5.0
Note:
WaerTm(knnac! 100001

OFE

ATOR AND CONTRACTOR

| aeprovem ey

' ARC NICKEL RESOURCES INCORPORATED }‘—‘

2

[ serncsivarz|

e MPSA BOUNDARY
l. —— MNE AREA BOUNDARY

0 500 1000

=
METERS

/
/

\ s ke Pl —
g
T /
/ L A
® I I
a0 oo, |
DAVAO NICKEL PROJECT SHEETNO.
BANAYBANAY. DAVAO ORIENTAL. PHILIPPINES | AT
B

Figure 1.17. Site Development Plan showing the Location of Water Sources and Siltation Ponds (Source: RCMC)
Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation

Page | 1-32



PHILKAIRQS, Incorporated

SEDIMENT —LADEN
RUNOFF WATER

0

EARTH BERM
(im width x 12m Helght)

20m

ROCK OUTLET BERM

£ i
[Ty} L4 V
% /
OVERFLOW AND
</ TREATED RUNGFF
PLAN
SCALE: 1 100M
1‘__-_-__—->m WATER LEVEL

Jm desih

ORIGINAL GROURD

SECTION A=A’

SEEEERRE,
SRS,

GRAVEL DUTLET BERM

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation

BANAYBANAY, DAVAD ORIENTAL PH|LIPRINES
Figure 1.17a: Design Layout of Siltation Ponds

FLAN AND SECTION

SECTION B=B"
SECTION
SCALE: = 150M SCALE I: GOM
DPERATOR AND CONTRACTOR - FRRACT e s s " T * i
DESIGH SLTATION POND k pr—
AHHEKNLGKEL HESUUMF&EWRFW&D [— T e O AEVEED 40,

Page | 1-33




PHILKAIROS, Incorporated

5. Process / Technology
a) Method/Technology for:
e  Ore/mineral processing

There will be no ore processing to be done. The Nickel laterite extraction will be direct shipping operation
(DSO) and will not require mineral processing. The primary work flow of the mining operations after
survey and exploration will be: clearing, grubbing and construction of access roads and haul roads;
bench forming; ore extraction and loading; pre-pile stockpiling for ore classification; ore hauling going
to port stockpiling; barging; ship siding; and loading to the mother vessel for shipping. On-pit or pre-pile
stockpiling will categorize the Nickel laterite ore into low, medium and high grades Nickel. The
commonly high grade saprolite Nickel ore will have oversized fragments that need aggregation and re-
sizing prior to stockpiling. The different categories on Nickel laterite ore will be reclassified, blended and
dried to achieve the desired Nickel grade and moisture content for shipment.

A simple free digging contour load and haul mining is planned for the two pits in Causwagan and
Puntalinao blocks. The main stages of pit mining and grade control are:

a.l Pit preparation — Clearing and grubbing

Clearing and grubbing is the removal of all vegetation on the delineated area for mining development.
The equipment involve is backhoe to load and handle scraped shrubs and bulldozer to clear off
vegetation. To minimize damages to the environment the area being cleared and grubbed of its
vegetation, the team is guided by exploration-survey to ensure the exact lateral extent of the projected
pit limit. Materials being cleared from this process like timbers are properly accounted for the DENR
inventory and documentation. Top soils are hauled and readily stockpiled to be used for mine
rehabilitations.

Mining haul roads and access roads shall be developed into the mining areas. These roads shall be
constructed with appropriate road base to allow safe and efficient flow of traffic. Traffic signages will
also be placed in certain areas as guide.

A total of 34 tree species that can be potentially affected by the mining operations. This is based on the
2019 assessment conducted within the proposed mining area.

Table 1-10: Potentially Affected Tree Species

Family Species Local Name
Anacardiaceae Mangifera indica Manga
Anacardiaceae Bucchanania sp Manga-manga
Annonaceae Haplostichanthus lanceolata Banga
Arecaceae Cocos nucifera Lubi
Burseraceae Garuga floribunda decne bugo
Burseraceae Canarium ovatum Pili-pili
Calophyllaceae Calophyllum blancoi Bitanghol/Yelohan
Celastraceae Euonymus javanicus Tabaan
Clusiaceae Garcinia rubra Batwan
Dipterocarpaceae Dipterocarpus grandiflorus Apitong
Dipterocarpaceae Shorea sp. Lawaan
Dipterocarpaceae Shorea astylosa Yakal
Phyllanthaceae Cleistanthus pilosus Malatabako
Fabaceae Cynometra inaequifolia Dila- Dila
Fabaceae Falcataria moluccana Falcata
Fabaceae Pterocarpus indicus Narra
Fagaceae Castanopsis sp Indang-Indang
Fagaceae Lithocarpus llanosi Ulayan
Lamiaceae Gmelina arborea Gmelina
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Family Species Local Name
Meliaceae Swietenia macrophylla Mahogany
Meliaceae Sandoricum koetjape Santol
Moraceae Artocarpus heterophyllus Langka
Moraceae Artocarpus odoratissimus Marang
Myrtaceae Syzygium cumini Lumboy-lumboy
Myrtaceae Xanthostemon verdugonianus | Magkuno
Myrtaceae Syzyguim brevistylum Sagimsim
Pentaphylacaceae Eurya sp. Tag-lemonsito
Podocarpaceae Podocarpus philippinensis Malakauayan
Rubiaceae Nauclea orientalis Bangkal
Rubiaceae Greeniopsis sp Hambabalod
Rutaceae Melicope sp Ansohan/Tulusan
Sapotaceae Palaquium luzoniense Nato
Urticaceae Urtica sp Alingatong
Myrtaceae Syzygium sp. I[toman

a.2 Bench Forming

Bench forming is done on the cleared area (cleared of vegetation) with the guide of survey team to lay
out each designed mine pit benches following the ground surface contour marked by the survey stakes
with its elevation indicating each bench elevation. The distance between the laid out lines is determined
by the ground slope to make up a next bench at a height of 3.0 meters and so forth forming benches
from top to down up to the pit limit. Following the laid out survey stakes is the bulldozer which slices
and cut the ground surface eventually forming benches at different levels, e.i;B-358 ;B-355; B-352.

On-contour benching and road development will outline a maximum bench height of 3 meters and
bench widths of 15 meters and 20 meters for production bench and road, respectively. The saprolite
zone, because of having more competent material, will have a maximum bench height of 5 meters.

a.3 Stripping

This is done by backhoes digging and loading the overburden materials on different benches to expose
the nickel ore. The 22 tonners rear dump trucks are used to haul all dug materials to each designated
dumping area. While the stripping of the overburden is carried out, top soil is separately hauled and
stockpiled for rehabilitation use. Majority of the waste are delivered into the designated waste dump
areas. Stripped out materials are usually consist of the limonitic materials which is overlain the nickel
ore. Limonitic materials sometimes has a commercial market value and could be blended during
shipment, therefore it has to be stockpiled for future use.

a.4 Ore extraction and grade control

Before ore extraction is carried out, all benches should have been sampled along its faces proceeding
in the limonite zone, progressing at lower benches in the saprolite zone. In the limonitic zone face,
sampling interval is for every 5.0 meters and 3.0 meters interval for the saprolite zone. Nickel ore
classifications (grade control) will be indicated by different color coding tagged in the ribbons placed
across the benches. These would serve as guide to the engineers and production supervisors where
to assign backhoes in ore extraction which entails skilled operators to visually recognizes the ore
classifications. Grade control sampling will be done at slope face and on benches prior to free digging
and patterned grade control sampling in dump boxes prior to hauling and on stockpile prior to barging.
A total of between 25 and 30 grade control samples will be collected from slope face, on benches, in
dump boxes and stockpiles for every truck load. Nickel ores segregation right from the ore
extraction/mining to optimize ore grade recovery

The mining system involves hydraulic excavators in backhoe mode loading rear dump trucks. The ore
benches will then be progressively mined by excavating the overlying bench to allow the progression
of the mining to the lower benches until the pit bottom is reached.
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a.5 Ore hauling

Ore hauling will use 20-tonne and 25-tonne dump trucks appropriate for transport in both dry and wet
conditions from the unsheeted bench ramp road through unpaved road to port loading facility.

Road for ore hauling dump trucks is maintained. The road distance from pit / stockpile area in
Causwagan block to the common port loading facility at Purok Mapanga is approximately 6km through
mainly unpaved road.

At the Puntalinao area, the existing foot trail will be developed to a suitable 4 km road for ore hauling
dump trucks from pit / stockpile area in Puntalinao block to Puntalinao Port 1 area.

a.6 Stockpiling and blending

Pre-pile stockpiling and secondary stockpiling areas will be established. The pre-pile yard will be for
differentiating the laterite ore on the basis of slope face and on-bench Nickel grades. The secondary
stockpile area at the port loading facility will categorize the laterite ore on the basis of bulk patterned
grade control sampling, specifically the determination of moisture content.

a.7 Barging and shipping

Barging corresponds to loading the laterite ore, either by direct loading from dump trucks to barges.
Each barge carries a maximum of 5,000 tonnes.

The shipping stage pertains to the loading of the laterite ore from barge to offshore mother vessel. The
mother vessel is equipped with 32 tonnes capacity hydraulic excavators. The mother vessel will have
maximum capacity of 50,000 wet metric tonnes.

Sample preparation facility and assay laboratory will be constructed near the port loading facility in
Purok Mapanga, Barangay Maputi. All mine and grade control samples will be processed, which
involves crushing, drying and sieving of soil and rock samples. Assaying of nickel laterite ore will utilize
the XRF analysis in the determination of Ni, Fe and Co in unit percentages.

Bulk density determination will be done using bulk test pit samples collected from different laterite
zones. Each bulk sample, representing distinct zone in the Nickel laterite profile, will weigh at least 5
kilograms to be suitable to paraffin wax method.

b) Description of the pollution control devices and waste management system

The detailed discussion of the pollution control system is presented in Section 4.c.
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‘ Survey & Exploration l

- Clearing and Grubbing Bench Forming and
- Construction of Access Roads and Haul Roads Stripping

Ore Extraction &
Loading

Figure 1.18: Mining Operations Work Flow
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6. Project Size

a) Total Amount of Ore/Mineral Reserves in the project area based on exploration data, total
Amount of Ore/Mineral Reserves to be extracted, rate of extraction and timetable

Based on the calculated mineral resource of 68,344,000 MT and at an average annual production
capacity of 9,600,000 MT, the life of the mine is approximately 8 years. However, there is a great
possibility of blocking additional mineral resources within the existing mineral claim as soon as infill
exploration drilling progresses.

e Projected Material Balance for the Mined and Stockpiled Nickel Ore for 3 Vessels Loading:
Mining to Shipment Material Balance

The run off mines during the first (15t) stage of operations where stripping of the waste/overburden is
carried out. Wastes like the top soil is separately stockpiled in different waste dump for progressive
rehabilitation as the mining progresses.

Table 1.11: Grubbing and Stripping of Overburden

Wastes Volume
25% top soll 41,250.00 WMT
75% over burden 123,750.00 WMT
Total Waste 165,000.00 WMT

Ore production comes in after establishing or exposing the identified benched in the pit area. Ore is
mined and hauled in their respective ore classifications in the stockpile yards which has a capacity of
1000 stockpile, each weighing 625 WMT (25 truckloads at 25WMT per truck pile).

STOCKPILE YARD &
DRYING AREA

1.60 Ni 7,000
WMT

1.50 Ni % 1.56 Ni %
18,000 WMT 30,000 WMT

Limonite Stockpile Sapro 1.2%Ni ; apro 1.59Ni%>
1.19Ni%< 45%Fe>

55,000.00 WMT CAPACITY FOREIGN VESSEL

BLENDED DIFFERENT GRADE OF Ni ORETO
COME UP WITH SHIPMENT GRADE OF

155% Ni, 18.54 % Fe and 34.01 MOISTURE

Figure 1.19. Stockpiled Yard and Drying Area
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Table 1.12: Mining Pit Ore Extraction

% Grade Volume
10% limonite 33,000.00 WMT
50% Sapro 1.20>1.59%Ni 165,000.00 WMT
40% Sapro> 1.59% Ni 132,000.00 WMT
Total Nickel Ore 330,000.00 WMT

Table 1.13: 15t Vessel Shipment of Nickel Ore Blended Materials

CU. M. WMT Ni% Fe% H20
20,000.00 30,000.00 1.56 18.80 33.60
12,000.00 18,000.00 1.50 19.26 34.32
4,667.00 7,000.50 1.60 15.56 35.00
36,667.00 55,000.50 1.55 18.54 34.01

Table 1.14: 2" Vessel Shipment of Nickel Ore Blended Materials

CU. M. WMT Ni% Fe% H20
20,000.00 30,000.00 1.56 18.80 33.60
12,000.00 18,000.00 1.50 19.26 34.32
4,667.00 7,000.50 1.60 15.56 35.00
36,667.00 55,000.50 1.55 18.54 34.01

Table 1.15: 3" Vessel Shipment of Nickel Ore Blended Materials

CU. M. WMT Ni% Fe% H20
3,250.00 4,875.00 1.30 25.00 34.00
5,500.00 8,250.00 1.45 21.00 31.00
16,000.00 24,000.00 1.75 14.00 34.00
12,000.00 18,000.00 1.60 16.00 36.00

36,750.00 55,125.00 1.53 19.00 33.75

The three (3) shipments will have a total of 165,126.00 WMT with 55,000 WMT capacity each. With a
volume of 330,000 WMT nickel ore extracted, the material balance left in the stockpile, theoretically for
3 vessel shipment, would be 164,874.00 WMT.

Ore Classification is their %grade of nickel and its iron content. Different ore classification is yet to be
established after the mining production reaches to its target tonnage and its nickel %grade mining
recovery. For a nickel mine that has not yet started its ore production, material balance is not accurate
in terms of quality as its presented grade is randomly taken from the drill holes not in real stockpiles.
However, the indicated diagram of stockpiles is the usual movement of nickel ore being mined, hauled,
and stockpiled to the stockpile yard and purposely also as drying area to mining moisture content down
to 30%, as required. With this circumstances, the annual material balance was shifted to the early stage
of mining operations. Normally, this example of production started with stripping of waste/overburden
and will took about 3 to 4 months to accomplish depending on the weather.

b) Total Project Area in square meters or hectares

The total MPSA are is 6,363.3368 hectares with 1,072.20 hectares considered for partial declaration.
Mining area 1 and Mining area 2 has a total area to 500 hectares each.

The summary of the estimated Ore Reserve is detailed in Table 1.3 on page 15 above.
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7. Development Plan, Description of Project Phases
Pre-Construction Phase
The pre-construction phase will involve the following activities:

e Exploration and Site Assessment

e Securing of necessary permits and clearances

e Land acquisition and/or land lease for support facilities (including finalization of other
necessary lease agreements)

e Focused Group Discussions among stakeholders

Construction and Operational Process

The construction and operational phase include the development of mine pits and trenches,
construction of support facilities such as additional access roads, bunk houses, erosion control
structures, drainage canals, settling ponds, stockyards and slope stabilization measures.

Development of Mine Pits

Overburden materials will be removed to expose nickel laterite ores. Once the surface has been
stripped, excavated and extracted the Nickel deposits will follow using bulldozers as rippers or backhoes
with rock breaker.

The progress of mining operation is indicated, herein, with the benches elevation mined out down to
designed elevation (see Figures 1.20a, 1.20b, and 1.20c). It could be noted that the development of
Mining Area 1 starts at B-860 down to B-701, this would attribute to the alteration of the original ground
elevation to this particular mine pit only. Same with the succeeding development of each Mining Area
1 and Mining Area 2 scheduled during year 2 and year 3. The table shows the projected top elevation
to be started overburden stripping and will end at the bottom as shown in the difference in elevation
column. The height of the benches are three (3) meters and final pit slope is 45 degrees. The final
mined out pit area is provided with proper drainage until it undergo rehabilitation works. (Presently 3-D
maps for the purpose of geomorphological presentation is not available as it requires a mining
engineering software.)

Table 1-16: Development of Mine Pit

Year Bench/Elevation Location Difference in Elevation Benches
Year 1 860-701 Area l 159 53
800-752 Area 1 48 16
Year 2
842-701 Area 2 141 47
770-731 Area 1 39 13
Year 3
350-252 Area 2 99 33

Mine Yards and Waste Dumps

RCMC will construct mine yards to accommodate ore piling, segregation and drying operation. Portion
will be allotted for overburden materials for backfilling, road construction or for mined-out area
rehabilitation.

Mine yards and waste dumps shall be provided with adequate drainage canals and silt control
ponds/sumps.

Construction of Support Facilities

RCMC constructed support facilities, including the maintenance of the access road from mine site to
main road, construction of other mine facilities such as workers camp, assay laboratory, stockpile yards,
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mine utilities (water supply, power supply, motor pool, etc), other pollution control facilities (i.e, settling
ponds, fascines, mini-rock dams, drainage, canals and sumps), and nursery.

Road construction and maintenance

Mine haul roads were develop into the mining areas initially on natural topographic surface. These road
have be constructed with the appropriate road base to allow safe and efficient traffic management and
provided with drainage canals and sumps. The Proponent also implements appropriate mechanism for
grade control and ensure that the ore transport is within the parameters set by the MGB and other
regulatory agencies.

Abandonment and Rehabilitation Phase

Progressive rehabilitation strategy will be implemented, integrating mitigation and management of
adverse impacts to the mining operation cycle, instead of undertaking a large scale rehabilitation work
at the conclusion of mining operation. Whenever feasible, backfilling of the mind-out voids will be
undertaken. The details of the work program for a given area depends on the local bench configurations
and ultimate landform design. Small steep benches will be left exposed ,while mined areas and shallow
trenches will be backfilled and graded to long-term stable slopes. Adits, trenches and open pit that were
abandoned are included in the progressive rehabilitation and abandonment plan.

The progressive rehabilitation scheme will minimize the extent of disturbance and the time of exposure
of disturbed areas. This will be complemented by mulching of disturbed areas and covering of dried ore
in the stockyard area. Below are the details of the progressive rehabilitation scheme to be implemented:

1. Planning

1.1 Set up and build appropriate plant nursery right at the 1st stance of the mobilization as
equipment needed is already available.

1.2 Collect and condition endemic plant species during clearing & grubbing

1.3 Preparation of fast growing trees which could be planted 5 months period.

1.4 Soil testing will be needed to test acidity and type of tree plants is suitable, including fertilizers.

1.5 Keep close coordination with the local CENRO office for assistance to produce more species
of seedlings suitable for the area.

2. Implementations

2.1 Fast track the progress of the targeted mined out area for immediate ground preparation
even if after 5-6 months operations to initially commence at 10 has.

2.2 Reshape the area as ground preparation in progress making a ground slope less than 40
degrees.

2.3 Design proper drainages system to avoid the creation of ripples across the slope that will
cause erosion.

2.4 Drainage should be at the toe line of the slope and not at the crest line where water will pool
in during heavy rains.

2.5 Backfill the area by overburden mixed with top soil .

2.6 Coco net is always installed in unstable ground slope to avoid or minimize erosions.

Prior to the actual abandonment and rehabilitation phase, a detail abandonment and rehabilitation plan
shall be develop based on the detailed biological, geological and engineering assessment. The
company forester will lead the terrestrial and fresh water biological assessment to the update the plan.
The company mining engineer and geologist will take stock and update the geological and engineering
requirement for abandonment and rehabilitation. The RCMC management shall ensure that the plans
are adequately backed by personnel and financial support.
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8. Manpower
The free digging, direct shipping ore Nickel laterite operation will require approximately 1,000
employees, including the contractors, on the basis of a 100,000-tonne-per-day (tpd) mine production.
The total manpower requirement will consists of the Mine Operation, Administration and General
Support groups and Contractors. Please refer to Table 1.16 for the summary.

Table 1.17: Summary of Manpower Requirement

Table 1.17a: Manpower during Construction

DIVISION GROUP DEPARTMENTS No. OF PERSONNEL
Roads Construction 1.0 Mine Engineering 18
Environmental Works 2.0 MSHED 9
Administration 3.0 Human Resources 6

3.1 Security 100
Accounting Finance 4.0 Warehousing and Logistics 18
General Support Group 5.0 Constructions 100

Table 1.17b: Manpower during Operation

DIVISION GROUP

DEPARTMENTS

No. OF PERSONNEL

Mining Operations

1. Mine Engineering

12 w/ Manager

2. Production

22 w/ Manager

3. Mine Quality Control

12 w/ Manager

4. MSHED-Mine Safety Health and
Environment

8 w/ Manager

4.1 Environmental and Forestry
(MEPEOQ)

3

4.2 Medical Clinic

4 w/ Medical Doctor

5. Mine Quality Assurance

9 w/ Manager

6. Mine Port and Shipment

9 w/ Manager

Administration

7. Mine Admin/ HR

22 w/ Manager

7.1  Corporate Social Responsibility

3

Accounting and Finance

8. Purchasing/ Warehousing

7 w/ Manager

General Support Group

9. Mine Technical Services

9 w/ Manager

10. Exploration 3
Security Agency 11. Security Coordinator 4
Personnel 100
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9. Project Cost

The proposed Nickel Mining project is estimated to have an investment of One Billion Eight Hundred
Million Pesos (Php1,800,000,000.00) which will cover the construction of buildings, and structures,
purchase of office and laboratory equipment, working capital, and miscellaneous expenses.
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2.0 Baseline Environmental Conditions, Impact Assessment, and Mitigation
2.1 LAND

2.1.1 Land use and Classification

Based on the 2010 Land Use Map from the NAMRIA, the major land use or vegetative cover of the
area includes open forest, shrubs/grasslands and perennial crops. The area is designated as
Alienable and Disposable Land.

2.1.1.1 Impact in terms of compatibility with existing land use

The proponent will secure proper clearances prior to the development of the project to address land
compatibility.

2.1.1.2 Impact on compatibility with classification as an Environmentally Critical Area (ECA)

There are identified environmentally critical areas near the project site. Table 2.1 summarizes the list
of ECA categories as declared by Proclamation No. 2146 in relevance to the project site.

Table 2.2-1: List of ECA Categories

List of ECA Categories (as declared by
Proclamation No. 2146)

Remarks

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

The project area is not within a declared NIPAS
Protected Areas. Please see Figure 2.1-1.

2. Areas set aside as aesthetic potential
tourist spots

There are no identified potential tourist spots
within the boundaries of the project site. Please
see Figure 2.1-2.

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

There are no protected KBAs present within the
boundaries of the project site. Therefore the area
is not inhabited by endangered species. Please
see Figure 2.1-3.

4. Areas of unique historic, archaeological or
scientific interest

As shown in Figure 2.1-5, there are ni identified
historical centers/zones in the proposed project
site.

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

The Mamanua Tribe (Mansaka-Mandaya Tribe)
are the local IPs present in the neighboring
barangays in the project site. The proponent is
undergoing the process of securing the FPIC with
the tribe. A memorandun of agreement has been
forged between the tribal representatives and the
proponent and is attached as Annex 10. The
proponent will comply with the conditions set forth
in the MOA during the course of project’s
development and operations. The Approved
CADT Map of the Province of Davao Oriental is
presented as Figure 2.1-4.

6. Areas frequently visited and/or hard-hit by
natural calamities:

6.1 Geologic hazard areas

The project site and its vicinity is situated in a
seismically active region. There are also nearby
earthquake generators that pose seismic hazards
(Figure 2.14).

Based on the active faults map of PHIVOLCS, the
project site is about 13 km to the west of the Mati
Segment of Philippine Fault Zone (PFZ)
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List of ECA Categories (as declared by
Proclamation No. 2146)

Remarks

6.2 Flood-prone areas

6.3 Areas frequently visited or hard-hit by
typhoons

6.4 Areas prone to volcanic activities /
earthquakes

Within the MPSA, the areas susceptible to
liquefaction are the river and creeks and their
associated floodplains and terrace deposits where
silty and sandy layers abound (Figure 2.17). The
swampy areas and rice fields along the coasts are
susceptible to liquefaction. The reclaimed areas in
Puntalinao are also highly susceptible to
liquefaction.

Based on the earthquake-induced landslide
susceptibility map from PHIVOLCS (Figure 2.19),
the project site has low to high susceptibility to
earthquake-induced landslide. Causwagan block
is mostly classified as having low susceptibility
while Puntalinao block has medium to high
susceptibility.

The landslide hazard map of the Banaybanay
produced by DOST - Project NOAH classifies
most of the MPSA area as high susceptibility to
landslides (Figure 2.24)

The southern part of the MPSA area is drained by
at least four well-defined streams. Debris flows
and stream bank erosion are the major flood
related hazard identified within the MPSA area.
The flat to gently sloping areas of barangays
Maputi and Causwagan are within low to
moderately susceptible zone. This is outside of
the MPSA area but there are proposed facilities
such as the motorpool and materials storage area.
The access roads also traverse these areas.
According to the residents in the built-up areas
near Maputi and Mapagba rivers, flood depth
reaches up to waist level or around 1 m when
river flood coincide with high tide. The Mines and
Geosciences Bureau published a flood
susceptibility map in 1:10,000 scale, which
classifies flooding from low to very high (Figure
2.29).

The coastal areas in Barangays Causwagan and
Puntalinao are susceptible to tsunami that could
come from Celebes Sea or Davao Gulf based on
the tsunami hazard map produced by PHIVOLCS
(Figure 2.22).

There is no nearby active volcano close to the
project site. The nearest active volcano is Mt.
Leonard Kniassef in Maco, Compostela Valley
(Figure 2.28). Mt. Matutum is another active
volcano located in South Cotabato, which is about
128 km to the southwest of the project site.

7. Areas with critical slope

The MPSA area is situated in this hilly to
mountainous terrain with elevation varying from
40 to 900 m (Figure 2.5). Slopes within the
project site ranges from steep (30-50%) to very
steep (>50%), with some undulating (8-18%) to
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List of ECA Categories (as declared by

Proclamation No. 2146) Remarks

moderately steep (18-30%) areas in narrow
valleys (Figure 2.6)

8. Areas classified as prime agricultural Based on the (Figure 2.1-6) proposed mining site

Lands is not covered by the existing agricultural
production areas map of Davao Region.

9.Recharged areas of aquifers Based on Figure 2.1-7, the project site is adjacent
to the watershed.

10. Water bodies (all natural water bodies Water bodies within and near the project area are

(e.q. rivers, lake, bay) that have been not declared as protected.

classified or not)

11. Mangrove areas (as mapped or
identified by DENR)

12. Coral reefs (as mapped or identified by
DENR or DA-BFAR)

The proposed mining site is inland; therefore, this
will pose no impacts on Mangroves and coral
reefs.

Based on the situations summarized above, the project is subjected to criteria’s that concern
cultural/social and geologic hazard areas.

To harmonize the existence of the project and the IP community, the proponent has undergone the
Free, Prior and Informed Consent (FPIC process) that eventually forged a Memorandum of
Agreement (MOA) with the IP group/s. The proponent will follow abide by the stipulations of the MOA
to ensure the safety and general well-being of the IP community.

Consequently, the corresponding geohazard assessment findings shall be taken into account in the
planning, day to day operations and the eventual rehabilitation of mining areas.
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Figure 2.1-1: NIPAS Map of Davao Region
(Source: DRPFP 2015-2045, September 2015: ASTERDEM, DENR, GIS Generated)

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation Page | 2.1- 4



PHILKAIRQS, Incorporated

ARMM

REGION XIII

REGION X

REGION XiX

REGION XII

f Qegona Developiment Councdl X3
L o /.2 REGIONAL LAND USE COMMITTLE
et

EXISTING TOURISM
DEVELOPMENT AREAS MAP
Davao Region

0 20 40 60 80

Map SourceRefarence: Adminstrative Boundury |DERR )

Growths Conters (MSS-0F 2015 2045);
Rond Networks (DPWH): and
Toursn Davelopment Areas (DOT)

Prepieed by RLUC-TWE- DEDFE: JDFuertes, DA X
Date Septenbes 2015
Lagend

Tourism Developrment Aseos Cxnting Growih Conters

Adninstrative Bousdory
@ Regonal Certer

Y Seah aed Resors [ Regonal Bouncary

O SubRegony Cester Prowncid Boundary
* Carves.
O frowncls Center Muncpal Bonday
Local Cester e ROM Netreorks
Doec Oemer- A patBCH BImwEIEwe SOV PRI Pren A m0¢ Kehortatve
Figure 2.1-2: Existing Tourism Development Areas Map of Davao Region (Source: DRPFP

2015-2045, September 2015: Administrative Boundary
by DENR, MSS-DF 2015-2045, DPWH, and DOT)

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation

Page | 2.1-5

100 km




PHILKAIRQS, Incorporated

114° 116° 118° 120° 122° 124° 126°
1 1 1 1 1 1 1
N
20° A -20
18°4 -18°
16° 16
°
Legend
14° 9 -14°
[ Protected KBAs
[1 Partially Protected KBAs
- B Unprotected KBAs b
2 )
s o \
i, 2
» .-
104 1 = L 10
4 '
s ’ y
8o - ~8°
- | oo
. ) -
0 200 Miles
4°- -4¢
I 1 ) 1 1 1 1
114 116° 118° 120° 122° 124° 126°
Figure 2.1-3: Philippine KBA’s Protection Map 2006 to 2009
(Source: Ambal RGR, et.al. 2012)
Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation Page | 2.1- 6



PHILKAIROS, Incorporated

APPROVED CADT
D.IVIO Re;!on

Map Sourca/Pafiesnce - GIS GENERATED, ASTERIEM, DENR, NCIP

Progared by BLUC TWE-DRPIP, sjdenpera_DENAXT
Cuer | Septamber 2018
LEGEND
B sRtcarooatos | saRievonmnaiod Il 15 S11-caDT-MoNOTOI.NT
/ B z2rnaaooots B 9 Ri-PAN0908078 I 18 A11.DAV.1108031
" ) B arvoeecs02 S 10 Rnisat00503s B 17 ROL-MAT-1 206053
RS B csnascoixeos: v oRnimrososs 08 RYL08.1013.982
" 2 - 0 sruscrucson [ 12 Rvasstcosos [ 19 R1n-DAva213.960
&% B araacamear [ v Rnaewessos B 20 AILKIBA213165
‘@’ .@.@' P 7 Ruwonoacssca N 14 R11.80S-0403.0008 Wricipal Bounday
- N pace | W] e (A A R

Figure 2.1-4: Approved CADT Map of Davao Region
(Source: DRPFP 2015-2045, September 2015: DENR, NCIP, ASTERDEM, GIS Generated)

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation

Page | 2.1-7




PHILKAIROS, Incorporated

( MUSLIM
MINDANAO

v

arang

J'J.Lﬁjl.).,.f":’; 3 o,-fvai
Cota ‘u‘ ‘:

e
+3 soccsmacsn

k,lsu!an
_Malita

i/

o arcy /?

