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ABBREVIATIONS AND ACRONYMS

ADM Air Dispersion Modelling

ADt Air-dry metric tonnes

ALARP As low as reasonably practicable

AMR Allied Market Research

ARC Antecedent runoff condition

ASME American Standards of Mechanical Engineering
BAT Best Available Techniques or Technology

BBP Bamboo Bioproducts Limited

BEKP Bleached Eucalyptus Kraft Paper

BHKP Bleached Hardwood Kraft Paper

BMP Biodiversity Management Plan

BOWEC Building and Operations of Works of Engineering Construction
BSKP Bleached Softwood Kraft Paper

BSJ Bureau of Standards Jamaica

CAGR Compound Annual Growth Rate

Cao Calcium Oxide or quicklime

Ca(OH); Calcium Hydroxide or slaked lime

CBA Cost benefit analysis

CcC Climate Change

CDM Clean Development Mechanism

CEDP Community Engagement and Development Plan
CITIES Convention on International Trade in Endangered Species of Wild Fauna and Flora
CN Curve Number

CO; Carbon dioxide

CoC Chain of Custody

CoD Chemical oxygen demand

COoVID-19 Coronavirus disease 2019

CP Closure Plan

CVRA Climate Vulnerability and Risk Assessment

dBA Decibels

DEM Digital Elevation Model

DO Dissolved Oxygen

DOC Dissolved organic carbon

DTM Digital Terrain Model

ECF Elemental Chlorine Free

EgB Gibraltar-Bonnygate Formation
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EHS Environmental, Health and Safety
EHSG Environmental, Health and Safety Guidelines
EHSMMP Environmental, Health and Safety Management and Monitoring Plan
EHU Environmental Health Unit
EIA Environmental Impact Assessment
EL Environmental Licence
EMMP Environmental Management and Monitoring Plan
ENSO El Nifio Southern Oscillation
EPRP Emergency Preparedness and Response Plan
EPs Equator Principles
ESG Environmental, social and governance
EIA Environmental Impact Assessment
ESL Environmental Solutions Limited
ESS Environmental and Social Standard
EU BAT European Union Best Available Techniques or Technology
FFG Functional Feeding Group
FSC Forest Stewardship Council
ft Feet
GAP Good Agricultural Practices
GDP Gross Domestic Product
GHG Greenhouse gas
GIIP Good International Industry Practice
Gol Government of Jamaica
H,S Hydrogen sulphide
HEART Trust
NSTA Human Employment and Resource Training Trust/National Service Training Agency
HEC-GeoHMS Geospatial Hydrologic Modelling Extension
HEC-HMS Hydrologic Engineering Centre — Hydrologic Modelling System
HEC-RAS Hydrological Engineering Centre — River Analysis System
HFO Heavy fuel oil
HSG Hydrologic soil group
IFC International Finance Corporation
IMP Impact Management Plan
International Organization for Standardization/International Electrotechnical
ISO/IEC Commission
JCF Jamaica Constabulary Force
JFB Jamaica Fire Brigade
JNHT Jamaica National Heritage Trust
JPS Co. Jamaica Public Service Company
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km Kilometre

LDA Local development area

LNG Liquid Natural Gas

LOI Letters of intent

m Metre

MCGES Ministry of Culture, Gender, Entertainment and Sport
MDGs Millennium Development Goals

M&E Monitoring and Evaluation

MEGIC Ministry of Economic Growth and Job Creation

MGl Mona Geolnformatics Institute

MICAF Ministry of Industry, Commerce, Agriculture and Fisheries
Mn Newport Formation (member of the White Limestone Group)
MOAF Ministry of Agriculture and Fisheries

MoHW Ministry of Health and Wellness

MPS Multi-parameter system

mS/cm milliSiemens per centimeter

MSD Midsummer drought

MTS pa metric tonnes per annum

MW MegaWatt

Na,S Sodium sulphide

Na,SO04 Sodium sulphate

NaOH Sodium hydroxide

NDC Nationally Determined Contribution

NEPA National Environment and Planning Agency

NG Natural Gas

NGO Non-Government Organisation

NIC National Irrigation Commission

NOXx Nitrogen oxides

NRCA Natural Resources Conservation Authority

NSWMA National Solid Waste Management Authority

NWA National Works Agency

NWC National Water Commission

0, Oxygen

Os Ozone

ODPEM Office of Disaster Preparedness & Emergency Management
OHSEMP Occupational Health, Safety and Environment Management Plan
p.a. per annum

PAJ Port Authority of Jamaica

P&L Permit & Licence
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PMio Particulate Matter with a diameter < 10 microns
POC Particulate organic carbon

ppt Parts per thousand

PSCS Pan Caribbean Sugar Company

PVC Polyvinyl Chloride

Qa Alluvium

QA Quality Assurance

Qc Quality Control

SCIH Sugar Company of Jamaica Holdings Limited
SDC Social Development Commission

SDGs Sustainable Development Goals

SEA Strategic Environmental Assessment

SIA Social Impact Assessment

SIMP SIMP- Social Impact Management Plan

SO, Sulphur Dioxide

SOx Sulphur oxides

STATIN Statistical Institute of Jamaica

TCF Totally Chlorine Free

The UWI The University of the West Indies

TMP Traffic Management Plan

TOC Total organic carbon

TWA Time Weighted Average

UNFCCC United Nations Framework Convention on Climate Change
US-EPA United States Environmental Protection Agency
VOC Volatile organic compounds

WHO World Health Organisation

WMC Westmoreland Municipal Corporation

WMP Waste Management Plan

wWMU Watershed Management Unit

WRA Water Resources Authority

Environmental Solutions Ltd.

XXi



Report: DRAFT FINAL— Environmental Impact Assessment for the Proposed Bamboo Market Pulp Mill in Friendship,

Westmoreland

ACKNOWLEDGMENTS

We would like to thank all the individuals and government agencies that contributed to the preparation
of this report. They include the Westmoreland Municipal Corporation, the Jamaica National Heritage

Trust, the Social Development Commission (Westmoreland), and the farmers and community members

in and around the Friendship site.

Special thanks to our partners Saffrey Brown and her team from the Leap Company who conducted the

Social Impact Analysis for the project.

Finally, we would like to acknowledge our consulting team for the collaborative approach towards the
development of this report:

Eleanor Jones, MA, OD — Team Leader and Environmental Risk Management Specialist
Annmarie Goulbourne, MSc — Project Manager, Environmental and Social Specialist
Rashidah Khan-Haqg, MPhil — Environmental Chemist

Herona Thompson, MSc — Engineering Geologist and Environment Management Specialist
Pietra Brown, MA - Climate Vulnerability Specialist

Kimberley Coore, MPhil — Environmental Analyst and Ecologist

Jaidene Webster-Jones, BSc — Environmental Chemist

Shadain Ellis, MSc Candidate — Chemical Analyst
Raylee Dunkley, PhD Candidate — Chemical Analyst

Vianzo Rowe — Sampling Technician
Herbert Thomas — Hydrologist

The views expressed herein are those of the authors and do not necessarily reflect the views of Bamboo
Bioproducts Limited.

Environmental Solutions Ltd. XXii



Report: DRAFT FINAL— Environmental Impact Assessment for the Proposed Bamboo Market Pulp Mill in Friendship,
Westmoreland

EXECUTIVE SUMMARY

Bamboo Bioproducts Limited (BBP) proposes to farm bamboo on a large scale in Jamaica in a sustainable
and holistic manner. This bamboo will be harvested on a managed and progressive basis, and then
processed in a world-class pulp mill using the best available state-of-the-art technology. The bamboo pulp
will be sold to multinational corporations that produce consumer tissue and personal hygiene products.

In addition to large-scale farming, BBP proposes to construct and operate the first fully integrated Bamboo
Market Pulp Mill in the Western Hemisphere. The pulp mill will be situated on approximately 350 acres of
land in Friendship, Westmoreland, following a fully sustainable ‘Agro-Ecological-Industrial’ model. The
proposed mill will have a design capacity to produce 250,000 air-dry metric tonnes per annum of
Conventional Baled and Fluff Bamboo Pulp. The proposed mill will use bamboo chips supplied from farms
growing the Bambusa vulgaris in Jamaica as the raw material to produce the pulp. The mill that will be
constructed will follow the typical pulp mill layout and the produced pulp will be exported. To facilitate
the logistics of transporting the raw and produced product, to and from the mill for export, enclosed
electric-powered trucks will be used. The Project also proposes to have its own high-yield bamboo farms
in addition to providing opportunities for contract farming for various local partners. All phases of the
project process will adhere to the Forest Stewardship Council (FSC) Chain of Custody Certification.

Following the World Bank’s screening and scoping procedure for projects of this nature, this Project has
been characterised as a Category A project.” The environmental due diligence is also intended to support
the appraisal of the proposed BBP investment project being slated for development bank financing, to
determine its suitability for financing. For financing, the proposed project will be assessed for the
potential environment and social risks, opportunities for introducing enhanced environment and social
benefits, the capacity of the Borrower to implement the project in keeping with the World Bank’s
Performance Requirements, and the wider context of the national legislative and regulatory requirements
within which it will operate. Hence, Environmental Solutions Limited (ESL) was contracted by BBP to
undertake an Environmental Impact Assessment (EIA). The EIA was conducted in alignment and
compliance with the International Finance Corporation’s (IFC) Environmental and Social Performance
Standards; environmental, social and governance (ESG) factors; the FSC’'s Performance Standards,
Principles and Criteria, and the Equator Principles. Additionally, this EIA report has been prepared in
support of the Environmental Permit applications being made by BBP to the National Environment and
Planning Agency (NEPA) for the proposed bamboo market pulp mill. This EIA will primarily focus on the
proposed pulp mill.

The approach and methodology included a review of the project description and base designs, an
assessment of the existing environmental and social conditions, the completion of impact and mitigation
assessments, a review of alternatives, the development of a risk assessment, and the development of
management and monitoring plans for the environmental and social areas in relation to the project.

i Category “A” projects are those with the most significant and mostly permanent environmental and social impacts.
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Additionally, a Climate Vulnerability and Risk Assessment (CVRA) was conducted as a requirement for
funding.

A summary of the findings based on the report’s chapter headings is presented below. They are:

«* Project Description

o The proposed pulp mill site is located in the area of Friendship, Westmoreland on approximately
350 acres of land. Nearby towns and communities include Barham, Friendship Cross, Hertford,
Friendship, Petersfield, Frome, Savanna-la-Mar, and Amity.

e The land is currently owned by BBP. It was formerly owned by SCJ Holdings (SCJH) Limited and is
currently being harvested for sugarcane production.

e BBP is planning to install a new non-integrated Bleached Kraft Bamboo Pulp Mill for production
of fluff and market pulp based on bamboo grown in Jamaica and Belize.

e The bamboo that will be used as the raw material is the Bambusa vulgaris or ‘Common Bamboo’,
which is a clumping bamboo commonly found in Jamaica.

e Investigations are currently ongoing to determine the best locations for the potential farms, as
well as the best cultivation and harvesting methods and measures for maximised production, with
minimal negative environmental impacts.

e BBP intends to use a combination of, BBP-managed Farms, Contracted Independent Private
Farmers and Co-operatives Farms in Jamaica to supply the proposed mill with raw material.

e The indicative pulp mill process concept is based on world-class technologies supplied by
ANDRITZ, a globally leading supplier of plants, equipment, and services the pulp and paper
industry.’

e The level of technology to be used will comply with the European Union’s Best Available
Techniques (BAT) Guidelines/Reference Document, published in 2015. BBP will also be in
compliance with local requirements with respect to legal and regulatory frameworks as well as
international requirements for best practice.

e The lifetime expectancy of the proposed mill is 70 years.

e The construction approach to be taken for the proposed pulp mill is the use of modular
construction techniques, off-site and off-island, in a controlled factory environment. Modular
units/components will be shipped to Jamaica for assembly.

e The Kraft Pulping Process will be used as the production method and the bleaching process is
Totally Chlorine Free (TCF).

i ANDRITZ is a globally leading supplier of plants, equipment, and services for hydropower stations, the pulp and paper industry,
the metalworking and steel industries, and for solid/liquid separation in the municipal and industrial sectors as well as for animal
feed and biomass pelleting. The publicly listed technology Group is headquartered in Graz, Austria and operates more than 280
sites in over 40 countries.
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The net freshwater requirement for the proposed mill will be 20m?* per tonne of production and
the water will be extracted from the Cabarita River and treated on an onsite water treatment
plant at the mill. The Cabarita River borders the north-western end of the proposed site.

A wastewater treatment facility will also be constructed on the proposed mill site to treat 20m3
per tonne of production and will provide a tertiary level of treatment. The Partner of BBP that will
Build-Own-Operate the wastewater treatment facility is SUEZ, a group of companies that
specialise in circular solutions in water and waste and operates treatment plants internationally
and also in Jamaica.

Information provided thus faron the mill’s chemicals, storage of raw materials and chemicals,
waste generation and disposal, air emissions, noise emissions, and energy consumption and these
can be found in Chapter 4 and Appendix H. Further details will be provided to comply with the
European BAT Guidelines and the NEPA requirements.

The logistics of the transportation of raw and produced materials for the proposed mill and for
export will be facilitated by trucking.

The intention is to commence the proposed mill’s operations in Q3 of 2024 once the relevant
permits are received.

+* Description of the Environment

Surveys and were completed between July 2021 and May 2022 to determine the existing
conditions of the environment, as well as the current socioeconomic status of and within the
project sphere of influence. The bulk of the socioeconomic surveys was conducted from July to
October 2021 and the bulk of the environmental surveys was conducted from November 2021 to
May 2022 to capture information in the wet and dry seasons.

The site climate, topography, geology and soils are suitable for siting the proposed mill.

The Hydrology Assessment in Section 5.1.5 estimated that the water requirement of the pulp mill
is 12% of the reliable combined flows of nearby rivers.

Additionally, based on the Water Resources Authority’s estimated water demand projections the
available water resource of the Cabarita River is adequate to address the mill’s water demand
now and in the future.

It should also be noted that the New River tributary joins the Cabarita River below the gauging
station at Grange, but its flows could not have been included in the calculations for the combined
from due to the limited recorded period from its gauging station. However, a test calculation,
where the limited records from the New River tributary were included in the combined flows
showed that, with the inclusion of the New River flow, the reliable yield of the combined flows
could be increased by a further 20%.

The Hydrology Assessment has also determined from its Flood Risk Assessment through
inundation maps for floods with a 10-year, 25-year, 50-year and 100-year event that the depth of
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flooding in the affected area reaches up to 1.5 m for a 100-year event. The rest of the
development is on high ground and is not impacted by the floodwaters. Recommendations were
provided on how to treat areas of the property that could be impacted by floodwaters.

e An assessment of the impact of the proposed pulp mill on the flood risk of the Cabarita River
Watershed Management Unit showed that there would be a very marginal increase in the post
development flows and will thus have no impact on the resultant flood levels at and downstream
of the mill site.

e Based on the results obtained from the two sampling activities, the water quality parameters
assessed, where applicable, were compliant with the Draft Jamaica National Ambient Water
Quality Standard — Freshwater, 2009. Parameters that were non-compliant, (e.g., sulfate,
chloride, magnesium, potassium, etc.) were below the specified requirements. The water would
be classified as excellent or of high quality based on the classification limits set by the Water
Resources Authority for these parameters where applicable (i.e. sulfate and chloride).

e The particulate matter (PMyo) results obtained from the second assessment were compliant with
the Natural Resources Conservation Authority’s (NRCA) Ambient Air Quality Standards. However,
if both sets of data were compared to the Ambient Air Quality Standard, there would be a a
general increase seen in the data obtained during the dry season as compared to the wet season.
The nitrogen oxides (NOx), the sulphur oxides (SOx) and hydrogen sulphide were undetected
during the wet and dry sampling periods when measurements were collected. Given that no acidic
gases were detected in the dry season assessment, it can be assumed that the monitoring sites
generally had low concentrations of these gases.

e The average noise readings for all the sites that were surveyed were above the NEPA Standard of
55 dBA for residential areas.

e The flora assessment was typical of perennial grasses, riparian vegetation and shrubs/scrubs. The
fauna assessment was typical of what is observed along rivers, grasslands and agricultural fields.

e There were no biologically unique landscapes or areas with special conservation status identified
within or in the immediate surroundings of the project area.

e A Cabarita River Ecosystem Assessment investigating the aquatic flora and fauna from upstream
of the proposed mill to the marine environment was completed. Five sites were investigated along
the Cabarita River and all sites except for the site (Site 1) closest to the mouth of the river were
indicative of mildly disturbed to undisturbed aquatic environments. Site 1 was greatly lacking in
fauna potentially due to inputs from anthropogenic activities upstream. Coupled with the
characteristically low velocity of the relatively wide river channel, the resulting impacts that were
observed included a change in colour (blackening of the river), pungent sulphuric-based odour,
and dark residue when the river water was filtered. Another factor hindering the establishment
of freshwater fauna at Site 1 was the influence of the sea. Sections of the river at the mouth were
noted as flowing backwards resulting in the increased salinity of the river (as is also indicated by
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the considerably high conductivity levels recorded), limiting the establishment of freshwater
fauna. Typical brackish water species were also not observed.

Observations in the Cabarita River Ecosystem Assessment showed that analyses of the pH,
conductivity and water temperature were within acceptable ranges and consistent with results
from the water quality assessment.

Observations in the Cabarita River Ecosystem Assessment concluded that the taxon richness and
gamma diversity (i.e., the total species diversity along the entire river) were high except at the
mouth of the river.

The Socioeconomic Assessment/Social Impact Assessment (SIA) covered six (6_ communities —
Frome, Savanna-la-Mar, Hertford, Petersfield, Friendship and Amity. The assessment covered the
following potential social impacts: the project’s sphere of influence, land use patterns, population
and household demographics, housing, existing infrastructure, economic activities, use of the
river in the project, community services, community challenges, cultural heritage and traffic.

The Public Participation component of the SIA involved interviews with key stakeholders,
surveying 102 community members, and the hosting of an Open Day.

The results of the Public Participation component of the SIA showed that most of the community
members surveyed are highly supportive of the project with some concerns regarding how the
project is likely to affect them environmentally and socially.

The following are the top 10 concerns raised by the stakeholders and members surveyed; these
concerns related mainly to the social impacts:
i Local Labour Market
ii. Lack of Training
iii. Farming Contracts
iv. Local Government Involvement
v.  Water Supply

vi. Pollution
vii. Health
viii. Social Nets

iX. Road Safety
X.  Traffic
Responses were provided by BBP to address these issues.

+* Climate Vulnerability and Risk Assessment (CVRA)

The CVRA was used to identify and assess the potential Climate Change and associated risks to
the proposed mill and its environs, as well as to propose recommendations for the Project’s
resilience.

The process included conducting a vulnerability assessment of the mill and 6 nearby communities
within the Sphere of Influence (a minimum 2 km Distance from the proposed Project Site). A
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vulnerability assessment has three components: a Sensitivity Assessment, an Exposure
Assessment, and an Adaptive Capacity Assessment.

e The communities investigated for the Assessments were the same as those in the SIA — Frome,
Savanna-la-Mar, Hertford, Friendship, Petersfield and Amity.

e The hazards that were identified for the current and future sensitivity assessments were riverine
flooding, pluvial flooding, wind damage, drought/water availability, hurricanes, tropical storms
and storm surge. Pluvial flooding and storm surge had the greatest impact on the current and
future sensitivities of the areas.

e The communities had varying levels of exposure to the various hazards in the area. A summary is
presented in Table EX-1 below.

Table EX-1: Summary of Exposure Assessment

Frome Savanna-la Mar Friendship Amity  Hertford Petersfield

Flooding Medium High High Low Low High
Anthropogenic High Medium High Low - Medium Low
(human-induced) Medium

Fires

Sea Level Rise Low High Low Low Low Low
Hurricanes/ Tropical Medium High Medium Medium High Medium
Storm Winds

Storm Surge Low High Low Low Low Low
Coastal Erosion Low High Low Low Low Low
Landslides Medium Low Medium Low Low Medium
Droughts Medium High Medium Medium Medium Medium

e The overall vulnerability ranking of the six communities is presented in Table EX-2 below.
Table EX-2: Summary of Results from the Vulnerability Assessment

Projected Level of Future Exposure Existin
Project Sensitivity/ Susceptibility  (with project assets ng -
. . Adaptive  Vulnerability
Area to Climate-Related and infrastructure Capacit
Hazards implemented) pacity
Friendship & its zone High High Low High
of influence

e The Climate Risk Assessment looked at the following potential risks and hazards: climate
variables/ hazards; current and projected stresses from climate change; the likely impacts on the
proposed assets/infrastructure/community; the hazard probability; impact risk and mitigation or
adaptation measures.

e The climate variables or hazards with the highest risk to the area and infrastructure were storm
surge and hurricanes/tropical storms. The hazard with the lowest risk were landslides.
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e Recommendations arising from the CVRA that could be used to improve the resilience of the area,
project site and its zone of influence included:

i. Therelevant drainage and building codes must be strictly adhered to minimise the impacts
as determined by the CVRA.

ii. The proposed pulp mill operation must have a Disaster Risk Management Plan;

iii. Consideration must be made for any road cutting or improvement programmes that may
be implemented by BBP in light of possible risks associated with flooding;

iv. Harvesters of the bamboo for the mill should be encouraged to not engage in slash and
burn methods as this may exacerbate soil erosion and contribute to flooding;

v. Liaising with the Meteorological Service of Jamaica and the Port Authority in relation to
port facilities/procedures that can impact the exportation of the produced pulp.

«» Air Dispersion Modelling (ADM) Assessment

o The mill will operate using one recovery boiler unit that will provide power to the mill and is the
most relevant equipment for the generation of air emissions. The recovery boiler will be fuelled
by LNG (temporarily and for cold-starts) and primarily by lignin, a by-product of the bamboo
pulping thereafter.

e Dispersion modelling was conducted for emissions of sulphur dioxide (SO,), nitrogen oxides (as
nitrogen dioxide [NO;]), carbon monoxide (CO), and Particulate Matter 10 microns (PMio) from
the proposed facility. The proposed Bamboo Pulp Mill modelled using LNG fuel fired Recovery
Boiler, under the worst-case scenario, plus the background concentration, is predicted to meet
the Jamaica National Ambient Air Quality Standards (JNAAQS) and guideline concentration.

e The bamboo facility using LNG and lignin was not predicted to have a significant impact on the
air shed. However, the results showed that it is important to note as the operations of other
operators in the airshed can have an impact on short-term exposures.

*

«» Impacts Identification and Corresponding Mitigation Measures/Positive Enhancements

e This section of the report was guided by the IFC’s Environmental Health and Safety (EHS)
Guidelines.
These included the:
i.  Environmental, Health, and Safety General Guidelines (2007)
ii. Environmental, Health, and Safety Guidelines — Pulp and Paper Mills (2007)
iii. Environmental, Health and Safety Guidelines for Perennial Crop Production (2015)

Other guidelines will be used in the SEA report.

e Impacts and corresponding mitigation measures were identified for the physical, ecological and
socioeconomic environments during the site preparation and construction phase and the
operations phase of the Project.
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Impacts were identified based on their probability of impact, direction, duration, permanence,
magnitude, spatial extent, and residual impact.

The most significant impacts identified during the proposed mill’s construction related to internal
migration and population growth; employment opportunities; and squatting. These three also
had the highest residual impact after the recommended mitigation measures were implemented.
Some recommendation measures for the aforementioned significant impacts included:

o Considerations for providing housing for migrant workers through collaboration with
public and private sector entities such as the NHT, government Ministries, NGO’s and
private developers;

Prioritizing employment of persons who reside in the immediate sphere of influence.
Potentially facilitating developers working closely with the local municipal corporations
to ensure that the needs of any transient workforce are anticipated and planned for
accordingly.

The most significant impacts identified during the proposed mill’s operations included severe
weather, wastewater, air emissions, traffic, social infrastructure, and community development.
Wastewater discharge and air emissions were identified as those with the highest residual impact
after the recommended mitigative measures were implemented. These impacts and mitigation
measures are presented in Chapters 8 and 9. Examples of the mitigative measures recommended
for wastewater, air emissions and community development were:

Wastewater - Ensure that the operator of the Wastewater Treatment Plant
employs technologies which ensure that the treatment plant is
effective in properly treating the effluent to meet the required
standards. Continuous monitoring of the treated effluent will be
used to demonstrate the performance of the plant.

- Ensure treated effluent discharge is kept to a minimum through
water use planning and recycling, if possible.

Air Emissions - Project design should incorporate the best available technology to
mitigate adverse air emissions (e.g. scrubbers, electrostatic
precipitators, etc.)

- Develop and implement preventative maintenance schedule for all
equipment on site and for the factory.

Positive enhancements related to improvements in the socioeconomic environment included the
provision of jobs, improving economic standards, community development, potential
improvement in social services and infrastructure, and improvements in education/training.

Cumulative Impacts

The cumulative impacts identified were both potentially positive and negative.
Positive cumulative impacts included economic upliftment and rural development and
improvement in social services/infrastructure in rural areas.
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e Potentially negative cumulative impacts identified were:

o The potential impact of the mill’s operations on the quality and downstream use of the
Cabarita River.

e Based on the results of the ADM Assessment, there is a potential for a cumulative impact on air
quality, however, other operators in the airshed could have a more significant short-term impact.

+» Identification and Analysis of Alternatives

e There were few alternatives identified for the Project. These were:
i. No Action Alternative
ii. Alternative site for the pulp mill — would be moved from Jamaica to Belize;
iii. Alternative site for water and wastewater treatment plants on site;
iv. Alternative use of the project site;

v. Alternatives for the project pulping process, equipment and technology.

+* Risk Assessment

e The risk assessment conducted was based on the type of hazards which were separated as
follows: process-related hazards; physical hazards; chemical hazards; and biological hazards. Risks
were identified as well as recommended mitigative measures.

e A Risk Assessment Matrix was compiled with the following considerations: likely impacts,
probability, impact risk, possible mitigative/risk control measures, as well as the residual
probability, the residual impact and the residual risk.

. The areas identified with the highest ranked risks (extreme and high) on the Project were:
Extreme Risks High Risks
* Injuries and Fatalities from * Operational and Workplace Hazards
Chemical Hazards * Machinery and Vehicle Hazards

* Injuries and Fatalities from falls (working at height)

* Electrical Shocks

* Injuries and Fatalities from Working in Confined Spaces

* Injuries and Fatalities from Fire and Explosion

* Farmingan Bambusa vulgaris |« pygitive Dust Nuisance and Other Emissions (Air
Emissions/Pollution)

* Injuries and Fatalities from Corrosive Spillage

* Odour Nuisance

* Water Quality Pollution

* Pollution from the improper disposal of residues and solid
waste

* Sedimentation from Drainage and Surface Runoff
* Greenhouse Gas (GHG) Emissions

* Severe Weather Halting Project Activities

* Poor Community Health and Safety

* Land Clearance during Construction

* Improper Disposal of
Wastewater Resulting in
Pollution
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The area identified with the highest residual risk following the recommendations of
mitigative/risk control measures was severe weather which could halt project activities.

«* Environmental, Health and Safety (EHS) Management and Monitoring Plans (EHSMP and

EHSMMP)

0,

The EHSMP outlines the environmental management, mitigation, monitoring and institutional
measures to be taken in conducting the construction and operational activities of the proposed
Bamboo Market Pulp Mill in Friendship, Westmoreland.

The EHSMP and EHSMMP were developed in accordance with the IFC EHS Guidelines (General,
Perennial Crop Production, Paper and Pulp Mills) which contain the performance levels and
measures that are normally acceptable to the IFC. It is also in compliance with relevant
regulations, legislations and policies developed by the Government of Jamaica.

The EHSMP and EHSMMPs were divided into the construction phase and the operation phase.
Both phases contain:

Environmental Management and Monitoring Plans (EMMP)

Occupational Health, Safety and Environment Management Plans (OHSEMP)
Biodiversity Management Plans (BMP)

Emergency Preparedness and Response Plans (EPRP)

Community Engagement and Development Plans (CEDP)

Traffic Management Plan (TMP)

O O O O O

An additional EHSMP included in the construction phase was the Waste Management Plan
(WMP).

++ Social Impact Management Plan (SIMP)

The SIMP covered four areas in this report and include the Impact Identification and
Management, Monitoring and Reporting, the Stakeholder Engagement Strategy and Complaint
Resolution. The complete SIMP is presented in Appendix P.
Three (3) action plans were generated for this proposed Project — the Education/Training Action
Plan; the Local Economy Action Plan; and the Social Infrastructure Action Plan.
Each Action Plan includes an Impact Management Plan (IMP), Mitigation and Management
Activities, and Indicators for Monitoring and Evaluation (M&E).
Community investments and partnerships intended to be made in the Project include:
o A Community Investment Fund (The BBP Community Fund) to channel financial resources
into the community;
o Key Partnerships with Government Agencies and Non-Government Organisations (NGOs)
in the local community;
o Ongoing provision of a Community Liaison Officer to provide information to the public
and deal with stakeholder issues and grievances.
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* Annual monitoring reports should be generated as part of the monitoring and evaluation strategy
in the SIMP.

In concluding, it is our professional opinion that based on the information provided, once the mitigation
measures have been successfully implemented and are within international and local guidelines, the
proposed Bamboo Pulp Mill will have minimal to moderate impact on the surrounding physical

environment and a positive impact on the social environment.
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1.1 PROJECT CONCEPT

Bamboo Bioproducts Limited (BBP) proposes to manufacture bamboo pulp in Jamaica in a sustainable and
holistic manner. This bamboo will be cultivated in Jamaica and harvested on a managed and progressive
basis, and then processed in a world-class pulp mill using state-of-the-art best available technology. The
bamboo pulp will be sold to multinational corporations that produce consumer tissue and personal
hygiene products.

The developers propose to construct
and operate the first fully integrated

s Bamboo Market Pulp Mill in the
Western Hemisphere that will focus
on producing pulp for consumer
EE;E;gical tissue and personal hygiene products.
ems
—— s-,ﬂ.ul-..:.-.arlmm.-_.m.sz . The pulp mill will be situated on
Conventional/ pachces Dverlienton” 8" - ;
Productivit - ~ "} approximately 350 acres of land in
S]Etﬂms Sedl cansarvation Systems in flll‘;t;n" . > X
il Transition to Localliliemes Friendship, Westmoreland following
smimhil‘m knowledye and msdom . X
e 4 r a fully sustainable ‘Agro-Ecological-
Rt o e [ Industrial’ model. The proposed mill
chemical inpsis 4 SISTBI'I'IS . . .
Peasant will have a design capacity to produce
ow Inp
Systems 250,000 air-dry metric tonnes (ADt)
per annum (MTS pa) of Conventional
Unsistainable Sustainable Baled and Fluff Bamboo Pulp. The

Seurce: Latin America and the Caribbean, Summary for Dacision Makers, p. 9

mill that will be constructed will
follow the typical pulp mill layout (Figure 1-1) and the produced pulp will be exported (Figure 1-2). To
facilitate the logistics, transporting the produced bamboo pulp from the mill for export, will be done using
trucking, with an intention to use electric vehicle trucks.

To support the Project, BBP proposes to have their own high-yield bamboo farms as well as providing
opportunities for contract farming for various local partners.

As conceptualised, the Project is expected to:

= Provide consumer tissue and personal hygiene producers with sustainable non-wood fibres from
regionally sourced raw material;

= Contribute to the improvement of Jamaica’s macro-economic performance and employment
opportunities;

=  Revitalise local rural communities, by focusing on 5 core principles of community life: ecology and
environment; housing; community and well-being; education and training; and business and
employment.

Environmental Solutions Ltd. 2



Report: DRAFT FINAL— Environmental Impact Assessment for the Proposed Bamboo Market Pulp Mill in Friendship,
Westmoreland

Pulp Drying Line

Wood Yard

Figure 1-1: Typical Pulp Mill Layout (Source: BBP, 2021)

Bamboo chip storage
Kraft Pulping

Washing o
Delignification & Totally Chlorine Free Bleaching
Dirying, Baling & Fluff Pulp Rolls

bt i

Warehouse 200 Containers / Week 10,000Containers / Year

Figure 1-2: Bamboo Fibre Flow Chart (Source: Adapted from BBP, 2021)

The BBP Project Team includes renowned executives in the field of pulp and paper engineering,
manufacturing, and marketing supported by a team of local Jamaican experts. The proposed Project
involves a capital investment of approximately US$335 million to establish the project with an estimated
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return on investment of 22% with conservative projections of US$1.8 billion in revenue during the first 10
years.

At the time of this report, there are letters of intent (LOI) in place with leading Consumer Tissue and
Personal Hygiene Producers as these companies look to increasingly replace stock consumption with non-
wood fibres. Financing is currently under discussion with export credit agencies (UK Export Finance,
Finland’s Finnvera and SEK) and local financial institutions (National Commercial Bank of Jamaica, Barita,
and Delta Capital).

1.2 PROJECT RATIONALE
1.2.1 WOOD PULP MARKET DEMAND AND SUPPLY

The global wood pulp market was valued at $165.3 billion in 2020 according to Allied Market Research
(“AMR”) and is projected to reach $242.1 billion by 2030, with a compound annual growth rate of 3.9%
(Figure 1-3). Wood pulp is a renewable raw material that can be used to produce packaging papers,
specialty papers, and tissue, among other applications. The wood pulp industry faces contrasting trends
according to RIS/ Inc., with healthy growth in packaging and tissue and continued decline in graphic papers,
especially in newsprint and printing paper.

Over the next decade, packaging paper, which accounts for 50% of total volumes, is expected to continue
to grow as e-commerce companies drive the transport segment over the foreseeable future. This was also
exacerbated by the coronavirus disease (COVID-19), a pandemic commencing March 2020, which resulted
in a significant growth in online shopping and delivery, thus increasing the need for packaging and tissue
(Freight Investor Services Ltd., 2021). Consumer packaging and tissue products, which represent 20% of
total volume, are expected to continue to grow on par with the global Gross Domestic Product (GDP)
driven largely by consumer demand for improved hygiene in developing countries and sustainability in
developed countries. Graphic papers, which account for 30% of total market volume, will continue its slow
decline, thereby contributing to the shutdown of mills or conversion to packaging.
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Figure 1-3: Estimated Market Demand of Wood Pulp globally and the Compound Annual Growth Rate
(CAGR) (Source: Fastmarkets RISIO)

On the supply side, the bleached chemical pulp market reached 68 million tonnes in 2020, comprising 29
million tonnes for Bleached Softwood Kraft Paper (BSKP) and 39 million tonnes for Bleached Hardwood
Kraft Paper (BHKP) (Figure 1-4). Global bleached chemical pulp has increased by 14 million tonnes over
the past decade, averaging +2.4% per annum (p.a.), with BSKP expanding by 4 million tonnes (+1.6% p.a.)
and BHKP by 11 million tonnes (+3.2% p.a.). The largest bleached softwood pulp producers are the United
States, Canada, Finland and Sweden (NOREXECO, 2021). Combined, they account for 75% of production.
For bleached hardwood, the largest producer is Brazil with 46% of production (Figure 1-5).

For 2022-2024, Hawkins Wright Ltd." expects capacity expansion to resume with additional capacity
mostly of BHKP, or more specifically Bleached Eucalyptus Kraft Paper (BEKP) mills from Chile, Brazil, and
Uruguay.

