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0. Executive Summary

A. Project Fact Sheet

The Proposed Expansion of the Silica Quarry of the Heirs of Arturo Zayco (HAZ) under Mineral
Production Sharing Agreement (MPSA)No. 218-2005-VIl was initiated to contributein the country's
nation building program. The MPSA 218-2005-VII, dated October 5, 2005, was granted under the
name of the Heirs of Arturo Zayco (HAZ), covering a total of six (6) claims with an aggregate area of
505.4626 hectares in Barangay Maaslum, Ayungon, Negros Oriental.

Currently, the quarry operation is limited to ten (10) has out of the aggregate area of 505.4626 has.
The existing extraction rate is 500 metric tons of silica per day (MTPD) with an estimated annual
production of 125,316.84 metrictons (MT) for 2016. As the actual quarry site is limited to ten (10)
hectares, the quarry operation is considered as small-scale.

1. ECC History

The small-scale quarry operations of HAZ is covered by ECC 701-08-23-0135303 which was issued
by the Department of Environmentaland Natural Resources - Environmental Management Bureau
(DENR-EMB) Region VIl office dated August 23, 2001. The ECC covers the ten (10) ha quarry site
that is currently being mined.

This Environmental Performance Report and Management Plan (EPRMP)is prepared as compliance
tothe application for an ECCto the proposed expansion of quarry operations from 10 hasto 50 has
within the MPSA and a corresponding increase in the extraction of silica. It should be noted that
there will be no modification in the quarry process. Given the increase in the extraction of silica,
there area few additional mobile auxiliary equipment that will be acquired.

Background on Quarry Operation

The project site is under Mining Lease Contract No. MRD — 138 VIl issued by the Department of
Natural Resources on December 13,1978 covering an area of 505.4626 hectares to Arturo Zayco.
Prior to the expiration of the Mining Lease Contract (MLC), an application for Mineral Production
Sharing Agreement (MPSA)was filed by the Heirs of Arturo Zayco on August 16, 2002 in the Mines
and Geosciences Bureau (MGB) Regional Office VII covering the area under the same MLC. Silica
extractionin Barangay Maaslum, Ayungon, Negros Oriental within the leased mining claim of Arturo
Zayco has been on-going since the late 1970’s up to the present. From 1979 until 1989, Maria
Cristina Chemicals, Inc. (MCCI) operated a silica quarry in the mining claim of Arturo Zayco by virtue
of an operatingagreement between the two (2) parties. Initially, MCCI quarried silica in the area to
supply its ferrosilicon plant in lligan City. In 2001, the Heirs of Arturo Zayco entered into an
operating agreement with Calamba Aggregates Co., Inc. (CACI) a subsidiary of Alsons Cement
Corporation (ACC) which was approved by DENRin 2003. ACC (which later became part of Holcim
Philippines, Inc.) took over the quarry operation in 2001. In March 31, 2017, a new operating
agreement was signed between the Heirs of Arturo Zayco Sr. represented by Alfredo F. San Miguel
Jr, Heirs of Arturo Zayco Sr., represented by Jose Maria Z. Cuenca, and Alfredo San Miguel and
Holcim Resources and Development Corporation (HRDC). Currently, quarry operation is confined
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within a ten (10) hectare area covered by a partial declaration of mining project feasibility (Annex
15)outofthetotal 505.4626 hectares covered by MPSA 218-2005-VIl. The operation forthe quarry
is contracted out to SiO2 Resources Corporation, a Manila-based mining contractor since year 2014.

The ECC coverage of the proposed expansion will only cover 50 hectares of the entire MPSA area.
In summary, the proposed expansion has the following information:

Table 0-1. Comparative Matrix of Existing and Proposed Project Components

Components Existing Proposed
MPSA Covered by MPSA 218-05-VII No change
Area Coverage 505.4626 hectares No change

ECC Coverage

Existing ECC Coverage:
10 hectares
ECC No. 0701-08-03-0135303-A

Expansion of ECC Coverage:
50 hectares

Production Capacity

125,316.84 MTPY of silica

625,000 MTPY of silica

Extraction Method

Surface Mining- Quarrying

No change

Commodity

Silica

No change

Quarry Operations

Silica quarry operation in 10
hectares

Silica quarry operation in 50 has

Quarry Equipment

The operation for the entire
guarry is contracted out to SiO2
Resources Corporation.

1 Bulldozer

2 Excavators

3 Payloaders

20 Dump Trucks
1 Road Grader

1 Vibratory Roller
2 Water Trucks

1 Mobile Crusher
1 Fuel Truck

1 Service Truck

1 Service Vehicle
1 Breaker Attachment

The operation for the entire quarry is
still to be contracted out. Below are the
proposed equipment’s for safer and
efficient operation;

Loading:

1-unit Volvo L150H 4.2cum Payloader
2-units Volvo EC300DL 1.76cum
Excavator

Hauling:
20 HOWO (15MT) on road hauling units

3-units Volvo FMX420 Off Highway
Trucks (Quarry)

Auxiliary:
1-unit Rock Breaker Attachment
Rammer 3T
2-units Komatsu D155A-6R Bulldozer
2-units MotorGrader
1-unit Vibratory Roller
2-units Isuzu Forward Water Trucks
(10,000lts)
1-unit Fuel Truck
1-unit Service Truck
1-unit Service Vehicle
1-set of Mobile Crusher/screening
— 1 Grizzly Feeder for LT106
— 1 Primary Jaw Crusher —
Metso LT106
— 1 Secondary Cone Crusher —
Metso HP200
— 1 Screening Unit Deck Screen
— 1 Radial Stacket
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— 3 decker Vibrating Screen
ST4.8

1 Lube truck Isuzu 6BG1 for mobile
crusher/HE
1 Book Truck Isuzu EIf
1 Road Grader SDLG 9190
1-unit Komatsu Eccentric Ripper for
ripping hard silica materials
1 Back Hoe Kom PC200 for Xcentic
1 Back Hoe Volvo EC300DL for crusher
loading and stockpile maintenance for
ripping hard silica materials

Auxiliary Operations None. There is no processing of | Primary and secondary crushing,
raw silica at the quarry site. screening and washing using the mobile
units on site

B. Process Documentation

The EPRMP was prepared by Berkman International, Inc. (Bll), a registered professional consulting
and project management firm, with address at Unit 301 ALCCO Building, Service R., San Juan City,
Metro Manila. The preparation of this EPRMP was approved by the Proponent for their application
of Environmental Compliance Certificate (ECC) for the 50 hectares expansion and increase in
extraction rate and subsequently, a Declaration for Mining Project Feasibility (DMPF).

1. EIATeam

The EIA Team of Berkman International, Inc., is composed of the following:

Table 0-2. EIA Team

Name Expertise EIA Registry No.

Dr. Emmanuel Lleva Flora and Fauna Specialist IPCO-130
Dr. Honorato Palis Environmental Specialist

Dr. Edwin Combalicer Water Quality /Hydrologist/ GIS Specialist IPCO-321
Mr. Ephrem Gabriel Cortes Socio-Economic/Public Participation Specialist IPCO-322
Dr. Merlyn Carmelita Rivera Socio-Economic Specialist IPCO-298
Mr. Henry Salvado Geologist, Competent Person -
Engr. Ramon Aguilar Jr. Air/Noise Quality Specialist -

Dr. Thelma Dela Cruz ERA Specialist IPCO-387
Engr. Vicente Ballaran Jr. Sediment Transport Specialist -

Mr. Rory Caguimbal Research Associate (Water Quality) IPCO-229
Ms. Ma. Nifia Regina Quibod Research Associate (Terrestrial Ecology) -

Ms. Fenelyn Nabuab Research Associate (Freshwater Ecology) IPCO-165
Ms. Ma. Lisa Lagdaan Research Associate (Terrestrial Ecology) IPCO-217
Mr. Ace Kevin Amarga Research Associate (Riparian Ecology) -

Mr. Garry Benico Research Associate (Freshwater Ecology) IPCO-393

2. EIA Study Schedule and Area

The project area is situated in Barangay Maaslum of the Municipality of Ayungon, Province of
Negros Oriental. The project site is under Mining Lease Contract No. MRD — 138 VIl issued by the
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Department of Environment and Natural Resources (DENR) on December 13, 1978 covering an
area of 505.4626 hectares to Arturo Zayco.

The study was conducted in the identified direct impact areas of the proposed expansion which are
Barangay Maaslum, Barangay Gomentoc and Barangay Tampocon |, all situated in Ayungon, Negros

Oriental.

Table 0-3. EIA Schedule

Project Activity

Date of Completion

Kick-Off Meeting April 13,2016
Initial Site Visit April 25-May 2, 2016
IEC at Barangay Maaslum, Barangay Proper April 26, 2016
|IEC at Barangay Gomentoc, Barangay Proper April 27,2016
|IEC at Barangay Tampocon 1, Barangay Proper April 27,2016
IEC at Municipal LGU of Ayungon April 28,2016

Terrestrial Ecology Study (Dry Season)

April 25-May 2, 2016

Water Quality Assessment (Dry Season)

April 25-May 2, 2016

Focus Group Discussion

April 25-May 2, 2016

Public Scoping

May 18, 2016

Freshwater Ecology (Dry Season)

May 18, 2016

Ambient Air & Noise Quality Assessment (Dry Season)

November 28-December 1, 2016

Terrestrial Ecology Study (Wet Season)

August 19-25, 2017

Freshwater Ecology (Wet Season)

August 19-25, 2017

Riparian Ecology Study (Wet Season)

August 19-25, 2017

Water Quality Assessment (Wet Season)

August 19-25, 2017

Ambient Air & Noise Quality Assessment (Wet Season)

August 19-25, 2017

Soil Sampling Analysis (Wet Season)

August 19-25, 2017

IEC Activity

October 25,2018

Public Re-Scoping Activity

November 26, 2018

Soil Sampling Analysis (Dry Season)

February 26,2019

3. Description of Key EIA Methodologies

Primary and secondary data were utilized for the assessment of the project impacts. Primary data
were obtained from onsite investigation and field sampling/ surveys. Meanwhile, secondary data
were acquired from the proponent. Relevant and previously conducted surveys were also
considered.

The study itself followed various methodologies and written in detail are the study modules for air,
water, land and communities. The following are the sampling/ assessment methodologies
employed by the team in the preparation of the EPRMP:
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Table 0-4. Key EIA Methodologies

Module Project Activity Methodology
Land Land Use Gather and review secondary data
Geology and Geomorphology Gather and review secondary data
Pedology Grab Sampling Method
Terrestrial Ecology Ocular Survey, Transect Method,
Line Intercept, Quadrat Method
Sampling
Riparian Ecology Ocular Survey, Transect Method
Water Freshwater Ecology Plankton Sampling, Periphyton
Sampling, Macro-Invertebrate
Sampling, Key-informants
Interview
Water Quality Grab Sampling, In situ
measurements, Gravimetric,

Nephelometric, Azide Modification
(Dilution Technique), Close Refu —
Colorimetric, Partition Gravimetric
(Petroleum  Ether  Extraction),
Turbidimetric, Titrimetric,
Diphenyl Carbazine Colorometric
Method, Hydride Generation AAS,
EDA titrimetric, Atomic Absorption
Spectrophotometry, Cold Vapor
Technique, Selective Electrode

Method
Air and Noise Ambient Air and Noise Quality High Volume —Gravimetric
Method, Low Volume -

Gravimetric Method, Bubbler —
Pararosaniline Method, Bubbler —
Griess-Saltzman Reaction Method
and Gas Analyzer — Direct Reading

People/ Community Socio-Economic Profile Public  meeting and  direct
consultation, focus group
Discussion, Key Informant
Interview
Health Impacts Discussions with Municipal Heath

Office, Secondary data gathering,
Focus groups discussions

4. Scoping and Public Participation

Stakeholder involvement was ensured through the conduct of a series of IEC campaign, focus
group discussions, meetings and key informantinterviews prior to scoping. These activities served
as venue for public participation where stakeholders can relay their issues, concerns and
perceptions relative to the proposed expansion.

The activities conform to the provisions of public participation, Section 5 (Initial Stakeholder
Identification), Section 6 (Information and Education Campaign), Section 7 (Requirements prior to
Public Scoping), Section 8 (Public Participation during Public Scoping), Section 9 (Stakeholder
involvement in the EIA Study/ Report Preparation by the Proponent) and Section 10 (Updating of
Stakeholder Identification and Stakeholder Analysis) as required under DAO No. 2017-15
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(Guidelines on Public Participation under the Philippine Environmental Impact Statement — EIS,
System).

As shown in Table 0-3, there were five (5) IEC conducted in Barangay Maslum on April 26, 2016;
Barangay Gomentoc on pril 27,2016; Barangay Tampocon 1 on April 27,2016, municipal-wide on
April 28,2016 and October 25,2018. Annex 17 provides thesummaryofthelECresults conducted.

Several focus group discussion (FGD) sessions were also conducted on April 25- May 2, 2016.
Meanwhile, two (2) public scoping were done on May 18, 2016 and November 26, 2018. These
public participation activities were attended by various stakeholders from the direct impact areas,
indirect impact areas and LGU with political jurisdiction over the project and others (implementing
partners — HMDC and HAZ, contractors, NGO and government agencies. Table 0-5 provides the
summary of the list of invitees in these public participation activities

§2: BERKMAN 6lPage



Table 0-5. Summary of List of Invitees

Environmental Performance Report and Management Plan (EPRMP)
Expansion of Silica Quarry of the Heirs of Arturo Zayco (HAZ) under MPSA 218-2005-VII

Potential Impact Areas

Basis for Selection

Sector/ Sub-sectors to be likely
Stakeholders

Specific Organizations / Entities likely to be Invited to IEC
/ Public Scoping / Public Hearing

A. Direct Impact Areas
1. Brgy. Maaslum Barangay is where the quarry Brgy. Officials, RHU, PTC, PTA rep, e  Brgy. Captains
site is found Coop, Farmers Association, Senior e  Brgy. Kagawads
2. Brgy. Gomentoc Adjacent barangay. Brgy road Citizen, Women's Association, SK e School Principals / Head Teacher
leads to Brgy. Maaslum e  RHU Officer
3. Brgy. Tampocon | Gateway to Brgy. Maaslum. Brgy e PTA/PTC Head
road leading to Maaslum e Coop Manager
e |rrigator's Association Manager
e  President, Senior Citizen
B. Indirect Impact Areas
1. Brgy. Jandalamanon Brgy. Officials e  Brgy. Captains
2. Brgy. Ban Ban e  Brgy. Kagawads
3. Brgy. Anibong
4. Brgy. Poblacion
5. Brgy. Tampocon |l
C. LGUs with political jurisdiction over the project area (listed in A&B)
1. Municipality of Ayungon Ayungon has political jurisdiction | Municipal Officials e Municipal Mayor
over the 3 DIA & 2 IIA barangays e Mun Planning & Devt Officer
e Mun Agriculture Officer
e Mun Environment and Natural Resource Office
e Mun Engineer
e Mun DRRM Officer
2. Province of Negros Oriental The province has jurisdiction Provincial Officials e Provincial Governor
over Ayungon e Vice-Governor
e Chair, Environment -Sangguiniang Panlalawigan
e  Provl Engineer
e  Provl Agricultural Officer
e  Provl Tourism Officer
e  Provl DRRM Officer
D. Others
1. Implementing Partner/s
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Environmental Performance Report and Management Plan (EPRMP)
Expansion of Silica Quarry of the Heirs of Arturo Zayco (HAZ) under MPSA 218-2005-VII

Potential Impact Areas

Basis for Selection

Sector/ Sub-sectors to be likely
Stakeholders

Specific Organizations / Entities likely to be Invited to IEC
/ Public Scoping / Public Hearing

a. Holcim Mining and Development
Corporation

The Operator

Holcim HQ

e  Holcim President

e Holcim Vice President
e Holcim Site Manager
e  Holcim Site Staff

b. Heirs of Arturo Zayco

The Proponent

e HAZ Legal representative

2. Contractors in the area

a. Silica Resources Corp (Sl)

Sl does the hauling of silica sand

deposits; water the roadside

e S| Manager

3. NGOs

a. Ayungon Ministers Association

Signatory to the CLRF
Memorandum of Agreement

e  Social Action Center
e Cooperatives
e  Associations

e  Executive Directors
e  Managers
e  Association Presidents

4. Government agencies

Issuing departments; with
programs and projects in the
area

MGB, DENR, DA, NIA, DPWH

e  Regional Directors
. Provincial Directors
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Environmental Performance Report and Management Plan (EPRMP)
Expansion of Silica Quarry of the Heirs of Arturo Zayco (HAZ) under MPSA 218-2005-VII

The summary of issues and concerns identified and discussed during the two (2) public scoping is
shownin the table below. Please refer to Annex 12 for proofof public participation, e.g., pictures,
attendance sheets, program of activities, etc.

Table 0-6. Summary of Issues and Concerns Raised During the Public Scoping*

EIA Module Issues/Suggestions Raised by Stakeholders
Project *  Why is the project an “expansion”?
Description *  Why is there only public scoping now? The first silica project was not subjected to

public scoping.

* Isthe project small scale or large scale?

*  How many hectares will be used for the expansion?

*  Does the project have an EMP?

* A copy of the Holcim presentation is requested.

Land *  Who is responsible for the road maintenance from the quarry site to the port area?

*  Expansion is accepted but road concerns raised should be addressed.

*  During the rainy season, there is this big possibility of the silica sands reaching and
covering the irrigation canals in Sitio Campo-oc, Maaslum.

*  Who will dothe de-silting? How do you plan to address siltation at the port area during
loading?

*  Are there any chemicals that may seep to rivers/creeks?

*  Minerals taken away cannot be replaced again. How can the devastated area be
rehabilitated?

e Silica mining is destructive mining removing tons of soil and permeable under the
ground. When the mining stops, what will be the next move?

*  Grassland and forest wildfire and watersheds are affected.

*  Where can we find the resource inventory of the 500 hectares?

*  What is the state of biodiversity in the 500 hectares?

*  Aside from the 10 hectares (in the 500 hectares), what is the silica deposit?

*  What seedlings species are used for reforesting?

*  What is the monitoring and evaluation system that will be formulated?

Suggestions:

. Provide additional water truck to assure the occurrence of dust would be minimal.

. Designate street sweepers from the national highway to the stockpile area.

. Hire a geotechnical person to identify the area of relocation.

. Recommend including a Geohazard study in your EIA Study. Part of the study is the
Geotechnical evaluation in the area. Including the relocation area, wherein it must
have a geohazard plan.

. ECC on impact of mining and the port. There should be data coordination between
the two ECC processes

Water *  Problem on theirrigation is contaminated with silicaand it causes floodingin the area.

e The fish collected started to weaken. This must be because of the waste that comes
from Maaslum that ends up in the coastal of Tampocon.

Air e If there are people who might get sick and the doctor diagnosed that the cause is
because of the silica dust, will the Holcim provide support to them?

*  Not a question but concern: Regarding road maintenance, since Holcim has a service
contractor, there is a need for urgent manpower for rehabilitation of the
roads/patching of holes.

*  How will the dust issue be resolved whichis the number one problem of the residents
living along the road? As regards to the transporting of the silica from the source to
the port facilities, how can the dust issue be resolved since it is health hazard to

students?
People/ *  What is the policy of Holcim with regards the hiring of personnel? Do they have
Community benefits (SSS, PhilHealth), salaries and wages included?

* Do the barangays have any complaints regarding mining operations?
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Environmental Performance Report and Management Plan (EPRMP)
Expansion of Silica Quarry of the Heirs of Arturo Zayco (HAZ) under MPSA 218-2005-VII

EIA Module Issues/Suggestions Raised by Stakeholders

*  Brgy. Maaslum wanted to stop the operation of Silica Resources. During the signature
campaign, they thought it's only for attendance the reason why they sign it.

*  Silica being hauled causes inconvenience to the roads.

*  The existing speed limit for the dump trucks are not followed. This is dangerous to the
community especially the students crossing.

e Concern on tax review, employment and livelihood of the community. For how many
years the mining project existed, the community expected that they will receive an
excise tax share. What will happen to Barangay Maaslum if we will not receive any tax

e The community is notanti-mining butthe community requests that HAZ/ HMDC should
be responsible miners.

* To whom the excise tax is addressed? It was named or the TIN used was from Mr.
Alfredo San Miguel and not from Holcim, not from HAZ also.

*  Request assistance from Holcim and Silica Resources for the maintenance of the dam
which is located below the quarry. The dam has accumulated silt because of the
mining.

*  When roads are watered, the silicaon the sides of the roads are not included. Only the
silica on the center.

* They are not opposed to the operations of the project, but they would like to ask for
help regarding the issue of the excise tax

Others *  There were no issues identified.
*Note: Please see Annex 17 for the corresponding responses of the proponent to issues raised by the stakeholders.

C. EIA Summary

1. Summary of Alternatives

There are no project alternatives considered for this EPRMP as the assessment that was doneis for
the purpose of securing an ECC for the expansion of silica quarry operation within the MPSAwith
correspondingincreasein production threshold. Therewill be no changein the location of the site,
development design, process/ technology selection and resource utilization.

Siting, Development Design, Process/ Technology Selection and Resource Utilization

Since there will be no changes in the siting, development design, process/technology selection and
resource utilization, there were no new criteria for the the identified factors were identified. The
guarry operation will remain within the bounds ofthe MPSAand the quarry method being used will
be the same.

The extraction of silica material follows the standard open-cut mining procedure as follows:

e Ripping the material usinga bulldozer with ripping mechanism. Backhoe with breaker will
be utilized in selected areas where the material is not rippable;

e Pushing the loosened material by bulldozer towards designated loading areas; and

e loading the material using a backhoe into dump trucks for delivery to the portvia passing
through the developed quarry road to the barangay road onwards to the port.

Mining is handled by SiO2 Resources Corporation a subsidiary of Rock Energy International
Corporation. SiO2 Resources, handles the sourcing,importation, storage and provide land transport
to achieve an on-time delivery of high-grade silica sand to several plants of its valued customers.
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Environmental Performance Report and Management Plan (EPRMP)
Expansion of Silica Quarry of the Heirs of Arturo Zayco (HAZ) under MPSA 218-2005-VII

This supply chain agreement with several manufacturing plants has been on-going for the past 14
years.

No storage is required in the quarry operation since hauled materials are directly loaded into the
trucks for transport to the temporary storage area outside the MPSA prior to its loading into the
barge. The temporary storage area or stock pile area outsidethe MPSAIs located at the Calagcalag
pier, in Calagcalag, Ayungon, Negros Oriental. The location is about 13 kilometers away from the
guarry site. The property is owned by Silica Resources, who owns the pier.

The figure below depicts the operation process of the silica mining.
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Environmental Performance Report and Management Plan (EPRMP)
Expansion of Silica Quarry of the Heirs of Arturo Zayco (HAZ) under MPSA 218-2005-VII

Loosened Silica

SILICA
RESERVED :>

Brittle and friable

Ripping by Bulldozer with a
ripping mechanism

Very hard S - 8 . =5 | e A
ol g Bulldozer pushed it to Silica material passed e —
s defs l \ ot e vt e ek screen hauled ito temporary storage
g area outside the MPSA or
directly into the transport barge
Course
Loosened Silica material
[} ::,l
Silica is broken by a backhoe >
with a breaker @
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OPERATION PROCESS OF SILICA MINING

Figure 0-1. Operation Process of Silica Mining
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Environmental Performance Report and Management Plan (EPRMP)
Expansion of Silica Quarry of the Heirs of Arturo Zayco (HAZ) under MPSA 218-2005-VII

Consequences of not Proceeding with the Project

Since mining of silica for the cement industry is one of the most important industries in the
country's nation building program, shortage of its supply may significantly affect the production of
cement produced in the country. Without cement, vertical and horizontal infrastructure and
superstructure would not be possible. Without the project, the local consumers will still import
silica or cement from other countries.

Furthermore, the project has provided considerable contributions to the benefit of the community
such as improved road conditions, electrification/street lights, development of water facilities,
medical missions, improved barangay facilities and livelihood options. These social development
projects haveimpacted so much onthe lives of the residents such as improved grades of students,
as a result of providing electrifical connection to households and for street lighting. In addition, the
safety and smooth travel to schools and workplaces due to better road conditions had been
achieved. Furthermore, as a consequence of the implemented social development projects from
the Social Development and Management Program (SDMP) funds, some livelihood alternatives
have been undertaken which added to the income of the households andincreased the moneyin
circulation in the community. When there is more money in circulation, local economic
activities/enterprises will become more stable which will consequently create a positiveimpact on
the community.

In addition, local government revenues in terms of excise taxes and occupational fees were paid by
the company during the years of its operation. In 2017 alone, the company gave their share of
P626,277.59in excisetax and P37,950 in occupational fees fora total of P664,227.59. The company
disbursedin 2018, a total of P1,430,712.94 for excise tax alone. Thus, if the project does not push
through, sustaining and improving on the various contributions contingent to the project will be
foregone.

Since thisis just an extension of the current extraction area, pollution (carbon)footprint will not be
an environmentalissue as the same equipment power capacity and numberare the same. Proper
regimen of equipment maintenance should be properly observed.

Summary of Baseline Characterization

The summary of baseline characterization is presented below.

Table 0-7. Baseline Characterization Summary

Module | Baseline Characterization

Land

Land Use and Classification The project area is situated in Barangay Maaslum of the Municipality of

Ayungon, Province of Negros Oriental. The project is covered by MPSA No.
218-2005-VIl under the name of the Heirs of Arturo Zayco (HAZ). The project
area is situated within quarry/ mineral land area.

Geology and Soils The project area is part of the delineated epithermal region with mostly

andesite rocks of Middle Miocene age and consists of hydrothermally altered
rocks. The Ayungon silicified rocks is part of this epithermal system and
interpreted to be part of the silica cap of the system in the outflow zone of
the system.
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Environmental Performance Report and Management Plan (EPRMP)
Expansion of Silica Quarry of the Heirs of Arturo Zayco (HAZ) under MPSA 218-2005-VII

Module Baseline Characterization

Terrestrial Flora and Fauna There are three (3) distincttypes of vegetation communities within the project
site and its vicinities: shrubland, coconut area surveyed is primarily covered
with druit trees and shrubs. There are 58 morpho-species of plants recorded
belonging to 31 families of plants during the dry season and 62 morpho-
species belonging to 34 families during the wet season.

There are 31 wildlife species composed of two (2) amphibians, four (4)
reptiles, 24 birds and one (1) mammal species recorded during the dry season.
For the wet season, there were a total of 25 wildlife vertebrate species
belonging to 19 families representing the classes Amphibia, Reptilia, Aves and
Mammalia that were recorded.

Water
Hydrology and Hydrogeology | The project area is part of the Maaslum watershed. This watershed has a total
area of about 2,310 has. The tributary flows to the Maaslum River towards
Ayungon Bay. Rivers in the upstream are perennial in nature and generally
clear all throughout the year. Drainage pattern is generally coarse dendritic.
Oceanography The Tanon Strait, the largest protected seascape in the Philippines is located
about eight (8) km east of the quarry site. The distance from the project site
to the ocean is estimated at 8 km would not have much impact on the oceanic
ecosystem.

Water Quality The temperature, DO, BOD are within the water quality guideline value of DAO
2016-08 criteria for Class C waters. Among the elemental parameters tested,
Ca, Fe, Mg and Na were found to be present but are within the acceptable
limits. The fecal and total coliform and E. Coli conformed to the DAO 2016-08
during the dry season but did not conform during the wet season. This could
be due to the flushing of contaminants from the community upstream. The
concentration of Cr+6 during the dry season slightly exceeded the threshold
set but lowered during the wet season. This could be triggered by the acidic
conditions of the water which oxidizes the natural soil into a hexavalent form
and/ or can be attributed to the existing quarrying operation in the upstream.
The water is acidic and does not conform to the guideline. This could be due
to the presence of natural sulfur vent upstream of the station and can be
correlated to the concentration level of sulfate during both sampling seasons.
Freshwater Ecology A sampling on plankton, phytoplankton, zooplankton, periphyton and
macrobenthos and fisheries resource use profiling were done in wet and dry
season. A total of 33 plankton taxa belonging to six (6) major groups; 4 major
periphyton with 17 genera, 18 macroinvertebrate taxa belonging to 10 orders
and presence of species of fish (Tilapia, Salimao, Alimgao, Ulang, Carpa, Biya,
Pantat, Igat. Kasili) in Stations 4 and 5.

Air
Meteorology There is a high volume of rain in the months of June, July and October and dry
season in the months of January, February and March. The project site is
located in a low hit typhoon area.

Ambient Air Quality Four (4) designated sampling stations were assessed with TSP, PM10, PM2.5,
S0O2, NO2, CO and total VOCs. All are in compliant with the DENR NAAQS and
DENR NAAQGV, for both wet and dry season and 1-hour and 24-hour ambient
air.

Ambient Noise Based on the results of the ambient noise level monitoring, the project has no
significant effect on the noise levels that may adversely affect the nearby
communities.

People/ Community

The three (3) directly affected barangays are Maaslum, Gomentoc and
Tampocon 1 with a population of 1,721, 2,159 and 2,061, respectively. The
project area has no households and structures.
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Environmental Performance Report and Management Plan (EPRMP)
Expansion of Silica Quarry of the Heirs of Arturo Zayco (HAZ) under MPSA 218-2005-VII

2. Summary of Main Impacts and Residual Effects after Applying Mitigation

Areview ofthe quarterly CMVRs for thefirst two (2) quarters of 2016-2017 showed that the quarry
is compliant with the conditions of ECC 701-08-23-0135303issued on August 23,2001. Thereports
show that the approved measures to mitigate identified project impacts have been appropriately
implemented. The major project impacts and their residual effects after application of mitigation
enhancement measure is shown in Table 0-8 below.
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Table 0-8. Matrix of Major Impact, Mitigation/ Enhancement Measures and Residual Effects

Environmental Performance Report and Management Plan (EPRMP)

Expansion of Silica Quarry of the Heirs of Arturo Zayco (HAZ) under MPSA 218-2005-VII

Environmental Aspect/ Component Likely to be
Affected

Potential Impacts

Prevention or Mitigation or Enhancement

Residual Effects

1. Site Preparation, Establishment of Haul Roads,
Topsoil Stockpiling

a. Land

Loss of topsoil due to ground/site
preparation activities

Induced landslides and mass
wasting due to preparation
activities on high angle slopes.

Mix the stockpiled topsoil layer with limestone gravel and re-spread in
disturbed areas/quarried out areas to prevent erosion and allow
reestablishment of vegetation

Conserve and stockpile removed topsoil in a predetermined area to be used
later in rehabilitation and backfilling activities

Grade the topsoil stockpile to a stable relief on flat ground lined out with
retaining rocks to prevent it eroding out when it rains.

Continue to implement established safe working slopes. A slope angle of 40
degrees is the safe working slope for the project. This was the minimum stable
slope angle from the Engineering Geologic Investigation of Ayungon Silica
Quarry by Cabria et. al. in 2012.

e Possible rockslides and rockfall may occur during intense rainfall
and or during earthquake.

e Possible landslide and mass wasting during intense rainfall and or
during earthquake.

b. Flora and Fauna

Reduction of vegetative cover;
fauna disturbance and/or
displacement

To enhance nearby riparian ecosystems, enrichment planting can be employed
using water loving plants in a sparse section of the riparian. Combination of
indicator species in the area to include vine, shrub, forbs, and trees, among
others can be the choice plants.

Replant the surrounding area after construction, preferably with indigenous
plants from the site

Keep to a minimum vegetation removal, ensuring that only necessary/planned
clearings are undertaken

Replace with the same species, preferably with nursery-raised seedlings, tree
and other plant species that are removed during site preparation

Utilize felled trees as construction materials at the site; cleared vegetation
parts as compost materials to fertilize seedlings in the nursery and during
seedling out planting and field maintenance.

Establish voluntary conservation zones and biological corridors within the
Project area

e Possibleloss of biodiversity

c. Groundwater Flow

Inflow of groundwater to excavated
areas could result to drawdown in
ground water levels

Reduction in the spring discharge
and ground water baseflow
components of the streamflow of
nearby water catchments

Depletion of ground water flow
which affects to the distribution
and availability of surface flow
Affect its potential use as a drinking
water or irrigation source.

Replace and relocate downstream affected existing ground water wells with
new ones if significant loss of water yield is experienced
Provision of shallow ground water wells when necessary

e  Possible reduction in groundwater flow due to earthquake.

d. Groundwater Quality

Contamination with biological
agents (e.g. fecal coliforms) from
domestic and animal wastes carried
by runoffs

Contamination with oil and grease
from hydrocarbon leaks and spills
from vehicles and heavy
equipment, fuel and oil storage

Provide access roads with drainage system to contain and limit run offs
Progressive rehabilitation and revegetation of mined out quarries and planting
barren lots to prevent soil erosion

Proper management of domestic solid and liquid wastes (provision of enough
toilets with appropriate septic tanks for workers);

Training for workers good housekeeping practices;

Motorpool, fuel and oil storage and maintenance areas are provided with
impervious surface and well-maintained oil-water separator facility.

e Possible contamination from oil and grease from vehicles and
domestic wage by runoffs during heavy rainfall and or occurrence of
earthquake.

e. Surface Water Quality

Siltation and organic loading of
streams from erosion of exposed
soil and overburden materials;

Continue to implement sediment and erosion control plan
Regular maintenance of drainage systems along access roads to contain and
limit downstream runoffs from quarries and roads

e Possible siltation that may occur during heavy rainfall and/ or
occurrence of earthquake
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Environmental Performance Report and Management Plan (EPRMP)
Expansion of Silica Quarry of the Heirs of Arturo Zayco (HAZ) under MPSA 218-2005-VII

Environmental Aspect/ Component Likely to be

Affected

Potential Impacts

Prevention or Mitigation or Enhancement

Residual Effects

e Contamination with oil and grease
from hydrocarbon leaks, spills from
vehicles and heavy equipment

e Increased susceptibility to
contaminated water and water
borne diseases

e Decrease water quality due to
washing of equipment and leakage
and spills from carried by runoff to
the water resources.

e Acceleration of the aging process of
surface water ecosystem which can
lead to an imbalance in the
nutrient and material cycling
process.

Proper piling and management of quarry overburden;

Continue to implement progressive rehabilitation and reforestation of mined
out areas to lessen the impacts of soil erosion; revegetate exposed plots and
areas

Strict implementation of sanitary practices among workers; provision of
adequate toilet facilities with proper septic tanks;

Continue to implement proper waste management (segregation, collection,
minimization, reuse, recycle, treatment and disposal);

Continue to train and orient all workers on proper waste management, good
housekeeping, and proper chemical handling

Regular monitoring of water quality in water quality monitoring stations;
Proper storage provisions for fuel oil, used oil and other oily wastes; provide
fuel oil storage tanks with appropriate bunding with concrete/impervious
flooring

Motorpool, fuel and oil storage and maintenance areas are provided with oil
and water separator facility.

Regular water testing

f. Air Quality

e Air pollution due to fugitive dust
from ground clearing operations.

A buffer zone of different species combination of plants including shrubs, small
and medium sized trees should be established around the quarry sites. At least
20-meter buffer zone width is recommended. High density planting should be
employed to assure capture of dust particulates around the extraction sites.
Regular water spraying in areas where land development activities are
concentrated

Replacement of vegetation in non-structure areas.

Compact exposed soil

Cover with tarpaulin trucks loaded with construction materials, which may give
off airborne dusts

Immediate hauling of spoils and wastes

Strictly implement vehicle speed limits

Install off-site ambient air quality monitors

e Possible air pollution that may come from other sources such as

industries operating around the area.

e Air pollution due to SOx, NOx, TSP
and PM10 emissions from heavy
equipment and vehicles

Regular maintenance of heavy equipment and motor vehicles
Install off-site ambient air quality monitors

industries operating around the area.

Possible air pollution that may come from other sources such as

g. Sound Levels

e Noise from construction activities

Regular maintenance of motor vehicle mufflers

Provide noisy, stationary vibrating equipment with barriers and shielding
Provide workers with free hearing PPE’s (e.g. ear mufflers, ear plugs)
Schedule “noisy” activities during daytime

e None. The quarry site is situated far from the nearest inhabited

community.

h. People/ Community

Psycho-social
e  Fear of air and noise pollution due

IEC on the nature and operation of the quarry project and mitigating measures
Orientation and training of affected residents on Disaster Risk Reduction

e  Possible complaints coming from the people/ community on
landslides and flooding that may occurduring heavy rainfull or

to quarrying activities Management, particularly on landslides and flooding earthquake.
e  Fear of landslides and flooding due
to quarrying activities
Economic Local hiring priority for qualified barangay residents (LGU R.A. 7160) e None
e Generation of employment Barangay consultation on job requirements and qualification
e Generation of livelihood Training to upgrade skills of residents who can be hired by the Project
opportunities
Health and Safety Health certificate for workers prior to hiring into the project e None

e  Entry of migrant workers with
families may result to health
problems due to diseases; overuse
of public utilities/services;

Partner with the LGU on the implementation of the Social Development
Program
Management of entry of migrant workers
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Environmental Performance Report and Management Plan (EPRMP)

Expansion of Silica Quarry of the Heirs of Arturo Zayco (HAZ) under MPSA 218-2005-VII

Environmental Aspect/ Component Likely to be

Affected

Potential Impacts

Prevention or Mitigation or Enhancement

Residual Effects

competition for resources; social
conflicts; peace and order; increase
in pollution

e Increase in traffic volume causing
air and noise pollution

Increase and train Barangay tanods to be deployed in areas where migrant
workers reside

Implementation of a Traffic Management Plan

IEC on proper scheduling of quarry vehicle operations (avoid late hours)
Water sprinkling of dusty roads during dry seasons

Peace and Order Coordination with the Barangay LGU to control of the entry of outsiders and to None
e Population congestion, peace and manage peace and order problems

order problems and security

breaches
Cultural and Historical Safeguard possible archaeological site and immediately inform the National None

e Possible unearthing of historical
artifacts and/or fossil remains

Museum in case of finds

2. Quarrying Operations

a. Land

e landslides and mass wasting maybe
induced by activities at high angle
slopes

Grade stockpile to a stable relief
Implement established safe working slopes
Install landslide control structures

Possible rockslides and rockfall may occur during intense rainfall
and or during earthquake.

Possible landslide and mass wasting during intense rainfall and or
during earthquake.

Flooding Potential
e Potential for downstream flooding

Flood management schemes
Rainwater reservoir constructed and maintained according to design by a
structural engineer, taking into account peak flood regimes

Possible landslide and mass wasting during intense rainfall and or
during earthquake.

* Contamination of soil from diesel,
motorpool

Continue to implement procedures for proper handling, storage, disposal and
transport of hazardous materials (e.g. diesel, motor oil, used batteries, used oil,
etc.);

Continue use and maintenance of pollution control devices;

Continue training of all involved personnel and contractors; and

Continue to implement emergency containment and clean-up program to
handle oil and other hazardous material spills.

Possible contamination from vehicle runoffs during heavy rainfall and
or occurrence of earthquake.

b.1 Surface Hydrology and Hydrogeology

e Siltation from increased erosion,
surface runoff and down slope
sedimentation

e Decline in river carrying capacity
due to siltation

e Lowering of groundwater table

Properly installed and maintained erosion/ sedimentation controls:
Rainwater and runoff collecting systems at the toe of work areas;
“Vengineering” (i.e. planting of vegetation with high rainfall intercepting
capacity and high transpiration rates);

Drainage systems in access roads;

Strengthened water monitoring system (i.e. install water meters at source
points; keeping a daily record of water extraction and consumption).
Development of rainwater impoundment facilities in abandoned quarry areas

Possible siltation that may occur during heavy rainfall and/ or
occurrence of earthquake

b.2 Groundwater Quality

e Contamination with biological
agents (e.g. fecal coliforms) from
domestic and animal wastes carried
by runoffs

e Contamination with oil and grease
from hydrocarbon leaks and spills

Provide access roads with drainage system to contain and limit run offs
Progressive rehabilitation and revegetation of mined out quarries and planting
barren lots to prevent soil erosion

Proper management of domestic solid and liquid wastes (provision of enough
toilets with appropriate septic tanks for workers);

Training for workers good housekeeping practices;

Motorpool, fuel and oil storage and maintenance areas are provided with
impervious surface and well-maintained oil-water separator facility.

Possible contamination from oil and grease from vehicles and
domestic waste by runoffs during heavy rainfall and or occurrence
of earthquake.

b.3. Surface Water Quality

e  Siltation and organic loading of
streams from erosion of exposed
soil and overburden materials;

e  Contamination with oil and grease
from hydrocarbon leaks, spills from
vehicles, heavy equipment, fuel
and oil storage, motorpoo

Continue to implement sediment and erosion control plan

Regular maintenance of drainage systems along access roads to contain and
limit downstream runoffs from quarries and roads

Proper piling and management of quarry overburden;

Continue to implement progressive rehabilitation and reforestation of mined
out areas to lessen the impacts of soil erosion; revegetate exposed plots and
areas

Possible siltation that may occur during heavy rainfall and/ or
occurrence of earthquake
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Environmental Aspect/ Component Likely to be
Affected

Potential Impacts

Prevention or Mitigation or Enhancement

Residual Effects

Increased susceptibility to
contaminated water and water
borne diseases

Decrease water quality due to
washing of equipment and leakage
and spills from carried by runoff to
the water resources.

Acceleration of the aging process
of surface water ecosystem which
can lead to an imbalance in the
nutrient and material cycling
process.