Y
“Sanlsidro

Figure 2.1-5: Identified Historical Centers/Zones in the Philippines
(Source: https:/lwww.philippineheritagemap.org/map, Retrieved: October 2019)

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation Page | 2.1-8


https://www.philippineheritagemap.org/map

PHILKAIRQS, Incorporated

Talaungsd

DAVAO CiTY

1
\

.- ORIENTAL
L
»
L
sy -

-
v 'u
& <Y .

& '.A'v“

) mhrmpe
P gl
EXISTING AGRICULTURAL
PRODUCTION AREAS MAP
Davac Region
0 20 40 60 80 100 km

Map Source/Reference:  Admistative Bowncary (DENR);
Crowth Centors (MSC.DF 20152045 ) and
Lend Cover Nap, 2010 (DENR)

Brogurad by PLUC-TWG-DRPFD: 1DF uartes, DA XT
Date: September 2015
Legead

. Exsting Agricuitural Precuction Areas  Exdisting Grosth Ceniers  Adninstratve Eoundary

B Peremial Crop @ Regonal Center [ Reginal sourdary

y i Island Monual Crop D Sud-Regiond Center Provncial Boudasy

: B Fshporat O Provncal Canter U BounOarny

Lo Qe

Ohc demar A AN 00 D s B s ik RS e 2w ol 2PN A

Figure 2.1-6: Existing Agricultural Prodcution Areas Map in Davao Region
(Source: DRPFP 2015-2045, September 2015: Administrative Boundary
by DENR, MSS-DF 2015-2045 and Land Cover Map, 2010 by DENR)
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Figure 2.1-7: 22 Major River Basins in Davao Region
(Source: DRPFP 2015-2045, September 2015: NEDA-MSS/DF, ASTERDEM, GIS Generated)
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2.1.1.3 Impact in existing land tenure issue/s

The proponent is undergoing the process of securing the Free, Prior and Informed Consent with the
Mandaya tribe in the community. After series of community consultative assemblies, consensus
building and decision meeting, an NCIP endorsement will be issued to the proponent. A Memorandum
of Agreement (MOA) was forged between the tribal representatives and the proponent.

The proponent shall continue to comply with the conditions set forth in the MOA during the course of
the project’'s development and operations. Being a partner in community development, the proponent
has been supporting the programs of the Indigenous Peoples group/s.

The stipulations of the aforementioned MOA will be enforced for the duration of the project to give
what is due to the Mandaya tribe in the host communities.

2.1.1.4 Impairment of visual aesthetics

Davao Oriental covers the southern part of the Pacific Cordillera in eastern Mindanao. It is generally
mountainous with sharp ridges and spurs surrounded by low hills. The MPSA area is situated in this
hilly to mountainous terrain with elevation varying from 40 to 900 m. Secondary forests mostly cover
the central part of the MPSA area, but there are spurs which are dominantly grassland. The
surrounding low hills are converted into croplands planted with mangoes and other crops. Landslides
abound particularly in the grassy slopes. The existing mining site of Golden Summit Mining in
Barangay Maputi and Causwagan is very prominent amidst the greeneries. It is situated adjacent to
Causwagan Block and encroaches to the western part of the MPSA area. The mining site in
Causwagan Block is located between 200 to 300 m elevation. It is visible in the national road and
open areas particularly in Barangay Maputi, Causwagan, Piso and other communities to the
southwest. The proposed mine site in Puntalinao Block is located in the ridge, between 700 to 800 m
elevation. It is visible along the national road and coastal barangays including Maputi, Puntalinao,
Pintatagan and other communities in Pantukan, Compostela Valley (Figure 2.1-8 and Figure 2.1-9).

Figure 2.1-8. View of the existing mine site of Golden Summit from the national road. The
eastern part (right side) of the mine site is within the MPSA area of Riverbend. The
mountainous terrain in the background is also part of the MPSA area.
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Figure 2.1-9. The ridge in this photo is the proposed mining site in Puntalinao Block.

Clearing of vegetation, road construction and open cut mining in the mining blocks will have a visual
impact to the community and travelers passing along the major roads. The mine site will be very
visible since it is located in an elevated area and there is a significant contrast in the color of the
laterite and vegetation. A visual impact assessment was conducted to determine the areas where the
proposed mining sites maybe visible. The analysis was carried out using the Viewshed Tool in QGIS.
The input used was the SRTM-DEM. Hypothetical viewpoints were created in the area with high
Nickel concentration to represent the location of the open cut. Each view point has its corresponding
area where it will be visible given its position in the topography. The result of the viewshed analysis for
each point is combined to form the Area Visibility Map. This map shows the composite area where the
hypothetical open cuts will be visible assuming that all open cuts are active at the same time. Based
on this map, there are mining areas, which will be visible in the communities and along the major
roads (Figure 2.1-10). This implies that when the all the mining areas are cleared at the same time,
the visual impact covers a large area. Thus, it is necessary for the mining activity to operate in stages
and immediately rehabilitate the mined out areas to lessen the visual impact. Vegetation buffer,
consisting of suitable fast growing trees, could also be maintained around the mine sites to shield the
view.

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

To minimize devaluation of the land due to improper solid waste management, measures such as
proper housekeeping, waste minimization and segregation, and proper machine maintenance will be
employed. Proper housekeeping is basically keeping a clean, orderly construction site. It will involve
implementation of rules and regulations within the Project site that will reduce, if not eliminate, the
possibility of accidental spills, improve the response time if there is a spill, and reduce safety hazards
as well. Related to this, waste minimization and segregation practices to prevent soil contamination.
Waste recycling and timely waste collection and disposal are just a few of the humerous techniques

Proposed Banaybanay Nickel Laterite Mining Project
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that can be used in the Project site. This will be done in coordination with the LGU. Likewise, proper
machine maintenance of equipment involves regular maintenance check-up, timely fuel and oil
change, and proper machine handling to minimize the risk of soil contamination. A designated
machine shed and fuel/oil depot with oil collectors and proper floor protection further minimizes soil
contamination. As much as possible, major maintenance works for equipments will be done outside
the project area. Each worker shall also be given instructions on the proper storage, use and disposal
of supplies used.

Proposed Banaybanay Nickel Laterite Mining Project
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Figure 2.1-10. Visibility map of the proposed mining sites. This shows the areas where the proposed mining sites are potentially visible.
(Source: NAMRIA, 2007)
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2.1.2 Geology/ Geomorphology
Methodology, Nature and Source of Information

Literature review was conducted to acquire data from relevant government agencies particularly the
Mines and Geosciences Bureau (MGB). This includes geologic reports and maps covering the project
site.

Field investigation was done in order to verify the existing data and assess the geological hazards that
may affect the project site. Outcrops were examined where available and additional data on subsurface
lithology were acquired through the previous studies and reports.

Satellite imagery was used to aid in the identification, analysis and interpretation of hazards. All data,
observations and results of the investigation were integrated in this report.

Primary data were obtained from actual fieldwork conducted in September 17-19, 2016. Secondary
information was taken from existing literature and maps, Mines and Geosciences Bureau (MGB),
Philippine Volcanology and Seismology Institute (PHIVOLCS), Philippine Atmospheric, Geophysical,
Astronomical, and Seismological Administration (PAGASA), and previous works in the area.

Regional Setting
A. Baseline Condition of Geomorphology

Davao Oriental is located in southern part of the southern Pacific Cordillera in Eastern Mindanao,
bordered by Compostela Valley to the west, Agusan del Sur and Surigao del Sur to the north, the Davao
Gulf to the southwest, and the Philippine Seato the east and southeast. The southern portion of the
province consists of the Pujada and Guanguan Peninsula. Davao Oriental is a rugged mountainous
region with patches of alluvial plains at the mouth of rivers.

The project site is situated in Banaybanay which is located at the boundary of Davao Oriental and
Compostela Valley on the western side of the province. Like most of the province, it is characterized by
mountainous terrain with rounded ridges, flanked by steep to very steep gradients. This transition to low
hills and plains toward alluvial plains of major rivers (Figure 2.1-11). Slopes within the project site ranges
from steep (30-50%) to very steep (>50%), with some undulating (8-18%) to moderately steep (18-30%)
areas in narrow valleys (Figure 2.1-12). The highest elevation is around 880 m located at the Puntalinao
Block while lowest elevation within the project site is located at the southern boundary along the
floodplain of Piso River at 80 m (Figure 2.1-13). The elevation and gradient in the proposed location of
facilities are listed in Table 2.1-2.

Table 2.1-2. Topographic characteristics of the facilities.

Facilities Elevation (m) Slope Gradient (%,°)
Mining Area 1 500 - 880 8 to >50; 4.6 to >28.7
Mining Area 2-A 360 - 820 8 to >50; 4.6 to >28.7
Mining Area 2-B 150 - 380 8 to >50; 4.6 to >28.7
Waste Dump 1 520 - 760 18 to >50; 10.3 to >28.7
Waste Dump 2 360 - 600 18 to 50; 10.3 to 28.7
Waste Dump 3 300 - 440 18 to >50; 10.3 to >28.7
Pre-pile Yard 100 - 180 810 50; 4.6 to 28.7
Stockyard 10 - 50 31t030;1.7t017.2
Campsite 15- 20 0to 8;0t04.6

The project site is drained by dendro-rectangular streams which empties into Mapagba Bay. The major
rivers draining the project site are the west draining Pintatagan River, southwest draining Piso, Maputi
Proposed Banaybanay Nickel Laterite Mining Project
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(Mapanga) and Mapagba River. These V-shaped streams have narrow channels with steep banks and
steep longitudinal gradients, particularly in the mountainous sections.

B. Change in Surface Landform/ Geomorphology/ Topography/ Terrain/ Slope

Surface mining permanently changes the topography, terrain and slope of the mining sites and related
facilities. However, the mountainous geomorphological unit remains the same. Construction of new haul
roads and rehabilitation of existing access roads and construction of benches in mining pits and siltation
ponds will require excavation, leading to formation of steep slopes. Steepening of slopes usually
promotes instabilities that often lead to slope failures when they are not provided with appropriate
support. Construction of stockyard, pre-pile yard and campsite will require levelling of slopes. Flat slopes
are prone to water ponding and often affected by flood when located in low-lying areas. Construction of
siltation ponds will introduce depressions in the topography. Construction of waste dumps in steep slopes
can block the natural waterways. Construction of drainage canals will introduce new drainage lines and
change the natural flow paths. Runoff will be diverted towards the location of siltation ponds. During
operation stripping, bench forming, and ore extraction activities will also lower the elevation up to the
designed mining limit. Stockpiling of materials in the waste dump will create mounds with relatively steep
sides. During operation, the benches in the active mining areas will have vertical slope, with slope height
of 3 m, separated by 3 m wide berm. The final pit slope is 45°. This slope angle is much steeper than the
existing slope along the ridge which varies from 5 to 17°, although the slopes across the ridge are also
very steep, greater than 29°.

The slopes that will be steepened during construction of roads, waste dumps and siltation ponds must be
provided with slope stability measures to prevent or minimize slope failure. This is discussed farther in the
geohazard section of this report. The design of the pit slope must be supported by a slope stability study
to determine if it is stable throughout the active mining period. During rehabilitation, the topography of the
mined-out areas must be restored to a stable slope angle close to its natural form. As mentioned in the
project description, the target slope design for mined-out areas is 40°. This must be supported by a slope
stability study to ensure that it is stable for the long-term. Relatively flat areas such as in the waste
dumps, pre-pile yard, stockpile yard and campsite must have sufficient gradient that will direct runoff
towards drainage lines to avoid water ponding. If possible, diversion canals will also be directed towards
the original natural waterways.

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation Page | 2.1- 16



PHILKAIRQS, Incorporated

WDk

74N

Areapll

Puntalinao

Geomorphelogy: N ¥ Tagdado

Flat plains

TN

smaooth plains

Irtegular plains
[ Plains with low hills
I plains with hills

B tains with low mountains
MAPANGA BAY

Breaks
Low hils

[0 s

B Lo mountains

Bl ountains

| .
125 56E 125'58E 126"2°F 126

A.D LEGEND: Data Source:

ol D Project Area B e Facitrties Pit Limit Roads and rivers from Openstreetian GEOMORPHOLOGIC MAP
0

| — = Brgy. Boundaries ::'_'_': Waste Dump —— Drainage
1 Environmental Impact Assessment of the Proposed
s R A Foads - Sttation Fond Froposed Faul Read 2 Nickel Laterite Mine of Riverbend Consolidated Minin
taap Projection: UTH Zone 52 N Jobr Order Ne.: 201607-10 I Date: August 2020 2
Rivers Corp., Banay-banay, Davao Oriental

D,

1Km

Darum: WGS 54 GIS and Map Layout: Ridge to Reef Solutions Inc,

ETIDGE 10 RLEF Frojecon nimBuasan Busaterorkssece:

Figure 2.1-11. Geomorphologic map of the project site generated using SRTM-DEM.
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C. Baseline Condition of Geology
1. Geology and Stratigraphy

Based on the stratigraphic grouping in the Lexicon of Philippine Stratigraphy by Pefia (2008) the project
site is within the Pujada Block (Figure 2.1-14, and Figure 2.1-15). Stratigraphic descriptions by Pefia
(2008) are as follows:

The oldest rocks in the Pujada Block is the Cretaceous Pujada Ophiolite, a west dipping ophiolite which
includes the Magpapangi Greenschist, Ansuwang Amphibolite, Surop Peridotite, Nagas Peridotite,
Matalao Gabbro, Lumao Diabase, Kalunasan Basalt and Iba Formation. lIts lithology is composed of
Amphibolite, dunite, peridotite, gabbro, volcanic and sedimentary rocks.

Widespread in the project site is the Surop Peridotite. A layered and folded ultramafic body approximately
30 km in length and 5 km in width. The Surop Peridotite consists mainly of harzburgite, dunite and
Iherzolite with varying degrees of serpentinization. In places where the Surop is thrusted against the
Kalunasan Basalt, the thrust zone is characterized by the development of amphibolite and greenschists at
the sole of the peridotite.

Cretaceous volcanics and sedimentary units of the Barcelona Formation composed of the basalts and
clastics are present to the west of the project site.

Unconformable over the Kalunan Basalt of the Pujada Ophiolite is the Eocene Basiaw Limestone which
occurs as thin lenticular bodies defining a narrow belt found either in massive outcrops or more commonly
as scattered blocks along the creeks and ridge tops. These rocks are generally recrystalllized, marbleized
or schistose and is t is generally barren of fossils or organic remains.

Overlying the Iba Formation is the Eocene Sanghay Formation composed of well-bedded graywackes
and mudstones with a thickness of approximately 500 m. This formation is associated with pillow basalts
and pelagic sediments of the Iba Formation and the graywackes overlie the late Cretaceous pelagic
sedimentary rocks that are thought to represent the ophiolite’s sedimentary carapace.

Unconformable over the Pujada Ophiolite is the Late Pliocene — Early Pleistocene Sigaboy Formation
composed of thick beds of conglomerate, sandstone, mudstone found along the western coast of Pujada
Peninsula. The thick bedded conglomerates of Sigaboy are highly resistant to erosion, forming well
developed cuestas. The conglomerates are poorly sorted and contain boulders of peridotite, serpentinite,
gabbro, diabase, basalt, amphibolite, greenschist, marble and limestone. Towards the top, sandstones
and mudstones become more common and the conglomerates become finer grained and contain more
clasts of basalts, hyaloclastites, dacite, scoria, pumice and tuff in a tuffaceous matrix.

Unconformable over the Sanghay Formation is the Late Pleistocene Maco Limestone that is an
unconsolidated coral breccia which dips gently to the west towards Davao Gulf. It has a limited areal
extent and is not observed to rest on the Sigaboy Formation at Pujada Peninsula. The youngest rocks are
the Quaternary surface deposits which area are mainly composed of sandy loam and sandy gravel that
are exposed in gullies and gentle slopes.
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a.) Site Geology

The lithology within the project site as observed during the fieldwork consists of ultramafic rocks, laterite,
calcareous sandstone, coralline limestone and Quaternary alluvium.

The dominant rocks in the project site are ultramafics belonging to the Surop Peridotite composed mostly
of harzburgite, dunite, and serpentinite (Figure 2.1-16 and 2.1-17). These were observed to be highly
fractured and cut by shear zones. Nickel, iron and chromite mineralization are present in these rocks
which are the bedrock of laterite deposits.

Reddish brown to maroon laterite which is the result of the weathering of ultramafic rocks are found along
ridges with gentle to moderate slopes. Laterite comprises part of Causwagan Block previously mined by
Golden Summit Mining with an approximate area of 4.4 hectares (Figure 2.1-18).

Calcareous Sandstone and Coralline Limestone are present in lower slopes (Figure 2.1-19) while
Quatenary alluvium were encountered along gentle slopes and within the flood plains of rivers and gullies
(Figure 2.1-20).

Figure 2.1-16. Ultramafic rocks of the Surop Peridotite within the Project Site. Clockwise from top:
highly fractured peridotite; development of red clayey laterite in between fractures in saprolite
zone; greenish Ni-bearing garnierite mineral; serpentinite alteration along fractures.

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation Page | 2.1- 23



PHILKAIRQS, Incorporated

cpf
f/“

Pintatagan
F ]

i+ _Habitat=
-
N SR R %
‘ \PUntalinao
\WD3}
E 4t
Geology:
I Uttramafic

Laterite Zone MAPANGA BAY /o ]
Trinidad

Sedimentary [

Volcanic

L7 e /
qna Y
| e g M;Qa Y
£

[0 Sandstone Sitstone ;I%flapagba
] Dunite

i \m_l\.{aputi Wauswagan? Ay‘

12556 125 58E 126°0E 126°2E 126 4E

f LEGEND: Data Source:
7

\ m D Project Area - Mine Facilities Pit Limit Mines and Geosciences Bureau, Geelogic and Tectonic Map of | SITE GEOLOG'C MAP |

- the Philippines: SRTM-DEM: Roads and rivers from
1 a 1 Km —— Ruwers L__} Waste Dump —— Drainage Openstreetiap
Scates 140,000 n 45 Prin: ——- Lineaments I sitation Pond — Propused Haul Road Environmental Impact Assessment of the Proposed
Mo Projection: UTH Zore 52N Thrast Fault roads Job Order No.: 20160710 I Date: August 2020 Nickel Laterite Mine of Riverbend Consolidated Mining
Datum: WGS 84 515 and Map Layout: Ridge (o Reef Solutions Inc. Corp., Banay-banay, Davao Oriental

EARIDSE 0 REEF Frojectnt0 R1Buacon Pulkterienrt e

Figure 2.1-17. Geologic Map of the Project Site (modified from RCMC, 2020; MGB, 2010)
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Figure 2.1-18. (Top) Weathering of peridotite into a saprolite zone overlain by laterite soil. (Bottom)
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Figu‘ 2.1-19. (Left) Calcareous dStne. (Right) Coralline Limestone outcrop.
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b.) Engineering Geologic Properties

Rock Mass Characteristics

The MPSA area, particularly in the Puntalinao and Causwagan blocks, is underlain by peridotite
commonly identified as harzburgite. This rock is dark grey in color when fresh and with light brown coating
in weathered parts. Exposures along roadcuts show highly fractured outcrops with moderate to highly
weathered zones. Along ridges, the bedrock is overlain by maroon to dark reddish-brown Ni-laterite soil
with 5 to 7 m thickness. In steep slopes the reddish-brown soil mantle is only about 0.5 to 2 m thick.

The intact rock strength of the harzburgite, estimated by counting hammer blows to create fracture, varies
from medium strong (25 — 50 MPa) for the highly weathered zones and strong to very strong (50 — 250
MPa) for the slightly to moderately weathered portions.

The Geological Strength Index (GSI) developed by Hoek and Brown (1997) and Marinos and Hoek (2000)
was used to characterize the geotechnical properties of the bedrock. The inputs are Intact Rock Strength
estimated in the field using hammer, degree of weathering and fracturing of outcrops. Based on this
classification, the GSI values for highly weathered zones varies from 25 to 30 which means that the rock
is disturbed to very blocky with very poor to poor surface conditions. Rocks with slight to moderate
weathering have GSI values ranging from 35 to 40. They are very blocky with fair surface conditions. The
derived rock mass parameters using the Hoek-Brown Criterion are shown in Table 2.1-3. The shear
strength parameters (friction angle and cohesion) shown in this table is applicable for the rock mass and
not to the individual discontinuity surface.
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Table 2.1-3. Rock mass parameters.

Hoek-Brown Rock Mass Parameters HCHIRCOHIOIIIE
(rock mass)
Intact
Geotechnical Rock GSI . Unconfined . ..
Unit Strength | Values Tensneh Compressive Globalh Defordm?non F”Ctllon Cohesion
(MPa) Strengt Strength Strengt Modulus Anog e (MPa)
(MPa) (MPa) (MPa) (MPa) ©)
Highly 25 -0.002 0.109 2.512 911.9 38.27 0.157
Weathered 25-50
Zone 30 -0.003 0.175 3.045 1216.04 41.2 0.184
Slight to 35 -0.012 0.775 10.367 2741.03 51.36 0.316
Moderately
50 - 250
\Z/Veathered 40 -0.018 1.172 12.21 3655.22 53.66 0.366
one

The high friction angle values of the rock mass can be correlated to the existing topography. In general,
the slight to moderately weathered rocks can maintain steeper slopes. However natural processes such
as basal erosion in streams and anthropogenic activities like road construction can make the slopes
steeper. When the slopes are steeper than the friction angle of the rock mass instabilities occur and may
lead to slope failures.

c.) Structures

Peridotites are commonly sheared as a result of thrusting when they were emplaced over younger
lithologic units. Their boundaries are thrust faults and wide shear zones are common across the units
resulting to highly fractured rock mass. Younger tectonic events also contribute to the fracturing of these
rocks.

Lineaments were delineated in the project area using the SRTM-DSM with 30 m resolution. The analysis
reveals the presence of several linear features with length varying from about 0.4 to 3 km. The
orientations and corresponding dominant length are shown in Table 2.1-4. Figure 2.1-21 is a rose
diagram plot of the lineaments.

Table 2.1-4. Lineament Orientation

Orientation Length, km
NW-SE 09to2
NNW-SSE 0.9tol.5and2t0 2.5
NE-SW 09t025
N-S 0.9to1l.5and2t0 2.5
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Figure 2.1-21. Rose diagram of the lineaments.

Some lineaments are shorter, but they are aligned in a particular direction signifying a possible
continuous structure. The NW-SE lineaments traverses the MPSA area while the long NNW-SSE features
are located mostly 4 to 6 km to the northeast of the MPSA boundary.

[ / ] L

Figure 2.1-22. Location of rock slopes along the access road.
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Geologic mapping conducted along roadcuts reveal the highly fractured nature of the peridotites (Figure
2.1-22). The orientations of joint sets and faults, collectively referred as discontinuities, were measured
and plotted in the lower hemisphere equal-area plot and rose diagram (Figure 2.1-23 left and middle).
The data shows that the dominant trend of the discontinuities within the lower portion of the MPSA area
and adjacent southern part is NW-SE, followed by N-S and NE-SW oriented structures. The orientation
grouping is clearly shown in the density contour of the poles of the structures shown in Figure 2.1-23
right. These patterns correspond also to the trends of the lineaments, signifying that the lineaments are
most probably controlled by geologic structures.

/ ~ \
u \ 7ok y £ ~ el

> B

Figure 2.1-23. Left) Lower hemisphere equal-area plot of 24 geologic structures representing joint
sets, faults and shear zones; Middle) Rose diagram; Right) Contour density plot of poles.

The characteristics of the discontinuities were described based on the International Society of Rock
Mechanics (ISRM, 1981) suggested methods and Bieniawski's Rock Mass Rating (RMR) System
(1993).These include measurements of spacing, persistence, separation or aperture and description of
wall roughness, wall weathering, intact rock strength and groundwater condition along joint surfaces.
Table 2.1-5 shows the characteristics of the discontinuities. The spacing varies from 5 to 60 cm but
mostly are within 5 to 10 cm. Shear zones have very close spacing usually around 5 cm. The persistence
ranges from 1.5 to 7 m but mostly within 5 m. The presence of thick vegetation and orientation obscures
the persistence. The separation between discontinuity walls are mostly 1 to 5 mm. Surface roughness is
generally slightly curved to curved in large-scale but planar in the small-scale. This is equivalent to Joint
Roughness Coefficient (JRC) of 4 to 8. The infills include mostly zeolite and Fe-oxide in joints and coarse
gouge in faults and shear zones. There are no seepages observed during the survey, but the
discontinuities are generally damp. They are potential location of seepage during periods of continuous
precipitation. Wall weathering is characterized by general discoloration in relatively tight discontinuities.
The percentage of decomposed rock is less than 10%. Discontinuities with larger separation have
partially decomposed walls usually reaching 20 to 40%.

Due to the presence of several intersecting discontinuities, the rock block shape is rhombohedral
characterized by obliquely intersecting sets. The rock block dimension is small to medium with maximum
width ranging from 0.06 to 0.2 m. The intersecting discontinuities form unstable blocks that are prone to
rockslide and rock fall.

Geotechnical parameters were derived based on the condition of the rock mass and the discontinuities.
The shear strength parameters of the different discontinuities were estimated based on the Barton-Bandis
criterion (1990). The result is shown in Table 2.1-6. Higher shear strength values are found in rocks with
stronger joint wall compressive strength (JCS). The rock mass is classified based on Rock Mass Rating
(RMR) System (1993). Most of the slopes have fair to poor rock mass class.
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Table 2.1-5. Characteristics of discontinuities based on ISRM suggested methods (1981).

Sll%pe Type Dip Dipdirn Spgrcfr]ing tzr?(r:sei'S% E:r%%@::lz g%l;?ltj::aslz JRC Infill Sepi;rneition, Seepage Wall weathering
JS1 80 160 20 15 straight planar 6-8' zeolite 0.5 damp gen discoloration
63-1 JS2 60 340 60 2 sl curved planar 6-8' zeolite 0.5 damp gen discoloration
JS3 85 220 10 15 sl curved planar 6-8' zeolite 5 damp partial decomp
Faultl 70 25 10 5 curved planar 4-6' coarse gouge 5 damp partial decomp
Fault2 40 20 5 5 curved planar 4-6' coarse gouge 1 damp gen discoloration
63-2 Fault3 65 90 10 5 curved planar 4-6' coarse gouge 5 damp partial decomp
Js4 50 310 60 2 sl curved planar 6-8' zeolite 0.5 damp gen discoloration
JS5 40 60 10 15 sl curved planar 6-8' zeolite 5 damp partial decomp
Fault4 45 90 5 5 curved planar 4-6' coarse gouge 1 damp gen discoloration
651 JS6 30 320 5 5 curved planar 4-6' coarse gouge 1 damp gen discoloration
JS7 60 300 5 5 curved planar 4-6' zeolite 1 damp gen discoloration
65.2 JS8 45 290 10 15 sl curved planar 6-8' zeolite 5 damp partial decomp
JS9 60 10 5 7 sl curved planar 6-8' Fe oxide 1 damp gen discoloration
JS10 45 210 10 5 sl curved planar 6-8' Fe oxide 1 damp gen discoloration
Fault5 75 260 5 5 curved planar 4-6' coarse gouge 1 damp gen discoloration
68 JSi11 70 210 5 5 curved planar 4-6' coarse gouge 1 damp gen discoloration
JS12 60 360 5 5 curved planar 4-6' coarse gouge 1 damp gen discoloration
Js13 75 330 10 1.5 sl curved planar 6-8' zeolite 5 damp partial decomp
69 Jsi4 70 90 10 1.5 sl curved planar 6-8' zeolite 5 damp partial decomp
Jsi5 60 210 10 1.5 sl curved planar 6-8' zeolite 5 damp partial decomp
JS16 60 210 10 1.5 sl curved planar 4-6' zeolite 5 damp partial decomp
Js17 45 70 10 15 sl curved planar 4-6' zeolite 5 damp partial decomp
e Js18 | 50 260 10 1.5 sl curved planar 4-6' zeolite 5 damp partial decomp
Js19 | 85 290 10 1.5 sl curved planar 4-6' zeolite 5 damp partial decomp
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Table 2.1-6. Geotechnical parameters derived from the discontinuity characteristics.