Global BCP capacity additions -rf.-
y-o-y change and cumulative capacity, by grade
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Sowrce: Howkins Wiright HAWRKINS WRIGHT

Figure 1-4: Growth in BSKP and BHKP from 2000 to 2020 and Projections up to 2024 (Source: Hawkins
Wright Ltd., provided by BBP, 2021)

i Hawkins Wright Ltd. is a market intelligence and analytical consultancy, that has provided over 35 years of experience to the
international pulp, paper and biomass industries.
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Figure 1-5: Global Producers of BSKP and BSHP (Source: NOREXECO, 2021)

Increasingly, tissue producers are committing to reducing their reliance on virgin forest fibre, promoting
sustainable forest management practices, and avoiding purchasing wood sourced from high conservation
value forests. As such, non-wood-based tissue products are seen as a viable and attractive alternative in
ademanding marketplace. In general, non-wood fibres are obtained from annual plants which are planted
and harvested within one growing year, and therefore can provide raw material yield much faster than
wood. They can be divided into two categories (Byrd and Hunter, 2013):

1. Agricultural residues: Materials that remain after the principal crop (usually cereal or grain) has
been harvested, e.g., rise, wheat straw, corn stalks and sugar cane (bagasse);

2. Fibre crops: Materials that come from crops planted specifically to yield fibre, e.g., industrial
hemp, kenaf and bamboo.

Other than bamboo, non-wood fibre sources, including straw, bagasse and kenaf, are not suitable for
tissue due to their fibre morphology.

1.3 PURPOSE OF THIS DOCUMENT

The proposed Project is anticipated to have environmental impacts on the development area, with respect
to environmental attributes of land, water, air, aesthetics, flora and fauna. In the assessment of the
potential environmental impacts, the collection, collation, and interpretation of the data collected from
physical, social and ecological investigations are of critical importance. Following the World Bank
screening and scoping procedure for projects of this nature, this Project has been characterised as a
Category A project. Category “A” projects are those with the most significant and mostly permanent
environmental and social impacts.
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The environmental due diligence is also intended to support the appraisal of the proposed BBP investment
project being reviewed for development bank financing, to determine its suitability for financing. For
financing, the proposed project will be assessed for the potential environmental and social risks,
opportunities for introducing enhanced environmental and social benefits, the capacity of the Borrower
to implement the project in keeping with the bank’s Performance Requirements, and within the wider
context of the national legislative and regulatory requirements within which it will operate. Hence,
Environmental Solutions Ltd. (ESL) was contracted by BBP to undertake an Environmental Impact
Assessment (EIA) starting at the Project concept phase, through design and planning. The EIA is expected
to focus on issues of potentially significant impact including, but not limited to institutional risks,
temporary loss of livelihoods, risks from natural hazards and/or any potential negative impacts to the
long-term sustainability of the area. The objective of the EIA procedure is to promote the assessment and
uniform observation of the potential environmental and social impacts in planning and decision-making.
Another objective of the procedure is to increase the opportunities for the public to receive information,
and to contribute opinions to the planning of projects.

The EIA procedure does not make any regulatory decisions concerning the proposed Project or resolve
any licensing issues; its objective is to produce information to serve as a basis for regulatory decision-
making. The EIA was conducted in alignment and compliance with the International Finance Corporation’s
(IFC) Environmental and Social Performance Standards, the FSC’'s Performance Standards, Principles and
Criteria, and the Equator Principles. Furthermore, there is a new thrust, where investors are recognising
that environmental, social and governance (ESG) factors can play a role in affecting the risk-return
characteristics of their investments. Therefore, it is crucial for these ESG factors to be integrated into this
EIA as they are the key drivers that will impact the financial performance of the investment and
sustainability of the project.

This EIA conforms with the Terms of Reference in Appendix A and presents:

= Avreview of relevant legal and regulatory framework

= The current state of the physical and social environments in and around the proposed Project site

= The potential environmental and social impacts of the proposed Project concept, as well as the
significance of these impacts

= |dentification of climate change risks, constraints and opportunities

= Measures for preventing and mitigating adverse impacts

= A proposal for the Environmental and Social Management and Monitoring Plan

= The actions taken to facilitate interaction and involvement during the EIA procedure

= |dentification of data gaps and additional studies, where needed.

Additionally, this EIA report has been prepared in support of the Environmental Permit (EP) applications
being made by BBP to the NEPA for the proposed bamboo market pulp mill. The full environmental permit
and applications process, as outlined by NEPA, is presented in Appendix B.
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1.4 SCOPE OF THIS REPORT

The report will aim to frame the proposed development (site clearance, construction and operation)
within the context of the existing conditions at the proposed Pulp Mill Site. It will be based on
observations made during the desk review, the site reconnaissance and field visits, expert opinions
garnered through our extensive experience and stakeholder consultation. This will include inter alia the
surrounding communities, requirements of the local regulatory and other relevant government agencies,
international safeguards and guidelines as well as the physical and biological environment. These
elements will not only be critical to the permitting process and EIA but should be given due consideration
in the design phase of the Project. In this way, mitigation measures for potential risks and impacts to the
environmental and social communities will be integrated in the Project from inception/planning.

1.5 ASSUMPTIONS AND LIMITATIONS

The focus of this report is the proposed mill site at Friendship, Westmoreland. The transportation mode
and medium of the raw material and product to and from the mill, and plan for the establishment of
bamboo plantations will be briefly presented in this report as these have not been finalised and are still
in development. A Strategic Environmental Assessment (SEA) of the Plan for the Controlled Cultivation of
Bamboo on Former Sugar Cane Lands and idle farmlands across Jamaica will be presented as a separate
report.

While this report provides an overview of potential environmental and social concerns, the environmental
assessment is limited by the availability, quality, and accuracy of information at the time of this report.
The timeframe of data collection and laboratory analyses may also affect the information presented. It is
possible that unreported disposal of waste, chemicals or illegal activities impairing the environmental
status of the proposed site may have occurred, which could not be identified. The considerations
regarding environmental and social risks that are presented in this report are based on the site
investigations conducted in from July 2021 to May 2022.

ESL assumes that the records and reports reviewed in the preparation of this report were complete and
accurate.
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2.1 KEY INSTITUTIONS AND FUNCTIONS

The following institutions in Table 2-1 have been identified as key implementing agencies relevant to the

construction and/or operation of the proposed Project, as well as important aspects of environmental and

social management.

Table 2-1: Key Institutions and their Functions

‘NAME

National Environment and
Planning Agency (NEPA)

MAIN FUNCTIONS

NEPA is the main government agency with the primary responsibility of
managing the environment. The Agency is responsible for managing all
aspects of the Permit & Licence System (P&L) to ensure that all
Jamaican facilities (developments), within the prescribed categories,
meet required standards to minimise negative environmental effects,
including Environmental Impact Assessments (EIA) where appropriate.

Water Resources Authority
(WRA)

The Water Resources Authority (WRA), established by the Water
Resources Act (1995), is the statutory body of the Government of
Jamaica (Gol) responsible for regulating the abstraction and use of
Jamaica’s water resources.

Forestry Department

The Forest Act, 1966, established the Forestry Department as the lead
government entity responsible for the management of forests located
on Crown Lands. The Forestry Department has also been assigned the
responsibility for developing and managing the FSC National Standards
of Jamaica and acquiring the FSC CoC.

Jamaica National Heritage Trust
(JNHT)

The Jamaica National Heritage Trust (JNHT) is an agency under the
Ministry of Culture, Gender, Entertainment and Sport (MCGES) with
the legal mandate to protect and preserve Jamaica’s heritage. The
Trust is responsible for the identification, preservation and regulation
of delicate national sites and monuments that satisfy the criteria
established in the JNHT Act (1958).

Westmoreland Municipal
Corporation (WMC)

Their responsibilities include developing, managing and maintaining
infrastructure and public facilities such as parochial roads, water
supplies, drains and gullies, parks, recreational centres, markets,
abattoirs, pounds, cemeteries, transportation centres and public
sanitary conveniences.

Ministry of Industry, Commerce,
Agriculture and Fisheries
(MICAF)

The Ministry of Industry, Commerce, Agriculture and Fisheries (MICAF)
has been charged with the responsibility of driving the integration of
the production of primary agricultural produce along all the stages of
the supply chain through to value added and facilitating full
commercialisation of outputs of the agriculture, manufacturing, and
service sectors.

Environmental Solutions Ltd.
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Ministry of Economic Growth
and Job Creation (MEGIC)

Westmoreland

MAIN FUNCTIONS

The Ministry is charged with drafting the blueprint to drive economic
growth and sustainable development in Jamaica. The Ministry has
responsibility for seven (7) critical portfolio areas: Land, Environment,
Climate Change, Investment, Water and Wastewater, Housing and
Works.

National Works Agency (NWA)

NWA is the implementing arm of the MEGJC for major construction
works, the main road network and flood control systems.

National Water Commission
(NWC)

NWC is charged with the responsibility of being the main provider of
potable water supply and the collection, treatment and disposal of
wastewater services.

National Solid Waste
Management Authority
(NSWMA)

The National Solid Waste Management Act (2001) mandates the
National Solid Waste Management Authority (NSWMA) to take all
necessary steps to execute the management of solid waste in Jamaica.

Social Development Commission
(SDC)

The SDC is the principal community organisation agency working with
Jamaica’s 775 communities.

Office of Disaster Preparedness
and Emergency Management
(ODPEM)

ODPEM is the permanent disaster preparedness and relief
organisation, which is responsible for coordinating, monitoring and
educating the nation on disasters and disaster events.

Jamaica Public Service Company
(JPS Co)

The JPS Co. is an integrated electric utility company and the sole
distributor of electricity in Jamaica.

Jamaica Fire Brigade (JFB)

The Jamaica Fire Brigade is a statutory body within the Office of the
Prime Minister — Department of Local Government. The role of the
Jamaica Fire Brigade is to protect life and property from fire or other
disasters within the Island and its territorial seas.

Jamaica Constabulary Force
(JCF)

The JCF is tasked with the maintenance of law and order, the
protection of life and property, the prevention and detection of crime,
and the preservation of peace.

Port Authority of Jamaica (PAJ)

The PAJ manages port facilities in Jamaica and is a key stakeholder to
be engaged in the export of pulp, the importation of construction
material and the importation of input materials for the mill process (if
required).

Sugar Company of Jamaica
Holdings Limited (SCJH)

The SCJH is a wholly owned GoJ land management company which
supports Jamaica’s developmental objectives. Lands for the proposed
mill were leased to the Pan Caribbean Sugar Company Limited
however, the land is now owned by BBP. SCJH’s current focus under
this project is land management.

Environmental Health Unit
(EHU), Ministry of Health and
Wellness

This unit is under the direction and management of the Health
Promotion and Protection Branch. The unit is responsible for managing
and providing strategic policy direction for environmental health
programmes. The main areas under their management are in Vector
Control, Food Safety, Occupational Safety and Health, Port Health and

Environmental Solutions Ltd.
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‘ NAME MAIN FUNCTIONS ‘

Quarantine, Building and Subdivision Plans (approving appropriate
sewage systems), Water and Wastewater (regulating existing systems),
Waste Management (include medical, hazardous and other solid
waste, e.g., domestic), Institutional Health and Environmental
Sanitation. The service delivery is strongly supported by the National
Public Health and Environmental Laboratories.

2.2 LEGISLATION, REGULATION AND POLICY FRAMEWORK

Jamaica has fifty-two (52) statutes that have direct or indirect jurisdiction over matters of the
environment, ranging from public health to physical planning and land use. In several instances, there are
overlaps and intersections in responsibilities across Ministries. As such, the enactment of the Natural
Resources Conservation Authority Act of 1991 (NRCA Act) began the process of rationalisation and
prioritisation of these statutes. The Act binds the Crown as well as the people, meaning that enforcement
can be applied to public sector entities and private citizens alike.

The following subsections summarise the main legislation, regulations, policies and international treaties
that are relevant to the location of the Project Site and the nature of the Project (Table 2-2). It is essential
that the Project activities do not violate these statutes. The list is not exhaustive, but represents the critical
laws, regulations and policies that must be considered for the Project. Some details on each are presented
in Appendix C and a full list will be appended to the final full draft of the EIA report.
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Table 2-2: Relationship of the proposed Project to the Legislations, Regulations, Plans, Programmes and Policies concerning environmental

NAME

Protection currently in force

RELATIONSHIP TO THE PROJECT

Relationship of the Project to the environmental protection legislation and regulations currently in force and under development

The Natural Resources Conservation
Authority (NRCA) Act, 1991

The NRCA Act provides for the management, conservation and protection of the natural resources and is
the chief Environmental Act for Jamaica. Communication with NEPA indicated that an EIA is required for this
development, as such, this EIA is being done to meet the requirements of this NRCA Act and support permit
applications.

The Natural Resources Conservation
(Permits and Licences) (Amendment)
Regulations, 2015

Under the NRCA Act of 1991, the NRCA is authorised to issue, suspend and revoke permits and
licences if facilities are not in compliance with the environmental standards and conditions of
approval stipulated.

BBP is required to apply for a permit and licences for the following:

Construction and operation of a Market Pulp Mill in Friendship, Westmoreland;

Construction and operation of a power generation plant using renewable energy for use at the Mill;
Construction and operation of water treatment and storage facilities at the Mill;

Licence for the construction and operation of a Wastewater Treatment Plant at the Mill to support the
development;

e licence to discharge trade effluent.

BBP also intends to use Liquid Natural Gas (LNG) for operations and storage. BBP or their LNG
Partner/Provider (to be decided) will also be required to and be responsible for preparing and submitting
the necessary Environmental Permit applications for the proposed construction and operation activities.

The Natural Resources Conservation
(Wastewater and Sludge) Regulations,
2013

These regulations require that separate licences be acquired to construct, operate and discharge effluent
from a Wastewater or Sewage Treatment plant. BBP will require a licence for each activity. Following receipt
of a permit, the developer would be required to monitor the effluent quality based on the frequency
outlined in the terms and conditions of the licence and submit monitoring reports accordingly.

The Natural Resources Conservation
Authority (Air Quality) Regulations,
2006

BBP will be required to employ emission control measures to minimise “stack and fugitive emissions”. BBP
may be required to obtain an Air Pollutant Discharge Licence.

The Town and Country Planning Act
(1999)

The Act establishes area-specific standards for land use, density and zoning. The Act and the Westmoreland
Development Order will guide the land use and planning for the Project.
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NAME

RELATIONSHIP TO THE PROJECT ‘

Relationship of the Project to the environmental protection legislation and regulations currently in force and under development

Town and Country Planning
(Westmoreland Area) Confirmed
Development Order, 2021

The Town and Country Planning Act stipulates the guidance, specifications to be included in development
orders and the conditions by which applications will be approved. The Act and the Westmoreland
Development Order will guide the land use and planning for the Project.

The project is not sited within a designated Local Planning Area but is zoned as Agricultural Land. The mill
site may need to apply for a “Change of Use” through the Ministry of Agriculture and Fisheries (MOAF),
however, as this is an agro industry, this will be clarified.

Policies from the Town and Country Planning (Westmoreland Area) Confirmed Development Order, 2021
that apply to the proposed project can be found in Appendix D.

The Wild Life Protection Act (1945)
Amended 1991

This Act is primarily concerned with the protection of specified species of fauna and precludes the

hunting of any protected species. The construction and operation phases of the Project will impact
biodiversity of the Site and the ecosystem services provided through elements such as vegetation clearance,
stack emissions, wastewater discharge, etc.

Factories Act (1943) Amended 2009

This Act makes provision for the registration and supervision of factories, and for the safety of

workers employed. It is accompanied by the Factories Regulations (1961), and the Building and

Operations of Works of Engineering Construction (BOWEC) Regulations (1968). During construction and
operation of the proposed Project, occupational health and safety of workers, visitors and the surrounding
community must be paramount to remain compliant with the Act.

Public Health Act (1986) Amended
(1996): Subsidiary Legislation on
Health and Safety (2013)

The Public Health Regulations 1976 aim at controlling, reducing, removing or preventing air, soil and water
pollution in all possible forms. The excavation and construction work and use of heavy machinery and
equipment may result in the temporary generation of fugitive dust. Proper care and standard best practices
for the construction industry should be applied to minimise public health risks.

The National Solid Waste Management
Authority Act (2000)

This Act provides for the regulation and management of solid wastes. Solid waste management will be
essential in the construction phase and will require the removal and proper disposal of vegetative matter,
soil and construction rubble. The NSWMA should be contacted regarding an approved disposal site.
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NAME
Water Resources Act (1995)

RELATIONSHIP TO THE PROJECT

This Act provides for the management, protection and controlled allocation and use of the water resources
of Jamaica and provides for water quality control and the establishment and functions of a Water Resources
Authority. During construction and operations, the Act, executed through licences and permits granted by
the WRA, will guide and monitor the abstraction of water from the Cabarita River, release of effluent into
the Cabarita River, water quality of effluent and the controlled area, as well as from any wells if they are
drilled and used at the proposed project site in Friendship, Westmoreland.

Watersheds Protection Act (1963)

The proposed Project site falls within the Cabarita River Watershed Management Unit, which encompasses
several residential communities that depend on the watershed and its services to maintain their livelihoods.

Relationship of the Project to the environmental protection legislation and regulations currently in force and under development

Noise Abatement Act (1997)

World Bank guidelines have been adopted by the NEPA and are used for benchmarking purposes along with
the draft National Noise Standards that are being prepared. Hence BBP will need to comply in construction
and operational phases.

Disaster Risk Management Act (2015)

Given Jamaica’s susceptibility to natural hazards and more recently, the outbreak of the coronavirus disease
2019 (COVID-19), BBP should remain cognizant of changes mandated by the Act for business continuity
purposes and the safety of all employees.

The Access to Information Act (2002)

All documents pertinent to the EIA process for BBP will be accessible to the general public.

The Plants (Quarantine Act) (1994) and
Regulations (1999 and 2005)

The Act makes provision for the effective control of the importation of plants, plant products and articles
which pose a threat of introducing into Jamaica any injurious plant pests. This is important as BBP proposes
to maintain bamboo farm at multiple sites in Jamaica through various agreements. If BBP needs to import
bamboo chips for the pulp mill, from other countries under unusual circumstances, this Act and Regulations

will apply.

Jamaica National Heritage Trust Act
(1985)

The Act established the Jamaica National Heritage Trust (JNHT) as the agency in charge of the protection of
national monuments and national heritage. The JNHT designates what is a national monument which may
be located above or below ground and will guide the preservation or removal of any chance finds which
may be of historic, architectural, traditional, artistic, aesthetic, scientific or archaeological interest. These
chance finds may be encountered during the construction of the proposed site in Friendship,
Westmoreland.
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NAME

RELATIONSHIP TO THE PROJECT ‘

Relationship of Project to national plans, programmes and policies

Vision 2030 Jamaica
Development Plan (2009)

National

National Outcomes 12, 13 and 15 of the Vision 2030 are integral to this development being proposed. These
are as follows:

Outcome 12 and Strategies— Internationally Competitive Industry Structures

e Develop company sophistication and productivity

e Develop economic linkages and clusters

e Develop economies of scale and scope through collaboration among enterprises in the region
e Enhance the framework for competition among enterprises

* Promote eco-efficiency and the green economy

Related Project Aspects:

e The LOI in place with leading Consumer Tissue and Personal Hygiene Producers, as they look to
increasingly replace stock consumption with non-wood fibres

Outcome 13 and Strategies — Sustainable Management and Use of Environmental and Natural Resources

* Integrate environmental issues in economic and social decision-making policies and processes

e Develop and implement mechanisms for biodiversity conservation and ecosystems management
e Develop efficient and effective governance structures for environmental management

e Manage all forms of waste effectively

Related Project Aspects:

e The Project concept is based on the first and last strategies and is an excellent illustration of
environmental underpinning in agro-ecological industrial models and design.

e BBP Project design has integrated a recovery boiler to supplement power and maximise energy
efficiency.

e BBP intends to use electric-powered trucks to transport material from the mill to the port. They will be
powered by surplus electricity produced from the proposed mill.

e The proposed outcome is the establishment of a cottage industry in local rural communities utilising
bamboo by-products as straws, stirrers, etc.
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NAME

RELATIONSHIP TO THE PROJECT

Outcome 15 and Strategies — Sustainable Urban and Rural Development

e Create a comprehensive and efficient planning system

e Create an appropriate framework for sustainability planning

e Create sustainable urban centres, including urban renewal and upgrading
e Create vibrant and diversified rural areas

e Ensure safe, sanitary and affordable shelter for all

Related Project Aspects:

e All aspects of this development are geared towards sustainable rural development.

Climate Change Policy Framework for
Jamaica (2015; Updated 2021)

The updated Policy Framework is in alignment with the Paris Agreement under the UN Framework
Convention on Climate Change. Under the new Policy Framework, the project satisfies components under
Goal 2 and Goal 3 of the Policy Framework. They are:

e Goal 2: Pursuit of low carbon development and enhancement of access to and mobilisation of climate finance
2.1 Mitigation: Reduce Jamaica’s overall GHG emissions in support of low carbon development.

e Goal 3: Promotion of public education and awareness raising, research and technology transfer towards
ambitious climate action
3.1 Technology Transfer: Promote the transfer of environmentally sound technologies for mitigating and
adapting to climate change with other countries and international organisations and among the public
sector, private sector entities, financial institutions, non-governmental organisations (NGOs) and
research/education institutions
The implementation of the mill using the most modern technology to develop a sustainable pulp, the use
of electric-powered vehicles and the sustainable production of energy at the mill using a bi-product of
the raw material supports responsible climate action.

Update of Nationally Determined
Contribution (NDC) of Jamaica to the
United Nations Framework Convention
on Climate Change (UNFCCC), (2020)

The Project contributes to plans in the expansion of agroforestry under its commitment concerning the
agricultural sector. The Project also contributes to projects that aid in the reduction of greenhouse gas
(GHG) emissions, carbon sequestration and enhanced climate resilience which will also be assisted by the
introduction of new technology in the manufacturing sector. The Project also aligns with the GoJ’s intention
to increase the use of renewable energy technologies, such as biodigestors, and LNG as a substitute for
heavy fuel oil (HFO).
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NAME
The National Land Policy (1997)

RELATIONSHIP TO THE PROJECT

The goals and objectives of this Policy are to ensure the sustainable, productive and equitable

development, use and management of the country’s natural resources. Chapter 3 of the National Land
Policy includes increasing the utilisation of arable lands, rural development and the protection of watershed
and fragile areas and crop and production, all relevant to the construction and operation of the proposed
Project.

Jamaica National Physical Plan
(1978-1998)

In general terms, the objectives of the proposed Project align with those of the National Physical Plan.

DRAFT Agricultural Land Utilisation
Policy (2013)

This policy guides the proper administration and management of land for sustainable use that will foster
agricultural growth, encourage opportunities for investment and income generation, satisfy the demand for
lands for agricultural production, regenerate livelihoods for farming communities, and promote overall
economic development of the country. This Project fulfils the goals of the policy.

The National Water Sector Policy and
Implementation Plan (2019)

The goal of the Policy is to ensure that Jamaica’s water resources are effectively managed so as to provide
for our nation’s social, economic and environmental well-being, now and in the future. The objectives of
the policy that apply to this Project are:

i. To protect watershed areas, ecosystems, catchments and networks, and promote effective
programmes for water conservation and protection;
ii. To allow for private sector participation in the water sector;
iii. To effectively manage water supply in Utility and Non-Utility Service Areas by ensuring equitable
sharing of the water resources in the twenty-six (26) Watershed Management Units (WMUs);
iv. To increase resilience to climatic shocks, such as drought;
v. To encourage rainwater harvesting, both as a primary source of access and as a drought management
mechanism;
vi. To ensure effective management of wastewater;
vii. To ensure effective flood water control.
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NAME

RELATIONSHIP TO THE PROJECT

Relationship of Project to national plans, programmes and policies

National Seed Policy and Action Plan
(2015-2025)

The policy focuses on the development of a seed system that ensures the availability of high-quality seed
which is accessible to end users. Seed within the context of this policy means parts of agricultural, forestry
and horticultural plants intended for sowing or planting purposes. As BBP intends to establish and/or
encourage the development of nurseries and seed distribution, this is relevant to the project.

JCP 8: 2021 Jamaican Standard Code of
Practice for Bamboo Plantation (2021)

Currently, a voluntary code is in development that is primarily geared towards the nursery and plantation
practices for Bambusa vulgaris, the most common bamboo growing in Jamaica.

Protection of Plant Genetic Resources
for Food and Agriculture Act (2013)

The Act is designed to provide for the protection of Jamaica's plant genetic resources for food and
agriculture and for connected matters. This is relevant for the establishment of Bamboo Plantations that
will supply the mill.

National Plant Health Policy (2011)

The policy aims to establish a coordinated, sustainable and internationally compliant plant health system
that enhances Jamaica’s plant health status, thus fostering consumer, plant and environmental health and
food security.

DRAFT Occupational Health and Safety
Act (2017)

This is a balanced framework to secure the safety and health of workers and prevent accidents and injuries
to health during the construction and operational phases of the Project.

The Tree Preservation Order

This Order falls under the Tree Preservation Act. The Order provides for the protection of all trees
from destruction or mutilation of any kind, except with the express permission of the local planning

authority under the National Land Policy (1996). This will be required if any tress need to be removed from
the site during construction.

Forest Policy for Jamaica (2016)

This Policy is geared to promoting sustainable management of Jamaica’s forest resources. It governs all
forests in Jamaica whether owned by the State or by private interests. Its scope covers land with
reforestation potential and forests in urban settings and addresses national priorities as well as international
obligations and commitments relating to climate change, biodiversity conservation, and the sustainable use
of wetlands.

The designated mill site is not within any forests designated by the Forestry Department. However, this
Policy will assist in the Project from the growth, management and provision of the raw material (raw
bamboo) for the mill.

Environmental Solutions Ltd.
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NAME

Jamaica’s National Energy Policy
2009-2030

RELATIONSHIP TO THE PROJECT

The goals of The National Energy Policy include the development of renewable energy sources such as solar,
wind, hydropower and biofuels with the target of increasing the percentage of renewables in the energy
mix to 20% by 2030 as well as to improve energy conservation and efficiency. The Policy has 5 supporting
policies. This overall Policy applies to the mill, primarily through the generation of energy from a recovery
boiler and the potential to sell the excess to the grid and to power electric trucks. The supporting Policies
that would apply based on the Project are:

e The National Energy Conservation and Efficiency Policy 2010 — 2030: This Policy seeks to increase
efficiency in the generation, transmission and distribution of electricity, in the use of energy in
multiple sectors, particularly in the industrial sector. This Sub-Policy also facilitates Jamaica’s
participation in the Clean Development Mechanism (CDM) by including a policy action to develop a
framework to capitalise on the opportunities offered by the carbon market under the CDM for
efficiency and conservation projects;

e The Biofuels Policy 2010 — 2030: This Policy provides a framework for the development of the biofuels
sector with specific focus on bioethanol from sugar cane, electricity power cogeneration using
bagasse and biodiesel primarily from crops. This would apply as the bi-product of the bamboo will be
used to generate power in the recovery boiler.

The Emissions Policy Framework for
Jamaica (2021)

The Goal of the Policy is to provide effective and coordinated systems for the reduction of emissions from
key pollutant sources and maintenance of good air quality throughout Jamaica. The Policy will seek to
address, inter alia, the management of emissions from the following sources:

e Industrial processes, e.g., power generation;
e Land, air and sea transportation;

e Waste disposal and treatment;

¢ |and use and biomass burning;

e Agricultural by-products; and

* Residential and commercial sources.

Sources that would be managed under this project are those of industrial processes, waste disposal and
treatment, and agricultural by-products.
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Other legislation identified upon completion of this report and which will be included in an updated draft

of the EIA is the dated Agriculture Produce Act (1926) as well as the need for the newly developed

Agricultural Land Utilization Policy to be made operational through the development of an Action Plan.

2.3 RELEVANT INTERNATIONAL TREATIES AND PROTOCOLS

Table 2-3 presents the International Treaties and Conventions that Jamaica has signed to that are of

relevance to the proposed Project.

Table 2-3: Relevant International Treaties and Protocols

NAME OF TREATY/ CONVENTION DATE OF RATIFICATION ‘ REMARKS ‘
Convention concerning the Protection of the June 14, 1983
World Cultural and Natural Heritage
United Nations Framework Convention on January 6, 1995
Climate Change
Kyoto Protocol on the United Nations Framework | June 26, 1999 Ratified on June 28,
Convention on Climate Change 1999
Paris Agreement under the United Nations April 11, 2017 Signed April 22,
Framework Convention on Climate Change 2016
United Nations Sustainable Development Goals September 25, 2015
Convention on Biological Diversity January 6, 1995
Cartagena Protocol on Biosafety to the September 25, 2012 Signed June 4, 2001
Convention on Biological Diversity
Convention on International Trade in June 22,1997
Endangered Species of Wild Fauna and Flora
(CITES)

Other international treaties to be considered in the proposed project include:

International Treaty on Plant Genetic Resources for Food and Agriculture — The objectives of this
Treaty are the conservation and sustainable use of plant genetic resources for food and agriculture
and the fair and equitable sharing of the benefits arising out of their use, in harmony with the
Convention on Biological Diversity, for sustainable agriculture and food security.

The 2030 Agenda — The 2030 Agenda is a Global Pact unanimously agreed to by the 193 Member
States of the United Nations to take bold and transformative steps to shift the world on to a
sustainable and resilient path, while leaving no one behind. The 17 Sustainable Development Goals
(SDGs) and 169 targets of this Agenda, which is the successor to the Millennium Development Goals
(MDGs), build on existing global agreements.

Global Good Agricultural Practices — Good agricultural practices are "practices that address
environmental, economic and social sustainability for on-farm processes, and result in safe and quality
food and non-food agricultural products". Good agricultural practices (GAP), codes, standards, and
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regulations are guidelines which have been developed in recent years by the food industry, producers'
organisations, governments, and NGOs, aiming to codify agricultural practices at the farm level for a
range of commodities.

= FSC Chain of Custody — FSC CoC Certification ensures that FSC materials and products have been
checked at every stage of processing, so customers purchasing products sold with FSC claims can be
confident that they are genuinely FSC certified.

2.4 EQUATOR PRINCIPLES

The Equator Principles (EPs) are a credit risk management framework for determining, assessing and
managing environmental and social risk in Project Finance transactions. Project Finance is often used to
fund the development and construction of major infrastructure and industrial projects. The EPs are 10
principles adopted by financial institutions and are applied where total project capital costs exceed
USS$10 million. The EPs are primarily intended to provide a minimum standard for due diligence to support
responsible risk decision-making.V Their objective is to promote sustainable environmental and social
performance which can lead to improved financial, environmental, and social outcomes. The EPs are
based on the International Finance Corporation Performance Standards on Social and Environmental
Sustainability and on the World Bank Group Environmental, Health, and Safety (EHS) Guidelines.

2.5 WORLD BANK GROUP ENVIRONMENTAL, HEALTH AND
SAFETY GUIDELINES

2.5.1 WORLD BANK ENVIRONMENTAL AND SOCIAL FRAMEWORK

Protecting the people and the environment are at the centre of World Bank funded programmes. It is a
necessary pillar to achieve the World Bank’s goals to end extreme poverty and promote shared prosperity.
The World Bank seeks to minimise and mitigate any harm to people and the environment through the
application of several social and environmental standards. These standards include an assessment and
management of environmental and social risks and impacts. The Environmental and Social Standard 1
(ESS1) is the Assessment and Management of Environmental and Social Risks and Impacts. It applies to
all projects for which World Bank Investment Project Financing is sought. ESS1 establishes the importance
of the following guidelines:

a. The Borrower’s existing environmental and social framework in addressing the risks and impacts
of the project;

b. An integrated environmental and social assessment to identify the risks and impacts of a project;

c. Effective community engagement through disclosure of project-related information, consultation
and effective feedback; and

v From the July 2020 Equator Principles — EP4.
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d. Management of environmental and social risks and impacts by the Borrower throughout the life
of the project.

The Bank requires that all environmental and social risks and impacts of the project be addressed as part
of the environmental and social assessment conducted in accordance with ESS1. The other Standards,
ESS2-10, set out the obligations of the Borrower in identifying and addressing environmental and social
risks and impacts that may require special focus. These Standards establish objectives and requirements
to avoid, minimise, and, where residual risks and impacts remain, to compensate for or offset such risks
and impacts.

=  The Bank will only support projects that are consistent with, and within the boundaries of its
Articles of Agreement and are expected to meet the requirements of the ESSs in a manner and
within a timeframe acceptable to the Bank.

= The Framework also includes non-mandatory guidance and information tools to assist borrowers
in implementing the Standards, bank staff in conducting due diligence and implementation
support, and stakeholders in enhancing transparency and sharing good practice.

The Jamaica EIA process has been strongly influenced by the original World Bank Guidelines on ElAs.
Protecting the people and the environment are at the centre of World Bank funded programmes. Itis a
necessary pillar to achieve the World Bank’s goals to end extreme poverty and promote shared prosperity.
The World Bank seeks to minimise and mitigate any harm to people and the environment through the
application of several social and environmental standards. These standards include an assessment and
management of environmental and social risks and impacts.

The environmental and social risks and impacts which the Bank will consider in its due diligence are
project-related and include the following:

e Environmental and social risks and impacts, including

i. Those identified in the World Bank Group Environmental, Health and Safety Guidelines (EHSG);
ii. Those related to community safety;
iii. Those related to climate change and other trans-boundary or global impacts;

iv. Any material threat to the protection, conservation, maintenance and rehabilitation of natural
habitats and biodiversity; and
Those related to the use of living natural resources, such as fisheries and forests.
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2.5.2 ENVIRONMENTAL, HEALTH AND SAFETY (EHS) GUIDELINES

Borrowers and projects of World Bank funding are required to comply with the World Bank Group EHS

Guidelines. The EHS Guidelines are technical reference documents with general and industry-specific

statements of Good International Industry Practice (GIIP). The EHS Guidelines contain the performance

levels and measures that are generally considered to be achievable in new facilities by existing technology
at reasonable cost. The EHS Guidelines that will apply to this entire project include:

i
ii.
iii.
iv.

Environmental, Health, and Safety General Guidelines (2007)

Environmental, Health, and Safety Guidelines — Pulp and Paper Mills (2007)
Environmental, Health and Safety Guidelines for Perennial Crop Production (2015)
Environmental, Health, and Safety Guidelines for Forest Harvesting Operations (2016)

Guidelines are provided for the following pollution factors (see relevant sections of the International
Finance Corporation’s (IFC) Environmental, Health and Safety Guidelines — Paper and Pulp Mills, 2007) in
Figure 2-1.

= N

Energy efficiency and greenhouse

Air emissions ot
\ gas emissions
I ‘
|
o Residues and waste and hazardous
materials Effluents and wastewater treatment

Occupational Health and Safety:
Chemical hazards; Physical hazards;
Wood dust; Biological agents; Heat;
Confined spaces; Noise and
Radiation

’) Noise

Community Health: Chemical
storage, use, and transport; Odors
and Traffic

A

Figure 2-1: Pollution factors represented in the IFC’s Environmental, Health and Safety Guidelines for

Paper and Pulp Mills.
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2.6 IFC PERFORMANCE STANDARDS ON SOCIAL AND
ENVIRONMENTAL SUSTAINABILITY

The IFC is a member of the World Bank Group and is focused exclusively on the private sector in
developing countries. These Performance Standards are essential documents to help the World Bank
Group and its clients manage and improve their social and environmental performance through an
outcomes-based approach. The Performance Standards also provide a solid base from which clients may
increase the sustainability of their business operations. The seven (7) Performance Standards shown in
are applicable to the proposed Project.

e Social and Environmental Assessment and Management System

e Labour and Working Conditions

¢ Resource Efficiency and Pollution Prevention

e Community Health, Safety and Security

€€€<<

e Land Acquisition and Involuntary Settlement
e Biodiversity Conservation and Sustainable Natural Resource Management
¢ Indigenous Peoples (not applicable to proposed Project)

e Cultural Heritage

Figure 2-2: Performance Standards that apply to this project.