Strict implementation of sanitary practices among workers; provision of
adequate toilet facilities with proper septic tanks;

Continue to implement proper waste management (segregation, collection,
minimization, reuse, recycle, treatment and disposal);

Continue to train and orient all workers on proper waste management, good
housekeeping, and proper chemical handling

Regular monitoring of water quality in water quality monitoring stations;
Proper storage provisions for fuel oil, used oil and other oily wastes; provide
fuel oil storage tanks with appropriate bunding with concrete/impervious
flooring

Motorpool, fuel and oil storage and maintenance areas are provided with oil
and water separator facility.

Regular water testing

c. Ambient Air Quality

Fugitive particulate pollution

Proper operation and maintenance of appropriate air pollution control devices
in heavy equipment and vehicles
Provide adequate and appropriate PPEs for workers free of charge
Water spraying of exposed dusty areas during high winds
Optimize active extraction areas at the quarry
Control options for stockpile wind erosion
—  50% reduction from water sprays
—  30% reduction from wind breaks and rock armor
40% reduction from vegetation (exposed surfaces)

e  Possible air pollution that may come from other sources such
as industries operating around the area.

Fugitive particulate pollution from
quarry haul roads

Vehicle restrictions that limit the speed, weight or number of vehicles on the
road.

Surface improvement by (a) paving or (b) adding gravel or other surfacing
materials

Surface treatment such as water sprinkling

Possible air pollution that may come from other sources such as
industries operating around the area.

Air pollution in terms of SOx, NOx,
TSP and PM10 from heavy quarry
equipment and motor vehicles

Continue to implement appropriate maintenance program for quarry
equipment and vehicles, including emissions testing

Possible air pollution that may come from other sources such as
industries operating around the area.

Very minimal contribution to Continue implementation of greening program and reforestation to serve as e None
climate change due to CO2 gas carbon sink, primarily to help offset the impact of greenhouse gas emissions
emissions from fuel combustion in from the operations of vehicle
quarry equipment and motor
vehicles
d. Ambient Sound Levels Generation of noise from quarrying Incorporate noise criteria in the specifications and selection of equipment e None

equipment and activities

Regularly maintain quarry vehicles and equipment;
Provide free hearing PPE’s (ear plugs, mufflers) to workers as appropriate; and
Plant appropriate vegetation as noise buffer

e. People/ Community

Safety and health risks to workers
from domestic solid and liquid
wastes (from guard post)

Continue to implement procedures for proper handling, storage, disposal and
transport of hazardous materials

Continue to provide appropriate free PPE’s

Continue to implement proper housekeeping

Continue to implement established domestic waste handling and disposal;
Continue to provide workers with enough and well-maintained sanitary
facilities (toilets, washrooms, etc.);

Segregate, collect and dispose combustible materials (e.g. plastics) through the
recovery facility

Possible contamination from oil and grease from vehicles and
domestic wage by runoffs during heavy rainfall and or occurrence of
earthquake.

Economic

Local government generation of
revenues from taxes, permits and

Benefits from development programs through Social Development
Management Plan (equivalent to 1.5% of operating costs)

None
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Environmental Aspect/ Component Likely to be
Affected

Potential Impacts

Prevention or Mitigation or Enhancement

Residual Effects

LGU share in the quarrying of
limestone

Taxes paid locally and shared by
municipality and barangays
Generation of employment
Generation of livelihood
opportunities (e.g. food stalls,
variety stores and other services)
Problems of congestion, peace and
order and security breaches

Excise Tax: 60% goes to national government; 40%, to the local government
(20% for host Provinces; 45% for host Municipalities; 35% for host Barangays)
Real Property Tax to province and municipalities

|IEC on nature of jobs the proponents

Coordination on job requirements and qualifications

Local hiring priority for qualified barangay residents

Skills training to upgrade local skills of residents

Coordination with the Barangay LGU to ensure authorized establishments and
control of unauthorized entry of outsiders as well as the management of waste

Health & Safety e None
e Diseases due to influx of migrants Management of entry of migrant workers.

and overuse of public utilities Tap the auxiliary services of barangay tanods; provide trainings if needed

/services; Provide health clinic with a doctor/nurse and health workers in the quarry
e Increased competition for area. Alternatively, coordinate jointly with the health facility of HRDC

resources, Health certificate for workers prior to hiring into the project.
e social conflicts, peace and order Continue to partner with the LGU in implementing the Social Development and

problems, Mgt. Program
e increase in solid and liquid wastes IEC on proper scheduling of quarry vehicle and delivery trucks operations

pollution (avoid late hours).
e Increase in traffic volume causing Proper management of traffic (quarry vehicles, delivery trucks and visitors)

air and noise pollution within the quarry area

Water spraying of roads during dry seasons

Climate Change . None

Impact of Climate Change: La Nifia
and El Nifio phenomena and
possible consequential disasters

Assist impact barangays on gender sensitive capability building on Disaster Risk
Reduction and Management;

Continue IEC on the project’s mitigating measures to protect water aquifers;
identification of areas most vulnerable to natural hazards; and on
strengthening the protection of ecosystems

3. Decommissioning of Equipment, Rehabilitation of
Disturbed Areas, Dismantling of Structures

a. Land Use/ Topography

Permanent land use change in
areas occupied by the quarry and
its facilities

Rehabilitate quarry areas based on agreed upon final land use plan and design
upon abandonment;

Ensure that the final perimeter and cover of the quarry area will have an
undulating profile to facilitate drainage and future land use

Possible landslide and mass wasting during intense rainfall and or
during earthquake.

b. Water e  Failure of rainwater reservoirs Monitor structural integrity of the reservoirs for the duration of operation and | ®  Possible flooding during intense rainfall.
e Flooding of areas downstream of beyond project closure;
the quarry Develop an Emergency Response Plan to handle possible water reservoir failure
accidents.
Identify vulnerable areas and possible scenarios of flooding and the necessary
preventive measures
c. Land e Generation of solid wastes and Sell recyclable materials; e None

hazardous wastes

Dispose residual wastes to municipal garbage collectors; dispose hazardous
waste through accredited treaters; segregate and dispose combustible
materials and plastics

d. Ambient Air Quality

Air pollution due to fugitive dust

Regular water spraying in areas where dismantling activities are concentrated
Replacement of vegetation in non-structure areas.

Compact exposed soil

Cover with tarpaulin trucks loaded with debris

Impose vehicle speed restrictions

Possible air pollution that may come from other sources such as
industries operating around the area.
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Environmental Aspect/ Component Likely to be
Affected

e. People/ Community e Loss of LGU revenues from e Timely announcement and preparation of decommissioning/ abandonment e None

proponent’s taxes, permits and

share when mining operations

Potential Impacts Prevention or Mitigation or Enhancement Residual Effects

ceases
e  Cumulative health impacts onthe e Conduct barangay-wide medical check-up and compare results during the| e None
community brought about by air construction phase and before decommissioning

pollution and contaminated water
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3. Risks and Uncertainties Relating to the Findings and Implications for Decision Making

There are no safety risk types for fire, explosion or release of toxic substances in the quarrying
activity. The only possible event which could significantly increase soil erosion and sedimentation
of water bodies is the occurrence of strong rainfall events. However, since the proponent only
stockpiles a weekly inventory, the volume of silica would not cause a significant safety risks.

Accident scenariosin terms of soil erosion and water bodies sedimentation is not a risk since silica
stockpiles at the site is limited to a week’s inventory. Extreme rainfall events could increase erosion
of water bodies. However, due to the limited weekly inventory in the quarry site, the identified
physical risk is reduced.

The physical risks in a silica quarry is also considered minimal due to the relatively safer mine
techniques employed by the proponent.

The National Institute for Occupational Safety and Health in the US has identified silica to be more
toxic than coal. Fresh fractured silica has also been determined as more toxic than aged silica. Long
term exposure could also lead to silicosis and air passage diseases. Considering that the most
affected are the heavy equipment operators who mine this mineral, the use of respiratory
protective equipment (RPE) is recommended. Regular monitoring of Particulate Matter for PM10
and PM2.5 is recommended.

The safety policy guidelines shall be done for Respirable Crystalline Silica (RCS) to include
institutionalized work health and safety guidelines which will be formulated by a specialist health
worker which shall also include emergency preparedness and an SMDS.

Considering the small quantity of mined silica, emergency responsedrills have not been conducted.
However, several health and management personnel have attended health and safety seminars
where the use of appropriate PPEs was emphasized to employees.

The hazards tothe equipment operator would be geological defects in the quarry area which could
causesubsidence orsheet erosion. However, such occurrences could be classified as highly unlikely.

Inducement of Subsidence, Liquefaction, Landslides, Mud Debris Flow, etc.

Subsidence

Subsidence is the sinking or settling of the ground surface. This can be caused by natural
phenomena such as removal of underground fluids, natural consolidation, or dissolution of
underground minerals, or by man-made phenomena such as underground mining. Subsidence may
occur gradually over many years as sags or depressions form on the ground surface. It's more
infrequent, but subsidence can occur abruptly-virtually instantly-as dangerous ground openings
that could swallow any part of a structure that happento lie at thatlocation or leave a dangerous
steep-sided hole (ground subsidence). The geology at the project site is of solid rock formation that
no subsidence is expected to occur in the area.
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Liguefaction

Liquefaction isa phenomenon in which the strength and stiffness of a soil is reduced by earthquake
shaking or other rapid loading. Liquefaction and related phenomena have been responsible for
tremendous amounts of damage in historical earthquakes around the world.

Liquefaction occurs in saturated soils, thatis, soils in which the space between individual particles
is filled with water. This water exerts a pressure on the soil particles thatinfluences howtightly the
particles themselves are pressed together. Prior to an earthquake, the water pressure is relatively
low. However, earthquake shaking can cause the water pressuretoincrease to the point where the
soil particles can readily move with respect to each other.

No liguefaction will occur in the project site because of the nature of its geology. The area is made
up of solid volcanic rocks and due to its hydrothermal alteration, it does not develop a thick soil
profile.

Landslides

The project area and its immediate vicinities are characterized by rugged topography. This rugged
volcanic terrain consists of prominent ridges, gullies, steep-sided valleys and plateau. The Mines
and Geosciences Bureau has mapped the area as highly susceptibleto landslides. Landslidesand
rock fall would occur on theface ofthe quarry site especially during extreme heavy rainfall. In order
to mitigate the worst possible effect, best-practice mining techniques will be adopted by the
proponent to mitigate landslides and rock fall In this case, best-practice mining involves contour
benching, good drainage maintenance and onsite collection and stockpiling of over burden spoils
and mine waste for reintroduction into the quarry site after the mining. The stockpiles will also
serveas temporary earth barriers to prevent disturb soils from cascading down-slope. Thebenches
and haulage road would serve as buffer zones to the landslides and rock fall.

Safety practices would be implemented to prevent damage to lives and properties one of which is
to stay away from the quarry face and stop operation during extreme weather conditions.

Mudflow

No mud flow will occur in the project site because of the nature of its geology in which the area is
made up of solid volcanic rocks which is due to its alteration does not develop a thick soil profile
and or mud.

Ways to protect the slope and mine-affected zones from water-induced erosion will be the creation
of small diversion channels along bench toes to slow down water flow on slope and soil surface and
resulting to surface ripping in special cases to improve soil permeability and encourage water
infiltration.
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1. Project Description

The silica quarry of the Heirs of Arturo Zayco (HAZ) under Mineral Production Sharing Agreement
(MPSA) No. 218-2005-VIl, dated October 5, 2005, was granted under the name of the Heirs of
Arturo Zayco (HAZ), coveringan aggregate area of 505.4626 hectares in Ayungon, Negros Oriental.
Out of the total 505.4626 hectares under the said MPSA, 10 has is currently being mined for silica.
This 10 has of silica quarry area is covered by Environmental Clearance Certificate 070108-
230135303-A. Therequest for ECC modification is based on the proposed expansion of silica quarry
mining area from 10 hectares to 50 hectares within the MPSA and the corresponding increase in
the volume of extraction.

A. Project Location and Area

The project area is situated in Barangay Maaslum of the Municipality of Ayungon, Province of
Negros Oriental. The project area is under MPSA No. 218-205-VIl covering an area of 505.4626
hectares to Arturo Zayco. Figure 1-1 shows the location of the project. Meanwhile, Table 1-1 shows
the geographic coordinates of MPSANo. 218-2005-VIland Figure 1-2 shows the plotted geographic
coordinates.

Table 1-1. Geographic Coordinates of MPSA No. 218-205-VII

. Geographic Coordinates
Points : :
Latitude Longitude

1 9°52°00.00” N 123°05’00.00” E
2 9°51’00.00” N 123°05’00.00” E
3 9°51°00.00” N 123°04’30.00” E
4 9°50’30.00” N 123°04’30.00” E
5 9°50’30.00” N 123°04°00.00” E
6 9°51’00.00” N 123°04°00.00” E
7 9°51’00.00” N 123°03’30.00” E
8 9°51’30.00” N 123°03’30.00” E
9 9°51’30.00” N 123°04’00.00” E
10 9°52°00.00” N 123°04’00.00” E
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Figure 1-1. Location Map of the Project (Source: NAMRIA, HOLCIM, MPDO Ayungon)
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Figure 1-2. Plotted Map of the Geographic Coordinates of the Project (Source: HRDC, 2016)
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1. Vicinity and Accessibility

The Municipality of Ayungon can be accessed from Dumaguete City, the provincial capital of Negros
Oriental via the national highway which straddles the eastern coastline of the island of Negros,
passing through the Municipalities of Sibulan, San Jose, Amlan, Tanjay City, Bais City, Manjuyod and
Bindoy. Travel time via private vehicles is approximately 1.5-2 hours. From the Ayungon proper
near Tampocon Bridge, a paved with concreted portions barangay road of about eight (8)
kilometers leads to the project area. Within the project area itself, travel is mainly by secondary
feeder roads, unpaved foot trails and stream courses. Access to the more remote and difficult
portions are achieved mainly by cutting a trail across generally thin to moderate vegetation.

There is no majorinfrastructure within the MPSA area except forthe unpaved eight (8) km barangay
road that starts at Ayungon proper and ends inthe quarry site. Thereis also no infrastructure within
the quarry site except for a small guard outpost. Residential houses and farmlands are located at
northern side of Maaslum River, north of the quarry site. HAZ has no plans of building any major
infrastructure in the project area.

North, east and west of the present quarry site are used for agricultural and pastureland while
south of the quarry is generally secondary forestland. The MPSA area has been classified by the
Municipality of Ayungon as a quarry and mineral depositarea. Figures 1-3 and 1-4, shown below,
depict the primary and secondary impact areas of the silica quarry operations and the nearest
community relative to the project.

The primary and secondary impact areas of the silica quarry operations correspond also to the host
and neighboring communities as defined under the DENR AO No. 2010-21 (Providing for a
Consolidated Department of Environment and Natural Resources Administrative Order for the
Implementing Rules and Regulations of Republic Act No. 7492, otherwise known as the Philippine
Mining Act of 1995). Under the said administrative order, host community is where the mining
project is located, where the MPSA is located and where activities are to be undertaken. In this
case, Barangay Maaslum is where the MPSA and the mining project is located and Barangays
Gomentoc and Tampocon 1 are where the access road traverses going to the mining area.
Meanwhile, the Barangays of Jalamandon, Banban, nibong, Poblacion and Tampocon Il are the
adjacent barangays to the host communities and considered as immediate areas which will be
affected by the mining operations.
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Figure 1-3 Map Showing Direct and Indirect Impact Areas of the Project (Source: NAMRIA, HOLCIM, MPDO Ayungon)
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B. Project Rationale

The mining of silica for the cementindustry is one of the mostimportantindustriesin the country's
nation building program. Without cement, vertical and horizontal infrastructure and superstructure
would not be possible.

Cementsales increased to 5.2 million tonsin the first quarterof 2014, an 8.6% jump from the same
period ayear ago which is steeper than the 6% annual growth recorded in 2013 when sales totaled
19.4 million tons, according to data from the Cement Manufacturers Association of the Philippines
(CEMAP). It is forecasted that the projected increase of cement consumption will be from 5% to
6.7% annually.

The expansion of the silica mining project is due to the increase in the demand of cement products
inthe Philippines. Thisimpetusis also being espoused by the national government of the Philippines
in its Build, Build, Build Program. At the core of the programis the plan to spend 8.4 trillion pesos
on dozens of ambitious infrastructure projects all of it requiring cement.

In the words of the President himself "We will make the next few years the golden age of
infrastructure in the Philippines to enhance our mobility and connectivity, and thereby spur
development growth equitably,” President Duterte said in his second State of the Nation Address
(SONA) in July. "In other words, we are going to build, build and build.”

There is also a large gap in cement local production and demand is expected to lead to a deficit in
cement for the next three to four years to 2020. The Department of Trade and Industry (DTI)
expects domesticdemand for cement to nearly double to 40 million metric tons by 2021 with the
government’s ambitious infrastructure boost.

The cement industry expects annual demand growth to accelerate to 12 % from the 7% to 8% initial
growth projection according to DTl Undersecretary Ceferino Rodolfo. To expand local supply,
Rodolfo said the Board of Investiment (BOI) is pushing for investments in cement production by
including it on the list of preferred activities under the 2017 Investment Priorities Plan (IPP).

Data from the BOI showed that demand for cement in 2016 reached 25.96 million metric tons,
24.37 million metrictons of which were locally produced. Imports reached 1.59 million metrictons.

The silica extracted at the quarry will be used as a raw material for cement manufacturing. Local
cement demand is generally dictated by the current local economic situation, by the local
construction and infrastructure activity. Accordingly, a robust private construction and government
infrastructure stance reflects a strong national economy.

Silica sand has a lot of industrial uses and it is projected that the Ayungon Silica Quarry would also
supply silica to other non-cement customers such as for fibre board, metal casting and metal
production. The planned revival of the Philippine Steel Industry by the new government would
demand silica for its foundry.
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Given this general trend, the expansion of the area coverage of the ECC from 10 has to 50 has is
sought and the corresponding increase in volume of extraction from 125,316.84 MT per year to
625,000 MT per year. As required under the Philippine Mining Act of 1995 (RA 7942) and DENR
Administrative Order No. 2010-21, a Declaration of Mining Project Feasibility (DMPF) has been
prepared for the proposed expansion area under MPSA 218-2005-VIl, where presence of an
economic silica deposit has been determined.

The MPSA218-2005-VIl,dated October5, 2005, was granted underthe name ofthe Heirs of Arturo
Zayco (HAZ), with an aggregate area of 505.4626 hectares in Ayungon, Negros Oriental.

Other thanthe DMPF, the proposed expansion of the silica quarry also requires the conduct of the
environmental impact assessment study that is needed for the issuance of an ECC. Initial field
studies have been conductedin 2012, however, this was not completed and application for the ECC
did not materialize. Furthermore, reports of the field studies initially conducted need to be
reviewed and assessed to determine the completeness of data needed to continuethe EIA process.

Implementation of this project will minimize and possibly eliminate in the future the current
importation of high-gradesilica from Vietnam and the adverse environmental effect of beach silica
sand mining in several parts of the Philippines. The Ayungon silica deposits are the largest known
inland deposits in the Philippines (Feasibility Study for the Silica Quarrying Project of the Heirs of
Arturo Zayco).

Overall, the proposed expansion will help mitigate the demand for cement products that would be
sourced locally instead of having to import this material.

C. Project Alternatives

There are no project alternatives considered for this EPRMP as the assessment that was doneis for
the purpose of securing an ECC for the expansion of silica quarry operation within the MPSAwith
correspondingincreasein production threshold. Therewill be no change in the location of the site,
development design, process/ technology selection and resource utilization.

1. Siting, Development Design, Process/ Technology Selection and Resource Utilization

Since there will be no changes in the siting, development design, process/technology selection and
resource utilization, there were no new criteria for the factors were identified. The quarny
operation will remain within the bounds ofthe MPSAand the quarry method being used will be the
same.

The determination of options in terms of project site location is determined by the silica deposit
and location. The project site has a silica deposit that is so far the biggest silica rock deposit that
has been explored in the Philippines. Exploration activity defined a combined indicated and
measured silica resource of 104 million tons with an average grade of 78% SiO, enough to sustain
the cement industry in the country. Cores retrieved from the drill holes during the exploration
stage revealed that the silica deposit has varying thicknesses and is dispersed throughout a large
portion of the mining tenement constituting MPSA 218-2005-VII. Further, the existing project site
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is within an area that is already classified as mineral lands based on the local government unit’s
classification. The project site is relatively far from populated communities and is not within any
ancestral domain claim.

The extraction of silica material follows the standard open-cut mining procedure as follows:

= Ripping the material using a bulldozer with ripping mechanism. Backhoe with breaker will
be utilized in selected areas where the material is not rippable;

= Pushing the loosened material by bulldozer towards designated loading areas; and

= Loading the material using a backhoeinto dump trucks for delivery to the port passing
through the developed quarry road and barangay road.

The mining process is purely surface mining which involve a simple process of break and haul with
no involvement of processing, no usage of chemicals or no facilities to be sited. The technology is
also straightforward as explained in the site development plan. Port facilities are also not included
as these are not within the MPSAarea or in the project location. The quarry operation will not use
any electricity and water given that the mining process involved as discussed in the preceeding
section is break and haul method. The mining process is shown in Figure 1-5.

Mining is handled by SiO2 Resources Corporation a subsidiary of Rock Energy International
Corporation. SiO2 Resources, handles the sourcing,importation, storage and provide land transport
to achieve an on-time delivery of high-grade silica sand to several plants of its valued customers.
This supply chain agreement with several manufacturing plants has been on-going for the past 14
years.

No storage is required in the quarry operation since hauled materials are directly loaded oimtp the
trucks for transport to the temporary storage area outside the MPSA prior to its loading into the
barge. The temporary storage area or stock pile area outside the MPSAIs located at the Calagcalag
pier, in Calagcalag, Ayungon, Negros Oriental. The location is about 13 kilometers away from the
guarry site. The property is owned by Silica Resources, who owns the pier.

There are no issues of supply sustainability and geological hazards, such as flooding, liquefaction,
volcaniceruptionsand tsunami, storm surgeand extreme climatologic conditions. Ground shaking,
ground rupture, earthquake induced landslides and rockfall, rain-induced landslide and rockfall
under extreme climatological conditions are expected. As shown on the geohazard maps of the
area (refer to Figures2-3, 2-4 and 2-5). the project site is located on high ground that is not
susceptible to flooding and or tsunamis. The area is also underlain by solid rock without much soil
developmentthatitis not susceptibleto liquefaction. Thewhole of the area was classified as highly
susceptible to landslides and rock fall because of the steep slopes and minimal vegetal cover and
soil development. Rockslides and rock fall may occur during intense rainfall and or during
earthquake. Negros Island is a volcanic island with active and extinct volcanoes and active
geothermalsystems. Thenearest active volcanois Canlaon volcano located about 90 kilometers to
the north and would not affect the area when it erupts.
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For expected hazards and risks such as rain and earthquake induced landslides and rockfall, ther
proponent hasidentified various engineering and vegetative measures to provide mitigation for its
occurrence.
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2. Comparison of Environmental Impacts of Project Alternatives

As earlier mentioned, there are no project alternatives that were considered by the Proponent for
this EPRMP as the request for the issuance of ECC is hinged on the expansion of the silica quarry
operations within the MPSA and corresponding increase in production threshold. As such, no
comparison was done.

3. Consequences of not Proceeding with the Project

Since mining of silica for the cement industry is one of the most important industries in the
country's nation building program, shortage of its supply may significantly affect the production of
cement produced in the country. Without cement, vertical and horizontal infrastructure and
superstructure would not be possible. Without the project, the local consumers will import silica or
cement from other countries.

The project has also provided considerable contributions to the benefit of the community such as
improved road conditions, electrification/street lights, development of water facilities, medical
missions, improved barangay facilities and livelihood options. These social development projects
havesignificant impact on thelives of theresidents such as improved grades of students, as a result
of providing electricity connections to households and for street lighting. In addition, the safety and
smooth travel to schools and workplaces due to better road conditions had been achieved.
Furthermore, as a consequence of the implemented social development projects from the Social
Development and Management Program (SDMP) funds, some livelihood alternatives have been
undertaken which added to the income of the households and increased the money in circulation
in the community. When there is more money in circulation, local economic activities/enterprises
will become more stable which will consequently create a positive impact on the community.

The local government revenues in terms of excise taxes and occupational fees were paid by the
company during the years of its operation. In 2017 alone, the company gave their share of
P626,277.59 in excise tax and P37,950.00 in occupational fees for a total of P664,227.59. The
company disbursedin 2018, atotal of P1,430,712.94 for excise tax alone. Thus, if the project does
not push through, sustainingand improving on the various contributions contingent to the project
will be foregone.

Since this is just an expansion of the current extraction area, pollution (carbon) footprint will not
be an environmental issue as the equipment, power capacity and number will remain the same.
Proper regimen of equipment maintenance should be properly observed.

D. Project Components

1. Major Components

Given the increase in the extraction of silica, there area few additional mobile auxiliary equipment
that will be acquired. The quarry equipment listed in Tables 0-1, Table1-2 and Table 1-3 are needed
in the expansion of the quarry area and increasein extraction rate. These quarry equipment are
mobile and will not be stationary in the area. The existing quarry operation is limited to ten (10)
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hectares of the 505.4626 hectares allowed mineable area. Thus, the amendment application only
intends to expand the mineable area and increase production threshold as stipulated in the ECC.
(Please see Annex 3 and Annex4 for the copy of Existing ECCand MPSA, respectively. ) The extraction
will only consist of non-metallic ore mining.

The operation of the project will only include miningand transport. Aside from the access road and
quarry road, there is no major infrastructure planned to be constructed in the project area. Buffer
zones will be established and maintained around the whole MPSA area as the proposed 50 has
quarry operation expansion is still subject for expansion in the future.

The major components is shown in the table below and Figure 1-8 shows the proposed 50 has
quarry mining expansion.

Table 1-2. Summary of Major Project Components
Components Existing Proposed

Quarry Covered by MPSA 218-05-VII: No change
505.4626 hectares

Quarry operation area: Quarry operation area for expansion:
10 hectares 50 hectares
Total Project Area Within 505.4626 has covering MPSA | No change
218-05-VIl:
- Allowed operations area: 10 has - Expansion of operations area to 50
has
Maximum allowable Extraction volume:125,316.84 MTPY | Increase in extraction volume: 625,000
extraction rate: silica MTPY silica
Quarry Equipment The operation for the entire quarry The operation for the entire quarry is still
is contracted out. to be contracted out. Below are the
proposed equipment’s for safer and
1 Bulldozer efficient operation;
2 Excavators
3 Payloaders Loading:
20 Dump trucks 1-units Volvo L150H 4.2cum Payloader
1 Road Grader 2-units  Volvo  EC300DL  1.76cum
1 Vibratory Roller Excavator
2 Water Trucks
1 Mobile Crusher Hauling:
1 Fuel Truck 3-units Volvo FMX420 Off Highway Trucks
1 Service Truck (Quarry)
1 Service Vehicle 20 Howo (15 MT) on road Hauling units
1 Breaker Attachment
Auxiliary:
1-unit Rock Breaker Attachment Rammer
3T

2-units Komatsu D155A-6R Bulldozer
2-units MotorGrader

1-unit Vibratory Roller

2 units Isuzu Forward Water Trucks
(10,000lts)

1-unit Fuel Truck

1-unit Service Truck

1-unit Service Vehicle
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1 set of Mobile Crusher
— 1 Grizzly Feeder for LT106
— 1 Primary Jaw Crusher — Metso
LT106
— 1 Secondary Cone Crusher —
Metso HP200
— 1 Screening Unit Deck Screen
— 1 Radial Stacket
— 3 decker Vibrating Screen ST4.8
1 Lube truck Isuzu 6BG1 for mobile
crusher/HE
1 Book Truck Isuzu EIf
1 Road Grader SDLG 9190
1-unit Komatsu Eccentric Ripper for
ripping hard silica materials
1 Back Hoe Kom PC200 for Xcentic
1 Back Hoe Volvo EC300DL for crusher
loading and stockpile maintenance

Extraction Method Surface Mining- Quarrying No change
Commodity Silica No change
Auxiliary Operations None. There is no processing of raw | Primary and secondary crushing,
silica at the quarry site. screening and washing using the mobile
units on site
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2. Silica Quarry

The silica quarry project site is situated in Barangay Maaslum in the Municipality of Ayungon,
Province of Negros Oriental and is within the MPSA218-205-VIl issued to the proponent, the Heirs
of Arturo Zayco. The existing quarry operations is limited to 10 has of the total MPSA area of
505.4626 has. Silica extraction in Ayungon, Negros Oriental started in 1979 within the leased
mining claim of Arturo Zayco. Maria Cristina Chemicals, Inc (MCCI) entered into an operating
agreement with Arturo Zayco in 1979 to operate a silica quarry under Mining Lease Contract MRD
138V VIl which is now MPSA218-205-VIIl.In 2001, the Heirs of Arturo Zayco entered in an operating
agreement with Calamba Aggregates, Co., Inc., (CACI), a subsidiary of Alsons Cement Corporation
(ACC) which was approved by DENR in 2003. ACC, which later became part of Holcim Philippines,
Inc., took over the quarry operation in 2001. In March 31,2017, a new operating agreement was
signed between the Heirs of Arturo Zayco Sr. represented by Alfredo F. San Miguel Jr, Heirs of
Arturo Zayco Sr., represented by Jose Maria Z. Cuenca, and Alfredo San Miguel and Holcim
Resources and Development Corporation (HRDC).

The current silica quarry operation is limited to 10 hectares. The map of the general layout of
facilities and location, boundaries and footprint of the project are shown in Figure 1-7. Thecurrent
total quarry extraction rate is at 125,316.84 metric tons of silica per year and is proposed to be
increased to 625,000 metrictons peryear. As previously mentioned, quarrying is currently confined
within the 10 has inside the MPSA. The proposed expansion of operations to 50 has will remain
inside the same MPSA.

The general method of mining currently used at the quarry is surface open cast mining. The method
is divided into two (2) stages; a) area development and b) extraction (production) stage. Area
development is the stage where preparations for extraction are carried out. It involves stripping,
removal of vegetation, waste overburden to expose the silica raw material resource and facilitate
extraction of silica. This phasealso involves the establishment of drainage and access to the deposit.
The topography will be cutinto aseries ofsslices of five (5) meter heightand an 80deg. bench slope.
Stripping will start at the uppermost portion (Elev. B+570) of the topography and progresses
downward. Once the ground is cleared / flattened, a new working level below (5m downward) is
worked outto form a bench with at least 15 m width which is wide enough to allow load and haul
fleets to manuever. Generally, the working parameters of the silica quarry are as follows: Bench
slope 75-85deg bench height of 5 meters, Bench width 15-meter min. Pit slope is 20-50m.

In the extraction stage, exposed silica will be ripped using a bulldozer with ripping mechanism.
Backhoe with breaker will be utilized in selected areas where the material is not rippable. The
loosened silica will then be pushed by the bulldozer towards the designated loading areas. These
will then be loaded using a backhoe into the dump trucks. Then, these will be transported to the
port passing through the developed quarry road to the barangay road. There will be no blasting
that will be done.

The mining process is purely surface mining which involve a simple process of break and haul with
no involvement of processing, no usage of chemicals or no facilities to be sited. The technology is
also straightforward as explained in the site development plan. Port facilities are also not included
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as theseare not within the MPSA Area or in the project location. The quarry operation will not use
any electricity and water given that the mining process involved as discussed in the preceeding
section is break and haul method and as shown in Figure 1-5.
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3. Quarry Equipment

Expansion of Silica Quarry of the Heirs of Arturo Zayco (HAZ) under MPSA 218-2005-VII

The existing quarry equipment used in the operations and considered for the proposed expansion

of operations is shown below.

Table 1-3. Quarry Equipment

Item Model Parameters Quantity
(mm/m3/t)
Loading Volvo L150H 4.2 2
Volvo EC300DL 1.76 2
Hauling HOWO 20 15
Volvo FMX 420 20 3
Auxiliary Rock Breaker, Attachment Rammer 3T 1
Bulldozer Komatsu D155A-6R/302HP 2
Backhoe for the Breaker Volvo EC220 1
MotorGrader 2
Vibratory Roller 1
Water Truck Isuzu Forward (10,000lts) 2
Fuel Truck 1
Service Truck 1
Service Vehicle 1
Mobile Crusher — 1 Grizzly Feeder for 1
LT106
— 1 Primary Jaw Crusher —
Metso LT106
— 1 Secondary Cone
Crusher -Metso HP200
— 1 Screening Unit Deck
Screen
— 1 Radial Stacket
— 3 decker Vibrating
Screen ST4.8
Lube Truck Isuzu 6BG1 1

4. Support Facilities and Infrastructure Requirements

Power and Water Requirements

Considering that the mining method is surface mining, there is no processing in the project area
thus, no significant amount of resources is needed onsite in terms of power and water
requirements.

The existing project uses generator for lighting requirements of the guardhouse. The quarry
operations do not require any power supply as the mining method employed is surface mining. On
the other hand, water use in the area is only for domestic and sanitary of workers onsite. The
proposed expansion will not entail also entail any water requirement as there is no processing of
silica at the quarry site.
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Storm Water Drainage

A series of catch basins or sediment traps along the base hill will be established to trap fugitive silts
and debris that may cascade down the slope from the active workings. If necessary, the wall and
bottom of all drainage canals and basins will be lined or reinforced with concrete. All quarry
drainage lines will be directed towards the catch basins before the hydrologic load flows to the
river.

Sewerage

A portalet will be used for the machine operators and guards at the site. The regular maintenance
of this facility will be donefollowing standard procedures of the service provider. The project uses
two (2) CR's (fixed structures) that were constructed (concrete) for male and female with divider
and septic tank.

Telecommunications

Communication facilities such as land based, and mobile telephones and handheld radios are
available at the guard house outside the quarry site. The quarry contractor personnel have their
own communication facilities.

Access Road

The existing unpaved barangay road ofabout 8 kilometers from Ayungon Proper to the project area
will beused. Within the project area itself, travelis mainly by secondary feeder roads, unpaved foot
trails and stream courses. Access to the more remote portions of the quarry site is achieved by
cutting a trail across generally thick vegetation.

Accommodation

There are no accommodation or housing facilities within the quarry site. The members of the
operational workforce reside in Ayungon and nearby towns which is about 8 km away from quarry
site. Hence, there is no need for the proponent to provide camps or housing facilities to cater to
the dwelling needs of the workforce.

Emergency Facilities

There are no emergency facilities within the quarry site. However, Ayungon has twenty-three (23)
Barangay Health Stations and one (1) main Health Center at Barangay Poblacion. A health service
also is complemented by a private medical clinicand one (1) private dental clinic

Similar Facilities

There is also noinfrastructure within the quarry site except for a small guard outpost. HAZ has no
plans of building any major infrastructure in the project area.
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5. Pollution Control and Waste Management System

Pollution Control Devices

There are no pollution control devices used on site since there are no structure and processing
done within the project area.

Solid Waste and Wastewater Management System

Solid waste and wastewater generation is expected to be of minorconcern in the project since the
generation of wastes is not significant. Still, in order to address possible concerns, the Proponent
has provided some management measures to mitigate its effect in the environment.

All domestic wastes will be disposed of in accordance with the construction and operations waste
management procedures. A solid waste management plan will be implemented. Trash and other
wastes will be collected and transported by DENR-accredited haulers.

Licensed service contractors (DENR accredited wastewater transporter and treater) will provide
and service portable toilet facilities during the construction phase. Sanitary sewage from
construction workers will be collected from these portable latrines and transported to the local
wastewater treatment facility.

A Construction Environmental Management Program including a Health and Safety Plan that will
detail the important programs/ plans that must be instituted during the entire duration of the
construction activities will be prepared and strictly implemented.

Siltation Control

The principal mitigating measures that the Heirs of Arturo Zayco will implement to control probable
siltation of the Maaslum River bed and by extension, the low-lying farmlands downstream consist
of building a series of catch basins along the base hill to trap fugitive silts and debris that may
cascade down slope from the active workings. If necessary, the wall and bottom of all drainage
canals and basins will be lined or reinforced with concrete. All quarry drainage lines will be directed
towards the catch basins before the hydrologic load flows to the river.

Siltation reduces the capacity of the low-lying vegetation around the quarry sites to
photosynthesize due to impaired exchange of gases in the stomates leading to gradual decimation.
With poordrainage system, silts will inundate nearby water bodies affecting both the primary and
secondary productivity of the river systems aquatic populations that includes reduction of its
population and total decimation of the species. Affected wildlife includes aquatic animals such as
frogs, fish and insects and aquatic vegetation, among others. During high rainfall events, large
amount of silts may clog due to soil lodging the river system impacting its navigation functions
affecting local community e.g. human lives and property. If it lands on estuary areas, it will

reduce benthic populations such as coral, oysters, shrimps, and mussels, amongothers and may
affect or alter fish migration from open sea to fresh water systems and vice versa.
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The table below showsthe geographical locations of silt traps and siltation ponds and the map of
the location of the siltation ponds can be seen in Figure 2-26.

Table 1-4. Geographical Lcoation of Silt Traps and Siltation Ponds

Northings Eastings Area
Primary Silt Traps (PST)
PST-1 9°51'20.87"N 123°4'45.92"E
PST-2 9°51'20.36"N 123°4'45.29"E
1,000 SQ.M.
PST-3 9°51'21.41"N 123°4'44 40"E
PST-4 9°51'21.94"N 123°4'45.09"E
Secondary Silt Traps (CST)
SST-1 9°51'22.02"N 123°4'44.76"E
SST-2 9°51'21.49"N 123°4'44.07"E
SST-3 9°51'21.23"N 123°4'43.24"E 1,285 SQ.M.
SST-4 9°51'22.70"N 123°4'42.80"E
SST-5 9°51'22.28"N 123°4'43.88"E
Primary Silt Ponds (PSP)
PSP-1 9°51'29.20"N 123°4'37.19"E
PSP-2 9°51'29.32"N 123°4'36.23"E 379 SQM.
PSP-3 9°51'29.72"N 123°4'36.34"E
PSP-4 9°51'29.55"N 123°4'37.26"E

The catch basins will be cleaned periodically by bailing out the accumulated silt materials as soon
as they are near critical level. Augmenting this control measure is the practice of good spoils
management through rigid onsite confinement and upkeep to minimized downhill flow of excess
materials from the extraction zone.

Land Preservation

In quarrying, best-practice mining techniques will be adopted by the Proponent to reduce landform
alteration of the quarry siteto the minimum and render the area easy and amenable to post-mining
restoration. In this case, best-practice mining involves contour benching, good drainage
maintenance and onsite collection and stockpiling of over burden spoils and mine waste for
reintroduction into the quarry site after the mining. The stockpiles will also serve as temporary
earth barriers to prevent disturb soils from cascading down-slope.

Ways to protect the slope and mine-affected zones from water-induced erosion will creation of
small diversion channels along bench toes to slow down water flow on slope and soil surface and
resulting to surface ripping in special cases to improve soil permeability and encourage water
infiltration.

Systematicmining that reduces selective extraction of silica or will be pursued to minimize creation
of deep terrestrial voids, residual mounds and disfigured landscape.

Rock Waste Minimization

Since the silica ore occurring in this deposit is relatively high-grade, good conservation practices
will be observed through maximum extraction and recovery of ore material. Except for the
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overburden consisting of topsoils and organic debris that will be set aside for post-quarrying
reforestation substrate, most excavated materials will be shipped as final products.

Minimization of Site Clearing for Mining

The Heirs of Arturo Zayco will adopt a strategy of clearing the least necessary area for the safe
operation of its quarry inside the mining lease where small colonies of second-growth trees still
exist. Since very few structures and support facilities are required by the proponent by quarrying
operation, site clearing will be restricted to the actual extraction pits, spoil stockpiles and
equipment operating area only. The strategy will include systematic and progressive quarrying
wherein no new extraction sites will be opened unless the previous excavation is completed.
Absolutely no cutting of trees will be allowed on land outside of the property except when laying
out new access road or improving existing ones.

Dust Emission Control

Periodic water spraying of quarry pits, haul roads, excavation faces and spoil stockpiles when
operating during dry season shall be done to suppress most dusts from getting airborne, and
consequently mitigate the potential impact that such pollutant may bear on the health and well-
being of the quarry personnel and adjacent populace.

On dry periods when airborne dust emission is higher, quarry personnel will be mandated to wear
dust respirators and their actual work schedules rotated.

Reforestation

New tree plantations will be established within and immediately outside the 10-hectare project site
for progressive “re-greening” to start tree colonies or increase present tree density in areas not
needed by the proponent for actual mining. To support these greening activities, the Heirs-of-
Arturo Zayco will establish a forest nursery facility.

Last November 2017, HRDC planted 39 trees inside the Silica mined-out site and 670 trees in an
idle lot. See Annex 27 for the Growth and Survival Performance of the Tree Plantations. Planted
trees will be monitored periodically to determine its survival rate and growth performance.
Parameters to be measured are average survival rate, diameter and height increment. Surveys shall
be supported by timber inventory and taking of photographs at designated fixed point.

Noise Abatement

Generation of noise and vibration from quarry equipment operation, be it of nuisance variety of
physiological, will be avoided or reduced by good equipment servicing and maintenance practices
such as frequent bolt tightening, greasing, lubrication and replacement of filters. Quarry personnel
will be further protected from noise emission by enclosing their equipment cabs and causingthem
to wear ear inserts or muffs. Job rotation will also be practiced, if necessary.