Slope ID Type Dip Dipdir \IJ\/ICPSa{ Cotlc/les;on, Frictio(?) angle Rocc::lral:I:ss
JS1 80 160 75 0.052 45.22
63-1 JS2 60 340 75 0.052 45.22 fair to good
JS3 85 220 375 0.047 43.18
Faultl 70 25 375 0.028 40.54
Fault2 40 20 75 0.03 42.01
63-2 Fault3 65 90 37.5 0.028 40.54 poor to fair
JS4 50 310 75 0.052 45.22
JS5 40 60 37.5 0.028 40.54
651 Fault4 45 90 75 0.03 42.01 boor
JS6 30 320 75 0.03 42.01
Js7 60 300 75 0.03 42.01
65.2 Js8 45 290 375 0.028 40.54 (i
JS9 60 10 75 0.052 45.22
JS10 45 210 75 0.052 45.22
Fault5 75 260 75 0.03 42.01
68 JSi11 70 210 75 0.03 42.01 fair
JS12 60 360 75 0.03 42.01
JS13 75 330 37.5 0.047 43.18
69 JS14 70 90 37.5 0.047 43.18 fair
JS15 60 210 37.5 0.047 43.18
JS16 60 210 375 0.028 40.54
- Jsi17 45 70 375 0.028 40.54 (e
JS18 50 260 375 0.028 40.54
JS19 85 290 375 0.028 40.54

D. Change in Subsurface Geology/ Underground Condition

Nickel, iron and other associated minerals are concentrated in the upper surface of the topography. Thus,
extraction of these minerals will focus on the surface up to around 7 to 10 m depth. Removal of the
weathered horizon, as mining progresses, will make the fresh or slightly weathered bedrock expose to the
different agents of weathering. Water can easily flow into the open fractures, accelerating weathering
along discontinuity surfaces. Although this is a slow process, this will affect the geotechnical
characteristics of the rock mass such that poor rock mass quality can change into very poor classification.
The overburden and topsoil in the waste dumps will induce additional load into the slope that will increase
the lithostatic pressure in the underlying rocks. This can cause slope failure either at the basal part of the
slope or throughout the whole slope including the waste dump.

The overburden and topsoil must be returned immediately in the mined-out area to restore the natural
cover of the bedrock. It must be properly compacted with compaction level similar to that of the
undisturbed soil in the area. The clayey soil will slow down water infiltration reaching the bedrock.
Detailed geotechnical assessment must be conducted to determine if the load impose by the overburden
and topsoil in the waste dump can be safely supported by the underlying rocks. During rehabilitation the
load in the waste dump will be lessened if not completely removed.
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E. Baseline Condition of Geological Hazards

The hazards entirely or partly caused by the processes that take place in the subsurface of the earth are
discussed in this section. These include earthquake or seismic-related, mass movements and volcanic
hazards.

1. Seismic Hazard

The project site and its vicinity are situated in a seismically active region. Historical and instrumentally
recorded earthquakes occurred in the past (Bautista and Oike, 2000; SEASEE, 1985). There are also
nearby earthquake generators that pose seismic hazards. The historical seismicity and active faults are
shown in Figure 2.1-24.

a.) Ground Shaking

Ground vibrations caused by the passage of seismic waves from an earthquake source to the ground
surface usually result to damages of buildings and other infrastructures. Seismic magnitude, epicentral
distance and the site response or the modifying effects of subsoil conditions generally influence the
intensity of ground shaking. Usually, the shallower the focus of the earthquake and the closer the site
from the epicentral area, the stronger is the felt intensity. The extent of damage to buildings and other
similar structures also depends on other factors such as age, type and quality of materials used, quality of
design, mode of construction and the natural period/frequency or resonance of the structure. Most
casualties during earthquakes are from collapse of buildings and structures caused by strong ground
shaking.

The intensity of ground shaking is usually expressed in relation to the value of g, the gravitational
constant equivalent to 9.80 m/sec?. Thus, a value of 0.5g means a ground acceleration of 4.9 m/sec?.

Regional Peak Ground Acceleration Values

A collaborative USGS-PHIVOLCS study (Thenhaus, et al., 1994) estimated peak ground acceleration
(PGA) values of 0.29g for bedrock, 0.68g for hard-soil, 0.56g for medium-soil and 0.70g for soft-soll
ground conditions in Banaybanay and vicinity (Figure 2.1-25). The above PGA values have a 10%
probability of exceedance within a period of 50 years. These PGA values were calculated from potential
worst-case earthquake magnitudes that could be produced by surrounding earthquake generators.
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Figure 2.1-24. Seismicity Map in the region (Sources of earthquake data: PHIVOLCS, 2015;
SEASSE, 1985; Bautista and Oike, 2000; PHIVOLCS Active Faults and Trenches of the Philippines,

2015).
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Figure 2.1-25. Regional PGA values (Thenhaus et.al., 1994).
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Site Specific Peak Ground Acceleration Values

By using the Deterministic Seismic Hazard Analysis Approach and the Fukushima-Tanaka Attenuation
Relationship Equation (Fukushima-Tanaka, 1990), site-specific PGA values that are applicable to the site
were calculated.

The ground shaking hazard for the project site can be calculated using the Fukushima-Tanaka
attenuation relationship: logio A = 0.41M — logio (R + 0.032 - 10°4M) — 0.0034R + 1.30 where A is the
mean peak ground acceleration from horizontal components at each site, R is the shortest distance
between the site and the fault rupture and M is the surface-wave Magnitude (Ms). Fukushima and Tanaka
(1990) in their studies in Japan statistically came up with multiplication factors of 0.60 for bedrock, 1.07
for hard soil, 0.87 for medium soil and 1.39 for soft soil ground conditions.

Utilizing the fault parameters present in the region (Figure 2.1-24) and the Fukushima-Tanaka
attenuation relationship equation, gives the PGA values for the different sub-surface condition (Table 2.1-
7) applicable in the study area.

Table 2.1-7. Earthquake generators and the peak ground acceleration values that could be
generated.

é:a(;mpﬂgelge Lisizise L Medium
Fault q Site (aerial g Bedrock | Hard Soil . Soft Soil MMI
Magnitude A Soil
kilometers)
(Ms)
PFZ Mati Segment 7.1 13 0.383073 | 0.229844 | 0.409888 0.333274 0.532472 | VIII-IX
PFZ Mati Segment
Offehore 8.3 45 0.287194 | 0.172317 | 0.307298 0.249859 0.3992 VII-IX
gggm\g’ﬁft Compostela | 7 g 50 0215892 | 0.129535 | 0.231004 | 0.187826 0.300089 | VIVl
PFZ ~ Caraga River | ¢ g 34 0.178336 | 0.107002 | 0.19082 0.155152 0.247887 | VII-VIII
Segment
PFZ Central | - 4 53 0138394 | 0.083036 | 0.148081 | 0.120403 0192367 | VI-VIII
Compostela Segment
Central Mindanao Fault | 7.6 74 0.128538 | 0.077123 | 0.137536 0.111828 0.178668 | VI-VII
Davao River Fault 7.1 80 0.08351 0.050106 | 0.089355 0.072653 0.116078 | VI-VII
Tangbulan Fault 7 77 0.081923 | 0.049154 | 0.087658 0.071273 0.113873 | VI-ViI
Philippine Trench 8.3 139 0.078783 | 0.04727 0.084298 0.068541 0.109508 | VI-VII
PFZ East Compostela | ¢ o 86 0.047587 | 0.028552 | 0.050918 | 0.041401 0.066146 | V-VI
Segment
Magnitude
Earthquake (Ms)
2010 January 15 5.3 8.2 0.219102 | 0.131461 | 0.234439 0.190619 0.304552 | VII-VIII
1924 April 15 8.3 84 0.161589 | 0.096953 | 0.1729 0.140582 0.224609 | VII-VIII
1891 June 24 7.2 57 0.13608 0.081648 | 0.145606 0.11839 0.189152 | VI-ViII
1893 June 21 7.3 63 0.129346 | 0.077608 | 0.1384 0.112531 0.179791 | VI-VII
1991 November 21 6.2 32 0.127815 | 0.076689 | 0.136762 0.111199 0.177663 | VI-ViI
2013 October 14 4 5.7 0.119642 | 0.071785 | 0.128017 0.104089 0.166303 | VI-VII
1939 February 4 6 34 0.103982 | 0.062389 | 0.11126 0.090464 0.144535 | VI-VII
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Figure 2.1-26. Comparison of PGA values of the different earthquake generators near the study
area.

The above peak ground acceleration values clearly show that the potentially destructive to very
destructive earthquake generators that could affect the project site are those generated from the nearby
active faults (Figure 2.1-26). The fault with the highest PGA values is the Mati Segment of the Philippine
Fault Zone (PFZ), which is located 13 km to the east of the project site. An offshore extension of this fault
was the focus of the Magnitude 8.3 earthquake in 1924. Mati Fault and its offshore extension yielded the
worst-case potential earthquake scenario peak ground acceleration (PGA) values of 0.172-0.230g for
bedrock, 0.307-0.410g for hard soil, 0.250-0.333g for medium soil and 0.399-0.532¢g for soft soil ground
conditions. The second group of faults which has high influence in terms of PGA values includes the
Central and West Compostela Valley segments as well as the Caraga River segment of PFZ. The PGA
values are 0.083-0.107, 0.148-0.231, 0.120-0.188, and 0.192-0.300 for bedrock, hard soil, medium soil
and soft soil, respectively. Earthquakes generated by Philippine Trench, Tangbulan Fault, Central
Mindanao Fault and Davao River Fault may have less impact to the project site.

For comparison of the fault-derived PGA values to the previous ground shaking experienced in the project
area, PGA values were also derived from selected historical earthquakes with epicenters close to the
project site (Table 2.1-7 and Figure 2.1-26). The earthquakes present within 100 km radius have
magnitudes ranging from Ms 1 to 8.3 although only those with magnitude 4 and above are presented in
the seismicity map. The strongest significant earthquake is the Ms 8.3 Earthquake, which occurred
offshore about 85 km southeast from the project site on April 15, 1924. Two earthquakes associated with
the Compostela Valley Segments of PFZ occurred in June 24, 1891 and June 21, 1893 with magnitudes
of 7.2 and 7.3, respectively. A magnitude 5.3 earthquake occurred on January 15, 2010, with epicenter
located about 5.3 km northwest of the project site. Based on calculation, the resulting intensity is around
VII (MMI) at the site. The PGA values generated by these selected historical earthquakes are comparable
to the values of the second group of faults mentioned above.
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The regionally estimated PGA values are consistently higher than the above site-specific PGA values. For

safety purposes, the higher PGA values should be considered in the design of the structures to be built.

The typical earthquake intensities that could be felt near the epicenters of earthquakes using the Modified
Mercalli Intensity (MMI) scale are shown in Table 2.1-8(USGS). The possible range of intensity (MMI)
associated with the different PGA values are also shown in Table 2.1-7. based on the formula of Trifunac
and Brady (1975). Table 2.1-9 shows the comparison of the PHIVOLCS Earthquake Intensity Scale
(PEIS) and MMI. In the project site the expected earthquake intensities from the nearest fault range from
MMI VII to IX or equivalent to PEIS VII to VIII which could be described as destructive to very destructive.

Table 2.1-8. Typical intensities corresponding to earthquake magnitude (USGS).

Magnitude Typicl\r;ll Maxi_mum Modified
ercalli Intensity

1.0-3.0 |

3.0-39 -1

4.0-4.9 V-V

5.0-5.9 VI-VII

6.0-6.9 VII-1X

7.0 and higher VIII or higher

Table 2.1-9. Comparison of PEIS, MMI and JMAI (PHIVOLCS).

Intensity
Scale

Description

MMI

JMAI

Scarcely Perceptible - Perceptible to people under favorable circumstances.
Delicately balanced objects are disturbed slightly. Still Water in containers oscillates
slowly.

Slightly Felt - Felt by many individuals at rest indoors. Hanging objects swing slightly.
Still Water in containers oscillates noticeably.

Weak- Felt generally by many people indoors especially in upper floors or buildings.
Vibration is felt like one passing of a light truck. Dizziness and nausea are experienced
by some people. Hanging objects swing moderately. Still Water in containers oscillates
moderately.

Moderately Strong - Felt generally by people indoors and by some people outdoors.
Light sleepers are awakened. Vibration is felt like a passing of heavy truck. Hanging
objects swing considerably. Dinner plates, glasses, windows and doors rattle. Floors
and walls of wood framed buildings creak. Standing motor cars may rock slightly.
Liquids in containers are slightly disturbed. Water in containers oscillates strongly.
Rumbling sound may sometimes be heard.

Strong - Generally felt by most people indoors and outdoors. Many sleeping people
are awakened. Some are frightened, some run outdoors. Strong shaking and rocking
felt throughout building. Hanging objects swing violently. Dining utensils clatter and
clink; some are broken. Small, light and unstable objects may fall or overturn. Liquids
spill from filled open containers. Standing vehicles rock noticeably. Shaking or leaves
and twigs of trees are noticeable.

\

Very Strong - Many people are frightened; many run outdoors. Some people lose
their balance, motorists feel like driving in flat tires. Heavy objects or furniture move or
may be shifted. Small church bells may ring. Wall plaster may crack. Very old or poorly
built houses and man-made structures are slightly damaged though well-built
structures are not affected. Limited rockfalls and rolling boulders occur in hilly to
mountainous areas and escarpments. Trees are noticeably shaken.

Vi

VIl

Destructive - Most people are frightened and run outdoors. People find it difficult to
stand in upper floors. Heavy objects and furniture may overturn or topple. Big church
bells may ring. Old or poorly built structures suffer considerably damage. Some well-
built structures are slightly damaged. Some cracks may appear on dikes, fishponds,
road surface, or concrete hollow block walls. Limited liquefaction, lateral spreading
and landslides are observed. Trees are shaken strongly. (Liquefaction is a process by
which loose saturated sand lose strength during an earthquake and behave like liquid.

Vil

VIl

Very Destructive - People panicky. People find it difficult to stand even outdoors.

VI,
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Intensity
Scale

Many well-built buildings are considerably damaged. Concrete dikes and foundation of IX
bridge are destroyed by ground settling or toppling. Railway tracks are bent or broken.
Tombstones may be displaced, twisted or overturned. Utility posts, towers and
monuments may tilt or topple. Water and sewer pipes may be bent, twisted or broken.
Liguefaction and lateral spreading cause man- made structure to sink, tilt or topple.
Numerous landslides and rockfalls occur in mountainous and hilly areas. Boulders are
thrown out from their positions particularly near the epicenter. Fissures and faults
rapture may be observed. Trees are violently shaken. Water splash or stop over dikes
or banks of rivers.

Devastating - People are forcibly thrown to ground. Buildings are totally damaged.
Bridges and elevated concrete structures are toppled or destroyed. Numerous utility
posts, towers and monument are tilted, toppled or broken. Water sewer pipes are
IX bent, twisted or broken. Landslides and liquefaction with lateral spreading and sand | X, XI
boils are widespread. The ground is distorted into undulations. Trees are shaken very
violently with some toppled or broken. Boulders are commonly

thrown out. River water splashes violently or stops over dikes and banks.

Completely Devastating - Practically all man-made structures are destroyed.
Massive landslides and liquefaction, large-scale subsidence and uplifting of landforms
and many ground fissures are observed. Changes in river courses and destructive
seiches in large lakes occur. Many trees are toppled, broken and uprooted.

X X1

Source: PHIVOLCS web site, http://www.phivolcs.dost.gov.ph/Earthquake/Scale/peis.html
MMI: Modified Mercalli Intensity; JMAI: Japan Metrological Agency Intensity

b.) Ground Rupture

Ground rupture is a visible breaking and displacement of the Earth's surface along the trace of the fault,
which may be in the order of several meters in the case of major earthquakes. It is a major risk for large
engineering structures built on top of active faults.

Based on the active faults map of PHIVOLCS, the project site is about 13 km to the west of the Mati
Segment of Philippine Fault Zone (PFZ) (Figure 2.1-24). This fault is trending in a north-south manner. It
has an extent of about 56 km. Since this fault is of considerable distance, the site is unlikely susceptible
to ground rupture.

c.) Liquefaction and Differential Settlement

The typical soil that is susceptible to liquefaction is loose sand located near the surface and with shallow
groundwater table. During an earthquake, ground shaking causes loosely consolidated sand deposits to
contract resulting to increase in pore water pressure and reduced grain to grain effective stress (Seed,
1970). This causes loss of soil bearing capacity and makes the soil behave like fluid. In the process, there
is an upward flow of water to the ground surface where it emerges in the form of mud spouts or sand
boils. Liquefaction is usually accompanied by differential settlement and lateral spreading because of
lateral movement of the liquefied soil away from the vertically loaded area. Smaller ground settlement can
also occur after the earthquake as pore water pressures dissipate and the soil consolidates (Orense,
2003). The occurrence of sand boils can also lead to localized differential settlement.

Areas where liquefaction is likely to occur include riverbeds, old or abandoned riverbeds and meanders,
swamps and back swamps (Youd and Perkins, 1978). Alluvial plains, pyroclastic plains and coastal plains
with shallow groundwater and with silty to sandy soils are also possible sites for liquefaction.

Within the MPSA, the areas susceptible to liquefaction are the river and creeks and their associated
floodplains and terrace deposits where silty and sandy layers abound. However, this is very limited since
most of the streams are cobble to boulder dominated. The floodplains and swampy areas along the
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coasts are susceptible to liquefaction. These include the built-up areas in Barangays Maputi and
Puntalinao. The facilities that are in these areas are the stockyard, jetty and access/haul roads.

2. Mass Movement Hazard
a.) Ground Subsidence and Collapse

Vertical ground movements could be classified into subsidence and collapse. Subsidence is the slow
lowering of the land surface due to the presence of collapsible and/or expansive soils and over extraction
of groundwater or petroleum. Collapse is the relatively fast opening of the land surface and movement of
surface materials into cavities below (Orense, 2003). Sinkholes in karstic limestone are the common
example of collapse. Underground mine workings could also collapse when they are not properly
supported.

The lithology in the project site is mainly composed of ultramafics such as harzburgite and dunite. There
are no extensive soluble rocks such as limestone found in the area. These types of rocks are not prone to
dissolution and collapse. However, adits, used in the exploration works, can be present.

b.) Settlement

Ground settlement occurs when structures are built on clayey water-saturated sediments. The weight of
the structures compresses the clayey soil, removing the water and resulting to compaction and eventually
the surface subsides (Orense, 2003). Larger settlements occur in cohesive clayey soils as compared to
granular soils. The factors determining the amount of settlement are the clay mineralogy, diagenetic
changes, pre-consolidation history, structural load and foundation shape.

In the MPSA area, clayey soil layers with considerable thickness are confined in the broad ridges as
lateritic soils that will be mined for their nickel content. These soils have thickness of up to 7 m. Colluvial
soils found at the lower to basal part of the slopes are also typically clayey and are potentially prone to
ground settlement. The coastal plains, particularly the swampy areas are also prone to settlement.

c.) Landslides

Landslides may be caused by one or a combination of several factors, such as steep slopes, the
properties of the slope material, heavy rainfall, ground shaking, and river or wave erosion; however, there
is usually one identifiable trigger or event that is responsible for initiating the landslide. Rain-induced
landslides are usually triggered by extreme rainfall events that may or may not be associated with
typhoons, and commonly occur in hilly to mountainous areas with steep slopes and poor drainage. Strong
earthquake also triggers landslide.

The MPSA area is generally characterized by steep to mountainous terrain. The topographic relief is
moderate to high. Based on the 1:10,000 Landslide Susceptibility Map of MGB (Figure 2.1-27 and Table
2.1-10), the MPSA area, which includes the proposed mine sites, waste dumps and siltation ponds are in
high susceptibility zone. Most of the existing access roads, proposed haul roads and proposed drainage
canals also traverse the high susceptibility zone. The proposed pre-pile yard is within the moderate to
high susceptibility area while the proposed campsite and stockyard are situated in flat to slightly
undulating terrain with low landslide susceptibility.

Table 2.1-10. Landslide susceptibility classification of MGB.

Susceptibility Description
Areas with low to moderate slope, slight to moderate weathering, and good to very good rock
Low mass strength. Ground is stable, with no identified landslide scars, either old, recent or
active.
Areas with moderate to steep slope, moderate weathering, and fair rock mass strength. Soil
Moderate S A )
creep and other indications for possible landslide occurrence are present.
High Areas with steep to very steep slope, intense weathering, presence of usually non-cohesive
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Susceptibility

Description

soil, and poor to very poor rock mass strength. Inactive landslides evident and tension cracks
are present.

Very High

Areas with steep to very steep slope, intense weathering, presence of usually non-cohesive
soil, and poor to very poor rock mass strength. Active landslides evident and tension cracks,
bulges, terracettes, and seepage are present. Human initiated effects maybe an aggravating
factor.

Numerous landslides where identified in the 2004, 2009, 2010 and 2013 Digital Globe and 2014 and 2015
CNES-Astrium satellite imageries obtained through Google Earth (Figure 2.1-28). The landslides are
present both within and outside of the MPSA areas. This confirms the high susceptibility classification of
the project area to landslides. Most of the landslides observed in the satellite images were triggered by
heavy rainfall, one of which was due to Typhoon Pablo on December 4, 2012. They occurred in both
forested and deforested slopes. The landslide observed during the fieldwork occurred in grass/shrub
covered steep slopes (Figure 2.1-29) and were triggered by heavy rainfall in October 2015. The
landslides in vegetated areas are mostly along gullies and appear to be debris flows. Along the access
roads the landslides are associated with the instabilities caused by steep slope cut. The main channels of
the creeks are also choked with debris coming from these landslides. Some of the large debris flows have
cut the access road (Figure 2.1-30).
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Figure 2.1-27. Landslide and Flood Susceptibility Map of the Project Site (Modified from MGB, 2015).
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Google Earth
Jrovoe 2020 M Tocrrciopes 300m
Figure 2.1-28. Landslides within the MPSA area along the access road and vicinity captured in the
July 14, 2017 Maxar Technologies satellite image (accessed through Google Earth). The long

scars are debris flows (pointed by white arrows).

Figure 2.1-29. Photo of Iadslides (light brown bare areas) present in deforested slopes. These
were triggered by heavy rainfall last October 2015. This area is in Brgy. Maputi, to the south and
outside of the MPSA area.
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d e VAR . il e 1
Figure 2.1-30. Photos of slopes and landslides along the access road within the MPSA area.
Clockwise from top: highly fractured rocks prone to rockfall along the road; scar of debris flow
track; dominantly large boulders debris flow deposit in one of the stream crossing; and landslide
originating from the ridge.

Slope Stability Assessment
Rock Slopes

Preliminary assessments for potential slope failures were conducted in exposures along the existing
roads going to the mine site (Figure 2.1-31). The Slope Mass Rating (SMR) System of Romana (1993)
and the Slope Stability Probability Classification (SSPC) of Hack et al. (2002) were used to assess
instabilities of rock slopes. The inputs are the rock mass and structure characteristics, discontinuity
orientations describe in the previous sections, slope height and slope orientation. Failure of rock slopes is
controlled by two factors: the first is related to the orientation of discontinuities and the slope and
governed by the shear strength of the discontinuities. Discontinuity planes that are oriented parallel to and
at a lesser angle than the slope cut are highly prone to planar slide. The discontinuity plane becomes the
sliding plane. Slopes with two intersecting discontinuities in which the line of intersection is oriented
parallel to and at a lesser angle than the slope cut are highly susceptible to wedge slide. Discontinuity
sets that are steeply dipping in the direction opposite of the slope cut are prone to toppling failure. This
are referred as orientation-dependent stability and is considered both in SMR and SSPC systems. Slopes
cut by different discontinuity sets that are closely spaced are also susceptible to slope failure. Intact rock
strength, block size, shear strength along discontinuities and slope height influence the development of
failure planes not related to a single discontinuity set. This is referred as orientation-independent stability
in SSPC.
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In the SMR system adjustment factors for the discontinuity and slope orientation relationship and for the
effect of method of excavation were added to the basic RMR rating. Stability and suggested slope support
were derived from the SMR classes. The SSPC provides the stable slope height (Hmax) for orientation-
independent stability and probability of slope failure.

The results of the assessment are shown in Table 2.1-11. Based on SMR there are at least one
discontinuity set that makes the slope unstable either for sliding or toppling failure. Most of the slopes are
classified as partially stable to unstable and there are two slopes that are completely unstable. The
probability of these slopes to be stable are 45% and below based on SSPC. The stable slope height for
the slopes located in the foothills (Slopes 63-1 and 63-2) ranges from 15 to 20 m. The current slope
heights are only 3 to 5 m. For the slope cuts at higher elevation and steeper slopes (Slopes 65-1, 65-2,
68, 69 and 71) the stable slope height ranges only from 3.5 to 4.2 m. The probability of these slopes to be
stable is 20% and below based on SSPC if there is no slope support constructed.

Given the highly fractured nature and fair to poor classification of the rock mass in the slopes assessed, it
is expected that the rock mass in the MPSA area underlain by harzburgite and other ultramafic rocks,
such as in the waste dump areas, haul roads and mine pits have similar fair to poor rock mass
characteristics. Thus, rock slope instabilities are expected. The orientation and angle of the slope are
important factors affecting the stability of the rock masses particularly for orientation-dependent stability.
Slope height and surcharge load contributed by stockpiles will also affect slope stability of the rock mass.
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Figure 2.1-31. Photos of some of the slopes along the access road assessed for slope stability. A)
Slope 63-1, B) Slope 65-2, C) Slope 69, D) Slope 68, E and F) Slope 71
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Table 2.1-11. Results of the stability assessment in selected rock slopes.

SMR System (Romana)

SSPC System (Hack)

Slope Slope | Slope | Slope Dip Dip ) Orientation Orientation
D Dip Dirn | Height | ~ Dirn Type RMR SMR . independent dependent
® ° azi m azi Score/Class Failure Type Support Amax
m Stability Failure Stability
80 160 Js1 good 61/stable some blocks occasional
63-1 60 70 3 60 340 JS2 good 63/stable some blocks occasional 20 100% toppling 10%
85 220 JS3 fair 41/partially stable some joints or systematic
rock many wedges
70 25 Faultl fair 44/partially stable some joints or systematic
rock many wedges
40 20 Fault2 poor 32/unstable planar or big lmportqnt/
wedges corrective
63-2 60 70 5 65 90 Fault3 fair 49/partially stable | S°M€ joints or systematic 15 100% sliding 60%
rock many wedges
50 310 JS4 good 58/stable some blocks occasional
40 60 JS5 fair 15/partially stable some joints or systematic
rock many wedges
45 20 Fault4 poor 21ﬁﬁ§§g?é8|y b'gsg:ﬁlrifé or re-excavation
65-1 60 90 7 planar or big important / 35 10% sliding 5%
30 320 JS6 poor 33/unstable wedges corrective
60 | 300 357 | fair 38/unstable planar or big important /
wedges corrective
45 | 290 Js8 fair 33/unstable p'a\‘z‘é"é Oésb'g 'Qﬁfég{‘;’
65-2 60 70 6 Ianar%r bi mportant 7 4 15% sliding 45%
60 10 Js9 fair 38/unstable P 9 porta
wedges corrective
: : some joints or .
45 210 JS10 fair 41/partially stable many wedges systematic
75 260 Fault5 fair 38/unstable planar or big |mp0rta_nt/
wedges corrective
68 65 | 225 7 70 | 210 | Js11 | fair 38/unstable planar or big important / 3.3 10% sliding 45%
wedges corrective
60 | 360 | Jsi2 | fair 34/unstable planar or big important /
wedges corrective
. . some joints or .
75 330 JS13 fair 49/partially stable many wedges systematic
69 70 110 7 70 90 JS14 | fair 35/unstable planar or big important / 36 10% | toppling 40%
wedges corrective
60 210 JS15 fair 44/partially stable some joints or systematic
many wedges
71 65 | 210 6 60 | 210 | Jsi6 | fair 8/completely big planaror | o o cavation | 4.2 20% sliding 95%
unstable soil-like
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Slope | Slope
Hoe Dip Dirn
1D ° o s
azi

Slope
Height
m

SMR System (Romana)

SSPC System (Hack)

o SERrEEEss Failare Type Support Hmax T Stability Failurep Stability
45 70 JS17 fair 44/partially stable ?nog:]f/{/(\)/ Lrg;:; systematic
50 260 JS18 fair 44/partially stable ?nogrf/jv(\)/ i:(;;gsr systematic
85 290 JS19 fair 49/partially stable some joints or systematic

many wedges
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Earthquake-induced Landslides

Intense ground shaking can trigger landslides by loosening the cohesion that bonds the slope materials
together, thereby making it easier for gravity to effect failure. Hilly and mountainous areas, escarpments,
and steep riverbanks, sea cliffs, and other steep slopes are prone to landslides. A landslide may be a
rock fall, topple and slide or lateral spread.