IFC’s Sustainability Framework articulates the Corporation’s strategic commitment to sustainable
development and is an integral part of IFC’s approach to risk management. The Sustainability Framework
comprises IFC’s Policy and Performance Standards on Environmental and Social Sustainability, and IFC’s
Access to Information Policy. The Policy on Environmental and Social Sustainability describes IFC's
commitments, roles, and responsibilities related to environmental and social sustainability.
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2.7 FSC PRINCIPLES AND CRITERIA

The FSC has developed a set of ten principles and 70 criteria that apply to FSC-certified forests around the
world. The ten principles are represented in Figure 2-3. This Project aims to receive FSC Chain-of-Custody
Certification, and as such must also meet these criteria.

e Compliance with Laws

e Workers' Rights and Employment Conditions

¢ Indigenous Peoples’ rights (not applicable)

e Community Relations

¢ Benefits from the Forest

e Environmental Values and Impacts

* Management Planning

CCCCCE

* Monitoring and Assessment
¢ High Conservation Values

e Implementation of Management Activities

Figure 2-3: Ten principles from the FSC that apply to this project.
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2.8 WORLD BANK’S ENVIRONMENT, SOCIAL AND
GOVERNANCE ISSUES

Integrated in the project and this EIA is the evaluation of the project based on the World Banks’
Environment, Social and Governance (ESG) issues. Some key ESG risks integrated in the proposed project
are as follows:

ENVIRONMENTAL SOCIAL GOVERNANCE

¢Climate eSocial and rural development eMeeting legal and regulatory
mitigation/adaptation eHuman rights adherence requirements

strategy — » Exposure to and eHuman capital development

preparedness for natural and contribution to the labour
disasters (physical risk); » AT

Climate transition (renewable .
eGender equality

energy supply and reduced S
dependence on fossil fuels) *Non-Discriminatory

*Energy efficiency and security

e Air pollution prevention,
mitigation and management

eCarbon footprint

eWater pollution prevention,
mitigation and management

*\Waste generation and
recycling

2.9 GAPS

One gap that exists between the Jamaican legislation/policies and the IFC Performance Standards relates
to stakeholder consultation. Stakeholder consultation is a requirement in the EIA process for NEPA.
However, outside of this, there are no other specific requirements for public consultations when a project
is being undertaken. Nonetheless, stakeholder consultations are considered a key success factor for
development projects and have therefore been utilised for this consultancy as further elaborated in the
sections below.

2.10 LICENCES AND PERMITS RELEVANT TO THE PROJECT

The following sections outline the probable relevant licences and permits that are relevant to the
proposed Project. The names of the licences and permits printed below are the official names; some
components within the official name, may not apply to the Project. This is not intended to be prescriptive
but is based on the Project concept as presented in the Project Brief submitted to NEPA (submitted March
25, 2020; revised April 21, 2020).
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2.10.1 ENVIRONMENTAL LICENCES (EL)

Environmental Licences that could be relevant to the Project include:

Construction of wastewater treatment plant(s);

Operation of wastewater treatment plant(s). This licence is renewed every 5 years;

Discharge of treated sewage effluent into the environment. This licence is renewed every 5 years;
Discharge of trade effluent into the environment. This licence is renewed every 5 years;

Air Pollution Discharge Licence.

2.10.2 ENVIRONMENTAL PERMITS (EP)

Environmental Permits that could be relevant to the Project include:

Construction and operation of facilities for the manufacturing and processing of pulp, paper and
wood;

Construction and operation of water treatment and storage facilities, including desalination
plants and water supply plants;

Construction or installation and operation of pipelines of 20m or more in length for the
transmission of noxious, explosive, flammable and or toxic material;

Construction and operation of power generation plants of 1MW or above using hydrocarbon
fuels;

Modification of waterways for the transfer of water resources or river training works;

Well drilling for water abstraction.

2.10.3 WATER ABSTRACTION AND USAGE LICENCES

Water Abstraction and Usage Licences that could be relevant to the Project include:

WRA Permit for Abstraction of water from river(s) if this is decided. This is renewed every 5 years;
WRA Permit for well drilling if this is decided.
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3.1 GENERAL APPROACH

The general approach to the EIA is in keeping with best practice and the Terms of Reference from the
NEPA as indicated in Appendix A. The process is presented in Figure 3-1.

Screening and Scoping
Type/Level of assessment to be conducted
Initial appraisal of likely key issues
Targeted stakeholder engagement

Determination of Existing Conditions Base Case Design
Collection of the physical environmental, ecological, Identification of the project variables:

climate and socioeconomic data for the proposed site material, construction, processes, potential
against which any impacts from the project will be judged areas of environmental and social concern

Impact Prediction and Evaluation B

Identification of potential and
cumulative impacts and their significance Alternatives and Design Modification
Analysis of alternatives and their relationship

to impacts and mitigation

Mitigation Measures
Identification of measures to minimise

potential negative impacts and enhance
positive impacts

Risk Assessment

Climate Vulnerability and Risk o , ,
Identification of all potential hazards to the project,

Assessment

P o he likely i ili ine th
e o e peiEl e the likely impacts and probability to determine the

risk from this, the possible mitigative/risk control
related hazards, assets exposed and : > - : / :

. _ . . measures can be identified as well as the residual
their vulnerabilities, the likely impacts

and the risk probabilitv. impact and risk

Environmental, Health and Safety Social Impact Management Plan
Management and Monitoring Plan Requirements/Guidance for the management,
Requirements/Guidance for the management, mitigation, mitigation, monitoring and evaluation of and
monitoring and institutional measures to be taken in conducting the institutional measures to be taken in conducting the
construction and operational activities of the project. The focus is to construction and operational activities of the
reduce adverse or deleterious environmental and social effects to project. The focus is to reduce adverse or

acceptable levels and enhance positive effects. deleterious environmental and social effects to
acceptable levels. and enhance positive effects

Figure 3-1: Methodology of the EIA
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The screening and scoping were completed prior to the EIA. The base case design will be presented as the
Project Description in Chapter 4. The subsequent sections will describe the surveys to determine the
existing environmental and social conditions and the methodology for the impact and mitigation
assessments.

3.2 EXISTING ENVIRONMENTAL CONDITIONS

The compilation of information about existing environmental conditions and the assessment of key issues
to help inform development decisions was the first step in executing the assessment. Team meetings were
used to discuss the progress of investigations and analyses and to facilitate integration of data toward an
understanding of the systems at work in both the natural and built environment.

The team of consultants conducted preliminary site investigations together to determine the dominant
environmental issues relevant to the proposed development, the critical elements for analysis, and the
issues to be highlighted for the design and planning process. Detailed field surveys to gather primary data
on the proposed Project, within a 2 km sphere of influence and in areas of interest, were subsequently
conducted. Other proposed developments and surrounding land use were also reviewed in the context
of compatibility with the proposed Project including potential positive, negative, and cumulative impacts.

Field investigations were conducted to capture information pertaining to the existing conditions of the
environment and socioeconomic status in the proposed project sphere of influence and within other areas
of interest. Data was collected during both the wet and dry seasons in Jamaica.

A site reconnaissance was conducted in March 2021 while field investigations were conducted between
July 2021 and May 2022. Field investigations for the Physical and Ecological Assessments to determine
the environmental attributes during the wet season were conducted in November 2021. Investigations
were also conducted between February and May 2022 to determine the existing environmental attributes
during the dry season. A summary of the assessments conducted are outlined in Table 3-1." Social Surveys
were conducted in July and October 2021. Section 3.2 describes in detail the approach for the physical,
biological, and socioeconomic environment.

v Observations from the field investigation in March 2021 were used to generate the Site Reconnaissance Report for comparative
purposes in this EIA report.
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Table 3-1: Summary of Physical, Ecological and Socioeconomic Investigations for the Proposed Project
Site in Friendship, Westmoreland (October—May 2022)

ATTRIBUTE

PARAMETERS

Water quality

Physical, Chemical and
Bacteriological Parameters

DATA POINTS

Eight (8) sampling
stations

SAMPLING PERIOD

One sampling period on
November 2, 2021

Twelve (12)
sampling points

One sampling period on March 29,
2022

Respirable particulates (PMio),

Seven (7)
sampling stations

PMipand H,S measurements
collected during one 24-hr
sampling period in November
2021 between 1:00 p.m. on
November 2, 2022, to 5:00 p.m.
on November 3, 2021.

NOyand SO, measurements were

Ambient Air hydrogen sulphide (H,S), nitrogen collected during another 24-hr
Quality oxides (NOx) and sulphur oxides sampling period between 1:30
(SOx) p.m. on November 25, 2021 and
1:30 p.m. on November 26, 2021.
PMio, NOy, H,S and SO«
measurements were collected
Seven (7) during one 24-hr sampling period
sampling stations | between 2:00 p.m. on March 31,
2022, and 2:00 p.m. on April 1,
2022.
Seven (7) Two 3-minute assessments at each
sampling stations | site over a 2-day sampling period
Noise levels Noise levels in dBA in November 2021
Seven (7) One 3-minute assessment at each
sampling stations | site in May 2022
Geology and Geological history, type of soilsin | N/A N/A
Soils and around the proposed site, sail
profile and characteristics,
geotechnical hazards
Hydrology Drainage area and pattern, nature | N/A N/A
(surface and of streams, aquifer
ground) characteristics, flooding hazards
Climate Wind, Rainfall, Temperature and N/A N/A
Humidity
Ecology Existing flora and fauna (incl. 2 km sphere of Daytime and nocturnal surveys

bats)

influence

during November 2021 and
February 2022
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ATTRIBUTE PARAMETERS DATA POINTS SAMPLING PERIOD

Socioeconomic | Demographic and socioeconomic | Individual surveys | Based on data published by the

aspects  (incl. | characteristics, cultural heritage, | (102) and Statistical Institute of Jamaica

public social services, physical and public | targeted (STATIN), SDC and other sources

participation) infrastructure, social amenities, stakeholder Individual surveys conducted in
planned works, labour & working | groups select communities in July 2021

conditions and issues regarding

L Focus groups and meetings with
land acquisition

key stakeholders held in July 2021
Open-day forum held in October

2021
Land Use Land use of different categories NA Based on the Town and Country
around the proposed site Planning (Westmoreland)
Confirmed Development Order,
2021

3.2.1 PHYSICAL ASSESSMENT

This assessment comprised an evaluation of the current climate, topography, land use, site history,
geology and soils, hydrology and drainage, air quality, noise quality, water quality, ecology and socio-
economic environment that could potentially be affected by the proposed development. Data was
collected in both the wet and dry season and assessed where possible. The source-pathway-receptor
model was also used to assess the pollution risk. This model is used in the industry to identify the potential
causes and sources of pollution, how the pollution can travel through the environment (pathway), and
who and what (physical, human and environmental receptors) can be affected. The information from the
model was used to inform Chapters 8—-12 of the report which relate to the identification of impacts and
mitigation measures, risk assessment and EHS management and monitoring plans.

3.2.1.1 Topography
The approach included a review of relevant literature, and analysis of topographic maps and satellite
imagery of the area. Maps used included:

= The 1:50,000 Topographic Map Series, Sheet 5
= Google Earth Satellite Imagery from January 2001 to 8 November 2021.

3.2.1.2 Geology and Soils
The approach included a review of relevant literature, and analysis of topographic, geological and soil
maps for the area and findings from the geotechnical investigation report conducted. Maps used included:

= The 1:50,000 Geological Map Series, Sheet 5

= The 1:50,000 Topographic Map Series, Sheet 5

= Hydrostratigraphy and Geological Features Map of the Location, Water Resources Authority, 2021
=  Soil Map of the Location, Water Resources Authority, 2021

= Soil Internal Drainage Map, Water Resources Authority, 2021.
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3.2.1.2.1 Assessment of potential Geotechnical Hazards

The approach included a review of the relevant literature, as well as a review of topographic and satellite
imagery to determine a history or features that indicate the area is at risk of geotechnical hazards such as
sinkholes, seismic risk, settlement/heave, landslides, and other hazards. Information from a geotechnical
investigation report will be used to verify the information.

3.2.1.3 Hydrology and Drainage
The hydrological and drainage analyses included the following activities:

i. Description of the hydrology and hydrogeology of project site and surroundings including
mapping of existing surface waterways within and near the site and downstream of the site;

ii. Use of data from nearby wells, the WRA hydrostratigraphy maps and geotechnical investigations
to examine sub-surface conditions (soil type, depth to ground water, ground water quality, etc.)
and any effects on ground water due to additional pumping water-well post-development, effects
on infiltration and percolation, and effects on surface and ground water quality;

iii. Conducting a natural hazard risk assessment as it relates to flooding and stormwater runoff using
a cross-section survey data of main channels identified in the area for the Hydraulic Analysis;

iv. Conducting a hydrologic impact assessment of proposed development on the watershed including
assessment on water quality;

v. Assessing the cumulative impacts; and

vi. ldentification of mitigation measures (hard and soft) to prevent any negative impacts from the
development on the water resources of the watershed.

The subsequent Sections elaborate on key aspects of this analysis.

3.2.1.3.1 Watershed Demarcation

The determination of the watershed boundary impacting the proposed Project area is an essential starting
point for the hydrological analyses, as it provides the basis for water resource assessment, protection,
management, and modelling. Watershed definition was done by terrain processing using ArcGIS Software
along with a suitable Digital Elevation Model (DEM). The Watershed was demarcated using the Geospatial
Hydrologic Modelling Extension (HEC-GeoHMS) developed by the US Army Corps of Engineers Hydrologic
Engineering Center, a geospatial hydrology toolkit (an ArcView extension) and a 28m x 28m DEM of the
area. The terrain pre-processing components are depicted in Figure 3-2.
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RAW DEM FLOW DIRECTION
FILL SINKS

CATCHMENT GRID STREAM DEFINITION FLOW ACCUMULATION

=

POLYGON PROCESSING GENERATED PROJECT HEC-HMS SCHEMATIC

Figure 3-2: ArcMap Terrain Pre-processing Components of the Cabarita River Watershed above Barton
Bridge

As shown, the process involved first the filling of the sinks in the DEM, followed by the estimation of the
flow direction and flow accumulation, the definition of the stream flow path and catchment grid. From
this grid, the Watershed and Sub-basins were demarcated.

3.2.1.3.2 Hydrologic Analysis

The pre- and post-development conditions of the proposed mill area and environs were simulated and
presented in 10-, 25-, 50-, and 100-year (T-yr) flow hydrographs using the HEC-HMS model. The process
involved:
i. Data collection: streamflow, average stream velocity, rainfall and other climatological data, soil
information, land use and an assessment of how this impacts the watershed;

ii. The development of hydrologic and meteorologic models;
iii. The calibration/verification of the hydrologic model; and

iv. Running rainfall-runoff simulations.
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The designated flood flows were determined by hydrologic (rainfall to runoff) modelling to facilitate the
pre- and post-development assessment and to simulate the corresponding peak flows. The simulated pre-
and post-flood flows were routed through the relevant reaches of the river to determine the extent of
inundation by the various flood magnitudes. The simulation of the designated return period rainfall was
done using the HEC-HMS model. Peak flows were simulated from these rainfalls using GeoHEC-RAS model.
A digital terrain model (DTM) of 1m x 1m was used to refine the assessment and simulate flows at
specified locations.

3.2.1.3.3 Investigation on the potential for Groundwater Usage in the Project
There is a potential that groundwater resources may be used in the project, hence an examination into
the potential for usage of this source was necessary. The approach for this investigation involved the use
of data from nearby wells, from WRA hydrostratigraphy maps and the geotechnical investigation to
examine:

i. Sub-surface conditions (soil type, depth to ground water, ground water quality, etc.);
ii. Any effects on ground water due to additional pumping water-well post-development;
iii. Effects on infiltration and percolation; and
iv. Effects on surface and ground water quality.

3.2.1.3.4 Water Availability to meet Project Demand
The water resources were determined from desktop evaluation of the surface and ground water data
available for the development be done:

=  Wells in the area were identified and their yields investigated;
= Stream flow data was analysed to determine the reliability of flows; Rainfall data was collected
and analysed to characterise the rainfall over the area.

Given the water requirements of the proposed Project, the adequacy of the existing resource potential
can be determined.

3.2.1.3.5 Assessment of potential Flood Hazard
A hydraulic analysis was conducted to determine the risk of flooding. This included:

i. A field reconnaissance conducted on April 08, 2021 in a section of the Cabarita River between
Barham and Friendship and the land south of that section of the river;

ii. Conducting an elevation survey using cross-section elevation data derived from the digital terrain
model (DTM) provided by drone technology;

iii. Simulating flood levels using the Hydrological Engineering Centre — River Analysis System (HEC-
RAS) 6.1 model.
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3.2.1.4 Climate

The methodology and approach for assessing the climate of the area was determined through review of
data from the Meteorological Service of Jamaica and other published literature. Climate change
projections from State of the Jamaican Climate, 2015 prepared by the Climate Studies Group at The
University of the West Indies (The UWI) were also reviewed. Information on the climate will be used in
Chapters 5, 6 and 12.

3.2.1.5 Air, Noise and Water Quality

An assessment of the physical environment was conducted in the Friendship community of Westmoreland
to determine the direct and indirect project-related risks and impacts related to water, wastewater, air
and noise. Sampling and assessments were done within the proposed site for the Bamboo Bioproducts
Pulp Mill and at any potential receptors to site activities. Several water quality sampling sites were taken
from the Cabarita River and some of its tributaries, where possible, as well as a canal along the Hertford
to Flowerhill Road. Noise and air assessments included sites along the Hertford to Flowerhill Road, the
Truro Gate to Locust Tree Road and along roadways within the Friendship community.

The environmental assessment included the quantification of particulate matter (PMio), NOy, SOy, as well
as H.S levels, noise surveys and water quality assessments for several physical, chemical, and
microbiological parameters.

3.2.1.5.1 Quality Assurance

For all water samples, a quality assurance (QA) and quality control (QC) plan involving all aspects of the
proposed project, was instituted. This QA/QC plan forms an essential first step in generating data of the
highest quality and reliability. The programme was comprised of the care and calibration of field
equipment, as well as the collection and preservation of samples. Information on the description, location
and GPS co-ordinates of all water samples was all documented, along with the ambient conditions at the
time of collection or at the beginning of the sampling exercise. The results of these can be found in
Appendix M.

The quality control procedures used in the laboratory for the analyses of water samples included the
testing of blanks, reference standards and duplicates, as well as the utilisation of verified standard
analytical methods. In all cases, appropriate CoC records were prepared and maintained for analytical
samples. All containers were properly labelled, individually packaged, stored, and transported in a cooler
maintained at the appropriate temperature.

Where parameters were not analysed in-house, labs with similar QA/QC programmes were used and were
also monitored to ensure that data of the highest quality was received.

For the air quality assessment and noise survey, all equipment was calibrated prior to use and where
applicable, field blanks were used for quality control purposes. Monitoring devices were placed away from
any known sources of pollutants to prevent bias in the data collected.

Detailed observations were made at all sampling stations which were georeferenced for traceability and
for all monitoring requirements. These detailed observations can be found in Appendix J.

Environmental Solutions Ltd. 38



Report: DRAFT FINAL— Environmental Impact Assessment for the Proposed Bamboo Market Pulp Mill in Friendship,
Westmoreland

3.2.1.5.2 Water Quality

Water quality assessments were conducted to determine the existing quality of the Cabarita River prior
to the mill'’s development. These assessments were also used to identify and assess impacts to the
waterway and any environmental receptors that would most likely be impacted. Eight (8) grab water
samples were collected during the wet season assessment and twelve (12) grab water samples during the
dry season. The parameters analysed are found in Table 3-2.

Table 3-2: Parameters analysed for the Water Quality Assessment Exercise

pH (pH units) Dissolved Oxygen (mg O,/L)
Conductivity (mS/cm) Salinity (ppt)

Total Dissolved Solids (mg/L) Biochemical Oxygen Demand (mg O,/L)
Chemical Oxygen Demand (mg O,/L) Total Suspended Solids (mg/L)
Total Alkalinity (mg CaCOs/L) Total Hardness (mg CaCOs/L)
Phenol (mg C¢HsOH/ L) Chloride (mg CI/L)

Total Nitrogen (mg N/ L) Total Phosphorous (mg P/L)
Fats, Oil & Grease (mg/L) Nitrate (mg NOs7/L)
Orthophosphates (mg PO.*/L) Sulphate (mg S04%/L)

Faecal Coliform (MPN/100ml) E. coli (MPN/100ml)

Calcium (ug Ca/L) Magnesium (ug Mg/ L)

Silica (ng SiO4/L) Zinc (pg Zn/ L)

Copper (ug Cu/ L) Arsenic (ug As/ L)

Mercury (pug Hg/ L) Chromium (pg Cr/ L)
Manganese (ug Mn/ L) Sodium (pg Na/ L)

Lead (ug Pb/ L) Iron (ug Fe/ L)

Dissolved Organic Carbon (mg C/ L) Potassium (mg K/L)

Pesticides (ug/L) Total Organic Carbon (mg C/ L)

The water quality assessment had the following major objectives:

= Assess the current water quality of the Cabarita River;

= Assess land use practices and their impacts on the aquatic environment prior to the mill’s
development;

=  Make recommendations for the monitoring and management of water resources based on the
proposed activities.

Water quality sampling was done for selected points along the Cabarita River located within, upstream
(before the proposed site) and downstream (after the proposed site) of the proposed project boundary.
Sampling was also done at selected tributaries of the Cabarita River to quantify their potential impacts on
the main stream of the Cabarita River. However, samples were not collected from the Roaring River
tributary during the wet season assessment due to the inclement weather faced during the latter part of
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the sampling exercise. Nonetheless, the sample taken at WQ3 (identified in Figure 3-3) should capture
any potential impacts coming from the Roaring River and the tributary of the Cabarita River captured at
the WQ1 sampling site. The Roaring River tributary was sampled during the dry season assessment. All
water sampling locations visited during the wet season and dry season are presented in Figure 3-3 and
Figure 3-4.

Plans were made to collect groundwater samples from the Blue Castle and Acton House wells, which were
within the closest proximity to the site. These wells were outside of the 2 km radius. However, information
gathered during the assessment indicated that the Blue Castle well was not operational and the WRA
indicated that the well was blocked. The team was not able to contact the owner of the privately-owned
Acton House well or access the property during the assessment. It is recommended that, where possible,
these and any future wells be monitored as a part of future environmental management plans.

Sampling Methodology

Field observations and in situ measurements were made with respect to smell, colour, pH, dissolved
oxygen, salinity, conductivity, total dissolved solids, and temperature at each site. Salinity, temperature,
conductivity, total dissolved solids and dissolved oxygen were measured using a YSI ProPlus Model Multi-
parameter system (MPS). All samples collected were kept between 0 — 4°C and transported to the
International Organization for Standardization/International Electrotechnical Commission (ISO/IEC)
17025 accredited Quality and Environmental Health Laboratory at Environmental Solutions for analysis
bearing in mind the analysis hold time for each test parameter.

Water quality results were compared to the Jamaica’s National Resource and Conservation Authority’s
(NRCA) Ambient (Fresh) Water Quality Guidelines as well as the IFC Environmental, Health and Safety
Guidelines for Pulp and Paper Mills.
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3.2.1.5.3 Air Quality

Two air quality assessments were conducted in the wet and dry season. An Air Dispersion Modelling
(ADM) Assessment was also conducted, as requested by NEPA. The methodology of the air quality
assessment is presented below, and the methodology of the ADM assessment is presented in Section 3.4.

The objective of the air quality investigation was to determine, as best as possible, the concentrations of
respirable particulates (PMio), hydrogen sulphide (HS), nitrogen oxides (NOy and sulphur oxides (SOx)
levels in the proposed project area based on the assessments conducted in both the wet and dry seasons.
Air quality measurements were taken at seven (7) sites along main routes leading to and from the
proposed project site, and in the surrounding communities. Sites likely to be most affected by changes in
air quality, for example, those areas with high human populations (e.g., schools, health centres, town
squares) were considered for this exercise as these sites were determined to be some of the most
sensitive receptors.

The information on the sampling equipment used to collect air quality information is provided in Appendix
M.

Particulate Matter

Particulate matter is the term given to small solid or liquid particles suspended in either a gas or liquid
medium. The size of these suspended particles not only determines the lifespan of the particles within the
atmosphere, but also the possible fate if inhaled by individuals. The size range of greatest concern to
human health lies between 0.1-10um; these are referred to as respirable particulates (PMyo). Effects of
the exposure of PMig on human health include, but are not limited to, adverse impacts to the respiratory
system, damage to lung tissue, cancer, and premature death. The extent of these effects will be influenced
by the age and health of the affected individuals, as well as the period of exposure.

To minimise the potential impact of particulate matter on the health of people and the environment, the
United States Environmental Protection Agency (US-EPA) and the National Environment and Planning
Agency (NEPA) have published national air quality standards which state that the maximum daily
concentration should not exceed 150 pg/m?.

Particulate matter was measured using calibrated air pumps (with flow rates between 2-15L/min),
attached to pre-weighed Polyvinyl Chloride (PVC) filters. The pumps were calibrated before use with a
factory calibrated primary flow meter from Bios International Corporation. In the field, the pumps were
placed at the approximate respiratory height of the individual/s for a 24 (* 4-hour) period. After the 24-
hour sampling period, the pumps were collected, and the filters returned to the laboratory where they
were stabilised and weighed to determine a Time Weighted Average (TWA) value for the particulates.
Information on the equipment used can be found in Appendix M.

The placement of the pumps varied based on the type of information to be collected. Some pumps were
placed in locations to capture the direct exposure to individuals, while others were placed to capture the
population/general exposure. An increase in vehicular activities is expected due to the operations of the
mill. Sensitive receptors such as schools and residential areas which are normally along roadways were
therefore assessed to determine any impact on daily lives due to the activities of the mill’s operations.
Other sampling sites such as roof tops were used to gather data on background levels of some air
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pollutants as well as along areas which are deemed to be in the sphere of influence of the mill’s
operations.

The results at the end of the sampling period were compared to the National Environment and Planning
Agency’s (NEPA) and the US EPA’s Ambient Air Quality Standards.

H2S, NOx and SO«

Hydrogen sulphide, nitrogen oxides and sulphur oxides were measured using passive samplers. The
samplers were generally placed at approximate respiratory height for a 24-hour (+ 4-hour) period. After
the 24-hour sampling period, the samples were collected, placed in their respective storage containers,
and returned to the laboratory for analysis.

3.2.1.5.4 Noise Quality

Noise measurements were collected from seven (7) sites in the proposed project area. These were along
main routes leading to and from the proposed project site, and in the surrounding communities. Sites
likely to be most affected by changes in noise quality, for example, those areas with high human
populations (e.g., schools, health centres, town squares) were considered for this exercise as these sites
were determined to be some of the most sensitive receptors.

Noise measurements were taken using a calibrated Quest SoundPro SE/DL series sound level meter, which
conforms to the IEC 616721-1-2002 Class 2, Sound Level Meter Type 2, ANSI S1.4 — 1983 (R2001) Octave
Band &1/3 Octave Band Filter Class 1, IEC 61260:2001 Octave Band & 1/3 Octave Band Filter Class 1, ANSI
S$1-11-2004 and ANSI S1.43 -1997 (R2002) Type 2 standards. The average noise level readings were taken
over 3-minute intervals and recorded in decibels (dBA). Wind direction and any unusual local noise
sources were documented at each sampling location. In addition, before and after the survey, the
instrument was checked with a calibrator, which is pre-calibrated at the factory. The results at the end of
the sampling period were compared with the NEPA Standard of 55dBA for residential areas. No night-time
assessments were collected. More information on the equipment can be found in Appendix M.

Table 3-3 presents the distribution of tests for the noise and air quality assessments collected, while Figure
3-5 and Figure 3-6 show the monitoring locations for air quality and noise assessments.

Table 3-3: Distribution of Tests for Air Quality and Noise, 2021

v v

Site 1

Site 2 v v
Site 3 v v
Site 4 v v
Site 5 v v
Site 6 v v
Site 7 v v
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3.2.2 ECOLOGICAL ASSESSMENT

The proposed Project site consists of a large expanse of cane fields bordered by residential communities
and the Cabarita River. Two assessments were conducted —a General Assessment of the area during the
wet and dry season and a Freshwater Ecology Assessment of the Cabarita River. The approach for this
assessment included a review of the relevant literature and site assessments. Site assessments conducted
on November 4-5, 2021 and in late February 2022 were geared to achieve the following:

i. Perform ecological surveys during the wet and dry season for plant species and vegetation mapping
(with emphasis being placed on rare, endemic, threatened, protected, endangered, invasive, and
economically important species found);

ii. Perform ecological surveys during the wet and dry season for animal species including birds,
mammals, fish, amphibians, reptiles, invertebrates, and general wildlife (with emphasis being
placed on rare, endemic, threatened, protected, endangered, invasive, and economically important
species found);

iii. Identify areas that may potentially be affected by the proposed development;

iv. Provide an assessment of potential effects (direct and indirect) on ecological receptors and nature
conservation interests on and around the site including habitat loss, habitat change, ecosystem
function, faunal mortality due to vegetation clearance, and secondary effects from changes in air
quality, disturbance and displacement due to vegetation clearing, noise, vibration, lights, and
human presence, as well as the introduction of invasive alien species.

A flora and fauna assessment will be presented in this report. The flora assessment included a series of
walkthroughs in all the vegetation types present within the study area. The survey was conducted during
the daytime. All plant species encountered were recorded and separated into Riparian Vegetation and
Perennial Grasses and Scrubs/Shrubs. For each species, the name, perceived dominance and its growth
form were noted. The dominance was graded using the DAFOR scale (i.e., D= dominant, A= abundant, F=
frequent, O= occasional and R= rare) as indicated in Table 3-4.

Table 3-4: DAFOR Scale used to categorise the Fauna in the Study Area

SCALE TOTAL NUMBERS OBSERVED
DURING THE SURVEY
Dominant >20
Abundant 15-19
Frequent 10-14
Occasional 5-9
Rare <4

The common names of most of the species sighted were assigned in-situ. In the case of unknown species,
voucher specimens were collected to be identified at The University of the West Indies (The UWI)
Herbarium. All plants were identified to the species level by examining morphological features such as
leaf arrangement, leaf pattern, and pattern of branching and morphology of floral and fruiting structure
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in conjunction with the use of Adam’s (1972) Flowering Plants of Jamaica and preserved reference
specimens of the herbarium.

The fauna assessment was typical of what is observed along rivers, grasslands and agricultural fields.
Surveys were conducted during the day and at night-time to capture nocturnal fauna. Groups of animals
identified included birds, dragonflies, butterflies, insects, snails, bats and fish.

3.2.2.1 Cabarita River Freshwater Ecology Assessment

Five sites along the Cabarita River were selected for the Freshwater Ecology Assessment of the Cabarita
River, prioritising areas within the 2 km circle of influence of the proposed bamboo pulp mill. The following
physical and chemical parameters recorded were at each site:

i. Channel width — measured from bank to bank;
ii. Flow rate — measured with a flow meter;
iii. Discharge — calculated from channel width and flow rate;
iv. Canopy cover — estimated as percentage coverage of overhanging vegetation across the channel
width; and
v. Aquatic parameters:
- pH, conductivity (S cm?) and water temperature (°C) — measured with a Hanna
Instruments multiparameter meter.

The aquatic invertebrate assessment was adapted from the Protocol Manual from the Ontario Benthic
Biomonitoring Network (Jones et al. 2007), used in environmental impact assessments. Invertebrates
were collected by kick net and from submerged rocks and vegetation until a minimum of 100 individuals
were obtained. Each specimen was placed in 95% ethanol for preservation. The first 100 invertebrates
within each sample were randomly selected and classified to the lowest taxonomic level possible. Each
taxon was classified into a functional feeding group (FFG) according to Ramirez and Gutiérrez-Fonseca
(2014).

Calculations used in the assessment were the Alpha and Gamma Diversity and the Beta Diversity.

i. Alpha and Gamma Diversity — Simpson’s Index
The Simpson’s Index was used as a measure of alpha and gamma biodiversity for each site and for
the entire river. The formula for the Simpson’s Index is as follows:

1- 2]
p — the proportional abundance of a taxon at a site.

Values for Simpson’s Index range from 0 (very low diversity) to 1 (very high diversity).
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ii. Beta Diversity — Sgrensen Pairwise Dissimilarity

The Sgrensen Pairwise Dissimilarity (8) was used to compare differences in invertebrates among
sites (beta diversity):
b+c
(2a+b+c)

a —the number of taxa shared between two sites
b —the number of taxa only in the first site
¢ —the number of taxa only in the second site

Values for the Sorenson Pairwise Dissimilarity range from 0 (identical invertebrate communities) to 1
(completely dissimilar invertebrate communities).

Additional biodiversity surveys may be required and can occur following the EIA and prior to construction.

3.2.3 SOCIOECONOMIC ASSESSMENT

The socioeconomic assessment began with a desk review which focused on identifying the existing social,
historical, cultural, economic and environmental context of local development areas (LDAs) prior to the
project’s implementation. The LDAs investigated were Hertford, Friendship, Amity, Frome, Petersfield and
Savanna-la-mar in Westmoreland. Data was collected from internal BBP documents, online maps,
newspaper articles, the websites/social media platforms of different public and civil society organisations
in each LDA among others.

The report, named the
Community & Needs
Assessment Report, generated
by Leap Co. was submitted to
BBP in April 2021. The report
presented the sites’ cultural
heritage, social services, physical
infrastructure, labour and
working conditions, and issues
regarding land acquisition. Based
on these preliminary findings,
implications for BBP’s operations

and role in targeted communities
were clearly outlined.

The identification of social impacts was in general guided by IFC Performance Standard 1 Requirements:
Assessment and Management of Social Risks, Impacts and Opportunities.

Following the initial report, several stakeholder meetings were held, and surveys were completed by 102
individuals from the six LDAs. As the Social Impact Assessments were conducted during the COVID-19
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pandemic, many surveys were held virtually via video conferencing. Fortunately, some face-to-face
consultations were able to take place in Westmoreland in the form of the General Parish Stakeholder
Meeting and with the Westmoreland Chamber of Commerce. Stakeholder meetings were held in July 2021
with the political representatives, general parish stakeholders and agricultural stakeholders and
community members. The 102 individual community members were surveyed between July 8 and July
10, 2021. The purpose of these consultations was to provide additional insights about community needs
and implications for the company in each LDA. It also helped to fill gaps in knowledge which remained
after the completion of the desk review. The report’s findings and recommendations were then published
in a Community Consultation Report produced in September 2021. Findings of the second report were
disclosed among stakeholders at an in-person event on October 23, 2021, held at the Frome Technical
High School (Plate 3-1). Feedback from the in-person meeting and additional recommendations were
published in a Social Impact Assessment (SIA) Study Report produced in November 2021. The
aforementioned reports published by Leap Co. can be found in Appendix O and Appendix P.

The second set of stakeholder feedback, along with additional research conducted on the affected
population, was used to inform the Social Impact Management Plan (SIMP). This plan will guide BBP in
mitigating the negative effects that the mill’s construction and eventual operations may have on the
economic activities, social amenities and environment of the sites. It will also guide BBP’s activities in an
endeavour to intentionally improve life in affected communities. The SIMP was being developed at the
time of this report. Other submissions required for the socioeconomic assessment include the final
submission and acceptance of the SIMP and organising a final presentation to the community which was
carried out by ESL at a public hearing alongside the EIA in January 2022.

e 2 -

0
i

1

Plate 3-1: Photos from Meeting held at the Frome Technical High School. Pictured L-R: BBP
Agronomist, Mr. Hormilson Cruz Rios; CEO of BBP Mr. David Stedeford answering questions from the
public (October 23, 2021)

3.2.3.1 Archaeology/Heritage

A site assessment, the social impact assessment report, preliminary information from the Jamaica
National Heritage Trust (JNHT), the National Library’s Special Collections Department, and other existing
reports were consulted to determine whether any notable heritage or archaeological elements were
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present in the vicinity of the Project Area. Several reports and maps were found and utilised in the
assessment; however, ESL has not yet received a response from the JNHT regarding the need for a full
Archaeological Impact Assessment. However, should this be required, BBP will undertake as needed.