6. Process Technology Option

Method/Technology for Extraction
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The general method of mining currently used at the quarry is surface open cast mining. The method
is divided into two (2) stages; a) area developmentand b) extraction (production) stage. Area
development is the stage where preparations for extraction are carried out. It involves stripping,
removal of vegetation, waste overburden to expose the silica raw material resource and facilitate
extraction of silica. This phasealso involves the establishment of drainage and access to the deposit.
The topography will be cutinto aseries ofslices of five (5) meter heightand an 80deg. bench slope.
Stripping will start at the uppermost portion (Elev. B+570) of the topography and progresses
downward. Once the ground is cleared / flattened, a new working level below (5m downward) is
worked outto form a bench with at least 15 m width which is wide enough to allow load and haul
fleets to manuever. Generally, the working parameters of the silica quarry are as follows: Bench
slope 75-85deg bench height of 5 meters, Bench width 15-meter min. Pit slope is 20-50m.

In the extraction stage, exposed silica will be ripped using a bulldozer with ripping mechanism.
Backhoe with breaker will be utilized in selected areas where the material is not rippable. The
loosened silica will then be pushed by the bulldozer towards the designated loading areas. These
will then be loaded using a backhoe into the dump trucks. Then, these will be transported to the
port passing through the developed quarry road to the barangay road. There will be no blasting
that will be done.

Mining would be handled by SiO, Resources Corporation, a subsidiary of Rock Energy International
Corporation. SiO, Resources handles the sourcing, importation, storage and provideland transport
to achieve an on-time delivery of high-grade silica sand to several plants of its valued customers.
This supply chain agreement with several manufacturing plants has been on-goingfor the past 14
years.

Area - . .

Figure 1-8. Silica Extraction Process

Operations and Maintenance of Facility

Solid Waste and Wastewater Management

Solid waste and wastewater are expected to be a minimal concernin the Project since no significant
sources of these wastes are present in the area. Still, in order to address possible concerns, the
Proponent has provided some management measures to mitigate its effect in the environment.

All domestic wastes will be disposed of in accordance with the construction and operations waste
management procedures. A solid waste management plan will be implemented. Trash and other
wastes will be collected and transported by DENR-accredited haulers.

Licensed service contractors DENR accredited wastewater transporter and treater will provideand
service portable toilet facilities during the construction phase. Sanitary sewage from construction
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workers will be collected from these portable latrines and transported to the local wastewater
treatment facility.

A Construction Environmental Management Program including a Health and Safety Plan that will
detail the important programs/ plans that must be instituted during the entire duration of the
construction activities will be prepared and strictly implemented.

Siltation Control

The principal mitigating measures that the Heirs of Arturo Zayco will implement to control probable
siltation of the Maaslum River bed and by extension, the low-lying farmlands downstream consist
of building a series of catch basins along the base hill to trap fugitive silts and debris that may
cascade down slope from the active workings. If necessary, the wall and bottom of all drainage
canals and basins will be lined or reinforced with concrete. All quarry drainage lines will be directed
towards the catch basins before the hydrologic load flows to the river.

Siltation reduces the capacity of the low-lying vegetation around the quarry sites to
photosynthesize due to impaired exchange of gases in the stomates leading to gradual decimation.
With poordrainage system, silts will inundate nearby water bodies affecting both the primary and
secondary productivity of the river systems aquatic populations that includes reduction of its
population and total decimation of the species. Affected wildlife includes aquatic animals such as
frogs, fish and insects and aquatic vegetation, among others. During high rainfall events, large
amount of silts may clog due to soil lodging the river system impacting its navigation functions
affecting local community e.g. human lives and property. If it lands on estuary areas, it will reduce
benthic populations such as coral, oysters, shrimps, and mussels, among others and may affect or
alter fish migration from open sea to fresh water systems and vice versa.

The catch basins will be cleaned periodically by bailing out the accumulated silt materials as soon
as they are near critical level. Augmenting this control measure is the practice of good spoils
management through rigid onsite confinement and upkeep to minimized downhill flow of excess
materials from the extraction zone.

Land Preservation

In quarrying, best-practice mining techniques willbe adopted by the proponent to reduce landform
alteration of the quarry siteto the minimum and renderthe area easy and amenable to post-mining
restoration. In this case, best-practice mining involves contour benching, good drainage
maintenance and onsite collection and stockpiling of over burden spoils and mine waste for
reintroduction into the quarry site after the mining. The stockpiles will also serve as temporary
earth barriers to prevent disturb soils from cascading down-slope.

Ways to protect the slope and mine-affected zones from water-induced erosion will creation of
small diversion channels along bench toes to slow down water flow on slope and soil surface and
resulting to surface ripping in special cases to improve soil permeability and encourage water
infiltration.
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Systematicmining that reduces selective extraction of silica or will be pursued to minimize creation
of deep terrestrial voids, residual mounds and disfigured landscape.

Rock Waste Minimization

Since the silica ore occurring in this deposit is relatively high-grade, good conservation practices
will be observed through maximum extraction and recovery of one material. Except for the
overburden consisting of topsoils and organic debris that will be set aside for post-quarrying
reforestation substrate, most, if not at all, excavated materials will be shipped as final products.

Minimization of Site Clearing for Mining

The Heirs of Arturo Zayco will adopt a strategy of clearing the least necessary area for the safe
operation of its quarry inside the mining lease where small colonies of second-growth trees still
existing. Since very few structures and support facilities are required by the proponent by quarrying
operation, site clearing will be restricted to the actual extraction pits, spoil stockpiles and
equipment operating area only. The strategy will include systematic and progressive quarrying
wherein no new extraction sites will be opened unless the previous excavation is completed.
Absolutely no cutting of trees will be allowed on land outside of the property except when laying
out new access road or improving existing ones.

Reforestation

New tree plantations will be established within and immediately outside the 10-hectare project site
for progressive “re-greening” to start tree colonies or increase present tree density in areas not
needed by the proponent for actual mining. To support these greening activities, the Heirs-of-
Arturo Zayco will establish a forest nursery facility.

Last November 2017, HRDC planted 39 trees inside the Silica mined-out site and 670 trees in an
idle lot. See Annex 27 for the Growth and Survival Performance of the Tree Plantations. Planted
trees will be monitored periodically to determine its survival rate and growth performance.
Parameters to be measured are average survival rate, diameter and height increment. Surveys shall
be supported by timber inventory and taking of photographs at designated fixed point.

Dust Emission Control

Periodic wetting of quarry pits, haul roads, excavation faces and spoil stockpiles when operating
during dry season will suppress most dusts from getting airborne and consequently mitigate the
potentialimpact that such pollutant may bear on the health and well-being of the quarry personnel.

On dry periods when airborne dust emission is higher, quarry personnel will be mandated to wear
dust respirators and their actual work schedules rotated.

Noise Abatement

Generation of noise and vibration from quarry equipment operation, be it of nuisance variety of
physiological, will be avoided or reduced by good equipment servicing and maintenance practices
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such as frequent bolt tightening, greasing, lubrication and replacement of filters. Quarry personnel
will be further protected noise emission by enclosing their equipment cabs and causing them to
wear car inserts or muffs. Job rotation will also be practiced, if necessary.

Safety and Accident Prevention Practices

The Heirs of Arturo Zayco will both observe and strictly enforce the applicable quarry safety rules
and regulations prescribed by the Philippine Mining Laws, particularly those provided for in the
DENR Mine Administrative Order No. MRD — 51, to prevent injury causing accidents and other
untoward incidents. Accordingly, an annual safety and health program will be formulated and
installed in compliance with the regulations, and training of proponent’s employees on safe
guarrying practices will be conducted. Among the pertinent safety precautions that will be
observed and enforced are the following:

a) Provision of hard hats and safety footwear to all quarry workers;

b) Scaling down of all overhangsandlooserock masses suspected of falling on pit walls and
extraction faces;

c) Provisions ofspottersto continuously guide heavy mining equip mentand mobile unitsin
maneuvering and operating within the active extraction zones;

d) Prohibiting mining personnel from working directly below unstableslopes;

e) Prohibiting children, passerby and outsiders from loitering or staying around the project
site;

f)  Providingsupportsto reinforce pit walls/faces suspected of pending collapse;

g) Propermaintenance and servicing of all mining equipment;

h)  Provision of First-Aid kit onsite;

i) Provision of adequatelightning facilities when operating during nighttime; and

j)  Periodic briefing of quarry personnelon mine safe operating practices.

E. Project Size

1. Total Amount of Mineral Resource inthe Project Area Based on Exploration Data

The initial geologic study conducted confirmed the existence of a significant volume of silica deposit
at the project site. At a cut-off grade of 80% SiO2 and using a density of 1.85t/m3, the measured
andindicated resource estimates are 56.8 and 47.3million tons, respectively. An indicated resource
of silica is present in the area which will last for 184 years at annual production of 300,000 metric
tons per year.

Table 1-5. Measured and Estimated SiO2 in Ayungon Mineral Resource

Resource Category Tonnage (MT) Average % SiO2
Measured 56,800,000 85.9
Indicated 47,300,000 70.3

Total 104,100,000 78.8

Source: Project Feasibility Study for the Development and Commercial Extraction of Silica on MPSA 218-2005-VII
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2. Extraction and Production Rates

The existing allowable extraction rate of silica as stipulated in the current ECCis 125,316.84 metric
tons per year. The estimated extraction rate of the proposed expansion is 2500 metric tons/day
(MTPD) or about 625,000 MT per annum for a total of 250 working days per year.

The projected production schedule is shown below.

Table 1-6. Projected Production Schedule

Year Holcim Lugait Non-Cement | Other Cement [ Other Holcim Grand Total
2020 115,763 40,000 115,763 69,458 340,983
2021 121,551 40,000 121,551 72,930 356,032
2022 127,628 50,000 127,628 76,577 381,833
2023 134,010 50,000 134,010 80,406 398,425
2024 140,710 50,000 140,710 84,426 415,846
2025 147,746 50,000 147,746 88,647 434,138
2026 155,133 50,000 155,133 93,080 453,345
2027 162,889 50,000 162,889 97,734 473,513
2028 171,034 50,000 171,034 102,620 494,688
2029 179,586 50,000 179,586 107,751 516,923
2030 188,565 50,000 188,565 113,139 540,269
2031 197,993 50,000 197,993 118,796 564,782
Grand Total 2,057,856 620,000 1,952,856 1,171,714 6,010,427

Source: Project Feasibility Study for the Development and Commercial Extraction of Silica on MPSA 218-2005-VII

3. Total Project Area

The project area for the existing ECC is 10 hectares. With the proposed expansion, this will be
expanded to cover 50 ha of the MPSA area. The expanded area still falls within MPSA 218-05-VII.

F. DevelopmentPlan, Description of Project Phases and Corresponding Timeframes

1. Pre-Construction Phase

There will be no pre-construction activities that will take place as the mineral extraction is currently
done within the existing 10 has and this will be expanded to 50 has within the MPSA area.

2. Construction Phase

In preparation of the proposed expansion area for eventual mineral extraction, the following
activities shall be undertaken:

e Area Development - This involves clearing of existing vegetation and stripping of topsoil as
to expose thesilica raw materialresource. This shall facilitate eventual bench development
and extraction of mineral resource.

e Bench Development - This activity involves the construction of access roads and ramps to
reach higher grounds and the eventual shaping-up of quarry benches for slope stability. In
the course of the activity, incidental production may be derived.
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3. Operation Phase

Full production shall start after all development works have been completed. The extraction
procedure involves the following cycle of activities:

e Rippingof the deposit usinga bulldozer with ripping mechanism. Thisis to loosen up the
material for ease of handling.

e Pushingtheloosened material by bulldozer towards designated loading areas.

e Loadingthe material usinga backhoeinto dump trucks for delivery to the port or tothe
barge for shipmentto clients.

Given the increase in the extraction of silica, there area few additional mobile auxiliary equipment
that will beacquired. The quarry equipment listed in Tables 0-1, Table 1-2 and Table 1-3 are needed
in the expansion of the quarry area and increasein extraction rate. The expansion of the area for
mining will remain within MPSA 2018-05-VOO since the existing operation covers only ten (10)
hectares of the 505.4626 hectares allowed mineable area. Thus, the amendment application only
intends to expand the mineable area stipulated in the ECC from 10 has to 50 has and the amount
orvolume of silica that would be extracted from 500 MT per day to 2,500 MT per day. (Please see
Annex 3 and Annex 4 for the copy of Existing ECC and MPSA, respectively.)

The Three-Year Work Development/ Utilization Work Program of the Heirs of Arturo Zayco for CYs
2017-2019, which was approved by MGB on September 26, 2017 consisted of the following
schedule of activities:

e Year 2017: Extraction of silica materials and trimming of benches and construction of
quarry road

e Year 2018: Extractopm of silica materials and trimming of benches and construction of
quarry road

e Year 2019: Trimming of benches and installation of drainage structures

Aside from the access road and quarry road, there is no major infrastructure planned to be
constructed in the project area. All other management and mitigating measures in the existing
operation will be adopted for the proposed expansion.

4. Decommissioning/Abandonment/Rehabilitation Phase

As with the end of every industry, the closure of the project can affect the host community, create
loss/decreasein taxes, loss of employment, income and/or business opportunities derived from the
project. Inview of these, the proponent adopted an abandonment/rehabilitation strategy that can
be used in mitigating the effects of the abandonment/decommissioning activities of the project.

The Final Mine Rehabilitation and Decommissioning Plan (FMRDP)for MPSA 218-2005-VIl has the
following objective:

e Compliance with legal requirements;
e Eliminate advser long-term environmentalimpacts by: a) Restoring ecological balance of
the area to a reasonable/ realistic level conduciveto floral growth and faunal habitation; b)
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enhance the naturalfeatures of the place; c) mitigate the impacts of flood, siltationand
landslides; d) ensurelong term stability of the substrate; and e) ensure realization of planned
ultimate land useand sustainable development;

e Improvepublicimage by exercising corporate social responsibility;

e Openopportunities for nature studies, through educational excusions, field classes,
camps, etc;

e Ensurethe safety, health, social and economic well-beinng of the people both in the host
and neighboring communities even after the closure of the project.

The FMRDP highlights the following:

e The mined-outarea will be converted into a forest and recreational park.

e Theslopes of the quarry will be stabilized, pit profile re-contoured and revegetated with
appropriatetree species such as acacia mangium, madre de cacao and mahogany

e Tree plantingactivities will be contractedto local residents

e Pit drainage system will be stabilized.

e Asthe quarry operations do not have buildings and facilities and infrastructures in the
area, only the heavy equipment utilized in the quarry operation shall be removed in
accordance with the contract between HAZ and the quarry contractor.

e On socioeconomicactivities, local residents shall be trained in skills such as masonry,

electrical installation and livestock raising. Livelihood trainings shall also be done in
coordination with TESDA and LGU.

The Gantt Chart below summarizes the major milestones of the project. Moreover, the 35-Year
Mining Development Plan is attached in Annex 26.
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Figure 1-9. Ayungon 5-Year Development Plan (2018-2023)
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G. Manpower

The manpower requirements during the operation and decommissioning /abandonment phases
are shown below. The office-based positions which totals to seven (7) will be provided by HRDC
while the site-based positions are provided by the mining contractor. Ninety percent (90%) of the
workforce is sourced locally from the municipality of Ayungon. While the number of required
manpoweris relatively small, considering the unemployment rate of Ayungon at 32%, the number
of people expected to be hired is foreseen to be a considerable contribution in addressing the
employment needs of the communities.

Table 1-7. Manpower during Operation Phase

Position (Office-based) | Number of Persons Position (Site-based) Number of Persons
Project Manager 1 Drilling Operator 0
Journey/Port Supervisor 1 Loading Operator 7

Quarry Supervisor 2 Hauling Operator 30
PCO/Envi Officer 0 Auxiliary ME Operator 11

Safety Officer 1 Maintenance 15

Admin 1 TOTAL 63
Maintenance Manager 1

TOTAL 7

Over-all Total 70

Table 1-8. Manpower during Decommissioning/Abandonment Phase

Position Number
Environmental Officer (HRDC) 1
3 party Contractor (Forest Guard) 5

Since the quarrying operations will require the services of both skilled and unskilled workers, there
will be anincrease in the demand for employment. Therefore, the Project is expected to generate
employment and opportunities to the unemployed labor force. With employment generated, the
amount of money in circulation in the community will increase which will havea positive impactin
sustaining small businesses and economic activities in the area. Other than the generation of
employment for skilled and unskilled workers, the additional manpower needed for the expansion
of operation will also bring about new economic activities in the area such as small food business,
lodging/ accommodation, small laundry business to name a few.

1. Nature and Estimated Number of Jobs Available for Men and Women

Regarding the aspect of gender preference for job positions, all job positions are open to either
men or women, provided they are qualified for the job requirements. Based on the actual
manpower composition, the number of men occupying positions in the Project far outweigh the
number of women.

In the absence of qualified personnel, efforts will be made on the capacity building for women
workers aligned with Republic Act 9710, an Act providing for the Magna Carta of Women.
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2. Scheme for Manpower Sourcing

HRDC and its contractor will prioritize the hiring of local residents from the three (3) barangays
provided that the applicants’ competencies fit the requirements of the job. Majority of the
technical skills requirement such as the maintenance and production technicians, and operators
are supplied locally. Engineering and other professional skills are sourced by standard hiring
procedures with nationwide job notification. The engineering and professional skills are also shared
within the Holcim Group of companies inthe Philippines. The Company has an established training
and succession plan policies to grow these unique competencies. Highly technical and managerial
positions are mostly home grown. When needed, international experts are sourced on project-
based term.

H. Project Cost

The silica quarry within the project area is already operationalsince 2001. Itis expected that further
development of the quarry would entail minimal costs. Mining will be undertaken by a contractor
whose costis perton delivered to the loading barge in Tampocon. This means that there would be
no capital cost for mining equipment’s in the part of HRDC. Predevelopment cost for depreciation
includes the exploration expenditure, Environmental Work Program and Community Development
Programs in 2013 to 2014. Operating cash cost amount 3.32 billion pesos for the 15 years of
projected production presented.

2. Assessment of Environmental Impacts

Baseline environmental conditions were gathered to determine the condition ofthe area given that
the existing quarry operations covered by the existing ECC is only limited to 10 has. The baseline
information gathered, and the compliance monitoring and self-monitoring reports were used as
bases of assessing the environmental impacts of the planned expansion of ECC coverage. The
impact monitoring of the project is contained in several documents including the Annual EPEPs
which clearly addresses the major impact of the mining activity. This includes desiltation of silt
pondsand mine drainage are regularly conducted. Attached in the Annex 18 arethe Annual AEPEP
Accomplishment from 2014-2017.

Land preservation using best practice mining techniques to include quarry slope stabilization are
also adopted to ensure that abrupt variances in landform are addressed and mitigated.

Included in the visual watch were the assessment of the stability of stockpiles, integrity of pits and
extraction faces and condition of the drainage system.

Noise impact monitoring was based on the observations and complaints register. However, there
were no complaints considering that the receptor community is more than a kilometer away from
the mining area.
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Dust emissions are observed from casual observations and if deemed appropriate would have
resorted to dust sampling and gas monitoring. Road maintenance for dust suppression are also
done on a regular basis.

For the project expansion however, the assessment of environmental impacts will be done more
thoroughly considering the scope and magnitude of the project as contained in the monitoring plan.

A. Land

1. Land Use and Classification

The total administrative and geographical jurisdiction of the Municipality of Ayungon, consisting of
the municipal water of 15,400 hectares, or 35.35% ofits total administrative area and theland ares,
which is about 28,168 hectares, is 43,568 hectares.

Land use pattern of Ayungon is typical of most municipalities in the province of Negros Oriental,
which is characterized by the predominance of agricultural lands and grasslands/shrubs indicating
arural environment.

Ayungonis politically subdivided into 24 barangays with a total populationof46,303. The barangays
are namely:

Table 2-1. Barangays in Ayungon and its Corresponding Population

Barangay Population Percentage Rank*
A. Urban
1. Anibong 2,047 4.4% 15th
2. Awa-an 2,870 6.2% 27t
3. Tampocon | 2,061 4.5% 16th
4. Tampocon I 2,165 4.7% 18t
5. Poblacion 2,025 4.4% 14th
Sub-total 11,168
B. Rural
1. Amdus 1,160 2.5% 4th
2. Jandalamanon 1,148 2.5% 3rd
3. Atabay 1,274 2.8% gth
4. Ban-ban 2,603 5.6% 19th
5. Calagcalag 1,764 3.8% 12th
6. Candana-ay 1,349 2.9% 7th
7. Carol-an 2,928 6.3% 22nd
8. Gomentoc 2,159 4.7% 17th
9. Inacbhan 1,376 3.0% gth
10. Iniban 1,390 3.0% gth
11. Kilaban 819 1.8% 13t
12. Lamigan 897 1.9% 2nd
13. Maaslum 1,721 3.7% 11th
14. Mabato 3,385 7.3% 23rd
15. Manogtong 1,500 3.2% 10t
16. Nabhang 1,189 2.6% 5th
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Barangay Population Percentage Rank*
17.Tambo 3,940 8.5% 24t
18.Tibyawan 1,808 3.9% 13th
19. Tiguib 2,725 5.9% 20t
Sub-total 35,135
Total 46,303 100.0%

Source: 2015 CLUP

The designated urban area in the Municipality of Ayungon is the entire Barangay Poblacion, which
is defined by the following boundaries: by the barangay boundary of Poblacion and Tampocon
(south); by the barangay boundary of Poblacion and Awa-an (north); the barangay boundary of
Poblacion and Atabai (west) and the barangay of Poblacion and Tarion Strait (east).

Agricultural areas in Ayungon was reported to be devoted to crop production at 43% and
livestock/poultry productionat 57%. In addition, only 1,515 or8% of those employed in Ayungon
sourced their income from primary economic activity such as agriculture, fishing, forestry and
quarrying/mining activities. Majority, 17,048 or 90% of those employed performed tertiary
activities of wholesale/retail, transport, financial intermediation, education and other community,
social and personal services.

Most of the agricultural area in Maaslum is planted with coconut, bananaand a few patches of rice
fields. Coconut and banana can tolerate acidic soil which is an aftermath of quarrying activities.
Given the tolerance of the planted crops in the barangay, an expansion of the site for quarrying
activities is foreseen not to drastically affect agricultural harvest. In addition, the predominant sail
in the barangay has previously been classified for quarrying purposes which pre-disposes land use
in the area.

Table 2-2. Land Use of Barangay Maaslum

Land Use Percentage
Forest 10%
Agricultural 40%
Residential 30%
Quarry 20%

Barangay Gomentocand Tampocon | arerice producing barangays. In Gomentocalone, around280
or 35% of its total area is planted to palay and coconut. The expansion of the quarry site, however,
is not within these barangays, hence a drastic decrease in harvest/income from agriculture is not

expected.

Impact in Terms of Compatibility with Existing Land Use

There is noimpactin terms of compatibility land use. Based on the land use map of the Municipality
of Ayungon, 759 hectares are classified as quarries and mineral deposit area where the MPSA218-
2005-Vll is located. The project is in the designated quarry area of Ayungon, Negros Oriental as
shown in the land use map below. Figure 2-1 presents the land use of the Municipality of Ayungon.
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Figure 2-1. Land Use Map of the Municipality of Ayungon (Source: NAMRIA. HOLCIM. PHIVOLCS, BSWM, MPDO Ayungon)
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Impact on Compatibility with Classification as an Environmentally Critical Area (ECA)

The Environmentally Critical Areas (ECA) is located 11 km northwest of the project site which is
the llog-Hilabangan Watershed Forest Reserve, classified as the 11th largest watershed in the
country. This reserve contains morethan a dozen of endemicspecies. The otheris the Tanon Strait,
the largest protected seascapein the Philippines, located about eight (8) km east of the quarry site.
It is a marine wildlife reserve that provides grounds for breeding, feeding and restingto 11 species
of marine mammals (Figure 2-2).

No possible impacts to llog-Hilabangan Watershed Forest Reserve is identified due to its location
and distance tothe Project Site. On the otherhand, Tanon Strait which is the direct discharge point
of Maaslum River may be affected by thesiltation from the quarry site, if not addressed, especially
during downpours of rain in the upstream where the project site is located.

To help mitigate the effects of the siltation, the Project has provided siltation control methods to
control probablesiltation of the Maaslum Riverbed and by extension, the low-lying farmlands and
catch basins along the base hill to trap fugitive silts and debris that may cascade down slope from
the active workings.

To reduce the volume of thesilts cascading downstream, thesize and volume of silt should be first
determined or computed to avoid generation of fugitive silts. Primary or even secondary drainage
systems can be made to avoid silt lodging to a nearby water bodies or river systems.

The catch basins will be cleaned periodically by bailing out the accumulated silt materials as soon
as they are near critical level. Augmenting this control measure is the practice of good spoils
management through rigid onsite confinement and upkeep to minimized downhill flow of excess
materials from the extraction zone.
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Figure 2-2. Map Showing Distance of llog-Hilabangan Watershed and Tanon-Strait (ECA) relative to the Project (Source: NAMRIA, HOLCIM, MPDO-Ayungon)
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The project site is located within an area that was mapped by the Mines and Geosciences Bureau
(MGB) as highly susceptible to landslides. Landslides and rock fall would occur on the face of the
quarry site especially during extreme heavy rainfall. Areas classified by MGB as susceptible to
landslide is considered to fall under the category of environmentally critical areas, bsed on the
Revised Guidelines for Coverage Screening and Standardized Requirements, EMB Memorandum
Circular 005 of July 2014. In order to mitigate the worst possible effect, best-practice mining
techniques will be adopted by the proponent to mitigate landslides and rock fall In this case, best-
practice mining involves contour benching, good drainage maintenance and onsite collection and
stockpiling of over burden spoils and mine waste for reintroduction into the quarry site after the
mining. The stockpiles will also serve as temporary earth barriers to prevent disturb soils from
cascadingdown-slope. Thebenches and haulage road would serve as buffer zones to the landslides
and rock fall.

Safety practices would be implemented to prevent damage to lives and properties one of which is
to stay away from the quarry face and stop operation during extreme weather conditions.

The summary of applicability and compatibility with the project vis a vis environmentally critical
areas are shown below:

Table 2-3. Summary of Applicability and Compatibility vis a vis ECA

ECA Categories Compatibility/
Applicability
1. Areas declared by law as national parks, watershed reserves, wildlife preserves NA
and sanctuaries
2. Areas set aside as aethetic, potential tourist spots NA
3. Areas which constitue the habitat for any endhgangerd or threatened species NA
of indigenous Philippine Wildlife (flora and fauna)
4. Areas of unique historic, archeological, geological or scientific interests NA
5. Areas which are traditionally occupied by cultural communities or tribes NA
6. Areas frequently visited and/ or hard-hit by natural calamities. The area shall be | Applicable —geologic
so characterized if any of the following conditions exist: hazard - landslide
a. Geologic hazards
b. Flood prone areas
c. Areas frequently visited or hard-hit by typhoons
d. Areas prone to volcanic activities/ earthquakes
7. Areas with critical slope NA
8. Areas classified as prime agricultural lands NA
9. Recharge areas of aquifers NA
10. Water bodies NA
11. Mangrove areas NA
12. Coral reefs NA

a. FloodHazard: As evidenced by the topographicand drainage map of the area (refer to Figure
2-3and Figure 2-4)the project site is located on high ground thatis not susceptibleto flooding
and or tsunamis. Floodingis not a hazard that could affect the project site but most likely in
the downstream areas. Although there is low present danger of flooding, increase in the
sedimentation of stream channel will cause overflow and increase in the surface run-off. Large
amounts of sediment and poor-quality water may have detrimental effects downstream from
the project site after heavy downpourof rain. Extreme rainfall could induce slope failure atthe
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banks of the overburden storage areas. If this happens, those at the lower ground will be
flooded.

b. Landslide Hazard: The Mines and Geosciences Bureau has mapped the area as highly
susceptible to landslides. Landslides and rock fall would occur on the face of the quarry site
especially during extreme heavy rainfall. (Refer to Figure 2-5)

c. Liquefaction/Subsidence Hazard: The geology at the project site is of solid rock formation that
no subsidence is expected to occur in the area. No liguefaction will occur in the project site
because of the nature of its geology in of the area which is made up of solid volcanic rocks and
due to its alteration, it does not develop a thick soil profile. (Refer to Figure 2-6).

d. Ground Rupture Hazard: This is not applicable to the area.

e. Peak Ground Acceleration: This is not applicable to the area.

f.  Typhoon Frequency: The projectsiteisin a low hit typhoon area. On average, the area is visited
by three (3) typhoons per year. (Refer to Figure 2-7)
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Figure 2-3. Topographic and Drainage Map of the Project (Source: HOLCIM, 2016)
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Figure 2-4. Flood Susceptibility Map of the Project (Source: MGB, HOLCIM, MPDO Ayungon)
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Figure 2-5. Landslide Hazard Map of the Project (Source: MGB, HOLCIM, MPDO Ayungon)
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Impact in Existing Land Tenure Issue/s

The project siteis covered by MPSA218-2005-VII, dated October 5, 2005, which was granted under
the name of the Heirs of Arturo Zayco (HAZ), the Proponent, covering an aggregate area of
505.4626 hectares in Ayungon, Negros Oriental. See Annex 4 for the copy of MPSA.

There are no identified tenurial issues within the claims and no informal settlers were residing
within the project site.

Impairment of Visual Aesthetics

Oneof the significant effects of the project is the impairment of visual aesthetics of the project site.
Part of the operation includes removal and clearing of the vegetation and other landforms to
extract the mineral resources. To minimize the visual impairment brought by the operation, mini-
reforestation zones will be established within and immediately outside project site for progressive
“re-greening” to start tree colonies or increase present tree density in areas not needed by the
proponent for actual mining. To support these greening activities, the Heirs of Arturo Zayco will
establish a tree nursery facility.

PRESENT SILICA QUARRY
as of June 2019

Level 550

Figure 2-8. Latest Quarry Area
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Figure 2-9. Silica Quarry as of Year 2022

e extracted = 2,000,000.00 metric tons)
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Figure 2-10. Silica Quarry as of Year 2024
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o extracted = 3,000,000.00 metric tons)

Figure 2-11. Silica Quarry as of Year 2026

e extracted = 4,000,000.00 metric tons)

Figure 2-12. Silica Quarry as of Year 2028
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Figure 2-13. Silica Quarry as of Year 2030

SILICA QUARRY
Year 2040

Figure 2-14. Silica Quarry as of Year 2040

Devaluation of Land Value as a Result of ImproperSolid Waste Managementand Other Related Impacts

There are several possible effects identified that may possibly affect the site and its surrounding
environment. The following are the identified management measures that are planned to be
employed in the Project to mitigate or minimize potential devaluation of land value.
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Solid Waste and Wastewater Management

Solid waste and wastewater are expected to be a minimal concernin the Project since no significant
sources of these wastes are present in the area. Still, in order to address possible concerns, the
Proponent has provided some management measures to mitigate its effect in the environment.

All domestic wastes will be disposed of in accordance with the construction and operations waste
management procedures. A solid waste management plan will be implemented. Trash and other
wastes will be collected and transported by DENR-accredited haulers.

Licensed service contractors (DENR accredited wastewater transporter and treater) will provide
and service portable toilet facilities during the construction phase. Sanitary sewage from
construction workers will be collected from these portable latrines and transported to the local
wastewater treatment facility.

A Construction Environmental Management Program including a Health and Safety Plan that will
detail the important programs/ plans that must be instituted during the entire duration of the
construction activities will be prepared and strictly implemented.

Siltation Control

The principal mitigating measures that the Heirs of Arturo Zayco will implement to control probable
siltation of the Maaslum River bed and by extension, the low-lying farmlands downstream consist
of building a series of catch basins along the base hill to trap fugitive silts and debris that may
cascade down slope from the active workings. If necessary, the wall and bottom of all drainage
canals and basins will be lined or reinforced with concrete. All quarry drainage lines will be directed
towards the catch basins before the hydrologic load flows to the river.

The catch basins will be cleaned periodically by bailing out the accumulated silt materials as soon
as they are near critical level. Augmenting this control measure is the practice of good spoils
management through rigid onsite confinement and upkeep to minimized downhill flow of excess
materials from the extraction zone.

Land Preservation

In quarrying, best-practice mining techniques willbe adopted by the proponent to reduce landform
alteration of the quarry siteto the minimum and render the area easy and amenable to post-mining
restoration. In this case, best-practice mining involves contour benching, good drainage
maintenance and onsite collection and stockpiling of over burden spoils and mine waste for
reintroduction into the quarry site after the mining. The stockpiles will also serve as temporary
earth barriers to prevent disturb soils from cascading down-slope.

Ways to protect the slope and mine-affected zones from water-induced erosion will creation of
small diversion channels along bench toes to slow down water flow on slope and soil surface and
resulting to surface ripping in special cases to improve soil permeability and encourage water
infiltration.
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Systematicmining that reduces selective extraction of silica or will be pursued to minimize creation
of deep terrestrial voids, residual mounds and disfigured landscape.

Rock Waste Minimization

Since the silica ore occurring in this deposit is relatively high-grade, good conservation practices
will be observed through maximum extraction and recovery of one material. Except for the
overburden consisting of topsoils and organic debris that will be set aside for post-quarrying
reforestation substrate, most, if not at all, excavated materials will be shipped as final products.

Minimization of Site Clearing for Mining

The Heirs of Arturo Zayco will adopt a strategy of clearing the least necessary area for the safe
operation of its quarry inside the mining lease where small colonies of second-growth trees still
existing. Since very few structures and support facilities are required by the proponent by quarrying
operation, site clearing will be restricted to the actual extraction pits, spoil stockpiles and
equipment operating area only. The strategy will include systematic and progressive quarrying
wherein no new extraction sites will be opened unless the previous excavation is completed.
Absolutely no cutting of trees will be allowed on land outside of the property except when laying
out new access road or improving existing ones.

Reforestation

Mini-reforestation zones will be established within and immediately outsidethe 10-hectare project
site for progressive “re-greening” to start tree colonies orincrease present tree density in areas not
needed by the proponent for actual mining. To support these greening activities, the Heirs of Arturo
Zayco will establish a tree nursery facility.

2. Geology and Geomorphology

Regional/Provincial Geology

Central Visayas comprises severalislands oriented in a northeast-southwest direction. It is bounded
by major subduction zones, particularly the Negros Trench to the west and the Sulu Trench to the
southwest. Bounding the Central Visayas region to the east is an extension of the Philippine Fault
Zone.

The geology of Negros Island is largely attributed to the eastward subduction of Negros trench
located on the western part of the island (Figure 2-10). The rocks are mostly Miocene andesitic
volcanicand minorsedimentary rocks, Pliocene clasticsediments, and unconformable late Pliocene
and Quaternary andesitic rocks and raised limestones. On the west of northern part of Negros, a
belt of Paleogene volcanic and plutonicrocks which extends through eastern Panay and Guimaras
Islandis present. The Paleogene succession of rocks includes dacites and upper Eocene limestones
which are exposed in a northwest-trending belt and intruded by plutons with early and late
Oligocence K/Ar ages. Associated with these plutonsand volcanic host rocks are several porphyry
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and copper deposits including Sipalay and Basay deposits. The project area lies within an epithermal
system region with mostly andesiterocks of Middle Miocene age (UNDP, 1987). (Refer to Figure 2-
15 for the Regional Geological Map and Figure 2-16 for Provincial Geological Map)
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Figure 2-15. Regional Geological Map (Source: MGB)
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Regional Stratigraphy

Negros Island may be divided into three (3) distinct terranes, namely, the Recent Negros Arc, the
Ancient Negros Arc, and the Visayan Sea Basin. Rock units from the Recent Negros Arc comprise
the central portion of Negros Island, while units from the Ancient Negros Arc and the Visayan Sea
Basin constitute the south-western and eastern portions of the island, respectively.

Ayungon and its adjacent cities and municipalities belong to the Recent Negros Arc underlain
mostly by young Quaternary volcanics and volcanic clastic rocks of dacitic to andesitic composition,
minor tuffaceous sandstone, shale and conglomerate. Neogene sedimentary rocks of
agglomerates, conglomerate, sandstone, shale, mudstone and limestone occupy the central part
of southern Negros. Quaternary bedded to massive, induratedlocally conglomeraticlimestoneare
found on the eastern coast. Intrusiverocks of quartz diorite, monzonites, dacite and syenites are
mostly on the south-western part hosting several porphyry copper and gold deposits. Southem
Negros is also host to active geothermal fields tapped for its geothermal energy.

Stratigraphic Column of Negros Island is shown in Figure 2-17.
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Regional Structure

The most notable feature in the western Visayas is the Negros Trench. It is located offshore to the
west of Panay and Negros Islands. Itaccommodates the eastward subduction of the oceanic crust
of the Sulu Sea Basin. The active Mt. Kanlaon Volcanoin central Negros and the geothermal fields
in Palinpinon, southern Negros are associated with this trench. In this region PHIVOLCS has
identified several active faults particularly in the majorislands of the Visayas. In Negros Island, 5
active faults were delineated. One of this is the Central Negros Fault, a 57-kilometer-long NE-SW
trending structure that transects the whole island at its central part. Four of the other unnamed
faults are located to the west and south of the project area. The closest among these faults is
located 15 km to the west of the project site. Itis a NW-SE trending structurethat is around 35 Km
long. Several structures are also present in the island of Cebu. The closest ones are the Cebu
lineaments consisting of two 42 Km long NNE-SSW structure located in the eastern and western
part of theisland. (Refer to Figure 2-18).
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Figure 2-18. Regional Structures

Mineral Property Geology
Local Geology

The project area is part of the delineated epithermal system and consists of hydrothermally altered
rocks. The rocks are mainly andesite and volcanoclastic rocks of tuff, breccia and/or agglomerate
and belongto Paghumayan formation, initially identified by Salvado and Buenavista (1984). Argillic,
Advance Argillic and Silicification type of hydrothermal alteration is very widespread. The
hydrothermalfluids containing sulphides are believed to have travelled from vertical conduits such
as fractures and faults then spread laterally which brought about massive argillization and
silicification.

The Mid-miocene andesite serves as the basement rock and occurs in two types, porphyritic and
massive andesite. The porphyritic andesite is grey to black and composed of hornblende and
plagioclase phenocrysts. The massive andesite is fine-grained and shows pillow structures.
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Hydrothermal alteration affected most of the andesite rocks; this includes silicification and
argillization. Depending on the degree of alteration, the rocks vary in color from silicified andesite
which is white to light brown in color and argillized andesite which is grayish brown to orange
brown. Some of the argillized and silicified andesite contain disseminated pyrite and found mainly
along Kapanangan and Kasalabajan creeks.

The volcanoclastic rocks overlying the andesite include breccia and/or agglomerate and tuff. The
breccia is characterized by angularto sub-angular clasts of andesite within fine-grained to medium-
grained matrix. Small bodies of this type of rock are found within the central portion of the project
area and at Mt. Alot-alot which is highly silicified. Large breccia boulders are also found along
Maaslum River. Mt. Alot-a lot is the name given by the local people of Barangay Maaslum to the
peak on the upper reaches of Alot-alot Creek which is a tributay of Maaslum River. It is found on
the southeastern portion of the property. Onthe northeast portion of the project area, where the
existing quarry is located, a massive NW trending silicified zone is present. The silicified rock body
is believed to be tuff which is highly jointed and permeable, so hydrothermal fluids easily spread
laterally to cause massivesilicification. The exposed face at the active quarry shows a silica deposit
with approximate thickness of 100 m to 150 m. Surrounding the silicified zone are argillied rocks
mainly andesite (Refer to Figure 2-19).
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Figure 2-19. Geology of the Project Area (Source: HRDC 2016)
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Local Lineaments and Structures

The general trends ofthe lineaments within at the project site are NW-SE, NE-SW and E-W. At least
three (3) NW-SE lineaments were identified in the quarry area. Four (4) NE-SW lineaments are also
present withinthe MPSAarea. The projected intersection of theselineaments is basically the active
guarry site. The faults exposed in the quarry correspond to the lineaments. Most of the faults are
steeply dipping and oriented in two general directions, namely NW-SE and NE-SW. The newly
exposed fault planes are also slight to moderately weathered indicating that these structures serve
as the main conduit of water (Refer to Figure 2-20).

Geological Model

The Ayungon silicified rocksis part of an epithermal system and interpreted to be part of the silica
cap of the system in the outflow zone of the system. The position of Ayungon hydrothermal altered
zone is shown in a typical epithermal system model in Figure 2-21.

Alteration

Detailed mappingin the MPSA area focused on alteration mappingto delineate the silicified zone
in the area. Alteration type and mineralogy identified is shown in Table 2-4.

Table 2-4. Alteration Type and Mineralogy

Alteration Type Minerals in the Silica Quarry
Silicification Quartz, lllite
Argillization Pyrite, smectite-illite and other interlayered clays,

minor zeolites, quartz

Low Temperature, near surface hypogene Advance | Alunite, kaolinite, sulphur, cristobalite, tridymite
Argillic
Supergene Advance Argillic (weathering) Alunite, kaolinite, sulphur, cristobalite,
Propylitic Chlorite, calcite, illite, epidote
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Figure 2-21. Epithermal System Model (Source: HRDC, 2016)

Silicification

Massive silicification is found at the center of the area about 1,580 in long and 350 wide at the
center, with an area of 481,600 square meters. The silicified zone trends NW-SE parallel to the
lineaments. The silica body is believed to be part of the silica cap in the epithermal system thatis
still active in thearea. The silica body has been well exposed in the quarry face with more than 150
meters thickness. (Refer to Figure 2-22, 2-23, 2-24 and 2-25).
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Figure 2-22. Tilted view of the deposit showing the thickness of each unit. The silicified portion pinches out towards
the east

Figure 2-23. Tilted view of measured and indicated resources
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The occurrence of silica deposit is only within the five (5) mining claims of the MPSAarea namely
JOE, DOLL, MARI, DINI and DING. The type of silica deposit identified in the area can be classified
intothree (3) groups; massiveand crystalline type, boulder-sized silicified rocks and fine to pebble-
sized silica fragments.