According to Keefer (1984), the minimum earthquake magnitude that could trigger small rockfall is Ms 4.0.
Landslides involving large volume of materials require higher magnitude to be generated. Keefer (1993)
designed a flow chart to determine the susceptibility of slopes to earthquake-induced landslides based on
rock mass characteristics and slope angles (Figure 2.1-32). It was derived from well-documented
worldwide data. Based on this diagram, the susceptibility of steep to very steep rock slopes to
earthquake-induced landslides is high to extremely high. The mining areas, waste dumps and siltation
ponds are in extremely high to high susceptibility zones. This is also particularly significant in cut slopes
traversed by existing roads and proposed haul roads where the slope gradient is very steep to almost
vertical and the rocks are highly fractured (Figure 2.1-31). The proposed locations of the pre-pile yard,
stockyard, camp site and jetty have low susceptibility to this hazard.

DECISION TREE FOR SUSCEPTIBILITY OF ROCK SLOPES
TO EARTHQUAKE - INDUCED FAILURE

/ Steeper AN
&5 than25°?

_~"Intensely

£ - " -
A
EXTREMELY A Poorly

@, ~~._indurated ?,\46

HIGH , \_
J—’"’ Fissures ™~
.................................. &~ open? <4
" Fissures & 4~ Fissures ™.
" closely > < closely >
~._spaced? N8 “fa _spaced? <4
& Wel? Ty A
g N  [Low
ADJUSTMENTS [HIGH] | MODERATE |

Except for slope units

rated LOW, increase susceptibility
rating by one grade if local

OTHER TYPES OF SLOPES
Engineered slopes with reinforced retaining

topographic relief is greater than walls or retaining structures well anchored. - LOW
2000 .

Decrease susceptibility rating by Pre-existing landslide deposits lincluding

one grade if M < 6.5 and slope those on slopes gentler that 25 ) HIGH

unit is vegetated.

Figure 2.1-32. Flow chart for determining the susceptibility of rock slopes to earthquake-induced
landslides (Keefer, 1993). The slopes in the proposed mining areas, waste dumps, siltation ponds
and haul roads have high to extremely high susceptibility.

Soil Slopes

In rolling to mountainous slopes, landslides involving the upper soil layer commonly occur as a result of
prolonged and/or intense rainfall. This kind of landslide involves translational movement along planar
surface which is usually the contact between the rock and soil layers. Thus, the failure is generally
shallow, reaching only about 1 to 3 m. When the material is saturated or when its velocity increases
during transport, the initial translational sliding failure can propagate into flow, transforming the debris
slide to debris flows. Due to high mobility of debris flows, they can travel long distances depending on the
volume of materials involved and the degree of saturation. Previous studies have identified that the
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source area of debris flows is morphologically controlled (Dietrich et al., 1986; Guzzetti and Cardinali,
1992). They generally occur in concave planiform areas referred as hollows covered with thin colluvium.
Storm runoff converge in these areas leading to local groundwater concentrations above perched
groundwater tables and therefore enhances potential failure (Melelli and Taramelli, 2004).

Identification of the possible shallow debris slides and debris flow source areas was carried out in GIS
environment using the 30 x 30 m grid derived from IFSAR-DSM. The Stability Index Mapping (SINMAP)
model developed by Tarboton (1997) was used to generate the susceptible zones in terms of shallow
translational landslides that consist mostly of soil. It is based on the infinite slope stability model and
steady-state hydrology model. The data required to implement the model include soil and climate
properties that can be highly variable. The model accepts ranges of values to represent this uncertainty.
The geotechnical parameters used in the model include friction angle, cohesion factor (ratio of combined
root and soil cohesion over soil thickness and density), and the ratio of transmissivity to effective recharge
(T/R) of soils. T/R is related to the length of slope needed to attain saturation. The values of these
parameters were derived from literature. The soil type was based on the soil map produced by the
Bureau of Soils and Water Management (BSWM). There are four types of soil used in the model, namely
Camasan sandy clay loam, San Manuel silty clay loam, Malalag loam and undifferentiated mountain soil.
The mountain soil covers the MPSA area while the silty clay loam is found in the plains where the
stockyard and campsite are located. Based on the soil sample collected within the MPSA area, the
undifferentiated mountain soil was identified as clay. The range of geotechnical parameters for these
different soils is shown in Table 2.1-12.

Table 2.1-12. Geotechnical parameters of soils.

Soil Friction Angle, ° Cohesion Soil Density, T/R, m
factor kg/m3
Camasan sandy clay 26 -34 0.2-05 1,835 500 - 1000
loam
San Manuel silty clay 21-29 0.3-0.6 1,746 500 - 1000
loam
Malalag loam 28 - 36 0-0.8 2,114 500 - 1000
Mountain Soil (clay) 18 - 26 0.2-0.5 1,697 500 - 1000

The output is a stability index map showing the factor of safety at each grid location. Stability indices are
not interpreted as numerically precise but in terms of relative hazard. The susceptibility class was derived
based on the following factor of safety values: 0 to 1.0 — very high; 1.0 to 1.1 high; 1.1 to 1.25 —
moderate; 1.25 to 1.5 — low; and above 1.5 — unlikely. The possible distance that can be reached by the
landslide once the slope fails (runout) was modeled using the avalanche runout model in TAUDEM. The
landslide type is assumed as debris flows, which can reach long distances depending on the saturation of
the material. The basic input for the model is the landslide initiation point and the angle of reach, which
was derived from typical values for debris flows (Prochaska et al, 2008). The runout and accumulation
zone of debris flows are represented by the diagonal hatched area in the map.

Figure 2.1-33 shows the shallow landslide susceptibility distribution in the study area. Based on the
model the soils in steep slopes within the MPSA area have high to very high susceptibility to shallow
translational landslides. Broad ridges with gentle slopes are unlikely susceptible or have low
susceptibility. However active landslides in steep slopes can progress retrogressively to these gentle
slopes along ridges and spurs. The runout zone represents the track and accumulation zone of the
landslide deposit. Landslides coming from high elevation and steep slopes can reach distances from 2 to
3 km according to the model. As shown in the map it will reach the plains and nearby streams, even those
outside of the MPSA boundary. Depending on the volume and amount of saturation, such materials can
travel farther downstream as debris flows in conjunction with flashfloods.

Areas with loose rock and soils are the most susceptible to earthquake-induced landslides. The areas
susceptible to rain-induced shallow landslides are also highly prone to earthquake-induced landslides.
Based on the earthquake-induced landslide susceptibility map from PHIVOLCS (Figure 2.1-34), the
project site has low to high susceptibility to earthquake-induced landslide. In low susceptibility areas,
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landslide is possible if the earthquake intensity is PEIS VIII (MMI IX) or the PGA value is 0.3g. In high
susceptibility areas, PEIS VII (MMI VIII) earthquakes or those with PGA value of 0.07 could trigger
landslides. These values are within the range of PGA values that could be generated by the first group of
faults mentioned in the ground shaking section above. The proposed haul road located in gentle slopes
and pre-pile yard have low to moderate susceptibility. The stockpile yard and campsite have moderate
susceptibility.

The susceptibility of the different project components and facilities to the types of slope failure are
summarized in Table 2.1-13.

Table 2.1-13. Susceptibility to slope failure of areas that will be affected by the project.

. Rock slope
Components Shallow landslide Rock mass stability Earthquake-induced slide
- Very high; low to moderate | Fair to poor rock mass; . .
Mining area 1 along ridge partially stable to unstable Extremely high to high (Keefer)
Mining area 2 very hlgérsl,olr(l)é/vr;[ggrgoderate gﬁgﬁgﬂ:gﬁ Sc’)%fcl)%gio planar Extremely high to high (Keefer)
Waste dumps Very high slide, wedge slide and toppling | Extremely high to high (Keefer)
Haul road in
mountainous Very high Extremely high to high (Keefer)
terrain
Siltation ponds in
mountainous Very high Extremely high to high (Keefer)
terrain
Haul road in low to unlikely in flat areas Stable; most likely with thick
but with segments in runout | alluvial cover Low to moderate (Phivolcs)
gentle slopes zone
Pre-pile yard Moderate to high; within Stab!e; most I_ikely with thick Low to moderate (Phivolcs)
runout zone alluvial/colluvial cover
Unlikely but adjacent to very | Stable; most likely with thick
Stockpile yard high hazard zone; western alluvial cover Moderate (Phivolcs)
part within runout zone
Campsite Unlikely; western part within Stab!e; most likely with thick Moderate (Phivolcs)
runout zone alluvial cover
Siltation ponds in L_Jnlikely; some adjacen_t to Stab!e; most likely with thick _
flat terrain high hazard zone and within | alluvial cover Low to moderate (Phivolcs)
runout zone

The above table shows that the rock and soil slopes are currently highly prone to rain-induced and
earthquake-induced landslides even without mining activities. The trigger to slope failure can be heavy
rainfall, strong ground shaking due to earthquake, additional load due to stockpiles, steepening of slopes
or combination of these. These landslides can occur as debris flows when the materials are saturated.
Debris flows can travel long distances especially when they originate from high elevation with steep
slopes.
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Figure 2.1-33. Shallow landslide susceptibility map generated using SINMAP software.
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3. Volcanic Hazard

There is no nearby active volcano close to the project site. The nearest active volcano is Mt. Leonard
Kniassef in Maco, Compostela Valley (Figure 2.1-35). It is about 37 km north-northeast of the site.
According to the volcano database of PHIVOLCS this is a stratovolcano composed of andesitic to dacitic
rocks. Lake Leonard is a caldera lake found on the crater of this volcano. There are thermal areas with
hot springs on its slopes. The age of the youngest deposit is 1,800 before present based on Carbon 14
dating. A monitoring expedition conducted in 1995 did not record any volcanic activity.

Mt. Matutum is another active volcano located in South Cotabato, which is about 128 km to the southwest
of the project site. According to the volcano database of PHIVOLCS this is a stratovolcano composed of
andesitic rocks. Its latest eruption was on March 7, 1911.

If ever these volcanoes will erupt in the future, the volcanic hazard that could affect the site is the fall of
volcanic ejecta or tephra. This could include ash and gravel-size fragments, called lapilli. Lapilli are
deposited near the flank of the volcano while ash could travel for very long distance when picked up by
the prevailing wind current. The amount of tephra that could affect the site is dependent on the amount of
ejected materials and the prevailing wind condition. Ashfall can cause significant damage to buildings,
transportation, water, wastewater, power supply, communications equipment, agriculture and human
health.
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4. Occurrence of Disasters

The incident of natural disasters in Mindanao is increasing in recent years. It is not usually affected by
typhoons but there were at least two occurrences that resulted to disasters within the past ten years. It is
expected that the flood magnitude, frequency and consequently sediment yield of the rivers will increase
due to the projected increase in rainfall during the wet season because of climate change (DOST-
PAGASA, 2011). Eastern Mindanao is also transected by active faults and close to the Philippine Trench
where at least one earthquake with magnitude above 8 was recorded in the past. The least of disasters
that occurred in the region where the project site is situated is listed in Table 2.1-13-1.

Heavy rainfall due to northeast monsoon and tail end of the cold front is already common in the eastern
seaboard and caused disasters. This is usually the cause of the almost annual flooding experienced in
Davao Oriental including the town of Banaybanay.

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation Page | 2.1- 56



PHILKAIRQS, Incorporated

Table 2.1-13-1. List of disasters that affected the region.

Geologic and Hydro-

Date meteorologic Hazards Cause Extent Impact
. Heavy rainfall due to Tail End . Four houses totally damaged, 1 dead, 2 missing, 2 injured in
January 26, Flashflood, River of Cold Front starting on Reglongl, mostly_ eastern part of Manay, Davao Oriental; blocked roads due to landslides in Mati,
2019 Flood, Landslides Davao Oriental facing Philippine Sea
January 19 Tarragona and Caraga
March 18, Flashflood, River Heavy rainfall due to Troprical Regional, eastern and southern part . g . . .
2019 Flood, Landslides Depression Chedeng of Davao Oriental Evacuation of about 920 families in Mati City, San Isidro, Cateel;
Magnitude 6.4 Earthquake with
September Ground shaking and epicenter in Manay, Davao Regional mostly in municipalities of Damaged buildings, houses and roads; rockfalls along highways;
8, 2018 landslides Oriental; 57 km east of Tarragona, Manay and Mati City Intensity VI in Banaybanay;
Banaybanay
June to Flooding coincident Frequent heavy rainfall Local, Banaybanay and adjacent WaIS;rfg ?:r(rf; i?j?apcfekr)\?(tjos IE/:ILat;)u;Li.SRiTe(rjier? tgzg?/ﬁel\/(l:;%cﬂltfilse;%mds
July, 2016 with high tide municipalities facing Davao Gulf Kalangawan River in Brgy. Causwagan, Banaybanay
. Waist deep flood in Mapagba River lasting for almost 12 hours;
ZOg;gber 3, Flashflood Heavy rainfall Iﬁjﬁ'&?gﬁ?gg?:g% ag(;\z;\;jéacc;rrft affected Purok 8 of Sitio Trinidad and Sitio Mapagba; two houses
P g destroyed due to riverbank erosion
. . . 10 fatalities, 25 injured and 1 missing in Davao Oriental mostly due
January 17, Flashflood, River Heavy rainfall due to Typhoon Regional, mostly eastern part of o I :
2014 Flood, Landslides Agaton from Jan 17 to 20 Davao Oriental facing Philippine Sea to landslides; 10 families freo\?;clul;téggngay in Banaybanay were
. Heavy rainfall due to Tropical .
February Flashflood, River ; s Regional, eastern and southern L . . )
18, 2013 Flood, Landslides Depression Crising from Mindanao Flooding in low-lying areas along rivers in Banaybanay
February 18 to 21
Flashflood, River Regional, mostly eastern part of 537 fatalities, 2271 injured and 51 missing in Davao Oriental; mostly
December Flood, Landslides Tvohoon Pablo Davao Oriental facing Philippine Sea in Baganga, Boston, Cateel; 651 fatalities in Davao de Oro mostly
4, 2012 (debris flows), Storm yp and and upland municipalities of from New Bataan; 42 families affected in Banaybanay by flood and
Surge Davao de Oro landslides
Flashflood, River . Local, Banaybanay and adjacent Evacuation of about 144 families from different barangays of
July 4, 2012 . Heavy rainfall R .
Flood, Landslides municipalities facing Davao Gulf Banaybanay
December Flashflood, River Heavy rainfall due to Typhoon Regional, northern and eastern Flashfloods and localized flooding; Debris flows in Bukidnon and
16, 2011 Flood, Landslides Sendong from Dec 14 to 17 Mindanao Cagayan de Oro
October 10, Heavy rainfall due to Tropical . .
2011 Flood Storm Ramon from Oct 9 to 12 Regional, eastern Mindanao
. Heavy rainfall due to Tropical
March 19, Flashflood, River Depression Caloy Crising from Regional, eastern Mindanao Around 35 fatalities in Surigao del Sur
2002 Flood, Landslides
March 19 to 25
May 9, Flashflood, River Heavy rainfall due to Typhoon . .
2001 Flood, Landslides Crising from May 9 to 14 Regional, eastern Mindanao
January 1 Ground shaking and Magnitude 7.2 Earthquake;
yL AKIng epicenter 91 km southeast of Regional, eastern Mindanao Intensity VI in Banaybanay
2001 landslides
Banaybanay
2000 Flashflood Heavy rainfall Loca], _Bar)a}ybanqy and adjacent Waist deep flood occurred in Brgy. Causwagan
municipalities facing Davao Gulf
. Magnitude 6.2 Earthquake;
November Ground sha}kmg and epicenter 32 km west of Regional, eastern Mindanao Intensity VII in Banaybanay
21,1991 landslides
Banaybanay
September Flashflood, River Typhoon Nitang Regional, eastern portion of Around 1000 fatalities in Surigao del Norte; 119,000 families
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Geologic and Hydro-

Date meteorologic Hazards Cause Extent Impact
1, 1984 Flood, Landslides, Mindanao, Visayas; landfall in affected
Storm Surge Surigao del Norte - Dinagat area
. Magnitude 6.2 Earthquake;
January 10, Ground she_iklng and epicenter 48 km east- Regional, eastern Mindanao Intensity VI in Banaybanay
1970 landslides
southeast of Banaybanay
. Magnitude 6.5 Earthquake;
June 16, Ground sha}klng and epicenter 34 km east-northeast Regional, eastern Mindanao Intensity VII in Banaybanay
1941 landslides
of Banaybanay
. Magnitude 6 Earthquake;
February 4, Ground sha}klng and epicenter 34 km east-northeast Regional, eastern Mindanao Intensity VII in Banaybanay
1939 landslides
of Banaybanay
. Magnitude 6.9 Earthquake;
Tg vir)r;t;er Grou?:nzzﬁﬂég;g and epicenter 65 km south of Regional, eastern Mindanao Intensity VI in Banaybanay
' Banaybanay
. . Magnitude 8.3 Earthquake;
April 14, Ground she_\klng and epicenter 84 km southeast of Regional, eastern Mindanao Intensity VII in Banaybanay
1924 landslides
Banaybanay
. Magnitude 7.5 Earthquake;
igi)guary £ Grou?:nzzﬁ\lgler;g and epicenter 84 km southeast of Regional, eastern Mindanao Intensity VIl in Banaybanay

Banaybanay
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F. Inducement of Geologic Hazards
1. Seismic Hazard
a.) Ground Shaking

Mine development and construction of facilities will result to the introduction of new elements at risk to
strong ground shaking. The design of mining pit, waste dumps, siltation ponds, buildings, haul roads and
access roads must incorporate the computed PGA values. Slope stability assessment must include
pseudo-static analysis to determine the effect of ground shaking and incorporate it in slope support.
Design and construction of buildings in the camp site must strictly follow the building/structural code.

b.) Liguefaction, Differential Settlement and Lateral Spread

The stockyard, jetty and segments of access/haul roads are close to the streams and underlain by alluvial
and beach deposits. During construction and operation phase, hauling of laterite from stockyard to jetty
could cause localized liquefaction in the sediments beneath the road due to dynamic loading (vibration).
This could cause differential settlement that would create cracks on the surface or pavement. Differential
settlement in these areas due to liquefaction may result to the flow of sediments towards existing
waterways. Geotechnical study must be conducted to know the potential to liquefaction of the different
sand layers, their extent and to determine the possible mitigating measures. Artificial fill must be
sufficiently compacted prior to construction of structures. Roads must be properly compacted during
construction. Slopes in liquefiable areas must be supported to prevent lateral spread.

2. Mass Movement Hazard
a.) Ground Subsidence

Adits used in mineral exploration phase can induce ground collapse or subsidence when left unsupported
once the exploration phase is finished. As mentioned in the project description the proponent will include
the rehabilitation of abandoned adits. It must be completely backfilled to minimize collapse of surface
materials. The ground above the adits must be monitored for signs of subsidence like occurrence of
circular tension cracks. If present, runoff coming upslope must be diverted away from this area by
constructing cutoff drains and channel it to nearby natural drainage.

b.) Settlement

Construction of facilities such as the stockyard, waste dumps, pre-pile yard, campsite, siltation ponds,
jetty and access/haul roads on top of thick clayey soil will lead to compaction and settlement. Differential
ground movement can destroy the gradient, affect drainage lines and can promote water ponding.
Geotechnical study must be conducted to know the compressibility of the clay layers and determine the
possible amount of settlement. Artificial fills must be sufficiently compacted. The appropriate type of
foundation as determined by the geotechnical study must be implemented.

c.) Landslides

Mine development and construction will induce slope failures. The rehabilitation of access roads and
construction of new haul roads, waste dumps, siltation ponds and mining itself will create new slope cuts
which will steepen the slopes in the mountainous terrain. The topsoil and overburden stockpiles in the
waste dumps will create surcharge load in the already unstable slopes. Based on the site development
plan, there are siltation ponds located in steep slopes and gullies. The main purpose of siltation pond is to
collect sediments and water to allow the sediments to settle. The additional weight of sediments and
water in siltation ponds will also add load to the slope. Based on the topographic map and ocular
inspection, the relatively gentle slopes are located along ridges. Gentle slopes with enough space for
siltation ponds maybe limited to none along gullies. Construction of siltation ponds in gullies will also
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block the flow of water. The location of waste dumps can also block gullies. During heavy rainfall
ephemeral streams usually form and can erode the siltation ponds and waste dumps causing breaching
and generation of debris flows and flashfloods that can travel long distances downslope. Construction of
drainage lines will remove the clayey soil. In areas with shallow bedrock this can promote rapid seepage
going to the rock fractures. This will increase hydrostatic pressure in the slope and can lead to slope
failure. Clearing of vegetation at the onset of the operation will reduce the total soil cohesion due to the
removal of cohesion contributed by plant roots. Construction of benches, removal of soil and overburden,
and extraction of ore during operation will all steepen the slope. The benches are usually vertical to
maximize the volume of material that will be extracted. Transport of ore from the mine site to the pre-pile
yard, stockyard and jetty will contribute dynamic load to the slopes due to passage of trucks carrying the
ore. Steepening of slopes decrease in cohesion, addition of static and dynamic loads and increase in
hydrostatic pressure will decrease the factor of safety and aggravate instability and will lead to slope
failure.

The proponent will undertake progressive rehabilitation of mined out areas after five to six months of
operation and will initially commenced in 10 hectares area. Reshaping of the mined-out area to a stable
slope angle will restore slope stability. Backfilling of overburden and topsoil following its original
stratification will reduce infiltration into unfavorably oriented rock fractures. Construction of efficient
drainage system will divert away from unstable slopes surface runoff and channel it to natural drainage.
Installation of coco nets and planting of fast-growing native vegetation will minimize erosion. Plant roots
will again contribute to soil cohesion.

Impact Mitigation

Detailed and site-specific geotechnical study must be conducted by a competent geotechnical engineer in
all critical areas such as in the proposed mine pit, waste dumps, siltation ponds and haul roads with slope
height of 3 m and above. This must include detailed mapping of slopes and slope stability assessment
using kinematic analysis, limit equilibrium and finite element methods. Geotechnical drilling is necessary
to gather site-specific geotechnical parameters of soils. This study will serve as the basis for determining
the stable slope design and the appropriate slope support and protection measures for soil and rock
slopes. To illustrate, the suggested slope support based on the SMR classes of Romana (1993) is shown
in Figure 2.1-36. For the slopes classified as unstable, the slope support that must be installed include
reinforced shotcrete in combination with anchors or concrete ribs or retaining wall. For completely
unstable slopes it is necessary to re-scale and decrease the slope angle. In partially stable slopes nets
and systematic bolting must be installed. The base of the waste dumps and fill portions of haul roads will
most probably require retaining structures or toe buttress. Large boulders are suitable as buttress while
small boulders can be used to build gabion walls.

Obviously slope support is not applicable in active mining areas. However, a lower effective slope angle
(as determined in the detailed slope stability study) must be maintained for the entire pit to decrease the
probability of large slope failure. The 3 m wide berms are probably not sufficient to catch the materials
coming from the slopes of 3 to 5 m high benches in case of slope failure.

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation Page | 2.1- 60



PHILKAIRQS, Incorporated

Protection Reinforcement  Concrete
100

Fully
stable

{Scaling)

None

Scating
80

{Diteh or fence)

Ito (Spot bolting)

Stable

{None)

Nets
Bolting

b

60

{Systematic bolting)

Oitch and/or nets
Bolting
Spot shatcrete

{Spot)

IIla

{Spot bolting)

(Nets})

Partially

{Toe ditch)

stable

Systematic bolting
anchors
Dertal cencrete

Hrb

40
Anchor, systematic
shotcrete

Wall. Concrete ribs
Drainage

1Va

{Shotcrete)

(Reinforced) |
(Concrete)

Unstable

(Anchors)

wall Concrete ribs
Deep drainage

(Toe wall)

Vb

20

(Reexcavation)

Gravity wall
Anchored wall

Fully

unstable

Not possible
Vb

o}
Figure 2.1-36. Recommended slope support and protection based on SMR (Romana, 1993).

All slopes must be provided with enough drainage to catch runoff and divert it away from unstable areas.
This include slope ditches that will catch runoff originating from upper slopes and channel it to cascades
(down-slope or stepped channels) and catch pits and eventually to the main or natural drainage system.
The ditches must be lined with concrete to avoid infiltration. Regular maintenance of the slope drainage
system must be conducted to facilitate smooth flow of water down slope particularly after heavy rainfall.
Vegetation growth near drainage lines must be constantly monitored. Large trees with wide root system
must not be planted close to the drainage system because the roots will damage the concrete lining.

The impact of debris flows will be minimized by installing debris flow control structures along its track
particularly in upper slopes. The bulk of the materials carried by debris flows will be prevented from
reaching the foot slopes by constructing series of check dams upstream along the possible debris flow
track instead of siltation ponds as indicated in the site development plan. These dams will collect the
large debris and allow the passage of finer sediments and water. The siltation ponds located in stable
areas downstream will collect the finer sediments and water. The dams can be built using gabions,
reinforced concrete or timber in smaller channels. Maintenance is needed after each debris flow event to
make sure that there is enough space for future debris flow deposits. Formation of landslide dam in
narrow channels with steep banks must also be monitored and a warning system must be developed to
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alert residents downstream. Sudden breaching of landslide dams will cause extensive debris flows
depending on the accumulated volume of debris.

3. Volcanic Hazards

In the event of a volcanic eruption of nearby active volcanoes, ashfall can affect the project site and
accumulate on roofs of buildings, roads and drainage systems. Ashfall will reduce visibility and will make
the roads slippery when wet and dusty when dry. Thick ash accumulation must be immediately removed
to prevent overloading and collapse of lightweight roof structures. It must be removed from roads
immediately to prevent accidents. It must be flushed out from the water tanks, pipes, drainage systems
and other water conveyances since it will clog these structures. It must be collected and stored in waste
dump areas.
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Potential impacts and options for prevention or mitigation or enhancement

The impact of the project to geology, geomorphology and geologic hazards and the corresponding
mitigating measures are summarized in Table 2.1-14, 2.1-15 and 2.1-16.

Table 2.1-14. Impact on Geomor

phology

ACTIVITY |

IMPACT

MITIGATING MEASURES

PRE-CONSTRUCTION PHASE

Existing land condition
due to previous Ni laterite
mining and exploration

Land degradation as a result of landslides
and erosion within the MPSA area due to
unmaintained roads

Prioritize the rehabilitation of existing
roads, landslide areas and drainage
canals

Erosion of laterite in

Causwagan Block

stockpiles

Cover stockpiles with plastic sheeting;
construct perimeter sediment Dbarriers;
Divert upstream drainage away from the
stockpiles; install drainage canals and
settling pond;

CONSTRUCTION PHASE

Rehabilitation of access
roads

Construction of haul
roads, waste dumps,
siltation ponds, drainage
lines

Steepening of slopes which will promote
instabilities;

Creation of level areas in waste dumps,
stockyard, pre-pile yard, campsite which
are prone to water ponding;

Natural flow paths will be changed with the

Provide slope stability measures to

prevent or minimize slope failure

Flat areas will have sufficient gradient to
direct runoff towards drainage lines

Natural flow paths will be restored during

construction of new drainage lines rehabilitation; diversion canals will be
redirected towards original  natural
Siltation ponds will introduce depressions | waterways
in topography
OPERATION PHASE
Survey and exploration
Clearing and grubbing of | Exposure of surface to heavy rainfall will | Limit disturbance and removal of

vegetation

lead to erosion

vegetation within the identified mining area
scheduled for operation

Construction of benches
in mining area

Removal of topsoil and
overburden

Ore extraction and

loading

Steepening of slopes which will promote
instabilities;

Design gradient of active mining pit is 10%
on the average but can increase to 12 up
to 15% depending on the deposit; gradient
must not exceed the natural slope along
the ridge (8 to 30%)

Stockpiling in pre-pile
yard and waste dumps

Ore hauling to and
stockpiling in stockyard

Stockpiles will create mounds in the
landscape which could be destabilized by
heavy rainfall and earthquake;

Limit the stockpiles to a stable height and
gradient; stockpiles which will not be used
immediately must be protected from
rainfall by covering with plastic sheeting or
stabilized using coco net and vegetation

Ore hauling to barges

Shipping and loading to
mother vessel

REHABILITATION PHASE

Reshaping of mined-out

Backfilling of overburden
and topsoil

Will lessen slope gradient;

Will remove the temporary mounds in the
stock yards, waste dumps;

Rebuild slope to a stable angle similar to
the natural slope before mining

Backfilling of siltation ponds

Natural flow paths will be restored during
rehabilitation; diversion canals will be

redirected towards original natural
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waterways;

Construction of efficient
drainage system lined
with concrete

Will divert runoff away from unstable
slopes and will reduce infiltration;

Ensure that the drainage canals are wide
enough to accommodate the size of
sediment and debris present;

Installation of coco nets

Will protect soil from erosion; will increase

Planting of fast-growing
native vegetation

total cohesion due to root cohesion

Trees must not be planted close to
drainage canals so that roots will not
destroy the concrete lining

Table 2.1-15. Impact on Subsurface Geology/ Underground Conditions

ACTIVITY

| IMPACT

| MITIGATING MEASURES

OPERATION PHASE

Construction of benches
in mining area

Fresh to slightly weathered bedrock will be
exposed to different agents of weathering;

Removal of topsoil and
overburden

water will infiltrate the fractures and
accelerate weathering; will degrade the

Ore extraction and

loading

rock mass quality

Overburden and topsoil in waste dumps
will increase lithostatic pressure in
underlying rocks

Implement progressive rehabilitation
immediately in mined-out areas to restore
natural cover;

Removal of overburden and topsoil from
waste dump during rehabilitation will
decrease the lithostatic pressure

REHABILITATION PHASE

Backfilling of overburden
and topsoil

Clayey soil will limit water infiltration to
fractures and fresh rock;

Topsoil and overburden will be compacted
similar to compaction level before mining;

Table 2.1-16. Impact on Geolog

ic Hazards

ACTIVITY

| IMPACT

MITIGATING MEASURES

PRE-CONSTRUCTION PHASE

Existing land condition
due to previous Ni laterite
mining and exploration

Land degradation as a result of landslides
and erosion within the MPSA area due to
unmaintained roads

Prioritize the rehabilitation of existing
roads, landslide areas and drainage canals

Erosion of laterite in

Causwagan Block

stockpiles

Cover stockpiles with plastic sheeting;
construct perimeter sediment barriers;
Divert upstream drainage away from the
stockpiles; install drainage canals and
settling pond;

CONSTRUCTION PHASE

Rehabilitation of access
roads

Construction of haul
roads, waste dumps,
siltation ponds, drainage
lines

Ground Shaking
Introduction of new elements at risk

Liquefaction, differential settlement, lateral

spread
Vibrations can contribute to dynamic load
and cause liquefaction in  highly

susceptible soils

Landslides
Steepening of slopes along roads; addition
of load in slopes where cut materials will
be stored;

Incorporate the computed PGA values in
the design of mining facilities; include
pseudo-static analysis in slope stability
assessment.