3.3 CLIMATE VULNERABILITY AND RISK ASSESSMENT

The Climate Vulnerability and Risk Assessment (CVRA) was conducted to identify and assess potential risks
from Climate Change (CC) and its related natural hazards to:

e The establishment of the proposed bamboo pulp mill site in Friendship, Westmoreland, and the
surrounding communities;

e The need to increase the understanding of the risks and propose recommendations to increase
the project’s resilience.

Figure 3-7 presents a summary process flow of the CVRA. The CVRA is presented in Chapter 6. The CVRA
will also be confirmed with guidance provided by the Equator Principles.

Define the project area

Prepare a profile of the areas and system of interest

Assess current vulnerability

Determine overall

Sensitivity Assessment ~ Exposure Assessment Adaptive Capacity current Vulnerability

Assess future vulnerability

Future Sensitivity Future Exposure Future Adaptive Determine overall future
Assessment Assessment Capacity vulnerability

Risk Analysis

Figure 3-7: Process Flow of the CVRA

3.4 AIR DISPERSION MODELLING ASSESSMENT

An Air Dispersion Modelling (ADM) Assessment was conducted to estimate the impact of air emissions

from the proposed Bamboo Pulp Mill on the ambient air quality in and around the project site. The ADM
Assessment was requested by NEPA for this facility and the findings are presented in Chapter 7.
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The assessment was done in accordance with the Natural Resources Conservation Authority’s Ambient
Air Quality Guideline Document, 2006 and the United States Environmental Protection Agency’s (USEPA)
Guidelines on Air Quality Modelling. This assessment was done using AERMOD version 9.6.1. The USEPA
model 12060 of the AERMOD/AERMET air dispersion model was used to determine the pollutant fallout
concentrations.

Emission rate input files for sources at the facility were gathered from the European Union Best Available
Techniques (EU BAT) reference document” and proposed fuel quality. The proposed liquified natural gas
(LNG) fired emission rates were determined using EU BAT emission data for the proposed recovery boiler.
Land use and terrain effects were all included as part of the model. These were obtained from Lakes
Environmental Software pre-processed terrain data and onsite information gathered from assessment
conducted by RGS Engineering Limited at the proposed location. A cumulative impact study was
conducted considering all major and significant sources within the 20km model domain. Source
generation data for the cumulative impact study was gathered from the National Environment and
Planning Agency (NEPA). Meteorological data used to input into AERMET files was gathered from MM5
pre-processed modelling data for a 5-year period provided by Lakes Environmental Software.

Once the MM5 pre-processing was completed, the MM5 output file was converted into a format
recognised by the AERMET model (meteorological pre-processor for the AERMOD model). The final
output was generated by creating a pseudo meteorological station at the specified site location. A
receptor grid was determined for the purpose of completing the model, in essence, creating the modelling
domain. A multi-tier grid system that included 4,719 receptors was input into the model domain as
follows:

e Two-tiered grid covering the entire domain: tier 1 with a spacing of 500m, covering a distance of
10km, while tier 2 has a spacing of 100m covering a distance of 15km;

e 2490 Fence line grid receptors — 100m from the fence line with a 25m spacing;

e 15 Discrete Receptors located in residential and commercial communities.

Detailed information on the inputs and results of this assessment can be found in Chapter 7.

3.5 IMPACT ASSESSMENT, MITIGATION MEASURES AND
MANAGEMENT PLANS

3.5.1 IMPACT ASSESSMENT

Following the various environmental and social assessments, several impacts were identified that were
associated with the proposed project design developed by BBP, the potential site preparation and
construction information provided and the eventual operational conditions. These impacts were assessed

vi Best Available Techniques (BAT) Reference Document for the Production of Pulp, Paper and Board. Industrial Emissions Directive
2010/75/EU (Integrated Pollution Prevention and Control). Updated in 2015.

Environmental Solutions Ltd. 52



Report: DRAFT FINAL— Environmental Impact Assessment for the Proposed Bamboo Market Pulp Mill in Friendship,

Westmoreland

with respect to their probability, magnitude, duration, direction, permanence, spatial extent and residual

impact:

e Probability defines the likelihood of occurrence;

e Magnitude defines an impact as minor, moderate, major or significant;

e Duration defines whether an impact is a short-term, long-term, intermittent or continuous;

e Direction defines whether the impact is positive or negative;

e Permanence defines an impact as reversible or irreversible;

e Spatial extent defines if the impact is confined to a local area, regional area or is of a national

extent;

e Residual impact defines the associated impact remaining after the implementation of mitigation

measures (minor, moderate, major or significant).

Impacts were identified based on the factors in Table 3-5.

Table 3-5: Impact Assessment Criteria

IMPACT ASSESSMENT CHARACTERISTICS

Probability of Impacts

Rank Definition

Rare Impact which is rare

Unlikely Impact which is unlikely to occur
Possible Impact which may occur

Likely Impact which is likely to occur

Almost Certain

Impact which is almost certain to occur

Magnitude of Impacts

Rank Definition

Minor The environmental and/or social conditions will be affected, but the impact is small enough that
it is unlikely to be of concern to the government, communities, and organisations.

Moderate An impact of moderate significance is one within accepted limits and standards. The emphasis
for moderate impacts is on demonstrating that the impact has been reduced to a level that is as
low as reasonably practicable (ALARP).

Major A major impact is one where there will be a large change to communities or the natural
environment. The aim of this report is to identify ways to prevent or mitigate these large
impacts. At times this is not possible, and it is up to the regulator to decide if this is acceptable
when considering the benefits of the Project.

Significant A significant impact is one where there will be a large change within and beyond the immediate

communities or the natural environment. This may also include impacts that can themselves
result in other negative impacts and, in some cases, be irreversible. The aim of this report is to
identify ways to prevent or mitigate these large impacts. At times this is not possible, and it is
up to the regulator to decide if this is acceptable when considering the benefits of the Project.

Direction of Impa

ct

Rank

Definition

Positive

Impacts of the project on the environment and vice versa are likely to be good.
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IMPACT ASSESSMENT CHARACTERISTICS

Negative

Impacts of the project on the environment and vice versa are likely to be bad.

Impact Duration

Rank

Definition

Short term

Occurring infrequently or during 0-5 years of the Project

Medium term

Occurring frequently during 5-15 years of the Project

Long term Occurring frequently during the Project’s lifetime

Permanence of Impacts

Rank Definition

Reversible Effects which are reversible and diminish when activities cease or over time.

Irreversible Effects which are not reversible and do not diminish even if the activity ceases to occur, and do
not diminish with time.

Cumulative Effects of an action are added to or interact with other effects in a particular place and within a

particular time.

Spatial Extent of

Impact

Rank

Definition

Local Potential impacts are restricted to the project area of influence.
Regional Potential impacts affect the local and parish level.
National Potential impacts extend to the national level.

Residual Impact

Rank

Definition

Minor

The environmental and/or social conditions will be affected, but the impact is small enough that
it is unlikely to be of concern to the government, communities, and organisations.

Moderate

An impact of moderate significance is one within accepted limits and standards. The emphasis
for moderate impacts is on demonstrating that the impact has been reduced to a level that is as
low as reasonably practicable (ALARP).

Major

A major impact is one where there will be a large change to communities or the natural
environment. The aim of this report is to identify ways to prevent or mitigate these large
impacts. At times this is not possible, and it is up to the regulator to decide if this is acceptable
when considering the benefits of the Project.

Significant

A significant impact is one where there will be a large change within and beyond the immediate
communities or the natural environment. This may also include impacts that can themselves
result in other negative impacts and in some cases, be irreversible. The aim of this report is to
identify ways to prevent or mitigate these large impacts. At times this is not possible, and it is
up to the regulator to decide if this is acceptable when considering the benefits of the Project.
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3.5.2 MITIGATION MEASURES, RISK MATRIX AND THE MANAGEMENT
AND MONITORING PLAN

Appropriate mitigation measures were then recommended to address all the negative impacts. These
mitigative measures were developed based on the Hierarchy of Control which is a system used to control
risks in a workplace (Figure 3-8).

Least
Protect the worker with Personal effective
Protective Equipment

e
Change the way people work
Isolate people from the hazard Engineering
Controls

Replace the hazard
Most
effective

Physically remove
the hazard

2y, e

Figure 3-8: Hierarchy of Controls used to guide mitigative measures that can be taken in the project.
Source: https://www.hseblog.com/qgeneral-hierarchy-of-control-measures/

These mitigative measures and results were compiled in a risk matrix which also presented the potential
residual probability, residual impact and residual risk that may arise once potential mitigative and risk
control measures are implemented. Additionally, the results of both the impact assessment, mitigation
measures and risk assessments were used to develop management action plans to minimise the negative
impacts identified. These management plans were separated into two documents — the Environmental,
Health and Safety Management and Monitoring Plan (EHSP) and the Social Impact Management Plan
(SIMP). The EHSP has the following subsections:

e Introduction
o Objectives of the EHSP
o Scope of the EHSP
o Structure of the EHSP
e Identification of Proposed Mitigation Measures
o Construction Phase
o Operations Phase
e The EHS Management and Monitoring Plan
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Air Quality Management Plan

Noise Management Plan

Water Quality Management Plan

Flora and Fauna Management Plan

Waste Management Plan

Health and Safety Management Plan
Emergency Response Plan

Consultation Plan and Grievance Mechanism
Social Impact Management Plan

Summary of Monitoring Frequency

o 0O 0 O O O o0 0O o0 o o

Cost Estimates

The SIMP, commencing at Section 13.6, was extracted from the complete SIMP Report in Appendix P. The
SIMP has the following subsections:

e Introduction
o Obijectives of the SIMP
o Scope and Structure of the SIMP
o Structure of the SIMP
e Identification of Proposed Mitigation Measures and Relevant Environmental Management Plans
e The SIMP
o Education/Training Action Plan
o Local Economy Action Plan
o Social Infrastructure Action Plan
e Community Investment and Partnerships
o Key Partnerships
e Monitoring and Reporting
o  Monitoring and Evaluation
o Reporting
e Stakeholder Engagement Strategy
o Engagement Principles and Strategy
o Stakeholder Engagement Mechanisms
o Community Engagement Evaluation
e Complaint Resolution
o Instructions for Completion Annual Monitoring Reports

3.6 ASSUMPTIONS AND LIMITATIONS

The available environmental and social data and the assessment of impacts always involve assumptions
and generalisations. Furthermore, the available technical and engineering data for the proposed Project
is preliminary at this stage. Lack of sufficient data may cause uncertainty in the assessment of some of
the potential impacts. During the assessment of the proposed Project, the potential uncertainty factors
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were identified as comprehensively as possible and their impact on the reliability of impact assessments

has been considered.

3.7 DATA GAPS AND RECOMMENDED INVESTIGATIONS

In light of the above, and the proposed site for construction and operation of the proposed Project, the

following investigations are recommended to ensure a more comprehensive conclusion on the feasibility

and environmental impacts of the Project can be drawn:

Cost benefit analysis (CBA) —The proposed Project is anticipated to have significant positive social
and economic costs at the local, regional and national levels. A CBA can be used to analyse the
Project options and their anticipated costs (including Project components, technologies, layout
and location) and compare with the ranging environmental and social costs.

Archaeological Impact Assessment — A site assessment was conducted and information was
collected during the social impact assessment. Preliminary information from the Jamaica National
Heritage Trust (JNHT) and the National Library’s Special Collections Department was received,
however, they are being consulted to determine whether any notable heritage or archaeological
elements were present in the vicinity of the Project Area. Several reports and maps were found
and utilised in the assessment; however, ESL has not yet received a response from the JNHT
regarding the need for a full Archaeological Impact Assessment. However, should this be required,
BBP will undertake as needed.

Strategic Environmental Assessment (SEA) — The proposed project may also lead to the
development of farm sites to supply the pulp mill with raw material. The locations of the farm
sites have not been finalised to date. Test plots are currently underway to determine the best
local conditions, equipment, materials, chemicals and growing conditions to establish the
Bambusa vulgaris, as a commercial/cultivated crop. A SEA can be conducted to evaluate the
individual and wholistic risks of the respective farm sites. The findings from the SEA can be used
to guide the development a Farming Management Plan for the project.
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4.1 PROPOSED PROJECT SITE AND SITUATION

According to NEPA and NRCA, this project is classified in the environmental permit application process as
the Manufacturing of Paper, Pulp & Wood.

BBP intends to establish a fully sustainable ‘Agro-Ecological-Industrial’ model in the manufacturing of
bamboo pulp in Jamaica. The project design has sought to conform to a holistic model as well as the
demand for more sustainable and climate change reducing material and the growth in green business.
Figure 4-1 presents a summary of the holistic model that guides the proposed project and Figure 4-2
presents the product life cycle from cultivation to the end product.

e R BBP Concept, Scope and ‘Holistic’ Model

hambm BBP is to secure in excess of 25,000
Bamboo Co- operative / Mother Farm Model for Small
(Phase 1W - Toinclude bamboo
sh'aws Jstirrers from Residual bamboo twigs / branches

acres / 10,000 hectares.

Renewable Energy - Lignin from the bamboo will T
produce steam & electricity in the recovery
process powering the mill and logistics 1

e

BBP plantoput $/pmt of harvested green bamboo
into a community fund for each Parish, that will be )
held by BBP. Each year it will be decided via a
W aste — Mill process wastelime committes:whererhat fund cabould berispent for il &
sludge for cementation and road Parish e.g. hospitals, education

infill

Education - Partner University of West Indies with
University of Maine, USA to create a ‘Center of
Y = Excellence' for the industry, exchange Graduate
course scheme. Plan also to work with UTECH and
CASE

<"~" Feedstock — Bamboo
culm/pole feedstock for

( ,'.‘,{ ”- ;-’f bamboo pulp mill

Employment —The project will generate approx.
1000 direct high paying Jamaican jobs, placing
professionals, skilled labour and farm labour in
year -round employment and indirectly many
thousands

I N
Bleached Bamboo Sustainable Kraft (BBSK) Pulp — 250,000
mts sheet fed and fluff rolled bamboo pulp produced annually, sold
to globally recognised brands for consumer tissue and personal
hygiene products.

Export — Kingston Harbour in Jamaica is the

seventh -largest natural harbour in the woerld, BBP will
ship to the America’s and Europe, handling approx,

10,000 containers pa via Montego Bay ‘feeder’ port.

—
Environmental Impact - co;

Research has demonstrated CMACGM
that bamboo can in excess of vlrl‘ d—

29 fonnes of carbon

Biomass — Residual bamboo dioxide per hectare per year

waste, ‘ biomass' for the and generates 35% more

potential onsite process / oxygen than an equivalent \
preduction of biofuel pellets stand of trees, \

Figure 4-1: The holistic Model guiding this Project (Source: BBP, 2022)

Bamboo

Bioproducts
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Figure 4-2: Product Life Cycle for the project. (Source: BBP, 2022)

4.1.1 SITE OF THE PULP MILL

The proposed project site is on the Friendship Estate in Friendship P.O.," Westmoreland (18°17’15.52”N
78°5'27.64"W), which is, in straight-line distances, approximately 27 km southeast of Montego Bay, the
capital of St. James and approximately 7.7 km northeast of Savanna-la-Mar, the capital of Westmoreland
(Figure 4-3). The proposed site is approximately 5.9 km east of the Frome Sugar Factory and 6.1 km
northwest of the Paradise Park Solar Farm. The entire property for the Pulp Mill is approximately 350
acres (~1.42 km?) as seen in Figure 4-4.The immediate vicinity of the site is surrounded by lands previously
used for sugar cane cultivation, three settlements — Barham in the west, Friendship Cross to the east, and
Hertford to the southeast. The Cabarita River is found to the north. Photographs of the proposed mill site
and surrounding areas are presented in Plate 4-1.

Vi There are variations among government agencies in relation to the actual siting of the proposed mill, whether based on
community, electoral division, constituency, etc. The general area of Friendship will be indicated as the mill location.
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BBP Proposed Project Site Legend
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Figure 4-3: Satellite Map of the Project Site in relation to the other Parishes and major Towns/Cities
(Source: Adapted from Google Earth Pro, 2021)
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Plate 4-1: Images rom proposed Project Site and immediate surrounding Areas in Friendship,
Westmoreland (March 2021 and October 2021)
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Jamaica and this area in Westmoreland were selected for this project based on unique factors such as:

i. Jamaica’s geographical location and port facilities which support the logistics for transferring the
pulp to markets in North America, South America and Europe;

ii. The Bamboo, known as the Bambusa vulgaris or “common bamboo”, is the preferred species for
paper/tissue and thrives in Jamaica;""

iii. The presence of large areas and concentrations of bamboo across Jamaica;
iv. Jamaica’s long tradition of farming and agricultural production;
v. Idle sugar cane farmlands can transition easily to bamboo which thrives in Jamaica

vi. Jamaica has strong infrastructure to support its production;

vii.  The proposed mill site has, from preliminary results, many benefits: area large enough to site and
operate a mill, relatively flat land, limited hazard risk, and the potential of surrounding lands to
be used as bamboo plantations (helping to reduce transportation);

viii.  The surrounding areas and communities have the sufficient infrastructure and human resources
to support the mill;

ix. The presence of an existing water supply, all year long in acceptable quantity and quality;

X. Existing transportation facilities and ease of accessibility to nearby ports or possibilities to create
them at a reasonable cost.

4.1.1.1 Land Ownership

The proposed project site is owned by BBP. Formerly, it was leased by the Pan Caribbean Sugar Company
Limited (PCSC), however they released the land back SCJ Holdings Limited (SCJH). On August 16, 2021, the
GolJ received Cabinet approval for sale of land in Friendship, Westmoreland for the proposed Bamboo
Pulp Mill Site (ESL Meeting, September 2021) and BBP purchased the land from SCJH.

4.1.1.2 Access to the Site

The Site is located within an area where it is able to access ‘Class A, Class B and Class C’ type roads. It is
easily connected to the Port of Montego Bay in the North Coast via a 44.8 km road (mostly Class A) with
an estimated driving time of 1 hour and 2 minutes. The mill is also accessible to the main port of Jamaica
in the Capital of Kingston via roads and the South Coast highway spanning 196 km with an estimated
driving time of 3 hours and 27 minutes. However, this time may be reduced once the extension of the
South Coast highway is completed in 2023.*

Vil Jamaica’s Global Forest Resource Assessments have shown that areas with bamboo have significantly increased in area from
1990 to 2020.

x“$17.4 Billion Set Aside For Southern Coastal Highway Improvement Project” taken from https://jis.gov.jim/17-4-billion-set-aside-
for-southern-coastal-highway-improvement-project/
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4.1.2 RAW MATERIAL - BAMBOO FARMS

In addition to the construction and operation of a pulp mill, BBP intends to secure 25,000 acres of land in Jamaica
to set up bamboo farms and nurseries that will supply the raw material for the mill. As at the date of this report,
the locations for the bamboo plantations are still being finalised and agreements are being made with government
agencies and local partners for the acquisition, leasing or partnerships in establishing and managing these
plantations. Currently, BBP is having discussions with the SCJH to convert idle sugar can lands (already disturbed
ecological sites) into bamboo farms. Bamboo Test Plots are currently being undergone on sugar lands in
Westmoreland to determine the best conditions and requirements to develop bamboo plantations in Jamaica.
The type of bamboo that will be grown on the farms is Bambusa vulgaris. The bamboo farming and farms will be
addressed in a different scope of work.

No bamboo will be planted on the proposed pulp mill site. It is intended that all the bamboo required for the mill
will be grown and harvested in Jamaica. If, under unusual/ unforeseen circumstances BBP needed to import B.
vulgaris chips, then the applicable Jamaican regulatory requirements including phytosanitary considerations
would be applied. These regulations include the Agricultural Produce Act 1926 and the Plants (Quarantine) Act,
1993 through the Plant Quarantine Produce Inspection Branch of the Ministry of Agriculture and Fisheries.

Currently, BBP has two methods to supply the pulp mill with the feedstock required as indicated in Figure 4-5.

Jamaican
Bamboo
EENES

Bamboo

Pulp Mill in
Jamaica

Figure 4-5: Methods being used to supply the proposed Bamboo Pulp Mill in Friendship, Westmoreland

BBP intends to secure as much land as possible from discussions with SCJH, but also plans to lease land from other
land owners as well as contract farmers to cultivate bamboo. A draft list of the distribution of the locations of
potential farms sites is presented in Figure 4-6. The negotiations for all these options are currently ongoing and
have not been finalised. The Bamboo Plantations will have a Farm Management Plan as required. If Contract
Farmers are utilised, they would be required to cultivate bamboo according to the published JCP 8: 2021 Jamaican
Standard Code of Practice for Bamboo Plantation (2021) developed by the Bureau of Standards (BSJ).
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BBP Bamboo Farm Lands (final audit pre contract)
(estimate)
Land Owner Parish Acres
1 Sugar Company Jamaica Westmoreland, Clarendon, St Thomas, St 15,000
Elizabeth

2 Seprod St Thomas 3,064
3 Golden Grove Portland 2,000
BBP Managed Farms 20,064
Land Owner Parish Acres
1 Confidential Westmoreland, Hanover 2,000
2 Confidential Westmoreland 1,118
3 Confidential St. Catherine 1,250
4 Confidential St Elizabeth 1,372
Privately Managed Farms 5,740
Total Bamboo Farms Acreage 25,804

Figure 4-6: Draft list of the potential locations of farm sites under negotiations (Source: BBP, 2022)

The focus of this EIA is on the Bamboo Pulp Mill and as such the farming component is being dealt with holistically
and separately as mentioned above. Details on the bamboo farms, their location, requirements and methods of
cultivation and harvesting will be provided in the SEA to be submitted to NEPA once the selection of farm sites
has been finalised. Further reference to farm sites in the document will relate to the interconnectedness with the
mill operations.
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4.1.3 LOGISTICAL PLAN FOR THE PROJECT

As BBP seeks to establish a fully sustainable ‘Agro-Ecological-Industrial’ model, an efficient logistical plan is
necessary for the farming and production of bamboo pulp in Jamaica. This comprises the modes of transporting
the raw material from farm sites to the pulp mill, and the product from the pulp mill for export. The means and
mode of transportation are currently under development, however, as at the date of this report, BBP intends to
primarily use a trucking system. BBP is also exploring the option of developing a barging system; however, the
latter is conceptual. Any transportation of raw material over water will conform with local regulations and
approval from the Port Authority of Jamaica (which has been consulted on all matters concerning water transport
associated with the project). A Transport Management Plan is to be developed once the logistical plan has been
finalised. The logistical programme is as follows. The barging programme entails:

i. Establishing a Programme that utilises the Port of Montego Bay as the main cargo. This programme involves
a collection facility/site and the onsite storage of raw bamboo at the port;

ii. The procurement and use of electric-powered trucks to transport the bleached bamboo pulp from the
proposed mill in Friendship, Westmoreland to the Port of Montego Bay in St. James. It is estimated that
this will result in the transit of 30 of 40 containers (60—80 trucks on return trip), per day from the proposed
pulp mill to the Port of Montego Bay. Approximately 50 to 80 trucks, ingress and egress, providing bamboo
chips from across Jamaica to the proposed mill. The number, weight and specifications of the electric-
powered trucks to be used will be provided once finalised;

iii. The establishment of a facility where the electric-powered trucks will be kept when not in use (Lorry Park).
The location of the Lorry Park is to be identified, but it is expected that it will be located in close proximity
to the Port of Montego Bay;

iv. The allowance of contracted farmers to deliver bamboo to the proposed pulp mill using trucks via an
established entrance.

Once the logistical plans have been finalised, a Transportation Management Plan will be developed and submitted
to the relevant authorities. Additionally, BBP will procure the relevant local licences and permits required.
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4.2 WHY BAMBOO?

Bamboo is a widely distributed and fast-growing gramineous plant. According to The International Bamboo and
Rattan Organisation (INBAR):°

“Bamboo and rattan are astounding resources with unique potential to
combat poverty and natural resource challenges. They grow locally to some
of the world’s poorest communities in the tropics and subtropics, and have
many uses, providing a vast range of sustainable products, livelihood options

and ecosystem services. If we can harness the potential of bamboo and rattan,
the Global South will be closer to achieving its ambitious development,

climate and environmental aims, including the Sustainable Development
Goals, green growth, REDD+ targets, the Paris Agreement commitments, and
the Aichi Biodiversity Targets.”

Of the approximately 1,500 species of bamboo, some can grow up to heights of 30m and can sometimes be as
much as 20cm in diameter. Bamboo can grow as much as 100 centimetres in 24 hours, depending on soil quality
and other factors, which speaks to its significant renewable and sustainable nature. In Jamaica, at least six bamboo
species are present with Bambusa vulgaris being the prevalent bamboo species.!! The bamboo forest coverage in
the island was estimated to be at approximately 116,890 ha in 2020 according to the 2020 Forest Resource
Assessment Reclassification.?

Globally, bamboo is emerging as an important raw material for Paper, Consumer Tissue and Personal Hygiene
products as a sustainable non wood pulp. A strong international demand for the replacement of traditional tree-
based fibres has produced a growing need for the creation of a bamboo sector within wood-based product
industries. Bamboo is classified as a grass and for paper pulping purposes it is considered an annual plant. One
major advantage is that bamboo species yield a wide variety of fibre properties and there is an opportunity to
produce a paper product with both strength and smoothness/softness using one raw material, similar to wood.
The physical and chemical characteristics of bamboo fibres allows for them to be used for a much wider variety of
tissue and paper products than most other grass pulps. Only bamboo satisfies the requirements for tensile and
softness. Furthermore, its tissue technical properties are similar to paper grades made from softwood. Pulping
conditions are also very similar to eucalyptus. Hence, bamboo is an excellent alternative to hardwood pulp.

Additionally, an important aspect of bamboo is its appeal to farmers/growers. Rather than having to wait 60—70
years for other hardwoods and softwoods to reach a suitable maturing for pulping, farmers planting bamboo can
have an annual food crop (shoots) and fibre crop each year after a 3-year induction period, and they would only
have to replant the crop every 20-35 years. Although it is often characterised as an invasive, bamboo is easily
contained with well-known, international best practices and techniques, and it can be eliminated from a growing
plot by intensive mechanical ploughing.

10 INBAR is a multilateral development organisation that promotes environmentally sustainable development using bamboo and rattan.
11 Country Profile: Jamaica. Source: https://www.inbar.int/country/jamaica/#2
12 Source: FAO, 2020
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Another important aspect of bamboo is that it provides many benefits to the environment and can contribute to
mitigating climate change. This is very relevant at this time as upon the conclusion of the 2021 United Nations
Climate Change Conference — COP26 (November 12, 2021), it was presented that the private sector is driving the
progress in reducing GHG emissions.® The range of environmental and climate change benefits the plant provides
are found in Figure 4-7 below.

Produces up to
Requires fewer 35% more
inputs of oxygen than
biocides hardwood forest

>90% of on equal area
bamboo carbon

can be stored in
durable
products

Can absorb up
to 17 tonnes of
CO,/ha/yr

Support
biodiversity

Can be used as
Protects soils windbreaks for
and regulates more fragile
water levels crops/plants/
locations

Figure 4-7: Benefits of using Bamboo in the Project

As indicated, bamboo has a high potential to act as a carbon sink. A comparison of the carbon sink properties of
bamboo and a pine tree is presented in Section 10.4.

In recent years, new technologies have been developed to overcome the disadvantage of bamboo as a pulping
raw material (e.g., silicon removal), and to improve the quality of bamboo pulp products. Bamboo can also
produce a vast range of sustainable goods, employment opportunities, and ecosystem services.

According to the Global Forestry Report — Bamboo in Jamaica is recognised for its usefulness in the protection of
soil and water and Social Services (FAO, 2020). Bamboo is used most often for temporary construction and is being
promoted for use as raw material for utensils, handicrafts and construction.

4.2.1 BAMBUSA VULGARIS OR “COMMON BAMBOO”

I** bamboo species (Figure 4-8 and

BBP proposes to cultivate Bambusa vulgaris, an open-clumping, sympodia
Figure 4-9). It is classified as a perennial grass/sedge that can grow to 20 m tall and 4—10 cm in diameter, with an
internode length of 45 cm. This species is the most widely cultivated bamboo throughout the tropics and
subtropics, including Jamaica, but is also found spontaneously or naturalised on riverbanks, roadsides, wastelands,

and forest edges, secondary forests and disturbed sites, generally in the low altitudes.

13 Why It Feels So Hard to Understand What Really Happened at COP26. Source: New York Times, 2021. https://time.com/6120266/cop26-
takeaways/

14 Sympodial (Clumping): Sympodial or clumping bamboos are those that do not spread and form tight clumps which only slowly expand in
diameter each year.
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It grows best under humid conditions but can tolerate unfavourable conditions, for example, drought
(Ohrnberger, 1999). Though adaptable to a wide range of soils, common bamboo grows more vigorously on moist
soils, for example, sandy loams to loamy clay alluvial soil (Tripathi, 2008). This species grows best in areas with
annual rainfall ranging from 1500 to 3800 mm. However, B. vulgaris can thrive under a wide range of moisture
and soil conditions.

Figure 4-8: Image of Bambusa vulgaris as it occurs in Forests (Source: Smithsonian Institution, Pedro Acevedo-
Rodriguez n.d.)
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Figure 4-9: Growth Structure of sympodial (clumping) Bamboo

In Jamaica, the Bambusa vulgaris is listed as an Invasive Alien Species, with a high rate of growth; effective
mitigation measures must be in place to prevent it from establishing outside of the designated farm area (once
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finalised) and displacing native vegetation. An Invasive Alien Species is defined by the Forestry Department as a
deliberately or accidentally introduced species to an area different from its native range. The Forestry
Department, through its Forestry Stewardship Council DRAFT Interim National Standard of Jamaica (2022), shall
only use alien species when knowledge and/or experience have shown that any invasive impacts can be controlled.

B. vulgaris grows forming extensive monospecific stands which outcompete native vegetation by shading native
plants and monopolising resources (Blundell et al., 2003). This species also represents a serious environmental
concern because it has the potential to invade native forests moving along riparian zones (Okutomi et al., 1996).
It also disrupts the successional process in disturbed areas, secondary forests, and forest edges in coastal and
riparian forests (Blundell et al., 2003).

In Jamaica, B. vulgaris has colonised many streams that intersect roads and formed monocultures in some riparian
areas (Blundell et al., 2003; Kairo et al., 2003). A study performed in riparian areas of the Luquillo Mountains
(Puerto Rico), showed that introduced bamboos may affect native stream macro-invertebrates through alteration
of food resources and habitat typically provided by leaf inputs from native, mixed-species riparian forests. This
study showed that alien bamboo leaf fall exceeds that of native mixed forests, and where bamboo occurs in
riparian zones, bamboo leaves undergo rapid leaching of elements during aquatic decay (O’Connor et al., 2000).

The International Bamboo and Rattan Organization (INBAR) has conducted research into the management of
invasive species and has concluded that there is information accessible to knowledge resources to effectively
manage the species. There are a number of easy ways to reduce the risks of bamboo invasion through the
implementation of preventative measures, assessing the risks of introducing bamboo species, enacting legislation
and regulations to restrict the planting and use of certain species of bamboo and effective management strategies.
The BSJ has also published the JCP 8: 2021 Jamaican Standard Code of Practice for Bamboo Plantation (2021) to
guide the preparation and management of bamboo plantations in Jamaica.

In the JCP 8: 2021 Jamaican Standard Code of Practice for Bamboo Plantation (2021), recommendations are
provided for the cultivation and harvesting of all types of bamboo found in Jamaica. These recommendations are
found in Appendix F. Once the farm sites have been finalised and the trial tests on farming methods and the
physical, mechanical and chemical requirements have been also finalised, this may be provided in the SEA to be
submitted to NEPA.

4.3 SOCIAL INCLUSION IN THE PROJECT

BBP will seek to facilitate social inclusion in the project. Potential options for social inclusion are presented below.

Community Cooperatives

BBP will have their own high yield bamboo farms in Jamaica (see example in Figure 4-10) but could provide
opportunities for contract farming for various local partners, as well as support and technology to partners to
ensure the required targets are met (Figure 4-11). Payments will be backed by long-term contracts. To guarantee
income so farmers can better plan and manage their farms, it is planned that partner farms will be paid quarterly
on an agreed contract basis. Additionally, as mentioned above, if Contract Farmers are utilised, they would be
required to cultivate and harvest bamboo according to the JCP 8: 2021 Jamaican Standard Code of Practice for
Bamboo Plantation published by the BSJ and the relevant international guidelines and certification (FSC
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Certification) for the project. It should be noted that the development of bamboo plantations will only be used to
farm a minimal amount of bamboo based on the mill requirements.

Figure 4-10: Image of a typical Bamboo Farm

Contracted Independent
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BBP Managed Farms

Co-Operatives
(Mother Farm)
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Figure 4-11: Preliminary concept of how BBP will work with other Farmers to supply the proposed Project

The formal organisation of community effort under community cooperatives could, with consultative guidance,
organise the harvesting of bamboo for the mill. BBP is currently working with GoJ agencies, for the establishment
and management of small-scale, independent farmers and relevant support which may be provided.

Cottage Industry
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BBP proposes to, under the guidance of their community development team, could establish cottage industries
from bamboo by-products to aid in revitalising local rural communities and as a measure for social inclusion. The
upper part of the bamboo culms can be used to make bamboo reusable or single use straws (Figure 4-12:), utensils,
and twizzle sticks. While this could typically be used as biofuel, this will be used as a way of giving back to the
community and promoting entrepreneurship.

Figure 4-12: Example of Bamboo Straws — of the Items proposed to be produced from By-products

4.4 INTERNATIONAL CERTIFICATION FOR THE PROJECT

Forest Stewardship Council (FSC) Chain of Custody Certification

FSC Chain of Custody Certification ensures that FSC materials and products have been checked at every stage of
processing, so customers purchasing products sold with FSC claims can be confident that they are genuinely FSC
certified. The certification:

=  Provides credible assurance for products with environmentally and socially responsible sources to access the
market;

= Verifies that FSC-certified material has been identified and separated from non-certified and non-controlled
material as it makes its way along the supply chain, from the forest to the market;

=  Provides third-party assurance for projects made of or containing forest-based materials from sustainable
sources.

BBP is in the process of acquiring the FSC Chain of Custody Certification to minimise environmental and social risks
of the project activities and increase sustainability value of the tonne. Jamaica’s Forestry Department is the
responsible agency for developing and managing the FSC National Standards of Jamaica. The Forestry Department
has developed an interim standard with the FSC guidelines that is currently being reviewed by the FSC for
finalisation.
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4.5 PULP MILL

BBP is planning to install a new non-integrated Bleached Kraft Bamboo Pulp Mill for production of fluff and market
pulp based on bamboo, as Bambusa vulgaris, grown in Jamaica.’®> A diagram of the intended product
transformation is seen in Figure 4-13. The indicative pulp mill process concept is based on world-class technologies
supplied by ANDRITZ, their experience in providing efficient and sustainable pulp and paper technologies, plus
the exploratory laboratory studies conducted exclusively for BBP with the specific bamboo raw material (as sent
to Valmet and ANDRITZ laboratories). The level of technology that will be used will comply with the European Best
Available Techniques (BAT) Guidelines/Reference Document, published in 2015. It should be noted that local
conditions such as the local legal and regulatory framework, environmental limitations, energy prices etc., will
influence the final concept and design. The lifetime expectancy of the proposed mill is 70 years.