The massiveand crystalline type of silica deposit occurs mainly in the southeastern portion of JOE.
The depositis hard and white to gray in color and generally trends northwest. It occurs at 450 mto
550 m elevations. The rock is highly fractured and joint readings give a general trend of NEand dip
direction of NW. Small patches of hard silicified rocks are also present in Kapanangan creek.

The boulder-sized (0.5 m to 1 m in diameter) silicified rock deposit occurs at DOLL and scattered
along topographichighs of 650mto 700m. The area where this deposit occurs is locally known as
Masantikan area. In between the boulders are fine silica (1/64mm)and pebble-sized (6.4mm)silica
fragments. On the eastern part of MARI near DINI at an elevation of 450 meters, this type of deposit
also occurs.

The fine silica depositand pebble-sized silica fragment occur in MARI, DOLL, DINIand DING claims.
Exposed deposits are presentin the NE trending ridge within DINI, MARI and DING claims. Theridge
is covered with ferns which typically grow in this type of environment. Previous test pit was
encountered within DINI with depth of 3m. The silica has light brown color due to oxidation and
becomes lighter at depth.

Argillic Alteration

Argillic alteration borders most of the silicification in the quarry area. Three (3) types of the Argillic
alteration were recognized. Argillization from ascending magmaticfluid, low temperatureadvance
argillic mostly at the border of the silicified body and representing the outflow zone of the system
and advanceargillic as a product of weathering of therocks and is found mostly in the areas of high
relief. Massivevery fine pyrite zone is found in the argillic zone together with smectite-lllite. The
supergene and hypogene argillic alteration have the same suite of alteration minerals and is hard
to differentiate. Its location in the area is the only differentiating factor.

Geometry of Silicified Body

The main silicified body is about1,580inlong and 350 wide at the center, with an area of 481,600
square meters. The silicified zonetrends NW-SE parallel to the local lineaments (and). Base on drill
hole data Silicification tapers down and grade into Silicified and argillized zone at 300 to 350 meters
elevation. AYN_10and AYN_11 the topmost hole (on ridge top) bottomed on still silicified rock
which is at 395-meter elevation. This equate to more than 160 meters thickness of the silicified
zone.

SiO2 values and Distribution

SiO2 hasa mean value of 82.28% on the drill core samplesand 88.01% on the test pit samples on
the silicified rock. Seventy-five (75%) percent of the samples has values greater than 63% SiO2
which pass the requirement of 62% SiO2 for raw material in cement production. SiO2 values in
the silicified body are all greater the requirement for cement raw material. Values below 50% SiO2
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are samples from the argillized zone. The SiO2 values are fairly distributed throughout thesilicified
body.

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

The project area and its immediate vicinities are characterized by rugged topography. This rugged
volcanic terrain consists of prominent ridges, gullies, steep-sided valleys and plateau. The elevation
varies from 200m to 800m above sea level. The highest point, Mt. Alot-a lot, reaching approximately
815 meters above sea level (msl) is in the western part of the project area (Refer to Figure 2-3:
Topographicand Drainage Map ofthe Project Area). Dueto the nature of the project, it is expected
that the face of the active quarry site would have steep to very steep slope and significant change
on the top elevation in the quarry site due to the extraction of the silica rock. Change in surface
landform/ geomorphology/ topography/ terrain/ slope is therefore inevitable.

Mining Method that will be Employed

The general method of mining currently used at the quarry is surface open cast mining. The method
is divided into two (2) stages; a) area development and b) extraction (production) stage. Area
development is the stage where preparations for extraction are carried out. It involves stripping,
removal of vegetation, waste overburden to expose the silica raw material resource and facilitate
extraction of silica. This phasealsoinvolves the establishment of drainage and access to the deposit.
The topography willbe cutinto aseries ofslices of five (5) meter height and an 80deg. bench slope.
Stripping will start at the uppermost portion (Elev. B+570) of the topography and progresses
downward. Once the ground is cleared / flattened, a new working level below (5m downward) is
worked out to form a bench with at least 15 m width which is wide enough to allow load and haul
fleets to manuever. Generally, the working parameters of the silica quarry are as follows: Bench
slope 75-85deg bench height of 5 meters, Bench width 15-meter min. Pit slope is 20-50m.

In the extraction stage, exposed silica will be ripped using a bulldozer with ripping mechanism.
Backhoe with breaker will be utilized in selected areas where the material is not rippable. The
loosened silica will then be pushed by the bulldozer towards the designated loading areas. These
will then be loaded using a backhoe into the dump trucks. Then, these will be transported to the
port passing through the developed quarry road to the barangay road. There will be no blasting
that will be done.
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Change in Sub-surface Geology/Underground Conditions

The project area is part of the delineated epithermal system and consists of hydrothermally altered
rocks. The rocks are mainly andesite and volcanoclastic rocks of tuff, breccia and/or agglomerate
and belongto Paghumayan formation, initially identified by Salvado and Buenvaista (1984). Argillic,
Advance Argillic and Silicification type of hydrothermal alteration is very widespread. The
hydrothermalfluids containing sulphides are believed to have travelled from vertical conduits such
as fractures and faults then spread laterally which brought about massive argillization and
silicification.

The Mid-miocene andesite serves as the basement rock and occurs in two (2) types, porphyritic
and massive andesite. The porphyritic andesite is grey to black and composed of hornblende and
plagioclase phenocrysts. The massive andesite is fine-grained and shows pillow structures.
Hydrothermal alteration affected most of the andesite rocks; this includes silicification and
argillization. Depending on the degree of alteration, the rocks vary in color from silicified andesite
which is white to light brown in color and argillized andesite which is grayish brown to orange
brown. Some of the argillized and silicified andesite contain disseminated pyrite and found mainly
along Kapanangan and Kasalabajan creeks.

The volcanoclastic rocks overlying the andesite include breccia and/or agglomerate and tuff. The
breccia is characterized by angularto sub-angular clasts of andesite within fine-grained to medium-
grained matrix. Small bodies of this type of rock are found within the central portion of the project
area and at Mt. Alot-alot which is highly silicified. Large breccia boulders are also found along
Maaslum River. Mt. Alot-a lot is the name given by the local people of Barangay Maaslum to the
peak on the upper reaches of Alot-alot Creek which is a tributay of Maaslum River. It is found on
the southeastern portion of the property. On the northeast portion of the project area, where the
existing quarry is located, a massive NW trending silicified zone is present. The silicified rock body
is believed to be tuff which is highly jointed and permeable, so hydrothermal fluids easily spread
laterally to cause massivesilicification. The exposed face at the active quarry shows a silica deposit
with approximatethickness of 100 m to 150 m. Surrounding the silicified zone are argillized rocks
mainly andesite.

There will be no change in the sub-surface geology/underground condition forthe planned quarry
operation is just an open cut and it would not dig down and create a pit. The silicified body to be
mined persist from the top elevation to the present quarry main level. Management measures to
minimize theimpacts to environment arediscuss in the succeeding sections. Figure 2-14 shows the
Regional Geological Map.

Mitigating Measures for Surface and Sub-surface Landform Impacts

Significant impact to landform/geomorphology is expected in the nature of the project. In order to
mitigate the worst possible effect, best-practice mining techniques will be adopted by the
proponent to reduce landform alteration of the quarry site to the minimum and render the area
easy and amenable to post-mining restoration. In this case, best-practice mining involves contour
benching, good drainage maintenance and onsite collection and stockpiling of over burden spoils
and mine waste for reintroduction into the quarry site after the mining. The stockpiles will also
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serve as temporary earth barriers to prevent disturb soils from cascading down-slope. To protect
the slope and mine-affected zones from water-induced erosion, creation of small diversion
channels along bench toes to slow down water flow on slope and soil surface and resulting to
surface ripping in special cases to improve soil permeability and encourage water infiltration.

Systematicmining that reduces selective extraction of silica or will be pursued to minimize creation
of deep terrestrial voids, residual mounds and disfigured landscape.

Inducement of Subsidence, Liquefaction, Landslides, Mud Debris Flow, etc.

Subsidence

Subsidence is the sinking or settling of the ground surface. This can be caused by natural
phenomena such as removal of underground fluids, natural consolidation, or dissolution of
underground minerals, or by man-made phenomena such as underground mining. Subsidence may
occur gradually over many years as sags or depressions form on the ground surface. It's more
infrequent, but subsidence can occur abruptly-virtually instantly-as dangerous ground openings
that could swallow any part of a structure that happento lie at that location or leave a dangerous
steep-sided hole (ground subsidence). The geology at the project site is of solid rock formation that
no subsidence is expected to occur in the area. (Refer to Figure 2-5).

Liguefaction

Liquefaction isa phenomenon in which the strength and stiffness of a soilis reduced by earthquake
shaking or other rapid loading. Liquefaction and related phenomena have been responsible for
tremendous amounts of damage in historical earthquakes around the world.

Liquefaction occurs in saturated soils, thatis, soils in which the space between individual particles
is filled with water. This water exerts a pressureon the soil particles thatinfluences howtightly the
particles themselves are pressed together. Prior to an earthquake, the water pressure is relatively
low. However, earthquake shaking can cause the water pressuretoincrease to the point where the
soil particles can readily move with respect to each other.

No liqguefaction will occurin the project site because of the nature of its geology in of the area which
is made up of solid volcanic rocks and due to its alteration, it does not develop a thick soil profile.
(Refer to Figure 2-5).

Landslides

The project area and its immediate vicinities are characterized by rugged topography. This rugged
volcanic terrain consists of prominent ridges, gullies, steep-sided valleys and plateau. The Mines
and Geosciences Bureau has mapped the area as highly susceptible to landslides. Landslides and
rock fall would occur on theface ofthe quarry site especially during extreme heavy rainfall. In order
to mitigate the worst possible effect, best-practice mining techniques will be adopted by the
proponent to mitigate landslides and rock fall In this case, best-practice mining involves contour
benching, good drainage maintenance and onsite collection and stockpiling of over burden spoils
and mine waste for reintroduction into the quarry site after the mining. The stock piles will also
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serve astemporary earth barriers to prevent disturb soils from cascading down-slope. The benches
and haulage road would serve as buffer zones to the landslides and rock fall. (Refer to Figure 2-4).

Safety practices would be implemented to prevent damage to lives and properties one of which is
to stay away from the quarry face and stop operation during extreme weather conditions.

Mudflow

No mud flow will occur in the project site because of the nature of its geology in which the area is
made up of solid volcanic rocks which is due to its alteration does not develop a thick soil profile
and or mud.

Ways to protect the slope and mine-affected zones from water-induced erosion will be the creation
of smalldiversion channels along bench toes to slow down water flow on slope and soil surface and
resulting to surface ripping in special cases to improve soil permeability and encourage water
infiltration.

3. Pedology

Soil Types

Generally, the soilfound within the project site is categorized as rough/rocky mountainous soil. This
means that the project has homogenous soil type. Other soil types found in Ayungon are shown
below.

Table 2-5. Soil Types in Ayungon, Negros Oriental

Soil Type Location Barangay Area (ha) | Percent
San Manuel Loam Iniban, Awa-an, Poblacion, Tampocon I, 500.00 1.78
Tampocon | and Tiguib
La Casstellana Clay Anibong, Candana-ay, Calagcalag, Tiguib 1,040.00 3.69
Isabela Clay Tiguib 40.00 0.14
White Clay Banban 15.00 0.05
Silica Sand Maaslum, Banban and Jandalamanon 640.00 2.27
Benthonite Clay Banban 52.63 0.19
Rough/Rocky Mountainous Nabhang, Lamigan, Banban, Tambo, Tibyawan, 25,877.00 91.87
Maaslum, Mabato, Jandalamanon, Manogtong,
Candana-ay, Inaccban, Gomentoc, Amdus, Kilaban,
Atabay, Iniban, Awa-an, Poblacion, Tampocon |,
Tampocon I, Anibong
Beach Sand 2.90 0.01
TOTAL 28,167.53 100.00

Summary of Exploration Report

The project area was previously covered by quadrangle mapping by Mines and Geosciences Bureau
Regional Office VII Cebu (MGB MROVII) and identified the epithermal system and the extensive
hydrothermal alteration in the area in 1983 in the volcanoclastic rocks of Paghumayan Formation
(Salvado and Buenavista 1984). The United Nations Development Program (UNDP) “Strengthening
the Government Capability in Gold Exploration,” conducted a study on the hydrothermal alteration
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in Maaslum and Banban area in the course of its research on gold mineralization in the epithermal
system in the Philippines.

By virtue of the Operating Agreement, HRDC conducted reconnaissance geologic mapping,
followed by semi-detailed geologic mapping of the whole MPSA area covering the 505.4626
hectares. Test pitting was then undertaken on the area to obtain samples for chemical analysis.
Diamond drilling followed this exploration activity to determine the depth extent of the silicified
body and obtain sub-surface samples for resource estimation.

Surface Exploration

Geologic and Alteration Mapping

Reconnaissance and semi-detailed geologic mapping were conducted in the area in the mid-2010.
Mapping and surface sampling were carried out on a scale of 1:10,000 with the aid of GPS, brunton
compass and topographic map of the area. Outcrops along access routes and stream tributaries
were examined to properly delineate the spatial distribution of the different rock units. The
guantity and quality of these raw materials as well as structuraland geological controls or features
that might affect future quarry operations were also considered. Channel sampling was done
whenever outcrops are encountered. A total of 38 surface samples were collected with average
weight of 50 kgs. The semi-detailed mapping focused on the delineation of the surface extent of
the silicified body as well as other hydrothermal alteration in the area (Argillic and Advace Argillic).

Rock Sampling

During the semi-detailed geologic mapping of the area atotal of 38 surface samples were collected
with average weight of 50 kilograms. The samples collected are all silicified rocks and were sent to
Holcim Lugait plant’s Quality Assurance Laboratory for XRF analyses.

Test Pitting

For preliminary subsurfaceinvestigation, thirty-two (32)test pits were also dug and sampled, with
a total aggregate depth of 113.2 meters. The test pits average depth of 3-5 meters and width of 1
meter. Rock chip vertical channel sampling was implemented at constant interval of 1 meter and
then composited per test pit. All samples were sent to Holcim Lugait plant’s Quality Assurance
Laboratory for XRF analysesand to TSPD Pasig Laboratory for grain size analyses. Test pit result of
analysis statistics is tabulated in Table 2-6.

Table 2-6. Test Pit Results of Analysis

No. of . . . Standard | Geometric
Rock Type | Element Min. Max. | Mean | Median | Variance .

Sample Deviation Mean
Argillized_ | SiO2 5 40.52 | 58.40 | 49.67 48.17 51.02 7.14 49.25
Silicified
Silicified Si02 27 62.58 | 98.19 | 88.01 94.59 130.06 11.40 87.22
Argillized_ | AI203 5 13.67 | 28.49 | 21.93 21.61 33.91 5.82 21.25
Silicified
Silicified Al203 27 0.11 | 19.21 | 4.23 0.95 36.75 6.06 1.49
Argillized_ | Fe203 5 6.13 19.25 | 11.59 9.11 29.05 5.39 10.64
Silicified
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Rock Type | Element e, @5 Min. Max. | Mean | Median | Variance Star?da}rd Geometric
Sample Deviation Mean
Silicified Fe203 27 0.04 10.86 2.99 1.02 10.97 3.31 1.20
Argillized_ | MgO 5 0.08 1.78 0.71 0.42 0.45 0.67 0.46
Silicified
Silicified MgO 27 0.02 0.37 0.11 0.10 0.00 0.06 0.09
Argillized_ | K20 5 0.11 1.96 0.70 0.23 0.66 0.81 0.37
Silicified
Silicified K20 27 0.01 1.63 0.15 0.03 0.11 0.34 0.05
Argillized_ | TiO2 5 0.64 0.85 0.75 0.76 0.01 0.08 0.75
Silicified
Silicified TiO2 27 0.53 2.23 1.13 0.98 0.16 0.40 1.07
Argillized_ | SO3 5 0.09 5.78 1.29 0.18 6.29 2.51 0.32
Silicified
Silicified S0O3 27 0.00 2.00 0.20 0.05 0.16 0.40 0.08
Argillized_ | LOI 5 7.10 16.06 | 12.64 13.34 13.42 3.66 12.14
Silicified
Silicified LOI 27 0.29 8.46 2.63 1.35 6.33 2.52 1.69
Drilling

Drilling Campaign

Two (2) diamond drilling campaigns have been undertaken in the area for resource definition of
the silica deposit. The first drilling campaign consists of five (5) drill holes with total meterage of
200 meters. The deepest hole for this campaign (SIL1) bottomed out at 60m from the surface while
the shallowest one (SIL5) bottomed out at 15m. Average core recovery for this campaign is 90.45%.

The second drilling campaign was undertaken during 2013-2014, comprising eleven (11)drill holes
with a total meterage of 1,324.60m. Forthis campaign, the deepest hole (AYN-6) bottomed out at
250m while the shallowest holes (AYN-2 and AYN-5) bottomed out at 50m from the collar. Average
core recovery is at 95.90%.

Both drilling campaigns were carried out by Construction Drilling and Specialists, Inc. (CDSI), a third-
party service provider for HRDC. A Longyear_ 38 drill rig was used with double tube wire line system
and PQ to NQ core size was used in the second drilling campaign. Drill hole statistics is shown in
Table 2-7.

Collar Surveying

Survey of drill hole locations and was carried out by Nth Geographics and Geometrics, (HPI
surveying contractor) from Davao City. The survey was undertaken using PRS 92 coordinate system.
Survey points are tied to NAMRIA Geodetic Control Point NGE-72 located in Poblacion North,
Ayungon, Negros Oriental. Survey was done using Leica Flexline TSO6R1000 and Leica Flexline
TSO6R400 (with Bluetooth) Total Station, US Handheld Nautiz X7 and Leica GS09/GS14 GNSS
(GPS+GLONASS) GPS Units. Upon completion of drilling, clearing and rehabilitation of sites were
accomplished, and concrete bore hole monuments were established as markers on the location of
drill holes. Re-survey was also conducted to define the actual locations of holes after drilling.

Core Logging
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Drill core logging was undertaken by HRDC geologist at HRDC field office in Tampocon, Ayungon
usingthe company logging form. Photographs were taken of each core box which contains 5 meters
of core each. Lithology was described as well as porosity and degree of oxidation. Recovery perrun
was measured but no rock quality data (RQD) was taken from the core.

Sampling Method and Analysis

Cores obtained from the 16 drill holes with a total meterage of 1,524.60 m were sampled for
chemical analyses. After the logging, sampling interval were marked and labelled on a core block.
The core was split in half using a diamond saw. The half core was bagged as sample for chemical
analysis and the other half was put back in the core box for storage and archive. The other split
half was dried overnightin an oven at temperatures of 50°-200°C°. Afterdrying, it was then crushed
to 5-10 mm size fragments and then dried again. The crushed fragments were quartered, and the
bulk of the sample is placed in a bag as reference samples. About 200-300 grams of the split is
pulverized further. The pulverized sample is divided further into two; the other half is kept for
reference. Processed core samples were then sent to the QA Laboratory of Holcim Philippines
Lugait Plant (first drilling campaign) and to SGS Australia (second drilling campaign) for chemical
analysis. A total of 1,101 core samples was collected and were prepared and then subjected to X -
Ray Fluorescence to analyze for major oxides. Core samples from the first drilling campaign (109
samples) were sent to the QA Laboratory of HPHI Lugait Plant. All samples from the second drilling
campaign (992 samples) were sent to SGS Australia. Borehole logs are then encoded and stored in
digital format. Samples were analyzed for twelve major oxides: Si02. Al203, Fe203, Ca0, Mg0O,
S0O3, K20, Na20 Ti02, Mn203, P205 and Cl.
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Table 2-7. Diamond Drill Hole Statistics

. . Elevation | Length | Azimuth | Di % No. of | TotallLength | Percent Completion
DDH_ID eI RN (m) (rr?) (deg) (depg) Recovery | Samples | of Sampligng Sampled Sz Gleies dzte

AYN-1 1089783.96 | 508504.01 363.00 100.0 0.00 -90 96.60 66 97.60 97.60% 11/4/2013 11/21/2013
AYN-2 1090066.31 | 508279.59 307.11 50.0 0.00 -90 96.35 35 49.20 98.40% 11/2/2013 11/14/2013
AYN-3 1089950.22 | 508223.95 375.76 75.0 0.00 -90 93.14 52 71.72 95.63% 12/3/2013 1/3/2014
AYN-4 1090049.10 | 508000.55 447.98 139.3 0.00 -90 98.50 97 137.80 98.92% 9/7/2014 10/2/2014
AYN-5 1090269.76 | 508084.01 325.38 50.0 0.00 -90 98.60 37 49.30 98.60% 11/16/2013 11/30/2013
AYN-6 1090128.39 | 507765.13 418.85 250.0 0.00 -90 97.00 188 244.80 97.92% 7/7/2014 8/24/2014
AYN-7 1090100.02 | 507874.43 468.14 75.0 0.00 -90 96.44 63 70.25 93.67% 8/21/2014 9/2/2014
AYN-8 1090406.55 | 507597.91 440.62 113.3 0.00 -90 97.00 113 111.50 98.41% 6/3/2014 6/20/2014
AYN-9 1089670.25 | 508509.14 379.60 170.0 0.00 -90 97.00 117 165.15 97.15% 1/16/2014 4/20/2014
AYN-10 1089759.59 | 508055.61 536.04 142.0 0.00 -90 94 .95 111 135.95 95.74% 9/14/2014 10/15/2014
AYN-11 1089609.31 | 508224.82 558.87 160.0 0.00 -90 93.09 113 147.60 92.25% 11/29/2014 12/26/2014
SIL1 1089610.05 | 508639.15 295.53 60.0 0.00 -90 86.50 34 60.00 100.00% 10/30/2010 11/24/2010
SiL2 1090172.70 | 508206.45 315.79 50.0 0.00 -90 87.35 24 48.85 97.70% 11/29/2010 12/6/2010
SIL3 1089892.14 | 508515.15 333.44 30.0 0.00 -90 88.17 17 27.25 90.83% 12/9/2010 12/17/2010
SiL4 1089562.67 | 508034.35 590.00 45.0 0.00 -90 96.89 25 45.00 100.00% 1/10/2011 3/2/2011
SIL4B 1089532.06 | 508127.80 575.00 15.0 0.00 -90 93.33 9 14.10 94.00% 3/23/2011 3/26/2011
Total 16 Drill Holes 1,524.6 95.38 1,101 1,476.07 96.82%
Average
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Results of Analysis

Atotal of 1,101 core samples were collected from the drilling campaign. All drill core samples were
analyzed for twelve major oxides namely SiO2. Al203, Fe203, CaO, MgO, SO3, K20, Na20 Ti02,
Mn203, P205 and Cl. Moisturecontent (LOI) was also measured on all the samples. Statistics on
the result of analyses on these samples is shown in Table 2-8.

Result shows that 75% of the samples passed the cut-off grade of 62% SiO2 as a raw material for
HPIcement plant in Lugait and Davao. The Fe203 and SO3 values are acceptable. The exploration
activity delineated a silica deposit with a chemical composition that can be used as a raw material
on Holcim cement plants and other purposes because of its high SiO2 content.

Specific Gravity Measurement

Twenty-five half core samples from the 2014 drilling campaign were collected for specific gravity
measurement of the silicified rock in the area. Samples were chosen to represent the different
type of silicification in the area. Density measurement was undertaken at the Holcim Lugait
Laboratory by Jobec D. Pugales, Chemical Analyst at Holcim Lugait Laboratory. The edge of all the
samples were first trimmed with a diamond cutter so as both ends would have a flat edge. Height
of each samples were measured usinga Vernier caliper to exactly measure its height. The volume
of each sample is then calculated using the different core size diameter. Mass of each samples
were taken using a pan balance. Average dry density obtained was 1.80 as shown in Table 2-9.

Lost on ignition (LOI) was included in the sample analysis of core samples at SGS laboratory. By
addingthislostto thedry weight of the samples. Calculated wet weight was obtained. Theaverage
wet density of the samples was calculated to be 1.85 as shown in Table 2-9.

§2: BERKMAN 98 |Page



Table 2-8. Drill Samples Statistics on Results of Analysis

Environmental Performance Report and Management Plan (EPRMP)
Expansion of Silica Quarry of the Heirs of Arturo Zayco (HAZ) under MPSA 218-2005-VII

Oxides/ No. of Minimum | Maximum | Mean | Median | Variance Standard | Percentile | Percentile | Percentile | Percentile Eg:‘;r Geometric
Element | Samples Deviation 25 50 75 90 Zero Mean
Si02 1,101 32.51 99.30 82.28 91.44 304.536 17.451 63.20 91.44 97.09 98.00 0 80.156
Al203 1,101 0.01 28.80 5.21 0.54 56.845 7.540 0.31 0.54 10.30 19.10 0 1.132
Fe203 1,101 0.02 36.30 5.57 4.13 38.396 6.196 0.47 413 8.67 12.30 0 2.074
Ca0o 1,101 0.01 5.46 0.19 0.08 0.203 0.450 0.04 0.08 0.16 0.39 0 0.084
MgO 1,101 0.00 511 0.21 0.04 0.312 0.558 0.02 0.04 0.12 0.53 64 0.068
K20 1,101 0.01 3.67 0.39 0.03 0.482 0.694 0.01 0.03 0.45 1.48 0 0.057
Na20 1,101 0.00 3.65 0.21 0.03 0.265 0.515 0.02 0.03 0.12 0.52 118 0.062
TiO2 1,101 0.30 11.80 1.09 0.93 0.481 0.693 0.74 0.93 1.24 1.69 0 0.988
P205 1,101 0.00 0.79 0.07 0.02 0.011 0.103 0.00 0.02 0.13 0.21 334 0.057
MnO 1,101 0.00 0.23 0.01 0.00 0.000 0.021 0.00 0.00 0.00 0.02 915 0.021
SO3 1,101 0.00 48.40 4.90 0.18 76.661 8.756 0.06 0.18 6.75 17.80 23 0.430
Cl 1,101 0.00 0.26 0.01 0.00 0.000 0.015 0.00 0.00 0.01 0.02 565 0.011
LOI 1,101 -0.40 37.60 4.25 1.04 32.445 5.696 0.28 1.04 7.78 12.40 0 1.314
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Table 2-9. Density Measurement Data

Sample . Volume | Dry Mass Dr Calculated Wet
Nop. Hrgnelier; (cm?3) (g\:ams) Denglity Lol Wet Mass | Density
1 silicified andesite 188.75 277.30 1.47 0.49 278.64 1.48
2 silicified andesitic breccia 239.42 422.40 1.76 1.75 429.79 1.80
3 silicified andesitic breccia 168.01 406.80 242 2.02 415.02 2.47
4 silicified andesite 235.14 289.30 1.23 0.10 289.59 1.23
5 silicified andesitic breccia 169.91 407.80 2.40 4.45 42595 2.51
6 silicified andesitic breccia 240.69 309.60 1.29 1.43 314.03 1.30
7 silicified andesite 210.07 381.60 1.82 1.39 386.90 1.84
8 silicified andesite 165.00 233.20 1.41 13.00 263.52 1.60
9 silicified andesitic breccia 196.51 366.70 1.87 1.09 370.70 1.89
10 silicified tuff 209.49 370.10 1.77 0.09 370.43 1.77
11 silicified andesite 167.36 366.00 2.19 7.64 393.96 2.35
12 silicified andesitic breccia 482.62 698.30 1.45 1.74 710.45 1.47
13 silicified tuff 473.54 697.60 1.47 0.66 702.18 1.48
14 silicified andesite 143.15 289.10 2.02 2.21 295.49 2.06
15 silicified tuff 182.05 247.60 1.36 0.13 247.92 1.36
16 silicified tuff 112.47 234.80 2.09 0.34 235.59 2.09
17 silicified andesitic breccia 167.63 330.20 1.97 0.50 331.83 1.98
18 silicified tuff 79.81 175.80 2.20 1.02 177.59 2.23
19 silicified andesitic breccia 160.25 367.50 2.29 0.06 367.72 2.29
20 silicified andesite 242.64 561.50 2.31 22.10 685.59 2.83
21 silicified andesitic breccia 97.79 166.10 1.70 0.16 166.37 1.70
22 silicified andesite 109.44 194.90 1.78 0.12 195.14 1.78
23 silicified tuff 352.95 563.30 1.60 0.17 564.27 1.60
24 silicified andesite 388.42 710.80 1.83 0.18 712.04 1.83
25 silicified andesitic breccia 221.37 298.70 1.35 2.92 307.42 1.39

Average Dry Density 1.80 Average Wet Density | 1.85

Soil Erosion/ Loss of Topsoil/ Overburden and Baseline Data Parameter Requirements

Extreme rainfall could induce slope failure at the banks of the overburden storage areas. If this
happens, those at the lower ground will be flooded. The effect of the projected global warming,
extreme and erratic rainfalls in the future are being considered in the structural design and holding
capacity of the overburden storage areas. In addition, construction of siltation ponds (Refer to
Figure 2-26) and silt traps including slope stabilization measures (application of fiber matting and
tree planting along the banks) should be donein order to avert possible increase in siltation and
soil erosion.
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MPSA 218-2005-VII Legend
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Figure 2-26. Existing Siltation Pond

Sediments carried down from soil erosion due to existing quarry operation and construction-
related activities such as land clearing activities and stockpiles may end up as runoff to nearby
sections of Maaslum river, if not effectively managed, especially during storm and heavy rains which
may affect the existence of identified species and their habitat. This may adversely cause water
turbidity and stream flow obstruction and affect plankton and the remaining macro benthos fauna.
Sediment erosion in freshwater bodies can cause localized mortality of aquatic larval forms of
bivalves and gastropods, as well as impair nesting grounds of tilapia. Siltation may increase water
turbidity, resulting in decreased light penetration and a decrease in photosynthetic function of
primary producers such as phytoplankton and benthic algae. Due to soil erosion especially during
wet season, increased in water turbidity and stream flow obstruction affect the plankton
community.

In terms of siltation index, station FW2 and FW3 recorded the highest computed values with 98%
and 78%, respectively. Again, this was primarily due to high number of Navicula and Niztschia
recorded in these two stations which is expected since these are the station exposed to high levels
of siltation caused by run-off from the existing quarry site and soil erosion from unpaved roads
which is more pronounced during the rainy season.

The possible event which could significantly increase the risks of soil erosion and sedimentation of
water bodies is the occurrence of strong rainfall events. However, since the proponent only
stockpiles a weekly inventory, the volume of silica would not cause much safety risks.

Accident scenarios in terms of soil erosion and water bodies sedimentation would not be of great
risk since silica stockpiles at the site would be limited to a week’s inventory. The construction of
mitigation measures such as silt ponds and other mitigation measures to decrease run-off velocities
(i.e. gabions and small dikes) would also be implemented in the environmental management plan.
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Change in Soil Quality/Fertility

Soil Quality

Primary data on soil quality was collected from three (3) sampling stations within the project site
and vicinity. The samples were collected at the surface and at 1 m depth. The soil samples were
submitted to the accredited laboratories and were analyzed for the presence of organic matter,
nitrogen, phosphorus, potassium and heavy metals (chromium, arsenic, mercury, lead, cadmium).
The location of the sampling stations is listed in Table 2-10.

Soil sampling was conducted in the project site to identify its existing soil quality and fertility
conditions. The site’s soil type is considered homogenous allover the area thus, only three (3) sail
samples were collected using grab sampling method during dry and wet seasons taking into
consideration its existing land use and elevation.

Table 2-10. Location of Soil Sampling Stations
Sampling Geographic
station coordinates
S1 09°51'36.7” N Covered with
123°04'24.6” E grass and shrubs.

Description Photograph

S2 09°51'17.1” N Mixed plantation
123°04'56.8” E of coconutand
banana
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Sampling Geographic

station coordinates Description Photograph
S3 09°50'59.9” N Banana plantation
123°04’41.6" E | with some grass

and shrubs

Results of the laboratory analysis of the three (3) samples collected for each season are reflected
in Table 2-11 below while the Laboratory Certificate of Analyses are presented as Annex 9.

Results of the soil analysis indicate the presence of heavy metalsin all stations, although values for
arsenic, cadmium, chromium, lead and mercury were below the detection limits during dry and wet

seasons.

In the absence of a Philippine or International Standard for Soil Quality, the use of the Dutch
Standards for Soil Pollution is recommended as reference in determining the soil quality of the
project site. The standard indicates the levels at which there is a sustainable soil quality.

Arsenic levels are still within the permissiblelevel at all stations. Although, itis expected to be high
since arsenic occurs naturally in rocks and soil, with elevated soil levels being found close to mining
project site areas.

Interms of soil physicaland chemical characteristics, the project site and its vicinity are considered
slightly acidic areas. All samples contain limited organic matter ranging from 0.48 to 3.31%.

The nitrogen levels are considered low at three stationsin both seasons. Nitrogen in the soil is the
mostimportant element for plant development. Itis required in large amounts and must be added
to the soil to avoid a deficiency. The available phosphorous levels, on the other hand, are below
the soil target values. It can be attributed to the low soil pH and amount of organic matter in the
mining project site area. Likewise, the project site also contains a limited amount of the
exchangeable potassium.

Table 2-11. Results of Soil Sample Analyses from three Stations within the Project Site and Vicinity

Parameters Unit Dry season Wet season Soil target
S1 S2 S3 S1 S2 S3 values
pH - 5.3 5.6 4.7 3.8 5.0 4.9 55-6.5
Organic Matter (OM) % 0.48 1.13 0.52 3.31 197 | 2.64
Total Nitrogen (N) % 0.06 0.09 0.06 0.19 0.14 | 0.19
Available Phosphorus (P) ppm 3.3 2.0 5.4 7.3 3.6 7.2 10-20
Exchangeable Potassium (K) Cmszlﬁkg 053 | 033 | 046 | 036 | 041 | 2.26
Arsenic (As) mg/kg 0.899 0.494 0.239 - - - 29.0*
§2° BERKMAN 103|Page



Environmental Performance Report and Management Plan (EPRMP)
Expansion of Silica Quarry of the Heirs of Arturo Zayco (HAZ) under MPSA 218-2005-VII

. Dry season Wet season Soil target
Parameters Unit
S1 S2 S3 S1 S2 S3 values
Cadmium (Cd) mg/kg <0.8 <0.8 <0.8 - - - 0.8*
Chromium (Cr) mg/kg <2 <2 <2 - - - 100*
Lead (Pb) mg/kg 13 11 <2 - - - 85.0*
Mercury (Hg) mg/kg <0.01 | <0.01 | <0.01 - - - 0.03*

*Dutch Soil Standard for Soil Pollution, 2000

Micronutrients and Trace Metals

Oxide analysis for all Ayungon samplesis shownin the table below. It is noted that mean values for
Al,Osand Fe,0;5 are just up to 5.21% and 5.57% respectively and all the other oxides has negligible

values.

Table 2-12. Range of Micronutrients and Trace Metals in Ayungon, Negros Oriental

Field Minimum (%) Maximum (%) Mean (%) Median (%)
SiO» 32.51 99.30 82.28 91.44
Ai203 0.01 28.80 5.21 0.54
Fe O3 0.02 36.30 5.57 4.13
Ca0 0.01 5.46 0.19 0.08
MgO 0.00 5.11 0.21 0.04
K>,0 0.01 3.67 0.39 0.03
Na,O 0.00 3.65 0.21 0.03
TiO> 0.30 11.80 1.09 0.93
P>0s 0.00 0.79 0.07 0.02
MnO 0.00 0.23 0.01 0.00
SO3 0.00 48.40 4.90 0.18
cl 0.00 0.26 0.01 0.00
LOI -0.40 37.60 4.25 1.04
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Figure 2-27. Location of the Soil Sampling in the Project Site (Source: NAMRIA, HOLCIM. PHIVOLCS, BSWM, MPDO Ayungon)
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4. Terrestrial Ecology

Vegetation Removal and Loss of Habitat

A total of 62 floral species and 32 faunal species are expected to be affected by the proposed
project. Detailed discussion of the inventory and management measures are discussed in the
succeeding sections.

Flora and Fauna Species Inventory

The terrestrial ecology assessment focused within the MPSA of the current silica quarry in Ayungon,
Negros Oriental (project site). The surveys were conducted from April 26-29, 2016 for the dry
seasonand August19-21, 2017 forthe wet season. Ascertaining of species identification and data
processing were conducted in-situ during the actual field survey. There were no flora or fauna
specimens collected for this study.

Detailed flora and fauna surveys were conducted at strategic habitat locations. The location of
transect sites and sampling points for fauna, as well as the quadrats for flora, were primarily
determined based on the current location of the project’s development facilities and vegetation
community types within the project site. Transect line 1is 1.30 km, 2nd lineis 1.25 km, and 3rd
transect line is 200 meters. The fauna transect sites, sampling points, and flora quadrats were
located to focus on areas that are most likely to contain high biodiversity to maximize species
record.

A total of six (6) flora quadrats and two (2) fauna transect sites were surveyed within the project
site.

Flora

A total of six (6) quadrats were established within the project site. Vegetation communities (e.g.
coconut plantation, shrubland, agroforest) were surveyed through transect walks and general
observation. Observation points were also established on strategic areas to provide a panoramic
view of the general vegetation types within the project site.

A 10 m X 10 m quadrat was established at each survey locations. All trees inside the quadrat with
diameter at breast height (dbh) equal or greater than 10 cm were considered canopy individuals
were recorded. The understored vegetation was measured within asub-quadrat of 1 mx 1 m within
the main 10 m x 10 m quadrat. For consistency, the sub-quadrat was established at the south
western corner of each of the main quadrat. All plants not previously qualified as canopy species
were identified and counted. Main plants of interest were photographed to serve as reference in
validating their identification.

Incidental and transect surveys were also conducted to include in the general list as many plant
species as possible that may be present within the project site. This also includes listing of plant
species outside the quadrats.
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Table 2-13. Geographical Location and Description of the Quadrats for Flora Assessment

Quadrat No. Coordinates Elevation (masl) Locality Habitat Description

TP-1 N9°51’32.75”; 375 Brgy. Maaslum, Ayungon, | Shrubland (primarily
£123°4'22.85” Negros Oriental covered with ferns)

TP-2 N9°51’33.52”; 362 Brgy. Maaslum, Ayungon, | Shrubland (primarily
E123°4'27.59” Negros Oriental covered with ferns)

TP-3 N9°51'28.24”; 338 Brgy. Maaslum, Ayungon, | Shrubland (primarily
E123°4’38.97” Negros Oriental covered with ferns)

TP-4 N9°51'17.67"; 249 Brgy. Maaslum, Ayungon, | Coconut plantation
E123°4’57.00” Negros Oriental

TP-5 N9°50°59.42"; 358 Brgy. Maaslum, Ayungon, | Annual cropland
£123°4'39.21” Negros Oriental

TP-6 N9°50°47.68"; 392 Brgy. Maaslum, Ayungon, | Annual cropland
E123°4’31.11” Negros Oriental

Fauna

The fauna surveys targeted terrestrial vertebrate fauna composed of amphibians, reptiles, birds,
and mammals. The surveys were conducted solely within the project site and it commenced with
the general fauna habitat assessments followed by surveys of the said major vertebrate groups.

Amphibians and reptiles were recorded mainly through strip transect sampling and opportunistic
catching. Surveys were conducted at least twice a day between 7:00AM to 9:00AM and 3:00PMto
5:00PM, where amphibians and reptiles usually bask. Suspected microhabitats were also checked
for possible presence of amphibians and reptiles.

Bird transect survey was conducted by walking through existing trails (i.e. approximately 1.5to 1.7
km) within the project site at a pace of about 250 m/15 minutes. For mixed feeding flocks, more
observationtime (5 to 10 minutes) were given to ascertain identities of individuals. Transect walks
were performed for two (2) days between 6:00AM to 9:00AM and 3:00PMto 4:00PM, where birds
are most active. Species and number of individual birds seen and/or heard were recorded. In
additionto the transect walk method, four 12 m mist nets (standard length used for surveys)were
used to capture nocturnal and cryptic bird species. The mist nets were left open for 24 hours for
two (2) days and two (2) nights. Mist nets were checked for possible netted individuals every two
(2) hours from 6:00AM to 4:00PM.

The same mist nets utilized for birds were used to capture bats (volant mammals). Mist nets were
left overnightfor two (2) nights and were checked early in the morning. Selected individuals were
photographed, and all captured individuals were released at their site of capture. For non-volant
mammals, presence and perceived abundance were obtained based on interviews with local guides
during field work. Presence based on indices (e.g. footprints, wallowing area, scats, boneremains,
etc.) were also recorded and considered.

Upon capture, photographs were taken to aid in species identification. All specimens were released
to their site of capture. No specimens of any of the targeted vertebrate fauna were collected in this
survey.