The building/structural code in design of
buildings and other structures will be
followed.

Conduct geotechnical study to determine
liquefiable  layers and appropriate
mitigation

Conduct detailed slope stability study;
install appropriate slope support and
protection such as rockbolts, anchors,
shotcrete, cribwalls and retaining walls; cut
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Steepening of slopes in qgullies to
accommodate siltation ponds; blockage of
flow or reduction in cross sectional area of
channel along gullies; addition of load due
to accumulated water and sediments;
breaching will cause debris flow and
flashfloods;

Location of waste dumps will block gullies
and the natural drainage

Removal of clayey soil will promote
seepage to rock fractures leading to rapid
saturation of slopes

materials will be used as fills to widen the
road; backfilled slopes will be protected by
retaining structures; drainage systems will
be built; maximum weight of stockpiles
must be incorporated in the design; rock
buttress will be used as foundation and
support in waste dumps; its stability will be
verified by geotechnical study

Large capacity siltation ponds will be
constructed in stable areas at the
footslopes; series of check dams will be
constructed in gullies to catch large
sediments and debris and allow passage of
finer materials and water;

Natural waterways will remain open;
dumping of overburden and wastes must
be limited in the stable slopes; cut-off drain
will be installed on the slope immediately
above the waste dumps to divert runoff to
natural drainage areas.

Drainage canals with the appropriate size
and lined with concrete will be constructed.

OPERATION PHASE

Survey and exploration

Ground Subsidence
Adits used in mineral exploration will

Adits will be completely backfiled to

induced ground collapse when left | minimize collapse of surface materials;

unsupported monitor occurrence of circular tension
cracks above adits; divert drainage away
from this area;

Landslides Monitoring and mapping of unstable slopes

None indicated by presence of tension cracks,
bulges, seepages etc.

Clearing and grubbing of | Landslides

vegetation

Reduction of total cohesion due to
removal of cohesion contributed by plant
roots;

Limit  disturbance and removal of
vegetation within the identified mining area
scheduled for operation

Construction of benches | Landslides
in mining area Steepening of slopes will promote | Construct temporary diversion ditches to
instabilities divert runoff away from unstable benches;
monitor development of tension cracks,
bulges, seepages etc.; provide slope
support if needed
Removal of topsoil and | Landslides
overburden Steepening of slopes will promote | Construct temporary diversion ditches to
instabilities divert runoff away from unstable benches;
monitor development of tension cracks,
bulges, seepages etc.; provide slope
support if needed
Ore extraction and | Landslides
loading Steepening of slopes will promote | Construct temporary diversion ditches to
instabilities divert runoff away from unstable benches;
monitor development of tension cracks,
bulges, seepages etc.; provide slope
support if needed
Stockpiling in pre-pile | Landslides

yard and waste dumps

Dynamic load in slopes due to passage of

Monitor development of tension cracks,
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trucks carrying the ore

Creation of mounds that be

susceptible to slope failure

can

bulges, seepages along haul and access
roads; divert drainage away from tension
cracks and unstable slopes; provide slope
support if needed

Limit the stockpiles to a stable height and
gradient;

Ore hauling to and
stockpiling in stockyard

Ore hauling to barges

Liguefaction, differential settlement, lateral
spread

Hauling of materials will create dynamic
load that can generate liquefaction in
highly susceptible areas

Settlement

Stockpiles will transfer heavy loads to
clayey soil and induce ground settlement;
hauling will also induce settlement in roads
on top of clayey soils

Landslides
Dynamic load in slopes due to passage of
trucks carrying the ore

Creation of mounds that be

susceptible to slope failure

can

Roads will be adequately compacted;
embankments in liquefiable areas wiill be
supported to prevent lateral spread

Geotechnical study will be conducted to
determine the compressibility of clayey
soils and the appropriate foundation
treatment to avoid settlement; artificial fills
must be sufficiently compacted

Monitor development of tension cracks,
bulges, seepages along haul and access
roads; divert drainage away from tension
cracks and unstable slopes; provide slope
support if needed

Limit the stockpiles to a stable height and
gradient;

Shipping and loading to
mother vessel

(Event that can occur
anytime)

Volcanic Eruption

Ashfall can affect project site and cause
low visibility, slippery/dusty roads, clogged
drainages, heavy load on roof

Immediately remove accumulated ash from
roof, roads and drainages; store in secured
dump areas

REHABILITATION PHASE

Reshaping of mined-out
area to a stable slope
angle

Landslides
Positive impact; will restore slope stability

Slope design will be based on the detailed
slope stability study; install appropriate
slope support and protection if needed

Backfilling of overburden
and topsoil

Landslides

Addition of load but lesser impact if stable
slope angle is attained; presence of clayey
soil will decrease infiltration to rock
fractures

Ensure that a stable slope angle is attained
considering the load due to overburden
and topsoll

Construction of efficient
drainage system lined
with concrete

Landslides

Positive impact; will restore slope stability;
will divert runoff away from unstable
slopes and will reduce infiltration

Ensure that the drainage canals are wide
enough to accommodate the common size
of sediment and debris present; trees will
not be planted close to drainage so that
roots will not destroy the concrete lining

Installation of coco nets

Landslides
Positive impact; will protect soil from
erosion and help plants to recover

Ensure that the drainage canals are wide
enough to accommodate the common size
of sediment and debris present; trees will
not be planted close to drainage so that
roots will not destroy the concrete lining

Planting of fast-growing
native vegetation

Landslides

Positive impact; will protect soil from
erosion; will increase total cohesion due to
root cohesion

Trees will not be planted close to drainage
canals so that roots will not destroy the
concrete lining

Decommissioning of
siltation ponds

Will remove external load due to water and
accumulated sediments

Backfilling of siltation ponds once the
mined-out area is completely rehabilitated;
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2.1.3 Pedology
A. Baseline Condition of Pedology

This section describes the properties and characteristics of the soils within the study area located inside
the Mineral Permit Sharing Agreement (MPSA) of Riverbend Consolidated Mining Corporation (RCMC).
The report is focused on the baseline condition of the soils, identification of major soil type, soil
capabilities and its suitability criteria to support the proposed mining. The anticipated impacts as a result
of the proposed nickel laterite mining project to the soil chemical properties, including the mitigation of the
mining impacts are also discussed.

The specific objectives of this study are the following:
e To understand the physical and chemical characteristics of the soils in the area;
e Assess the suitability of the physical and chemical characteristics of soils to the development of
the nickel laterite mining project;
¢ Identify the potential impacts of the nickel laterite mining project to the existing pedologic
conditions of the area; and
e Provide appropriate mitigation measures to address the identified potential impacts to the saoil

1. Background

Drastic use and poor management of soil resources not only for agriculture but also for mining can lead to
soil degradation, a process that lowers the capacity of soils to produce goods or services. The soail
deterioration process has tremendous consequences considering the important functions of soils for plant
production, buffering, transformation, filtering, geogenic, cultural heritage and infrastructure. Detailed
understanding of the characteristics and fertility status of the soils are important in the planning suitable
soil management strategies needed for sustainable and suitable land management, particularly in areas
that will be used for mining operations. Such knowledge can be obtained through quantitative appraisal of
the soil properties, including the assessment of soil fertility status prior to the start of the nickel laterite
mining development and operation. Together, these reasons justify the need to include the soil or
pedological component in the environmental impact assessment as the properties and characteristics of
the soils will determine how the present land use will have a significant impact on soil quality and, in turn,
determine its suitability in terms of the development and operation of the proposed nickel laterite mining
project.

This baseline assessment will help determine the suitable control or mitigation measures that will address
soil concerns during the construction and operations phase of the project. Key findings of this study, its
impact including the mitigation of such impacts are presented in the succeeding sections.

2. Materials and Methods

These subsections present the fieldwork, laboratory analysis, and gathering of supplementary or
secondary data from published technical report, methods of soil analysis and relevant peer-accepted
standards and guidelines by which to interpret and compare the results.

a.) Field Methods

A total of 9 soil samples from various locations were collected during the field survey conducted on
September 2016 (Fig. 2.1-37). Table 2.1-17 summarizes the location where the soil samples were
collected at the nickel laterite mining site.

Soil samples were collected from the surface soil (Figs. 2.1-38 and 2.1-39). Approximately 1 kg of soil
samples was collected per sample site and packed in plastic cellophane which was sealed airtight and
labelled accordingly before being sent to the FAST Laboratories for chemical analyses.
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b.) Laboratory Methods

Soil samples were submitted for chemical analyses to FAST Laboratories in Cagayan de Oro, City.
Briefly, the analytical methods for each analyte and the purpose of the analyses are presented in Table

2.1-18.
Table 2.1-17. Soil sampling location, elevation, slope type, soil description and parent material
. . . Soil
Sample Longitude | Latitude | Elevation Slope ]
No. (N) E) (m) Classification | Description déﬁ:;‘ Parent material
MPT-01 126° 0’ 40” 7° 3 45" Reddish 7 Ultramafic rock,
579 >50%; Very brown, silty Harzburgite
Steep
clay
MPT-02 126°0' 23" | 7° 3 51”7 578 30-50%; Steep Brown, silty 4-6 UItramafic; rock,
clay Harzburgite
CWG-03 126° 1’6 7°1 41 18-30%; Rolling brzsv?wdlilgy 5-7 ;Jlljt;?tr;aflc rock,
242 to Moderately : y
Steep with soft black
kernels
CWG-04 126° 1" 17” 7° 043" 3-8%; Gently Brown, fine 0.5-1 | Alluvial deposit
37 Sloping to sand to silt
Undulating
CWG-05 126° 1 1” 7° 0’ 56” . Dark brown, 1-3m | Clastic
63 0-3%; Level to silty clay sedimentary
Nearly Level rock
MPT-06 126° 0 17 7°12 8-18%; Dark brown, 1-2 Alluvial deposit
15 Undulating to silty clay
rolling
PTG-07 125°57° 11" | 7° 4’ 57" 3-8%; Gently Brown, silty 1-2 Alluvial deposit
25 Sloping to clay
Undulating
PTG-08 125° 57° 58" | 7° 3 58” 8-18%; Brown, silt 0.5-1 | Alluvial deposit
58 Undulating to with pebbles
rolling
PTG-09 125° 5842 | 7° 3 22" Reddish 4-6 Ultramafic rock
630 30-50%; Steep brown, clay
MPT-10 125° 58’ 55" | 7° 1’ 59” 8-18%; Very dark 1-2 Colluvial deposit
25 Undulating to grey, clay
rolling loam
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Figure 2.1-37. Soil sampling stations and BSWM soil map (NAMRIA geoportal, accessed on July 2020).

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation Page | 2.1- 69



5
&
&7
oY
%,

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation Page | 2.1- 70



Figure 2.1-39. Photo of the area where the surface soil samples were collected.

Table 2.1-18. Chemical soil parameters, analytical

methods and purpose of the analysis

Pb, Cu, Fe, Mg, Cd,
Cr

Extraction-Flame AAS

Chemical properties Method Purpose

pH (water) Electrometry Potential nutrient supply, alkalinity or acidity of
the soils

Nitrogen Kjeldahl Potential N supply

Organic matter (OM) | Walkley-Black Nutrient availability, influences soil pH, cation
and anion exchange capacity, soil stability and
permeability, structure of the soil, and other
relationships with other physical, chemical and
biological properties

Total phosphorus Modified Troug Potential P supply

Potassium Extraction-Flame AAS Nutrient supply

Metals:

Availability when correlated with plant
response, identification of toxicities and
antagonistic effect

Metals:
Hg, As

Cold Vapor AAS

Silverdiethyldithiocarbamate

c.) Supplementary Information

The soils were classified using the Soil Map of the Philippines (Manila Observatory, 2012). The land

capability classifications were made following the guidelines for arability and land capability categories
from the USDA Land Capability Classification System and Food and Agriculture Organization (FAO).
Land capability was also determined based on the soils’ physicochemical characteristics, slope and

landform association and the current land use.

d.) Criteria /Standard for Comparison

The following international standards as reference values were used in the study to determine the
geochemistry of the soils.
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Global Average Shale Values

In the absence of the site-specific standard for heavy metal concentrations in the soil, the Average Shale
Value (ASV) is used as reference to elucidate the relative enrichment of known heavy metals
concentration, which may have practical implications directly to the health of the workers or cause
environmental distress when liberated. The ASV is based on the works of Turekian and Wedepohl (1961)
by establishing the distribution of major elements from some major units of the earth’s crust. ASV is used
as proxies for typical baseline concentrations of heavy metals in the soil due to the lack of standard
values in the local setting. The use of this ASV proxy for measuring the enrichment of heavy metals in the
soils has been accepted locally such as on the Philippine coastal and inland sediment sources (Li, 2009).

Geo-accumulation index

To assess the enrichment levels of the different heavy metals in soils, the geo-accumulation index (lgeo)
was calculated from the ASV and the obtained concentrations from the laboratory analysis. The lgeo is a
guantitative measure of the enrichment level of heavy metals and it allows for rating the soil quality from
un-enriched to extremely enriched based on the ratings described by Muller (1981). The original Miller
ratings have attributes from unpolluted to extremely polluted, but these attributes were modified in the
present study to exclude the confusion that the present environmental concentrations are of
anthropogenic in origin.

The lgeo is calculated using the formula:
lgeo = l0g2 (Cn/1.5*Bn)
where, Cn = measured concentrations
Bn = baseline concentration (shale)

e.) Assumptions and Limitations

It should be noted that the relative enrichment of heavy metals in the soils was determined using the geo-
accumulation indices through the use of the ASV because local values for these parameters are not
currently available. Land capability was assessed following the standard soil fertility values from the
BSWM of the Philippines. Other physicochemical parameters were also assessed within the study area
on a one-time sampling only. Seasonal variations in soil characteristics and soil quality were not
considered in this report.

3. Soil Types and Land Capability

The major soil types in the study areas identified based from the soil map of the Philippines (Fig. 2.1.40)
are ACRISOLS and CAMBISOLS or NITISOLS (WRB Classification). ACRISOLS (or ULTISOL in the
USDA classification system) are soils that form on old landscapes that have an undulating topography
and in a humid tropical climate. Because of the old nature of the soil (highly weathered soils), Acrisols
soils are acidic, low amounts of OM, N and available P (Table 2.1-19) have low levels of plant nutrients
(e.g. Ca, Mg, K, and Na) due to extensive leaching, have toxic levels of aluminum, and have high
erodibility, which are problematic for agriculture. On the other hand, CAMBISOLS or NITOSOLS
(INCEPTISOLS in the USDA classification system) are young soils, which are characterized by the
absence of a layer of accumulated clay, very low amount of OM and N, soluble salts, or iron and
aluminum oxides. Because of the young nature of the soil, they have a high content of weatherable
minerals coupled with the good soil physical condition; this soil can be exploited for agriculture subject to
the limitations of terrain and climate. As observed in the field, CAMBISOLS exhibited minimal soil horizon
development, whereas for the ACRISOLS, they have a differentiated soil horizon, indicating the old
nature of the soil.

Based on the physical characteristics, nutrient levels and soil types, land capability for the proposed
project area and its vicinity is classified as CLASS IV and VI (Table 2.1-20). This class is characterized by
moderate to severe limitations that require intensive management practices to ensure productive
cultivation. In general, the use of these soils should be limited to forestland.
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Figure 2.1-40. Soil map of the Philippines showing the soil type of the study area
(Manila Observatory, 2012).
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Table 2.1-20. USDA Department of Agriculture (USDA) Land Capability Classification

Classes Descriptions

| Few limitations that restrict their use

Il Few limitations that reduce the choice of plants or require moderate conservation practices

Il Severe limitations that reduce the choice of plants or require special conservation practices, or both

I\ Very severe limitations that restrict the choice of plants, require special management, or both
Little or no erosion hazards but have other limitation, impracticable to remove, that limit their use

V largely to pasture or range, woodland, or wildlife food and cover

VI Severe limitations that make them generally unsuited to cultivation and limit their use largely to
pasture or range, woodland, or wildlife food and cover

Vil Very severe limitations that make it unsuited to cultivation and that restrict their use largely to
grazing, woodland or wildlife

VIl Limitations that preclude their use for commercial plant production and restrict their use to

recreation, wildlife, or water supply, or to aesthetic purposes

4. Soil Texture

Soil texture is the single most important soil physical property as it provides information on the water flow
potential, water holding capacity, fertility potential, and suitability for many land uses and for identifying
the soil's capability of supporting plant life. The textural analysis is also fundamental in determining the
soil type and the behavior of other properties that are largely dependent on grain size, including hydraulic
and reactive properties. Soil is favorable for plant growth if the soil has moderate amount of clay as these
can carry essential nutrients including calcium, magnesium, potassium and sodium, which exchange in
cation for in the soil matrix because of the charged nature of the clay minerals.

In this study, a visual-manual procedure based on ASTM D2488 was used to determine soil texture of the
studied soils. Result of the feel method is presented in Table 5. In this method, grittiness indicates the
presence of sand, stickiness the presence of clay, and silkiness the presence of silt. Samples CWG-03
and PTG-09 were classified as clay, MPT-01, MPT-02, CWG-05, CWG-06, PTG-07, and PTG-08 as silty
clay, MPT-10 as clay loam and CWG as fine sand (Table 2.1-21).

All, except one, soil samples have a high clay fraction and is derived from the weathering of ultramafic
rocks. These clay soils which becomes hard when the soil is dry and very plastic and sticky when the soll
is wet.

Table 2.1-21. Soil color and texture by ‘feel method’

Sample name D(gﬁ]t)h Soil color (FSeoeill tme::ﬁ(r)%) Parent material
MPT-01 7 Reddish brown Silty clay Ultramafic rock, Harzburgite
MPT-02 4-6 Brown Silty clay Ultramafic rock, Harzburgite
CWG-03 5-7 Reddish brown Clay Ultramafic rock, Dunite
CWG-04 0.5-1 Brown Fine sand Alluvial deposit
CWG-05 1-3m Dark brown Silty clay Clastic sedimentary rock
MPT-06 1-2 Dark brown Silty clay Alluvial deposit
PTG-07 1-2 Brown Silty clay Alluvial deposit
PTG-08 0.5-1 Brown Silty clay Alluvial deposit
PTG-09 4-6 Reddish brown Clay Ultramafic rock
MPT-10 1-2 Very dark grey Clay loam Colluvial deposit
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Feel Method

Soil texture refers to the proportion of sand, silt, and clay in a soil. Texture influences almost every aspect
of soil use, both in agricultural and engineering applications, and even how natural ecosystems function.
Accurately determining soil texture in a lab requires time and money; therefore, it is often necessary to
estimate soil texture in the field by feel, which can be very accurate if done correctly (Ritchey, 2015).

Hand analysis is a simple and effective means to rapidly assess and classify a soil's physical condition.
Correctly executed, the procedure allows for rapid and frequent assessment of soil characteristics with
little or no equipment. Although qualitative, the texture by feel flowchart by S.J. Thien (1979) can be an
accurate way for a scientist or interested individual to analyze the relative proportions of sand, silt, and
clay (Figure 2.1-41).
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5. Fertility Status and Soil Chemistry

Matching selected soil properties with published threshold or favorable values/ condition for crop growth
or crop production allows one to recognize potential fertility constraints to the production of agricultural
crops. The comparison provides a basis for planning suitable soil management strategies for crop
production in problem soils such as those in the study site. Comparison with the BSWM criteria for Soll
Fertility Rating showed distinctive fertility constraints as summarized in Table 2.1-17.

All samples except CWG-04 have a high clay fraction, which becomes hard when the soil is dry and very
plastic and sticky when the soil is wet. When very plastic and sticky, the soil becomes troublesome for
farming due to resistance and compression, particularly if animal driven plough is used.

Results of the laboratory analyses are presented in Table 2.1-17. OM is a widely used measure of
organic quantity and quality in soils and is a crude measure of the fertility status. It affects both the
physical, chemical and biological properties of soils and is widely used as an indicator of soil productivity
and sustainability. OM is responsible for the formation of soil aggregates that improves soil structure
resulting to good soil aeration, soil permeability and increased the water infiltration capacity, thus
preventing soil erosion. In highly weathered soils such as the ACRISOLS in this study, about 90% of the
soil capacity to retain nutrient originates from OM. Hence, soil OM management will be a key factor in the
productivity of these soils.

OM is adequate (i.e., favorable for crop growth) in CWG-05 and MPT-10, whereas MPT-02, CWG-03,
CWG-04, PTG-07, and PTG-09 are deficient (i.e., unfavorable for plant growth) in OM, suggesting that
OM management is necessary in the later soils when used for agriculture. There is a close correlation
between the total N and OM which can explained by the fact that more than 95% of N is bound in OM
(Scheffer and Schachtschabel, 1992). The rate of decomposition or mineralization of OM is greatly
controlled by the C/N ratio. Low C/N value suggests high degree of decomposition or a low content of
organic nitrogen from vegetation, while high C/N value is indicative of slow decomposition.

Tropical soils are generally P deficient and, in many cases, P is the limiting nutrient in agriculture
(Sanchez and Logan, 1992). Available P as used in the discussion refers to the P readily available to
plant. As P levels are extremely low in all samples, it appears to be the most limiting nutrient in these
soils. The low P availability in the soil can be ascribed to the low P content in the parent material (typical
for soils developed from volcanic parent materials).

Potassium is an essential plant nutrient that can be rooted from soil and is required in large amounts for
proper growth of plants. Only MPT-01, PTG-07, and MPT-10 have adequate amounts of Potassium. This
is because K is supplied by primary minerals like feldspars that are abundant in volcanic rocks. Both the
iron and manganese are adequate in all soils which are typical of soils derived from ultramafic rocks.

The presence of heavy metals in soil are prominent especially in mining areas. The most common types
of heavy metals that can be detected in soils are manganese (Mn), iron (Fe) and copper (Cu) while heavy
metals such as chromium (Cr), cadmium (Cd), arsenic (As), lead (Pb), and mercury (Hg) are regarded as
the main threat since they are very harmful to living things. Although heavy metals are naturally present in
the soil, geologic and anthropogenic disturbances may contribute to its increasing concentrations in the
environment that may lead to harmful effects.

Dutch Target and Intervention Values (200) was used in this study to determine the accepted
concentrations of these parameters in the soil. Dutch standards are environment pollutant reference
values used to determine the concentration of pollutant present in the soil. These standards are
representative of the level of contamination in which a serious case of soil contamination is deemed to
exist.

The results of the soil sampling were compared to the Dutch Target Values (Table 2.1-17). Readings for
pH are within the accepted value of 6.5-9.5, soil pH were slightly basic for sites CWG-04, CAG-06, PTG-
07, and PTG-09. While the other sites are considered slightly acidic especially site CWG-05 with a
reading of 6.1. Arsenic (As), cadmium (Cd), lead (Pb) and iron (Fe) in all sampling sites are within the
values set forth by the Dutch environmental standards. While in chromium (Cr), all sampling sites have
exceeded the standard values of a much higher concentration. This implies that the soil samples
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gathered in the sampling areas were contaminated with chromium due to mining activities and other
anthropogenic activities. But concentrations of chromium may vary considerably according to the natural
composition of rocks. Mercury on sites MPT-01, MPT-02, CWG-05, CAG-06, PTG-07, PTG-08, PTG-09
and MPT-10 have exceeded the 0.3 mg/kg limit of mercury in soil. This implies that certain concentration
of mercury is present in the soil. Mercury is naturally occurring in the environment in small amounts but
increase in concentration can affect humans and other life forms. On the other hand, concentration of
copper on sites

MPT-01, MPT-02, MPT-03, CWG-05, CAG-06, PTG-07, PTG-08, and PTG-09 have exceeded the
allowable values in Dutch soil standards. Certain concentrations of copper in soil maybe beneficial to it
but higher concentration can be toxic. Manganese on sites MPT-01, MPT-02, CWG-03, CWG-05, CAG-
06, PTG-09 and MPT-10 have surpassed the allowable value of 1,800 mg/kg concentration. It is an
essential plant mineral nutrient in soil but can be toxic in higher concentrations.
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Table 2.1-19. Fertility properties of soil samples
Soil fertility rating guidelines*
MPT MPT | CWG | CWG | CWG- | CAG | PTG- | PTG- | PTG MPT- Dutch Adequat | Moderat | Deficie
Parameter Unit -01 -02 -03 -04 05 -06 07 08 -09 10 Standards for e? el nt3
Soil
pH 6.5 6.8 6.8 7.6 6.1 7.2 7.4 6.5 7.4 6.7 >6.5 or <9.5 5.5-7.0
Nitrogen % 0.12 0.09 0.06 0.13 0.16 0.07 0.11 0.12 0.04 0.53 - ** ** **
OM % 2.73 1.11 0.33 0.61 3.88 0.50 1.15 2.26 0.57 8.99 - >3 2-3 <2
C:N ratio 23 12 6 5 24 7 10 19 14 17 -
Phosphorus % 0.74 <0.4 <0.4 1.25 0.40 0.91 26 <0.4 <0.4 6.43 - >10 6-10 <6
Arsenic mg/kg <0.05 | <0.05 | 0.11 | <0.05 | <0.05 | 0.05 0.09 | <0.05 | <0.05 | <0.05 29
Mercury mg/kg 0.22 0.20 <0.02 | <0.02 0.44 0.19 0.08 0.23 0.11 0.21 0.3
Lead mg/kg 9.07 5.30 4.54 1.84 7.32 5.16 4.62 6.29 5.3 6.04 85 ** ** **
Potassium mg/kg 83.6 28.8 13.9 22.7 246 50.6 1262 52.9 24.7 302 - >75 50-75 <50
Copper mg/kg 59.8 51.1 47.9 16.6 43.9 39.7 74 37.2 90.7 30.2 36 >0.2 ** <0.2
Iron mg/kg 18.2 8.92 17.7 0.70 5.06 9.26 5.10 7.56 3.59 2.18 200 >4.5 2.5-4.5 <2.5
Manganese mg/kg | 4256 | 4452 | 4248 | 1040 | 5704 | 3023 | 1599 | 1736 | 5606 | 2097 1,800 >1.0 ** <1.0
Cadmium mg/kg | <0.06 | <0.06 | <0.06 | <0.06 | <0.06 | <0.06 | <0.06 | <0.06 | <0.06 | <0.06 0.8 el el el
Chromium mg/kg | 2232 | 3393 | 2846 260 2866 882 369 800 3276 576 100 ** ** **

*Source-Bureau of Soils and Water Management; *Moderately unfavorable, 2Favourable, 3Unfavorable; ND
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6. Erosion Condition at the Site

Excessive rainfall causes increase in surface run-off that could transform into overland flow and result to
soil erosion. In general slopes with adequate forest cover are less prone to erosion. However
anthropogenic factors such as improper land use, forest fires, logging, mining, road construction and
overgrazing can accelerate erosion. The types of erosion observed in the project area include splash,
sheet, rill, gully and channel erosions.

Erosion is actively occurring in the nickel laterite stockpiles present in the mining site previously operated
by Golden Summit Mining. Part of this mine pit is found within the proposed mining site in Causwagan
block (Area 2-B). Well defined rills and gullies are present in the stockpiles and within the stockyard
(Figure 2.1-42). No erosion control measures were observed during the field inspection. Other stockpiles
that are being eroded are also present in other areas outside of the MPSA area. Erosion was also
observed along access roads. There are no effective drainage canals along the roads. As a result,
surface runoff is concentrated along the roads, creating rills and gullies. Eroded sediments from
landslides and road cuts are directly transported to the streams, particularly in areas with steep slopes.
Riverbank erosion is also active along the streams. In Sitio Trinidad of Brgy. Maputi, Mapagba River
carried two houses in October 2015 due to scouring. Erosion is still active, and the access road and
several houses are at still risk (Figure 2.1-43). The trails and slopes within the MPSA area, particularly in
Puntalinao Block, are also eroded due to logging. Logs manually drag along the trails scrape the soil and
promotes erosion (Figure 2.1-44 and Figure 2.1-45).