Figure 4-13: Flow from the raw Material to the final Product expected from the Mill Operations (Source: BBP,
2021)

The proposed Project will have a design capacity to produce 250,000 ADt MTS pa of Conventional and Fluff
Bamboo Pulp. All the pulp will be dried and produced as bales and reels which will be transported to the Port of
Montego Bay for export. At full capacity, the Project is expected to have an ingress and egress of approximately
50-80 trucks per day providing bamboo chips from plantations across Jamaica and approximately 30—40 trucks
(1-way trip) transiting between the proposed mill and the Port of Montego Bay. BBP is in current ongoing
negotiations with global tissue producers, which collectively sell 10 million tons per annum of finished products
and purchase circa 5 million tons per annum in market pulp. In line with increasing sustainability value, a
prominent tissue producer has a goal to reduce by 50% by 2025 the company’s consumption of 800,000 tons of
hardwood pulp from natural forests. They intend to balance this using non-wood fibres, such as bamboo, and this
would be subject to availability of suitable “non-wood fibre”. BBP intends to ship the product to buyers in mostly
Europe, followed by North America and South America.

Bamboo Bioproducts Limited also proposes to have high-yield bamboo farms in Jamaica providing the raw
material for the mill. The planned works include the construction and operation of a new pulp mill for production

15 A non-integrated mill according to the European BAT Guidelines (2015) and this project is a pulp mill that produces market pulp and does
not run a paper machine.

16 Andritz is the leading global developer and supplier of technologies, automation and services for the pulp, paper and energy industries.
Source: https://www.andritz.com/pulp-and-paper-en
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of fluff and market pulp based on bamboo in Jamaica. Associated works will include the improvement roadways
leading to the proposed Project mill site;

4.5.1 CONSTRUCTION OF THE PULP MILL

Traditionally, pulp mills are constructed in a site fabricated fashion — meaning that almost all parts of the process
equipment are shipped to site and then assembled, piped, tested and commissioned onsite. The approach that
will be taken by BBP is to build the new Pulp Mill in Westmoreland using modular construction techniques off-
site, in a controlled factory environment for the delivery of a complete pulp manufacturing system.

This modular approach features key aspects which will result in:

e Superior design at reduced costs

e Maintaining Project construction timetables

e Increased safety

e Reduced construction environmental impact

e Minimisation of remote site access and severe site weather constraints
e Reduced field time and construction costs

e Reduction of site waste

e Improvement in construction quality due to controlled environment
e Extensive factory acceptance testing (FAT) prior to arrival on site

e Overall reduced capital expenses (CAPEX)

e Ongoing reduced operating expenses (OPEX)

Typical module types envisaged for BBP’s proposed pulp mill include:

e Truck-able modules

e Pipe rack modules

e Skid-mounted equipment modules

e Hybrid modules (partially completed in the shop and fully assembled in the field)

The largest equipment items — for example, the Recovery Boiler — are simply too big to be modularised and be
transportable to an inland site. However, the modular construction approach will still be applied to the ancillary
equipment associated with the Recovery Boiler process “island”.

4.5.1.1 Benefits of the Construction Method

Engineering Cost Savings

The modular design will be optimised by BBP’s Engineering, Procurement and Construction contractor working
with the OEM vendor(s) to offer the optimum understanding of each specific process within every module. For
example, a properly engineered and optimised module may be built with 250mm pipe, while the same process in
a site fabricated design would typically use larger pipe such as 350—-400mms diameter. This overly conservative
approach in traditional site fabrication adds cost with no performance gains over modular construction. The
expense for larger pipes, welding, inspection, pipe fittings, and associated valves necessary with a site fabricated
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unit is not required in modular construction. When repeated across all aspects of the mill’s construction, this
reduces the overall installed cost of the project.

Improved Safety

Modular construction improves overall plant safety in several ways:

e Modular construction takes place in a controlled factory environment with inherently lower risk levels
compared to a site fabrication environment;

e Modules are tested as complete assemblies versus individual components—which leads to fewer
operational risks and a more efficient (faster) start-up—before becoming integrated with the overall pulp
mill unit, and rigorously verified using Smart 3D engineering modelling and process simulation software.
Every conceivable operating mode is analysed and the design optimised to accommodate all modes of
operation. This improves the reliability of the operating units to ensure:

o No leaks at joints

o Maintenance of personnel safety when removing control valves during commissioning or
maintenance

o The correct pipe anchoring systems are used to allow for movement of the piping during different
plant operations.

By automating every module’s operation (as well as the overall plant) — not just of day-to-day activities, but also
abnormal or infrequently used modes — operators have more time to focus on monitoring and maintaining the
rest of the mill processes.

Enhanced Performance Leads to Improved OPEX and CAPEX

Improved efficiency of operation combined with higher reliability results in mill operating expenditure (OPEX) that
is typically lower than comparable site fabricated plants. This prolonged operational stability allows for
improvements in the plant’s overall yield rate and productivity. With increased availability and improved operating
stability over longer periods of time, upsets are reduced. This leads to increased product capacity as more of a
desired product is produced on the first pass, reducing the need to recycle product, and allowing the facility to
process additional raw material (bamboo). Safety—coupled with enhanced performance through greater
availability, improved yield rate, and reduced upsets—leads to reduced plant OPEX over the lifetime of the pulp
mill.

Overall capital costs, CAPEX, can also be reduced significantly by the use of modular construction techniques. This
is simply because it is far more efficient to build modules in a controlled factory environment than on site in a
natural environment. Site fabrication labour costs are always higher than factory fabrication labour costs (within
a given country). In addition, modular construction means:

e Higher quality assembly and fabrication;

o Welding, pipe-fitting and other fabrication processes are performed under ideal conditions;

e Highly trained and experienced assembly and fabrication technicians are already employed by the
modular system provider (BBP’s EPC contractor) ensuring consistent work and worker availability.

Modular construction methodology therefore provides better security for maintaining Project costs and timelines.

Environmental Solutions Ltd. 75



Report: DRAFT FINAL— Environmental Impact Assessment for the Proposed Bamboo Market Pulp Mill in Friendship,

Westmoreland

Reduced Construction Environmental Impact

Minimising site fabrication by use of modular construction techniques also minimises the environmental impact

at the construction site in every respect, particularly on the host communities for example,

e Fewer site workers and their impact on site and local host communities
e Reduced impact on overall site emissions during construction

e Less traffic accessing the site

e Reduced noise levels

e Better air quality (less site traffic results in reduced dust and fumes; reduced need for site welding and

grinding generates lower particulates, fumes and waste).

4.5.2 THE MILL LAYOUT AND COMPONENTS

The pulp mill that is being designed for the project conforms with the Kraft Pulping Process. This Section will
describe the components of the mill, while Sections 4.5.2-4.5.4 will describe the mill layout in relation to the Kraft
Pulping Process. Figure 4-14 shows a typical layout of a Kraft Pulp Mill, while Figure 4-15 shows the conceptual
layout of the proposed pulp mill in Friendship, Westmoreland. A more detailed drawing of the mill’s layout is

presented in Appendix G.
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Figure 4-14: Typical Layout of the Kraft Pulp Mill in relation to the Processes identified in Plate 4-16 (Source:

BBP, 2021)
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Figure 4-15: Proposed Mill Conceptual Layout (Source: BBP, 2022). *Note: “Recaust” represents the
Recausticizing Plant. A more detailed drawing of the mill’s layout is presented in Appendix G.

As seen in Figure 4-15, the pulp mill will include areas for:
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4.5.3 THE MILL OPERATIONS

It is expected that the pulp mill will operate for 24/7 for 350 days per year.
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4.5.4 KRAFT PULPING PROCESS

Kraft pulping (Cheremisinoff and Rosenfeld, 2010) is the most common form of chemical pulping used by 80% of
the total chemical pulping industry. The Kraft pulping process relevant to this project has four main steps: raw
material preparation, pulp manufacturing, chemical recovery, and pulp bleaching. Figure 4-16 shows a simplified
overview of the Kraft pulping process.
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Figure 4-16: Simplified Diagram of the Kraft Pulping Process modified for this project (Adapted from:
Hamaguchi et al., 2012)

As seen in Figure 4-16 in dotted lines, the kraft pulping process has two main parts:

i. The PULP LINE (The Fibreline) — Wood Handling, Cooking and Washing, Screening, Bleaching and Drying
ii. The CHEMICAL RECOVERY/RECOVERY LINE — Evaporation, Recovery Boiler, Recausticizing (White Liquor)

The machines and equipment for the Kraft Process of the pulp mill will be supplied by ANDRITZ.

4.5.4.1 The Pulp Line/Fibreline

In relation to Figure 4-16, the process commences with the wood handling which will occur in the Bamboo Chip
Handling and Storage and Wood Yard (Figure 4-15). Once bamboo (B. vulgaris) culms are transported to the mill
they will be chipped to a nominal length of 25 mm in a chipper. These chips are then stored; screened for thickness,
size and uniformity and are then washed before being cooked in the Fibreline. The physical pulping of the wood
chips is done in digester systems in the Fibreline area.

Kraft pulping involves the digesting of wood/non-wood chips at elevated temperature and pressure in “white
liguor”. White liquor is a water solution of sodium sulphide (Na;S) and sodium hydroxide (NaOH). The white liquor
chemically dissolves the lignin that binds the cellulose fibres together in the wood/non-wood. Bamboo, the raw
material for this project, is categorised as a non-wood fibre. Non-wood chips typically cook more readily than
wood chips, hence, in the cooking process, Kraft cooking may use reduced Na,S. Additionally, the spent liquors
usually have lower concentrations of dissolved organics and process chemicals compared with the typical chemical
pulping of wood.
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In the cooking process there are two common types of digester systems, batch and continuous digestor systems.
This project will use a Continuous Digester System. The Continuous Digester System/cooking process involves the
continuous processing of material from feed to discharge.

Advantages of using the Continuous Digester include:

a) For large-scale cooking equipment, the construction, and operation of continuous digester are less costly;
b) High pulp yield and less area occupied;
c) Less energy consumption, peak load avoided;

d) Less labour required — Compared to the highly automated batch cooking equipment, the batch digester
and continuous digester are the same;

e) Uniformity of pulp cooking is better than batch cooking.

The cooking will be based on a three-row digester proceeded by a TurboFeed chip feed and black liquor treatment
with Reboiler. The ANDRITZ Lo-Solids cooking will be used where the primary objective is to minimise the
concentration of dissolved organics throughout the bulk phase of delignification while maintaining, as with other
forms of modified cooking, an "even" alkali profile, minimal cooking temperatures, and minimal concentrations
of dissolved lignin at the end of the cook.

Advantages of this method and equipment include:

a) Increased pulp strength;

b) Decreased cooking chemical requirements;

c) Decreased bleaching chemical requirements; and

d) Multiple extractions and multiple diluent additions resulting in significant improvement the in overall
operation.

Once cooking is complete, the contents of the digester are moved to an atmospheric tank, usually referred to as
a blow tank. The entire contents of the blow tank are sent to pulp washers. The pulp washers separate the pulp
from the spent cooking liquor. At this stage, the pulp is called brown stock while the spent cooking liquor and the
pulp wash water are combined to form a weak “black liquor”.

The brown stock then proceeds through various stages of washing and eventually bleaching to create a product
that meets desired levels of brightness, strength and purity. Bleaching occurs in the Fibreline. There are two main
types of bleaching used in the industry — Elemental Chlorine Free (ECF) and Totally Chlorine Free (TCF). In ECF
bleaching, the chemicals used include chlorine dioxide, alkali for the extraction of dissolved lignin, and peroxide
and oxygen for the reinforcement of the extraction stages. In TCF bleaching, the chemicals used are oxygen (0,),
ozone (0s) or peracetic acid, and hydrogen peroxide with alkali from the lignin extraction. TCF bleaching is the
more environmentally safe option, as the elimination of chlorine removes the production of toxic chlorinated
organic compounds, which can negatively impact human health and cause environmental damage. In this project,
the bleaching process is Totally Chlorine Free (TCF).

The finished product will be available as conventional standard pulp bales and/or fluff pulp in reels after going
through the Drying Plant where the pulp is dewatered, dried, baled and reeled. The fluff pulp in this form is suitable
for the manufacturing of personal hygiene products.
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4.5.4.2 The Chemical Recovery Process

A benefit of the Kraft process is that it is designed to recover the cooking chemicals and heat. The black liquor that
is formed is concentrated in a multiple-effect evaporator system to about 55% solids. This will be done in the
Evaporation area as seen on Figure 4-15. The black liquor is then further concentrated to about 65% solids. The
strong black liquor is then sent to the Recovery Boiler (see Figure 4-15). BBP proposes to use an ANDRITZ HERB™
Recovery Boiler in the process and it will have three main functions:

i. Recovery of inorganic pulping chemicals
ii. Incineration of the dissolved organic material and the recovery of the energy content as process steam and
electrical power
iii. Prevention and control of pollution (a significant reduction of the wastewater load discharged to the
wastewater treatment plant and an extensive reduction of emissions to air)

In the Recovery Boiler, the combustion of the organics dissolved in the black liquor provides the energy for the
pulping process and for converting sodium sulphate (Na,SO4) to sodium sulphide (Na,S). This chemical conversion
and fuel value of recoverable black liquor is normally enough to make kraft pulp mills more than self-sufficient in
heat and electrical energy. There will also be an auxiliary boiler to support the Recovery Boiler. This auxiliary
boiler will be used to provide start-up steaming capacity as well as emergency and maintenance in the process; it
will use LNG as its fuel when required for usage.

The inorganic chemicals present in the black liquor collect as a molten smelt at the bottom of the Recovery Boiler.
This smelt is dissolved in water to form green liquor, which is transferred to a Recausticizing tank, where quicklime
(calcium oxide, Ca0) is added to convert the solution back to white liquor for return to the digester system. A lime
mud precipitates from the tank. The lime mud, which is composed primarily of Calcium Carbonate (CaCOs) with
some calcium silicates present, precipitates from the tank, as shown in the equation in Figure 4-17 below.

Green Liquor + Lime = Lime Mud + White Liquor
Na,CO; + H,O +CaO = CaCO; + 2NaOH

Sodium + Water + Calcium = Calcium +  Sodium
Carbonate Oxide  Carbonate Hydroxide

Figure 4-17: Simple Recausticizing Equation

A lime kiln will not be used in this process as bamboo has a high silica content, which typically creates problems
with silica glazing, making it impossible to operate a lime kiln. The cooking liquor will be based on fresh quicklime
bought from external suppliers. The produced lime mud will be temporarily stored in an appropriate area and may
be used outside the mill, and investigations are underway as to its usage either as part of raw material in the
cement industry or as soil improvement material (both fertilizers and/or correction of densities).

Figure 4-16 shows a simplified generic overview of the Kraft pulping process, while
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Figure 4-18 displays the inputs and outputs for the production of Kraft Pulp. Based on the explanation of the Kraft
pulping process and Figures 4-16 to 4-18, the conceptual layout of the proposed pulp mill in Friendship,
Westmoreland (Figure 4-15) can be understood from the information provided. Further information on the mill
processes, quality parameters in development, and information on the Kraft process is found in Appendix H.
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Figure 4-18: Typical Inputs and Outputs of a Kraft Pulp Mill modified for this Project (Source: Adapted from:
European BAT Guidelines, 2015)
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The predicted performances (quality parameters) of the different departments are an indication to what can
become guarantees at a later stage. Final designs have not yet been developed and as such, the quality
performances outlined below are still being refined. More detailed information on the quality parameters can be
found in Appendix H. The next Sections (4.6—4.11) will describe certain factors that must be considered before
assessing the environmental and social impacts and for licensing and permitting purposes.

4.6 WATER SUPPLY AND CONSUMPTION

The net freshwater requirement for the proposed Project will be 20m3 per tonne of production (5,284 US gallons).
No water abstraction system (surface or groundwater) currently exists at the proposed site. Water for the mill will
primarily be extracted from the Cabarita River at the intake location seen in Figure 4-15. There is a potential to
drill, extract and use groundwater for the recovery boiler, however, this option has not been finalised. BBP will
apply for all the requisite licences once the plans have been finalised.

According to the European BAT Guidelines, water quality requirements for pulp mills vary based on the use,
product quality and production processes employed. The main impurities of the raw water that need to be
removed, if present, are:

i. Colour — natural brownish or yellowish colour;

i. Turbidity — small particles of suspended organic and inorganic substances;
iii. Hardness — dissolved calcium and magnesium salts; and
iv. Iron and manganese.

Processes that could occur during treatment, once licences are approved include:

=  Filtration to remove sediments and suspended solids;

= Reverse osmosis to create potable water, where needed, for administrative services and other areas
linked to the investment;

= Treating water if abstracted from a drilled well.

BBP will provide additional information about the proposed water extraction and treatment, including the
equipment.

4.7 WASTEWATER TREATMENT FACILITY

The proposed Project will require the construction of a wastewater treatment facility seen in Figure 4-15. The
facility will have a capacity to treat 20m? of trade effluent per tonne production and will provide a tertiary level of
treatment. The JAD2001 coordinates for the planned location of the single mill WWTP discharge point to the
Cabarita River will be: 633696.2, 682690.31 (Figure 4-19).
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Figure 4-19: Proposed outlet for the WWTP (Source: BBP, 2022)

The treated wastewater discharge will be tailored to conform with the European BAT Guidelines for Kraft pulp
mills. These are effluent flows of <18 m3/ADt and COD in effluent <30 kg COD/ADt. Additionally, BBP will comply
with the NEPA Trade Effluent Standards and IFC Effluent Guidelines for Pulp and Paper Facilities—Fibre
Preparation, Non-Wood (see Appendix E).

The Bamboo Bioproducts (BBP) market pulp mill planned for construction will use a standard, modern form of the
well-established bleached Kraft pulping process to create its product, namely: Bleached Bamboo Sustainable Kraft
(BBSK) Pulp. The manufacturing process design features maximum practicable internal recycling to minimise the
process wastewater flow to be treated by a state-of-the-art dedicated Wastewater Treatment Plant (WWTP). In
addition to the application of AMT (Accepted Modern Technology) and BPEM (Best Practice Environmental
Management) principles, BAT (Best Available Technology) will be applied throughout the manufacturing process
and the WWTP operations.

The WWTP is designed to produce effluent which complies with all NEPA standards for the discharge of trade
effluent, as well as related standards from the International Finance Corporation (IFC), and the European Union
(EU). More information on the WWTP being designed for the mill is found in Appendix I.

The core business of BBP is the production of high value BBSK market pulp for export from Jamaica to primarily
Europe and North America. However, BBP recognises that wastewater treatment is not a core business or
competence of BBP. Therefore, BBP intends to contract or partner with a recognised water industry specialist
having the necessary competence, experience, and support structure to properly design, build, maintain and
operate the WWTP at the mill under long-term contract to BBP. The WWTP partner selected by BBP is SUEZ.
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SUEZ as a Build-Own-Operate (BOO) Partner to BBP

SUEZ offers long-term, full-service contracts with Build-Own-Operate (BOO) contracts, designed to allow SUEZ to
assist BBP with all key water operations. SUEZ makes a life cycle commitment to ensure that the required quantity
and quality of product water is delivered. SUEZ provides this assurance by drawing on deep expertise and reliability
as a manufacturer of equipment and chemical technologies used in hundreds of SUEZ BOO projects globally. With
flexible durations and robust proven technologies, SUEZ ensures that the quantity and quality of water needed is
safely and reliably delivered. A SUEZ BOO also provides customers with additional assurance. If for some reason
the BOO Partner is not able to deliver the results needed, SUEZ will use the world’s largest mobile fleet to ensure
contract compliance.

SUEZ currently owns and operates hundreds of industrial and municipal plants processing more than 60,000 m3/hr
[(360 millions of gallons per day (MGD)] of water or wastewater around the world, including Jamaica. Focused on
the power/steam generation, refining, chemical processing, steel, microelectronics, desalination, and pulp and
paper industries, SUEZ provides operations and maintenance services for customers with water processing needs
ranging from 10 to 20,000 m3/hr (44—88,000 GPM).

SUEZ also has the ability to process water from nearly any source, including rivers, boreholes/wells, lakes, and
industrial processes. SUEZ treats these water sources to produce water for boiler feed, semi-conductor
manufacture, food process, drinking purposes, industrial processes, and other applications.

SUEZ employs numerous field service representatives (FSRs) globally. These hands-on technical experts provide
local service and support. SUEZ can provide a dedicated service technician at every customer site as part of the
commitment to exceed the highest EHS standards and oversee a successful worry-free operation.

Mill Design Principles in relation to WWTP

In relation to wastewater from the process operations entering the WWTP, the BBP mill process design
incorporates the following best practice principles for Kraft pulp mills:
e Systems for collection and recycling of accidental discharges of spills from the process water;
e Sufficient and balanced volumes of pulp storage, broke storage!” and white water storage tanks to avoid
or reduce processed water discharges;
e Recycling of wastewater, with simultaneous recovery of fibres;
e Separation of contaminated and non-contaminated (clean) wastewaters with collection and reuse of clean
non-contact cooling waters and sealing waters;
e Oxygen delignification ahead of the bleach plant;
e Efficient washing of the pulp ahead of bleaching;
e Use of elemental chlorine free (ECF) bleaching or total chlorine free (TCF) bleaching;
e Maximisation of knot removal;
e Collection and recycling of spent cooking liquor spills;
e Stripping and reuse of evaporation and digester condensates.

17 “Broke” is the standard pulp and paper industry term used to describe ‘scrap’ or sub-standard production. All broke (i.e. all sub-standard
production) is repulped (using only water) and 100% recycled and reprocessed in the mill.
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4.7.1 WWTP PROCESS DESCRIPTION

The BBP pulp mill site at Friendship will be based on strict segregation of all three (3) fundamental wastewater
sources:

i. Trade effluent/processed wastewater (including from all bunded areas where any spillage may occur) will
be collected from all process units ‘islands’ and piped directly to a dedicated wastewater treatment plant
at the lower elevation of the site, thus enabling gravity drainage;

ii. Sanitary (grey and black) water from site facilities (offices, washrooms, canteen, etc.) will be piped through
a dedicated system to a modern modular sewage treatment unit specified and designed to meet all NEPA
discharge requirements. Treated water will be discharged to the Cabarita River;

iii. Rain/storm water will be collected via a dedicated system of channels, gullies and pipes, incorporating oil
and grease traps where necessary, and collected in an equalisation/surge pond or tank. Some rainwater
will be pumped back to the mill process fresh water supply to supplement river and ground water supplies.
Surplus rainwater will flow into the Cabarita River.

All three types of wastewater will be fully treated before any is discharged to the Cabarita River.

4.7.1.1 Trade Effluent Process Description

In order to employ BAT and meet NEPA, EU and IFC discharge standards for treated wastewater, the BBP WWTP
designed and operated by SUEZ will feature three (3) stages of treatment. The process that will be utilised was
determined based on assessments conducted by the design engineers. The process features are:

i. All processed wastewater streams will be completely segregated from the dedicated site’s sanitary (grey
and black) water system and the separate rain/storm water system;

ii. Process wastewater streams flow by gravity to an equalisation tank with suitable retention capacity to allow
a significant reduction in flow and composition variability as well as pH and temperature ahead of Stage | of
the treatment system;

iii. Stage | treatment comprises a clarifier using either sedimentation-flocculation or dissolved air flotation
(DAF) to separate suspended matter (primarily cellulose fibres and fines) and return them to the pulp mill
for reprocessing. This reduces initial total suspended solids (TSS) loading and recovers useful fibre. Clarified
water is pumped to Stage Il:

iv. Stage Il is an activated sludge aeration tank in which activated sludge from Stage Ill is recirculated back to
initiate aerobic processes;

v. Stage lll is a Membrane Bio Reactor (MBR) based on SUEZ LEAPmbr ZeeWeed technology. Sludge from the
MBR will be recirculated to Stage Il, with surplus sludge being dewatered by a belt press. The primary
purpose of this technology is to simultaneously reduce TSS, biochemical oxygen demand (BOD), and
chemical oxygen demand (COD) levels down to the required standards;

vi. Clean wastewater will be discharged back to the Cabarita River via a break tank in which continuous quality
monitoring and recording will take place.

The processes for treating the process wastewater are represented in Figure 4-20.
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Figure 4-20: BBP WWTP Schematic (Source: BBP, 2022)

The key treatment technology of the BBP WWTP process is the Membrane Bio Reactor (MBR) as seen in the last
stage of Figure 4-20. The ZeeWeed MBR system comprises two major functions: a biological reactor; and an
ultrafiltration system which separates biological solids from the final effluent. Microorganisms such as faecal
coliform and other pathogenic organisms will be removed in the MBR. Its reinforced hollow-fibre membranes and
unique design achieve superior effluent quality while reducing energy consumption with an increasing membrane
lifespan (Figure 4-21). Advanced COD, colour and lignin removal are be achieved by the addition of inorganic and
organic Suez coagulants. More information on the system can be found in Appendix I.
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Figure 4-21: ZeeWeed MBR Cassette to be used at the pulp mill.*3

The type of WWTP plant that will be supplied by SUEZ is a Z-MOD* S (AG) packaged plants. Features provided in
the base system of the WWTP include:

o ZeeWeed* 500 reinforced ultrafiltration membranes produce superior effluent quality while operating in a
high solid wastewater environment
e Complete systems incorporate screening, biological equipment, filtration equipment, and disinfection

e Epoxy coated carbon steel tank with anoxic chamber with mixing, aerobic chamber with diffusers and
membrane chambers

18 LEAPmbr ZeeWeed reference video: https://www.youtube.com/watch?v=Qy5dmgFwufQ
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e Aeration blowers, permeate pumps, back pulse pumps, back pulse tank, control panel, recirculation pump,
GE Fanuc PLC, and HMI interface mounted on the equipment skid
e Plant start-up and operator training

Table 4-1 below shows the data sheet for the water treatment system being designed for the Pulp Mill.

Table 4-1: Data sheet for the Z-MOD 5S4 System of the Water Treatment Solution SUEZ is designing for use at
the Pulp Mill

Value Unit

Design Flow Rates

Average Flow 20,000 gpd
Peak Flow 40,000 gpd
Permeate Discharge Design
Design Flow Rate 15 gpm
Max TDH Required 6.7 psig
Available TDH 22 psig
Discharge Pressure 15.3 psig
Standard Equipment
Blowers for Process & Membrane Aeration 2
Aerobic Diffusers 1 Lot
Anoxic Mixing 1 Lot
Membrane Modules 4
Recirculation Pumps 2
Permeate Pumps 2
Backpulse Pumps 2
Backpulse Tank 1
Control Panel 1
PLC 1
HMI 1
Biological Tank 1
Equipment Skid 1
Biological Footprint
Membrane & Biological Tank Diameter 12 ft
Maximum Length Per Tank 47 ft
Minimum Tank Length (with Membranes) 16 ft
Typical Number of Tanks 1 #
Typical Total Tank Length 20-30 ft
Required Height to Hoist Hook for Membrane Removal TBD ft

All information is provided based on typical characteristics and may vary depending
influent characteristics

Low Strength Wastewater is 250 mg/L BOD, 250 mg/L TSS, 45 mg/L TKN
High Strength Wastewater is 500 mg/L BOD, 500 mg/L TSS, 90 mg/L TKN
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4.7.1.2 Process Data
Projected WWTP influent flow rates from BBP pulp mill individual process island operations is presented
in Table 4-2. Figure 4-22 presents the estimated effluent flow rate based on the mill’s processes.

Table 4-2: Projects WWTP influent flows at the BBP pulp mill based on the individual process island
operations. *Note: BSW represents Brownstock Washing.

EETE A s m3mdt temp,°C

Chip handling 15 1,6 35
Cooking 0 0,0 0
BSW 81 8,9 55
Drying 7 0,7 0
Evaporation 0 0,0 0
Recovery Boiler 0 0,0 0
Causticizing (WLP) 11 1,2 38
Total process 114 12,5 48
Other (Cooling tower purge, demin plant, 28 3,0

chemical plant, water treatment)
Effluent Steady State Total = 15,5 m3/ADt

Effluents, Total = 15,5 m3/ADt

8,9

10,0
9,0
8,0
7,0

6,0

5,0
4,0
3,0
2,0 16 17
i ol
0,0 : : — A

Chip yard Cooking Bleaching Drying Evap RB wWLP Other

3,0

Figure 4-22: Estimates of the effluents that will be produced based on the individual pulp mill
processes. Note: RB represents the Recovery Boiler and WLP is the Recausticizing Plant.

The data above (Table 4-2 and Figure 4-22) are for steady-state, normal operations. For process upset
conditions and other operational excursions, the WWTP will be designed to handle and process flow rates
equivalent or up to 20 m3/ADt.
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4.7.2 TRADE EFFLUENT DISCHARGE STANDARDS

BBP has the objective of meeting all relevant local and international standards for discharge from the new
pulp mill. Table 4-3 shows current NEPA, IFC and EU standards for treated water discharges from bleached
Kraft pulp mills, with the BBP target values (monthly average).

Table 4-3: Wastewater Discharge Targets compared to local and international Standards

Values have been converted from mg/I to kg/ADt for direct comparison
Local and International Standards and Guidelines

Water emissions Unit BBP target NEPA IFC EU BAT
Flow m3/ADt <20 N/A 50 20-50
AOX kg/ADt 0 N/A 0.25 0-0.2
COD kg/ADt <10 2.0 (<100 mg/l) 20 7-20
TOC kg/ADt <3.5 N/A N/A N/A
BOD kg/ADt <0.5 0.6 (<30 mg/l) 1.0 (BODs)
TSS kg/ADt <0.5 1.0 (<50 mg/l) 15 0.3-15
Ntot kg/ADt <0.1 0.2 (<10 mg/l) 0.2 0.05-0.25
Ptot kg/ADt <0.02 0.1 (<5 mg/l) 0.03 0.01-0.03
Temperature °C amb +/-2 amb +/-2 N/A N/A
pH pH units 6.5-8.5 6.5-8.5 N/A N/A
Acronyms:
ADt (Air-dried metrid tonne of production — containing standard 10% moisture content);
amb (ambient); AOX (adsorbable organic halides); COD (chemical oxygen demand);
TOC (total organic carbon); BOD (biological oxygen demand);
BOD:s (five-day biochemical oxygen demand); TSS (total suspended solids); Ntot (Total nitrogen);
Ptot (Total phosphorus)

4.8 WASTE GENERATION AND DISPOSAL
4.8.1 SOLID WASTE

Information on the waste to be generated will be provided by BBP once finalised. Preliminary information
shows that the largest solid waste component will be “lime mud cake”. It will be primarily dewatered
Calcium Carbonate (at about 55% dryness) and it is intended that this “lime mud cake” could be used by
the cement industry as a raw material and could also be used for road construction as binder/filler
material. Similarly, small quantities of fly ash generated from the recovery boiler's electrostatic
precipitator could be used as a road construction filler and/or as a soil conditioner. BBP plans on using
water treatment technologies that minimise (or eliminate) generation of bio-sludge as a waste product.
Small quantities of sand, green liquor “dregs” (calcium sulphate and carbonate) deposits from the
Recausticizing process, and general mill and office waste materials will be disposed of using licensed and
approved waste handling contractors. It is also expected that the WWTP will generate dewatered sludge
from their processes which BBP intends to utilise sustainably. More information on the management of
sludge and its sustainable usage in the project can be found in Section 13.2.

In the interim, the general waste of a typical Kraft pulp mill, as identified by the European BAT Guidelines,
are presented in Table 4-4 below.
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Table 4-4: Compilation of Tables that provide the average Types, Composition and Concentrations of
Waste typically produced by a Kraft Pulp Mill (Source: Extracted directly from the European BAT
Guidelines, 2015)

Average waste generation in kraft pulp mills in kg dry solids/ADt

Type of waste kg dry solids/ADt of pulp
Waste water treatment sludge 10
Wood ash 9()
Other ashes 14 ()
Fibre 5
Wood waste 6
Dregs, grits and green liquor sludge 10-20
Lime enriched with non-process elements 10-20
Hazardous waste 0.2
Total 60 — 80
NB:
"Wood ash' is fly ash and dust from the incineration of wood material (e.g. from the bark boiler).
'Other ashes' are ashes from fuels used in energy production other than wood and black liquor.
(") Values for ash/ADt are higher if additional biomass from external sources is used as complementary fuel.
"Wood waste' is bark. chips, sawdust. wooden packages, etc.
Source: [ Finnish BAT Report, 1996 ], with changes proposed by experts from the TWG.

Average composition of green liquor sludge with different amounts of lime mud

Lime mud Dry solids Ash Organic T(;:;gN Tot-P Tot S
(%) (%) (%) content (%) ng g/kg DS g/kg DS
<2 45 62 20 04 0.6 23
75 59 62 6.5 <0.4 2.8 6.3

Average metal concentrations in green liquor sludge with different amounts of
lime mud

Lime mud (%) | Ba Cd | Co | Cr Cu Hg Ni Pb Sr Zn
=2 430 16 92 75 90 0.07 60 18 330 | 2300
75 310 11 5.3 85 96 <0.10 29 11 290 | 1000
NB: All values expressed as mg/kg dry material.

The plans for the disposal of waste are currently under development. According to Figure 4-15, no area
has been designated as a facility to store waste or for waste disposal. Information on the types of waste
to be generated, their storage and disposal will be provided by BBP. The disposal of waste will conform
with local and best practice guidelines.

4.8.2 SEWAGE EFFLUENT

Sewage generated on site will be treated by an entirely separate dedicated modular sewage treatment
unit from the WWTP to be supplied and operated by SUEZ. This stand-alone sewage treatment will utilise
a Membrane Bio Reactor (MBR) technology to simultaneously reduce TSS, biochemical oxygen demand
(BOD), and chemical oxygen demand (COD) levels down to the required standards. The process will also
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remove faecal coliform. This sewage treatment unit is currently being designed and will comply with local

regulations as indicated in Table 4-5 below.

Table 4-5: NEPA Sewage Effluent Standards

PARAMETER EFFLUENT LIMIT
BOD:s 20 mg/l

TSS 20 mg/l

Total Nitrogen 10 mg/1
Phosphates 4 mg/1

COD 100 mg/1

pH 6-9

Faecal Coliform 200 MPN/100 ml
Residual Chlorine 1.5 mg/l

4.9 CHEMICALS TO BE USED AT THE PROPOSED PULP MILL

As indicated in

Figure 4-18, there is a range of chemicals used for the operation of a Kraft pulp mill. A provisional list of

the chemicals that will be used for pulping and treatment at the proposed mill are presented in Table 4-6.

Table 4-7 lists the draft concentrations and temperatures for some of the primary chemicals to be used

at the proposed site.