§2: BERKMAN 107|Page



Environmental Performance Report and Management Plan (EPRMP)
Expansion of Silica Quarry of the Heirs of Arturo Zayco (HAZ) under MPSA 218-2005-VII

Table 2-14. Geographical Coordinates and General Description of the Fauna Transect Sites

Transect North Locality GeneralHabitat Description
T1P1 N9°51°18.87”; E123°4’56.37” | Brgy. Maaslum, Ayungon, Shrubland (primarily covered
T1P2 N9°51’36.92”; E123°4’19.91” | Negros Oriental with ferns)

T2P1 N9°51'18.88”; E123°4’57.51” | Brgy. Maaslum, Ayungon, Annual cropland

T2P2 N9°50’49.44"”; E123°4’30.05” | Negros Oriental

P1 N9°51°36.72”; E123°4’20.18” | Brgy. Maaslum, Ayungon, Annual cropland
Negros Oriental

P2 N9°51'36.90”; E123°4'25.37” | Brgy. Maaslum, Ayungon, Annual cropland
Negros Oriental
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Figure 2-28. FloraSurvey Plots (TP1-6) and Fauna Transects and Sampling Points (T1P1-T1P2; P1-P2) within theSilica
Quarry Project Site
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Figure 2-29. Terrestrial Sampling Stations (Source: NAMRIA, HOLCIM, MPDO Ayungon)
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Terrestrial Inventory Results

Flora

There are three (3) distinct types of vegetation communities within the project site and its vicinities:
shrubland, coconut plantation,and annual cropland. The selection ofthe sampling sites is based on
the identified existingland usein thearea which consists ofannual cropland (i.e. coconutand a few
fruit trees and grassland). The area surveyed is primarily covered with fruit trees (i.e. mango,
Mangifera indica, jackfruit, Artocarpus heterophyllus; banana, Musa sp.), coconut (Cocos nucifera),
and shrubs (i.e. ferns, weeds).

The grasslands and shrublands areain Brgy. Maaslum is characterized mostly by introduced species
of grasses, sedges and other weeds. Some of the common grasses are cogon (Imperata cylindrica),
Bermuda grass (Cynodon dactylon), carabao grass (Paspalum conjugatum), and talahib
(Spontaneum saccharum). Fortheshrublands, somecommon species are ferns (Gleichenia linearis
and Nephrolepis falcata), coronitas (Lantana camara), pandacaqui (Tabernaemontana
pandacaqui), uoko (Mikania cordata), cassava (Manihot esculenta), tungaw-tungaw (Medinilla
venosa), upli (Leucosyke capitellata) and hagonoy (Chromolaena odorata).

Figure 2-31. Coconut Plantation
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During the dry season sampling there are 58 morpho-species of plants recorded within the project
site, belonging to 31 families of plants. Figure 2-33 shows some of the common canopy and
understory species of plants recorded within the project site. While a total of 62 morpho- species
of plants recorded within the project site during wet season, belonging to 34 families of plants.
Figure 2-30 to Figure 2-32 shows some of the common canopy and understory species of plants
recorded within the project site.

DAO No.2017-11orthe Updated National List of Threatened Philippine Plants and Their Categories
was used as reference in the analysis of the results of the flora inventory.

Table 2-15. Plant Species Recorded within the Project Site during Dry Season

Species Family Common Name Habit
Mangifera indica Anacardiacea mango Tree
Tabernaemontana pandacaqui | Apocynaceae pandacaqui Shrub
Colocasia esculenta Araceae gabi-gabi Herb
Corypha utan Arecaceae buri palm Tree
Cocos nucifera Arecaceae coconut Palm
Chromolaena odorata Asteraceae hagonoy Shrub
Mikania cordata Asteraceae uoko Shrub
Trema orientalis Cannabaceae hanagdong Tree
Carica papaya Caricaceae papaya Tree
Casuarina equisetifolia Casuarinaceae agoho Tree
Terminalia catappa Combretaceae talisai Tree
Melothria indica Cucurbitaceae melon daga Vine
Luffa acutangula Cucurbitaceae patola Vine
Cucurbita sp. Cucurbitaceae squash Vine
Imperata cylindrica Cyperaceae cogon Grass
Saccharum spontaneum Cyperaceae talahib Grass
Macaranga tanarius Euphorbiaceae binunga Tree
Manihot esculenta Euphorbiaceae cassava Shrub
Acacia farnesiana Fabaceae aroma Tree
Acacia auriculiformis Fabaceae auri Tree
Centrosema sp. Fabaceae centrosema Vine
Leucaena leucocephala Fabaceae ipil-ipil Tree
Phaseolus lunatus Fabaceae lima bean (patani) Vine
Gliricidia sepium Fabaceae madre de cacao Tree
Mimosa pudica Fabaceae makahiya Herb
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Species Family Common Name Habit

Acacia mangium Fabaceae mangium Tree
Cajanus cajan Fabaceae pigeon pea Vine
Albizia saman Fabaceae raintree Tree
Tamarindus indica Fabaceae tamarind Tree
Gmelina arborea Lamiaceae gmelina Tree
Centrosema pubescence Leguminosae pukingganbaging Vine

Ceiba pentandra Malvaceae cotton Tree
Medinilla venosa Melastomataceae tungaw-tungaw Shrub
Swietenia macrophylla Meliaceae mahogany Tree
Azadirachta indica Meliaceae neem tree Tree
Sandoricum koetjape Meliaceae santol Tree
Artocarpus blancoi Moraceae antipolo Tree
Artocarpus heterophyllus Moraceae nangka Tree

Ficus nota Moraceae tibig Tree

Musa sp. Musaceae saging Herb (gigantic)
Eucalyptus deglupta Myrtaceae bagras Tree
Syzygium cumini Myrtaceae black plum (duhat) Tree
Psidium guajava Myrtaceae guava Tree
Cynodon dactylon Poaceae Bermuda grass Grass
Paspalum conjugatum Poaceae carabao grass Grass
Dendrocalamus sp. Poaceae clumping bamboos Herb (gigantic)
Drynaria quercifolia Polypodiaceae Pakpak lawin Herb
Gleichenia linearis Pteridophyta fern Shrub
Nephrolepis falcata Pteridophyta fern Shrub
Cyathea sp. Pteridophyta giant fern Shrub
Ziziphus jujuba Rhamnaceae mansanitas Tree
Nauclea orientalis Rubiaceae bangkal Tree

Citrus sp. Rutaceae kalamansi Tree

Citrus nobilis Rutaceae tangerine orange (dalanghita) Tree
Chrysophyllum cainito Sapotaceae star apple Tree
Capsicum frutescens Solanaceae siling labuyo Shrub
Leucosyke capitellata Urticaceae upli Shrub
Lantana camara Verbenaceae coronitas Shrub

Table 2-16. Plant Species Recorded within the Project Site during Wet Season Sampling

Species Family Common Name Habit
Mangifera indica Anacardiacea mango Tree
Corypha utan Arecaceae buri palm Tree
Trema orientalis Cannabaceae hanagdong Tree
Carica papaya Caricaceae papaya Tree
Casuarina equisetifolia Casuarinaceae agoho Tree
Terminalia catappa Combretaceae talisai Tree
Macaranga tanarius Euphorbiaceae binunga Tree
Acacia farnesiana Fabaceae aroma Tree
Acacia auriculiformis Fabaceae auri Tree
Leucaena leucocephala Fabaceae ipil-ipil Tree
Gliricidia sepium Fabaceae madre de cacao Tree
Acacia mangium Fabaceae mangium Tree
Allbizia saman Fabaceae raintree Tree
Tamarindus indica Fabaceae tamarind Tree
Gmelina arborea Lamiaceae gmelina Tree
Ceiba pentandra Malvaceae cotton Tree
Sweitenia macrophylla Meliaceae mahogany Tree
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Species Family Common Name Habit
Azadirachta indica Meliaceae neem tree Tree
Sandoricum koetjape Meliaceae santol Tree
Artocarpus blancoi Moraceae antipolo Tree
Artocarpus heterophyllus Moraceae nangka Tree
Ficus nota Moraceae tibig Tree
Eucalyptus deglupta Myrtaceae bagras Tree
Syzygium cumini Myrtaceae black plum (duhat) Tree
Psidium guajava Myrtaceae guava Tree
Ziziphus jujuba Rhamnaceae mansanitas Tree
Nauclea orientalis Rubiaceae bangkal Tree
Citrus sp. Rutaceae kalamansi Tree
Citrus nobilis Rutaceae tangerine orange (dalanghita) | Tree
Annona muricata Annonacea guyabano Tree
Chrysophyllum cainito Sapotaceae star apple Tree
Cocos nucifera Arecaceae coconut Palm
Melothria indica Cucurbitaceae melon daga Vine
Luffa acutangula Cucurbitaceae patola Vine
Cucurbita sp. Cucurbitaceae squash Vine
Centrosema sp. Fabaceae centrosema Vine
Phaseolus lunatus Fabaceae lima bean (patani) Vine
Cajanus cajana Fabaceae pigeon pea Vine
Centosema pubescence Leguminosae pukinggan baging Vine
Nephentes sp. Nepentaceae Pitcher plant Vine
Chromolaena odorata Asteraceae hagonoy Shrub
Mikania cordata Asteraceae uoko Shrub
Tabernaemontana pandacaqui | Apocynaceae pandacaqui Shrub
Manihot esculenta Euphorbiaceae cassava Shrub
Melastoma malabathricum Melastomataceae tungaw-tungaw Shrub
Gleicheria linearis Pteridophyta fern Shrub
Nephrolepis falcata Pteridophyta fern Shrub
Cyathea sp. Pteridophyta giant fern Shrub
Capsicum frutescens Solanaceae siling labuyo Shrub
Leucosyke capitellata Urticaceae upli Shrub
Lantana camara Verbanaceae coronitas Shrub
Alternanthera sessilis Amaranthaceae bunga-bunga Shrub
Imperata cylindrica Cyperaceae cogon Grass
Saccharum spontaneum Cyperaceae talahib Grass
Cynodon dactylon Poaceae bermuda grass Grass
Paspalum conjugatum Poaceae carabao grass Grass
Calopogonium mucunoides Fabaceae santing Grass
Colocasia esculenta Araceae gabi-gabi Herb
Mimosa pudica Fabaceae makahiya Herb
Drynaria quercifolia Polypodiaceae pakpak lawin Herb
Musa sp. Musaceae saging Herb (gigantic)
Dendrocalamus sp. Poaceae clumping bamboos Herb (gigantic)
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Figure 2-33. Some common plant species recorded during the dry season survey: (A) mangium (Acacia mangium);
(B) tungaw-tungaw (Medinilla venosa); (C) cassava (Manihot esculenta); (D) clumping bamboos (Dendrocalamus
sp.); (E) gabi-gabi (Colocasia esculenta); (F) cogon (Imperata cylindrica); (G and H) ferns (Nephrolepis falcata and
Gleichenia linearis)
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Figure 2-34. Some of the flora species recorded within the proposed expansion of the silica quarry project during
wet season. (a) cogon; (b) upli; (c) pitcher plant; (d) gabi; (e) sili-sili; (f) guyabano; (g) pukinggan baging; (h) hagonoy
; (i) santing ; (j) fern: (k) carabao grass; () makahiya; (m) uoko ; (n)tungaw -tungaw ; (o) gabi-gabi ; (p) coronitas
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Figure 2-35. Some of the flora species recorded within the proposed expansion of the silica quarry project during
wet season. (a) antipolo; (b) coconut; (c) mangium; (d) ipil-ipil; (e) kakawate; (f) guyabano

Fauna

Dry season sampling identified a total of 31 wildlife species composed of two amphibians, four
reptiles, 24 birds and one mammal species were recorded along the two transects and two
sampling points surveyed within the project site. The amphibians and reptiles were all common and
most species are native but non-endemics associated with forested to non-forested habitats. The
birds were dominated by resident non endemics and common species that are associated mainly
with forested to non-forested habitats. The only volant mammal species recorded was common
and associated with forested to non-forested habitats; while no small non-volant mammals were
recorded.

For the wet season sampling, a total of 25 wildlife vertebrate species belongs to 19 families
representing the classes Amphibia, Reptilia, Aves, and Mammalia were recorded along the
established transects and sampling points within the project area. Majority of the collected and
observed specimens were fairly common and nativetaxa and can thrive on forested to agricultural
areas. The amphibians were dominated by non- native whereas reptiles, birds, and mammals were
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dominated by nativeand resident species known to be found on secondary forests and can tolerate
anthropogenic presence such as in agricultural lands.

No species listed as threatened or endangered in the International Union for Conservation of
NatureRed List of Threatened Species (IUCN 2017)and Wildlife Conservation and Protection Act of
2001 (RA9147) were observed and collected during the survey.

The faunistic profile presented herein were discussed per taxon basis. Discussion include
abundance and species richness, residency and distribution, general ecology, and conservation
status. References for the ecological aspects and distribution of the taxa presented herein were
from reputable sources such as Ingle and Heaney (1992), Kennedy (2000), Alcala et al. (2004),
Gaulke et al. (2011), Diesmos et al. (2015), Alcala (1986); Alcala and Brown (1998); Kennedy et al.
(2000); Heaney et al. (1998)and from IUCN (2016). Actual field surveys of population estimate of
these particular species are limited and often lacking detailed accuracy.

Amphibians and Reptiles

A total of two (2) species of amphibians and four (4) species of reptiles were recorded within the
project site during the dry season. These species are the giant marine toad (Rhinella marina),
common tree frog (Polypedates leucomystax), tokay gecko (Gekko gecko), two-striped mabuya
(Eutrophis multicarinata), many-lined skink (Eutrophis multifasciata)and aflying lizard (Draco sp.).
The identity up to the species level of the flying lizard cannot be ascertained as it was only sighted
on a tree, and flying lizards have the ability to mimic their environment; thus, it (Rhinella marina),
commontree frog (Polypedates leucomystax), and aflying lizard (Draco sp.)are shownin Figure 2-
36.
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C.

Figure 2-36. Giant marine toad (Rhinella marina) (A), common tree frog (Polypedates leucomystax) (B), and flying
lizard (Draco sp.) recorded within the project site during dry season sampling

Wet season survey recorded four (4) species of amphibians: cane toad (Rhinella marina), common
tree frog (Polypedates leucomystax), common puddle frog (Occidozyga laevis), and Dumeril’s
wrinkled ground frog (Platymantis dorsalis). Among the four species, only the Dumeril’s wrinkled
ground frog (Platymantis dorsalis)is endemic. Cane toad (Rhinella marina)is an introduced species
known to inhabit a wide array of habitat ranging from secondary forests, open grasslands,
agroforests and even urban areas. Furthermore, in urban areas and agricultural lands, this species
is commonly found on gardens and drainage ditches. Like the cane toad, common tree frog
(Polypedates leucomystax) and common puddle frog (Occidozyg laevis) are known to be very
adaptable opportunistand thrives in a wide array of habitats. The former is known to occur beach
forests and natural edge habitats close to both primary and secondary forests. They are also
common in agricultural lands primarily banana plantation and usually seen on leaves and axils.
While the latter is known to be inhabiting muddy puddles and pools near small streams and
drainage ditches. The Dumeril’s wrinkled ground frog (Platymantis dorsalis) inhabits forest floor of
primary and secondary forests. They can also thrive on agroforests and forest edges with little
anthropogenic disturbance.

A total of three (3) species of reptiles were observed and recorded within the sites: yellow striped
slender tree skink (Lipinia pulchella), emerald tree skink (Lamprolepis smaragdina), and East Indian
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brown mabuya (Eutropis multifasciata).Boththeyellow striped slender tree skink (Lipinia pulchella)
and emerald tree skink (Lamprolepis smaragdina) are known to be arboreal, usually found on
exposed trunks and barks, and is common on secondary forests and agroforests.

Figure 2-37. Some herpetofauna recorded during the wet season survey: (A) Common tree frog ( Polypedates
leucomystax), (B) East Indian brown mabuya (Eutropis multifasciata), (C) common puddle frog (Occidozyga laevis),
(D) cane toad (Rhinella marina)

Avifauna

Recorded birds within the project site during the dry season survey summed to 24 species
representing 77% of the overall total species recorded within the project site. This group was the
most easily observed as they are more vocal and active during the survey. The project site was
dominated by glossy swiftlets (Collocalia esculenta), oriental magpie robin (Copsychus saularis), and
the olive-backed sunbird (Nectarinia jugularis).

A total of 15 species were recorded during wet season via visual encounter, bioacoustics survey,
and mistnetting. All the observed species are diurnal in habit. The project site was dominated by
glossy swiftlet (Collocalia esculenta)and olive- backed sunbird (Cinnyris jugularis). Both species are
known to be commonin secondary forest areas and forest edge habitats. The former is commonly
known to build nests on crevices and karst areas whereas the latter build nests on trees. Also, both
species can build their nests on human dwellings. The list of avifaunal species recorded in the
project site is provided in the table below.
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Table 2-17. Birds within the Project Site during Dry and Wet Season

Species Common name Presence
Wet Dry

Acridotheres Crested Myna Crested Myna
cristatellus
Aethopyga siparaja Crimson sunbird Crimson sunbird
Caprimulgus Philippine nightjar Philippine nightjar
manillensis
Centropus viridis Philippine coucal Philippine coucal
Cinnyris jugularis Olive- backed sunbird Olive- backed sunbird

Collocalia esculenta

Glossy swiftlet

Glossy swiftlet

Copsychus saularis

Oriental magpie- robin

Oriental magpie- robin

Corvus
macrorhynchos

Large- billed crow

Large- billed crow

Dicaeum australe

Red- keeled flowerpecker

Red- keeled flowerpecker

Egretta garzetta

Little egret

Little egret

Gallus domesticus

Red jungle fowl

Red jungle fowl

Geopelia striata

Zebra dove

Zebra dove

Halcyon chloris

White-collared kingfisher

White-collared kingfisher

Hirundo rustica

Barn swallow

Barn swallow

Ixobrychus sinensis

Yellow bittern

Yellow bittern

Monticola solitarius

Blue rock-thrush

Blue rock-thrush

Motacilla flava

Yellow wagtail

Yellow wagtail

Nectarinia jugularis

Olive-backed sunbird

Olive-backed sunbird

Passer montanus

Eurasian tree sparrow

Eurasian tree sparrow

Phapitreron leucotis

White- eared brown dove

White- eared brown dove

Ptilinopus occipitalis

Yellow-breasted fruit dove

Yellow-breasted fruit dove

Rhipidura javanica

Pied fantail

Pied fantail
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G. H.

Figure 2-38. Some bird species recorded within the project site during the dry season survey: (A) pied bush chat
(Saxicola caprata); (B) Philippine nightjar (Caprimulgus manillensis); (C) white-throated kingfisher (Halcyon
smyrnensis); (D) Philippine coucal (Centropus viridis); (E) crimson sunbird (Aethopyga siparaja); (F) pompadour
green-pigeon (Treron pompadora); (G) zebra dove (Geopelia striata); (H) oriental magpie-robin (Copsychus saularis)
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Figure 2-39. Some avifauna recorded within the project site during the wet season
survey: (A) Yellow wagtail (Motacilla flava), (B) Pied fantail (Rhipidura javanica), (C)
glossy swiftlet (Collocallia esculenta), (D) Eurasian tree sparrow (Passer montanus)

Mammals

Only one (1) species of volant mammals (bats)and one (1) non-volant mammal was recorded during
the survey. The species of bats captured was the common short-nosed fruit bat (Cynopterus
brachyotis)which belonged to Family Pteropodidae, while the non-volant mammals captured was
the Asian house shrew (Suncus murinus) which belonged to Family Soricidae (Figure 2-39). No
insectivorous bats were captured during the survey.

Figure 2-40. Mammal species recorded during the survey: (A) common short-nosed fruit bat (Cynopterus
brachyotis); (B) Asian house shrew (Suncus murinus)

Atotal of three (3) mammal species belonging to two (2) families (Pteropodidae and Muridae) were
captured in the project site during wet season: Common short- nosed fruit bat (Cynopterus
brachyotis), Cave nectar bat (Eonycteris spelaea), and Oriental house rat (Rattus tanezumi). No
insectivorous bats were captured duringthe survey. Both the volant mammals C. brachyotis and E.
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spelaea arestrictly herbivorous (frugivorous and nectarivorous respectively) and are native species
whereas R. tanezumi is an introduced species and known for its high adaptability to both natural
and man- made environments.

Figure 2-41. Volant and non- volant mammals recorded during the survey: (A) Common short- nosed fruit bat
(Cynopterus brachyotis), (B) cave nectar bat (Eonycteris spelaea), and (C) Oriental house rat (Rattus tanezumi)

Historical Occurrences of Pest Infestation, Forest/Grass Fire and or Similar Incidences

All sampling sites within the proposed project site are devoid of evidences of pest infestations that
occurred in the past. During the fieldwork, all plants appeared healthy showing normal coloration
and form (i.e. bole/branch formation). Furthermore, there were no noticeable signs of psyllid
(jJumping plant lice) infestation and/orany other plant-specific parasite observed during the survey
and interviews with the locals.

Also, there is no indication that a natural fire occurred in the past within the project site, which has been
confirmed through interview with the locals and actual surveys. Although, it was observed that
there was a part within the project site which was burned by the residents intentionally, as it was
blocking their way.
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Figure 2-42. Observed intentional burning in the Project Site

Threat to Existence and/or Loss of Important Local Species

Flora

Outof the morpho-species of plants, 58 in dry season and 62 for wet season, recognized within the
project site, only one species has been identified to be a Philippine Endemicor plants confined only
in the Philippines: the antipolo (Artocarpus blancoi). From theidentified plants, one (1) species has
been listed as threatened in DAO 2017-11 (Updated National List of Threatened Philippine Plants
and Their Categories), the pitcher plant (Nepenthes sp.). Moreover, the latter was also recorded in
the IUCN Red List.

For cases where cutting of these threatened and endemic species will be inevitable, it can be
compensated by replanting similar species orindigenous species in a suitable area along the project
site or avoid cutting of the trees since the species richness of this antipolo is low.

Fauna

Amongthe 31 species recorded during thedry season, four species were recognized to be endemic
to the Philippines. These are the white-eared brown dove (Phapitreron leucotis), Philippine coucal
(Centropus viridis), red-keeled flowerpecker (Dicaeum australe), and the yellow-breasted fruit dove
(Ptilinopus occipitalis).

On the other hand, a total of 25 wildlife vertebrates were observed and recorded in the project
area during wet season. Five (5) were recognized to be endemic in the Philippines: Dumeril’s
wrinkled ground frog (Platymantis dorsalis), yellow striped slender tree skink (Lipinia pulchella),
Philippineserpent eagle (Spilornis holospilus), White- eared brown dove (Phapitreronleucotis), and
red- keeled flowerpecker (Dicaeum australe). Summary of residency, conservation status, and
species count of the vertebrate fauna recorded in the project site is provide on Table 2-18.
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Table 2-18. Endemicity and Conservation Status of Fauna Recorded within the Project Site

Number of Endemics Number of Threatened Species | Number of Threatened Species in
Taxon in [IUCN 2017 Philippine Wildlife Act of 2001
Dry Wet Dry Wet Dry Wet
Amphibians 0 1 0 0 0 0
Reptiles 0 1 0 0 0 0
Birds 4 3 0 0 0 0
Mammals 0 0 0 0 0 0

Table 2-19. General Population of Fauna Recorded within the Project Site

Common Fairly Common Uncommon Rare
FCIUENE Dry Wet Dry Wet Dry Wet Dry Wet
Amphibians 2 1 0 2 0 1 0 0
Reptiles 3 1 0 0 0 2 0 0
Birds 20 2 1 9 3 4 0 0
Mammals 2 2 0 1 0 0 0 0

Endemicity and Conservation Status — Dry Season

The only amphibian captured, giant marine toad (Rhinella marina), is known to be an introduced
species and widely distributed throughout the country. While the reptiles today gecko (Gecko
gecko) and the two species of skinks (Eutrophis multicarinata and E. multifasciata) are native but
non-endemicspecies. Allrecorded species are common in terms of general population status. None
of the species recorded are listed under any category in the IUCN Red List of Threatened Species
(IUCN, 2016) and in the List of Threatened Wildlife Species of the Wildlife Conservation and
Protection Act of 2001 (RA9147).

The bird assemblage was dominated by the native but non-endemicresident birds with 16 species
recorded out of 24 (67%). These non-endemic species are mainly generalists which are able to
tolerate disturbed habitat types extending to forest patches and/or forest edges. Since the survey
was conducted within the migratory season (i.e. September to April), four migratory species were
recorded. The presence of these species in the Philippines coincides with the winter season in their
country of origin (e.g. Japan, Russia and China); they temporarily migrate to escape the harsh
conditions of the winter season. Two migratory bird species, the little egret (Egretta garzetta)and
the blue rock-thrush (Monticola solitarius) are known to have established resident populations in
the Philippines. The general population status of recorded birds is largely composed of common
species with 20 representatives (83%). In addition, one species is known to be fairly common
(Halcyon smyrnensis); and three uncommon species, which are the Philippine nightjar (Caprimulgus
manillensis), pompadour green-pigeon (Treron pompadora), and the Oriental magpie robin
(Copsychus saularis). Though known as uncommon, the latter (Copsychus saularis) was the most
observed bird species in the project site. It should be noted that there were no threatened bird
species recorded in this survey, based on the Wildlife Conservation and Protection Act of 2001 (RA
9147) and the International Union for the Conservation of Nature (IUCN) Red List of Threatened
Species (IUCN, 2016).

Only one species of volant mammals (bats) and one none volant mammals were recorded during
thesurvey. Thecommon short-nosed fruit bat (Cynopterus brachyotis)is distributed over Southeast
Asia. The Asian house shrew (Suncus murinus)is distributed throughout Asia and Indo-Australia
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(Heaney etal., 2010). Both mammal species recorded are categorized as Least Concernin IUCN Red
List of Threatened Species (IUCN, 2016), and is not included in the List of Threatened Wildlife
Species in Wildlife Conservation and Protection Act of 2001 (Republic Act 9147). The Asian house
shrew (Suncus murinus)is an introduced species in the country and is considered as an invasive
species.

Endemicity and Conservation Status — Wet Season

Amongtherecorded herpetofauna, only canetoad (Rhinella marina)is the introduced species. This
species is widely distributed in the Philippines across all major islands and is known to occur in a
wide array of habitats ranging from secondary forests to degraded habitats and man- made
environments. Allrecorded herpetofauna herein are designated as least concerned underthe [UCN
Red List (2017) with reference to its wide distribution, tolerance of a broad range of habitats,
presumed large population, and becauseit is unlikely to be declining to qualify for listing in a more
threatened category.

The avifaunalassemblageis dominated by native but non- endemicresident species. These species
are knownto thrivein a wide array of habitats ranging from secondary forests to agroforests. They
can also thriveon forest edges and forest patches if the food sourceis available. None of the three
endemic recorded avifauna is an island endemic and they are distributed across the major islands
of thecountry. Furthermore, thereareno threatened avifaunal species recorded in the project site.
All listed bird species herein are categorized as least concerned under I[UCN RED List of Threatened
Species (2017) and Wildlife Conservation and Protection Act of 2001 (RA9147).

Of the three (3) recorded mammals, only R. tanezumi is the introduced species whereas the two
volant mammals, C. brachyotis and E. spelaea, were categorized as native non- endemics. Both
volantmammals are known to be distributed throughout South and Southeast Asia. Furthermore,
these three species are classified by the IUCN (2017)as Least Concerned and is not included in the
List of Threatened Wildlife Species in Wildlife Conservation and Protection Act of 2001 (RA9147).

Threat to Abundance, Frequency and Distribution of Species

Floral Assemblage

In general, the project site is species-poor, with only at least 62 morpho-species belonging to 34
families of plants. The most species rich families are Fabaceae. The common occurrence of species
belonging to Family Fabaceae may be attributed to their special characteristics. Members of the
family Fabaceae usually form root nodules in which nitrogen fixation is carried out by a symbiotic
rhizobium, they are also tolerant to dry condition and are prolific seeders.

Members of Family Moraceae, Poaceae, Cucurbitaceae, Myrtaceae, and Pteridophyta are the
second most numerous plants observed within the project site. Family Moraceae are often known
as afig family. Species that belong to this family serves as animportant source of food for birds and
small animals. As such, seeds are easily dispersed and eventually proliferate in other areas.
Members of this family are usually light-tolerant and thrive both in open and semi-open spaces,
making them common in grasslands even under the canopy of semi-open woodlands. On the other
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hand, the success of the members of Family Poaceae, or grasses, lies in part in their morphology
and growth processes and in partin their physiological diversity. Most of the grasses divide into
two physiological groups, depending on photosynthetic pathways used for carbon fixation. These
species can increase water use efficiency, rendering them better adapted to hot, arid environments
andthose lacking in carbon dioxide. Pteridophytes, orferns, live in a wide variety of habitats. They
can be found from remote mountain elevations, to dry desert rock faces, to bodies of water, orin
open fields. Ferns in general may be thought of as largely being specialists in marginal habitats,
often succeeding in places where various environmental factors limit the success of flowering
plants. One factor that makes them successful is because they reproduce via spores.

Faunal Diversity and Distribution

The scanty number (both in species richness and relative abundance) of recorded amphibians and
reptiles during the dry season survey can be attributed to the highly disturbed vegetation condition.
Suitable microhabitats that are associated with pristine vegetation where they are usually found
such as moist decaying leaf litter, clear and free flowing streams, and diverse vertical stratification
of the vegetation are no longer present within the project site. All three species of herpetofauna
(amphibians and reptiles) are associated with non-forest to forest habitats, deducingthatthey are
able to occupy a wide range of available habitats. The observed habitat associations of recorded
species strongly reflect the habitat types within the project site.

The recorded bird species strongly correlate to the available habitat types (i.e. agroforest) within
the project site. There were seven bird species (29%) recorded in areas associated with non-forest
habitat. Species with habitat range that encompass both forest to non-forest conditions registered
12 representatives (50%). There were three species (13%)that can be found in forested areas that
were recorded in the project site. These species with habitat range that extends to forested areas
or those that specifically require some form of forest habitat could be considered least sensitive
thus, they are able to adaptto disturbed habitat with surrounding forest patches. There were two
species (8%) of wetland birds recorded. The presence of some commercial rice fields close to the
project site serves as ideal wetland habitat.

The bat species recorded belong to Family Pteropodidae, or fruit bats. Most fruit bats, as compared
toinsect bats, are easy to capture using mist nets. Once netted, they become thoroughly entangled
in mist nets and rarely escape (Heaney et al., 1989). This explains why the captured bat species in
this survey were all fruit bats. All captured bat species are common and are often recorded in
forested to non-forested habitats (e.g. agricultural areas, residential areas, croplands and urban
parts).

Table 2-20 shows the species richness and relative abundance of terrestrial fauna survey within the
project site.

Table 2-20. Species, Richness, Relative Abundance, and Ecological Indices of Fauna in the Project Site

No. of Species Relative Abundance Dlve'r5|ty Index Dominance
Taxon (Simpson)
Dry Wet Dry Wet Dry Wet Dry Wet
Amphibians 2 4 11 15 0.43 0.5 0.38 0.49
Reptiles 3 3 8 4 0.45 0.16 0.68 0.83
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Birds 24 15 224 145 2.54 0.15 0.2 0.84
Mammals 2 3 22 29 0.39 0.74 0.44 0.25

Economic Importance and Uses of Significant Flora and Fauna

Ferns, mangium (Acacia mangium), coconut (Cocosnucifera), and fruit trees (i.e. mango, Mangifera
indica; jackfruit, Artocarpus heterophyllus; banana, Musa sp.) arethe mostdominant plant species
in the project site.

Table 2-21. Top Five (5) Canopy Species Based on Importance Value (V)

Scientific Name Common Endemicity Uses/Importance
Name

Acacia mangium Mangium NE shade tree; woodworks; landscaping; slope
stabilization; wind protection

Cocos nucifera Coconut NE light construction material; food; medicine;
firewood

Mangifera indica Mango NE light construction material; food; firewood

Musa sp. Banana NE food; medicine

Leucaena leucocephala Ipil-Ipil NE woodworks; slope stabilization; construction
materials; firewood

For theterrestrial fauna, none of the species identified are known to be economically importantas
food or medicine; however, these species, especially birds and bats, indirectly affect the agricultural
economy as they are important pollinators and seed dispersers.

Hindrance to Wildlife Access

A total of six (6) quadrats for flora survey were established within the project site. Vegetation
communities (e.g. coconut plantation, shrubland, annual cropland) were surveyed through transect
walks and general observation. Observation points were also established on strategic areas to
provide a panoramic view of the general vegetation types within the project site. The geographic
location of the quadrats and observation site are shown in Table 2-22.

The project site lies on the eastern slope ofa broad volcanicrange overlooking the barangay, almost
eight kilometers west of the poblacion. Barangay Maaslum occupies the eastern flank of the central
highland that grades sharply towards the coastline.

All transects and sampling points were located within specific areas perceived to be impacted by
the silica quarry. The vertebrate fauna assessment covered two major transect sites and several
sampling points: Transect 1 constitutes a diagonal line from Sitio Apanangan passing a coconut
plantation and annual cropland; Transect 2 constitutes a diagonal line along the road, 0.5 km away
from the main entrance of the quarry site, to the Twin Falls; and Sampling points refer to specific
locations where mist nets were laid-out.
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Table 2-22. Geographical Location and Description of the Quadrats

CUIEEIFE: Coordinates Blevaiden Locality Habitat Description
No. (masl)

TP-1 N9°51'32.75”; 375 Brgy. Maaslum, Ayungon, Shrubland (primarily covered
E123°4'22.85" Negros Oriental with ferns)

TP-2 N9°51’33.52”; 362 Brgy. Maaslum, Ayungon, Shrubland (primarily covered
E123°4'27.59” Negros Oriental with ferns)

TP-3 N9°51'28.24"; 338 Brgy. Maaslum, Ayungon, Shrubland (primarily covered
E123°4’38.97” Negros Oriental with ferns)

TP-4 N9°51'17.67”; 249 Brgy. Maaslum, Ayungon, Coconut plantation
E123°4’57.00” Negros Oriental

TP-5 N9°50°59.42"; 358 Brgy. Maaslum, Ayungon, Annual cropland
E123°4'39.21” Negros Oriental

TP-6 N9°50’47.68”; 392 Brgy. Maaslum, Ayungon, Annual cropland
E123°4’31.11” Negros Oriental

The survey revealed that the project site is highly disturbed, and thus, there are no perceived
hindrances to wildlife access. Wildlife access within and outside the project site is already
fragmented and disconnected from any remaining forest patch nearby.

The project site’s vegetation is considered poorto marginal due to the presence and abundance of
silica in the soil. The poor vegetation is not very hospitable to wildlife as a wildlife habitat which
consist of shrublands and annual crops such as bananaand coconut. The soil macronutrient values
in the three (3) samplingsites indicate that organic matter, phosphorous, exchangeable potassium
and total nitrogen are relatively low.

Itis proposed that the project provide buffer zones or green corridors to ensure that wildlife can
access wildlife habitats inside and outside the MPSA on the upper southwestern portion and also
Maaslum River on the south eastern corridor of the project site.

Figure 2-43 shows the proposed buffer zones or green corridors that need to be maintained by the
proponent so wildlife can access other habitats and water sources.

5. Riparian Ecology

Sampling locations of Riparian Ecology Study (Refer to Figure 2-44)were based on the sampling
sites of Water Quality Sampling and Freshwater Ecology Study for consistency and comparative
presentation of sampling analysis.

Vegetation Profile

The area is predominantly patches of secondary forest mixed with agroforest ecosystems. A total
of 27 morpho-species of plants were recorded on the riparian area within the sites which belong
to 22 families. Majority of which can occur in a wide range of ecosystems especially with
anthropogenic influences.
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Figure 2-43. Proposed Wildlife Green Access Corridor (Source: NAMRIA, HOLCIM, MPDO-Ayungon)
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Figure 2-44. Riparian Ecology Sampling Stations (Source: NAMRIA, HOLCIM, MPDO-Ayungon)
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Table 2-23. Vegetation Recorded in the Sampling Sites

Family Species Vernacular Name
Anacardiaceae Mangifera indica Linn. Mango
Apocycnaceae Tabernaemontana pandacaqui Lam. Pandakaki
Araceae Colocasia esculenta (L.) Schott Gabi
Arecaceae Cocos nucifera Linn. Coconut

Chromolaena odoarata (Linn.) Hagonoy
Asteraceae Mikania cordata (Burm.) Uoko
Cannabaceae Trema orientalis (Linn.) Blume Hanagdong
Casuarinaceae Casuarina equisetifolia Linn. Agoho
Combretaceae Terminalia catappa Linn. Talisay
Cucurbitaceae Melothria indica Lour. Melon Daga
Cyatheaceae Cyathea sp.
Davalliaceae Nephrolepis falcata (Cav.)
Euphorbiaceae Macaranga tanarius (Linn.) Binunga

Centrosema pubescens Benth.

Leucaena lecuocephala (Lam.) Ipil- Ipil
Fabaceae Mimosa pudica Linn. Makahiya

Tamarindus indica Linn. Sampaloc
Gleicheniaceae Dicranopteris linearis (Burm.f.) Dilim
Lamiaceae Gmelina arborea Roxb.
Meliaceae Swietenia macrophylla King Mahogany

Artocaprus blancoi Merr. Antipolo
Moraceae Ficus nota (Blanco) Tibig
Musaceae Musa x paradisiaca Linn. Saging
Myrtaceae Syzygium cumini (Linn.) Duhat

Saccharum spontaneum Linn. Talahib
Poaceae -

Paspalum conjugatum Berg. Carabao Grass
Rhamnaceae Ziziphus jujuba Mill. Mansanitas
Verbenaceae Lantana camara Linn. Coronitas
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Figure 2-45. Some tree species in the riparian area of the project site: Mangifera indica (A), Ficus nota (B), Swietenia
macrophylla (C), and Ziziphus jujuba (D)
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Figure 2-46. Some shrub and herb species found in the riparian zone of the project area: Lantana camara (E),
Mimosa pudica (F), Saccharum spontaneum (G), and Colocasia esculenta (H)

Floral Assemblage and Community Ecology

The vegetation community in the area is an admixture of secondary forest-agroecosystem-
scrubland. The most prominent taxa in the area are Fabaceae, Moraceae, Poaceae, and ferns
(Pteridophyta). Among the recorded species, only Artocarpus blancoi is the endemic species. No
species in the area is listed in the IUCN Red List (2019)and DAO 2017-11 (Updated National List of
Threatened Philippine Plants and Their Categories).

In the riparian zone and nearby areas, agriculturally important crops can be observed and is
dominated by coconut (Cocos nucifera), varieties of banana (Musa x paradisiaca), and mango
(Mangifera indica). Furthermore, majority of the recorded shrub and herb species were fluvial
system associates. These plants such as makahiya (Mimosa pudica)and gabi (Colocasia esculenta)
thrives in the areas where there is a constant water supply.

In general, the species diversity of plants in the sampling areas across the project sites is low and
majority of the flora are classified as relatively common species. Majority of these species are
usually growing on open areas wherein there is abundant sulight and are elements of open
grasslands to semi- open woodlands. Furthermore, herbsand shrubs species are pioneering species
and may help in the stabilization of the soil due to their long and firm root system (e.g. Poaceae).
They also place carbon in the ground and prevent it from drying.
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Vertebrate Faunal Profile

A total of 11 vertebrate species belonging to 11 genera representing 10 families were observedin
the riparian area during the wet season samplingand 17 vertebrate species belongingto 17 genera
representing 14 families during wet season. These species are known to thrive in a wide array of
habitats ranging from secondary forests to agricultural areas. None of the observed species are
recorded as threatened according to the IUCN Red List (2017).

Table 2-24. Conservation Status of Vertebrate Species

Family Species Common Name Residency
Bufonidae Rhinella marina Cane toad Introduced
Dicroglossidae Occidozyga laevis Common puddle frog Native
Ranidae Hylarana erythraea Common green frog Native
Scincidae Eutropis multifasciata East Indian brown mabuya Native
Pythonidae Malayopython reticulatus Reticulated python Native
Trionychidae Pelodiscus sinensis Chinese softshell turtle Introduced
Pteropodidae Cynopterus brachyotis Lesser short-nosed fruit bat Native

Eonycteris spelaea Cave nectar bat Native

Ptenochirus jagori Greater musky fruit bat Endemic

Macroglossus minimus Dagger- toothed long- nosed fruit bat Native
Muridae Rattus tanezumi Oriental house rat Introduced
Apodidae Collocalia esculenta Glossy swiftlet Native
Ardeidae Egretta garzetta Little egret Native
Corvidae Corvus macrorhynchos Large- billed crow Native
Hirundinidae Hirundo rustica Barn swallow Native
Nectariniidae Cinnyris jugularis Olive backed sunbird Native
Passeridae Passer montanus Eurasia tree sparrow Introduced

Figure 2-47. Some terrestrial fauna observed in the riparian zone during wet season: Lipinia pulchella (A), Egretta
garzetta (B), Cynopterus brachyotis (C), and Cinnyris jugularis (D)
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Figure 2-48. Mammal species observed in the riparian zone: Cynopterus brachyotis (A), Macroglossus minimus (B),
Rattus tanezumi (C), and Eonycteris spelaea (D)

Faunal Assemblage and Diversity

Wet Season

Atotal of three herpetofaunal species were observed inthe area: cane toad (R. marina), East Indian
brown mabuya (E. multifasciata), and yellow-striped slender tree skink (L. pulchella). The former is
introduced species whereas the latter two are native taxa. Cane toads are normally observed in the
nearby riverbanks on the sites for easy access to water bodies (i.e. river) to avoid desiccation of
eggs and dehydration of their skin. In the sampling areas, the skins are observed to bask between
8-9am in the morning on trees and exposed rocks.