~

Figure 2.1-42. Photos showing active erosion in the project area and vicinity. Clockwise from top:
Laterite stockpile at the mine site in Causwagan block affected by rill erosion, no erosion control
measures are present; eroded access road to Causwagan mine site, no drainage canals;
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stockpiles in one of the stockyard of Golden Summit Mining outside of the MPSA area; rill and
gully erosion are present in these stockyards.

gl

Figure 2.1-43. iverbank erosion in Sitio Trinidad (Purok 8) in Brgy. Maputi. Two houses were
carried by flood in October 2015 due to scouring. The flood depth along the road is around ankle
deep but in the channel, flood depth is about 5 m.

LY

Figure 2.1-44. Photos of denuded slopes in the vicinity of the MPSA area (near Puntalinao Block).
Upper photos show logout slopes in kaingin areas. Bottom photo shows wide, deeply eroded trail
due to log dragging and overland flow.
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Figure 2.1-45. Photo of a log cut from the remaining forest at the upper slopes and manually
dragged along the trail.

7. Universal Soil Loss Equation

Soil is a basic resource that is essential to our survival but is often ignored. Soil erosion is a result of the
interaction of several process which is mostly driven by water in the Philippines and other areas in the
humid tropics. The interactive processes causing erosion by water include detachment and transport by
falling rain or flowing water and is influenced by the parameters such as: cover, soil physical and
chemical properties, raindrop energy, flow velocities and hydraulic properties, cover management, slope,
slope length, and conservation practices. Soil erosion is often classified based on descriptive parameters
such as magnitude, source, location, and shape (e.g. sheet, rill, gully, mass movement, construction and
mining erosion This section is limited to sheet and rill erosion which is the removal of the thin top layer of
top soil by raindrops, overland flow, or by shallow, channelized rill flows (David, 1988).

Although soil erosion is a natural process, it can also be aggravated by anthropogenic activities such as
mining. The soil loss for the project area was modeled using a Geographic Information System (GIS)
software in order to provide an estimate of the baseline pre-mining existing soil loss in the area and its
corresponding soil vulnerability as well as projected values and changes during the conduct of mine
operations. It is also essential in guiding management to determine the necessary mitigation and
rehabilitation measures to reduce the minimize the impact of the project to the soil during operations and
return it to its baseline conditions after abandonment. The coverage of the model are sub watersheds
adjacent to mine facilities and operation. The model is based and is limited to available data from the
proponent, pertinent government agencies, published reports, and scientific papers.

The Universal Soil Loss Equation was used due to its relative simplicity and robustness (Desmet and
Govers, 1996). The principal soil loss equation is as follows:

A=R*K*LS*C*P

where, A is the annual soil loss (ton/ha)
R is the rainfall erosivity factor
K is the soil erodibility factor
LS is slope length and steepness factors,
C is cover and management, and
P is support practice factor
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The rainfall erosivity R factor represents the effect of rainfall on soil erosion (Benavidez et al., 2018). The
equation by El-Swalify et al. (1987) was used for this study as it can be used to calculate R factor in the
absence of detailed hydrometeorological information and was used by Adornado et al. (2009) in their
erosion vulnerability study for Quezon Province. In this equation, rainfall erosivity in tons per hectare per
year (t/halyr) is given by R = 38.5 + 0.35P, where P is the mean annual precipitation in millimeters (mm).
The annual precipitation values for PAGASA weather stations in Mindanao (Table 2.1-22) was used to
derive the annual precipitation for the project area using the Thiessen Polygon Method in QGIS. A P
value of 1759.1 mm was obtained for the project area and the subsequent R is 654.185 t/ha/yr.

Table 2.1-22. List of PAGASA Stations used to estimate the annual rainfall in the project area.

PAGASA Station Annual Precipitation (mm)
Butuan City 2057.8
Davao City 1759.1
Dipolog 2352.9
General Santos 959.9
Hinantuan 4464.9
Lumbia Airport 1703.3
Surigao del Norte 3651.8
Zamboanga 1266.5

The K factor represents the influence of different soil properties on the slope’s susceptibility to erosion
(Renard, et al., 1997). A higher K factor value means a higher susceptibility of soil to erosion. Values
used by David (1988) was used in this study and is shown in Table 2.1-23.

Table 2.1-23. K factor values derived from David (1988).

Soil Classification Soil Type K Factor
San Manuel silty clay loam Silty Clay Loam 0.3
Malalag loam Loam 0.27
Mountain soil (undifferentiated) Undifferentiated 0.3
Camasan sandy clay loam Sandy Clay Loam 0.24
San Manuel silty clay loam Silty Clay Loam 0.3

The LS Factor represents the effect of the slope’s length and steepness on sheet, rill and inter-rill erosion
by water (Wischmeier and Smith, 1978). For this study LS Factor was processed in QGIS using an SRTM
Digital Elevation Model with 30-m resolution. The methodology by Desmet and Govers (1996) was used
to derive the LS factor for the project area.

The cover and management factor C is the ratio of soil loss from a field with a particular cover
and mangaement to that of a continouos barren field (Wischmeier and Smith, 1978). It is often
derived using reported values for land cover types from previous studies. For this study, the 2015 land
cover data was obtained from the National Mapping and Resource Information Authority as baseline and
corresponding C factor values was obtained from David (1988) as shown in Table 2.1-24. Areas
operation defined in the subsequent mine development plans for given years were assigned a C factor
value of 1.0000 which is that of bare soil. For rehabilitation areas, a C factor value of 0.3 was assigned as
it is expected to have the land cover characteristics similar to grassland for the next 5 years.

Table 2.1-24. C factor values derived from David (1988).
Land Cover C Factor
Annual Crop 0.2
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Land Cover C Factor
Built-up 0.2
Closed Forest 0.001
Fishpond 0.0001
Grassland 0.3
Mangrove Forest 0.001
Open Forest 0.003
Perennial Crop 0.2
Shrubs 0.15
Wooded Grassland 0.15

The support practice factor P is defined as the ratio of soil loss under a specific soil conservation practice
to that of a field with upslope and downslope tillage (Renard, et al., 1997). The lower the P facto, the
more effective the conservation practice is in mitigating soil erosion (Benavidez et al., 2018). Since there
were no defined and extensive soil conservation measures observed in the study area, a P factor of 1 is
assigned similar to the approach in Adornado et al. (2009).

The generated annual soil loss (t/hal/yr) is the used to determine soil vulnerability by categorizing in into
six (6) classes similar to what was used in Adornado et al. (2009). : 0-5 t/ha/yr = None to slight; 5-15
t/ha/yr = Moderate; 15-50 t/ha/yr = High; 50-150 t/ha/yr = Very high; 150-300 t/ha/yr = Severe; >300
t/halyr = Very severe.

Results of the USLE model shows that in the baseline pre-mining conditions, half (52%) of the total area
of the delineated sub-watersheds adjacent to the project area is classified as having a high to very severe
soil vulnerability. This is mainly due to the high precipitation, steep slopes, soil erodibility, and vegetation
cover dominated by grasslands and shrubs. The estimated baseline pre-mining total volume of erosion is
409,288 tons for the entire 3,740-hectare watershed with average annual volume of soil erosion per
hectare of 109 t/ha.

To determine the impact of the project on soil erosion, the mine development plans for years 1 to 3,
provided by the proponent was a used to generate soil erosion values for these yeas. Based on the
results of the model (Table 2.1-25), the % area classified as very severe increased from a pre-mining
baseline value of 8% to 13% in year 1; 15% in year 2; and 16% in year 3. The total volume of annual soil
erosion also increased from a pre-mining baseline value of 409,288 tons to 664,362 tons in year 1;
753,880 in year 2; and 774,215 tons in year 3. The increase in average annual volume of soil erosion per
hectare of is 109 t/ha/yr as baseline, 178 t/ha/yr in year 1; 202 t/halyr in year 2; and 207 t/hal/yr in year 3
(Table 2.1-26).

Table 2.1-25. Soil Vulnerability classes.

Soil Vulnerability Baseline Year 1 Year 2 Year 3

Classes | “onayy | o | % | tm | ® | e | %® | ‘Gm | %
None to slight 0-5 920 25 801 21 756 20 747 20
Moderate 5-15 873 23 825 22 798 21 786 21
High 15-50 210 6 189 5 190 5 187 5
Very high 50-150 386 10 389 10 391 10 385 10
Severe 150-300 1,054 28 1,053 28 1,053 28 1,040 28
Very severe >300 297 8 483 13 553 15 594 16
Total 3,740 100 3,740 100 3,740 100 3,740 100
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Table 2.1-26. Estimated volume of soil erosion

Area of Watershed (ha) 3,740
Modeled Time Period Total Annual Volume (t) Ave. Annual Volume per hectare (t/ha/yr)
Pre-Mining Baseline 409,288 109
Year 1 Mine Development 664,362 178
Year 2 Mine Development 753,880 202
Year 3 Mine Development 774,215 207

Soil erosion values from this study are comparable to results with values in other areas published in
David (1988) such as the Pantabangan watershed with 108 t/ha/yr and high soil erosion rates in the Old
kaingin areas in Benguet with values ranging from 308-414 t/ha/yr.

Not all eroded soil particles will be delivered to the waterways of a watershed. Some will be deposited for
good or temporarily at various depositional locations within the watershed. Thus, at a watershed, the
sedimentary yield or outflow at any point across the stream and for a given period may differ significantly
from the soil loss due to erosion. Sediment yields from watersheds with primary forests are low,
averaging <0.5 t/halyr. As the watershed cover is disturbed and reduced, sediment yields increase and
fluctuate considerably. In the Bugsuanga Watershed, over half of the watershed consists of overgrazed
grasslands, pastures, and open areas the Ave. Mean Annual Sediment Discharge is 233.3 t/hal/yr (David,
1988).

The results of the study reflect the likely impacts of the project on soil erosion rates due to its significant
disturbance on the watershed landscape. The USLE model was also ran assuming that rehabilitation
plans particularly the Soil Management Plan (SMP) will be strictly followed. A period of 15-20 years was
considered as the minimum amount of time for the rehabilitated areas to develop into second growth
forests with patches of shrubs and plantation crops of 5 years or more with a corresponding C factor
value of 0.006. The result of this model shows that area with very severe soil vulnerability will go down to
10%; the total volume of annual soil erosion will go down to 498,524 t/yr and average annual volume of
soil erosion per hectare to 133 t/ha/yr (Table 2.1-27 and Table 2.1-28).

Table 2.1-27. Soil Vulnerability classes prior to, during and post mining assuming that the SMP is
strictly followed.

Soil Vulnerability Pre-Mining Year 3 15-20 Years Post Mining
Classes Soil Loss (t/halyr) ?ﬁg‘;‘ % ?t:g? % Area (ha) %
None to slight 0-5 920 25 747 20 785 21
Moderate 5-15 873 23 786 21 1,004 27
High 15-50 210 6 187 5 194 5
Very high 50-150 386 10 385 10 377 10
Severe 150-300 1,054 28 1,040 28 1,010 27
Very severe >300 297 8 594 16 370 10
Total 3,740 100 3,740 100 3,740 100

Table 2.1-28. Estimated volume of soil erosion prior to, during and post mining assuming that the
SMP is strictly followed.

Area of Watershed (ha) 3,740
Modeled Time Period Total Annual Volume (t) Ave. Annual Volume per hectare (t/halyr)
Pre-Mining Baseline 409,288 109
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Area of Watershed (ha)

3,740

Modeled Time Period

Total Annual Volume (t)

Ave. Annual Volume per hectare (t/halyr)

Year 1 Mine Development 664,362 178
Year 2 Mine Development 753,880 202
Year 3 Mine Development 774,215 207
15-20 Years Post Mining 498,524 133

Proposed Banaybanay Nickel Laterite Mining Project

Riverbend Consolidated Mining Corporation

Page | 2.1- 86




125 55E 125 SEE 135 0E 126 TE 125" 1E
TN * = T B ~. ]
L ~, =
i J "L. !/ A / ¥ 'lf - J {lasses Sall Loss it/hafyr) | area (ha) | % h
'1._ i S " # i - Mene b dight | 0-5 220 Bl
"h 1 b L | - Modeats | 5-15 73 |=
1l. # L A \!n ‘ 3 High 15-50 210 5
4 L 1 " R & & Wary high 59-150 386 10
.I ¥ ’ P Fuentes ! _}I K s Severs 150-300 1054 i) |
4 | " ‘ ery severe | 300 257 5|
1 I § 1‘ \‘ L ﬂ ! Tatal: 3740 1040
I ] il [ I T
' 2 7 J = . h ' )
% 1 - '. ! H
- Pintatagan i
i q{
3 fadl
z . o B =
£ i - L] H
bl .\ '*/-EE" 13 . 7 + i g
B % " / . E
8- .
VA ' /
Pun I_niso
- . [}
1 ¢t /
y -
' A : o i
5
oY 'u,"l a
i " .
AT = i
- Taguodo B . L M 3 1
2 - |
. iy PR il .
aF MAPANGA BAY + Fiay ! 2
Ta s TR - -
Soil Erosion Vulnerability Classes -y Trinidad ,"’
7
- Mone to sight 1‘ = ’,’{ 4
Poderte / ' ¥
i /| e
High Mapagba i ! i F i
wery high g 1 3 I " " !
/
o i
] seuere Maputi j——lf r &= " Mahayag i
I ey sevene i g CaU5"'\f_agan‘ i h J i -‘-. L i
b N . ‘ L willl; BT .
125 56E 125 °32°E 126 0E 126'2E 1EAE
@ LEGEND: — B o ot st o e SOIL EROSION VULNERABILITY MAP
. LH A5A RN al lia: & - DEra; Davicl 1 n
) |:I FProject frea |::_-_l Hine Bounzary Rt Trins Openistietinag {Pre-Mine Development)
==== Brgy Boundaries [ __} P Limic Frezrbend Consalidated Mining Corporatizn
Foads Enviranmental Impact Assessment of the Proposed
- Jals Grcles T FNGET-A0 [ e s i Hickel Laterite Mine of Riverbend Consolidated Mining
—— Rivars Ny
Gl ancd taap Laynut: Rickger 10 Resel Salut ks [ Corp.. Banay-banay, Davao Oriental

Figure 2.1-46. Baseline Pre-Mine Development Soil Vulnerability Map.

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation

Page | 2.1- 87



|:I Project Area

———— Brgy. Boundarizs
s Roads
——— Rivers

— Rrad -l

L. . ] Mine Boundary

re==

Mire Out

Disturbed Active drea

.L_—_l I Washe Dump

B 2EmEZGTHEm Siltstion Pond
B &DmX2Im¥Sm Silktion Pond

—— Rurroff Direction

m— [@inage

BSWH; PAGASA Ranlall Cala: SRTiA-DEM; Davic 1988
Fetwals 11000 Operisiiestinap
Frearbznd Consalidated Mining Corporatizn

125 B6E 125 58'E 126 0E 126" TE 125 AE
¥ = = 1 o
i J .!. g 7 A ! Y lI|I ,‘/ : Classes Soil Loss {tihadyr) | Area (ha) | %
1 - - o Nore to slight | -5 a0l 1
'l. IL 1 ‘} ‘ . 4 J Moderate 15-May gz iz
" g LR “ﬂ. H / High 15-50 189 5
L] i +K { B # o yery high 50-150 389 10
| - .
.l P. Fuentes ! i 4 Sevare 150-300 153 |z=
f } i very severs | =300 453 13
N " l'q‘ ﬂ | Tetal: 3740|100
N ! 1 7
o ST "o . {
s | 1
(5 i '
i IPlntaft:agan i
= B L isd i
q ) e s T, / \ :
4HE. - f;’ 1 .
Runtalinao -
hd 3 1
‘ 8 [ LI i
- I # o 1
b o '1‘. i i
" ) |? o
Lo Tagdodo e : IF-Hn. f 3
. S e g H ‘- .
Mot MAPANGA BAY + Fahs ! 2
i 2 F
Sgil Erosion Vulnerability Classes ’,r"’ j
- Monz to sight 1. " r,"lr 4
7 adere 7 ’ I_ ¥
i /
_ Hiah Mapggbai 1 £ R F i
wery high g ] i l . , l* j
B - Maputi J—( i P " Mahayag i 1 '
- ery sevels il § = rcauswagan' ‘t h I ' -if L1
E -" L S ‘ e il 5, 7
125 56E 125758 126 0E 126" 2E 1 1E
=y — = someram oo vt || e Seures: SOIL EROSION VULNERABILITY MAP

{Year 1)

Jaby Oreler M JNG07-10 I Dialees Arggusl 700G

IS ancd thags Lagmul: Rickger 10 Resel Sl s lie,

Enviranmental Impact &ssessment of the Proposed
Hickel Laterite Mine of Riverbend Consolidated Mining
Corp.. Banay-banay, Davao Qriental

Figure 2.1-47. Soil Vulnerability Map for Year 1 of Mine Development.

Proposed Banaybanay Nickel Laterite Mining Project

Riverbend Consolidated Mining Corporation Page | 2.1- 88



125 1E

125 56E 125 °SEE 126 OE 126 TE
= o g
—/ "
¥ ‘ f !/ h, / b # —'/ : Classes Soil Loss {Lhagyr) | Area {ha) | %
1 W . r # i o Mone to slight | 0-5 47 20
& [ i ‘ - Modermte 515 736 1
u
L H I / High 15-50 157 5
]
L | . i a 7 very high S0-150 355 10
Eevere 150-300 1040 28
-" P Fuentes K g - -
I 7 very severe | 2300 5ag 16
" l'n, | Tatal; 3740 100
K e \ - ] | |
" L ‘ |
-.‘ s ] i i
i, 8
- Pintatagan ]
Al i
- o~
- B L il
g+ I. | Habitat 1 . —;z”"’.? 1 7
" Tt 1 o/ A F
\ " /
e .
N ; s
!
Runtalinao
2 & .
- ] 3 1
— I
‘ n L i
L [
= 5
'] l i ]
§
. ﬁ‘. A
s ; [ ]
u L e Ly g |
L Tagdodo T oo ;
il o ¥ ¥
] T Iy _z
Mo* MAPANGA BAY + 2t | R
5
A F
i : Y r
Saoil Erosion Vulnerability Classes ~Trinidad ,"(
- lf’ =
I viene to sight I /
— .,'r
Madermie L / ? I‘ T
i /
High Mapagba ] | i L F F
ey high { i i I r ". J |‘ |F }
o ] L] / '
[T sowre Maputi J—I( III W “Mahayag' i 1
B s ‘—T: ~ | Causwagan! f, Tr o il
L] L3 1 - e >3 ¥ T
1257 56E 125°58°E 126 '0E 126" 2°E 12°1E
@ LEGEND: _ . Data Saurce: SOIL EROSION VULNERABILITY MAP
7y =7 mi - ESwhe; FAGASA RAnlall Dalia: SRTHDEM; Divid 1568
, = im [ rrosectares oo ) MireSeondaryy__} viaste Cume W 20mEsmiEim Sikation Pond Rols en, Dttty s Bk {Year 3)
. ———— Brgy. Boundaries Run-off Directon |74 Disturbed Active Area g 3o e o pe Fwarbend Consalidated Mining Corporatizn
s A noads - i3 Drainsge Vire Gut Enviranmental |mpact dssessment of the Proposed
”'; " --.- . . % i -1 B Gomi20mism Sissan Fors | e s sngaTn I Tiatee Al 7060 Hickel Laterite Mine of Riverbend Consolidated Mining
- AT  Rivers b o
U i 4 h— s Refh fsa Gl vl g Laguual: Aickge (o Reel Sl iore b, Corp.. Banay-banay, Davao Oriental

Figure 2.1-48. Soil Vulnerability Map for Year 3 of Mine Development.

Proposed Banaybanay Nickel Laterite Mining Project

Riverbend Consolidated

Mining Corporation

Page | 2.1- 89




1257 56E

125 52E 136 0E 126 2E 135 1E
¥ - - X ~
J 1 * & = g / ~u # ,‘/ |
| B i — i : Dasses Sail Loss (trhater) | Area (hay | 4% |8
1 5\ i ~ Hone ta slight | -5 a5 21 |
L AN . L
pi Moderate 15-May 1004 27
5 LR ] / "
) a J H & High 15-50 154 g
3 rh i - 5 wery high 50-150 377 1w |
|' P'l Fuentes Ly K o Severe 150-300 1016 27
{’ 4 WY sEvere =300 370 1
N ‘ ﬂ { Total: 37a0 100
! i
'y 1 ," F g A * =
& Tar , /
S
~ Pintatagan i
._* '
- = r fad
I e . T ' 7
" e 1 -~ A T
B r f; L
N
| } %3N
Runtalinao
‘ ‘.
- . [}
l 1 s ! o 4
I .
L} l- 1
by ‘"ﬁ a
T 7 - .
A
d 3 . |; I o
<) Ta o - y 1
4 g AT i
. iy v g : .
1 ~1 2
BoE MAPANGA BAY + e ! N
B i
iz Fa
. o
Soil Erosion Vulnerability Classes Mo _-‘! gy Trinidad ’,”
- Monz to sight 1. ’ o ,’lr 4
Fiod / ¥
e / ’ I
L
High Mapagbai | & | i L F i
wiery high g i i l J i ’ F }
] 1 B i '
[T sewere Maputi J.—I( r T “Mahayag' i 1
- ery sevele il .‘ § = Causwagan' ‘! h I -if L1
b . ‘ Y nallls “REN
125 54E 175 58E 136 0E 126 7€ 15 1E
@ e [ poosceiven Minz Bourdary W 20mismi3m Sittizn Pand Dﬂ:s::-r:c.asm\mrﬂll Dulia: SRTH-DEM; Diavicl 1938 SOIL. EROSION VULNERABILITY P
1 o . 1km ———— Brgy. Boundarizs Fik Limit. B 25nE2SmESn SimEton Pond Resaalss Truam Opensireetniag {15-20 Years Post Mining Development)
. Rrezrbend Consabidated Mining Corporatizn
I Frapueserd Ha Roxd —— Run-offDirectan 1 gOmK20m¥Sm Sistion Pond Enviranmental Impact ssessment of the Proposed
u;;: ™ e TawSiH — R === Drinage Jatly Qrcler Mooz J1607-10 I Dinlee: Al #1060 Hickel Laterite Mine of Riverbend Consolidated Mining
— Rivers Gl% ancd tdaap Laguuat: Rinkger tn Reese Salut e b Corp.. Banay-banay, Davao Oriental

Figure 2.1-49. Soil Vulnerability Map 15-20 Years Post Mining

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation

Page | 2.1- 90




B. Soil Erosion/ Loss of Topsoil/ Overburden
1. Impacts

Surface mining of involve significant disturbance of the landscape including disruption of natural drainage
patterns, exposure of soils to erosion, and entrainment and transport of eroded sediments to valuable
aquatic environments downstream of the mine site. Removal of vegetation will expose the soil to rainfall,
promoting splash, sheet, rill and even gully erosion. The rate of erosion and sedimentation can increase
rapidly with increasing levels of land disturbance. The construction of roads, waste dumps, siltation ponds
and drainage lines will disturb the slopes and promote erosion and sedimentation in nearby streams.
Activities during the operation such as clearing and grubbing, bench forming, stripping and ore extraction
will all contribute to loosening of soil and exposing it rainfall and promote erosion and increase
sedimentation. Hauling of ores and wastes to stockpile yards and to the jetty will also promote wind
transport of very fine sediments in the form of dusts lifted from the roads. Stockpiling of ore, topsoil and
overburden in waste dumps, pre-pile yard and stockpile yard will create slopes that are sources of
sediments that will be eroded during heavy rainfall.

2. Soil Management Plan (SMP)

The importance of SMP is to provide guidance and direction to the proposed project for the management
and use of surface soil recovered during the construction and development of the project. This is
prepared to preserve surface soil quality during salvaging and storing of soil materials in stockpiles. The
systematic implementation of SMP will lead to an effective re-use of surface soil for future use in the
project.

A detailed SMP must be formulated prior to the project development and must be strictly implemented
during construction and operation. Such plan will address soil surface excavation and stockpiling of earth
materials but would not be of use for the development of the project. SMP will address surface soil
stripping methods, storage, erosion prevention, and may include soil amelioration should there be a need
to use it in the future for rehabilitation of the destroyed vegetation. Best management practices that can
be incorporated in the SMP are as follows:

a.) Vegetation stabilization

There are a number of technologies to control soil erosion, improve productivity, and reduce the risk to
farmers by sustaining agricultural production. Among the several technologies is the use of vegetative soil
and moisture conservations measures, including planting of native tree species (e.g., Albizialeb beck,
Pterocymbium tinctorium, Artocarpus blancoi, Barringtonia racemosa, and Glochidion album), which has
proven to improve the biodiversity and site quality. Also, Vetiveria zizanoides, locally known as vetiver
grass in the form of a dense, permanent hedge that are cheap, replicable, sustainable and has been
effective in controlling soil erosion (e.g., Navarrete et al., 2000). Vetiver hedge, unlike soil banks, can be
safely breached to provide access for equipment. The special feature of soil conservation with vegetative
hedges is that it filters runoff and retains soils (World Bank Technical Paper, 1995). This vegetative
system is sustainable and meets the needs of the present without compromising the needs of future
generation.

When soil is covered with vegetation, including those plants mentioned above, but not limited to, roots of
plants and trees interlock to bind soil particles. Planting of trees, shrubs, grasses and ground covers
provide long-term stabilization of soil, which does not allow soil particles to be carried away by wind or
water and it does not allow free flow of water over the soil that prevent soil erosion by water action. Grass
should be planted for temporary stabilization in barren and inactive areas near the project sites. It is
appropriate for site-stabilization both during and after the construction or in cleared areas, where
earthwork activities have ceased.
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b.) Construction road stabilization

Access roads and other on-site vehicle transportation routes to the project sites should be stabilized
immediately after widening and should be frequently maintained to prevent erosion. Areas, which are
graded for construction vehicle transport, are susceptible to erosion. Exposed soil surface is continually
disturbed, leaving no opportunity for vegetative stabilization. Such areas also tend to collect and transport
surface run-off. During rainy season, some areas, particularly those areas that are heavy clay can
generate significant quantities of sediment that may be unloaded to nearby streams as facilitated by the
high rainfall in the area. Efficient road stabilization not only reduces on-site soil erosion, it also
significantly speeds upon site work, avoids instances of immobilized equipment and delivery vehicles and
generally improves working conditions during adverse weather condition particularly in the monsoon
known locally as Amihan that blows from the northwest, causing high rainfall. Along access road should
also be planted with vetiver that can stabilize the soil.

c.) Slope drain

A slope drain is a temporary pipe or lined channel to drain the top of a slope to a stable discharge point at
the bottom of a slope minimizing soil erosion. It is typically used in combination with an earth bank or
diversion channel at the top of the slope. A slope drain is effective because it prevents run-off from
flowing directly down a slope by confining all the run-off into a channel or enclosed pipe. However, larger
areas would require a rock-lined channel. And if clogging happens in slope drains, water will force around
the pipe and may result to slope erosion.

d.) Diversion channel

Temporary diversion channels are suggested to divert off-site run-off around construction areas, divert
run-off from stabilized areas around disturbed area, and direct run-off into sediment traps or basins.
Diversion channels should be installed when the site is initially graded and remain in place until
permanent structures are installed. Diversion channels are appropriate for diverting any upslope run-off
around disturbed areas of the project site in order to prevent soil erosion and sediment accumulation into
waterways, increase the potential of infiltration and divert sediment-laden run-off into trapping devices.

e.) Minimize degradation of soil fertility

Fertile soil support vegetation. Therefore, loss of fertility results in a loss of vegetation, and this expose
the land to erosion. A detailed SMP should therefore be developed and implemented prior to construction
that will address surface soil stripping methods, proper storage, and may include soil amelioration should
there be a need to use it in the future for seedbed and vegetation. The use of vermicompost as soil
enhancer for the surface soils is being promoted recently (Asio et al., 2009). Like any organic fertilizer
and adequate amount of vermicompost is expected to improve the fertility status of degraded soils
especially those low in humus content.

The following practices must be incorporated in the SMP:

1) Strip surface soil from areas that will be disturbed by excavation, roadways or compaction by
heavy equipment.

2) Strategically select stockpile locations that are away from steep slopes, natural waterways and
traffic routes. As it is economical, stockpiles of surface soil must be near to areas where they will
be used.

3) Use sediment barriers (silt screen, silt fence, berms, bunds or dikes) where necessary to retain
sediments.

4) Protect topsoil stockpiles by temporary seeding of annual crops as soon as possible.

5) For stockpiles that will not be used immediately, they must be stabilized with permanent
vegetation, particularly the use of vetiver grass or coco coir mats, which are known to control or
reduce soil erosion.
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6) Erosion and sedimentation control structures must be constructed before spreading the surface
soil, particularly in berms, waterways and sediment catchment basins.

7) Before spreading the surface soil, loosen the subgrade by scrapping the soil to a depth of at least
10 cm to ensure bonding of the surface and subsurface soils.

8) Ensure that surface soils are replaced in the same order that they were removed. Keep the
surface soil separate from overburden, and store layers separately to ensure that materials are
restored in the same order that it was removed.