Table 4-6: Provisional List of Chemicals to be used at the proposed Pulp Mill in Friendship,
Westmoreland (updated October 2021) (Source: BBP, 2021)

Chemical Name | Formula | Common Name | State | Comment
BULK/COMMODITY
Sodium Hydroxide NaOH Caustic Soda Solid
Sodium Sulphide NazS Solid Often sold as
hydrate
» | Sodium Sulphate Naz2S0. Solid
(0]
E Magnesium Sulphate MgSO4 Solid Delignification
§ Sulphuric Acid H.SO4 Liquid
o | Hydrogen Peroxide H20: min 50% conc | Above 68% conc,
g_ (aqueous) liqguid but not | H202 is unstable
E exceeding 68%
2 | Calcium Oxide OR Calcium Ca0/ Lime Solid Ideally, from
g Hydroxide Ca(OH) local cement
= works
o
Oxygen 0 Liquid Oxygen Liquid Ideally, on site
liquefaction
Ozone 03 Gas Manufactured by
mill on site
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Chemical Name Formula Common Name State Comment
One or more of Peroxyacids | R.COz:H Peracids, e.g., Liquid Delignification &
family Paracetic Acid bleaching
Ethylene.diamine.tetra.acetic | CioHisN20s | EDTA Solid or liquid | Chelating agent
acid (in solution)
SPECIALISED
Coagulents Aluminium Sulphate, | Liquid Water treatment
Polyaluminium
Chloride, ferric sulfate
Polymers: Acrylamides, Coagulent aids Liquid Water treatment
Epichlorohydrin
T‘g Biocides Slimicides Liquids Process  water
L treatment
g Oxygen scavengers Boiler feedwater
S treatment
E Scale preventers Boiler feedwater
§ treatment
g pH control alkalis Boiler feedwater
— treatment
z
8 Sludge conditioners Boiler feedwater
S treatment
® | Anti-foamers Defoamers Water foam
& prevention
Various chemicals used for Includes nutrients (for Wastewater
multi-stage wastewater activated sludge) + Treatment
treatment (yet to be various others,
specified) depending on final
technology choices
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Table 4-7: List of Chemicals, Concentrations and Temperatures to be used in the Fibreline for the
proposed Pulp Mill in Friendship, Westmoreland (Source: Technical Specifications of the proposed Mill,

BBP, 2021)

NaOH

- concentration, min. 30%

- temperature 25°C

- pressure at the battery limit (min) 4 bar (g)
H.S04

- concentration, min. 98%

- temperature, min. 25°C
Oxygen

- concentration, min. 92%

- temperature 14 bar(g)
H.0,

- concentration, min. 27.5%

- temperature 25°C

- pressure at the battery limit (min) 14 bar (g)
Ozone (03)

- concentration, min. 12.5%

- temperature 20°C

- pressure at the battery limit (min) 12 bar (g)
Talc

- concentration, min. 9%

- temperature 20-30°C
DTPA

(diethylenetriaminepentaacetic acid) 99%

- concentration, min.

Information regarding the full list of the type, concentrations and areas of use of the chemicals will be
provided by BBP.

4.10 STORAGE OF RAW MATERIALS AND CHEMICALS

The storage of materials component of the mill is currently under development. According to Figure 4-15,
two areas have been designated for the storage of the raw bamboo before they are chipped. This area
was designated to act as a barrier (noise and aesthetics) to separate the full operation of the mill from the
nearby communities along the Hertford to Flowerhill Road. Bamboo culms will be stored in horizontal
piles and measures will be taken to ensure that the stored culms do not become breeding grounds for
mosquitoes. More information on the storage of this raw material will be provided by BBP.

Also, according to Figure 4-15, there is an area on the proposed mill layout designated for ‘Chemicals’.
Information regarding the full list of the type of chemicals and their estimated storage times will be
provided by BBP. The storage and disposal of raw materials and chemicals will conform with local and
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international best practice guidelines. All chemical storage and usage areas will be provided with

compliant bunded controlled containments to prevent spills entering the environment.

4.11 AIR EMISSIONS

The proposed pulp mill intends to follow the European BAT Guidelines (Suhr et. al. 2015). For information
purposes, Figure 4-23 indicates the potential emissions that could be released at each stage of a Kraft
pulp mill process. However, in this project there will not be any Bark boiler, Lime Reburning or emissions

from these equipment as seen in Figure 4-23.

Malodorous Malodorous

Dust compounds compounds Dust
Wood . . . : Pulp
handling Cooking Washing H Screening H Bleaching P drying

A A
Malodorous
compounds
) Bleaching
Evaporation chemical
preparation
» Dust
* Dust *S0,, NO,, CO
e« 50, NO,, Malodorous
# Dust TRS, CO + compounds
? f Auxiliary #
boilers
. Recover i i
Recausticising [¢— y (biogas, oil, Tanks
olier solid fuels)

Figure 4-23: Air Pollutants typically released at each Stage of the Kraft Pulping Process at a Mill, with
Considerations made for the BBP Pulp Mill processes and TCF Bleaching (Adapted from: European BAT

Guidelines,

Environmental Solutions Ltd.

2015)
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Information has been provided by ANDRITZ on the expected emissions based on the preliminary mill
design. This information is presented in Table 4-8.

Table 4-8: Expected Emissions from the proposed Project Pulp Mill (Source: ANDRITZ, 2020). There is a
possibility that updated designed emissions may have reduced TRS.

Expected emissions to air from the recovery boiler at maximum continuous black liquor firing rate
1270 tDS/d.
Emissions Note

TRS -content in flue gases

The average TRS content (defined as H2S) in the dry flue gases, mg/mn 5 According
corrected to 6 % Oz, and 70-100% black liquor firing capacity will not to BAT
exceed

NO, - content in flue gases

The average NOyx content (defined as NO2) in the dry flue gases,
corrected to 6 % O2

+ Black liqguor N-content by weight max. N=0.15 % mg/mn 200 According
to BAT
S02-content in flue gases
The average SO: content in the dry flue gases, corrected to 6% Oz, mg/m3n 50 According
black liquor S/(Naz+Kz2) mole ratio being maximum 32% to BAT

will not exceed the following:
Dust in flue gas

The average dust content in dry flue gases after the electrostatic mg/m3n 200 According
precipitator, corrected to 6 % Oz, will not exceed the following: to BAT

Recent information provided by BBP indicated that the designs are being explored to further reduce some
of the emissions in Table 4-8, namely the non-condensable gases from the process. Non-condensable
gases (NCGs) are usually referred to as Total Reduced Sulfur compounds (TRS) or Dilute Vent Gases and
are by-products of the kraft pulp process. ™ These gases, mostly sulfurous, are extremely malodorous and
flammable. The TRS in the bamboo pulp mill process are generated in pulp digesters where the bamboo
chips are cooked in the Kraft liquor as well as they can be generated in direct contact evaporators, in
recovery boilers. The TRS gases involved are hydrogen sulfide (H>S), methyl mercaptan (CHsSH), dimethyl
sulfide (CH3SCHs) and dimethyl disulfide (CH3SSCHs).* The TRS gases that are emitted from digesters,
evaporators, turpentine systems, strippers, brownstock washers and liquor storage tanks will be collected
and burnt in the Recovery Boiler.

Other NCGs outside of TSR include volatile organic compounds which will be produced from the stripping
process in the Chemical Recovery process.® In the bamboo pulp mill process the NCGs that will be

xix Monitoring Non-condensible Gases (TRS) in Pulp Mills taken from https://www.controlinstruments.com/documents/monitoring-
non-condensable-gases-trs-kraft-pulp-
mills#:~:text=Non%2Dcondensable%20gases%2C%20usually%20referred,are%20extremely%20malodorous%20and%20flammabl
e

* Lin, B. Collecting and burning noncondensible gases taken from https://www.tappi.org/content/events/08kros/manuscripts/3-
6.pdf

i Siddiqui, N.A., Ziauddin, A., 2011. Emission of non-condensable gases from a pulp and paper mill - a case study. J. Ind. Pollut.
Control 27, 93-96. Suhr, M., Klein, G., Kourti, |., Gonzalo, M.R., Santonja, G.G., Roudier, S., Sancho, L.D., 2015. Best available
techniques (BAT) - reference document for the production of pulp, paper and board. Eur. Comm. 1-906.
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produced are the dilute NCGs (DNCG) and concentrated NCGs (CNCG). The DNCG will be collected during
the cooking process and at the Evaporation Plant. The CNCG will be collected in the Evaporation Plant.
The non-condensable gases produced in the pulp mill processes are cooled and are then sent to the
Recovery Boiler where they will be incinerated and oxidised.

From the Recovery Boiler which is the furnace in the process, outputs from this process include air
emissions and fly ash, the latter which will be recycled within the chemical recovery system. All emissions
from the boiler will be scrubbed (using spray tower and electrostatic precipitator) and should conform
with local and international guidelines, with the stricter guidelines taking precedence.

4.12 NOISE EMISSIONS

Information will be provided by BBP to ESL, once the proposed mill designs are finalised. However, in the
preliminary technical specifications noise insulation was mentioned to be used at the proposed mill. BBP
intends to design the site layout in order to position the potentially noisiest manufacturing areas furthest
away from existing local habitation in order to minimise and mitigate noise pollution to local residents.

Sources of noise will be distributed along the production chain from the receipt of the raw material (wood
chips) to the shipping of the pulp. The number of external noise sources of a non-integrated pulp mill such
as BBP is typically around 80-100 items. The major ones are process and machine room ventilation and
vacuum pump exhausts. The most significant sources of permanent noise according to the European BAT
Guidelines are:

i. Equipment for mechanical treatment such as wood drums, refiners, grinders, etc.;
ii. Cutting of wood before debarking for the mechanical pulp mill;
iii. Transport of mediain pipelines and other systems such as conveyors without optimal dimensions;
iv. Temporary steam blowing during process disturbances;
v. Hydraulic units;
vi. Fans, for example, for heat recovery of paper machines;
vii. Motors, compressors;
viii. Compressors of the cooling machines;
ix. Trucks for loading and unloading;
X. All transport in and near the mill site including railways;
xi. Cleaning of process equipment such as lime silos with a vacuum tube to a tank truck.

BBP will comply with local regulations regarding the noise levels generated. The final noise control targets
required will determine the scope and costs of sound attenuation, along with plant layout considerations.
BBP has specified for noise control designs be a requirement for the detailed design of the mill as it can
result in considerable cost reductions and compliance with best practice. Additionally, depending on
specific noise level requirements, absorptive silencers, resonators or enclosures can be used. Active Noise
Control is yet another method of noise reduction that can be applied, if necessary, especially at the lower
frequencies.
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4.13 ENERGY CONSUMPTION

In a pulp mill, heat and electrical energy are used. Heat energy is consumed for heating fluids, water
evaporation, and to either accelerate or control chemical reactions. Electrical energy is mostly consumed
for the transportation of materials through pumping (>50%). BBP will provide ESL with information
regarding the energy balances for the proposed pulp mill and quality performances. In the interim, for the
information purposes of NEPA, generalities about Kraft pulp mills according to the European BAT
Guidelines are being presented below.

Generally, as indicated in the European BAT Guidelines and the EHS Guidelines — Paper and Pulp Mills
(World Bank Group, 2007), the manufacturing of bleached Kraft pulp consumes about 10-14 GJ/ADt of
heat energy, excluding steam for the production of electrical power. The consumption of electrical energy
is 600—800 kWh/ADt, including the drying of pulp. The drying of pulp consumes 25% of the heat energy
and 15-20% of the electrical energy. A typical energy balance for a Kraft pulp mill is presented in Table
4-9. The proposed pulp mill will be more than self-sufficient and will generate surplus power which is
intended to be used to fuel the ‘electric-powered’ trucks in the logistics chain or sold to the local provider,
the JPS Co., for profit. Generally, modern pulp mills are energy self-sufficient by burning 50% of the raw
material composition (lignin) in the recovery boiler (strong black liquor), using bark/bamboo culms as fuel,
and the generation of secondary energy from different process steps that can be recovered as warm and
hot water (40-80 °C). Through production and the recovery boiler, preliminary estimates show that the
proposed mill could produce approximately 30 Mwe of power whilst consuming less than 27 Mwe. The
mill will not need to vent excess steam in any eventuality. Any excess steam will be condensed, not
vented.

Fossil fuels, such as LNG in this project, are mainly used as support fuel, in the lime kiln (not in this project)
and in the treatment of malodorous gas. The proposed mill will be supplied with LNG, from a supplier to
be determined. Information on the LNG demand and storage on site will be provided by BBP once
finalised.
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Table 4-9: The Energy Balance for a typical modern Kraft Pulp Mill (Source: European BAT Guidelines,

2015)
— el Non-integrated bark-
Mill type Units fired pulp mill
Heat generation
Black liquor G/t pulp 18.0
Bark and wood waste G/t pulp 4.2
Heat consumption
Pulp mill process G/t pulp 11.0
Paper mill process G/t paper -
Back-pressure power G/t pulp 3.0
Condensing power G/t pulp 8.2
Power generation
Back-pressure power kWh't pulp 820
Condensing power kWh't pulp 800
Total KWh't pulp 1620
Power consumption
Pulp mill process kWh't pulp 700
Paper process kWh't paper -
Power to grid KWh't pulp 920
Seuree: J.Suutela. Péyry Finland Oy

The proposed process is assumed to be highly efficient from an energy production perspective.
Information that will be provided by BBP at a later date includes:

The total installed electrical power;

The total indicated power consumption for the proposed Project;

An estimate of the power to be produced from the recovery boiler; preliminary estimates are
approximately 30 Mwe;

How excess energy produced will be used, outside of charging electric-powered trucks;
Information on the LNG power facility that will be set up. It is assumed that LNG will not be bought
on a regular basis; it will be bought and stored, used when needed, and restocked when
necessary. Also, information will be provided on the infrastructure required to complete the LNG
system and the distribution of natural gas (NG) to the proposed Project successfully, including
storage tanks and re-gas/processing system;

The amount of LNG to be supplied per day and the amount of fuel be stored on the proposed mill
site.

Information on an LNG installation, activities and processes will be provided below. Figure 4-24 shows a
proposed schematic of an LNG installation.
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Figure 4-24: Proposed Schematic of LNG/NG Installation using an Example in Jamaica

4.13.1 LIQUEFIED NATURAL GAS (LNG) STORAGE AND NATURAL
GAS (NG) DISTRIBUTION

The main activities related to the installation of the LNG Facility are:

= Site clearance
= Foundation preparation and Excavation
o Steel work/Formwork setup
o Concrete pouring and curing
o Pipe lying
o Pipe testing
= |nstallation of equipment

Fabrication of parts outside of Jamaica
Shipment to Jamaica

Transportation of parts from port to site
Assembly on site

O O O O O

Installation
o Commissioning
= Qperation

Impoundment Area and Bund Wall

The LNG Provider is advised to construct an impoundment area and bund wall compliant with United
States’ National Fire Protection Agency (NFPA) “59(A)”, the national guideline for the handling and storage
of LNG. The impoundment area will be sized to hold at least 110% of the total volume of a tank, as well as
all the liquid piping and components. Rainwater and related substances may be pumped out using a water
pump. Under no circumstance will any LNG be allowed to escape this containment.
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Storage Tanks

The LNG Provider should provide double-walled construction LNG tanks, with special insulation properties
designed to keep the liquid cold. They will be compliant with the American Standards of Mechanical
Engineering (ASME) Pressure Vessel code. The storage tanks will be permanently anchored into the
foundation, which will be designed, approved and completed by Jamaican professional engineering firms
licensed in Jamaica. Tanks will be refilled by delivery of over-the-road tankers (see Refill Delivery).

The number of tanks, the amount of LNG to be stored, the sizing of tanks, the exact placement, and other
related factors are still to be determined.

Refill Delivery

Portable LNG-transport tanks will be used to deliver LNG to the proposed site. The location where they
will be filled is to be determined. However, from this location (filling station), they will be trucked to the
proposed project site. Once onsite, the delivery tank will be connected to the system using a flexible steel
hose. The number of site delivery trips to supply the required ~3,800L of LNG per day is yet to be
determined.

Processing System (Regasification)

Liquid from the storage tanks will be discharged to an LNG Processing System in a controlled and
automated manner. There, it will be converted back to its natural state, a gaseous vapour, using vaporisers
which will be supplied by the LNG Provider. [In short, LNG is converted back to its natural state simply by
allowing it to warm up]. The Natural Gas itself will be sent to the Power Generation Units, which will
consume the natural gas with engines and produce electric power. A computer system will continuously
monitor the process conditions of all equipment, flow, and surrounding areas: temperatures, pressures,
flow rates, supply power, and so on. All process functions are automatic and controlled by the computer
system using a telemetry system. When the engines do not need to consume gas, gas will not flow.

The LNG Provider will need to apply for all the requisite environmental permits and/or licences as required
to fulfil their obligations to supply fuel to the proposed LNG facility.
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4.14 PROJECT TIMELINES

It is proposed that the Project will take 24 months to build and be completed. It is estimated that

construction will commence in Q1 of 2023 with operations commencing by Q2 2024 seen below (BBP,
2021).

|
1 -
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5.1 PHYSICAL ENVIRONMENT

5.1.1 CLIMATE

5.1.1.1 Background
This section of the report will present Jamaica and the project area’s existing climate. Future climate
scenarios and projections will be presented in Chapter 6.

Jamaica’s climate is mainly sub-tropical or tropical maritime, with the Northeast Trade Winds and the
island’s orographic features, (mainly the eastern Blue and John Crow Mountains and the Central Ridge of
mountains and hills) characterised as the most important broad-scale climatic influences. Other influences
include the warm waters of the Caribbean Sea; the synoptic weather systems, for example, the Azores-
Bermuda high-pressure system; surface, mid and upper-level troughs; frontal systems; easterly waves;
tropical depressions; tropical storms; hurricanes; and infrequently, the inter-tropical convergence zone.
Diurnal solar patterns, clouds and rainfall are the dominant meteorological variables that influence the
meso-scale fluctuations of temperature, humidity, visible and ultraviolet (UV) light, and evaporation.

A summary of Jamaica’s climate is presented in Table 5-1. The climatology establishes the baseline to
which future change is added to produce a future climate scenario.

Table 5-1: Summary of Jamaica’s Climate™i

CLIMATE
VARIABLE

DESCRIPTION

Temperature Variations in surface temperature is due largely to the variation in solar insolation.

Jamaica’s temperature is unimodal with peak temperatures occurring during the summer months
from June to September and coolest temperatures occurring from December through March:

¢ Mean temperature values range between approximately 24°C and 27°C;

e The mean maximum (daytime) temperatures can go as high as 33°C during the warmest
months for some locations;

¢ Mean minimum (night-time) temperatures can be as low as 19°C during the coolest months.

Rainfall Jamaica has a bimodal pattern of rainfall:
e The dry season is December—March where the long-term average rarely exceeds 100 mm;

e The rainy season spans April-November. This can be divided into an early rainfall season
(April-June) and a late rainfall season (September—November);

o A mid-summer minimum in July (termed the midsummer drought or MSD) separates the early
and late wet seasons;

e The most rainfall for the island is during the late rainfall season, with May and October being
the rainiest months, while February and March are the driest months of the year;

¢ Significant year-to-year variability due to the influence of phenomenon like the El Nifio
Southern Oscillation (ENSO).

i The climatology and historical trends presented are based on multiple sources of data such as:
e Temperature- Monthly data for stations across the island with less than 20% missing data and reporting between 1971—
2015;
e Rainfall- Monthly data for stations across the island with less than 20% missing data and reporting between 1971-2015.
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Storms and
Hurricanes

Storm Surges

Wind

Solar Radiation

Relative
Humidity,
Sunshine Hours
and
Evaporation

The North Atlantic hurricane season runs from June 1 to November 30. This coincides with the
period when the Caribbean Sea is most conducive to convective activity and with Jamaica’s
rainfall season. Mid-August to late October is the peak of the North Atlantic season. However,
hurricanes may occur at any time during the season.

The ENSO phenomenon also plays a significant role in modulating hurricane activity in the North
Atlantic from year to year. During an El Nifio phenomena, fewer Atlantic hurricanes are formed.
The opposite is true for La Nifia phenomena. The ENSO leads to regular fluctuations on a 5 to
7-year timeframe.

Due to its low-lying nature, the town of Savanna-la-Mar is extremely vulnerable to storm surges
and other hurricane-related damages.

Winds in Jamaica are a combination of the prevailing winds, sea breezes and mountain and
valley winds which arise because of heating and cooling in valleys.

Winds are strongest in Portland, St. Thomas, Manchester and St. Elizabeth.

Solar radiation data from 12 stations throughout Jamaica from 1978 to 1987 suggest a peak in
solar radiation in June—July and a minimum in January. Highest irradiation occurs on the flat
coastal plains, while the smallest amounts occur in eastern Jamaica over high mountain regions.

Data is limited to Norman Manley and Sangster International Airports. There is no significant
variation in relative humidity. Average humidity at the airport stations is higher during morning
hours, ranging from 72-80%, and lower in the afternoon at 59-65%. This could be due to
afternoon showers.

Sunshine hours vary little throughout the year, ranging between seven and nine hours per day.
There are more sunlight hours in the dry season and fewer in the main rainy season, with this
being directly related to cloudiness.

Evaporation tends to be a function of both temperatures and available moisture. For both stations,
the values peak during the months approaching July (month with the highest mean
temperatures), following the onset of the rainy season (May).

Source: The State of the Jamaican Climate, 2015 (Smith Warner International Report, 2021)

The climate of the proposed mill area will be discussed in Section 5.1.1.2 below.

5.1.1.2 Temperature and Humidity

As reported in the 2021 Bamboo Site Reconnaissance Report, the climate at the proposed mill site,
Friendship, like the rest of Jamaica, is subtropical with gentle to moderate north-easterly prevailing winds
and average daily temperatures varying from 24.9°Cin February to about 28.0°C in August (see Figure 5-1)
(ESL, 2021). Humidity ranges from 70% to 84% with significant diurnal variation resulting in high morning

humidity and significantly lower humidity in the afternoon.
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Mean Monthly Temperature (°C)

Frome Jamaica
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Figure 5-1: Mean monthly Temperature (°C) received in Westmoreland (calculated by averaging
Rainfall from all Stations in the Parish from 1971-2000) vs Jamaica (Source: Meteorological Service
Jamaica)

5.1.1.3 Rainfall

The proposed project site is located within the western Rainfall Zone 3 of Jamaica’s four (4) rainfall zones
(Figure 5-2). In Zone 3, the rainfall peaks in May and September to October and has the least pronounced
mid-summer rainfall minimum. Also, compared to the other rainfall zones, Zone 3 also shows least
variability from month to month and receives the most rainfall of all zones except the East (Zone 2) which
can be seen in Figure 5-3 and Table 5-2 (Climate Studies Group, Mona (CSGM) 2017). Westmoreland’s
rainfall tends to have a wet August to October period with long-term (1971-2000) mean annual rainfall
just over 2000 mm (Figure 5-3). The 30-year monthly mean rainfall ranges between 70 mm (minimum) to
274 mm (maximum).
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Figure 5-2: The 4 Rainfall Zones in Jamaica. The bold black Lines are rough Delineations of the 4 Zones
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Figure 5-3: Distribution of Mean Annual Rainfall for Jamaica (in millimetres) for the Period of 1971—
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2000 (Source: Meteorological Service of Jamaica)
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Table 5-2: Average annual Rainfall Values (in millimetres) over the Period 1981-2010 for the four
Rainfall Zones compared to the all-island Average. Zone 3 is outlined in red.

MONTH ZONE 1 ZONE 2 ZONE 3 ZONE 4 COUNTRY
January 121.41 380.12 155.02 83.66 105.63
February 122.32 255.93 178.29 79.76 81.00
March 124.44 247.81 167.26 82.51 90.78
Aprril 166.09 367.56 181.19 105.52 122.50
May 215.35 356.92 237.49 143.39 240.53
June 144.60 195.58 193.85 92.89 140.16
July 166.60 241.27 212.72 112.42 124.78
August 193.00 274.76 237.09 116.74 165.23
September 259.98 274.04 254.63 165.89 207.28
October 226.18 359.04 254.02 149.36 236.16
November 189.88 475.26 191.29 135.18 173.85

December 149.15 392.95 166.25 93.41 112.68
Source: State of the Jamaican Climate 2015 (CSGM, 2017).

The nearest weather station to the proposed project site is Frome. This weather station is approximately
6.5km from the proposed project site. As seen in Table 5-3 below from 1996-2016, there has been
seasonal variation in atmospheric temperatures that are consistent with the rest of the island.

In assessing the rainfall data, it is also important to investigate the dry periods as observed in Table 5-2.
The maps in Figure 5-4 and Figure 5-5 illustrate the Standard Precipitation Index (SPI) for a dry period
(December—January 2021) and a wet period (July to August) using data calculated from the 125+ weather
stations.
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Table 5-3: Mean Temperature Climatologies for nine meteorological Sites across Jamaica with Data
averaged over varying Periods for each Station. Units (°C). Frome is highlighted in a red box.

Location
Years Altitude
Station
Averaged | (metres) JERCLEELY:
(°N) (W)
Bodles 1987-2015 36.0 1793 7714 248 249 253 26.2 26.9 27.7 278 28.0 27.8 274  26.2 258
Discovery Bay
Marine 1992-2009 10.0 18.47 7742 248 248 250 260 26.6 27.4 276 268 27.8 273 26.4 245
Laboratory

Duckenfield 2000-2015 17.0 1792 76.26 248 249 251 258 266 275 277 277 273 268 26.2 255

nﬁome 1996-2016 200 1829 7815 251 249 255 263 270 277 278 280 279 275 269 zs.sl
m’n"l‘eay” 1992-2015 2.7 1793 7678 270 269 271 278 285 293 295 295 203 287 282 274

Mason River 1978-2015 703.0 18.20 7726 210 207 213 218 223 231 233 235 230 231 223 217

Egsriifﬁs 2000-2015 36.0 18.20 76.49 247 247 250 258 266 275 276 277 275 270 259 255
Sangster 1992-2015 9.0 18,50 7792 259 259 264 273 279 287 290 291 287 282 275 265

Worthy Park 1973-2015 374.0 18.14 7715 217 219 225 234 243 249 250 251 251 246 236 224

lamaica 244 244 248 256 263 271 273 273 272 267 259 250

Source: Meteorological Service of Jamaica as seen in State of the Jamaican Climate 2015 (CSGM, 2017).
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Figure 5-4: Rainfall Distribution for the usually dry Period (December—January 2021)
(Source: Meteorological Office of Jamaica)
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Figure 5-5: Rainfall Distribution for the usually wet Period (July to August 2021)
(Source: Meteorological Office of Jamaica)

5.1.1.4 Winds

Winds are affected by the Northeast trades combined with the sea breeze resulting in an east north
easterly wind with wind speeds ranging between 2.61-6.95 m/s. The prevailing wind direction in the
project area is from the northeast. According to the map on the variation of wind speeds across Jamaica,
the proposed area receives some of the lowest wind velocities in the island (Figure 5-6).
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Figure 5-6: Variation of Wind Speeds across Jamaica (Source: Mona Geolnformatics Institute (MGl))

During the Hurricane Season each year extreme weather conditions can be expected. These systems
generate intense rainfall of long durations and high velocity winds. Significant flash flooding is likely to
occur during these periods, and the Office of Disaster Preparedness and Emergency Management
(ODPEM) has listed Westmoreland as a flood-prone area. The impacts from flooding and high velocity
winds can pose significant risks to the project infrastructure, investments, the business continuity and
human life. Standards for drainage and building codes must be strictly adhered to and relevant climate

change scenarios considered.
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5.1.2 CLIMATE CHANGE PROJECTIONS

The effects of climate variability and change are of major significance to Jamaica’s population, economy,
and the future state of its natural environment. Major threats include:

= Arisein sea level by between 0.18 and 0.59m to the year 2100

= |ncreases in the frequency of storms (and possibly hurricanes)

= |ncreases in the severity of storms and storm surges

= Increases in prolonged periods of drought

= Increases in short duration, high intensity rainfall that can cause severe localised flooding

= |ncreases in health epidemics, due to the transmission of vector-borne and water-related diseases
as a result of an increase in floods and the removal of natural barriers such as mangroves and
forests.

Box 1 below provides a summary of the Climate Change projections for the study area. The CVRA will be
discussed in Chapter 6.
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Box 1- SUMMARY CLIMATE PROJECTIONS

Using the Regional Climate Model (RCM) projections for Zone 3 for mean, minimum and
maximum temperature, all time slices show an increase in temperature.

Rainfall

There will be a reduction in rainfall from the 2030s (-10 to 34.37) onwards and an increase in
the range of variability up until the end of century where RCM models predict a percentage
change in rainfall from -13.23% to 6.09% between 2081 and 2100. This variability and
uncertainty in rainfall is different to other sections of the island which are expected to experience
a decline in rainfall across all timescales. Historically, Westmoreland shows the least variability
between rainy and dry seasons.

Sea Level Rise

It is projected that sea level will rise between 0.18 and 0.59m by 2100. According to the 2015
State of the Jamaican Climate Report, 90% of Jamaica’s Gross Domestic Product is earned
along the coastal zone. Twenty-five percent (25%) of the population, banks, commercial
centres, tourist facilities and ports are all located within the coastal zone. Negril which is a major
economic zone in the parish of Westmoreland spans 408km?2 of coastline and is flat and its

economy is dominated by coastal tourism and fishing. As such, increases in sea level may result
in displacement of fishers’ landing sites, economic disruption within the tourism sector and
threatens to remove a key historical and cultural space for residents.

Hurricanes

According to the RCP 4.5 model, it is projected that there will be more Category 5 hurricanes.
Jamaica’s location within the path of the Atlantic Hurricane Belt makes it vulnerable to the
passage of tropical storms. Most of these storms approach the island from the south. This
increases the risk of Westmoreland to more high velocity wind speeds and heavy rainfall. This
will increase the incidence of storm surges and coastal inland flooding which poses significant
risk to communities and commercial interests (businesses, tourist facilities) located along the
coastline. This may lead to flooding on the farm.

Storm Surges

Storm Surges result from tropical storms and those are projected to increase. Increased
incidence of sea level rise and storm surges will lead to the displacement of 25% of Jamaicans
living in coastal areas. Furthermore, it is likely that critical economic infrastructure along the
coast will be extremely affected by this phenomena. This has significant consequences for the
communities, but also for Savanna-la-Mar.
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5.1.3 TOPOGRAPHY, LAND USE AND SITE HISTORY
5.1.3.1 General Topography

The proposed mill site sits on gently sloping plain between the city of Savanna-la-Mar in the south, the
Friendship Mountain to the east and Flower Hill in the North (Figure 5-7). The project site is located on
land approximately 30-47 m above sea level from the boundary with the Cabarita River in the northwest,
to the upper eastern boundary of the site. The surrounding hills are defined by karstic topography. From
the site visit, conducted on October 23, 2021, it was identified that the property is undulating but
generally sloping to the NW towards the Cabarita River.

The transportation route from the proposed mill site to the Port of Montego Bay is indicated as the B8
road in Figure 5-7, which is a Class A road that connects the mill site from the community of Galloway
(south of Withorn in Figure 5-7) to Reading. This road traverses through the mountains from between
the Friendship and Cornwall Mountains to Reading, near Montego Bay.

BBP Proposed Project Site ‘ Legend
Frome, Westmoreland, Jamaica ’ «» Cabarita River
() Proposed Mill Site

Friendship

\Erome

Friendship Cross

Gegrges Plain Withorn

3 Petersfield
7 5

Hertford

Figure 5-7: Google Earth Satellite Imagery showing the Topography at and around the proposed Site
(Source: Google Earth Pro, 2021)
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5.1.3.2 Land Use and Site History

It is proposed that the bamboo market pulp mill will be constructed on 350 acres (~1.42 km?) of land in
Friendship, Westmoreland (Figure 4-4). The site is currently in use for sugar cane production and actively
being farmed for sugar cane; some areas of the property are in ruinate. The proposed mill site is bound
to the north by the Cabarita River, and along the east and southeast by the communities of Amity, Moram,
Bath and Hertford, and on the west by sugar lands.

The majority of the lands surrounding the proposed mill site have previously been used for the farming of
sugar cane, whilst many of the sugar lands within Friendship and Frome now remain idle. There is a road
network that leads to the proposed mill site by way of a secondary road (B9) from which residential
community roads and farm roads branch. This secondary road connects to the A2 road that connects
towns along the south coast. There are also secondary roads that lead from the site, through the
hinterlands to the parish of Hanover.

Historically, the proposed project area comprises sugar cane lands used to supply the Frome Sugar
Factory. The Frome Sugar Factory in Westmoreland, built in 1938, is considered as the beginning of large-
scale sugar cane production in Jamaica, with the growth of farms throughout the island and an increase
in production. Rice was once grown in the marshlands of the area; however, sugar cane has been the
primary crop for over 60 years.

5.1.4 GEOLOGY AND SOILS

The proposed site and surrounding areas comprise mostly Alluvium plains with zones of limestone
bedrock that define the highlands or elevated areas within the plains (Figure 5-8). The Alluvium (Qa) is
described as an outwash of silts, sand and gravels derived largely from the erosion of the limestone hills
to the northeast and northwest. The alluvium deposits occupy the courses of the river (Cabarita River)
and drainage lines that crisscross the site and are known to be thicker in depressions and thin towards
the higher elevations. The Qa overlies members of the White Limestone and Yellow Limestone Groups.

A review of the 1:50,000 Geological Sheet 05 (Savanna-La-Mar) indicated that the site is underlain by
limestones of the Newport Formation (Mn). The Newport Formation comprises weak to moderately weak
chalky limestone and is a member of the White Limestone Group. The Mn is faulted against the Gibraltar
— Bonny Gate Formation (Egb) to form the northern and eastern parts of Negril Hill. The Middle Eocene
to Miocene Egb of the White Limestone Group is described as a fine-grained, soft to moderately hard
planktonic micrite that was deposited in deep waters.
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Figure 5-8: Geological Map of the Proposed Study Area (Source: Adapted from Mines and Geology,

2008)

No caves or sinkholes were noted on site during the site reconnaissance or site visit; however, the Jamaica
Caves Association has indicated that there are four mapped caves within a 3.2 km straight line distance

from the proposed project site (see Figure 5-13).

The soil textures in the project site are largely clay and clay loam followed by sandy loam and stony loam
overlying the Alluvium (Figure 5-9). The clay and clay loam have very slow rates of infiltration and internal

percolation (slow internal drainage) potential, giving rise to surface drainage (the Cabarita River and
waterways). In the literature, the sandy and stony loam are designated as Soil class 77 — the Bonny Gate
Stony Loam. This soil type has very rapid internal drainage properties, with implications for very low

surface runoff potential and lack significant surface drainage features.
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Figure 5-9: Soil Map of the Area with the Project Site indicated in black, and the Cabarita Watershed
indicated in a green Outline (Source: Clipped from the Soil Map of Jamaica obtained from the Water
Resources Authority (WRA) Jamaica)

5.1.4.1 Geotechnical Investigation

A geotechnical investigation was conducted in March 2022 to determine the geotechnical characteristics
of the rock/soil on the site, ascertain presence of groundwater, and evaluate engineering parameters that
should be used to assist in the foundation design of the structures. Six (6) boreholes and two (2)
percolation holes were drilled and tested to determine the geotechnical characteristics and engineering
parameters.

Exposed outcrops of the Newport Formation were limited to occasional exposures at ground level which
were found to be generally hard, representing a case-hardened cap rock. An upper surficial layer of topsoil
consisting of Brown Sandy Silts and Clays drapes the underlying limestone material. Subsurface
investigations showed that the site comprises a combination of fine-grained calcareous SILT and CLAY, as
well as coarse grained calcareous SAND and GRAVEL underlain by weak to moderately strong LIMESTONE
material. Fine-grained SILT and CLAY were commonly encountered at shallow foundation depth where it
drapes the underlying coarse-grained calcareous SAND, GRAVEL and LIMESTONE material.
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5.1.4.2 Seismic Risk

The site is not located within close proximity to a fault (Figure 5-8). However, the hills and mountains that
border the site, especially those largely located 5-10 km southeast of the site display extension faults,
with fault trends mainly in three directions (E-W and NW-SE). Faults trending in the NW-SE direction are
the most recent, regarded as having been initiated in the Mid-Tertiary with subsequent movement until
relatively recent geologic time. These faults are therefore relatively young, and do not appear to be
seismically active, nonetheless, they do represent a zone of weakness along which displacements can be
induced and minor tremors may occur. In addition, minor faults are also responsible for increased jointing
and fracturing of rocks. A few earthquakes with magnitudes between 2.7 and 3.2 on the Richter Scale
were recorded between 1998 and 2010 (Figure 5-10).