As of the mammals observed, two species are documented: lesser short- nosed fruit bat (C.
brachyotis)and Asian house rat (R. tanezumi). The presence of the former in the riparian zonecan
be explained by the availability of one of its main diet, Ficus sp. These species are normally found
on areas near river and other fluvial systems. Whereas, the presence of R. tanezumiis due to

presence nearby human settlementsin the area. This species is known to be associated with human
inhabitation and agricultural lands.

The avifaunal species on the sampling sites are known to thrive in a wide array of ecosystem which
ranges from secondary forest to agricultural lands with human settlements. C. esculenta and H.
rustica are commonly observed in open areas foraging on insects in flight. C. macrorhynchos is
normally observed on the coconut groves near the riparian zones. E. gazertta is observed on
riverbanks searching for its food such as gobies and other small fishes.
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Dry Season

Atotal of six (6) herpetofaunal species were observed in the area: cane toad (R. marina), East Indian
brown mabuya (E. multifasciata), common puddle frog (O. laevis), reticulated python (M.
reticulatus), common green frog (H. erythraea), and Chinese softshell turtle (P. sinensis). Among
the six species observed, two are known to be invasive: cane toad (R. marina) which originated
from South America and Chinese softshell turtle which came from the Chinese subcontinent, hence
the name. In the Philippine setting, cane toads are known to thrive in lowland forests,
agroecosystems, grasslands,and even degraded habitats and man- made environment. It primarily
feeds on variety of arthropod species and in some cases feeds on small vertebrates. On the other
hand, the Chinese softshell turtles are commonly seen on rivers and streams near human
settlements. In China, this species is listed as vulnerable since its wild population is continuously
declining. In the sampling areas, both the H. erythraea and O. laevis are seen on puddles and
vegetation near streams.

Inthesamplingareas, five (5) species are observed, four of which are volant (C. brachyotis, P. jagori
E. spelaea, and M. minimus)and one non- volant (R. tanezumi). Among the five species, only P.
jagoriis endemic. This species is widely distributed across all majorfaunal regions of the Philippines
except in the Batanes group of Islands and Greater Palawan. All the volant species observed are
known to be inhabitants of lowland forest and agricultural areas. Onthe other hand, the only non-
volant mammal observed is both an introduced and an invasive species. T. tanezumiwas listed as
Least Concern due to its wide distribution and tolerance to a wide array of habitats (IUCN 2017).

The avifaunal species onthe sampling sites are known to thrive in a wide array of ecosystem which
ranges from secondary forest to agricultural lands with human settlements. C. esculenta and H.
rustica are commonly observed in open areas foraging on insects in flight. C. macrorhynchos is
normally observed on the coconut groves near the riparian zones. E. gazertta is observed on
riverbanks searching for its food such as gobies and other small fishes.

Freshwater Insects

Wet Season

A total of 108 individuals representing six (6) species belonging to the families Pisauridae
(Arachnida), Gyrinidae, Veliidae, and Gerridae were collected on the sampling sites. These families
are strongly associated with aquatic environs especially fluvial systems and can serve as
bioindicator. Furthermore, none of the collected species are included in the IUCN Red List for
Threatened Species (2017).

Gyrinidae (also known as whirligig beetles) (n= 20) are water beetles usually found in the surface of
water if undisturbed. They are ellipsoid in appearance and commonly observed near riverbanks. In
the sampling areas, the whirligig beetles belong to the genus Orechtochilus.

Gerridae (also known as water striders) are predatory water bugs that is commonly observed to
walk on water dueto its hydrophobic micro hair’s presence on thelegs and body. They are normally
found on water surface and prefer environment abundant with insects or zooplanktons. In the
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sampling areas, there are two genera of water striders present: Limnometra (n=15) and Aquarius
(n=16).

Veliidae (also known as riffle bugs) are similar to gerrids but smaller in sizeand in the sampling sites
it is represented by the genus Rhagovelia (n=63). Amongthe collected aquaticinsects, this group
has the highest species count. This is due to their aggregating nature on the water surface which
makes them easy to catch.

Fishing spider from the genus Dolomedes (n=4) is also observed in the riverbanks on the sampling
sites. These spiders are covered with short, velvety hair which allows them to float on water surface.
They usually feed on aquatic insects and even small fishes.

Presence of these species presents the idea that thefluvial system in the area still sustain life forms
andis notyet ecologically degraded. Aquaticinsects are known to sensitive to availability of oxygen,
fluctuation of temperature, sediment and substrate types, and presen ce of pollutants in an area.
Thus, they can be used as bio indicators in ecological studies.

Dry Season

A total of 75 individuals representing 10 morphospecies belonging to the families Pisauridae
(Arachnida), Gyrinidae, Veliidae, Gerridae, Cicindellidae, Notonectidae, and Dytiscidae were
collected on the sampling sites. These families are strongly associated with aquatic environs
especially fluvial systems and can serve as bioindicator. Furthermore, none of the collected species
are included in the IUCN Red List for Threatened Species (2017).

Gyrinidae (also known as whirligig beetles) (n= 7) are water beetles usually foundin the surface of
water if undisturbed. They are ellipsoid in appearance and commonly observed near riverbanks. In
the sampling areas, the whirligig beetles belong to the genus Orechtochilus.

Gerridae (also known as water striders) are predatory water bugs that is commonly observed to
walk on water dueto its hydrophobicmicrohairs presence on the legs and body. They are normally
found on water surface and prefer environment abundant with insects or zooplanktons. In the
sampling areas, there are two genera of water striders present: Limnometra (n=10) and Aquarius
(n=4).

Veliidae (also known as riffle bugs)are similar to gerrids but smaller in sizeand in the sampling sites
it is represented by the genus Rhagovelia (n=42). Amongthe collected aquatic insects, this group
has the highest species count. This is due to their aggregating nature on the water surface which
makes them easy to catch.

Fishing spider from the genus Dolomedes (n=2) is also observed in the riverbanks on the sampling
sites. These spiders are covered with short, velvety hair which allows them to float on water surface.
They usually feed on aquatic insects and even small fishes.

Cicindellidae (n= 5), also known as tiger beetle, are aggressive predatory group from which the
larvae are aquatic having large curved mandibles whereas the adult is terrestrial. They are usually
found on riverbanks preying on soil- dwelling arthropods.
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Notonectidae (n=2), also known as back swimmers, are freshwater inhabiting insects characterized
by elongated hind legs fringed with hairs which are used for swimming. All notonectid bugs are
predatory in nature.

Dytiscidae (n =3), also known as predaceous diving beetles, are highly predatory group bearing
short but sharp mandibles. Immediately upon biting, the deliver digestive enzymes. Both adultand
larvae are strictly aquatic.

Presence of these species presents the idea thatthefluvial systemin the area still sustain life forms
andis notyetecologically degraded. Aquaticinsects are known to sensitive to availability of oxygen,
fluctuation of temperature, sediment and substrate types, and presence of pollutants in an area.
Thus, they can be used as bio indicators in ecological studies.

Riparian Soil Quality

Soil characteristic in the area is considered homogenous in nature. The location of the project and
its surrounding environment is lying on rocky mountainous of soil. Three (3) sampling stations
where selected base onits elevation and surrounding land use. On August 21,2017 grab sampling
was conducted.

Different parameters were tested to identify the soil characteristics of the riparian areas which
might get affected by the project. These are as follows:

e pH e Texture

e Organic Matter e Water Holding Capacity
e Available Phosphorus (P) e Particle Density

e Exchangeable Potassium (K) e Moisture Content

e Total Nitrogen e Electrical Conductivity

e (Cation Exchange Capacity
The riparian area of where the samples were collected were also part of the riparian ecology study
for flora and fauna.
Riparian soil sampling locations are described as follows:

Table 2-25. Riparian Soil Sampling Stations

Sampling ID . Coordinates - St BeseiioEon
Latitude Longitude
RS1 9°51'30.36"N 123°4'38.64"E Within the project site, near the river. Covered with
grasses and shrubs.
RS 2 9°51'30.30"N 123°5'15.24"E Near residential areas and agricultural farms
RS 3 9°51'2.75"N 123°8'18.56"E Coconut plantation with some other fruit-bearing
trees
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Table 2-26. Soil Sampling Results for Riparian Areas

Parameters Unit RSl

RS1 RS2 RS3
pH - 4.1 4.4 4.7
Organic Matter % 2.78 4.44 2.37
Available Phosphorus ppm 5.1 4.8 24
Exchangeable Potassium cmol/kg soil 0.05 0.64 1.07
Total Nitrogen % 0.12 0.22 0.15
Cation Exchange Capacity 5.29 15.36 23.37
Texture - Sandy Loam Loam Loam
Water Holding Capacity % 35 61 65
Particle Density gm/cm 2.57 2.48 2.61
Moisture Content % 6 21 17
Electrical Conductivity uS/cm 175 220 678
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Figure 2-49. Soil Sampling Stations in Selected Riparian Areas (Source: NAMRIA, HOLCIM, BSWM, MPDO-Ayungon)
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B. Water

1. Hydrology/Hydrogeology

The proposed expansion project site is part of the Maaslum watershed (Refer to Figure 2-50). This
watershed has atotal area of about 2,310 hectares (Figure 2-51). Its tributary flows to the Maaslum
River towards Ayungon Bay. The tributary is almost 100to 250 meters away from the perimeter
broundary ofthe50-has expanded quarry area. Riversintheupstream are perennial in natureand
generally clear all throughoutthe year. Drainage pattern is generally coarse dendritic. In terms of
water quality, the downstream and mainstream areas are physically affected due to siltation,
kaingin making, quarrying, mining and other activities. At present, surface and groundwater areas
of the watershed is a major source of water for commercial, domestic and agricultural uses.

Generation of mine tailings is a common aftermath of a quarrying activity thus appropriate
rehabilitation measures both biological and engineering measures can be made. Vengineering as a
technique where vegetative materials are used in combination with engineering intervention, e.g.
leguminous cover crops are introduced to improve soil fertility on a terrace landscape, for example,
before shrubs orsmalltrees are introduce. This is to improve soil fertility and achieve optimal micro
climate requirements of the plants.

Difficulty of greening mine tailings is the common concerns of the company. However, this can be
carried out with high success if appropriatetechniques and decent funding is employed. Greening
should involve using alot of use of organic materials to assure planted seedlings would have enough
nutrients to survive in this marginal soil condition.

The proposed expansion project in some unexpected instances will cause the deposition of mine
tailings and effluents to the overburden storage areas which will be located on the upper stream
of the Maaslum River. With appropriate mitigation and implementation, problem with the siltation
and possible river water contamination will be addressed.

Change in Drainage Morphology/Inducement of Flooding/Reduction in Stream Volumetric Flow

Change in Drainage Morphology

The silica mining expansion operation itself would not alter the drainage morphology. It is the
continuous deposition that will subsequently affect the drainage morphology in the long run.
Unchecked deposition of silt to the overburden storage areas will cause overflowing of the river
waters especially during the heights of heavy rains. If this happens, the original coarse dendritic
pattern will be diverted into lines of water channels finding their ways to the lower ground.

Progressive rehabilitation and tree plantation at the bank of the overburden storage areas will
stabilize the surface morphology. In the course of time, water will find its way following the course
where nature will dictate. To address this problem, the company will regularly desilt the storage
pond. In short, desilting of overburden storage areas will be done on a regular basis especially
before and after rainy season.

Inducement of Flooding
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Floodingis not a hazard that could affect the project site but most likely in the downstream areas.
Althoughthere is low present danger of flooding, increase in the sedimentation of stream channel
will cause overflow andincreasein the surface run-off. Largeamounts of sediment and poor-quality
water may have detrimental effects downstream from the project site after heavy downpour of
rain. Extreme rainfall could induce slope failure at the banks of the overburden storage areas. Ifthis
happens, those at the lower ground will be flooded. The effect of the projected global warming,
extreme and erratic rainfalls in ther future are being considered in the structural design and holding
capacity of the overburden storageareas. In addition, construction of siltation ponds and silt traps
including slope stabilization measures (application of fiber matting and tree planting along the
banks) should be done in order to avert possible increase in siltation and soil erosion.
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Figure 2-50. Maaslum Watershed (Source: NAMRIA, HOLCIM, DENR-FMB, MPDO-Ayungon)
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Figure 2-51. Hydrogeological Conditions of the Maaslum Watershed in Negros Oriental (Source: NAMRIA, HOLCIM, DENR-FMB, BSWM, MPDO-Ayungon)
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Reduction in Stream Volumetric Flow

The photograph below exhibits the minimum discharge rate of the Maaslum River. Water depth s
relatively shallow with sand, silt and clay deposits accumulating at the creek beds. Increase in
sediment deposition along creek and steam channels will cause reduction in the stream volu metric

flow. As with the reduction in water depth, reduction in the volumetric flow will also adversely
affect theaquatichabitat. There will be a decrease in oxygen supply, decreasein the area of aquatic
habitat, and consequently an increase in aquatic resource competition.

i, 2 % ; % BIRENR & " A

Figure 2-52. Water level manual monitoring in the Maaslum watershed

Change in Stream Water Depth

Current siltation problem is attributed to the rampant kaingin making, illegal logging, quarrying,
and mining activities. Subsequent to uncontrolled siltation, sediments will later fill the stream beds,
thus reducing the water depth.

Mine tailing deposition will induce siltation of the natural water channels, thus reducing stream
water depths. Consequent to uncontrolled siltation, bank erosion could happen.

Inorder to address the siltation and erosion impact, slope stability measures should be undertaken
together with the development of silt dams / sumps, and using riprap or gabion baskets where
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applicable. As much as possible, affected creeks should be restored to its original configuration.
Regular desiltation should be done on sumps / dams especially after heavy rainfall.

Water Balance Study

The assessment was made using a hydrologic model to estimate the distribution and pattern of
streamflow discharge of theidentified water source. This approach is useful, practical, and realistic
based on the lumped parameter variables suitable to the existing biophysical conditions. The
assessment was considered in the downstream areas of the Maaslum Watershed.

A water balance equation is often used to express the contributions of hydrologic processes to
streamflow. At the watershed scale, the water balance equation links streamflow (R), precipitation
(P), evaporation (E), losses to regional groundwater (G), and changes in watershed storage (AS):

R=P-E-G=*AS

where the variables are measured in water depth equivalent (mm) over time. The
guantity G represents water that leaves the watershed as groundwaterand thus does
not contribute to streamflow.

This assessment considered the use of BROOK90 hydrologic model. The model has a strong
physically-based description, which simulates the above and below liquid phases of the
precipitation—evaporation-streamflow-groundwater flow part of the hydrological cycle for a point
scale stand on a daily time-step.

Mathematically, the BROOK90 model water distribution is expressed as follows:

P = EVAP + FLOW + SEEP

where P is the precipitation (mm), EVAP is the evaporation (mm), FLOW is the
corresponding simulated total streamflow (mm) derived from surface flow and the
groundwater flow, and SEEP is the deep seepage loss or recharge from the
groundwater (mm).

Inthe application of the above equation, the model calculates evaporation with the Shuttleworth—
Wallace equation, animprovement ofthe Penman—Monteith equation as well as the temporaland
guantitative flow mechanisms within a catchment. The Penman—Monteith equation is given as:

AR,-$)+C,,D./T.
A+y+70r./r.)

LVpWE:

where E is the evaporation rate in volume of water per unit land area per unit time, L, is the
latent heat of vaporization for water, p,, is the density of water, A is the rate of change of vapor
pressure with temperature, R, is the net radiation abovethe surface, S is the subsurface heat
flux, C, is the heat capacity of air, ris the density of air, D, is the vapor pressure deficit in the
air, v is the psychrometer constant, r.is the canopy resistance, and r, is the aerodynamic
resistance between the canopy and a reference height z, at which D, is measured. The vapor
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pressure deficit, D,, is e,* - e,. The equation assumes that the vapor pressure at the effective
evaporating surface, ey, is the saturated vapor pressure at the surface temperature. Then r,
and r, are the two resistances through which water vapor passes as it moves down the vapor
pressuregradient from e, to e,. The canopy resistance, r,, represents resistance to flow of vapor
through the stomates and cuticle of individual leaves and through the air around each leaf to
some effective source height of water vapor in the plant canopy. The aerodynamicresistance,
rs, is @ measure of the turbulent transfer capability of the atmosphere between the effective
source height and z,. The Penman-Monteith equation is derived from the energy balance
equation and the mass transfer equation for sensible and latent heat fluxes.

Evaporation inthe BROOK90 modelis analogous to evapotranspiration (ET) which is the sum of five
(5) components, namely: evaporation of intercepted rain, evaporation of intercepted snow, snow
evaporation, soil evaporation, and transpiration. However, evaporation in the given sites are
concentrated only on three (3) components in the absence of snow effects.

For streamflow, it is derived from the given equation below:

FLOW =SRFL + GWFL

where SRFL is the surface flow, and GWFL is the groundwater flow. Equally, streamflow is
generated using the following simplified processes: storm flow by source area flow or
subsurface pipe-flow and delayed flow from vertical or downslope soil drainage and first-order
groundwater storage.

Meanwhile, groundwater flow is assumed to be a first order reservoir as:

GWFL = GWAT *GSC *(1—GSP)

where GWAT is the groundwater storage below soil layers, GSC is the fraction of groundwater
storage thatis transferred to groundwaterflow and deep seepage (SEEP) daily, and GSP is the
fraction of groundwater discharge produced by GSCthat goes to deep seepage and is not added
to streamflow (FLOW).

Finally, the case of seepage loss is calculated as:
SEEP = GWAT *GSC * GSP

The simulation process was initiated from the evaluation of parameters and collection of weather
data for the catchment. Daily weather data and lumped parameter variable values were the main
inputs for hydrologic model simulation. The program was repeatedly run in much iteration for the
purpose of assessing the water balance of the Maaslum Watershed given the existing conditions
and assumptions.
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Water Balance Distribution of the Maaslum Watershed

Table 2-27 shows thedistribution and partitioning of water balance processes under the Maaslum
Watershed conditions. The average annual rainfall for the three-year period (2013-2015) was 968
mm. On an annual basis, approximately 48% of the precipitation turned into evaporation, 39%
became streamflow, and 13% into seepage loss. Outcome of the streamflow simulation was likely
affected by the increasing rate of surface flow (SRFL) and saturated groundwater flow (GWFL). The
model mechanism assumed that upon reaching the forest floor, rainwater may enter the soil
through infiltration or flow over the surface as overland flow. A large portion of the rainfall
remained as streamflow mainly through SRFL and GWFL, which contributed 37% and 24%,
respectively.

For evaporation, a portion of rain falling on a forest was intercepted by the canopy, the understory
and ground vegetation and then evaporated to the atmosphere. Total evaporation losses within
the Maaslum Watershed accounted for more than 459 mm, which were mainly influenced by
transpiration, interception loss, and soil evaporation.

Regarding the below ground liquid component, the total seepage losses were estimated to be more
or less 122 mm, which were derived from interactions groundwater storage.

The distribution of water balance components was basically reflected on a pronounced seasonal
variation and the fluctuating patternsin rainfall in Negros Oriental (Figure 2-51). It must be noted
that the annual rainfall can be considered as relatively low. Based on the simulation, the mean
monthly streamflows declined from December toJune and following the pattern for mean monthly
rainfall. However, streamflow during the months of Novemberto February increased due to surface
flows that mainly responded to high rainfall events, exceeding soil storage and (or) infiltration
capacity. As a result, an average streamflow of 380 mm was accounted with distinct peak flow that
occurred in November (58 mm) while the lowest peaks were usually recorded during the months
of July to August.

The monthly water distribution demonstrated how evaporation rates affected the streamflow
components of the Maaslum Watershed. Low evaporation losses ranging from 10 — 90 mm
happened fora watershed while monthly evaporation significantly increase for the duration of June
to September. Basically, evaporation losses were mainly controlled by transpiration and
evaporation fromthe intercepted rain throughout the rainy season while evaporation from the soil
dominated during the duration of the dry seasons.

Meanwhile, the simulated seepage losses ranging from 3 to 19 mm did not significantly vary
throughout the year. The proportion of the seepage primarily relied on the soil moisture
antecedent conditions and not on rainfall availability, nor the land cover type.
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Table 2-27. Water Balance Distributions of the Maaslum Watershed in Ayungon, Negros Oriental

Rainfall Streamflow Evaporation Seepage
Month e Amount Streamflow | Amount Eremeen (0 Amount Seepage
(mm) (%) (mm) P “ | (mm) (%)
Jan 83.48 39.10 4.0 12.31 1.3 13.54 1.4
Feb 46.99 37.11 3.8 12.85 1.3 14.03 1.5
Mar 63.75 52.10 5.4 12.21 1.3 14.13 1.5
Apr 15.58 27.62 2.9 10.45 1.1 11.66 1.2
May 47.33 24.64 2.5 26.39 2.7 7.17 0.7
Jun 88.92 15.18 1.6 76.78 7.9 5.88 0.6
Jul 130.71 13.61 1.4 88.19 9.1 3.37 0.3
Aug 66.63 11.93 1.2 84.53 8.7 4.50 0.5
Sep 131.40 19.75 2.0 75.85 7.8 3.76 0.4
Oct 96.85 29.06 3.0 29.43 3.0 8.44 0.9
Nov 134.11 57.90 6.0 17.08 1.8 16.58 1.7
Dec 61.73 52.31 5.4 12.77 1.3 19.33 2.0
Total 967.48 380.30 39.31 458.84 47.43 122.40 12.65
Max 134.11 57.90 5.98 88.19 9.12 19.33 2.00
Min 15.58 11.93 1.23 10.45 1.08 3.37 0.35
SD 37.65 16.01 32.50 5.39
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Figure 2-53. Average Monthly Water Balance (2013—2015) of the Maaslum Watershed in Ayungon, Negros Oriental

Table 2-28. Distribution of Streamflow Components in the Maaslum Watershed

Flow
Surface Ground

Month Flow Percent of Water Elow Percent of Ground | Streamflow | Percent of
(mm) | Surface Flow a(renm)o Water Flow (mm) Streamflow

Jan 7.51 2.0 31.59 8.3 39.10 10.3

Feb 4.37 1.1 32.73 8.6 37.11 9.8

Mar 19.13 5.0 32.97 8.7 52.10 13.7

Apr 0.40 0.1 27.22 7.2 27.62 7.3
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Flow
Surface
Month Flow Percent of SRR Percent of Ground | Streamflow | Percent of
Water Flow
(mm) Surface Flow o Water Flow (mm) Streamflow
May 7.90 2.1 16.74 4.4 24.64 6.5
Jun 1.47 0.4 13.71 3.6 15.18 4.0
Jul 5.73 1.5 7.88 2.1 13.61 3.6
Aug 1.43 0.4 10.50 2.8 11.93 3.1
Sep 10.97 2.9 8.78 2.3 19.75 5.2
Oct 9.37 2.5 19.69 5.2 29.06 7.6
Nov 19.20 5.0 38.69 10.2 57.90 15.2
Dec 7.21 1.9 45.10 11.9 52.31 13.8
Total 94.7 24.9 285.6 75.1 380.3 100.0
Max 19.2 5.0 45.1 11.9 57.9 15.2
Min 0.4 0.1 7.9 2.1 11.9 3.1
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Figure 2-54. Monthly Streamflow Distributions in Maaslum Watershed
Stream Discharge Assessment

The stream discharge of a watershed was assessed based on lumped variables of weather, flow,
canopy, physical and morphometric characteristics. The discharge was converted given the 2310
ha area of a watershed.

Table 2-29 presents the monthly and annual volume of stream discharge of the Maaslum
Watershed. The fluctuation of flow discharges closely followed the availability of rainfall. However,
the amount of streamflow can also be attributed to the watershed size and its biophysical
responses to hydrology. Streamflow increased immediately after the onset of rainfall events. This
increase was shown as the rising limb of the hydrograph from September to November (Figure 2-
55). The maximumdischargein responseto extreme rainfall eventsis referred to as peak flow. The
definition of peak flow depends on the time period of interest (e.g., event, seasonal, annual). The
magnitude of a peak flow is a function of rainstorm duration volume; storm intensity; antecedent
conditions affecting storage opportunities, such as soil moisture, soil characteristics, forest floor
conditions, and canopy wetness; and catchment characteristics, including watershed area,
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topography, and physiography. Generally, low streamflows were simulated for two different years
during months of March to December in 2013 and 2015 due to long dry spell in the area.

Ona monthly basis, the minimum discharge was as low as 1.75 cu m/sec during the month of June
while the highest discharge of about 33.99 cu m/secoccurred during the month of November. The
average monthly stream discharge for a watershed was from 3.19 to 15.48 cu m/sec, which
accounted to 101.68 cu m/sec annual discharges.

Table 2-29. Summary of Streamflow Discharge of the Maaslum Watershed

Month Streamflow Discharge (cu m/sec) ver
on 2013 2014 2015 el
Jan 7.77 871 14.89 10.46
Feb 8.58 12.56 8.63 9.92
Mar 8.55 27.33 591 13.93
Apr 4.4 14.54 3.22 7.39
May 3.29 14.27 2.2 6.59
Jun 2.79 7.64 1.75 4.06
Jul 5.22 3.72 1.97 3.64
Aug 4.49 2.89 2.18 3.19
Sep 3.3 9.53 3.02 5.28
Oct 2.6 17.39 3.31 7.77
Nov 7.41 33.99 5.04 15.48
Dec 8.67 26.58 6.71 13.99
Annual streamflow 67.06 179.15 58.82 101.68
(cu m/sec)
Min 2.6 2.89 1.75 3.19
Max 8.67 33.99 14.89 15.48
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Figure 2-55. Simulated distributions of streamflow discharge for the last three (3) years (2013-2015)

It must be pointed out that the existing silica mining activity does not utilize the surface water of
the Maaslum River. The activities are concentrated on the ground which does not require any water
consumption. The water is mainly used for agricultural farming. Hence, the projected water
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consumption ofthe project will be the same with the current water management practices. There
will be more than enough supply of water from the watershed. The Maaslum Watershed has an
estimated average total discharge of about 101 cubic meters per second that is equivalent to
101,000 liters per second.

Reduction / Depletion of Groundwater Flow

Groundwater flow is the continuous and immediate source of water of the Maaslum Watersh ed.
Table 2-30 presents the monthly groundwater flow discharge. The fluctuation of groundwater flow
did not significantly vary for each month. Basically, increase of groundwater flows were noted for
the duration of November to April, which attributed to the microclimate conditions and soil
moisture of the site. On a monthly basis, the average minimum groundwater flow was as low as
2.11 cu m/sec during the month of July while the highest discharge of about 12.06 cu m/sec
occurred during the month of December. The average groundwater discharge of a watershed was
76.36 cu m/sec.

Table 2-30. Summary of Groundwater Flow of the Maaslum Watershed

Month Ground water flow (cu m/sec)
2013 2014 2015 Average
Jan 5.28 6.13 13.93 8.45
Feb 7.30 10.80 8.15 8.75
Mar 8.47 12.07 5.91 8.81
Apr 4.30 14.36 3.17 7.28
May 3.06 8.16 2.20 4.47
Jun 2.46 7.04 1.51 3.67
Jul 1.97 3.15 1.20 2.11
Aug 4.18 2.76 1.48 2.81
Sep 3.14 2.14 1.77 2.35
Oct 2.02 11.06 2.71 5.26
Nov 4.51 21.93 4.59 10.34
Dec 8.50 22.62 5.06 12.06
Ground water flow 55.20 122.21 51.67 76.36
(cu m/sec)
Min 1.97 2.14 1.20 2.11
Max 8.50 22.62 13.93 12.06
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Figure 2-56. Simulated distributions of groundwater discharge for the last three (3) years (2013-2015)

Generally, the Negros Oriental area has fairly productive groundwater supply. Depletion of ground
water flow will betriggered by theloss of vegetative cover at the site. Impacts that could beinduced
by the plant operations may include depletion of usable water from shallow aquifers; lowering of
water levels in adjacent areas and changes in flow directions within aquifers; contamination of
usable aquifers below plant site due to infiltration or percolation of poor-quality water; and
increased infiltration of precipitation on spoil piles.

In effect, removal of vegetation should be confined only to areas affected by the operation. Thus,
the company should actively participate in the tree planting, reforestation and rehabilitation
programs. Also, remaining patches of forest should be preserved.

It must be noted that the current project does not utilize any groundwater for its operation and
activities. The groundwater availability is utilized mainly for human consumption and agriculture
production purposes. Thegroundwater availability in the project area and its influence area is more
than enough to supply the community households’ consumption and their agricultural farming
activities.

Baseline Climate

Based on Modified Corona’s Classification System, the climate in the area belongs to Typelll which
is characterized by two very distinct seasons (Agpao et al., 1975) (Figure 2-57). The dry season
usually starts in November and ends in April while the wet season begins in May and peaks in July
or August and ends in October.

A total of 68 tropical cyclones passed within 50 km while some 101 cyclones passed within 100 km
in the Negros Island between 1948 and 2015. Weather conditions of the Negros Island are often
experiencing erratic and extreme events. The Negros Island is frequently visited by typhoons or
cyclones. In particular, the area has been experiencing more or less 3 typhoonsayear on average.
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Itis during Novemberand December that the greatest number of cyclones crossed the watersheds
whereas the months of July to September are almost free of tropical cyclones except for a few
cyclones that passed during these months. The tracks of past tropical cyclones in the area are
shown in Figures 2-58.

Type | — Two pronounced
seasons: Dry from November
to April, wet during rest of the

year.

Type Il — No dry season with
- a very pronounced rainfall
from November to April and

wet during rest of the year.

Type lll — Seasons are not
very pronounced; relatively
- dry from November to April,

wet during rest of the year.

Type IV — Rainfall is more or
less evenly distributed through
the year.

(Source: PAGASA)

Figure 2-57. Climate Map of the Philippines
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Figure 2-58. Tracks of tropical cyclones that crossed the province of Negros Occidental and within 50 km from
boundaries

Climate scenario for Negros in 2020 and 2050

Inorder to assess future vulnerabilities to hazards, projections of future changes in rainfall in 2020
and 2050 were prepared by the PAGASA using the CNRM-CM3 model (also known as CNCM3
model) with two (2) scenarios. CNRM-CM3 coupled generation circulation model is the sum of the
updated version of the different model components already presentin CNRM-CM2 (Salas-Melia et
al., 2005).

In this assessment, the model outputs under the two (2) scenarios were within a planning horizon
of up to 2050. Outputs of the model under the A1B and A2 scenarios will only diverge after 2050
due to the long lifetimes of the greenhouse gases. The outputs of the model run for the observed
monthly, and changesin the monthly rainfall bothin 2020 and 2050 were used in the vulnerability
assessments.
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The simulated monthly rainfall ranges from 29 mm to 652 mm. The mean monthly rainfall of two
scenarios (A1B and A2) was not significantly different from each period. The driest month, April,
still sees on average, over 62 mm of precipitation per year. The wettest months are August and
December with a monthly mean of more than 300 mm (Figure 2-58 and Table 2-31).

In particular, the monthly precipitation fluctuated each month for two (2) periods. However, the
most distinct changes were predicted to be in the 2020s period under A2 scenario where the
months of May, August and December had indicated a potential decrease. Other periods closely
followed the trends and patterns. Overall, an increase of annual rainfall was predicted in each
scenario for two (2) periods (Table 2-32).
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Figure 2-59. Observed and projected monthly rainfall in Negros Island

Table 2-31. Projected rainfall based on CNCM3 model with two scenarios

Month Observed AlB A2
2020 2050 2020 2050
Jan 176.3 176.0 182.4 182.5 140.9
Feb 117.5 243.2 127.1 65.2 167.9
Mar 114.5 115.5 127.8 129.2 193.0
Apr 98.2 73.9 117.3 95.9 70.5
May 168.3 353.7 202.5 140.1 2289
Jun 274.5 225.5 315.4 314.4 149.8
Jul 305.1 178.2 353.7 267.8 159.0
Aug 3536 418.8 402.7 533.1 202.8
Sep 239.9 264.4 293.2 332.9 364.0
Oct 258.1 272.3 261.7 328.6 302.0
Nov 219.1 312.2 2442 194.2 265.9
Dec 278.0 400.9 312.7 241.5 262.5
Total 2603.1 3,034.5 2,940.8 2,825.3 2,507.2
Min 98.2 73.9 117.3 65.2 70.5
Max 353.6 418.8 402.7 533.1 364.0
SD 82.14 176.0 182.4 182.5 140.9
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Ave 216.9 243.2 127.1 | 65.2 | 167.9 |

Table 2-32. Estimated changes in average monthly rainfall by 2020 and 2050

Al A2
Month
2020 2050 2020 2050
Jan 0 3 3 -20
Feb 107 8 -45 43
Mar 1 12 13 69
Apr -25 19 -2 -28
May 110 20 -17 36
Jun -18 15 15 -45
Jul -42 16 -12 -48
Aug 18 14 51 -43
Sep 10 22 39 52
Oct 6 1 27 17
Nov 43 11 -11 21
Dec 44 12 -13 -6
Total 17 13 9 -4

2. Oceanography

The Tafion Strait, the largest protected seascape in the Philippines is located about eight (8)
kilometers east of the quarry site. The distance from the project site to the ocean which is estimated
at eight (8) kilometers would not have much impact on the oceanic ecosystem.

The proponent has also provided various mitigation measure including silt ponds andretaining walls
to ensure that silt would not be deposited on the river systems.

3. Water Quality

Baseline Conditions of Surfacewater and Groundwater Quality

The river water quality samples were taken from four (4) sampling stations identified along the
stretch of Maaslum River and one (1) sampling station along Gomentoc River. Station SW-01 was
chosen due to its proximity of the area to the upper portion of the existing quarrying. Station SW -
02 was chosen as a sampling station since it is directly below the other side of the quarrying area.
It is importantto note that Stations SW-01 and SW-02 do not meet. The consideration of the two
(2) stations will provide better inference on the possible source of contamination in the future.

Station SW-03, ontheotherhandis the confluence of Stations SW-01 and SW-02.Station SW-04is
alonga different river system (Gomentoc River). This will serveas a control pointto check whether
the possible degradation of water quality along Station SW-05is caused by the quarrying or by point
sources from the households. Station SW-05 is the confluence of Maaslum and Gomentoc River.

In terms of groundwater sampling, two (2) stations were identified to represent the groundwater
within the project area. Sampling points are based on the existing well and spring. Station GW-01
is a spring located in the nearby hills while Station GW-02 is an artesian well located near the
highway of Ayungon.
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Sampling activity was conducted on April 28,2016 for the dry seasonand August 21,2017 for the
wet season. Results of the sampling activity are discussed in the following subsections.

Table 2-33. Methods for Water Quality Sampling

Parameter Approved Method of Analysis Source*®
Temperature In situ measurement (Thermostat) S,G
pH In situ measurement (Glass Electrode Method) S,G
Conductivity In situ measurement S,G
Dissolved oxygen (DO) In situ measurement (Membrane electrode method) S,G
Total Suspended Solids (TSS) Gravimetric (Filtration and Drying at 1032C — 1059C) S,G
Turbidity Nephelometric S
Biochemical Oxygen Demand (BOD) | Azide Modification (Dilution Technique) S,G
Chemical Oxygen Demand (COD) Closed Reflux - Colorimetric S,G
Oil and Grease Partition Gravimetric (Petroleum Ether Extraction) S
Sulfate Turbidimetric S
Alkalinity Titrimetric S
Cr* Diphenyl Carbazine Colorimetric Method S
As Hydride Generation AAS S
Ca EDA Titrimetric S
Fe, Pb, Mg, Ni, Cd, Na Atomic Absorption Spectrophotometry S
Hg Cold Vapor Technique S
CN Selective Electrode Method G
Fecal Coliform Multiple Tube Fermentation Technique S,G
Total Coliform Multiple Tube Fermentation Technique S,G
E. Coli Pour Plate Method S,G
HPC Pour Plate Method G

Note: *S-surface water; G-groundwater

The results of the water quality analyses were assessed based on the local guidelines set by DENR
Administrative Order (DAQO) No. 08 series of 2016. The DAO 2016-08 describes the classification
andthe beneficial use of fresh water and coastal/marine water bodies in the Philippines. This DAO
prescribes the water quality guideline criteria for a freshwater body and groundwater
corresponding to its designated best use.

Maaslum River and GomentocRiver are not yet classified by the DENR. However, for the purpose
of referencing its water quality with the DAO 2016-08 criteria, the results were compared against
the criteria for its observed beneficial use. The assumed classification guideline for Maaslum River
and GomentocRiver is both Class C which is best used for the propagation and growth of fish and
other aquatic organisms and recreation.

In terms of the groundwater quality analysis, the laboratory results were compared to the
guidelines for a Class A river as Section 6.2 of DAO 2016-08 prescribes that groundwater used as
potable water and other domestic use will adoptthe guideline of a Class A river with exception to
BOD and DO.

Results and Discussion

Surface Water Quality

22 BERKMAN

Table 2-34 presents the summary of the river water quality results (i.e. physical, chemical and
bacteriological) from thefive (5) water sampling stations. Theresult of thewet and dry seasons was
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presented together to provide a comparative view of the laboratory analysis results. The

observations noted during thetime of sampling are summarized and the Certificates of Analysis are
presented in Annex 8.

Water quality characteristics during wet and dry season’s samplings are as follows:

22 BERKMAN

The temperature at five (5) stations passed the set environmental standards (25 °C —
31 °C) except duringsummer (37 °C) at Station 5. The increase in temperature at this
station can be attributed to the location and amount of discharge wherein directly
expose to sunlight with low streamflow.

The pH levels failed to meet the set environmental standards (6.5 — 9.0) at four (4)
upstream stations during the dry and wet seasons. The pH level in the downstream
(SW-04) is within the set standards. The acidity of the surface water in the upstream
ranges from slightly to extremely acidic. This can be attributed to the ground surface
disruption and silica mining exploration in the areas.

All DO concentrations passed with the set minimum standard (5mg/L) for Class C of
DAO 2016-08. The increased level of DO in the Maaslum and Gomentoc Rivers
indicates that there is a good oxygen level circulating in the water. The water has
sufficient oxygen to sustain aerobic organisms. The presence of good DO levels
indicates that the river water is still a good thriving environment for aquatic life.

TSS amounts passed the set standards except at Station 5 (168 mg/L) during the
summer season. High TSS amounts in the said stations can be attributed to the
decaying plant and animal matter, and sewage into the river. High TSSin a water body
can often mean higher concentrations of bacteria and nutrients in the water. It can
also cause DO levels to fall even further and can harm aquatic life in many other ways.

Turbidity values ranging from 0.10 - 57 NTU in all stations passed the set standards (75
NTU).

BOD concentrations passed the set standards (7 mg/L) in all stations and seasons
except at SW-05 station (20 mg/L). In particular, BOD directly affects the amount of
dissolved oxygenintheriver. The greater the BOD, the morerapidly oxygen is depleted
in the river. This means less oxygen is available to higher forms of aquatic life.

COD amounts ranged from 5 to 35 mg/L during the two (2) seasons baseline
measurements. There are no set environmental standards for COD.

QOil and grease levels ranging from <1 to 1 mg/L and below to the set standards.
Sulfate levels are below the set standards (275 mg/L) in all stations.

Alkalinity (CaCO3) levels ranging from <1 to 84 mg/L in all stations. There is no set
standard for alkalinity.

Chromium levels are abovethe set standardin all stationsduringthe summerseason
except at station SW-02. However, chromium levels are below the set standard in all
stations during the rainy season. The concentration of Cr+6 could be triggered by the
acidic condition of the water which oxidizes the natural soil into a hexavalent form

and/orcould be attributed to the existing quarrying operation upstream of the station.
Likewise, Cr+6 is an odorless and tasteless metallic element. It is found naturally in
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rocks, plants, soiland volcanic dust, and animals. Prolonged exposureto elevated level
of Cr+6 could trigger lung cancer, irritation to nose, throat, eye and skin. This could
severely affect the direct receptor of the water such as the employees and the
residents of immediate barangay. The mandatory monitoringof CR+6 in surface water
and ground water will be included as part of monitoring requirement.

Calcium levels accounted in the Maaslum Riverare within the range of <1 to 174 mg/L
There is no set standard of the Ca for Class C water.

Iron levels are above standards (1.5 mg/L)in SW-01 and SW-03 stations during the wet
season. This can be attributed to the surface runoff from the mining areas.

Higher magnesium levels are observed during the summer season as compared to rainy
season magnesium levels. Thereis no set standard ofthe magnesium for Class C water.

There was no trace of lead, arsenic, nickel, and cadmium in all sampling stations.

Sodium levels accounted in the Maaslum River are within the range of <1 to 4.1 mg/L
There is no set standard of the sodium for Class C water.

There is a trace of mercury level at SW-04 accounted for 1.76 mg/L, which is located
part of the Gomentoc River, during the rainy season. This can be attributed to the
settlements along the riverbank and their domestic wastes. It must be noted that the
station (SW-04)is near a bridge, adjacent to a road and houses. Other stations given
the two seasons passed to the set standards.