The environmental section of the RCMC will be responsible for the overall management of the SMP to
ensure the sustainable use of the soil resources within the project area. The environmental sections of
the company will also regularly review and update periodically the SMP throughout the phase of the
project construction in response to the changes in technology (if applicable), research and to address
changes to management strategies.

3. Impact Mitigation

Surface soils from areas that will be disturbed by excavation, roadways or compaction by heavy
equipment must be stripped and stored in designated areas. Topsoil and overburden must be kept and
stored in separate areas to ensure that materials will not mix and restored in the same order during
rehabilitation.

It is important to minimize erosion and control sediments as near to the source as possible. In this way
lesser amount of sediment load is placed on downstream sediment controls (Sloat and Redden, 2005).
The active mining pit will have a slope gradient of 10% (5.7°) at the average but can increase to 12 to
15% (6.8 to 8.5°) depending on the nature of the deposit. The slope gradient must not exceed the natural
slope along the ridge which varies from 8 to 30% (4.6 to 17.2°). Proper water management in active
mining areas and other disturbed areas such as along access roads, waste dumps, pre-pile yard,
stockpile yard and campsite is critical in erosion and sediment control. Drainage in active mining area will
be built close to the mine pits to restrict runoff and stormwater coming from disturbed slopes and stockpile
areas. These waters will be channeled to settling ponds or sumps located in areas with adequate space
and appropriate elevation to allow sediments to settle. The drainage will have a gentle slope to decrease
the flow or water. Surface lining will be installed in settling ponds to prevent leakage or outflow of silt-
saturated water. The settling ponds will be constantly monitored and desilted periodically or after heavy
rainfall events. Contour bunds must be installed at the side of berms to reduce overland flow and direct
sediments to drainage canals. Silt fence will also be installed at the perimeter of the mining pit. In mining
areas where overland flow can come from upslope, cut-off drains and diversion canals must be installed
to divert the surface runoff away from active mining pits.

Outside of the active mining area, such as along access roads, waste dumps and in steep slopes
surrounding the pre-pile yard and stockpile yard, sediment-laden water will be directed to settling ponds
by concrete-lined drainage canals. Sediment traps will be installed along ditches to help in slowing runoff
velocities and allow suspended sediments to settle. In steep waterways or gullies coming from disturbed
slopes, series of check dams will be installed to catch coarse sediments. Active gullying will be controlled
by installing diversion canals at gully head to prevent surface-runoff from entering the gully. The various
portions of the gully channel and branch gullies will be stabilized by installing brush fills; earth plugs; and
brushwood or loose-stone check dams. At a stable point in the lowest section of the main gully channel,
such as a rock outcrop, a gabion check dam or cement masonry check dam will be constructed. Regular
monitoring and maintenance of these structures will be conducted.

As indicated in the site development plan, series of settling ponds will be constructed at appropriate
elevations with gentle and stable slopes to serve as the final interceptors of sediment-laden waters
coming from the mining areas. For Area 1 these will be located downstream of the pre-pile yard and at
the foot of the mountainous terrain near the tributaries of Pintatagan River. For Area 2, these will be
located at the foot of the hilly terrain near the tributaries of Maputi River. Porous baffles must be built in
settling ponds to force the water to spread across the entire pond and reduce turbulence to enhance
settling.
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Stockpiles in the pre-pile yard and stockyard must be covered with plastic sheeting if it will not be hauled
immediately or during times of heavy rainfall. Temporary perimeter sediment barriers such as silt fence or
berms must be installed to protect the stockpiles from stormwater. Ring bunds will be installed at
appropriate locations in the waste dumps, pre-pile yard and stockyard to reduce overland flow and direct
sediments to drainage canals. Topsoil and overburden stockpiles that will not be used immediately must
be stabilized with permanent vegetation together with coco coir mats. Annual crops will be planted to
protect the topsoil. Dust generation will be minimized by regular watering of mine pit and hauling/access
roads using truck-mounted water sprinkler system.

During rehabilitation of mined out areas, the slope will be restored to a stable slope angle similar to the
existing gradient before mining. Erosion and sediment control structures such as berms, drainage canals
and settling ponds must be functional before the overburden and topsoil are spread on the mined-out
area. The subgrade must be loosened by scrapping to a depth of at least 10 cm to ensure bonding of
soils with the underlying layer. The soils must be replaced in the same order when they were removed so
that the natural stratification will be restored. Temporary sediment barriers must be installed at the
perimeter of the rehabilitation site. Contour bunds must be installed at different elevations to minimize
runoff and surface erosion. Geomembrane such as the locally available coco-net will be used to initially
cover bare slopes and promote the growth of vegetation during the rehabilitation phase of the mined-out
areas. A grass commonly used to prevent soil erosion is vetiver (Vetiveria zizanoides). Vetiver roots can
extend as deep as 3 meters into the ground. However, the suitability of this plant in ultramafic-derived
soils and its adaptability in the local setting must be studied. Fast growing native species of trees, shrubs
and grasses available in the area must be preferred. Vegetative hedges must be planted along the bunds
to filter runoff and retain soils. In slope fills such as sides of access roads and waste dumps, ripraps will
be installed on the top of retaining structures to prevent erosion.
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Potential impacts and options for prevention or mitigation or enhancement

The impact of the project to pedology and the corresponding mitigating measures are summarized in

Table 2.1-29.

Table 2.1-29. Impact on Pedology

ACTIVITY

IMPACT

MITIGATING MEASURES

PRE-CONSTRUCTION PHASE

Mineral exploration
activities;

Soil disturbance due to excavations in test
pits, trenches, adits and in drilling areas;

Localized soil contamination from rig oil
spills;

Generation of solid wastes;

All excavated areas will be backfilled
immediately after completion of
exploration works

Drilling operational
strictly implemented;

guidelines will be

Proper housekeeping and solid waste
management will be strictly observed;

Existing land condition due
to previous Ni laterite
mining and exploration

Land degradation as a result of landslides
and erosion within the MPSA area due to
unmaintained roads

Prioritize the rehabilitation of existing
roads, landslide areas and drainage
canals

Erosion of laterite
Causwagan Block

stockpiles  in

Immediate action will be done: cover
stockpiles with plastic sheeting; construct
perimeter sediment barriers; Divert
upstream drainage away from the
stockpiles; install drainage canals and
setting pond; transfer stockpiles to
stockyard when ready

CONSTRUCTION PHASE

Rehabilitation of access
roads

Construction of haul roads,
waste dumps, siltation
ponds, drainage lines

Landscape disturbance will expose the
soil and rocks to erosion; will disrupt
natural drainage; will contribute to
entrainment and transport of sediments

Fuel and oil spills from heavy equipment
may occur in work areas which will
contaminate the soil; contamination can
also occur thru worker's improper
sanitation activities and indiscriminate
garbage disposal

Concrete-lined drainage canals will be
installed to channel sediment-laden water
to settling ponds;

Sediment traps will be installed along
ditches to help in slowing runoff velocities
and allow suspended sediments to settle;

In steep waterways or gullies coming from
disturbed slopes, series of check dams
will  be installed to catch coarse
sediments;

Active gullies will be stabilized,;

Environmental best practices in
construction management will be enforced
in all work sites including proper
management practices for handling fuels
and soils; enforcement of solid waste
management plan; provision of temporary
toilet facilities and proper housekeeping

OPERATION PHASE

Survey and exploration

Clearing and grubbing of

vegetation

Construction of benches in
mining area

Removal of topsoil and
overburden

Ore extraction and loading

Landscape disturbance will expose the
soil and rocks to erosion; will disrupt
natural drainage; will contribute to
entrainment and transport of sediments

Topsoil and overburden will be stored
separately;

Design gradient of active mining pit is 10%
on the average but can increase to 12 up
to 15% depending on the deposit; gradient
must not exceed the natural slope along
the ridge (8 to 30%)
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Drainage in active mining area will be built
close to the mine pits to restrict runoff and
stormwater coming from disturbed slopes
and stockpile areas;

Waters will be channeled to settling ponds
or sumps located in areas with adequate
space and appropriate elevation to allow
sediments to settle;

Surface lining will be installed in settling
ponds to prevent leakage or outflow of silt-
saturated water;

Settling ponds will be constantly
monitored and desilted periodically or after
heavy rainfall events;

Contour bunds will be installed at the side
of berms to reduce overland flow and
direct sediments to drainage canals;

Silt fence will be installed at the perimeter
of the mining pit;

In mining areas where overland flow can
come from upslope, cut-off drains and
diversion canals will be installed to divert
the surface runoff away from active mining
pits;

Series of setting ponds will be
constructed at appropriate elevations with
gentle and stable slopes to serve as the
final interceptors of sediment-laden waters
coming from the mining areas;

Regular monitoring and maintenance of
these structures will be conducted;

Progressive rehabilitation will be done as
soon as possible in mined-out areas;

Stockpiling in pre-pile yard
and waste dumps

Stockpiling of ore, topsoil and overburden
in waste dumps, pre-pile yard and
stockpile yard will create slopes that are
sources of sediments that will be eroded
during heavy rainfall

Stockpiles will be covered with tarpaulin if
it will not be hauled immediately or during
times of heavy rainfall.

Temporary perimeter sediment barriers
such as silt fence or berms will be
installed.

Ring bunds will be installed at appropriate
locations in the waste dumps, pre-pile
yard and stockyard to reduce overland
flow and direct sediments to drainage
canals.

Topsoil and overburden stockpiles that will
not be used immediately will be stabilized
with permanent vegetation together with
COCO coir mats;

Ore hauling to and
stockpiling in stockyard

Hauling of ores and wastes will promote
wind transport of very fine sediments

Regular watering of mine pit and
hauling/access roads using truck-mounted
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Ore hauling to barges

water sprinkler system will be conducted;

Shipping and loading to
mother vessel

Wind transport of very fine sediments

An appropriate moisture content will be
maintained,

Daily operation in mine
offices and facilities

Domestic solid wastes
indiscriminately disposed in
areas

maybe
adjacent

A solid waste management plan will be
strictly enforced,;

REHABILITATION PHASE

Reshaping of mined-out

Backfilling of overburden
and topsail

Will lessen slope gradient;

Will remove the temporary mounds in the
stock yards, waste dumps;

Rebuild slope to a stable angle similar to
the natural slope before mining.

Ensure that berms, drainage canals,
settling ponds are functional before
spreading the soil and overburden;

Install temporary sediment barrier at the
perimeter of rehabilitation site;

Scrape subgrade to ensure bonding with
soil;

Replace soil in the same order when it
was removed to restore natural
stratification;

Contour bunds must be installed at
different elevations; plant vegetative
hedges along these bunds

Natural flow paths will be restored during
rehabilitation; diversion canals will be
redirected towards original natural
waterways;

Construction of efficient
drainage system lined with
concrete

Will divert runoff away from unstable
slopes and will reduce infiltration;

Ensure that the drainage canals are wide
enough to accommodate the common size
of sediment and debris present;

Installation of coco nets

Planting of fast-growing
native vegetation

Will protect soil from erosion;

Fence the newly planted area to minimize
plant disturbance by animals and humans

Decommissioning of
siltation ponds

Will remove external load due to water
and accumulated sediments

Backfilling of siltation ponds once the
mined-out area is completely rehabilitated;
planting of native trees in abandoned
siltation ponds
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2.1.4 Terrestrial Ecology

General Description of the Sampling Stations

There were two seasons of sampling which includes the 1st season which is considered as the dry
season and it was conducted in year 2016. Meanwhile, the second season is considered as the wet
season and it was conducted in year 2019. Three sampling area was established within different
barangays namely, Barangay Puntalinao, Barangay Maputi and Barangay Causwagan. Blocks of
Barangay Puntalinao and Maputi were the planned mine pit whereas, blocks of Barangay Causwagan
was the planned dumpsite of this project.

The topography of the area is characterized by moderately sloping to rugged terrain with elevation
ranging from 100 to 633 meters above sea level. The major drainage systems in the area are Mapanga
River to the west and Piso and Maputi River to the south. The area is underlain by Cretaceous to
Paleogene assemblage of ultramafic and mafic rocks that is thrusted against Cretaceous rocks. The rea
is also composed of moderate to highly fractured serpentinized peridotite. Below is a map showing the
visual representation of the three sampling areas.

Terrestrial Ecology Sampling Station Legend

Banaybanay Nickel Mining Project [/ Banaybanay MPSA Area

@ Mine Pit
© MW Station

ctauswagan

Figure 2.1-50: First Season (Dry Season) Sampling Map for Terrestrial Ecology
both for Flora and Fauna (Source: Google Earth)
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Figure 2.1-51: Second Season (Wet Season) Sampling Map for Terrestrial Ecology showing the
transect lines both for Flora and Fauna (Source: Google Earth)
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2.1.4.1 Terrestrial Ecology: 15t Season Sampling (Dry Season) 2016
2.1.4.1.1 Materials and Methods

Floral Survey

Floral Survey was conducted using a line transect method. The method was conducted by walking
through a line across the sampling station. All tree species intercepted by the transect line measuring > 5
m in height and > 10 cm diameter-at- breast- height were identified and recorded.

Faunal Sampling

Avifauna

Avifaunal survey was conducted through mist netting, transect count and incidental survey. Transect
count was conducted by walking a 1 kilometer transect line for 2 hours within the sampling station. Birds
were identified according to their local names, acoustic calls and visual representations with the aid of a
field guide (Tafiedo, 2015). Birds were released right after photo documentations.

Volant Mammals

Sampling for volant mammals was conducted using mist nets. Ten mist nets measuring 4 m x 12 m at 36
mm mesh size were installed near fruiting Ficus trees, in ridge tops and probable flyways. Age and sex of
bats were determined, including external measurements such as total length (TL), tail vent length (TV),
ear length (EL), forearm length (FA), and hind foot length (HF). Bats were identified using the Key to
Philippine Bats (Ingle and Heaney, 1992). After documentation, bats were revitalized with sugar solution
and released back into the wild.

Non-Volant Mammals

Non-Volant mammals were sampled using live traps. Traps were set up at about 6:00 in the evening and
were checked every four hours until morning. Peanut butter and dried fish were used as bait to attract
small non-volant mammals roaming at night and during the day. Traps were positioned along possible
runways, near burrow entrances, under root tangles, on top of fallen logs and other probable faunal
corridor. Mammals that were trapped in the cage were subjected to basic morphometric measurements
and were released thereafter.

Herpetofauna

Frogs were sampled using cruising methods or opportunistic sampling. Streams and creeks were search
for frogs. All captured individuals were subjected to morphometric measurement. Frogs and other
herpetofauna species were identified based on “The amphibians and reptiles of Mindanao Island,
southern Philippines, Il: the herpetofauna of Northeast Mindanao and Adjacent Islands” (Brown et. Al
2012).

Table 2.1-30. Geographical Location of the three sampling stations.

Barangay Latitude Longtitude
Punta Linao 7°01.859 125° 59.207"
Maputi 7°01.015’ 126° 00.38’
Causwagan 7°01.225 126° 01.195'
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Figure 2.1-52. Map showing the location of the three sampling stations.
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2.1.4.1.2 Result and Discussion

2.1.4.1.2.1 Description of Sampling Stations
Station 1 (Barangay Punta Linao)
Station 1 is situated within barangay Punta Linao. The sampling station is located approximately 2

kilometer from the barangay hall. The area is an open forest dominated by shrubs and evergreen trees
species. Slash and burn farming is also observed within the sampling area.

Figure 2.1-53. Visual representation of the area.

Station 2 (Barangay Maputi)

Station 2 was established within barangay Maputi. The sampling station is located 2 kilometer away from
the laterite stockpiles at Barangay Maputi. The area is a mosaic of evergreen tree species and coconut
plantation. Below is the visual representation of the sampling station.
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Figrue 2.1-54. Visual representation of the sampling area.

Station 3 (Barangay Causwagan)

Station 3 is situated within Barangay Causwagan. The sampling area was established near the laterite
stockpile at Barangay Causwagan and approximately 2 kilometers away from the barangay hall. Below is
the visual representation of the sampling area.
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Figure 2.1-55. Visual representation of the sampling area

2.1.4.1.2.2 Terrestrial Flora

Species Listing

Below are representative species of trees that were recorded within the three sampling stations.
Conservation status

The table below shows the conservation status of tree species listed within the three sampling stations.
There were about 26 species of trees recorded within the three sampling stations with about 366 tree
individuals. The table shows that only 2 species of trees were considered vulnerable according to IUCN
while only one recorded species is considered critically endangered while others are not listed and was
categorized as least concern. Based from DAO 2007-01, only one is categorized as endangered and one

vulnerable while other species are not listed.

Table 2.1-31. Conservation Status of trees recorded within the sampling stations.

SPECIES IUCN CONSERVATION DAO 2007-01 CONSERVATION

STATUS STATUS
Antidesma ilocanum Mer Not Listed Not Listed
Artocarpus blancoi Vulnerable Not Listed
Artocarpus heterophyllus Not Listed Not Listed
Artocarpus odoratissimus Blanco Not Listed Not Listed
Canarium asperum Least concern Not Listed
Cleistanthus pilosus Not Listed Not Listed
Cocos nucifera Not Listed Not Listed
Ficus benjamina Least Concern Not Listed
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SPECIES IUCN CONSERVATION DAO 2007-01 CONSERVATION
STATUS STATUS
Ficus nota Least Concern Not Listed
Gmelina arborea Not Listed Not Listed
Leea aculeata Blume Not Listed Not Listed
Leucaena leucocephala Least Concern Not Listed
Litsea glutinosa Least Concern Not Listed
Macaranga tanarius Not Listed Not Listed
Mangifera indica Not Listed Not Listed
Melanolepis multiglandulosa Not Listed Not Listed
Paraserianthes falcataria Not Listed Not Listed
Premna odorata Not Listed Not Listed
Semecarpus philippinensis Not Listed Not Listed
Shorea contorta Critically endangered Endangered
Switenia macrophylla Least Concern Not Listed
Syzygium brevistylum Not Listed Not Listed
Syzygium cumini Not Listed Not Listed
Voacanga megacarpa Not Listed Not Listed
Xanthostemon verdugonianus Vulnerable Vulnerable

Presence

The table below shows the presence of trees species within the three sampling stations. Based from the
table below, there are eleven different tree species present in station 1 while twelve species of trees in
station 2 and eleven species was also recorded within station 3.

Table 2.1-32. Presence of tree species within each sampling area

SPECIES Station 1 Station 2 Station 3
Antidesma ilocanum Mer X X X
Artocarpus blancoi X X X
Artocarpus heterophyllus X
Artocarpus odoratissimus Blanco X

Canarium asperum
Cleistanthus pilosus
Cocos nucifera

Ficus benjamina X
Ficus nota

Gmelina arborea
Leea aculeata Blume X
Leucaena leucocephala X

Litsea glutinosa
Macaranga tanarius
Mangifera indica X X
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SPECIES Station 1 Station 2 Station 3

Melanolepis multiglandulosa X
Paraserianthes falcataria X
Premna odorata
Semecarpus philippinensis
Shorea contorta

Switenia macrophylla

Syzygium brevistylum X X X
Syzygium cumini
Voacanga megacarpa X

Xanthostemon verdugonianus

Dominance

Station 1

Dominant families within station 1 are presented on the figure below. Based from the figure below, family
Moraceae (35) and Leguminosae (25) are the most dominant family within station 1 followed by family

Anacardiaceae (10), Dipterocarpaceae (12), and Euphorbiaceae (8). Family Apocynaceae has four
individuals while Lauraceae (2) and Meliacceae (6) have two and six individuals respectively.
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Figure 2.1-56. Dominant family within Station 1

Station 2

For station two, Family Euphorbiaceae (37) is the most abundant followed by Moraceae (22),
Leguminosae (20) and Myrtaceae (12). Family Anacardiaceae (8), Apocynaceae (8) and Verbenaceae (8)
have the same number of recorded individuals while Arecaceae (3) and Phyllanthaceae ( 3) has the least
number of individuals.
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Figure 2.1-57. Dominant Family within station 2.

Station 3

Family Phyllanthaceae (25), Euphorbiaceae ( 20 ), Burseraceae (16) Vitaceae (13), Myrtaceae ( 19) and
Anacardiaceae (9) are the most dominant families within station three. Family Euphorbiaceae (7), and
Verbenaceae (7) have the same number of individuals. While family Dipterocarpaceae and Moraceae
have four and three individuals respectively.
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Figure 2.1-58. Dominant Family within station 3

Abundance
Station 1

Percent abundance of tree species for station 1 is presented on the figure below. Among the thirteen tree
species recorded within satation 1, Paraserianthes falcataria ( 20.49%) and Mangifera indica ( 16.39%)
has the highest number of percent abundance followed by Artocarpus odoratissimus blanco (12.30%),
Shorea contorta (9.84%), Artocapus blancoi ( 9.84%), Ficus benjamina(6.56%),Macaranga
tanarius(6.56%) and Syzygium brevistylum ( 5.74%).
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Figure 2.1-59. Percent dominant of tree species for station 1

Station 2

For station 2, Macaranga tanarius ( 19.83%), Leucaena leucocephala ( 16.53%), Ficus nota ( 14.74%)
and Antidesma ilucanum Mer ( 10.74%) has the highest percent abundance followed by Vocanga
megacarpa (6.61%), mangifera indinca ( 6.61%) , gmelina arborea (6.61%) and Syzygium brevistylum
(5.79%).
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» Mangifera indica

u Cleistanthus pilosus

= Xanthostemon verdugonianus

Figure 2.1-60. Percent dominant of trees for station 2.

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation Page | 2.1- 108



Station 3

For station 3, Cleistanthus pilosus ( 201.33%), Leea aculeate Blume (10.57%), canariumasperum (
13.01) and Antidesma ilucanum Mer ( 16. 26%) has the highest percent dominance followed by Syzygium
cumini ( 9.76%), Melanolepis multiglandilosa ( 5.69%) and Premna odorata (5.69%).

2.44 3.25 m Antidesma ilocanum Mer

|
LY

Figure 2.1-61. Percent dominance of trees for station 3

= Syzygium brevistylum

u Cleistanthus pilosus

= Leea aculeata Blume

= Syzygium cumini

= Semecarpus philippinensis

» Mangifera indica

= Melanolepis multiglandulosa
= Premna odorata

® Canarium asperum
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2.1.4.1.2.3 Terrestrial Fauna

Avifauna

Birds play an important role in maintaining the balance of the ecosystem. They are effective pollinators
and at the same time instrument for seed dispersal which is a vital process in maintaining the biodiversity
of flora where all fauna is dependent to. Sudden change in the bird’s abundance might even indicate the
severity of habitat destruction or habitat loss in the forests where they commonly strive.

Species Listing

Many bird species were identified in-situ. After identification, they are then released immediately in the
wild. Below are representative species of birds recorded within the three sampling stations.

Photo 2.1-2. Chalcophaps indica
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Photo 2.1-5. Lanius validirostris
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Photo 2.1-7. Rhipidura cyaniceps

o

~

Photo 2.1-8. Pycnnotus goiavier
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Presence

Photo 2.1-9. Hypsipetes philippinus

Upon listing all the bird species captured, a total of 26 species was noted. Some species are present in
some areas but absent in the other sites. Except for few species, which were found in all sampling sites.
These are Geopelia striata, Pycnonotus goiavier and Rhipidura cyaniceps. The table below shows the
presence of different bird species recorded within the three sampling stations.

Table 2.1-33. Presence of Bird species within the three sampling stations.

Species Common Name Station 1 | Station 2 | Station 3
Alcedo atthis Common Kingfisher X
Chalcophaps indica Lesser Coucal X X
Centropus bengalensis Common Emerald Dove X
Cinnyris jugularis Olive Backed Sunbird X X
Coracina striata Bar Billed Cuckoo Shrike X
Corvus macrorhynchos Large billed crow X
Geopelia striata Zebra Dove X X X
Halcyon smyrnensis White Throated Kingfisher X
Hypsipetes philippinus Philippine Bulbul X X
Lanius cristatus Brown Shrike X
Lanius schach Long Tailed Shrike X X
Lanius validirostris Mountain shrike X
Lonchura atricapilla Chesnutt Munia X
Megalurus palustris Striated Grass Bird X
Merops philippinus Blue Tailed Bee Eater X
Motacilla cinerea Gray Wagtail X
Motacilla flava Yellow Wagtail X
Nectarinia jugularis Olive-Backed Sunbird X
Otus mirus Mindanao Scopes Owl X
Pachycephala philippinensis Yellow bellied whistler X
Phylloscopus borealis Artic Barbler X
Pycnonotus goiavier Yellow Vented Bulbul X X X
Rhipidura cyaniceps Blue Headed Fantail X
Saxicola caprata Pied Bush Chat X X
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Species Common Name Station 1 | Station 2 | Station 3
Spilornis cheela Crested Serpent Eagle X
Streptopelia chinensis Spotted Dove X

Conservation Status

From the 26 bird species identified, three (3) of them were not listed in the IUCN. These are Cinnyris
jugularis, Hypsipetes philippinus and Streptopelia chinensis. While the remaining 23 species are labeled
as “Least Concern”. The following table shows the conservation status of each bird species recorded

within the sampling stations base on the IUCN Red List.

Table 11-34. Conservation Status of Birds recorded within the three sampling stations.

Species

Common Name

IUCN Conservation status

Alcedo atthis

Common Kingfisher

Least Concern

Centropus bengalensis

Lesser Coucal

Least Concern

Chalcophaps indica

Common Emerald Dove

Least Concern

Cinnyris jugularis

Olive Backed Sunbird

Not Listed

Coracina striata

Bar Billed Cuckoo Shrike

Least Concern

Corvus macrorhynchos

Large billed crow

Least Concern

Geopelia striata

Zebra Dove

Least Concern

Halcyon smyrnensis

White Throated Kingfisher

Least Concern

Hypsipetes philippinus

Philippine Bulbul

Not Listed

Lanius cristatus

Brown Shrike

Least Concern

Lanius schach

Long Tailed Shrike

Least Concern

Lanius validirostris

Mountain shrike

Least Concern

Lonchura atricapilla

Chesnutt Munia

Least Concern

Megalurus palustris

Striated Grass Bird

Least Concern

Merops philippinus

Blue Tailed Bee Eater

Least Concern

Motacilla cinerea

Gray Wagtail

Least Concern

Motacilla flava

Yellow Wagtalil

Least Concern

Nectarinia jugularis

Olive-Backed Sunbird

Least Concern

Otus mirus

Mindanao Scopes Owl

Least Concern

Pachycephala philippinensis

Yellow bellied whistler

Least Concern

Phylloscopus borealis

Artic Barbler

Least Concern

Pycnonotus goiavier

Yellow Vented Bulbul

Least Concern

Rhipidura cyaniceps

Blue Headed Fantail

Least Concern

Saxicola caprata

Pied Bush Chat

Least Concern

Spilornis cheela

Crested Serpent Eagle

Least Concern

Streptopelia chinensis

Spotted Dove

Not Listed

Abundance

Station 1
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Percent abundance of birds that was recorded within station 1 is presented on the figure below. The
figure shows that Philippine bulbul (Hypsipetes philippinus) has the highest (34.2%) percent abundance
followed by Pycnonotus goiaver (17.8%) and Centropus bengalensis (). Other bird species aare
composed of Lanius validirostris (11.0%), Nectarina jugularis (6.8%), Alcedo atthis (5.5%), Merops
philippinus (5.5%) and Rhipidura cyaniceps (4.1%).

m Geopelia striata

1.4

~ 1.4 = Alcedo atthis

= Coracina striata
= Spilornis cheela

= Nectarinia jugularis

’ = Lanius validirostris
m Centropus bengalensis
= Merops philippinus
= Hypsipetes philippinus
m Rhipidura cyaniceps

= Pycnonotus goiaver

Figure 2.1-62. Percent abundance of birds within station 1.

Station 2

For station 2, Cinnyris jugularis (21.21%), Lanius cristatus (18.18%) and Geopelia striata (15.15%) are
bird species which has the highest number of abundance. While Pycnonotus goiaver (), motacilla flava()
and Lanius schach () have the same number in terms of percent abundance. Other recorded bird species
includes Chalcophaps indica ()

3.03
= Pycnonotus goiavier
= Saxicola caprata
= Lanius cristatus
® Chalcophaps indica
» = Cinnyris jugularis
= Geopelia striata
m Rhipidura cyaniceps
® Lanius schach
3.03 = Motacilla flava
® Otus mirus

Figure 2.1-63. Percent dominance of birds recorded within station 2
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Station 3

Percent dominance for station 3 is presented on the figure below. The figure shows that Pycnonotus
goiavier (14.13%) has the highest number of percent dominance followed by Hypsipetes philippinus
(10.87%), Cinnyris jugularis (9. 78%), Lanius cristatus (8.70%), Lonchura atricapilla (7.61%), Geopelia
striata (5.43%) and Streptopelia chinensis (6.52%). Other bird species that was recorded within the

sampling station includes Chalcophaps indica (3.26%), Corvus macrorhynchos (2.17%) and others.

Diversity Indices

In the study of 2016 Station 3 which is situated in Barangay Causwagan has the highest number of
species among all the assessed stations. It has a dominance of 7.56% and evenness of 15.11%. Stations
1 and 2 has a dominance of 18.22% and 13.5%, respectively. Both stations has a criterion of “low”

A4

L

3.26

3.26

Figure 2.1-64. Percent dominance of birds recorded within station 3

3.26

1.09

10.87

= Halcyon smyrnensis

= Centropus bengalensis

Phylloscopus borealis

= Cinnyris jugularis

= Pycnonotus goiavier

Hypsipetes philippinus

m Megalurus palustris

m Rhipidura cyaniceps

= Saxicola caprata

m Lanius cristatus

m Motacilla cinerea

diversity indices, while station 3 has a “moderate” diversity indices.