Within Jamaica the most active earthquake zone comprises the faults associated with the Blue Mountains
Block in Eastern Jamaica. Figure 5-10 shows most earthquakes occur in the eastern part of the island in
the Blue Mountains Block with a few in Westmoreland (MGI & Earthquake Unit, UWI, 2011). A relatively
recent vulnerability assessment map, presented in Figure 5-11, represents a 100-year return period
earthquake of Magnitude VIl that originated from within the Blue Mountains Block. If such an event were
to occur, the proposed site may experience shaking at a magnitude IV on the Modified Mercalli Intensity
Scale. According to Table 5-4, the potential magnitude from the modelling in Figure 5-11 would result in
light shaking with a peak acceleration of 2.8 % g and a peak velocity of 1.4 cm/s.

Local Region Seismicity e
= 1998102010 =

Earthguaie Unt
UWA Mona,

JANAICA
Jaruary 2011
Figure 5-10: Jamaica Seismicity 1998-2010 (Source: Earthquake Unit, UWI, 2011).*" Project Site

indicated within the black Box. Local Earthquake Magnitudes within the Study Area range from 2.7 to
5.1.

i https://ggim.un.org/meetings/2013-Chengdu/documents/01 Chengdu%20Presentation 2013%20 Revised.pdf
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Figure 5-11: Modelled Intensity for 100-year Return Period Earthquakes of Magnitude VIl from within
the Blue Mountains Block (MGl & Earthquake Unit, UWI, 2010). Project Site indicated with a yellow
Star.

Table 5-4: Relationship between Earthquake Intensity (as the MMI = maximum modified Mercalli
Intensity), Peak Acceleration and Velocity, Shaking and potential Damage

Source: Calais, 2013

Environmental Solutions Ltd.
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5.1.4.3 Landslide Risk

The topography of the site is generally flat with a low gradient and is therefore not expected to be affected
by landslides. However, the karstic hills surrounding the northern and eastern sections of the site are
susceptible to landslides and rockfalls due to the steep slopes and limestone geology. This can potentially
impact the route to transport the pulp to the Port of Montego Bay via the route of Galloway to Ramble.

5.1.5 HYDROLOGY AND DRAINAGE

5.1.5.1 Hydrogeology and Hydrostratigraphy

The proposed project site is bordered to the north by the Cabarita River. The Cabarita River is a 39.7m
long second order perennial river originating in Grange, Hanover and flows in a south westerly direction
to Savanna-la-Mar and emptying in the Caribbean Sea. In addition to wells and springs in the general area,
it is one of the main surface water sources directly or indirectly used for public water supply in the parish
of Westmoreland. It was estimated in 2010 that about 45% of the parish’s population received potable
water and sewerage services via the NWC.*" The river also has other domestic, recreational and
livelihood uses.

According to the WRA, the project site is located within the Cabarita River Hydrologic Basin in the
southwest of Jamaica. For local water management purposes, the Cabarita River Hydrologic Basin has
been divided into four Watershed Management Units (WMU) and the project site is found within the
Cabarita River WMU and the Cabarita River sub-WMU (Figure 5-12). The water resources in the Cabarita
River WMU comprise groundwater from limestone aquifers and surface water from the rivers and springs
that drain all the sub-WMUs in the Cabarita River WMU.

The Cabarita River emerges at the foot of the Cash and Patty Hills at near 400m elevation and meanders
over 22 km to the outlet of the sub-watershed at Barham. The primary drainage direction is to the south
to Savanna-la-Mar via the Cabarita River which drains the WMUs of the southern section of the Lucea
River and Great River. The major tributaries of the Cabarita River are the Roaring River, the New River
and Mayfield River upgradient of the mill site. The Mill Site sub-watershed has river flow gauges operated
by the Water Resources Authority at the locations shown in Figure 5-12 and Figure 5-13.

xiv National Water Commission (NWC) Jamaica-Draft Westmoreland Water Supply Plans
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Figure 5-12:  Bamboo (Friendship, Westmoreland) Mill Site Watershed. WRA Gauge
Stations represented by red Circles

As shown in Figure 5-13, the mill site is located on the Alluvium Aquiclude with pockets of overlain
unconfined Alluvium Aquifers. To the north of the site is the Basal Aquiclude and to the east, the
Limestone Aquifer which is highly fractured with several faults and caves. There are no wells located in
the watershed above the mill site. Wells are, however, located downstream of the site in the pockets of
Alluvium Aquifer. The aquifer is semi-confined.
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Figure 5-13: Map showing Hydrostratigraphy and Geologic Features of the Project Site and Watershed
Environs (Data source: WRA)

5.1.5.2 Examination of the Sub-Surface Conditions

Figure 5-14 shows an overlay on the Geology map sheet of the wells from the WRA database that are
located down gradient of the mill site. These wells could possibly be vulnerable to any spill of
contaminants from the site. The overlying Alluvium (Qa) is a combination of aquiclude and aquifer
material.

The closest well to the mill site is the Blue Castle Well, located 2.4 km southwest of the site. This well was
drilled to a depth of 33.3 m (110 ft) in the limestone aquifer having a rest water level of 10.9 m (36 ft).
This well is currently blocked. The lithology of the well from the ground surface was clay and stone (0-18
ft) followed by soft limestone (8 ft thick) and hard limestone (84 ft thick).™ Groundwater flows in
southerly and westerly directions. The closest National Water Commission source is the Petersfield Spring
located 2.9 km southeast of the site.

The static groundwater levels in the wells at Georges Plain and Blue Castle were extrapolated to estimate
the levels in the limestone aquifer over the section A— A’ (in Figure 5-14). The alluvium over the limestone
in this section being principally aquiclude material may offer some level of protection to the aquifer. The
soft underlying limestone could also be of low permeability and offer additional protection. However,
several pockets of aquifer material are present in the alluvium (as shown above in Figure 5-13) and these
may facilitate movement of any spilled contaminants to the limestone.

¥ Information on lithology sourced from the WRA Web-Map
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Figure 5-14: Map showing Wells SW of the Mill Site (Data source: WRA)

5.1.5.3 Results from the Geotechnical Investigation

Groundwater was detected in five of the six boreholes and one of the percolation holes drilled during the
geotechnical investigation. Groundwater levels ranged from 0.68 m (2.25 ft) to 1.35 m (4.5 ft) on the site.
Groundwater is at its highest elevation of 0.68 m (2.25 ft) on the north-eastern section of the project site
while not present on the south-eastern section. Based on well data from the WRA, the static groundwater
measured at the Blue Castle well located 2.4 km southwest of the project site is 10.9 m (36 ft). It therefore
implies that the natural groundwater table is at a much greater depth, given that the site is further north
and upgradient of the well. It was therefore deduced that the very high groundwater levels encountered
at the Bamboo Pulp Mill Site can be considered as perched groundwater which is a saturated zone above
the regional water table, separated by an impermeable zone.

The percolation rate recorded for the soil is limited to the north-western section of the property near to
the wastewater and freshwater treatment systems. The percolation rate of 11min/inch was recorded
which indicates that the soil has good absorption property. However, where there is discharge from
wastewater systems, which are likely to contain pollutants, then this must be treated to the tertiary level
to prevent/minimise contamination at discharge points. This is especially important since the Cabarita
River is close to the north-western section of the property.

5.1.5.4 HAZARD VULNERABILITY OF WATERSHED

As shown in Figure 5-13, the Project watershed is the upgradient section of the Cabarita River WMU that
is characterised by high flooding potential. As shown in Figure 5-15, the project site is not located within
an area of high flood potential. However, communities on and surrounding the project area, such as
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Frome, Friendship and Petersfield, have been declared flood-prone areas by the ODPEM.* The proposed
project could possibly increase the flooding risk. Given the shallow root structure of bamboos, the
growing of these plants tends to aggravate the land slippage potential and consequently, may increase in
the sedimentation rates, decrease the conveyance of the channels, and further aggravate the flooding

potential.
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Figure 5-15: Location of Areas with a high Potential for Flooding within the Cabarita River sub-WMU
and with respect to the Location of the proposed Project Site

5.1.5.5 Flood Risk Assessment

The major flood impact envisaged is the inundation of the project site given its location in what appears
to be the flood plain of the river (Figure 5-15). As stated previously, the area downstream of the project
site that is at high risk of flooding may be further impacted; this must therefore be assessed.

The flood inundation assessment was done for the 10-, 25-, 50- and 100-year events. The designated flood
flows were determined by hydrologic (rainfall to runoff) modelling, to facilitate a pre- and post-

Vi https://www.jamentrust.org/wp-
content/uploads/2016/03/final submission to infrastruture development ctte re disaster risk legislation May 2014.pdf
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development assessment. The simulated pre- and post-flood flows were then routed through the relevant
reaches of the river to determine the extent of the inundation by the various flood magnitudes.
Hydrological and hydraulic analyses were conducted to determine the flood risk. Details of the
methodology and the complete hydrological assessment report can be found in Appendix N.

5.1.5.6 Hydrological Engineering Centre - River Analysis System (HEC-RAS) Flood
Level Simulation

The simulation of the T-yr flow hydrographs for the pre- and post-development conditions of the project

area and its environs was done using the HEC-HMS (Hydrologic Engineering Centre - Hydrologic Modelling

System) model. The HEC-HMS model schematic for the “BBP-Friendship Watershed” is shown in Figure

5-16.
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Figure 5-16: HEC-HMS model Schematic for the proposed Project Site within the Cabarita River sub-
WMU which will be called the “BBP-Friendship Watershed” in the Analyses

As part of the hydrologic analyses, a DTM was used as a base to generate a profile of cross-section (A-B)
passing through the proposed development in Figure 5-17. This cross-section indicates that most of the
development site is on high ground and only a small section of the mill site will be impacted by flooding.
The elevations range between 36m and 40m above mean sea level (AMSL) or depths of 5.8m to 9.2m
above the left bank of the Cabarita River channel of approximately 30.2m AMSL. The area that would
potentially be impacted by flooding is the area where the freshwater intake, aerobic lagoon, and water
treatment plant are located as depicted in Figure 4-15. The results of the extent of the inundation based
on the analyses are presented in Figure 5-18. These inundation maps shows that the depth of flooding in
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the affected area reaches up to 1.5 m for the 100-year event. The rest of the development is on high
ground and is not impacted by the floodwaters. Details of the methodology and the complete hydrological
assessment report can be found in Appendix N.

Figure 5-17: DTM showing the Cross-section Locations in the Cabarita River’s Designated Reach

Environmental Solutions Ltd. 127



Report: DRAFT FINAL— Environmental Impact Assessment for the Proposed Bamboo Market Pulp Mill in Friendship, Westmoreland

| Ak e (e

Figure 5-18: Flood Inundation Extents analysed for 10-, 25-, 50- and 100-year Events
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5.1.5.7 Potential Water Sources/Available Water

5.1.5.8 Surface water reliability assessment

The reliable flow of a river at a particular location is defined as the flow that is equalled or exceeded for
95% of the time. This is estimated statistically, using the flow duration analysis method. The
accuracy/reliability of the estimate is dependent on the length of the record which should be at least 10
years of continuous daily flow data. The reliability of the flows in the vicinity of the intake structure of the
pulp mill site is based on the analysis of the combined flows for the Cabarita River at Grange and the
residual Roaring River flows recorded at the Petersfield gauging station. For the Cabarita River, the data
covers 54 years of data over the period 1968-2021 as shown in Figure 5-19 below. The average flow is
1.62 cumecs (139,968 m3/day), ranging from 50.09 cumecs to 0.02 cumecs or (4,327,776 m3/day to 1,728
m3/day).

Layer Stream_Gauge_Stations Year From/To Dispiay As
Dibject Cabarita River at Grange r— T ar-pyn— ~
Parameter Stream Flow Data [m3/sec) L. s Statisiics hl | Otepley
Rggregat Dady 3 s
Pawor WRA 2021 w| New Window
VALU
Data availability for 10 years period(s)
1960-69 1970-79 1980-89 1990-99 2000-09 2010-19 2020-29
Legend
No Data Missing Data Full Set of Data
| I | Il
Average
| Value |
| 1.6201855 |
Maximum
[ Value | Date of occurence |
| 50.090 ] 13/6/1579 ]
Minimum
Value Date of occurence
0.020 22/3/1881
0.020 23/3/1981
0.020 25/4/15861

Source: WRA Water Information System (dyndns.prol

Figure 5-19: Flow Statistics of the Cabarita River at Grange (Source: WRA)
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For the Roaring River, the data covers 57 years of data over the period 1965-2021 as shown in Figure 5-20
below. The average flow is 4.45 cumecs (384,480 m3/day), ranging from 24.93 cumecs to 0.03 cumecs or
(2,153,952 m3/day to 2,592 m3/day).

Layer: Stream_Gauge_Stations Year From/To Display As
Object: Roaring River nr Petersfield iy e
Parameter: Stream Flow Data [m3/sec] |M|
g?\?r::? . E\fa:}; New Window
VALU
Data availability for 10 years period(s)
1960-69 1970-79 1980-89 1990-99 2000-0% 2010-19 2020-29
0 8T T T AT AT
Legend
. No Data . Missing Data . Full Set of Data
Average
[ Value |
[ 4,4505658 |
Maximum
[ Value [ Date of occurence |
[ 24.930 [ 2/6/1981 |
Minimum
| Value Date of occurence |
| 0.030 | 25/4/1965 |

Figure 5-20: Flow Statistics of the Roaring River near Petersfield (Source: WRA)

For the period between 1968 and 2021, where flow data were available for both stations, the daily mean
flows were added to form a series of combined flows, representing the flow in proximity to the pulp mill
site. The combined flows were statistically analysed to develop the flow duration curve shown in Figure
5-21.
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Flow Duration Curve - Combined Cabarita@ Grange and Roaring
River@ Petersfield
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Figure 5-21:  Flow Duration Curve — Combined Cabarita River at Grange and Roaring River at
Petersfield

From the graphs above, the reliable yield (Q95) of combined flow is 1.4 cumecs or (120,960 m3/day). The
requirement of the pulp mill being 14,200 cumecs is therefore 12% of the reliable combined flows.

It should also be noted that the New River tributary joins the Cabarita River below the gauging station at
Grange and its flows should have been included in the combined flows. However, the period of record of
the New River gauging station was too short for it to be included. A comparison of the New River and the
combined flows for the period of the New River data set shows that the New River flow is approximately
20% of the combined flows. Hence, the reliable yield of the combined flows could be increased by a further
20% (i.e., 145,152 m3/day).

The WRA has confirmed that the estimated municipal water demand for the Cabarita WMU in 2020 was
5.52 million cubic meters (MCM) per year or 15,123 m3/day, while for 2080, it would be 6.14 MCM or
16,822 m3/day. The estimated irrigation demand is 10.7 MCM for 2020 or 29,315 m3/day and 0 for 2080
based on the projected decline in irrigation demand. Although this demand will be significantly increased
by the requirements of the pulp mill, the available resource is adequate to address this demand now and
in the future.

5.1.5.9 Groundwater reliability assessment
This was not calculated as there is no intention to extract groundwater as a primary means of utilising
water for the mill.
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5.1.5.10 Water Demand Projections

The daily water requirement for the project from the Cabarita River is estimated at 14,200 m3®/day (3.75
million US gals/day or 3.12 million gallons/day), based on a daily pulp production rate of 710 tonnes and
estimated water requirement of 20 m3/day per tonne.

As shown in Figure 5-12, the intake of the water from the Cabarita River to the project site is located
below its confluence with Roaring River. The Roaring River flows at the Petersfield gauging station are
regulated by the National Water Commission (NWC) diversion canal located approximately 100 m
upstream. The flow at the Petersfield gauging station therefore represents the residual flows after the
NWC’s abstraction.

According to the International Plant Protection Convention (IPPC), the best world references of water
consumption in projects of this nature are in the range of 30 m3/ADt — 50 m3/ADt (Luciano Oliveira, 2017).
According to the European BAT Reference Document for the Production of Pulp, Paper and Board used in
the European Union, the volume of water consumption for bleached Kraft pulp mills varies between 20
and 90 m3/ADt (Suhr et al., 2015).*" BBP estimates a net freshwater requirement for the Project of 20m3
per tonne of production, in keeping with the lowest water consumption from the European BAT
Guidelines. BBP intends to use the Cabarita River as the major freshwater intake and discharge point for
the mill operations with an option to use groundwater to supply the boiler feed. In applying the design
capacity to the production projections, it is estimated that the water demand for a 250,000 ADt pa Mill
would be 5.0 MCM pa [(250,000 ADt pa) x (20 m3/ADt)].

5.1.5.11 Impact of Proposed Development on Watershed

5.1.5.12 Flooding Impact

The major factor impacting the post development runoff is the permeable areas of the watershed that
would become impervious by the changing land use. The mill site (1.55km?) occupies a very small part of
the Cabarita River Watershed (63.4km?) above the mill site, approximately 2.4%. Assuming a worst-case
scenario where the entire mill site would be made impervious, the portions of the subbasin (Sb) it occupies
were determined and modelled as impervious areas. Hence, the Subbasins, which occupied Sb15 and Sb12
shown in Figure 5-22, had the impervious percent of their areas changed from the predevelopment values
of 27% to 42% for Sb15 and 0% to 10% for Sb12. The resulting post development flow increase for the
100-year floods were insignificant as expected and are as follows:

Subbasin Pre-Dev 100-yr flow Post-Dev 100-yr flow Increase

Sb12 33.5 cumecs 33.8 cumecs 0.3 cumecs
Sb15 43.1 cumecs 43.5 cumecs 0.4 cumecs
Outlet 241.1 2413 0.2 cumecs

i \Volume determined from the European Integrated Pollution Prevention and Control Bureau (EIPPCB) questionnaires from
2007/2009 and update of figures from 2010 in the BAT report. This volume is based off the assumption that the volume of water
used is closely linked to the wastewater load discharged from the mill.
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Hence, there will be a very marginal increase in the post development flows and will thus have no impact
on the resultant flood levels at and downstream of the mill site.
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Figure 5-22: Rainfall Station Thiessen Polygons for Mill Site

5.1.5.13 Surface and Groundwater Quality Impact

In the assessment of the impact of the mill process during the operation phase, a knowledge of the process
is very essential. Singh et al. (2019) identifies five basic processing steps, each step of which can be carried
out by a variety of methods and each releasing wastewater to the final effluent. These are summarised as
follows:

i.  Debarking, where the plant fibre is converted into chips and the bark removed. Raw materials
include hard wood, softwood, and agro-residues, which transfer to water tannins, resin, acids, and
other substances present in the bark;

ii.  Pulping turns the chips into pulp by removing the lignin and hemicellulose content from the raw
material, which results in a cellulose rich pulp. Pulping can be done by different methods, such as
mechanical, semi-chemical, kraft, sulphite pulping, and other pulping process;

iii. Bleaching is engaged to meet the desired colour dictated by product standards. Several bleaching
agents, including chlorine, chlorine dioxide, hydrogen peroxide, ozone, etc. may be used either
singly or in combination. In this step, lignin, phenols, resin acids, and other compounds get
chlorinated and transformed into extremely toxic xenobiotics;
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iv. Washing removes the bleaching agents from the pulp. Generally, an alkali caustic soda is used to
extract colour and bleaching agents from the pulp and hence, this process is also known as the alkali
extraction stage;

V. Paper and paper products are finally produced by mixing the washed pulp with appropriate fillers
(clay, titanium dioxide and calcium carbonate) and sizing agents like rosin and starch.

Surface and ground water quality deterioration is a possible impact of the effluent discharge associated
with the mill. The constituents of the effluent include:

- Suspended solids which consume oxygen when decaying;

- Organic matter which also uses oxygen in water;

- Nutrients such as Phosphorous and Nitrogen which trigger algae bloom;

- Toxins associated with the chemical compound found in pulp and paper mill.

According to Singh et al. (2019), the effluent is mostly degrading products of lignin, cellulose,
hemicellulose, and wood extractives. The lignin degradation includes compounds such as monomeric
phenols, enol ethers, mercaptides, stilbene, quinone derivatives, chlorinated phenols, acetic acid, formic
acid, acetaldehyde, methanol, furfural, and methyl glyoxal. The effluent also includes over 300
organochlorine and other unidentified compounds, some of which are extremely toxic and persistent. il

The Kraft pulping method generates significant amounts of solid, liquid and gaseous emissions, requiring
treatment before release into the environment. Some inorganic solid wastes are of particular concern due
to the high quantities generated, which are landfilled: green liquor dregs; slaker grits; lime mud; and boiler
fly ash.

As shown in Figure 5-13, the Alluvium (Qa) over the limestone in the vicinity of the mill site is principally
aquiclude material. This will offer some level of protection to the aquifer. The soft underlying limestone
could also be of low permeability and thus offer additional protection to the Egb limestone. The presence
of several pockets of aquifer material in the Alluvium under the mill site may, however, facilitate the
movements of any spilled contaminants to the limestone.

It is therefore recommended that in addition to the preventive spill measures to be employed, there
should be a programme of quarterly water quality monitoring of selected down gradient wells, as part of
the milling operations.

xviii The chlorinated organic compounds are formed during chlorine bleaching stage of paper production; however, the Bamboo
Bioproducts Ltd. mill will not be using chlorine bleaching as stated (ESL, 2020).
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5.1.6 WATER QUALITY

Water samples were collected from various points along the Cabarita River, tributaries to the Cabarita
River, as well as a canal located along the ‘Hertford to Flowerhill’ Road. The water quality sampling
locations for the wet season assessment and the dry season assessment are identified in Figure 5-23 and
Figure 5-24 respectively. The descriptions of the water quality sampling locations are presented in
Appendix J.
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Figure 5-23: Water Quality Sampling Points (November 2021)

Environmental Solutions Ltd. 135



Report: DRAFT FINAL— Environmental Impact Assessment for the Proposed Bamboo Market Pulp Mill in Friendship,
Westmoreland

Town'Head!2 #4.

Friengship™ > | pwai
—L @6
@3 waz

o

WQ4
.

Nvas

'.'"Roamng River 1
A g

T

Google Earth

Figure 5-24: Water Quality Sampling Points (March 2022)

5.1.6.1 Wet Season Assessment

The results of the water quality exercise for the wet season assessment indicated that the quality of the
water was generally similar across the investigated areas except for the samples collected at sites WQ4 (a
tributary) and WQ9 (a canal). All of the aggregate properties (see Table 5-5), with the exception of pH, for
the samples collected at WQ9 were outliers or suspected outliers of the data pool. The values obtained
for conductivity, salinity and total dissolved solids (TDS) measurements (parameters which account for
the dissolved ions in solution (e.g., Na*, CI, OH’, COs etc.) for WQ4 were also outliers of the data pool.
This suggests that there is either a difference in source of and/or inputs to these two water bodies when
compared to the other sampling locations.
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Table 5-5: Description of Water Quality based on Aggregate Properties (November 2021)

PARAMETERS
(units) wQi wQ3 wQ4 WQ5 wQ6 ey, wWQs waQs
units
pH 7.47 @ 7.65 @ 7.26 @ 7.80 @ 794 @ 7.76 @ 7.75 @ 6.78@
(pH units) 24.6°C 24.8°C 25.6°C 25.2°C 24.5°C 25.0°C 25.0°C 26.3°C
DO 736 @ 7.48 @ 6.17 @ 621 @ 7.69 @ 7.45 @ 6.73 @ 2.82@
(mg O2/L) 24.6 °C 24.8°C 25.6°C 25.2°C 24.5°C 25.0°C 25.0°C 26.3°C
Conductivity 0.337@ 0325 @ 0.201 @ 0.325 @ 0.291 @ 0.325 @ 0.324 @ 0.442@
(mS/cm) 24.6 °C 24.8°C 25.6°C 25.2°C 24.5°C 25.0°C 25.0°C 26.3°C
Salinity 0.16@ 0.15@ 0.09@ 0.15 @ 0.14 @ 0.15 @ 0.15 @ 0.21@
(ppt) 24.6°C 24.8°C 256°C 23.4°C 24.5°C 25.0°C 25.0°C 26.3°C
TDS 221.00@ | 21190 @ | 128.70 @ 2106 @ 190.45 @ 21125 @ 21069 @ | 280.8@
(mg/L) 24.6°C 24.8°C 25.6°C 25.2°C 24.5°C 25.0°C 25.0°C 26.3°C

Although not designated as statistical outliers of the complete data set, the pH, salinity, TDS and
conductivity seen at sites WQ1 and WQ§6, differed slightly from those samples collected from the major
water body (i.e., WQ3, WQ5, WQ7 and WQ8). WQ6, the sampling point most upstream of the proposed
project location, was observed to have a higher pH (7.94) and lower conductivity, TDS and salinity (0.291
mScm?, 190.45 mgL?, 0.14 ppt) when compared to the other samples taken from along the Cabarita River.
WQ1, a tributary of the Cabarita River, was observed to have a lower pH (7.47) and a higher conductivity,
salinity and TDS (0.337 mScm™, 221.00 mgL?, 0.16 ppt), compared to WQ6 and the other samples
collected along the Cabarita River. This may be an indication that the tributaries of the river, above the
WQ3 sampling point, may contribute to the variance observed between the average pH (7.74),
conductivity (0.325 mScm?), and subsequent TDS and salinity values observed at the sampling points
downstream of where the tributaries enter the main Cabarita River. However, the effect and extent of
these tributaries’ influence on the river quality would have to be confirmed through additional sampling
and monitoring exercises.

Despite the variance in the quality of the water seen across the different tributaries and locations along
the Cabarita River, all the water quality points sampled were within the specifications of the Draft Jamaica
National Ambient Water Quality Standard — Freshwater, 2009 (see Table 5-6) for their aggregate
properties (where applicable); this is an indication that the water was of good quality and was not showing
signs of any significant impacts from anthropogenic activities during this sampling activity.

Table 5-6: Jamaica National Ambient Water Quality Standards — Freshwater, 2009 (NEPA)

‘ Parameters (units) Standard Range ‘

Total Dissolved Solids (mg/L) 120.0 — 300
pH (pH units) 7.00-38.40
Conductivity (mS/cm) 150.0 — 600
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Although no standard exists for salinity, it is a function derived from conductivity. Therefore, it can be
assumed that once the conductivity of the water quality point is within the specifications of the reported
standard, then the salinity of that point would also be typical of a freshwater in the Jamaican context.
Freshwaters are typically characterised as having salinities of less than 0.5 ppt.

Dissolved oxygen (DO) is an important indicator of the quality of water as it is a necessity for the biological
and chemical processes of both plants and animals. A healthy water body is generally characterised as
one that contains a dissolved oxygen concentration of between 80 and 120%.** At 25°C, the solubility of
oxygen in freshwater at 100% saturation is approximately 8.4 mgO,/L.** Hence, the DO concentration of
these water bodies was expected to be >6.7 mgO,/L. All the water samples collected had dissolved oxygen
concentrations greater than 6.7 mgO,/L, with the exception of the samples collected at WQ4, WQ5 and
WQ9. As mentioned before, WQ9 was collected from a drain/canal along the ‘Hertford to Flowerhill’ Road.
The low DO concentration seen at this sampling point may be due to the fact that the water here was
slow moving — not encouraging the aeration of the water body, warmer than the other sampling points,
and shallow and also containing a lot of plant material. The canal was also noted to be an earthen canal.
Similarly, the sample point collected at WQ4 may have had a lower DO content than the other sampling
points as it was a heavily vegetated area and slower moving than the other sampling points collected
along the river. Although the main water body was characterised a fast-flowing water body, the water
sample at WQ5 was collected in an area where the velocity of the water was slower due to the depth of
the water.

Total nitrogen, phenol, zinc, copper, arsenic, mercury, chromium, lead, fats, oil and grease (FOG), and
pesticides were undetected at all locations suggesting that the water samples collected and the water
upstream of the various sampling points were free from any major anthropogenic pollutants at the time
of sampling and will not be discussed any further (see Table 5-7). Small amounts of iron and manganese
were detected in all water samples. Both manganese and iron are essential micronutrients for plant and
animal growth and health. In typical freshwaters, manganese levels generally do not exceed 200 pg/L,*
while iron concentrations generally do not exceed 1 mg/L.* Both the iron and manganese concentrations
obtained at all sites were below these levels further underscoring the point that the water body appeared
to be free from any major anthropogenic sources at the time of sampling.

Total organic carbon (TOC) is the sum of dissolved organic carbon (DOC) and particulate organic carbon
(POC) in a water body. Based on the data obtained, it can be assumed that the TOC present in all water
bodies comprised mainly DOC. DOC is the fraction of TOC that can pass through a 0.45-micron filter and
can originate from natural sources such as detritus and primary producers, which may be a possible reason
the DOC and TOC were both highest at WQ9 and WQ4 as these were the most densely vegetated areas.
It has been noted that for healthy lakes and rivers worldwide, the TOC and DOC mean concentrations
were typically below 5 mgO,/L* All water samples were below this level cementing the point that the

xix https://www.enr.gov.nt.ca/sites/enr/files/dissolved oxygen.pdf

*x http://www.state.ky.us/nrepc/water/ramp/rmdo2.htm

@i https://www.who.int/water sanitation health/dwg/chemicals/manganese.pdf

¥ https://www.lenntech.com/periodic/water/iron/iron-and-water.htm
xiiihttps://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/waterquality/water-quality-guidelines/approved-
wqgs/organic-carbon-tech.pdf
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samples collected were of good quality as it relates to freshwater bodies at the time of sampling. Similarly,
the chemical oxygen demand (COD) obtained for each water sample was relatively low. Chemical oxygen
demand (COD) encapsulates those species within a water body that could possibly use oxygen in the
presence of a strong chemical oxidant. The COD of a natural water system gives information on how much
oxygen is required for the oxidation of waste to carbon dioxide and water, with all organic matter in the
sample being converted to carbon dioxide. COD concentrations are generally <20 mgO,/L in unpolluted
surface water samples. " All water samples collected were less than this value indicating the general
good quality of the water bodies from which the samples were taken. Furthermore, all BOD values were
determined to be within the specifications (0.8-1.7 mg0,/L) of the Jamaica National Ambient Water
Quality Standards — Freshwater (see Table 5-9).

xaiv S K. Jain, V.P. Singh, Water Resources Systems Planning and Management in Developments in Water Science, 2003
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Table 5-7: Description of Water Quality Parameters (November 2021)

PARAMETERS (units)
Nitrate
<13 13 2.0 1.8 1.8 13 18 2.6
(mg NO3Y)
Nitrate as Nitrogen
(g NO-N/L <03 0.3 0.4 0.4 0.4 0.3 0.4 0.6
Orthophosphate
0.10 0.08 0.05 0.09 0.14 0.11 0.10 0.02
(mg PO4>/L)
Sulfate
2 2 2 2 2 2 2 2
(mg 5042_/|_)
Faecal Coliform
(MPN/200m0) 1600 220 240 920 >1600 920 540 920
E.coli
(MPN/L00mL) 540 170 240 170 51600 350 350 350
CoD
3 5 6 10 6 6 10 8
(mg O/L)
TS5 3.1 3.9 17 55 2.7 48 6.0 <1.6
(mg/L)
Chloride
35 3.2 3.2 3.2 41 3.1 3.2 5.6
(mg CI/L)
Total Nitrogen <22 <22 <22 <22 <22 <22 <22 <22
(mg N/L)
Total Phosphorus 0.04 0.04 0.02 0.04 0.02 0.04 0.06 <0.02
(mg P/L)
BOD (mg Oz/L) 0.7 0.9 1.0 14 0.8 1.0 13 11
Total Alkalinity
. 180. 103. 183. 163. 180. 184. 250.
(g CaCOx/L) 1853 80.4 03.7 83.6 63.7 80.8 843 50.6
Total Hardness
(mg CaCO/L) 219.8 193.2 108.6 2105 175.10 208.10 201.1 281.4
Phenol <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
(mg CeHsOH)
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PARAMETERS (units)

Fats, Oil & Grease

<1 <1 <1 <1 <1 <1 <1 <1
(mg/L)
Calcium 73.9 71.8 36.3 71.9 61.2 70.8 70.8 99.8
(mg Ca/L)
Magnesium 2.02 233 2.15 2.35 2.57 2.30 2.32 1.65
(mg Mg/ L)
silicon 4.13 5.00 6.07 5.15 5.23 4.97 5.05 3.09
(mg Si/L)
Zinc
<11.0 <11.0 <11.0 <11.0 <11.0 <11.0 <11.0 <11.0
(Mg Zn/ 1)
Copper <26 <26 <26 <26 <26 <26 <2.6 <2.6
(ng Cu/ L)
Arsenic <3.4 3.4 <34 <34 <34 3.4 <3.4 <34
(g As/L)
Mercury <0.090 <0.090 <0.090 <0.090 <0.090 <0.090 <0.090 <0.090
(ugHg/ L)
Chromium <17 <17 <17 <1.7 <1.7 <1.7 <1.7 <1.7
(g Cr/L)
Manganese 5.8 10.2 29.4 14.1 5.1 11.2 13.1 103
(ugMn/ L)
Sodium 2.56 2.69 5.66 2.75 3.47 2.74 2.69 2.23
(mgNa/L)
Lead
<4.6 <4.6 <4.6 <4.6 <4.6 <4.6 <4.6 <4.6
(ng Pb/ L)
Iron
140 245 529 343 192 265 310 109
(ng Fe/L)
Pest|c(|;:|sb5)creen Not Detected | Not Detected | Not Detected | Not Detected | Not Detected | Not Detected | Not Detected | Not Detected
bOC 0.64 0.80 1.90 1.20 0.98 1.20 1.00 3.10
(mgC/L)
TOC
0.69 0.86 2.10 0.86 0.75 1.00 1.10 3.20
(mgC/L)
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Jamaican surface waters are naturally hard due to the prevalence of limestone (accounting for over 70%
of the island’s geological makeup). All the water quality sites sampled, except for WQ4, were characterised
as hard to very hard waters (see Table 5-8) and fell within the specified range of the Jamaica National
Ambient Water Quality Standards — Freshwater (see Table 5-9).

Table 5-8: Water Hardness Scale®™™

Concentration (ppm) Hardness Rating
<6l Soft

61120 Moderately hard
121-180 Hard

> 180 Very hard l

Table 5-9: Jamaica National Ambient Water Quality Standards — Freshwater, 2009 (NEPA)

Parameters (units) Standard Range

Calcium (mg Ca/L) 40.0-101.0
Chloride (mg CI/L) 5.0-20.0
Magnesium (mg Mg/L) 3.6-27.0
Nitrate (mg NOs7/L) 0.1-75
Phosphate (mg PO4>/L) 0.01-0.8
Sodium (mg Na/L) 45-12.0
Sulfate (mg SO4%/L) 3.0-10.0
Hardness (mg CaCOs/L) 127.0-381.0
Biochemical Oxygen Demand (mg O/L) 0.8-1.7

WQ4 appears to originate from a basal aquiclude, which may account for the hardness seen at this
location in comparison to the other sampling points (see Figure 5-27). The other sampling locations,
except for WQ9, were taken from areas along the Cabarita River or tributaries of the Cabarita River that
had reaches in limestone aquifers or both basal aquicludes and limestone aquifers. Figure 5-26 highlights
the clusters of data observed when some of the parameters associated with total dissolved solids were
compared. WQ4 is identified within the red oval (Figure 5-26), WQQ is identified within the green oval and
all other locations in the purple oval. Given the nature of the limestone aquifers, water moving through
the limestone bedrock is expected to have a high level of dissolved solids due to dissolution of limestone
rock minerals. This would also impact the pH of the water, making it more basic. Trends in total alkalinity
and total hardness, which are both linked to the concentration of rock salt ions (e.g., calcium, magnesium

XX sam.usace.army.mil/Portals/46/docs/military/engineering/docs/WRA/Jamaica/lamaica WRA - English.pdf
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and sodium) will be similar. This trend was seen as depicted in Figure 5-25 where the water quality
sampling points are plotted in sequential order (i.e., the first data point is WQ1, and the last data point is
waQ9).
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Figure 5-25: Trends in Data between Hardness, Alkalinity, TDS and Calcium (November, 2021)
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Figure 5-26: Cluster Points indicating Trends in Data between Hardness, Alkalinity, TDS and Calcium
from various Sources
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Figure 5-27: Jamaican Hydrostratigraphy. *General Area of Water Quality Sampling Points delineated in Black Box (Source: Adapted from
WRA, 2019)
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Nitrates, phosphates, sulfates, total phosphorus and suspended solids in the water sample were all
relatively low. The nitrate and phosphate values were within the Jamaica National Ambient Water Quality
Standards — Freshwater as depicted in Table 5-9.