There is a high total coliform count which are up to 7,000,000 MPN/100 ml presence
during the summer season at SW-05 of the Maaslum River. The Gomentoc River also
accounted for a high total coliform during the rainy season. This could be due to the
agricultural and other domesticactivities, and settlements along the riverbanks of the
upstream and downstream portions.
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Figure 2-60. Sampling Stations for Physico-Chemical Characterization of Surface Water and Groundwater (Source: NAMRIA, HOLCIM, MPDO Ayungon)
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Table 2-34. Physical, Chemical and Bacteriological Characteristics of the Water

Maaslum Gomentoc DAO 2016-
p . SW-01 SW-02 SW-03 SW-05 SW-04 18 Class C
arameter Unit 28/Apr/16 | 21/Aug/17 | 28/Apr/16 | 21/Aug/17 | 28/Apr/16 | 21/Aug/17 | 28/Apr/16 | 21/Aug/17 | 28/Apr/16 | 21/Aug/1l7 | Guideline
8:45AM 7:02AM 9:00AM 7:25AM 10:10AM 9:20AM 11:00AM | 10:25AM | 10:40AM 9:43AM Value
Temperaturel Celsius 27.3 24.8 29.6 26.3 29.7 25.7 37.0 26.8 34.0 27.6 25-31
pH - 3.04 3.9 3.44 4.6 3.39 4.2 8.00 6.53* 6.16 6.44* 6.5-9.0
Dissolved mg/L 8.37 7.40 7.80 6.46 6.20 7.14 6.8 6.19 5.20 6.20 5
oxygen (DO)?
Total mg/L <5 22 <5 <5 <5 <5 168 <5 24 44 80
Suspended
Solids (TSS)
Turbidity NTU 0.10 6.41 0.16 0.20 0.70 0.20 56.30 10.34 12.66 14.35 -
Biochemical mg/L 4 6 2 3 2 3 20 6 3 9 7
Oxygen
Demand (BOD)
Chemical mg/L 6 13 5 6 5 6 35 28 10 17 -
Oxygen
Demand (COD)
Oil and Grease mg/L <1 <1 <1 1 <1 1 <1 <1 <1 <1 2
Sulfate (SOa) mg/L 225.0 80.2 146.0 25.6 166.8 25.6 173.0 95.4 73.4 10.3 275
Alkalinity mg/L <1 <1 <1 <1 <1 <1 61 31 84 <1 -
(CaCO3)
Cr+¢ mg/L 0.08 <0.002 0.05 <0.002 0.13 <0.002 0.27 <0.002 0.33 <0.002 0.01
As mg/L <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 <0.001 0.02
Ca mg/L 26 <1 17 <1 36 <1 32 68 20 174 -
Fe mg/L 0.81 1.25 0.22 0.18 0.60 27.6 0.46 0.81 0.85 1.43 1.5
Pb mg/L <0.03 <0.03 <0.03 <0.03 <0.03 <0.003 <0.03 <0.03 <0.03 <0.03 0.05
Mg mg/L 2.43 0.77 1.39 0.77 2.38 0.76 2.39 0.91 2.35 0.84 -
Ni mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.2
Cd mg/L <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.005
Na mg/L 3.9 1.76 3.9 1.75 3.8 1.76 4.1 2.51 3.8 <0.0006 -
Hg mg/L <0.0006 <0.0006 <0.0006 <0.0006 <0.0006 0.0010 0.0027 <0.0006 0.0011 1.76 0.002
Fecal Coliform | MPN/100ml <1.8 790 <1.8 2,300 230 2,300,000 3,300,000 350,000 1,100 79,000 200

1The natural background temperature as determined by EMB shall prevail if the temperature is lower or higher than the WQG; provided that the maximum increase is only up to 10% and that it will not cause any risk to human
health.

2 Sanpling taken between 9:00AM and 4:00PM
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Maaslum Gomentoc DAO 2016-
Parameter Unit SW-01 SW-02 SW-03 SW-05 SW-04 18 Class C
28/Apr/16 | 21/Aug/17 | 28/Apr/16 | 21/Aug/17 | 28/Apr/16 | 21/Aug/17 | 28/Apr/16 | 21/Aug/17 | 28/Apr/16 | 21/Aug/17 | Guideline
8:45AM 7:02AM 9:00AM 7:25AM 10:10AM 9:20AM 11:00AM 10:25AM 10:40AM 9:43AM Value
Total Coliform MPN/100m| <1.8 1,300 <1.8 2,300 230 2,300,000 7,000,000 1,600,000 1,100 240,000 -
E. Coli - Negative Positive Negative Positive Positive Positive Positive Positive Positive Positive -
Table 2-35. Field Observations of the River Water Sampling Stations
Station ID Name and Location of Description of Sampling Station Geographical
tation Water Body Dry Season Wet Season Coordinates
SW-01 Maaslum River at Sitio The river is being used for swimming of the | The weather was overcast during the sampling | 9251.506’ N
llaya community and bathing of cows. There is | time. An odor of sulfur can be distinguished in the | 123204.644’ E
presence of boulders; vegetated (trees and | area indicating that a sulfur vent is nearby. The
bamboos) riverbanks; brown sediments and | boulders are brown, and the river is silted.
presence of algae.
There are people doing laundry in the area,
Upstream of SW-01 is the Twin Falls and a source | present vegetation and water striders.
of sulfur vent.
The river flow is slightly laminar and there is an
The river has medium flow and is about 0.1m | indication of turbid water.
deep. The water is clear and has no odor.
SW-02 Maaslum River (tributary) The SW-02 is located downstream of the | The area is heavily silted which reduced the river | 9251.310° N

at Sitio Panagan quarrying site and near a spillway. flow. 123204.941'E

During the sampling, there is a presence of small
scale burning in the upstream portion of the area.
The location is vegetated and has a brown silts
and algae. There are boulders in the river and
dusty.

The flow condition of the river is medium and is
about 0.1m in depth. The water is clear and has
no foul odor. This area does not immediately
meet with the river system of SW-01.

Cows and goats are present in the upstream
portion of the sampling station. The riverbanks
are vegetated and there are water striders
observed in some pockets of the river (particularly
on the pond area).

There is an active rear erosion on the side of the
river.
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Name and Location of

Description of Sampling Station

Geographical

Station ID Water Body Dry Season Wet Season Coordinates
SW-03 Maaslum River The SW-03 is located at the broken Bridge and | The area has boulders within the river; vegetated | 9251.505" N
downstream of where SW-01 and SW-02 meet. riverbanks; settlements upstream; and presence | 1239205.254' E
of agricultural practices.
Similar to the condition of the rivers upstream,
this station has boulders, brown silts, and | The flow in this station is fast due to the weather
vegetated riverbanks and has presence of algae. condition during the sampling (raining) which
The river flow in this portion is fast, has clear | caused the water to become brown and turbid.
water and is shallow.
SW-04 Gomentoc River at The river is used for washing cows. The water is | The river in this area has medium flow. The | 9251.221’N
Barangay Gomentoc turbid and is populated with water lilies making | riverbanks are vegetated and have small pockets [ 123207.689" E
the flow laminar. used for agriculture.
The station (SW-04) is near a bridge, adjacent to a | There are settlements near the river which also
road and houses. The riverbank is vegetated. keep livestock. The water is turbid.
SW-05 Maaslum River at Barangay | The sampling station (SW-05) is the place where | The height of the river is high due to the weather | 9251.568' N

Tampocon

the waters from SW-03 and SW-04 mix/meet.

There isan existing dike in the river and during the
time of the sampling, there is an on-going gravel
mining and trucks are plying in and out of the
river.

The river is shallow and can be seen with patches
of vegetation and small fishes.

The water is turbid and has a laminar flow.

condition and the tidal schedule. This area is near
the mouth of the river where it meets the sea.

The sampling area is in a brackish water, has nipa
plants and other vegetations, and within a
completed flood wall.

123208.159'E
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Table 2-36. Site Photographs

Photo

Station ID | Name and Location of Water Body

Dry Season Wet Season

SW-01 Maaslum River at Sitio Ilaya
SW-02 Maaslum River (tributary) at Sitio
Panagan
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Photo

Station ID | Name and Location of Water Body

Dry Season Wet Season

SW-03 Maaslum River
SW-04 Gomentoc River at Barangay
Gomentoc
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Photo

Station ID | Name and Location of Water Body

Dry Season

SW-05 Maaslum River at Barangay
Tampocon
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Groundwater Quality

Table 2-37 presents the summary of the groundwater quality results (i.e. physical, chemical and
bacteriological) from the two (2) groundwater sampling stations while Table 2-38 summarizes the
observations gathered on the surrounding ofthe sampling stations. The Certificates of Analysis are

presented in Annex 8.

Table 2-37. Physical, Chemical and Bacteriological Characteristics of the Water

GW-01 GW-02 DAO 2016-18
Parameter Unit 28/Apr/16 | 21/Aug/17 | 28/Apr/16 | 21/Aug/17 GE'iZS:“ﬁ‘e
9:45AM 8:10AM 11:20AM | 10:45AM Value3

Temperature? Celsius 29.37 26.80 29.6 29.1 26-30

pH - 5.76 7.02%* 7.42 7.87** 6.5-8.5

Conductivity mS 88.77 0.165** 1.037 0.850** -

Dissolved oxygen (DO)? mg/L 6.0 5.88 2.3 1.52 -

Total Suspended Solids mg/L <5 8 <5 <5 50

(TSS)

Biochemical Oxygen mg/L 2 2 6 2 -

Demand (BOD)

Chemical Oxygen mg/L 11 10 7 7 -

Demand (COD)

CN mg/L <0.025 <0.025 <0.025 <0.025 0.07

Fecal Coliform MPN/100ml 4.6 >8.0 <11 >8.0 <11

Total Coliform MPN/100ml 4.6 >8.0 <1.1 >8.0 <1.1%*

E. Coli - Positive Positive Negative Positive -

HPC CFU/mL 286 2,400 141 5,700 <500*
Notes:

Red font Failure to conform to the guideline value
“ no guideline value specified
“ox adopted from PNSDW

Bkt tested at laboratory

Groundwater quality characteristics during wet and dry season’s samplings are as follows:

e Thetemperature in both stations are found within the set environmental standards (26 °C
—30°C) for Class A guideline.

e pHin both stationsis found within the set environmentalstandards (6.5 —8.5) for Class A
guideline. Although, the station GW-01 is observed the acidic water during the dry season
with pH 5.76 which could be due to the influence of the naturally occurring rocks
surrounding the sampling station. The pH during wet season samplingbecame 7.02 dueto
the difference in the weather condition.

e TSS amounts passed the set standards except in both station 5 (50 mg/L) during the
summer and wet season.

e BOD levels accounted in the two (2) stations are found within the range of 2 to 6 mg/L.
There is no set standard of the BOD for the Class A guideline.

3 Adopted Class A guideline due to the use of groundwater as potable water and other domestic use

4The natural background temperature as determined by EMB shall prevail if the temperature is lower or higher than the WQG;
provided that the maximum increase is only up to 10% and that it will not cause any risk to human health.

> Sampling taken between 9:00AM and 4:00PM
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COD levels accounted in the two (2) stations are found within the range of 7 to 11 mg/L.
There is no set standard of the COD for the Class A guideline.

The presence of fecal and total coliform in the water is found which makes the water
unsuitable for human consumption without treatment. The two stations are also positive
for E. coli bacteria. It should be noted that this could be due to the presence of pipes
installed by the local water district as HPCs usually thrive in the pipes. The potential
increase of HPC countis broughtabout by the installation of these pipes which can result
in the formation of biofilms.
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Table 2-38. Field Observations of the Groundwater Sampling Stations

Name and Description of Sampling Station EesmmEiice
Station ID Photo Location of .
Dry Season Wet Season Coordinates
Water Body
GW-01 Spring at The sampling station | The water sample in this | 9251.199’ N
Sitio (GW-01) is located | station is clear (interms of | 123205.334’E
Binatkan 325mals. Currently, the | color) with some
spring is being utilized by | suspended particles. 325 masl
the local water district
and has installed water | There are some patches
pipes. of settlements below the
sampling station.
There is a small portion or
opening at the source | Vegetation is still present
where water sampling | in the area and the source
was done. The vicinity of | of water is concretized.
the spring is concretized.
GW-02 Beside GW-02 is located beside | Similar observation in the | 9250.940’ N
Municipal the municipal road and is | area. No changes | 123908.306" E
Road owned by the vulcanizing | observed in the vicinity.
shop owner beside it. It is
being used for drinking
and other domestic use.
The pump well was said to
have been established
since the 1970s.
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Impact Analysis and Mitigation of Ground Water and Surface Water Quality Degradation

The project would have the mostimpact on surface water quality. However, it is also expected that
water quality would be affected as well. For this purpose, baseline environmental water quality
assessments have been made for the existing water bodies that would be most affected. In this
case, the Maaslum and GomentocRivers were sampled for water quality parameters. This baseline
would be compared to the conditions of the river during project operations.

Table 2-39. Summary of Water Quality Assessments Conducted
Parameters Surface Water Groundwater
Vv
v
v

BOD

COD

TSS

Oil and Grease
Turbidity
Sulfate
Alkalinity

Cr+6

Na, Ca

As, Fe, Pb, Mg, Ni, Cd
Hg

CN

E. Coli

Total Coliform

lalalalalalalalalalw

<

<~

Fecal Coliform
HPC

<
SSISS]S

Mitigation measures would both engineering and vegetative measures that would reduce
sedimentation of the existing water bodies.

Degradation of Groundwater Quality

The sampling for oil and grease, Hg, Pb, Cd, As and Cr was not done for groundwater since these
parameters were already analyzed for surface water. The major consideration for this activity is
that the quarry operation is a simple cut and grab operation of silica and does not entail the
production of effluents and pollutants containing oil and grease, Hg, Pb, Cd, As and Cr.

Degradation of Coastal/ Marine Water Quality

The project site is very far from any coastal/marine body of water. As such, this section is not
relevant to this EPRMP.

Circulation/ Plume Modellingfor Required Discharges, Leaks/ Spills Worst Case Scenario of Failure of WTF
and other Emergency/ Accident Scenarios for Facilities with Structures in Water Bodies

A circulation/plume modelling for required discharges, leaks/spills worst case scenario is not
required considering the kind of mining method that is employed which is strip mining. As soon as
the silica has been extracted, the material is brought to a staging area near the wharf which is then
loaded to a barge. Thus, the possibility of leaks/spills scenario is quite farfetched.
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Aquifer (Groundwater) Vulnerability Assessment/ Groundwater Modelling

It must be noted thatthe expansion of the ECC coverage for the quarry is based on strip mining of
the existing deposits of silica in the mountain relief at a maximum of 700 masl but will not go below
200masl. Thus, therewould be no adverseimpact to aquifer (groundwater) since the operation will
not go beyond the watertable. Figure 2-60 shows the sampling sites for monitoring purposes based
on this assessment.

Table 2-40. Sampling Coordinates: Proposed Sampling Sites for Groundwater Monitoring

Sampling Stations Coordinates
GS 1 9°51'3.926"N / 123° 4'34.358"E
GS 2 9°51'56.727"N / 123°4'31.617"E
GS 3 9°50'36.515"N / 123°4'20.481"E
GS 4 9°50'26.232"N/ 123°4'57.144"E

Sediment Transport Modelling

A sediment transport modelling was donefor Ayungon using GIS and remote sensing data. Manual
segmentation approach was done from the classified mining areas that were imported from
Landsat Imageries. Catchments and outflow points were identified using flow tracing analysis of
SAGA. Upon loading the Digital Elevation Model (DEM) of the study site, the flow accumulation
process using thesink filled DEM and the classified mining area was run by SAGA in order to forecast
the flow accumulation. Flow visualization was then followed as shown in the succeeding figures
(please refer to Annex 25 for the Sediment Transport Modelling Report). Three dimensionalimages
with different views are also shown for each satellite data. The flow accumulation forecast based
on the identified mined areas  are classified into three categories. From white (least likely to
accumulate) to dark blue (most likely to accumulate) indicating the likelihood of sediment
transportation. The computation of areas in hectares of the flow accumulation inside the project
area are also shown in the said figures. It can be noticed that on the average, 18 hectares of land
out of the total 505 hectares of the project area is expected to have most likely the accumulation
of sediments brought about by silica mining.

Please see Annex 25 for the Sediment Transport Modelling for the Ayungon Mining Site.
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Figure 2-61. Proposed Sampling Sites for Groundwater Monitoring (Source: NAMRIA, HOLCIM, DENR-FMB, BSWM, MPDO-Ayungon)
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4. Freshwater Ecology

Ecological assessment of the freshwater environment was conducted in two (2) different seasons,
wet and dry, to properly identify the baseline condition of the freshwater body located adjacent to
the project site and the possible effect of its operation to the identified waterbody.

The sampling activities were conducted on May 18, 2016 for the dry season and August 23, 2017
for the wet season. Results of the sampling are discussed in the succeeding sections of this report.
Location of samplings are shown in Table 2-41.

Table 2-41. Sampling Coordinates

Sampling Stations Coordinates
FW 1 - Upstream of the Quarry Site, Barangay Maaslum 9°51'30.35"N/ 123°4'38.64"E
FW 2 - Adjacent to Quarry Site, Barangay Maaslum 9°51'18.61"N/ 123°4'56.46"E
FW 3 - Barangay Maaslum 9°51'30.31"N/ 123°5'15.25"E
FW 4 - Brgy. Gomentoc 9°51'13.21"N / 123° 7'41.34"E
FW 5 - Brgy. Poblacion 9°51'34.09"N /123°8'9.53"E
Methodology
Plankton

Plankton samples were collected usinga 20 um plankton net with a mouth diameter of 0.3 meter.
In every station, scooping technique was employed especially in shallow river and streams. A total
of 10L water samples were collected and concentrated in the plankton net. Duplicate samples of
zoo- and phytoplankton will be collected for each station and placed in properly labelled plastic
containers. Phytoplankton samples were preserved with Lugols solution, while samples of
zooplankton were fixed with 10% formalin immediately after collection. All samples were
gravimetrically settled, and excess liquid was carefully decanted until about 20 ml of the samples
are left. Forphytoplanktonsamples, a Imlaliquot subsample was placed in a Sedgewick-Rafter cell
counter and was examined undera Nikon Alphaphot Il YS2 microscope. For zooplankton samples,
a Imlaliquot subsample was placed in a petri dish with grids and examined under a microscope.
Phytoplankton was counted and identified to the lowest taxonomic level possible using standard
taxonomic guide. Zooplankton was identified to major groups using available references.

Periphyton

Periphyton was collected by scraping the surfaces of three rocks (approximately of the same sizes)
by a blunt blade or brush. The scrapings were directly placed into a sampling bottle in replicates
and fixed with Lugol solution. The bottle was then shaken vigorously until all the materials will be
fully suspended and homogenized. Siltation and pollution indices were computed and used as
reference to infer ecological conditions and biological integrity of the sampling stations (Bahls
1993).

Epibenthic Fauna (Macroinvertebrates or Macrobenthos)

A macro-invertebrate survey was conducted in exposed and shallow submerged portions of the
river where ideal conditions exist for the presence of macroinvertebrates. Since
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macroinvertebrates, like mollusks and bivalves, are sessile organisms, they are usually used for the
assessment of site-specific effects. Their sedentary nature allows effective analyses of pollutants
and effects of benthicdisturbance. Macroinvertebrates were collected usinga rectangular kick net
with a mesh size of 500um at the riffle sections of each sampling stations. In riverine flats,
streambeds and riverbanks, sampling points/cores (depending on the expanse of the area) will be
randomly established. After the collection, a coarse macro-invertebrateidentification was done by
hand-sorting the visible macro-benthic organisms from the sediment.

Fisheries Resource Use Profiling

Information was gathered to describe dominant fisheries resources and practices; including
information on fishing gears, catch rates and catch effort, fisheries-dependent livelihoods, fishing
grounds and collection of important macro-invertebrates focusing on commercially important
species of shellfish in the River. Through key informants, identification of known fish or shellfish
spawning, and nursery grounds will also be conducted, if any.

Freshwater Study Results

Plankton

Plankton are free-drifting organisms typically found in the upper layers of the water column. They
are often important components at the lower base of marine and aquatic food webs. Changes in
ecological conditions in a stream often lead to changes in the community structure of planktons.
Being at based of the food chain, they are among the first to be affected when the freshwater
environment is disturbed either by anthropogenic or natural events.

In this sampling, a total of 33 plankton taxa were identified belonging to six major groups i.e.
Bacillariophytes (diatoms) with 14 genera, Chlorophytes (green algae) with 8 genera,
Euglenophytes with 3 groups, Dinophytes (dinoflagellates) with one (1) specie, Cyanophyte with
one (1) genus and zooplankton (animal-like plankton) with six (6) groups. Overall, the most
dominant group was diatom accounting for 57% of the plankton community (). This was followed
by green algae accounting for 16%, euglenoids for 12%, cyanobacteria 11%, zooplankton for 4%
and the least represented group, dinoflagellates for only less than 1%. Among the diatoms, the
Fragillaria was the most abundant constituting 38% of the total plankton count. For green algae,
the genus Staurastrum represented the bulk of this group accounting for almost 6%. The only
cyanobacteria genus observed during this sampling was Oscillatoria which constituted 11%. For
euglenophytes, three (3) genera were identified butthe most significant genus was Euglena which
contributed 8% to the plankton community. The only dinoflagellates species identified was
Ceratium hirudinella but almost negligible with relative abundance of 0.17%.
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Figure 2-62. Freshwater Ecology Sampling Stations for Wet and Dry Season (Source: NAMRIA, HOLCIM, MPDO-Ayungon)
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Figure 2-63. Percentage Composition of Major Plankton Groups Recorded in Maaslum River during the Wet Season
Sampling

The only potentially harmful microalgal species found in the river are Oscillatoria which are
reported as toxic (Carmichael, 1992). However, the cell density of this species was very low
indicative low nutrient water condition. Cyanobacteria blooms usually occur in highly eutrophic
stagnant bodies of water. The pollution tolerant genera observed in this survey include Oscillatoria,
Synedra, Navicula, Nitzschia and Euglena. Other important phytoplankton genera were Synedra,
and Fragillaria. Blooms of Synedra and Fragillaria have been recorded to block canals and clog
filters especially in water treatment facilities.

Table 2-42. Plankton abundance and composition (cells or ind/L)

Stations Grand Relative
Taxa FWL1 | FW2 | FW3 | FW4 | FWS Total Abundance
Cyanobacteria 60 110 | 1,210 213 1,360 2,953 11.06
Oscillatoria 60 110 | 1,210 213 1,360 2,953 11.06
Diatoms 555 70 825 | 6,400 | 7,280 15,130 56.68
Amphora 1,413 1,413 5.29
Aulacosierra 285 30 330 645 2.42
Bacillaria 560 560 2.10
Closterium 30 220 240 80 570 2.14
Coscinodiscus 45 240 285 1.07
Cymbella 53 53 0.20
Fragillaria 275 5,493 4,320 10,088 37.79
Melosira 60 20 240 320 1.20
Navicula 187 347 533 2.00
Nitzschia 27 27 0.10
Pleurosigma 60 60 0.22
Rhizosolenia 30 30 0.11
Surirella 45 20 133 267 465 1.74
Syndera 53 53 0.20
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Taxa Stations Grand Relative
FW1 | FW2 FW3 FW4 FW5 Total Abundance

Terpsinoe 80 80 0.30
Dinoflagellates 20 27 47 0.17
Cerartium hirudiniella 20 27 47 0.17
Euglenophyte 3,040 107 3,147 11.79
Euglena 2,080 2,080 7.79
Phacus 293 107 400 1.50
Trachelomonas 667 667 2.50
Green algae 60 920 935 1,573 827 4,315 16.16
Cosmarium 640 640 2.40
Geminella 30 107 137 0.51
Mougetia 30 30 0.11
Oedegonium 30 50 935 1,015 3.80
Pandorina 240 187 427 1.60
Spirogyra 507 507 1.90
Staurustrum 840 27 640 1,507 5.64
Zooplankton 137 20 110 293 560 1,103 4.13
Arcellidae (Protozoan) 30 110 133 273 1.02
Calanoid Copepod 35 30 0.11
Loricate rotifer 20 20 0.07
Nauplius 27 267 347 643 2.41
Nematode larvae 80 80 0.30
Rotifer (Branchionus) 45 27 57 0.21
Grand Total 752 | 1,140 | 3,080 | 11,547 | 10,133 26,695 100
Mean Abundance 58 127 513 577 676
Richness 14 9 6 20 15
Evenness 0.86 | 0.48 | 0.83 0.63 0.72
Diversity 2.27 | 1.06 | 1.49 1.90 1.94

22 BERKMAN

Generally, the stations sampled in the upstream, midstream and downstream (Stations FW1-3) of
Maaslum River were poorin plankton with only 6 to 14 genera/groups observed. Abundance-wise,
they were also low compared to station FW 4 and FW5. Sediments carried down from soil erosion
due to existing quarry operation and construction-related activities such as land clearing activities
and stockpiles may end up as runoff to nearby sections of Maaslum River, if not effectively
managed, especially during storm and heavy rains which may affect the existence of identified
species and their habitat.

Due to soil erosion especially during wet season, increased in water turbidity and stream flow
obstruction affect the plankton community. This might explain why this station was depauperate
with these organisms. Station 4 was the most taxarich and harbors the most abundant of plankters
with 11,547 cells/individual per liter. It is evident that this tributary (FW4) is still relatively
productiveriver since the local community could still benefits from fisheries resources in this body
of water (see macrobenthos and fish section for additional discussion). It is worth noting that
Station 5 can still be considered as another downstream station of Maaslum river since it is still
connected (see map) but being brackish waterbody, it has different conditions for plankton
community thriving in this habitat compared to the three (3)stations (1-3)located near the project.
Station 2 had the highest number of Fragillaria at 5493 cells/L which is a freshwater diatom that
forms an important component of the food chain, especially in the production of primary organic
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material. Excessive diatom blooms, however, are known to cause eutrophic conditionsand the free-
flowing nature of the river system needs to be sustained in this regard.

In terms taxa evenness computed based on Pielou’s Index, Stations 1, 3, 4, 5 had relatively high
valuesindicating a more relatively even distribution of plankton taxa within the community (Figure
2-61). Station 2 had the lowest computed value with 0.48. The same is true with the diversity
measurement based on Shannon-Weiner Index where Station 2 and 3 had the lowest computed
value with 1.06 as compared to the other three (3) stations with diversity value of almost 2.
Diversity values below (<3) is generally categorized as low based on the Wilhm criteria (1975)
classifying these values as low diversity and community stability indicative of disturbancein the
freshwater habitat negatively affecting the plankton community particularly in Stations 1-3.
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Figure 2-64. Taxa Richness and Abundance

Periphyton

Periphyton communities are primarily composed of benthic algae that are attached to rocks and
other stable substrates at the bottom and edges of waterways. They play a significant role in
freshwater ecosystems as they constitute the fundamental component of the food resources by
converting the dissolved nutrients into food for macroinvertebrates, and thus fish in local and
downstream systems. Periphyton communities arealso responsiveto disturbances that can result
to degradation of water quality, often changing in taxonomic composition and abundance even
with slight disturbance (Biggs and Kilroy 2000). Consequently, in many areas around the world,
periphyton are considered appropriate indicators of ecological conditions and pollution.

For the dry season, identified periphyton communities were composed of blue — green algae,
diatoms, euglenoids, and green algae. From these major groups, atotal of 17 genera was identified,
of which the diatoms, Synedra and Navicula, were the most abundant, contributing to almost 40 %
and 26 % of the total sampled population, respectively. Synedraand Navicula are characteristically
pennate and generally motile diatoms. High percentage of motile diatoms is typical of sites with
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high concentrations of suspended solids as these diatoms have the capability of avoiding deposited
silt layer, which enable them to survive this type of ecological condition (Bellinger et al. 2006).

A total of 15 periphyton genera was identified during wet season belongingto three main groups
i.e. diatoms, cyanobacteria and green algae. Diatoms totally dominated the periphyton community
comprising of 98%, followed by green algae with 2% and cyanobacteria with only less than 1%.
Among the diatoms, the pennate chain-forming genus, Fragillaria represented most of the group
with 52%. Other pennate form diatoms such as Navicula and Nitzschia contributed significant
number with 23% and 20% respectively. Thesetwo (2) genera are able to crawl towards the surface
if they are covered by silt; their abundanceis thought to reflect the amount and frequency of
siltation (Barbour et al 1999). For green algae, Stigeoclonium werethe mostabundant genus with
almost 1%. The only cyanobacteria observed was Oscillatoria which only constituted less 1%. The
diatom Navicula was the most frequently occurring genera being present in all sampling stations.
The pollution tolerant genera identified include Navicula, Nitzschia, Coscinodiscus,
Gomphonenema, Surirella and Fragillaria.

Euglenoids, 0.33%

Figure 2-65. Percent Composition of Periphyton, Dry Season
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Figure 2-66. Percent Composition of Periphyton, Wet Season

Periphyton Total Abundance

Total abundance of periphyton communities ranged from 36,603 cells to 97,970 cells (mean =
62,482 cells + 24,977 cells) during the dry season. Highest abundance was observed in FWS5,
relatively moderate abundancesin STNO1 and STNO3, and relatively low abundancesin STNO2 and
STNO4. The habitat type in STNO5 is run, stretches of the river downstream of pools and riffles
where stream flow and current are moderateand the smooth surface allows for lightto penetrate.

Table 2-43. Periphyton Composition and Abundance, Dry Season

Stations
STNO1 STNO2 STNO3 STNO4 STNO5
Taxa - Mean
Upstream of Quarry Site Brgy. Brgy. Brgy. Brgy.
Brgy. Maaslum Maaslum | Maaslum | Gomentoc | Poblacion
Blue -green algae 735 576 441.0 147 776. 535
Anabaena 147. 576.0 441, - 194 272
Oscillatoria 588 - - 147 582 263
Diatoms 52,626 38,088 53,067 35,280 96,030 | 55,018
Cymbella - - 735 - 485 244
Fragilaria 588 576.0 882 441 97 517
Gyrosigma - - - 735 291 205
Melosira - - - 6,174 1,164 1,468
Navicula 15,582 27,072 31,164 5,292 2,037 16,229
Nitzschia 5,586 792 17,934 4,410 6,402 7,025
Pinnularia 1,911 72 1,176 441 291 778
Rhopalodia - - - 294 97 78
Surirella - 9,576 1,029 6,762 291 3,531
Synedra 28,959 - 147 10,731 84,875 24,942
Euglenophyta - - - 147 873 204
Euglenoids - - - 147 873 204
Green algae 15,876. 1,728 14,700 1,029 291 6,724
Closterium 882 72 4,263 441 194 1,170
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Stations

STNO1 STNO?2 STNO3 STNO4 STNO5
Taxa - Mean

Upstream of Quarry Site Brgy. Brgy. Brgy. Brgy.

Brgy. Maaslum Maaslum | Maaslum | Gomentoc | Poblacion

Cosmarium 14,847 1,152 5,292 147 97 4,307
Staurastrum 147 - - - - 29.4
Stigeoclonium - 504 5,145 441 - 1,218
Grand Total 69,237 40,392 68,208 36,603 97,970 62,482

During the wet season sampling, the total periphyton abundance for all stations was 243,306
cells/ml which was lower than what was observed during the dry season sampling with 312,410
cells/m (Figure 2-66). The highest abundance and taxa richness were observed in station P4 similar
to what was observed in plankton community assessment. Previous sampling i.e. dry season also
indicated relative higher taxa richness in station PL4 and PL5. Periphyton density is generally highly
variable and could changes drastically depending on the magnitude of physico-chemicalchangein
water quality. Comparing the total density, it appears that there is no significant decrease in
periphyton population since drastic changes could occur at several folds less in other areas. Taxa
richness was however was generally low during the wet season sampling with numbers ranging
from 2 to 12 compared to dry season sampling where taxa richness ranges from 9 to 15. High
species richness is assumed to indicate high biotic integrity because many species are adapted to
the conditions present in the habitat. Species richness is predicted to decrease with increasing
pollution because many species are stressed. However, many habitats may be naturally stressed by
low nutrients, low light, or other factors. Slight increases in nutrient enrichment can increase
species richness in headwater and naturally unproductive, nutrient-poor streams (Bahls et al.
1993).

Table 2-44. Periphyton abundance (cells/ml) and composition, Wet Season

Taxa Pl s STAF;-;ION pa pS Grand Total | Relative Abundance
Cyanobacteria 280 680 960 0.39
Oscillatoria 280 680 960 0.39
Diatoms 280 95,075 | 5,400 | 137,911 | 200 238,866 98.18
Coscinodiscus 560 560 0.23
Cymbella 400 400 0.16
Fragillaria 126,111 126,111 51.83
Gomphonema 160 200 440 800 0.33
Navicula 120 46,966 5,080 4,040 120 56,726 23.31
Nitzschia 47,949 120 840 48,909 20.10
Pinnularia 520 80 600 0.25
Pleurosigma 440 440 0.18
Surirella 4,120 4,120 1.69
Syndera 160 160 0.07
Terpsinoe 440 440 0.18
Green Algae 1,720 560 1,200 3,480 1.43
Closterium 280 280 0.12
Spirogyra 920 920 0.38
Stigeoclonium 1,720 560 2,280 0.94
Grand Total 280 97,075 [ 6,640 | 139,111 | 200 243,306 100
Mean Abundance 140 19,415 | 1,328 11,593 100
Pollution Index 2.24 0.97 1.62 2.90 2.40
Siltation Index 17.65 97.77 78.31 6.47 60
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Taxa e Grand Total | Relative Abundance
P1 P2 P3 P4 P5
Richness 2 5 5 12 2
Evenness 0.79 0.50 0.51 0.20 0.97
Diversity 0.55 0.80 0.82 0.49 0.67
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Figure 2-67. Periphyton Taxa Richness and Abundance, Wet Season

Periphyton Diversity Index

The Shannon Diveristy Index is a function of both the number of species in a sample and the
distribution of individuals amongthose species (Klemm et al. 1990). Because species richness and
evenness may vary independently and complexly with water pollution. Stevenson (1984) suggests
that changes in species diversity, rather than the diversity value, may be useful indicators of
changes in water quality.

Diatom communities during the dry season were less diverse as showed in the low generic richness
and low Shannon Diversity Index. The diatoms identified were moderately tolerant to organic
pollution indicative of intermediate nutrient inputs. Clean waters have relatively low populations
of diverse diatom species but as water becomes polluted, the diversity of diatoms decreases, but
the population of pollution tolerant types increases (Person 1989). Diatom communities were
exposed to increased siltation levels, particularly in STNO2 and STNO3, as reflected in the Siltation
Index. These stations are adjacent to unpaved roads and the disturbance caused by moving vehides
might have contributed to the silt input in these stations, especially that the sampling was
conducted during the onset of rainy season. Also, in STNO2 and STNO3 and in STNO4, the green —
algae, Stigeoclonium, were observed albeit in moderateabundances. This alga is abundantin water
with high levels of organic matter and consequently the stations where they observed were
adjacent to residential areas, where domestic wastes could have potentially augmented the
nutrientinputs (Person 1989). Oscillatoria, which was considered as one of the most tolerant algae
to organic pollution was also recorded in minimal abundances.
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Diversity index during wet season sampling was generally low for all the sampling station (<1)
indicative of high stress. This was generally the same from what was computed during the dry
season sampling in station STNO1 and STNO4 with slight high diversity values of 1.10 and 1.76
respectively indicating a moderate stress.

In terms of siltation index, station FW2 and FW3 recorded the highest computed values with 98%
and 78%, respectively. Again, this was primarily due to high number of Navicula and Niztschia
recorded in these two stations which is expected since these are the station exposed to high levels
of siltation caused by run-off from the existing quarry site and soil erosion from unpaved roads
which is more pronounced during the rainy season. In terms of pollution index, station FW2 was
the most severely polluted portion with computed value of<1.50. Station 1,3 and 5 has computed
values that ranges from 2.01-2.50 indicatinga moderate pollution. Station 4 scored the highest Pl
indicating a better water quality with no substantiallevel of pollutants. Comparing this result with
the dry season sampling, pollution level in station 2 previously with 2.02 rating seemed to have
increased while all the rest had a relatively similar pollution index value with >2.

Table 2-45. Comparison Between the Wet and Dry Season using Various Indices

. Total Abundance Richness PTI Siltation Index Diversity
Stations Wet Dry Wet | Dry [ Wet Dry Wet Dry Wet Dry
FW1 280 69,237 2 10 2.24 2.6 17.65 40.22 0.55 1.1
FW2 97,075 40,392 5 9 0.97 2.02 97.77 98.3 0.80 0.75
FW3 6,640 68,208 5 11 1.62 2.06 78.31 94.46 0.82 0.98
Fw4 139,111 36,603 12 14 2.90 2.51 6.47 46.67 0.49 2.51
FW5 200 97,970 2 15 2.40 291 60 16.59 0.67 2.91

During the wet season sampling, the total periphyton abundance for all stations was 243,306
cells/ml which was lower than what was observed during the dry season sampling with 312,410
cells/m. The highest abundance and taxa richness were observed in station FW4 like what was
observed in plankton community assessment. Sampling during dry season also indicated relative
higher taxa richness in Stations 4 and 5. Periphyton density is generally highly variable and could
changes drastically depending on the magnitude of physico-chemical change in water quality.
Comparing the total density, it appears that there is no significant decrease in periphyton
population since drastic changes could occur at several folds less in otherareas. Taxa richness was
however was generally low during the wet season sampling with numbers ranging from 2 to 12
compared to dry season sampling where taxa richness ranges from 9 to 15. High species richness is
assumed to indicate high biotic integrity because many species are adapted to the conditions
present in the habitat. Species richness is predicted to decrease with increasing pollution because
many species are stressed. However, many habitats may be naturally stressed by low nutrients, low
light, or other factors. Slight increases in nutrient enrichment can increase species richness in
headwater and naturally unproductive, nutrient-poor streams (Bahls et al. 1993).

Macroinvertebrates (Epibenthic Fauna)

Macroinvertebrates are small (200 um to 500 um) animals without backbones that live amongand
within the sediments and stones on the bottom of streams, rivers, and lakes. They spend all or part
of their life cycle in or on the bottom of these waterways (Rosenberg and Resh 1993). Generally,
macroinvertebrate communities include insect larvae, crustaceans, mollusks and gastropods.
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Epibenthicfauna (macro-invertebrates or macrobenthos)serves several ecosystem roles at various
levels of the food chain, ranging from consumers of plant material to prey for fish. Due to their
filter-feeding nature, macro-invertebrates are good indicators of environmental conditions over
timeand can be used as indicators of water quality and the degradation of the aquaticenvironment.
Benthic or bottom dwelling animals constitute a major part of the diet of many benthicand bottom
dwelling fishes and crustaceans. Many of the bivalves in riverine and estuarine systems are also
edible invertebrates collected for food and sustenance trade.

Macroinvertebrate communities during the dry season were composed of 18 taxa belongingto ten
orders. The assemblage was dominated by insect (i. e mayflies, stoneflies, caddisflies, and
dragonflies) larvae of which the most dominant were the EPT consisting around 85 % of the
sampled population. Of the 85 %, around 64 % were contributed by the caddisfly from family,
Hydropsychidae.

Beet Trueflies
09879965 Crustaceans 1099 Flatworms
’ 1.53% 0.22%

Dragonflies
9.15%

Gastropods
1.53%

Figure 2-68. Percent Composition of Macroinvertebrates, Dry Season

During the wet season, a total of 212 individuals belonging to eleven (11) families were recorded
during the August 23, 2017 survey in Maaslum River representing the wet season sampling. The
macro-benthos recorded in this survey belongs to four (4) major phylai.e. Chordata, Arthropoda,
Annelida and Mollusca (Figure 2-69). Amongthese, the phylum chordata accounted for34% ofthe
total macro-invertebrates’ community, followed by Arthropoda with 32%, Mollusca with 30% and
Annelida with 4%. The only representative of the phylum chordata which was the family Gobiidae
were the most abundant particularly in station B5. Among the arthropods, the family Libullidae
(dragonflies) constituted for 11.32% ofthe total macrobenthos count. Forthe mollusks group, the
bivalve belonging to family Corbiculidae recorded the highest relative abundance with 15%. The
most family rich phyla were Arthropoda with eight (8) families recorded in all sampling sites.
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Figure 2-69. Percent Composition of Major Macrobenthos Groups, Wet Season

Macro Invertebrates Total Abundance

Total abundance of macroinvertebrate communities during dry season was 459 individuals with
relatively high abundancesin FW2 and FW3. These stations have riffle segments where water flow
is agitated by rocks and characterized by shallow depths with fast turbulent water. The rocky
bottoms provide protection from predators, food deposition, and shelters while the turbulence and
stream flow results to high dissolved oxygen concentration, which provides suitable conditions for
macroinvertebrates to thrive. Macroinvertebrate abundance was decreasing with increasing
distance from the project site. This can be attributed to the shift in habitat type from riffles in the
upstream segment of Maaslum River to runs in the downstream segment. Current is too slow in
run habitats resulting to stagnant water with low aeration.
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Figure 2-70. Spatial Distribution of Macroinvertebrate Abundance
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Ephemeroptera (mayflies), Plectoptera (stoneflies), and Trichoptera (caddisflies) are considered
important taxonomic groups in river systems as they primarily thrive in relatively clean and well
oxygenated waters; thus, their abundance are good indicators of water quality (Stoyanova et al.
2014). Percent EPT (70 % to 90 %) in all stations were indicative of excellent water quality. Based
onthisindexa waterbody is in excellent statusifthe % EPTis morethan 27 % of the total pop ulation
identified. EPT index was further supported by HBI values which showed that a large proportion of
the macroinvertebrate communities are either intermediate or less tolerant to organic pollution.
HBI values in FW1 to FW4 were indicative of non —impacted (0 — 4.5) stations while HBI value in
FWS5 was of slightly impacted station (4.51 — 6.50). Only three (3) taxa were identified in STNO5,
mayflies, chironomids, and gastropods, which have tolerance values indicative of organisms with
intermediate tolerance to organic pollution. Although mayflies are considered as clean — water
taxa, they can also be found in standing water with an average oxygen supply. Mayfly nymphs tend
to be grazers, feeding on algae or detritus (Peckarsky et al. 1990) which might explain their high
abundance in FW5 where periphyton abundance was highest.