Table 2.1-35. Species Diversity of Avifauna (2016)

Stations | Abundance | Species H-diversity Dominance | Evenness | Criterion
S1 73 11 2.00 18.22% 18.18% Low
S2 33 10 2.13 13.5% 21.3% Low
S3 92 18 2.72 7.56% 15.11% Moderate

Volant mammals

Like birds, bats also act as seed pollinator in a specific ecosystem. Bats can have a variety of diet. From
small insects to big fruits, many are included in their menu. They usually haunt for smaller flying insects

during night time, thus, aside from being a pollinator and seed disperser, they also effectively controls and

regulate the rapid increase on the population of insects and pests.

Species listing
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Below are plates showing visual representation of different species of bats recorded within the three
sampling stations.

Photo 2.1-11. Ptenochirus jagori (Greater Musky Fruit Bat)

Presence

All species of bats are present within each sampling station. Both two bats noted in all sampling sites are
fruit bats which indicates the presence of fruit trees around the areas. These bats do not only consume
fruits as parts of their diet but also transports its seeds which ensures the survival of many floral species.
Due to this important function, they are also regarded as “Keystone Species” and massive reduction on
their population may lead to drastic change in the ecosystem. The table below shows the presence of
different bats species in the sampling area.
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Table 2.1-36. Presence of bats within the three sampling stations

SPECIES COMMON NAME Station 1 Station 2 Station 3
Cynopterus brachyotis Lesser Short Nose X X X
Fruit Bat
Ptenochirus jagori Greater Musky Fruit X X X
Bat

Conservation status

Conservation status of different species of bats is presented on the table below. All species of bats that
was recorded within the sampling stations were listed under least concern.

Table 2.1-37. Conservation status of bats within the three sampling stations

IUCN CONSERVATION
SPECIES COMMON NAME STATUS
Cynopterus brachyotis Lesser Short Nose Fruit Bat Least Concern
Ptenochirus jagori Greater Musky Fruit Bat Least Concern
Abundance
Station 1

Two species of bats was noted in Station 1. As shown in the figure below, the highest percentage
abundance was accounted for by Cynopterus brachyotis with 58.33. While the other species Ptenochirus
jagori made up the remaining 41.67%.

= Ptenochirus jagori ™ Cynopterus brachyotis

Figure 2.1-65. Percent abundance of bats species within station 1
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Station 2

Like station 2, Cynopterus brachyotis was found to have the highest percent abundance of 62.50%
followed by and Ptenuchirus jagori (37.50%).

= Ptenochirus jagori

= Cynopterus brachyotis

Figure 2.1-66. Percent abundance of bats species within station 1

Station 3

Cynopterus brachyotis (60%) is still has the highest percentage abundance for station 3 seconded be
Ptenochirus jagori (40%).

® Ptenochirus jagori ™ Cynopterus brachyotis

Figure 2.1-67. Percent abundance of bats species within station 3.
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Tabel 2.1-38. Potential impacts and options for prevention or mitigation or enhancement

Phases
5
Potential Hazards/Impacts = c Options for Prevention or Mitigation or
> |z | Enhancement
2 |s |98 o
= — = —
o @ © S
[&] c ) (%]
9 o o | ©
o O |10 | O
Vegetation Removal and loss of Habitat in the construction of offices, support facilities and actual
mining activity
The naturally grown trees within X X e Inventory of potential affected trees

Punta Linao, Maputi and
Causwagan has already been
removed brought by the slash
and burn farming method of
locals. Moreover, a forest fire
happened in Punta Linao and
Maputi  which  has  further
removed the vegetation in the
area. Even though with this man-
made activities, regenerating
vegetation were observed.

shall be conducted. Proper ratio of tree
replacement should be done.

e Atree nursery shall be setup to be a
nurturing facility for trees and other
plants that will be earthballed.

e Species observed in the site shall be
used the priority for tree planting.
Exotic species such as Gmelina shall
be discouraged

Threat to existence and/or loss of important local species

There were about 26 species of
trees recorded within the three
sampling stations with about 366
tree individuals. There are 2
species of trees were considered
vulnerable according to IUCN
while only one recorded species
is considered critically
endangered while others are not
listed and was categorized as
least concern. Based from DAO
2007-01, only one is categorized
as endangered and one
vulnerable while other species
are not listed.

No fauna species that were
observed with high conservation
importance observed in all
sampling areas

X

X

e Biodiversity Management Plan shall be
in placed to give priority in the
conservation of tree species with high
conservation importance.

e Tree species that are considered
endangered shall be prioritized in the
greening program of the company

e The company shall initiate an
Information, Education and
Communication Drive to intensify the
awareness of the employees and also
the stakeholders about the importance
of Biodiversity

Hindrance to Wildlife Access
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There were no Bird and Bat
highways  within the area.
Moreover, the area is not a
migration path of birds.

The company shall initiate an
Information, Education and
Communication Drive to intensify the
awareness of the employees and also
the stakeholders about the importance
of Biodiversity

The company shall make its own
regulation in that taking animals
especially the ones that has high
conservation importance shall be
banned
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2.1.4.2 Terrestrial Ecology: 2" Season Sampling (Wet Season) 2019

2.1.4.2.1 Methodology

Terrestrial Fauna

Terrestrial fauna is defined as animals that are living on land and are using the land for the most part of
their lives. Terrestrial fauna can be further divided into vertebrates (birds, mammals including bats,
reptiles and amphibians) and invertebrates (arachnids, crustaceans, insects, mollusk and worms).
Terrestrial fauna also helps in maintaining the general health of ecosystem since most invertebrates act
like pollinators that allow the dispersion of plant seeds, fruits and fungi spores.

AviFauna

The avifaunal survey was conducted through Transect walk method and mist netting method.

Transect Walk Method

Five transects were set in the study area, at an established trail was measured at 25 meters apart along
the trail and mark as stations. Walking through the transect line at a pace of one kilometer per hour.

From 0500H until 2000H, which is also the peak hour of bird activity, all birds seen observed by sight
using a pair of binoculars and long-range still camera along the trails are recorded. Identification by
listening to bird calls/acoustic calls was also done.

Mist-Netting Method

Mist nets with a dimension of 10m x 2.5 m with fine mesh were laid on suitable sites selected which are
adjacent to the transects lines. The nets were set hanging from tree branches and anchored to the
ground below. The captured bird species were retrieved at specific time to avoid excessive stress and
prevent death to the entangled individuals. Birds were identified according to their local names, acoustic
calls and visual representations with the aid of a field guide (Tafiedo, 2015 & Kennedy et al, 2000). Birds
were released right after photo documentation.
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Volant Mammals

Establishment of survey locations were done and followed by ocular visitation upon arrival in the area.
Fruit and insectivorous bats were sampled by mist netting through high and ground. At least one high net
was set randomly in each transect line, composed usually of two to five nets. High nets were opened
starting 1700 H and closed at 0600H. Ground nets were evenly distributed along the transect line.
Dimensions of high and ground nets are 12 x 2 m.

Captured bats were carefully removed from the nets and placed in a cotton cloth bag to minimize stress.
Standard morphometrics were taken and identified using the “Key to the bats of the Philippine Islands” by
Ingle and Heaney 1992.

Photo 2.1-13. Mist-netting Method for Volant Mammals

Photo 2.1-14. Unloosing the bats captured during the mist-netting method

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation Page | 2.1- 123



Non-Volant Mammals

Non-volant mammals such as rodents were sampled using live traps. Traps were set up at around 1800H
and were checked every four hours until morning. Peanut butter and dried fish were used as bait to attract
small non-volant mammals roaming at night and during the day. Traps were positioned along possible
runways, near burrow entrances, under root tangles, on top of fallen logs and other probable faunal
corridor.

Mammals that are trapped in the cage are subjected to basic morphometric measurements and are
released thereafter. Standard morphometrics (total length, tail length, hind foot, ear, and weight) were
taken from the captured samples. Specimens were identified up to the species level based on the
measurements on the “lllustration Guide of the Non-flying Mammals of Mindanao Island, Philippines” by
Heaney et al. (1999) and “A Synopsis of the Mammalian Fauna in the Philippines by Heaney et al. (1998).
There were also species that were identified in the area through Key Informant Interviews (KIll). Local
residents, especially farmers, hunters and enthusiasts were interviewed to check if they have recently
observed these species.

Photo 2.1-15. Setting Up of Cage Traps for non-volant mammals during nighttime.
Hepterofauna

Herpetofauna, comprising of reptiles and amphibians, were sampled using cruising methods or
opportunistic sampling. Bodies of water such as streams and creeks were searched for frogs. Snakes
were searched in possible areas such as burrows and thick vegetation covers. Searches were done
within 10-m parallel distance from the transect line. Visuals and acoustic calls of species were used to
identify the species. Samples were hand-captured whenever possible.

All captured individuals were subjected to morphometric measurement. Frogs and other herpetofauna
species were identified based on Amphibians and Reptiles of Luzon Island (Philippines), VII:
Herpetofauna of llocos Norte Province, Northern Cordillera Mountain Ranged (Brown et. al 2012).
Amphibians and Reptiles of Luzon Island, V: The Herpetofauna of Angat Dam Watershed, Bulacan
Province, Luzon Island, Philippines (Mcleod et. al 2012).
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Terrestrial Flora

Floral Survey was conducted using a line transect method. A 100m line was laid across the established
stations. The method was conducted by walking through the line. All tree species intercepted by the
transect line measuring > 5 m in height and > 10 cm diameter-at-breast-height were identified and
recorded.

vl —
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3 ‘:\?’\ ) e

Photo 2.1-16. SettingAL—Ip transect line for floral survey

2.1.4.2.2 Results and Discussion

2.1.4.2.2.1 Sampling Site Description

Site 1 — Barangay Punta-linao

Site 1 is located in Barangay Punta-linao, with coordinates of N 7°3"21" E 125°58°52". It is a secondary
dipterocarp forest surrounded by 80 degrees sloping ridges. There is a stream 1 km away from the
established transect line. Site 1 is dominated by ferns species, dipterocarp tree species is relatively in

patches, Syziguim brevistylum with the 60 ft (H) and 30 cm (DBH) is the highest and have largest DBH in
the transect line.
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Photo 2.1-17 Visual Representation of the Sampling Area in Barangy Puntalinao, Banaybanay,
Davao Oriental

Site 2 — Barangay Maputi

Site 2 is located in Barangay Maputi, with coordinates of N 7°3°23" E 126°0°20". It is a secondary
dipterocarp forest. This site is dominated by fern species, dipterocarp; tree species are dominated by
Eurya sp.. A 5m-wide logging road was also observed in the area. There is a stream five meters away
from the established transect line.

Photo 2.1-18. Visual Representation of the Spl| Area n Barangay aputi, Banaybanay, Davao
Oriental
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Site 3 — Barangay Causwagan

Site 3 is located in Barangay Causwagan, with coordinates of N 7°1°25” E 126°1°28". It is a secondary
agro-dipterocarp forest dominated by dipterocarp trees and agricultural trees like Mangoes, Falcata,
Marang, Langka and Coconut tree, a river was observed 300 meters away transect line, 5 m wide road is
present and currently use for logging in the area.

Photo 2.1-19. Visual Representation of the Sapling Area in Baranga Causwagan, Banaybanay,
Davao Oriental

The sampling stations were located in Barangay Puntalinao, Barangay Maputi and Barangay Causwagan.
There were eight (8) transect-walk established in Baranagay Puntalinao and ten (10) for both Barangay
Maputi and Barangay Causwagan. The access of the researchers in the area was limited by the barangay
officials for safety purposes.

2.1.4.2.2.2 Terrestrial Flora

Species Richness

A total of thirty-four (34) species were observed during the 2019 monitoring across all sampling sites.
(Site 1, Site 2 and Site 3). These species belong to 21 different families. The families with the richest
species recorded in the area are Myrtaceae with four (4) species and Dipterocarpaceae and Fabaceae
with three (3) species each.

The table below shows the different flora species that were observed in the 2019 monitoring.

Table 2.1-39. Flora Species Observed in the 2019 Study

Family Species Local Name
Anacardiaceae Mangifera indica Manga
Anacardiaceae Bucchanania sp Manga-manga
Annonaceae Haplostichanthus lanceolata Banga
Arecaceae Cocos nucifera Lubi
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Family Species Local Name
Burseraceae Garuga floribunda decne bugo
Burseraceae Canarium ovatum Pili-pili
Calophyllaceae Calophyllum blancoi Bitanghol/Yelohan
Celastraceae Euonymus javanicus Tabaan
Clusiaceae Garcinia rubra Batwan
Dipterocarpaceae Dipterocarpus grandiflorus Apitong
Dipterocarpaceae Shorea sp. Lawaan
Dipterocarpaceae Shorea astylosa Yakal
Phyllanthaceae Cleistanthus pilosus Malatabako
Fabaceae Cynometra inaequifolia Dila- Dila
Fabaceae Falcataria moluccana Falcata
Fabaceae Pterocarpus indicus Narra
Fagaceae Castanopsis sp Indang-Indang
Fagaceae Lithocarpus llanosi Ulayan
Lamiaceae Gmelina arborea Gmelina
Meliaceae Swietenia macrophylla Mahogany
Meliaceae Sandoricum koetjape Santol
Moraceae Artocarpus heterophyllus Langka
Moraceae Artocarpus odoratissimus Marang
Myrtaceae Syzygium cumini Lumboy-lumboy
Myrtaceae Xanthostemon verdugonianus Magkuno
Myrtaceae Syzyguim brevistylum Sagimsim
Pentaphylacaceae Eurya sp. Tag-lemonsito
Podocarpaceae Podocarpus philippinensis Malakauayan
Rubiaceae Nauclea orientalis Bangkal
Rubiaceae Greeniopsis sp Hambabalod
Rutaceae Melicope sp Ansohan/Tulusan
Sapotaceae Palaquium luzoniense Nato
Urticaceae Urtica sp Alingatong
Myrtaceae Syzygium sp. [toman

Presence

Among the 34 species that were observed in the 2019 monitoring, there were only two (2) species that
were found across all sampling sites. These species are Syzygium cumini and Syzyguim brevistylum.
There were also eight (8) species that were found in just two (2) sites, while the other 24 species are only

present in one (1) site.

The table below shows the presence of the flora species observed across the three (3) sampling sites.
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Table 2.1-40. Presence of Flora Species

Family Species Site 1 | Site2 | Site 3
Anacardiaceae Mangifera indica /
Anacardiaceae Bucchanania sp /
Annonaceae Haplostichanthus lanceolata / /
Arecaceae Cocos nucifera /
Burseraceae Garuga floribunda decne /

Burseraceae Canarium ovatum / /
Calophyllaceae Calophyllum blancoi / /
Celastraceae Euonymus javanicus /

Clusiaceae Garcinia rubra / /
Dipterocarpaceae Dipterocarpus grandiflorus /
Dipterocarpaceae Shorea sp. /
Dipterocarpaceae Shorea astylosa / /
Phyllanthaceae Cleistanthus pilosus /
Fabaceae Cynometra inaequifolia /

Fabaceae Falcataria moluccana /
Fabaceae Pterocarpus indicus /
Fagaceae Castanopsis sp /
Fagaceae Lithocarpus llanosi / /
Lamiaceae Gmelina arborea /
Meliaceae Swietenia macrophylla /
Meliaceae Sandoricum koetjape /
Moraceae Artocarpus heterophyllus /
Moraceae Artocarpus odoratissimus /
Myrtaceae Syzygium cumini / / /
Myrtaceae Xanthostemon verdugonianus /
Myrtaceae Syzyguim brevistylum / / /
Pentaphylacaceae Eurya sp. /
Podocarpaceae Podocarpus philippinensis /

Rubiaceae Nauclea orientalis /
Rubiaceae Greeniopsis sp / /
Rutaceae Melicope sp /

Sapotaceae Palaquium luzoniense / /
Urticaceae Urtica sp /
Myrtaceae Syzygium sp. /

Abundance

A total of 355 individual flora belonging to 34 species were observed across the three (3) sampling sites.
The species with the highest counts are Syzyguim brevistylum, Mangifera indica, Falcataria moluccana
with 64, 40 and 38 individuals, respectively. Furthermore, Mangifera indica is also the most abundant
species in Site 3, while the latter two (2) which were only found in Site 3, were the second and third most
abundant species on site, respectively.

Proposed Banaybanay Nickel Laterite Mining Project

Riverbend Consolidated Mining Corporation Page | 2.1- 129



Station 1 (Barangay Puntalinao)

There were a total of 82 individuals that were observed in Site 1 belonging to 15 species. The most
abundant species is Euonymus javanicus with an abundance of 25.61% of the species found (21
individuals, followed by Lithocarpus llanosi which is 17.07% abundant (14 individuals), and Syzyguim
brevistylum with 13.41% abundance (11 individuals). Each of the other species found in the site are less
than 10% in abundance.

The figure below shows the relative abundance of Flora species in Site 1
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= Euonymus javanicus = Lithocarpus llanosi = Syzyguim brevistylum

= Dipterocarpus grandiflorus = Calophyllum blancoi = Shorea astylosa

= Cynometra inaequifolia » Syzygium cumini ® Palaquium luzoniense

= Syzygium sp. = Garuga floribunda decne = Podocarpus philippinensis
= Melicope sp = Haplostichanthus lanceolata = Greeniopsis sp

Figure 2.1-68. Site 1 Relative Abundance
Station 2 (Barangay Maputi)
There were a total of 61 individuals belonging to 12 species that were observed in Site 2. Among these
species, Xanthostemon verdugonianus has the highest abundance of 32.79% (20individuals), followed by
Syzygium cumini with 29.51% abundance (18 individuals). Each of the other species that were identified
in the site are less than 10% in abundance.

The figure below shows the relative abundance of the species observed in Site 2.
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Figure 2.1-69. Site 2 Relative Abundance
Station 3 (Barangay Causwagan)

Site 3 has the highest number of individual species that were observed at 212 belonging to 19 species.
Among these species, Syzyguim brevistylum has the highest relative abundance at 23.58% (50
individuals), followed by Mangifera indica, Falcataria moluccana, Swietenia macrophylla, with relative
abundance of 18.87%, 17.92%, and 10.38%, respectively. Each of the other species that were identified
in the site are less than 10% in abundance.

The figure below shows the relative abundance of the species observed in Site 3.
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Figure 2.1-70. Site 3 Relative Abundance
Conservation Status of Flora (DAO 2017-11)

The International Union for Conservation of Nature (IUCN) lists and identifies the threatened species as a
group of 3 categories: Vulnerable, Endangered and critically endangered species. The aim of the system
is to provide a framework for the broadest classification of species in relation to their corresponding
extinction risk.

In the Philippines the Department of Environment and Natural Resources (DENR) issued a list of
threatened species of plants in the country. The species of plants listed are monitored by the DENR. The
categories fall under critically endangered, endangered, vulnerable and other threatened species. The list
is based on scientific and internationally accepted criteria.

Table 2.1-41. Conservation Status using IUCN Red List and DAO 2017-11

Species IUCN DAO 2017-11
Mangifera indica Data Deficient Data Deficient
Bucchanania sp NA Not listed
Haplostichanthus lanceolata Not listed Not listed
Cocos nucifera Not listed Not listed
Garuga floribunda decne Not listed Not listed
Canarium ovatum Vulnerable Other Threatened Species

(OTS)
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Species IUCN DAO 2017-11
Calophyllum blancoi Not listed Not listed
Euonymus javanicus Least Concern Not listed
Garciniarubra Not listed Not listed
Dipterocarpus grandiflorus Endangered Vulnerable
Shorea sp. NA N/A
Shorea astylosa Critically Endangered Critically Endangered
Cleistanthus pilosus Not listed Not listed
Cynometra inaequifolia Vulnerable Vulnerable
Falcataria moluccana Not listed Not listed
Pterocarpus indicus Endangered Vulnerable
Castanopsis sp NA N/A
Lithocarpus llanosi not listed Endangered
Gmelina arborea Least Concern Not listed
Swietenia macrophylla Vulnerable Not listed
Sandoricum koetjape Least Concern Not listed
Artocarpus heterophyllus not listed Not listed
Artocarpus odoratissimus Near Threatened Not listed
Syzygium cumini Least Concern Not listed
Xanthostemon verdugonianus Vulnerable Endangered
Syzyguim brevistylum Least Concern Not listed
Eurya sp. NA Not listed
Podocarpus philippinensis Not listed Not listed
Nauclea orientalis Least Concern Not listed
Greeniopsis sp NA N/A
Melicope sp NA Not listed
Palaguium luzoniense Vulnerable Vulnerable
Urtica sp NA Not listed
Syzygium sp. NA N/A

The table below summarizes the conservation status of the flora species that were observed in the 2019
monitoring based on the IUCN Red List and the DAO 2017-11 Species list. Among the 34 species that
were observed, 16 were listed in the IUCN Red List. Those species listed are categorized as follows:
Least Concern — 6, Vulnerable — 5, Endangered — 2, and Critically Endangered — 1, Data Deficient — 1,
and Near Threatened — 1.

There were 8 among the species that were observed that were also listed in the DAO 2017-11. These
species are listed as follows: Vulnerable — 4, Endangered — 4, Critically Endangered — 1, and Other
Threatened Species — 1

Table 2.1-42. Summary of Conservation Status of Flora Species

Conservation Status 2019
IUCN
Not listed 10
NA 8
Least Concern 6
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Conservation Status 2019
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Monitoring Comparison for Terrestrial Flora

Diversity Indices

The diversity indices for 2016 study, all of the stations have a criterion of low diversity of species in the
area. The highest H-diversity present is found in station 2 which has 2.31. In addition, it has dominance of
11.82% and 17.77% of evenness. The least H-diversity is station 1 which has 2.25, however it has the
highest evenness of 20.45% and dominance of 12.04%.

Table 2.1-43. Diversity Indices of Flora Species in 2016 Study

Stations | Abundance | Species H-diversity Dominance | Evenness | Criterion
S1 122 11 2.25 12.04% 20.45% Low
S2 121 13 2.31 11.82% 17.77% Low
S3 123 12 2.28 14.79% 19% Low

In addition, the diversity indices for 2019 study has a criterion of very low to low diversity of species. The
station with very low diversity is station 2 with 1.89 H-diversity, 21.37% dominance and 15.75%
evenness. The highest H-diversity is present in station 1 with 2.30 and followed by station 3 with 2.24.
However, station 1 has 13.47% and 15.33% of dominance and evenness, respectively. And, for station 3
it has 14.51% dominance and 11.79% evenness.

Table 2.1-44. Diversity Indices of Flora Species in 2019 Study

Stations | Abundance | Species H-diversity Dominance | Evenness | Criterion
S1 82 15 2.30 13.47% 15.33% Low
S2 61 12 1.89 21.37% 15.75% Very Low
S3 212 19 2.24 14.51% 11.79% Low

Based on diversity indices of 2016 and 2019 study, station 3 has decrease number of species,
abundance and H-diversity from 2016 study to 2019 study. However, for station 1 it has decrease the
abundance and number of species, yet the H-diversity increases of 0.05 from 2016 to 2019 study. Station
2 has an additional of one species present in 2019 study however, it decreases the number of individuals
which resulted to lower H-diversity of 1.89. In addition, the criterion of station 2 became very low diversity
of species in year 2019 study.
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Cluster Analysis

The percent of similarity for flora species in stations 3 and 2 is 25.41%. Meanwhile, station 1 has 23.86%
of similarity of flora species. It can be inferred that there are areas of station 3 and station 1 has the same
flora species present. However, for station 1 there are lesser similarity of flora species present.

Bray-Curtis Cluster Analysis (Single Link)

Station 3 (Causwagan)

Station 2 (Maputi)

Station 1 (Puntalinao)

0. % Similarity 50. 100

Figure 2.1-71. Cluster Analysis of Flora Species in 2016 Study

In the 2019 study, it can be inferred that there are lesser percentage of similarity present compared to the
2016 study. For station 1 and station 2 similarity of flora species, it has 19.58% while for station 3 it has
12.92% of similarity to station 2 and 1.

Bray-Curtis Cluster Analysis (Single Link)

Station 3 (Causwagan)

Station 2 (Maputi)

Station 1 (Puntalinao)

0. % Similarity 50. 100

Figure 2.1-72. Cluster Analysis of Flora Species in 2019 Study

Proposed Banaybanay Nickel Laterite Mining Project
Riverbend Consolidated Mining Corporation Page | 2.1- 135



Species Richness

In the 2016 baseline study, there were a total of 25 species belonging to 14 families that were observed .
Among these, the family with the richest species is Moraceae with five (5) species, followed by Myrtaceae
with three (3) species. On the other hand, 34 species belonging to 21 different species were observed in
the 2019 monitoring. The families with the richest species recorded in the area are Myrtaceae with four
(4) species and Dipterocarpaceae and Fabaceae with three (3) species each.

There were also ten (10) species that were observed in both the 2016 baseline study and the recent
monitoring. The species are Mangifera indica, Cocos nucifera, Cleistanthus pilosus, Gmelina arborea,
Swietenia macrophylla, Artocarpus heterophyllus, Artocarpus odoratissimus, Syzygium cumini,
Xanthostemon verdugonianus, and Syzyguim brevistylum.

The table below shows all of the species observed in the 2019 monitoring in comparison with the 2016
baseline study.

Table 2.1-45. Species Richness between 2016 and 2019 Study

Family Species Local Name 2016 | 2019
Anacardiaceae Mangifera indica Manga / /
Anacardiaceae Bucchanania sp Manga-manga /
Annonaceae Haplostichanthus lanceolata Banga /
Arecaceae Cocos nucifera Lubi / /
Burseraceae Garuga floribunda decne bugo /
Burseraceae Canarium ovatum Pili-pili /
Calophyllaceae Calophyllum blancoi Bitanghol/Yelohan /
Celastraceae Euonymus javanicus Tabaan /
Clusiaceae Garcinia rubra Batwan /
Dipterocarpaceae Dipterocarpus grandiflorus Apitong /
Dipterocarpaceae Shorea sp. Lawaan /
Dipterocarpaceae Shorea astylosa Yakal /
Phyllanthaceae Cleistanthus pilosus Malatabako / /
Fabaceae Cynometra inaequifolia Dila- Dila /
Fabaceae Falcataria moluccana Falcata /
Fabaceae Pterocarpus indicus Narra /
Fagaceae Castanopsis sp Indang-Indang /
Fagaceae Lithocarpus llanosi Ulayan /
Lamiaceae Gmelina arborea Gmelina / /
Meliaceae Swietenia macrophylla Mahogany / /
Meliaceae Sandoricum koetjape Santol /
Moraceae Artocarpus heterophyllus Langka / /
Moraceae Artocarpus odoratissimus Marang / /
Myrtaceae Syzygium cumini Lumboy-lumboy / /
Myrtaceae Xanthostemon verdugonianus Magkuno / /
Myrtaceae Syzyguim brevistylum Sagimsim / /
Pentaphylacaceae Eurya sp. Tag-lemonsito /
Podocarpaceae Podocarpus philippinensis Malakauayan /
Rubiaceae Nauclea orientalis Bangkal /
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Family Species Local Name 2016 | 2019
Rubiaceae Greeniopsis sp Hambabalod /
Rutaceae Melicope sp Ansohan/Tulusan /
Sapotaceae Palaquium luzoniense Nato /
Urticaceae Urtica sp Alingatong /
Myrtaceae Syzygium sp. Itoman /
Anacardiaceae Semecarpus philippinensis Kaming /
Apocynaceae Voacanga megacarpa Bayag Usa /
Burseraceae Canarium asperum - /
Dipterocarpaceae Shorea contorta White Lauan /
Euphorbiaceae Macaranga tanarius Binunga /
Euphorbiaceae Melanolepis multiglandulosa Pakalkal /
Fabaceae Leucaena leucocephala Ipil ipil /
Fabaceae Paraserianthes falcataria - /
Lamiaceae Premna odorata Alagaw /
Lauraceae Litsea glutinosa Puso-puso /
Moraceae Artocarpus blancoi Antipolo /
Moraceae Ficus benjamina Balete /
Moraceae Ficus nota Tibig /
Phyllanthaceae Antidesma ilocanum Mer Buol /
Vitaceae Leea aculeata blume Mali-mali /

Presence

Among the 25 species that were observed during the 2016 baseline study, only four (4) species were
present across all three sites. These species were Antidesma ilocanum Mer, Artocarpus blancoi |,
Mangifera indica, and Syzyguim brevistylum. Four (4) others were found in at two (2) sites, while the other
17 species were found only in one site.

The table below shows the presence of species across the sampling sites in both the 2016 and 2019
study.

Table 2.1-46. Presence of Flora Species between 2016 and 2019 across sampling sites

: 2016 2019
Species ; . : : : :
Site 1 Site2 | Site3 | Sitel | Site2 | Site 3
Antidesma ilocanum Mer / / /
Artocarpus blancoi / / /
Artocarpus heterophyllus / /
Artocarpus odoratissimus / /
Bucchanania sp /
Calophyllum blancoi / /
Canarium asperum /
Canarium ovatum / /
Castanopsis sp /
Cleistanthus pilosus / / /
Cocos nucifera / /
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