Table 2-46. Macro Invertebrates Composition and Abundance, Dry Season

Stations
STNO1 STNO2 STNO3 STNO4 STNOS
Macroinvertebrate Taxa Upstreasm of Quarry B pre) Bray. Bray. Mean
'te Maaslum | Maaslum | Gomentoc | Poblacion
Brgy. Maaslum
Arthropoda 58.0 153.0 139.0 51.0 50.0 90.2
Coleoptera - - - 4.0 - 0.8
Insecta - - - 4.0 - 0.8
Dytiscidae - - - 2.0 - 0.4
predaceous diving beetles - - - 2.0 - 0.4
Hydrophilidae - - - 1.0 - 0.2
water scavenger beetles - - - 1.0 - 0.2
Psephenidae - - - 1.0 - 0.2
water penny beetles - - - 1.0 - 0.2
Decapoda 6.0 - - - 1.0 1.4
Crustacea 6.0 - - - 1.0 1.4
Gastropods - - - - 1.0 0.2
shrimps - - - - 1.0 0.2
Potamidae 6.0 - - - - 1.2
freshwater crab 6.0 - - - - 1.2
Diptera 1.0 - - 2.0 2.0 1.0
Insecta 1.0 - - 2.0 2.0 1.0
Chironomidae - - - - 2.0 0.4
non - biting midges - - - - 2.0 0.4
Syrphidae 1.0 - - - - 0.2
rat - tailed maggot 1.0 - - - - 0.2
Tipulidae - - - 2.0 - 0.4
crane flies - - - 2.0 - 0.4
Ephemeroptera - - - 7.0 47.0 10.8
Insecta - - - 7.0 47.0 10.8
Baetidae - - - 7.0 47.0 10.8
minnow mayfly - - - 7.0 47.0 10.8
Hemiptera - - - 2.0 - 0.4
Insecta - - - 2.0 - 0.4
Corixidae - - - 1.0 - 0.2
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Stations
STNO1 STNO2 STNO3 STNO4 STNO5
Macroinvertebrate Taxa Upstream of Quarry B B Bray. Bray. Mean
Site .
Maaslum | Maaslum | Gomentoc | Poblacion
Brgy. Maaslum
water boatman - - - 1.0 - 0.2
Gerridae - - - 1.0 - 0.2
water strider - - - 1.0 - 0.2
Odonata 1.0 21.0 18.0 2.0 - 8.4
Insecta 1.0 21.0 18.0 2.0 - 8.4
Coenagrionidae - - - 2.0 - 0.4
narrow - winged damselfly - - - 2.0 - 0.4
nymph 1.0 21.0 17.0 - - 7.8
dragonfly 1.0 21.0 17.0 - - 7.8
pupa - - 1.0 - - 0.2
dragonfly - - 1.0 - - 0.2
Plecoptera 19.0 11.0 13.0 - - 8.6
Insecta 19.0 11.0 13.0 - - 8.6
Perlodidae 19.0 11.0 13.0 - - 8.6
perlodid stoneflies 19.0 11.0 13.0 - - 43.0
Trichoptera 31.0 121.0 108.0 34.0 - 58.8
Insecta 31.0 121.0 108.0 34.0 - 58.8
Hydropsychidae 31.0 121.0 108.0 34.0 - 58.8
net - spinning caddisfly 31.0 121.0 108.0 34.0 - 58.8
Mollusca - - - 5.0 2.0 1.4
Prosobranchia - - - 5.0 2.0 1.4
Gastropoda - - - 5.0 2.0 1.4
Gastropods - - - 4.0 2.0 1.2
right - gilled snail - - - 4.0 2.0 1.2
Physidae - - - 1.0 - 0.2
left - gilled snail - - - 1.0 - 0.2
Platyhelminthes - - - 1.0 - 0.2
Flatworms - - - 1.0 - 0.2
Turbellaria - - - 1.0 - 0.2
Flatworms - - - 1.0 - 0.2
flatworm - - - 1.0 - 0.2
Grand Total 58.0 153.0 139.0 57.0 52.0 91.8

Inthis survey during wet season, there were two (2) taxa that belonged to category 1, seven (7) for
category 2 and four (4) for category 3. Vertebrate like gobiidae were still recorded as part of
macrobenthos community since they are bio-indicators of freshwater ecosystem. The highest
number of category 1 taxa was observed in Station 4 in Gomentoc River primarily attributed to
plecopteran and ephemeropterans. They are considered as pollution sensitive taxa that require
higher DO, neutral pHand cold water. It isimportant to notethat the amphipod belonging to family
Gammariidae are recorded in Station 4. Amphipodsare also considered as sensitive group to
pollution. The presence of amphipod and high number of category 1 macroinvertebrates in
Gomentocriver (Station 4) indicates that is has better water quality The upstream station (FW1) of
Maaslum River had the most number of category 2 taxa but the midstream and downstream station
did showed the occurrence of category 1 and 2 macroivertebrates during the wet season sampling.
Instead, low counts of category 3 were recorded in these stations. Macroinvertebrates belonging
to category 2 are somewhat pollution tolerant but category 3 macroinvertebrates are the most
pollution tolerant species that can tolerate low dissolved oxygen, unstable pH and warmer water.
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Although no macroinvertebrates in Station 5, it harbors a several mudskippers which is a juvenile
form of an estuarine fish that has considerable tolerance to environmental stressors, organic and
inorganic contaminants.

Table 2-47. Macrobenthos Composition, Abundance and Diversity, Wet Season

Stations .

Taxa B1 82 B3 B2 85 Grand Total | Relative Abundance
Annelida 4 3 7 3.30
Oligochaeta 4 3 7 3.30
Lumbricullida 4 3 7 3.30
Lumbricullidae 4 3 7 3.30
Earthworm 4 3 7 3.30
Arthropoda 19 2 6 61 88 41.51
Insecta 19 2 6 53 80 37.74
Coleoptera 5 5 2.36
Gyrinidae 5 5 2.36
Unknown 5 5 2.36
Ephemeroptera 21 21 9.91
Baetidae 21 21 9.91
Minnow mayfly 21 21 9.91
Hemiptera 14 3 17 8.02
Gerridae 11 3 14 6.60
Unknown 11 3 14 6.60
Veliidae 3 3 1.42
Water crickets 3 3 1.42
Odonodata 2 3 19 24 11.32
Libellulidae 2 6 8 3.77
Dragonfly 2 6 8 3.77
Zygoptera 3 13 16 7.55
Damselfly 3 13 16 7.55
Plecoptera 13 13 6.13
Periotidae 13 13 6.13
Perlodid stoneflies 13 13 6.13
Malacostraca 8 8 3.77
Amphipods 8 8 3.77
Gammaridae 8 8 3.77
Unknown 8 8 3.77
Chordata 57 57 26.89
Osteichthyes 57 57 26.89
Percifprmis 57 57 26.89
Gobiidae 57 57 26.89
Muskipper 57 57 26.89
Mollusca 5 33 22 60 28.30
Bivlavia 5 26 31 14.62
Veneroidea 5 26 31 14.62
Corbiculidae 5 26 31 14.62
Corbicula 5 26 31 14.62
Gastropoda 7 22 29 13.68
Caenogastropoda 7 7 3.30
Thiaridae 7 7 3.30
Melaniodes 4 4 1.89
Thiara 3 3 1.42
Cycloneritimorpha 9 9 4.25
Neritidae 9 9 4.25
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Taxa Stations Grand Total | Relative Abundance
B1 B2 B3 B4 B5
Clithon 5 5 2.36
Nerita sp. 4 4 1.89
Neogastropoda 11 11 5.19
Nassaridae 11 11 5.19
Nassarius 11 11 5.19
Pulmonata 2 2 0.94
Ellobiidae 2 2 0.94
Ellobius 2 2 0.94
Grand Total 19 6 14 94 79 212 100.00
Richness 2 2 4 8 5
Evenness 0.63 | 092 | 0.98 0.9 0.6
Diversity 0.44 | 0.64 14 19 | 093
% EPT 0 0 0 36 0
Modified Hilsenhoff Biotic Index [ 1.05 [ 6.33 | 3.43 | 3.61 0
Table 2-48. List of Macrobenthos, Wet Season
Phyla Class Order Family =dientificinamer Category
Common name
Annelida Oligochaeta Lumbricullida Lumbricullidae | Earthworm 3
Arthropoda Insecta Coleoptera Gyrinidae Whirlligig beetle 2
Veliidae Water crickets 2
Gerridae Unknown 2
Odonodata Zygoptera Damselfly 2
Libellulidae Dragonfly 2
Zygoptera Damselfly 2
Ephemeroptera Baetidae Minnow Mayfly 1
Plecoptera Periotidae Perlodid stoneflies 1
Malacostraca Amphipods Gammaridae Unknown 2
Chordata Osteichthyes Percifprmis Gobiidae Muskipper -
Mollusca Bivlavia Veneroidea Corbiculidae Corbicula sp, 3
Gastropoda Caenogastropoda Thiaridae Melaniodes sp. 3
Thiara sp. 3
Cycloneritimorpha Neritidae Clithon sp. -
Nerita sp. -
Pulmonata Ellobiidae Ellobius sp. -
Neogastropoda Nassaridae Nassarius sp. -
Category 1 — pollution sensitive organisms; found in good water quality
Category 2 — can exist in wide range of water quality conditions; generally, found in moderate water quality
Category 3 — can exist in wide range of water quality; highly tolerant to poor water
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Figure 2-71. Occurrence of Three Categories of Macro-invertebrates in Maaslum River
Macroinvertebrates Indices

The four (4) indices computed (richness index, diversity index and percent EPT (Ephemeroptera-
Plecoptera-Tricoptera) modified Hilsenhoff Biotic index) generally gave better information about
the environmental conditions under which the organisms lived than a consideration of the
individual taxa alone. Taxa richness is the total number of distinct taxa in a sample. It reflects the
health of the community through measurement of the variety of taxa present which generally
increases with increasing water quality (Plafkin et al., 1989). Shannon —Weiner Index (H’) accounts
for both abundance and evenness of the taxa present in a community. It is expected to decrease
with increasing disturbances (Plafkin et al, 1989). Theresulting value is generally between 1.5 -3.5
and exceeds 4.5 very rarely. The values above 3.0 indicate that the habitat structure is stable and
balanced while values lower than 1.0 indicates pollution and degradation of habitat structure
(Goncalves and Menezes, 2011).

Table 2-49. Evaluation of Water Quality Using Modified Hilsenhoff Biotic Index (Hilsengoff, 1987)

Biotic Index Water Quality Degree of Organic Pollution
0.00-3.50 Excellent No apparent organic pollution
3.51-4.50 Very Good Possible slight organic pollution
4.51-5.50 Good Some organic pollution
5.51-6.50 Fair Fairly significant organic pollution
6.51-7.50 Fairly Poor Significant organic pollution
7.51-8.50 Poor Very significant organic pollution
8.51-10.00 Very Poor Severe organic pollution

Table 2-48 shows the comparison of the computed indices of the wet season survey from the dry
season. In terms of abundance, an overall decrease was observed particularly in Stations 1, 2, 3
located within the proposed project site. Number of taxa has also slight decreased but whatis more
drastic the is the disappearance of EPT recorded in in these stations as compared to the dry
sampling where more than 80% was still recorded. Several factors could be attributed to the
absence of this pollution sensitive taxa. Although, it early to assume that pollution has resulted to
disappearance of these taxa since midstream station of Maaslum River (FW2 ) has significant organic
pollution as reflected by its modified Hillsenhoff index of 6.33. Other reason could be the timing of
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the sampling since a heavy rain occurred a day before the sampling resulting to turbid water from
the on-going quarry operating negatively affecting these taxa.

Table 2-50. Comparison of Wet and Dry Season Sampling using the Indices

Abundance Number of Taxa % EPT Modified Hilsenhoff Biotic
Index (HBI)

Dry Wet Dry Wet Dry Wet Dry Wet
58 19 5 2 86.21 0 3.1 1.05
153 4 3 2 86.27 0 4.41 6.33
139 19 4 4 87.05 0 4.33 3.43
57 48 11 8 71.93 36 4.44 3.61
52 79 3 5 90.38 0 5.1 0

Fisheries Resources

The presence of species of fish was detected in only two stationsi.e. station FW4 and station FW5
where species richness and abundance were extremely low. Neither fish nor fishers were
encountered in all of the Maaslum river and, but key informants interviewed in STO4, tributary of
Maaslum river located in in Brgy. Gometoc revealed the existence of few fisheries resources. The
most abundant catch in this river were usually Oreochromis (Tilapia) where they sometime catch
more than a kilo. The absence of fish and crustacean species in stations near the project site only
confirm findings in the plankton survey where Maaslum River has considerably poor productivity
duetothe extremely intense sedimentation. Basically, the result of the fisheries profile assessment
was similar to previously conducted during the dry season.

Table 2-51. Diversity of Finfish and Crustaceans Existing in Maaslum River and Tributary

Family Scientific Name Local Name
Pelodiscus sp. Pelodiscus sinensis Salimao
Cichlidae Oreochromis sp. Tilapia
Portunidae Scylla serrata Alimgao
Paneneidae Macrobrachium rosenbergii Ulang
Cyprinidae Barbodes sp. Carpa
Gobiidae Glosogobius sp. Biya
Claridae Clarias sp. Pantat
Anguillidae Anguilla marmorata Igat/Kasili

Summary of Endemicity/Conservation Status

The absence of significant plankton and macro-invertebrate diversity in all of the river systems
investigated signify a poor biological environment and any further threats to the integrity of the
said bodies of water is insignificant as there are minimal populations of fish and shellfish whose
growth, reproduction and recruitment can be threatened in Maaslum River. Prevention of possible
threat should be emphasized in the one of the tributaries located in Brgy. Gomentoc which was the
only freshwater body in the area that is still in relatively good condition and is being used for
domestic uses. The freshwater prawn (Ulang) documented through the key informants in this
tributary is of high conservation value, although they are not reported as endemic, threatened and
endangered. The Chinese softshell turtle, although invasive is another species that needs to have
conservation attention since it is reported to be a vulnerable organism. If propagated to a viable
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population, this species is of important commercial value for food and trade. Endemic mudfishes
and catfishes were not reported to occur in the river system.

Abundance of Ecologically and Economically Important Species

The tilapia, ulang, carpa, igat, pantat as well as to species of macro-invertebrate shellfish existing
in the tributary of Maaslum river are valuable food fishes but mostare of juvenile sizes, indicating
growth overfishing. The low species density and abundanceis indicative of a deteriorating habitat
condition. This has caused the absence of standing stocks of fish of any species. Similarly, the low
number of plankton species and taxa identified in the plankton surveysisindicative of low diversity
and unfavorable environmental conditions.

Presence of Pollution Indicators

There are no species of fish and shellfish that can be employed as bio-indicators of biotoxin
pollution.

On the other hand, plankton blooms are used as indicators of hyper-organic nutrient loading and
extreme pollution leading to episodes of oxygen depletion and fish kills. The pollution tolerant
genera observed in this survey include Oscillatoria, Synedra, Navicula, Nitzschia and Euglena.
Blooms of these genera have been recorded to block canals and clog filters especially in water
treatment facilities and small riparian systems. However, the present plankton survey did not
reveal the presence of any of the HAB-causing species in excessive densities and plankton
abundance was catalogued as ‘poor’. Drawing from overall diversity, richness and totalabundance,
the Maaslum River has very poor biodiversity and species richness with presence of pollution
tolerant genera like Oscillatoria indicating a highly polluted river. The diatom Fragillaria, on the
other hand, forms an important component of the food chain especially in the production of
primary organic material. Excessive diatom blooms, however, are known to cause euthrophic
conditions andthe current condition of the Maaslum River can trigger such blooms. Similarly, it is
important to note that zooplankton community in seven sampling stations revealed only six taxa,
indicating low abundance and diversity. The potential threat/impacts of additional anthropogenic
pollution would be insignificant.

Epibenthic fauna (macroinvertebrates or macrobenthos), on the other hand, serve several
ecosystem roles at various levels of the food chain, ranging from consumers of plant material to
prey for fish. Macro-invertebrates are good integrators of environmental conditions overtimeand
can be used as indicators of heavy metal pollution, especially sessile, filter-feeding macro-
invertebrates. However, no significant population of bivalves have been observed in the Maaslum
and its tributary.

Threat to Existence and/or Loss of Important Local Species and Habitat

Result from indices computed of the plankton, periphyton and macrobenthos obtained from the
survey of the five stations at thevicinity of the project site suggest, the major river systems around
the project site are already unsuitable for survival of aquatic biotain Maaslum River. However, one
of its tributaries located in Brgy. Gomentoc, although relatively far from the project site would still
need to be notto be protected to prevent degradationin the long run since it is still connected to
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the project site. Along this line, itis important that protection oftheintegrity, and in fact promotion
of improvement and maintenance of its water quality, be pursued.

Sediments carried down from soil erosion and earth moving due to construction -related activities
such as land clearing activities and stockpiles may end up as runoff to nearby sections of Maaslum
River especially during storm and heavy rains. This may adversely cause water turbidity and stream
flow obstruction and affect plankton and the remaining macrobenthos fauna. Sediment erosion in
freshwater bodies can cause localized mortality of aquatic larval forms of bivalves and gastropods,
as well as impair nesting grounds of Tilapia. Siltation may increase water turbidity, resulting in
decreased light penetration and a decrease in photosynthetic function of primary producers such
as phytoplankton and benthic algae.

Threat to Abundance, Frequency and Distribution of Species

Similar to above — discussed potential impacts; threats to abundance, frequency and distribution
of species were siltation and organic pollution. As aforementioned, the stations that are most likely
to be affected by additional silt input are the more upstream stations (FW1, FW2 and FW3) but
currently no linear correlation was associated between the current operations of the project and
abundances of periphyton and macroinvertebrates. So, it is probable that the potential effect of
additional silt and organic input will only affect the assemblage or the composition and not the
abundanceand distribution of organisms. However, as discussed in this assessment, abundance of
organisms was most likely influence by habitat type and alteration of habitat type due to continuous
silt deposition and chronic exposure to organic pollution might potentially alter periphyton and
macroinvertebrate abundance in FW1, FW2 and FW3.

Impacts and Mitigating Measures for the Water Environment

Possible impacts of the proposed project on the water environment are as follows:

+ Maycause drawdown of ground water levels in immediately adjacent areas, where an aquifer
may be located, to the quarry site due to inflow of water to the quarry pit.

- Transportofsedimentsinto nearby surface water bodies during the construction and operation
phases;

« Polluted water containing minerals and heavy metals may result from contact of ground water
and/or rainwater with freshly blasted ores; Water contamination from chemicals/reagents
used in the assay laboratory; and

« Hydrocarbon leaks and spills from vehicles and heavy equipment, fuel and oil tanks and used
oil storage may contaminate groundwater and nearby surface water bodies.

To minimize or prevent degradation of the Maaslum River and its tributaries, the following
measures will be adopted:

a) Creation of drainage systems which will include siltation ponds, stabilization of gullies and
construction of run-off weirs at desirable distances along and within the existing gullies will be
instituted in order to prevent sediment streams from reaching any freshwater river systems;
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b) Nopartoftheriver ortributary will be blocked, and the project will ensurefluid dischargealong
the intake point;

c) Construction stockpiles shall be covered and rigidly bundled;

d) Vehicles carrying construction materials shall be covered and speed limits will be imposed.

e) Drainage canals shall be engineered to trap and prevent sediment from being washed into
nearby freshwater bodies of water, especially the Maaslum river and its tributaries

f) A sound wastewater and solid waste management plan will be implemented and strictly
enforced as mitigation to potential waste disturbances.

g) Regularin-situ monitoring of water quality and aquatic fauna will be conducted.

5. Marine Ecology

This marine ecology resource baseline study includes phytoplankton and zooplankton monitoring
survey, coralreef survey and seagrass and mangrove community survey. This also includes securing
of secondary information for season variations in the area.

Annex 16 is the summary of baseline assessment of coastal and marine habitats within two (2)-
kilometer radii from the mouth of Tampocon River. The baseline assessment was conducted to
characterize habitat types, diversity, spatial distributions and current condition of coastal habitats
andresources in the area. Employing standard scientific assessment tools, the marine survey team
conducted in-situ surveys of coral reefs, seagrass beds, mangrove forests, and census of reef-
associated fish assemblages in the area.

The survey team eventually established ten (10) manta tow survey stations, four (4) coral reef line
intercept stations, and two (2) seagrass assessment areas.

The survey and profiling covered a stretch of coastal water almost 18 kilometers long following the
reef isobath in stations surveyed.

Table 2-52. Sampling Coordinates of Marine Study

Sampling Stations Coordinates
CR1-Brgy. Tampocon |, Negros Oriental 9°50'38.00"N, 123°8'24.00"E
CR2 -Brgy. Tampocon |, Negros Oriental 9°50'44.80"N, 123° 8'20.00"E
CR3 -Brgy. Tampocon I, Negros Oriental 9°51'15.50"N, 123°8'59.20"E
CR4 -Brgy. Tampocon Il, Negros Oriental 9°51'22.40"N, 123°9'4.10"E
SG1 -Brgy. Tampocon |, Negros Oriental 9°50'32.00"N, 123°8'22.00"E
SG2 — Brgy. Tampocon I, Negros Oriental 9°51'2.00"N, 123°8'37.00"E
M1 - Brgy. Tampocon |, Negros Oriental 9°50'32.00"N, 123°8'18.00"E
M2 - Brgy. Tampocon Il, Negros Oriental 9°51'17.00"N, 123° 8'52.00"E
PL - Brgy. Tampocon Il, Negros Oriental 9°50'54.85"N, 123°8'29.83"E

Findings of the Study

All throughout the conduct of the monitoring, the weather was favorable. Wind speed were
between 6-9km/h, with average water temperature of 28°C and underwater visibility ranged from
6-10 feet.
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Results of the survey showed FAIR coral cover at 27%. Survey site designated as CR4 showed the
highest at 30%, followed with CR3 at 28%, then CR1 and CR2 at 27% and 25% respectively.
Branching corals were mostly observed across all survey sites and these are Acropora sp. which
literally means a porous stem or branch. While common branching corals observe on site was
staghorn corals. These corals are among the fastest growing corals on reefs are excellent reef-
builders. This coral grows in shrub-lie clumps and provides shelter for a variety of small fish.
Branching corals was highest at CR3 monitoring site. On the average branching corals was
accounted at 11.5% hard coral cover. Following branching corals, was massive, encrusting at 4%
and 3% respectively. Submassive and soft corals picks up next at 2.5%. Foliose corals came next at
1.5%, while tabulate followed at 1% and lastly plate-like corals at 0.5% respectively.

Atotal of 19 fish families with 3,855 fish individuals accounted forin this survey period. Majority of
fish individuals were major species at forty-seven percent (47%). This was followed with target fish
species at forty-four percent (44%). Indicator species was observed at nine percent (9%). Spotted
ghost pipefish were identified at survey area CR3. Major species are ecologically important species
that occupy a unique niches and function as important trophic links. These fish are often the
numerically dominant and most visually obvious group.

Seagrass meadown in the coastal areas of Ayungon showed distribution of six (6) seagrass species
encountered. Average mean cover is at 37% which can be categorized at FAIR condition. Halophila
ovalis was observed the highest mean cover at 50%. Followed with Syringodiumisoetifolium at 45%
mean cover. Then Halodule pinifolia followed next at 40% mean cover. Halodule uninervis is at 30%
then followed with Thalassia hemprichii AT 33%. Lastly, Cymodocea serrulate is at 18%

The average mean density of phytoplankton observed in all monitoring sites was at 12,883 cells/
m3 while zooplankton was at 24,032 cells/m3). This density signifies a healthy microalgae
ecosystemin the area. Showing results in each monitoring stations, monitoring station CR1 showed
is at 11,212 cells/m3 of phytoplankton and 26,110 cells/m3 zooplankton, CR2 showed 16,252
cells/m3 phytoplanktonand 29,881 cells/m3 zooplankton. Moreover, CR3 is at 13,212 cells/m3
phytoplankton 25,181 cells/m3 zooplankton. Survey station CR4 phytoplankton 12,215 23, 991 and
cells/m3 zooplankton while CR5 11,523 cells/m3 phytoplankton and 14,996 cells/m3 zooplankton.

Plankton composition diversity was primarily composed of 23 common genera across all survey
station. Top three most frequent phytoplankton recorded were Ceratium sp at nineteen percent
(19%), followed with Chaetoceros sp at sixteen percent (16%). This was then followed with and
Coscinodiscus sp and Noctiluca sp. at twelve percent (12%) respectively.

Meanwhile, for zooplankton species, Copepods was observed the highest at twenty-three percent
(23%) followed with Bivalvia sp. at thirteen percent (13%), then Mollusca sp at twelve percent (12%)
respectively.

Three (3) species of true mangrove were identified representing old growth and saplings. Theseare
pagatpat (Sonneratia alba), miapi (Avicennia marina), and bakhaw (Rhizophora mucronata).

The mangrove habitat serves as coastal protection, fish nursery and source of nutrient exchange
supporting the local seagrass ecosystem down to the coral habitat. The area may be proposed for
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mangrove reforestation or protection to further support and enhance fish productivity on its
surrounding area.

C. Air

1. Meteorology/Climatology

Change in Local Micro-Climate

Monthly Average Rainfall and Temperature of the Area

The graph below specifically represents the rainfall in terms of days rains occurred as well as the
total volume per month for the Municipality of Ayungon, Negros Oriental. The graph indicates that
the occurrence of high volumeis in the months of June, July and October of 2016. These months
are also the time farmers plant their crops. Typhoons also strike during these months. In May, June,
July, August, September and October, the wind is south westerly and in the months of November,
December, January, February, March and April, the wind direction is north easterly. Rainfall is also
affected by the wind velocity and direction. During the dry season, there are more rain days but of
lesser volume which is prominent in the months of January, February and March.
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Figure 2-72. Average Monthly Rainfall in Ayungon
Source: Dumaguete Airport Authority (DAA)

The lowest average monthly temperaturein the Ayungon area occurs in the months of July, August,
September, October, January and February. In July to October, the rainy season is at its peak and
in January and February, the low temperature is caused by the Siberian winds due to the melting
of theice inthe northern hemisphere. The high temperature occurred during the rainy days due to
the high atmospheric humidity. In the Ayungon area, the relative humidity is 78%.
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Source: Dumaguete Airport Authority (DAA)
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Figure 2-74. Wind Direction

The wind rose was sourced from the data gathered by the Dumaguete Airport, being the best
institution with weather instruments and complete data near the Municipality of Ayungon. The
wind rose showed that the wind is stronger and occurs mostly from the north east but least from
the southeast. This wind rose is affected by the mountain range between Negros Oriental and
Negros Occidental, the Tafion Strait, and the mountains in Cebu.
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Frequency of Tropical Cyclones

Based onthe Philippine Vulnerability to Environmental Disasters, the Project Site isin alow hit area.

Type | — Two pronounced
seasons: Dry from November
to April, wet during rest of the

year.

Type Il — No dry season with
- a very pronounced rainfall
from November to April and

wet during rest of the year.

Type lll — Seasons are not

very pronounced; relatively

- dry from November to April,
wet during rest of the year.

Type IV — Rainfall is more or

less evenly distributed through
the year.

Figure 2-75 Climate Map of the Philippines (Source: PAGASA)

Greenhouse Gas Estimates (GHG Mitigation Potential)

Sources of greenhouse gases from the quarry project are CO, and nitrous oxides gases from fuel
combustion in quarry equipment and motor vehicles. Greenhouse gas emissions from the said
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sources are very minimal and its contribution to climate change could be considered negligible. As
such, evaluation of greenhouse gas contribution to climate change for this project is considered
not necessary. As noted in the scoping guidelines, the said evaluation is “applicable only for
projects with significant GHG emissions.”

Nevertheless, HRDC will continue the implementation of greening program to serve as carbon sink,
primarily to help offset the impact of greenhouse gas emissions from the operations of quarry.

As the GHG emissions is negligible, there is no need to monitor for these substances.

Table 2-53. Greenhouse Gas (GHG) Emission Estimates

VOC co NOX S02 PM10
0.037 ug/Ncm 1.377 ug/Ncm 0.28 ug/Ncm 0.000607 ug/Ncm 22.236 ug/Ncm
0.185 ug/Ncm 6.885 ug/Ncm 1.4 ug/Ncm 0.003035 ug/Ncm 111.18 ug/Ncm

2. Air Quality and Noise

The methods of samplingand analysis of TSP, PM10, PM2.5,502,NO2, CO, and total VOCs for the
ambient air quality monitoring were based on the DENR standards. For the trace metals (Hg, Pb,
Cd, As and Cr), these are not required in the ECC and thus are not included in the monitoring.

Table 2-54. Methods of Ambient Air Sampling and Analysis

Parameters Sampling Method
Total Suspended Particulates (TSP) High Volume — Gravimetric Method
Particulate Matter less than 10 microns (PM1o) High Volume — Gravimetric Method
Particulate Matter less than 2.5 microns (PMio) Low Volume — Gravimetric Method
Sulfur dioxide (SO3) Bubbler — Pararosaniline Method
Nitrogen dioxide (NOy) Bubbler — Griess —Saltzman Reaction Method
Carbon monoxide (CO) Gas Analyzer — Direct Reading
Total Volatile Organic Compound (VOCs) Gas Analyzer — Direct Reading

Total Suspended Particulates

Sampling of TSP was carried out by using a high-volume sampler. Ambient air was drawn into a
covered housingand through a collecting medium of a pre-weighed glass microfiber filter paperat
a controlled flow rate over the specified sampling period. The filter paper with retained particles
was recovered after sampling and desiccated for 24 hours in the laboratory followed by accurate
weighing (gravimetric method) using a calibrated mass balance. The net weight (mass gain) from
the initial and final masses of the filter paper corresponds to the total amount of particulates
collected. The concentration of TSP in ambient air was determined from the ratio of total mass of
particulates collected and the total normal volume of air sampled (total volume of air sampled
corrected to normal conditions of 25 °C and 760 mm Hg).

Particulate Matter less than 10 microns

Sampling of PM10 was carried out by using a high volume PM10 sampler. Ambient air was drawn
at a controlled flow rate into a specially shaped cyclone inlet where the larger particulates are
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initially separated from PM10 sizerange. Each size fraction inthe PM10ssizerangeis then collected
on a pre-weighed glass microfiber filter over the specified sampling period. The filter paper with
retained particles was recovered after sampling and desiccated for 24 hours in the laboratory
followed by accurate weighing using a calibrated mass balance. The net weight (mass gain) from
the initial and final masses of the filter paper corresponds to the amount of PM10 collected. The
concentration of PM10 in ambient air was determined from the ratio of total mass of PM10
collected and the total normal volume of air sampled.

Particulate Matter less than 2.5 microns

Sampling of PM2.5 was carried out by using a low volume sampler. Ambient air was drawn at a
controlled flow rate through an inertial particle size separator (impactor) where the suspended
particulate matter in the PM2.5 sizerange is separated for collection on a pre-weighed glass-fiber
filter paper over the specified sampling period. The filter paper with retained particles was
recovered after sampling and desiccated for 24 hours in the laboratory followed by accurate
weighing using a calibrated analytical balance. The net weight (mass gain) from the initial and final
masses of the filter paper corresponds to the amount of PM2.5 collected. The concentration of
PM2.5inambient air was determined from theratio of total mass of PM2.5 collected and the total
normal volume of air sampled.

Sulfur Dioxide

Sulfur dioxide in the ambient air was sampled using a handy gas sampler by aspirating air at a
controlled flowrate into a solution of 0.04 M sodium tetrachloromercurate (TCM) through a glass
midgetimpinger over the specified sampling period. The solution was then treated in thelaboratory
with formaldehydeand with a specially purified acid-bleached pararosanilineto form an intensely
colored pararosaniline methyl sulfonic acid. The color intensity was measured
spectrophotometrically at 548 nm and is directly related to the amount of SO2 collected. SO2
concentration was determined from the difference between the absorbance of the sample and
blank, multiplied by the calibration factor, and divided by the total normal volume of air sampled.

Nitrogen Dioxide

Nitrogen dioxide in the ambient air was determined using Griess-Saltzman Reaction Method. Air
was drawn using a handy gas sampler at a controlled flowrate into an azo dye forming reagent
through a glass midget impinger over a specified sampling period. The absorption reaction
produces a stable red-violet color. The color intensity was read by a spectrophotometer in a
laboratory at 550 nm and is directly related to the amount of NO2 collected. NO2 con centration
was determined from the difference between the absorbance of the sample and blank, multiplied
by the calibration factor, and divided by the total normal volume of air sampled.

Carbon Monoxide

Carbon monoxide in air was measured by a direct-reading gas analyzer equipped with a special
sensor for CO. The average value obtained during monitoring was recorded. The minimum
detection limit for COis 1.0 ppm.
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Total Volatile Organic Compounds

Total VOCs was determined using a direct-reading photoionization detector. It has an electrodeless
10.6 eV ultraviolet lamp that ionizes chemicals with ionization potentials below 10.6 eV and thereby
measure their concentrations in parts per million. The average value of total VOCs obtained during
monitoring was recorded. The detection limit for total VOCs is 0.1 ppm.

Sampling Schedule, Locations and Coordinates

In compliance with therequirements of DENR-EMB Central Office, sampling activity for ambient air
and noise quality monitoring was conducted in two (2) different seasons— wet and dry season-in
order to monitorand identify the effects of the Project operations to the surrounding environment
and vice-versa.

Dry season sampling was conducted on November 29-30, 2016 while wet season sampling was
doneon August 24-25,2017.Thesampling was conducted in five (5) different locations, within and
outside the Project Site. The table below shows the coordinates of the sampling stations while
Figure 2-77 shows the sampling map of the baseline activity.

Table 2-55. Sampling Coordinates of AAQM

Sampling Stations Coordinates
Al — Quarry Gate Entrance 09°51’'29.6” N/ 123°04'37.3" E
A2 — Sitio Binatca, Brgy. Maaslum, Basketball Court 09°51’22.5" N/ 123°05’07.4" E
A3 - Sitio Sacsac, Brgy. Gomentoc 09°51’12.2” N/ 123°07'37.9” E
A4 — Sitio Looc, Brgy. Tampocon 1 09°50’39.6” N/ 123°08'07.6” E
A24-5 — Front of Maaslum Barangay Hall 09°51’31.5” N/ 123°05'39.0" E
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Degradation of Air Quality

One (1) Hour Ambient Air Quality Monitoring

Four(4) designated sampling stations were assessed with TSP, PM 4, PM, 5, SO,, NO,, CO, and total
VOCs. The pollutant concentrations, as presented in Table 2-54, complied with the DENR National
Ambient Air Quality Standards (NAAQS) for Source Specific Air Pollutants of 300 pg/Ncm for TSP,
200 pg/Ncm for PMyg, 340 ug/Ncm for SO,, and 260 pg/Ncm for NO,; and with the DENR National
Ambient Air Quality Guideline Values (NAAQGV) for Criteria Pollutants of 30 ppm for CO — all were
based on 60 minutes averaging time. However, there are no established DENR standards for PM 5
andtotal VOCs for 60 minutes of monitoring. Annex 7shows the Results of Ambient Air Quality and
Noise Monitoring.

Based on the report of the actual sampling done by a hired monitoring team, the result showed
that at all times, are all within the DENR standards for light industrial area. Considering that the
road is used specifically, for the transport of an industrial output; there is no specific land use
classification of the area; there is no noise ordinance promulgated and the project is endorsed by
the local government of, Ayungon, Negros Oriental, the standard used for industrial road. It must
be noted that the operation is being conducted only during morningand daytimeonly, to protect
the nearby residents of noise during their time of sleep.

On the other hand, it is noticeable that there is a slight increase in the Total Suspended Particles
(TSP) during dry season sampling due to dust brought by strong wind or moving vehicles. Aside
from TSP, which is still below the DENR Standard, no other parameters have observable increase
identified.

24-hours Ambient Air Quality Monitoring

One (1) designated sampling stations were assessed with TSP, PM 4, PM, 5, SO,, NO,, CO, and total
VOCs. The pollutant concentrations, as presented in Table 2-55 and Table 2-56, complied with the
DENR National Ambient Air Quality Guideline Values (NAAQGV) for Criteria Pollutants of 230
pg/Ncm for TSP, 150 pg/Nem for PM o, 50ug/Nem for PM, 5, 180 pg/Nem for SO, and 150 pg/Nem
for NO, based on 24 hours averaging time; and 9 ppm for CO based on 8 hours averaging time.
However, there is no established DENR standard for total VOCs for 24 hours of monitoring. Annex
7 shows the Results of Ambient Air Quality and Noise Monitoring.

Same as to the One (1)-hour Ambient Quality monitoring, the 24-hour Ambient Air Quality
Monitoring results shows that thereis no significant increase in the concentrations of the identified
parametersin different sampling locations that may be contributed to the operation of the Project.

Sampling for Hg, Pb, Cd, AS, Cr

The sampling for air parameters which cover Hg, Pb, Cd, As and Cr was not done since the project
is a simple quarry operation of cutting and grabbing of silica material and does not entail the
production of effluents and pollutants containing Hg, Pb, Cd, As and Cr.
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Increase in Ambient Noise Level

A direct-reading sound level meter (in A-weighing mode) was used to collect noise level data at
each sampling station. A-weighted (dBA) scale was selected as required by the 1978 NPCCand the
1980 NPCCstandards were also based on the same weighting network. A weighting network most
closely approximates the response of ear to various sound frequencies.

The procedure used followed that of Wilson (1989), in which at least a total of fifty (50) readings
were recorded in order to increase confidence limits of the data. Procedures outlined by Wilson
(1989)were adopted in the monitoring ofintervals, duration of samplings, size of data needed, and
methods of noise level analysis were not specified in the 1978 NPCC.

According to the provision provided in the NPCC Memorandum Circular 002 (1980), the arithmetic
median of seven maximum-recorded noise levels is regarded as the noise level comparableto the
standard. The 24-hous ambient noise level monitoring data were collected between four periods
with the inclusive times as seen in the table below. Field observations during the monitoring were
also noted to identify the primary sources of noise in each area.

Table 2-56. Noise Monitoring Periods

Periods Time

Morning 5:00AM-9:00AM
Daytime 9:00AM-6:00PM
Evening 6:00PM-10:00PM
Nighttime 10:00PM-5:00AM

Based on theresults of the Ambient Noise Level Monitoring shown in Table 2-56 the Project has no
significant effect on the Noise Levels that may adversely affect the nearby communities. Causes of
the increase in noise identified during the sampling were due to natural sources, like birds and
insects, and vehicular noises coming from motorcycles and others. Annex 7 shows the Results of
Ambient Air Quality and Noise Monitoring.

Geotagged Areas of Air Pollution Sources

Figure 2-77 shows the location of air pollution sources in the quarry area.
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Table 2-57. One (1) Hour Ambient Air Quality Monitoring Results for Wet and Dry Season
Station Location Date and Time | TSP (pug/Ncm) | PMio(pg/Ncm) | PMas(pug/Ncm) | SO; (ug/Ncm) | NO2 (ug/Ncm) | VOCs (pg/Ncm) (efe]
of Sampling Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet
Al Quarry Dry: 155.5 <1.8 87.6 <1.8 <17.9 1.4 <0.5 5.0 4.4 1.9 <0.1 <1.0 <1.0 <1.0
Gate Nov. 29, 2016
Entrance 1003H-1103H
Wet:
Aug. 24,2017
1005H-1105H
A2 Sitio Dry: 65.7 <1.8 <1.8 <1.8 <17.7 14 <0.5 5.0 53 19 <0.1 <1.0 <1.0 <1.0
Binatca, Nov. 30,2016
Brgy. 1225H-1325H
Maaslum, Wet:
Basketball Aug. 24,2017
Court 1125H-1225H
A3 Sitio Dry: 194.7 5.2 60.3 <1.7 <17.2 0.7 31.8 7.3 3.0 <0.7 <0.1 <1.0 1.0 <1.0
Sacsac, Nov. 30,2016
Brgy. 1420H-1520H
Gomentoc | Wet:
Aug. 24,2017
1250H-1350H
A4 Sitio Looc, | Dry: 245.4 <1.7 43.2 <1.7 <17.3 <0.2 6.4 8.4 1.7 <0.7 <1.0 <1.0 1.0 <1.0
Brgy. Nov. 30,2016
Tampocon 1055H-1155H
1 Wet:
Aug. 24,2017
1405H-1505H
DENR National Ambient Air Quality 300 200 None 340 260 None 30

Standards

(60 Minutes Averaging Time)

Note: The detection limit value of the parameters was used for the computation of non-detected concentrations.

(Minimum detection limit is 0.1 ppm using a 10.6 eV lamp).
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The gas analyzer was calibrated to read total VOCs in isobutylene equivalents.
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Date and Time of | TSP (ug/Ncm) PMio (ng/Ncm) | PMas(pg/Ncm) [ SOz (ug/Ncm) | NO2 (ug/Ncm) | VOCs (pug/Ncm)
Station Location Sampling
(Dry, Wet) Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet
A24-5 Front of Dry: 27.1 17.3 7.3 2.4 6.6 0.4 1.5 3.7 0.7 1.7 <0.1 <1.0
Maaslum Nov. 29-30, 2016
Barangay 1205H-1205H
H