There were no statistical outliers of the complete data set, however, it was noted that the nitrates of WQ9
(see Table 5-7) were higher than those seen in the other samples which also points towards a difference
in source for this sample. Other drains were observed along the surface of the road. It is unclear whether
these drains come from the project site or if the water within them originates from another river source.
However, as this roadway is to be used as the entry point to the proposed project location, the potential
impacts that increased vehicle movement through this community will have on the quality of the waters
needs to be carefully considered. This water runs through a community, and it is unclear what the current
use of these waters are. Hence, the water quality along this roadway will also need to be monitored.

It was observed that sulfates, chloride and sodium were below the stipulated range of the Jamaica
National Ambient Water Quality Standards — Freshwater. However, it was found that the values obtained
for these parameters were generally within the range as those reported in the Water Resources Authority
Water Quality Atlas — 2019 (see Figure 5-28, Figure 5-29 and Figure 5-30). These waters were
characterised as excellent or high quality based on the levels obtained for each of these parameters.
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Figure 5-28: Cabarita River Hydrologic Basin Sodium Levels in Surface Water (Source: WRA, 2019)
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Figure 5-29: Cabarita River Hydrologic Basin Chloride Levels in Surface Water (Source: WRA, 2019)

Environmental Solutions Ltd.

146



Report: DRAFT FINAL— Environmental Impact Assessment for the Proposed Bamboo Market Pulp Mill in Friendship,
Westmoreland

610000 625000 £40000 655000
1 1 1 1

- 7\ Localion Map
‘&

Legend

E Cabarita River Hydrmologic Basin
Other Hydmlogic Basin

RiveriSource Classification |Sulphate mg/l|
Excellent/High Quality —@— |  0-10
Early i C | w-250
Poor Qualty Water @ | > 250

\Water Quality Data based on 20152017 samgles.

Prepared by the Waier Resources Authority
dinale System: Lamben Confornal Conke

Projection: Lambert Confarmal Cone

Datum: WESE4 | Units: Metar

Falss Easting: 750,000 | Fakse Nothing: 550,600

Geniral Mendian: - 77 | Labtios o1 ongin 18 N

Water
Resources
Aumnarity

ETE00

75000

0153 (] 2 12

S rstard Sourses. Esti, HERE, Gammin, USGS. Intermap. INCREMENT P, NRCan,
Eeriluapan, METI; Eeri China (Mong Kong), Eeri Karea, Es {Thailand);
NGCG, © CpenStreethlap contrisutors. and the GIS Ussr Community

T T T T
610000 625000 840000 BE5000

Figure 5-30: Cabarita River Hydrologic Basin Sulphate Levels in Surface Water (Source: WRA, 2019)

The Water Resources Authority (WRA) indicates that the project site is characterised as an alluvium
aquiclude which rests on white limestone that is exposed to the east of the project site (see Figure 5-27).
Alluvium aquicludes are comprised primarily of clay and are characterised by having low permeability in
areas that have clay-rich soils/stones, while limestone aquifers are characterised as having high
permeability. Based on the general hydrostratigraphy in the area, pollution of both surface and
groundwater samples are of concern. However, based on where the mill site is located, surface water
pollution will be more likely than groundwater pollution as clay soils have very good water holding
capacity which will slow the percolation of water into the groundwater system. Although, surface water
pollution is more likely, groundwater recharge mechanisms need to be evaluated to see if wells in the
area may be affected by activities in the project. It must be noted that groundwater samples may show
signs of pollution at a slower rate than surface waters as they move at a slower pace, and they can remain
contaminated for much longer periods of time. If wells are to be dug on site, the client must be mindful
of the potential impacts that mill operations will have on the quality of the subsequent groundwater.

Faecal coliform and E.coli were present in all water samples. Faecal coliform and E.coli in water samples,
though typical of Jamaican surface waters, are linked to a source of recent faecal contamination. It is
possible that the use of soak-away pits in this parish may be a major source of this faecal contamination.
Animals, that use these water sources and live within them will also be a source of faecal coliform. It was
observed that for all sampling locations, the majority of the faecal matter was characterised as E. coli.
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Water along the Cabarita River, in addition to wells and springs, is one of the main surface water sources
directly or indirectly used for public water supply in the parish of Westmoreland. If surface or well waters
are considered to be used for domestic or production purposes, the water will need to be properly treated
as these organisms can create health problems in humans, as well as animals, such as, but not limited to,
diarrhoea, urinary tract infections and respiratory illnesses.

Since the client intends to use either the water from the Cabarita River or from commissioned wells close
to or on the proposed project location as their boiler feedwater, the client may need to treat the water
to reduce the hardness and the likely limescale build-up within equipment. If water is required for potable
or domestic use, it must meet the local regulatory guidelines for potable water. If water is to be used for
irrigation purposes at the mill (for e.g. on green spaces), it must also meet the local regulatory guidelines
for irrigation. The effluent from any treatment process for production will be considered trade effluent
and must be treated according to the applicable permit conditions.

5.1.6.2 Dry Season Assessment

Similar to the results obtained from the wet season assessment, results obtained for the dry season
assessment were mostly compliant with the Draft Jamaica National Ambient Water Quality Standard —
Freshwater, 2009. These results are presented in Table 5-10. Where results were not compliant (except
for WQ12) with the standard for samples taken along and from tributaries of the Cabarita River, they were
below the standard value. When the parameters exhibiting this trait (namely, sulfate, potassium, chloride
and sodium) were compared to the data obtained from the WRA Water Quality Atlas, where applicable,
they were all consistent with this Water Quality Atlas and fell within the range categorised as
‘excellent/high quality water’. Based on this and the results from the assessment, the Cabarita River and
its tributaries, where assessed, did not show any signs of anthropogenic impact during this sampling
activity complementing the results obtained from the wet season assessment. Additionally, for
parameters that were described in detail in Section 3.2.1, all values were below or close to the typical
limits listed for rivers not showing signs of deterioration due to anthropogenic impacts with the exception
of mercury observed for WQ11 and WQ12. Mercury in freshwater systems can occur as a result of natural
processes, however, this is unlikely and points to an anthropogenic source. WQ11 was taken from a point
that was more densely populated as compared to the other sampling points, while WQ12 is downstream
of this location. Additional investigations are recommended to evaluate the source of mercury in these
water bodies as mercury can have devastating impacts on both human and aquatic health especially given
the use and importance of this water body in the various communities.
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Table 5-10: Description of Water Quality Parameters (March 2022)

PARAMETERS
(units)
T 8.19 @ 7.96 @ 823 @ 8.06 @ 8.14 @ 8.36 @ 822 @ 24.7 8.15 @ 6.98 @ 813 @ 8.16 @ 7.65 @
PR P 26.20C 24.80C 25.9C 26.6°C 24.40C 25.40C oC 25.19C 25.10C 24.50C 25.40C 25.50C
Dissolved Oxygen 719 @ 777 @ 8.15 @ 802 @ 8.80 @ 818 @ 734@ 247 687 @ 230 @ 854 @ 787 @ 642 @
(mg 02/L) 26.20C 24.80C 25.9C 26.6°C 24.40C 25.40C oC 25.19C 25.10C 24.50C 25.40C 25.50C
Conductivity 0352 @ 0361 @ 0335 @ 0330 @ 0325 @ 0282@ | 0330@247 | 0336@ 0.498 @ 0327 @ 0325 @ 0.60 @
(mS/cm) 26.2C 24.82C 25.92C 26.6°C 24.42C 25.40C oC 25.12C 25.12C 24.50C 25.40C 25.50C
Salinity (ppt) 0.16 @ 017 @ 0.16 @ 015 @ 0.16 @ 013 @ 0.16 @ 24.7 0.16 @ 024 @ 0.16 @ 0.15 @ 0.29 @
y PP 26.20C 24.80C 25.9¢C 26.6°C 24.40C 25.49C oC 25.12C 25.19C 24.50C 25.49C 25.50C
Total Dissolved 224.25@ 23595 @ 21450 @ 208.00 @ 213.85 @ 182.00 @ 215.80 @ 217.75 @ 323.05 @ 215.15 @ 209.95 @ 390.00 @
Solids (mg/L) 26.20C 24.80C 25.9C 26.6°C 24.40C 25.40C 24.7 eC 25.10C 25.10C 24.50C 25.40C 25.50C
Nitrate
13 26 1.3 <13 1.3 <13 18 1.3 <13 <13 16 <13
(mg NO37/L)
Nitrate as Nitrogen
(g NOS-N/L) 03 0.6 03 <03 03 <023 0.4 03 <0.3 <03 0.4 <0.3
Total Nitrogen 22 <22 <2 <2 <2 <222 <22 <22 <22 23 <22 <22
(mg/L)
Orthophosphate 0.09 0.14 0.10 0.05 0.07 0.06 0.09 0.12 0.04 0.07 0.07 0.07
(mg PO4>/L)
Total Phosphorous
0.08 0.10 0.06 0.06 0.04 0.04 0.06 0.04 0.07 0.06 0.04 0.04
(mg P/L)
Sulfate
2 1 2 1 1 2 2 2 1 1
(mg S04%/L) 3 5 3
Faecal Coliform
(MPN/100m) 920 350 540 350 350 350 280 350 540 540 49 240
E. coli
(MPN/200m) 540 170 280 350 350 48 24 240 540 540 49 79
Total Suspended <16 2.1 <16 <16 <16 <16 <16 1.7 40 <16 2.0 27
Solids (mg/L)
Chloride
‘ 6.0 36 6.4 6.4 4.4 4.8 56 32 52 4.0 4.0 104
(mg CI/L)
Phenol <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
(mg CsHsOH/L)
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Total Alkalinity

1795 189.1 176.1 159.0 172.0 143.7 175.1 175.1 267.2 1775 1713 175.9
(mg CaCO3/L)
Total Hardness 209.6 202.2 201.2 177.9 202.8 163.2 199.7 195.1 311.8 1955 190.5 229.0
(mg CaCO3/L)
Chemical Oxygen
Demand 19 12 15 16 19 17 28 12 46 10 14 19
(mg O2/L)
Dissolved Organic 056 056 0.59 13 0.68 0.82 16 0.51 33 0.65 0.78 0.61
Carbon (mg/L)
Total Organic 0.57 <0.50 <0.50 1.2 0.51 0.56 0.66 0.61 35 0.53 0.55 0.60
Carbon (mg/L)
Pesticide Screen

Not Detected

Not Detected

(ppb) Not Detected | Not Detected | Not Detected | Not Detected | Not Detected | Not Detected | Not Detected | Not Detected | Not Detected | Not Detected
Biochemical
Oxygen Demand 07 08 08 09 1.3 1.1 0.4 09 33 09 08 1.0
(mg 02/L)
Calclum 723 76.4 743 68.1 72.1 58.9 73.6 733 117.0 72.7 70.4 77.4
(mg Ca/L)
Magnesium 330 363 437 281 3.77 373 3.78 376 1.90 378 371 7.62
(mg Mg/L)
Silica 9.39 10.6 11.9 11.9 11.4 125 116 117 6.42 115 115 9.52
(mg SiO4/L)
Zinc (ug Zn/L) <11.0 <11.0 <11.0 <11.0 <11.0 <11.0 <11.0 <11.0 <11.0 <11.0 <11.0 <11.0
Potassium <270 291 702 760 404 444 350 382 424 344 364 1800
(pg K/L)
Copper (ug Cu/L) <2.6 <2.6 <2.6 <2.6 <2.6 <2.6 <2.6 <2.6 <2.6 <2.6 <2.6 <2.6
Arsenic (ug As/L) <3.4 <3.4 <3.4 <34 <34 <3.4 <3.4 <3.4 <3.4 <3.4 <3.4 <3.4
Mercury (g Hg/L) <0.090 <0.090 <0.090 <0.090 <0.090 <0.090 <0.090 <0.090 <0.090 <0.090 0.11 0.16
Chromium <17 <17 <17 <1.7 <17 <17 <17 <17 <1.7 <17 <1.7 <1.7
(ug Cr/L)
Manganese 21 35 6.5 353 6.7 31 72 95 36.6 8.4 8.4 13.0
(g Mn/L)
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PARAMETERS
(units)

Sodium (mg Na/L) 2.81 2.02 8.44 6.77 3.20 3.76 2.86 2.84 2.76 2.86 2.89 43.8
Lead (pg Pb/L) <4.6 <4.6 <4.6 <4.6 <4.6 <4.6 <4.6 <4.6 <4.6 <4.6 <4.6 <4.6
Iron (ug Fe/L) <25.0 <25.0 76.2 238 43.3 42.6 60.4 119 1600 86.4 85.2 176

FOG (mg/L) 1 3 7 5 6 8 6 5 6 6 <1 <1
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WQJ9, the sample taken from a canal east of the proposed project location, and WQ12, the sample taken
the most downstream of the proposed project locations, were the only two locations that exceeded the
Draft Jamaica National Ambient Water Quality Standard — Freshwater, 2009, for total dissolved solids. In
the case of WQJ9, this may be as a result of the high calcium values seen at this location, which also
exceeded the standard. This water body was also characterised by elevated iron levels, as well as TOC,
DOC and COD values as compared to typical values of an unpolluted stream and/or the data obtained
from the other water quality points from which samples were collected. The pH of this canal was also
lower than the specifications of the standard and the other water quality points. This water sample was
characterised as being yellow and slightly cloudy which may explain the elevated organic levels seen at
this location. As defined in Section 3.2.1, total organic carbon (TOC) is the sum of dissolved organic carbon
(DOC) and particulate organic carbon (POC) in a water body. As identified in the wet season assessment,
based on the values obtained for TOC and DOC, it can be assumed that DOC was the fraction of TOC that
was most prevalent in the water bodies and can originate from sources such as detritus and primary
producers. Partially decomposed organic material can cause a water body to have a yellow-brown hue
based on the substances produced. This site was heavily vegetated and slow moving and the processes
occurring at this location may result in the water having this colour as well as the dissolved oxygen,
chemical oxygen demand and TOC/DOC values observed. The elevated levels of iron within this water
body may also be a contributing factor to the water colour observed at this location. Although a specific
reason for the elevated levels of iron at this site was not observed, iron could originate from the source
of the water, improper garbage disposal, rusting material close to the sample point or activities along the
roadway which could result in run-off into the canal. Given the time of the collection of the water sample,
the elevated mineral concentrations could also be due to the precipitation: dilution effect where reduced
rainfall and water flow, as well as high evaporation rates can cause an increase in the concentration of
some parameters.

As indicated in the above paragraph, WQ12 also exhibited levels of total dissolved solids which were
consistent with the data from the WRA Water Quality Atlas. Similarly, WQ12 also had values that
exceeded the Draft Jamaica National Ambient Water Quality Standard — Freshwater, 2009, for sulphate
and sodium. However, given the results from the WRA Water Quality Atlas, this would also be typical of
this water body. Based on this atlas, the increased sodium and sulphate values seen during this sampling
exercise may result from a combination of inputs to the Cabarita River (i.e., tributaries) and/or activities
along the river.

5.1.6.3 Comparison between Dry and Wet Season

A non-parametric test, the Wilcoxon signed-rank test, was used to compare the data obtained for the
indicator parameters pH, DO and TDS across water quality samples taken along the Cabarita River (WQ3,
5-8) in the wet and dry seasons. Given the statistical test used, p<0.05 and z>2/-2 indicates a statistical
difference between the two variables measured. Based on the results obtained, it was seen that there
was a statistically significant difference between the pH obtained for the wet season and the pH obtained
during the dry season (z=-2.02, p=0.043), whereas there was not a statistically significant difference
between the DO and TDS obtained during the wet and dry seasons [z =-1.753, p = 0.080 (DO); z = - 0.674,
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p = 0.500 (TDS)]. As such, it is assumed that parameters directly contributing to or having a direct
relationship with TDS would also not be impacted by the wet or dry season.

It was seen that the pH during the wet season assessment of the assessed water quality points ranged
from 7.65—7.94 pH units, while the pH during the dry season assessment ranged from 8.14—8.36 pH units.
This indicates that pH levels during the dry season are higher than those seen in the wet season. This may
be as a result of increased decay in organic matter from surface run-off. This process releases acidic
compounds which may result in a slight lowering of pH. As the river is fast flowing, there may not be a
drastic decrease in dissolved oxygen due to aeration of the water body resulting from turbulence as well
as the lack of any significant polluters to the river system. However, it must be noted that the data pool
was small and additional data points in both seasons may be necessary to ascertain, with full confidence,
if seasonal variation is observed with the pH of the water body. Nonetheless, the pH obtained in both
seasons would both be typical of Jamaican freshwaters (see Table 5-6). Although the DO levels obtained
were not statistically different, there was an observed difference between the DO levels seen in the dry
season (X = 7.87) as compared to the wet season (x = 7.11). This could possibly result from the lower levels
of water observed in the dry season. Oxygen enters water bodies through the air-water interactions which
increase with lower volumes of water. Additionally, with the decrease in the volume of the water body,
there is an increase in the depth at which sunlight can penetrate the water column which may increase
the rate at which aquatic plants photosynthesise. Most water samples were taken in a zone where aquatic
plants were present.

There was also an observed difference in the total suspended solids, chemical oxygen demand, and fats,
oil and grease (FOG) observed during both sampling exercises. The total suspended solids observed in the
dry season ranged from >1.6 mg/L to 1.7mg/L, while the range in the wet season was from 1.7mg/L to 6
mg/L. Although in both seasons, the total suspended solids values were still relatively low, the data does
suggest that the season may impact the total suspended solids seen in the water body. The increase in
the TSS range observed in the wet season may possibly be due an increase in sedimentation present in
the water body due to increased water flows, water levels, or run-off. The results obtained in the TSS
values were also apparent in the appearance of the water during the wet season when compared to the
dry season, that is, in the dry season, water appeared clearer than in the wet season.

Higher chemical oxygen demand values were observed in the dry season as compared to the wet season.
Values in the wet season ranged from 3—10 mgO,/L, while values in the dry season ranged from 12-28
mgO0,/L. It is unclear what may have resulted in the general increase seen in the chemical oxygen demand
values taken in the dry season. However, the values obtained from the TOC/DOC and BOD tests were
generally either similar to or lower than the values obtained in the wet season. Hence, the unassessed
inorganic contributors, which may have increased in concentration due to the lower volume of water
present in the river at the time of the assessment, could have contributed to the increase seen in the COD
values. Additionally, the apparent increase in the fats, oil and grease levels will also contribute to the COD
results obtained. Chemical oxygen demand is the measure of species, organic or inorganic, which can be
broken down by a strong oxidising compound.
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The FOG parameter was undetected at all locations during the wet season assessment, while there was a
general increase seen across the water quality samples for the dry season. FOG refers to the substances
that are generally immiscible in water and that are commonly used in industrial or daily activities such as
cooking. Although there is no standard for FOG, this parameter can have deleterious impacts on aquatic
life. Given the effects that this parameter may have on the environment, the USEPA recommends that
surface waters be virtually free from floating oils of both non-petroleum and petroleum natures.*"' During
the assessment, there was no film or sheen observed on the water surfaces of the Cabarita River
complying with this recommendation from the USEPA. However, it must be noted that the use of the river
for purposes such as washing or bathing could have contributed to the FOG observed in the water streams
during the dry season assessment. An increase in river activities in and along the river (people were seen
bathing, fishing, washing cars, etc.) was observed during the dry season assessment as compared to the
wet season assessment. With further monitoring of the waterway over the various seasons, the trends in
dry and wet season data should provide further information on the contributors to the quality of the water
measured.

The tributaries as well as the canal were also assessed to determine if there was any evidence of seasonal
variation in these water streams using the indicator parameters TDS, DO and pH. Since there was only one
point per season taken for these tributaries, the data was assessed by comparing the relative percentage
duplicate (RPD) where a value of greater than 5% was taken to show some amount of variation between
the two values. For WQ1, an RPD of >5% was only observed for pH (RPD=9.2%). As for the water quality
points taken from the main Cabarita River, the wet season pH was lower than that of the dry season pH
which may also be attributed to the factors discussed above. For WQ4, an RPD exceeding 5% was observed
for all parameters assessed suggesting that the quality of this water stream may be significantly impacted
by seasonal changes (pH RPD = 10.4%; DO RPD = 26.1%; TDS RPD = 47.1%). Similar to the other water
quality sampling points, the pH observed in the wet season was lower than that of the dry season and the
dissolved oxygen was lower in the wet season as compared to the dry season. However, the TDS of this
water body was higher in the dry season as compared to the wet season. Given that this is a smaller
stream, the precipitation (dilution effect where reduced rainfall and water flow, as well as high
evaporation rates, can cause an increase in the concentration of some parameters) may be evident at this
location. The source of the water may also be a contributary factor in the results obtained at this location.
When WQ9 was assessed, it was seen that the DO and TDS levels had an RPD exceeding 5% (DO RPD =
20.3%; TDS RPD = 14.0%). However, for the canal, it was seen where the DO was lower in the dry season
and the TDS higher in the dry season. The cause for the lower DO in this canal as compared to the wet
season may be due to the increased organic loading seen in water body as explained above, while less
rainfall may cause the concentration of some parameters to increase as discussed.

Overall, from the two sampling exercises, the data indicated that there are possibilities of diverse inputs
to the Cabarita River. Nonetheless, the various tributaries and the samples collected along the Cabarita
River from both the wet and dry season assessments were of good quality, based on the parameters
analysed, except for the bacterial levels in all water samples and the increase in metal and total dissolved
solids concentration further downstream of the proposed project location. There will be a need to

xvi https://www.epa.gov/sites/default/files/2018-10/documents/quality-criteria-water-1976.pdf
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implement a robust monitoring plan to ensure that the activities to be introduced in the area will not
impact these water systems negatively. It should be taken into consideration, however, that the data
presented is from one sampling exercise in each season and as such, additional data capturing spatial and
temporal variations of the water quality should be done to assess the quality of the water in a more holistic
manner.

5.1.7 AIR QUALITY

The locations of the seven monitoring sites are presented in Figure 3-5, Figure 3-6 and Figure 5-31. The
descriptions of the air monitoring sites during each season are presented in Appendix K. Table 5-11
presents the results for the hydrogen sulphide (H.S), nitrogen oxides (NOy) and sulphur oxides (SOy)
obtained during the wet season, while Table 5-12 presents the results obtained during the dry season
assessment. Although the results of the activity collected in November 2021 (wet season) cannot be used
as an indication of ambient air quality, the data was still used for comparative purposes.

The data obtained for the nitrogen oxides, sulfur oxides and hydrogen sulfide were undetected at all sites
where measurements were taken (see Table 5-11 and Table 5-12). It should be noted that rainfall was
experienced during the wet season assessment. Both oxides of nitrogen and sulphur are water-soluble
and will therefore be easily scrubbed from the atmosphere. However, given that no acidic gases were
detected in the dry season assessment, it can be assumed that the monitoring sites generally had low
concentrations of these gases. It is recommended that longer monitoring assessments for these gases be
done for future sampling exercises given the low concentrations present in the environment.

Table 5-11: Acidic Gas Measurements for Selected Sampling Sites (November 2021)

LOCATION NOx (ppm) ‘ SOx (ppm) ‘ H,S(ppm)
Site 1 <0.99 <0.81 <0.00057
Site 2 <0.99 <0.81 <0.00057
Site 3 <0.99 <0.81 <0.00057
Site 4 <0.99 <0.81 <0.00057
Site 7 <0.99 <0.81 <0.00057
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Table 5-12: Acidic Gas Measurements for Selected Sampling Sites (April 2022)

LOCATION NOx (ppm) SOx (ppm) HaS (ppm)

Site 1 <0.040 <0.032 <0.00057
Site 2 <0.037 <0.030 <0.00057
Site 3 <0.038 <0.031 <0.00057
Site 4 <0.038 <0.031 <0.00057
Site 7 <0.037 <0.030 <0.00057

For the wet season assessment, all PMyo data were below the 150 ugm-3 NRCA standard value (Table
5-13). The PMyo data ranged from <0.1 ugm in the Friendship community (Site 3) to a high of 39.9 ygm=3
along the ‘Hertford to Flowerhill’ Road (see Figure 5-31). It must be noted that the environmental
conditions present at the time of sampling, (e.g., slightly windy and rainy) created conditions that would
result in lower concentrations of detected air quality parameters.

Table 5-13: PMo Results for selected Sampling Sites (November 2021)

LOCATION PM1o Concentration (ugm3)*
Site 1 5.1
Site 2 39.9
Site 3 <0.1
Site 4 4.9
Site 5 2.1
Site 6 19.8
Site 7 29.6

*NRCA Particulate Matter Concentration (ugm-3) for 24-hour Period Standard = 150

Sampling sites 2, 6 and 7 were located along the very busy ‘Hertford to Flowerhill’ Road (see Figure 5-31).
As such, the particulate matter levels obtained were most likely due to motor vehicular exhaust and/or
the high traffic density. Sites 1 and 5, although taken along the ‘Truro Gate to Locust Tree’ major road,
had fewer vehicles traversing the roadway at the time of the assessment. Site 3, located north of the
proposed sampling point was in a secluded area with few houses and had infrequent vehicle usage on the
main road at the time of the assessment. Similarly, the air quality sample take at Site 4, Friendship Primary
and Infant School, also had infrequent vehicle usage on the main road, similar to that seen at sites 1 and
5.
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Figure 5-31: AQ and Noise Sampling Points (November 2021)

The elevated levels of PMyo seen along the ‘Hertford to Flowerhill’ Road point to an increased risk of
exposure once traffic through the area is increased with the movement of trucks carrying materials for
the proposed project. This roadway has been identified for potential entry locations for the proposed mill.
Vehicular emissions and operations are sources of PMy and vehicles which are not properly maintained
may be considered major contributors to air pollution as their engine inefficiency may not only result in
the incomplete combustion of fuels, but also emit larger concentrations of fine particulates.

Additionally, as some of the roads have unpaved sections, and several schools are located close to busy
thoroughfares, it is advised that rigorous monitoring and management programmes be developed and
implemented to carefully monitor and put into effect, where necessary, the appropriate corrective
actions.

According to the Metrological Office in Jamaica, for the period November 2020 to October 2021, the
prevailing wind direction obtained from the Savanna-la-Mar station, located approximately 5.5 km
southwest of the Hertford community, was NNE and accounted for approximately a quarter (22.9%) of
the wind directions. Prevailing winds are the direction that the wind blows from most often in particular
locations on the Earth. Other common wind directions observed in the area were NE (20.8%), N (11.2%),
and SW (12.4%). This suggests that the most sensitive receptors, based on proximity and wind direction,
would be those communities located SSW, SW, S (between AQ1 and AQ6) and NE (AQ3) of the project
location.
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It is important to note that the aquatic and the riparian ecosystems present along the Cabarita River,
located north of the proposed project site, will act as a buffer for any particulate matter, gases and other
air emissions generated from the mill activities for receptors northwards of the proposed project location.
Heavily vegetated areas will also act as a buffer as trees and plants act as natural filters and collect
particulate matter. The clearing of vegetation in the area may greatly impact the concentration of
particulate matter that affects communities west, east and south of the proposed mill location.

Similar to the results obtained during the wet season, all locations exhibited PMio concentrations lower
than that of the 24-hour NRCA Standard for PMyo concentrations (150 pgm) during the dry season (see
Figure 5-32).

160

= =
N B
o o

[y
o
o

D
o

PM10 Concentration (ug/m3)
Iy [0
o o

N
o

. _——

AQ1 AQ2 AQ3 AQ4 AQ5 AQ6 AQ7

o

e \\/et Season  e====Dry Season NRCA Standard

Figure 5-32: Comparison of Wet and Dry Season Data with NRCA Standards

Following the same trend as the wet season assessment, the data in the dry season ranged from a low of
20.42 pgm3(Site 3) in the Friendship community to a high of 41.03 pgm (Site 7) along the busy ‘Hertford
to Flowerhill’ Road (see Table 5-14).

Table 5-14: PM;, Results for Selected Sampling Sites (March 2022)

LOCATION PM3o Concentration (pgm)* ‘
Site 1 32.22
Site 2 29.58
Site 3 20.42
Site 4 25.14
Site 5 32.64
Site 6 30.97
Site 7 41.03

*NRCA Particulate Matter Concentration (ugm) for 24-hour Period Standard = 150
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The sites showing the highest particulate matter concentrations were along the roadways that were more
frequently used (i.e., the Hertford to Flowerhill Road and the Truro Gate to Locust Tree Road) whereas
the roadways that were less frequently traversed (i.e., AQ3 and AQ4) presented the lowest PMg
concentrations; AQ3 had the lowest volume of observed traffic at the time of the assessment. Although
all assessment sites were characterised by PMyp results that were lower than the NRCA limits for PM1g
concentrations over a 24-hour assessment period, there was a general increase seen in the data obtained
during the dry season as compared to the wet season. This suggests that “dry” conditions have an impact
on the PMyg levels in the area. At the time of the assessment, the environmental conditions were dry and
windy. The presence of exposed grounds and unpaved roadways in the area, as well as the lack of rainfall,
may account for the increase in PMyg levels obtained during the dry season assessment.

As mentioned above, vehicular emissions and operations are sources of PMjo. With the proposed project,
there will be an increase in vehicular traffic both directly and indirectly especially along the ‘Hertford to
Flowerhill’ Road as this is one of the proposed entry points to the project site. Given the data obtained
from the dry season and wet season assessments, additional management and monitoring plans may need
to be considered in the dry season as there may be an increased risk of elevated PMy, levels, as well as
acidic gases during this season. It is recommended that additional monitoring exercises be conducted
prior to construction to establish a background concentration for the PMig, H,S, NOx and SO levels in the
ambient environment.

Although assessments were completed in both the wet and dry season, it is recommended that additional
data collection activities be done prior to construction activities as to derive a baseline of ambient air
quality conditions specifically as it relates to particulate matter (specifically PMg) in the area. These
activities should be done across both seasons as a post permit condition. It is proposed that the
assessment locations include one site upwind and downwind of the proposed mill site, along with any
areas of concern identified from the Air Dispersion Model Report. It is suggested that between 12- 16
samples are collected per season for the sites upwind and downwind of the mill site. At least 3 samples
from the areas of concern should also be collected in each season. It is suggested that if the results are
well within the ambient standard, that the sampling regime be less intense or discontinued upon approval
from the regulatory agency.

5.1.8 NOISE

Noise measurements were collected from the same seven (7) sites as the air quality samples (see Figure
3-4 and Figure 5-31). The measurements were collected from these locations to assess the current noise
levels in the area. As stated above, these roads may be used for the movement of materials (via trucks)
and other heavy equipment during both the construction and operation phase of the proposed project.
The current proposed points of entry of the project are along the ‘Hertford to Flowerhill’ Road. The
descriptions of the noise survey sites from the assessments are presented in Appendix L. Figure 5-33
presents the results of the survey. The noise readings reported represents continuous noise levels taken
over a 3-minute interval.
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The average noise readings measured for all the sites assessed exceeded the NEPA Ambient Noise

Standard of 55 dBA for residential areas, except for the day 2 survey for site AQ3 (see Table 5-15).
80
70
60
50
40
30
20

10

AQ1l AQ2 AQ3 AQ4 AQ5 AQ6 AQ7

B Day 1- Wet  mmmmm Day 2-Wet W Dry == NRCA Standard

Figure 5-33: Variation in Noise Levels for Selected Sampling Sites
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Table 5-15: Noise Measurements for Selected Sampling Stations*

Noise Level (dBA) NEPA Ambient
Location Average Average Average Noise Noise Standard
Day1l Noise Level Day 2 Noise Level Level for each (dBA) for
(dBA) (dBA) Location (dBA) Residential Areas
November 2021
Site AQ1 57.1 60.3 58.7
Site AQ2 74.1 58.7 66.4
Site AQ3 65.5 54.2 59.8
Site AQ4 57.1 64.1 72.0 62.6 64.6 55
Site AQ5 61.5 63.9 62.7
Site AQ6 66.6 70.6 68.6
Site AQ7 66.7 59.0 62.8
May 2022
Location Noise Level (dBA) Average Noise Level NEPA A?L?';g;ﬁ::;:{f:;ird (o2
Site AQ1 67.0
Site AQ2 71.4
Site AQ3 60.2
Site AQ4 59.7 63.7 55
Site AQS 64.0
Site AQ6 62.4
Site AQ7 61.5

*Values that exceed the standard are highlighted in red.

The average noise levels ranged from a low of 54.2 dBA (at site 3) to a high of 74.1 dBA (at site 2) during
the first assessment in November, while noise levels ranged from a low of 59.4 dBA (at site 4) to a high to
71.4 dBA (at site 2) during the second assessment conducted in May (Table 5-15). Although a standard
value of 55dBA is being used since most of the areas are residential, it should be noted that there was a
school located at Site 4 which would be categorised as a silent zone when in operation. In such cases, the
noise level should not exceed 45dBA.

For all sampling locations, noise levels could be attributed to vehicular noises and this observation
highlights the susceptibility of the residents in the area to impacts from increased noise levels during the
passage of trucks during both the construction and operational phases. Rainfall experienced during the
survey would have also impacted the noise levels experienced during the first assessment. As such, it is
recommended that additional surveys over longer periods be conducted to derive a baseline
representative of the existing community.

The project intends to use electric trucks during the operational phase and this should minimise the noise
added to these communities. As such, it is recommended that a maintenance schedule be developed and
implemented for all vehicles to minimise or eliminate adverse environmental impacts. It should be noted
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that additional sources of noise will be introduced to the areas during the project’s construction and
operational phases, however, by implementing the recommended mitigative measures, it is expected that
the negative impacts that arise would either decrease or would be minimal.

A paired t-test was used to assess the average noise values obtained from the first assessment conducted
in November 2021 and the noise values obtained from the second assessment conducted in May 2022. It
was found that there was no statistically significant difference between the noise levels obtained in
November (X = 63.3; sd = 3.50) versus those obtained in May (x=63.7; sd = 4.18); [t(6)= -0.191; p=0.855].
This suggests that management strategies for noise pollution could be maintained throughout changes in
seasons as variations in the values obtained were minimal.
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5.1.9 SOURCES OF EXISTING AND POTENTIAL POLLUTION

5.1.10 AIR EMISSIONS
EXISTING SOURCES

= There were no observed sources of significant air emissions associated within the direct proposed
project location and within the 2 km sphere of influence.

= Qutside of the proposed project location but within the 2 km sphere of influence, the primary
sources of pollutant air emissions observed were respirable particulates associated with vehicular
traffic.

= Qutside of the 2 km sphere of influence, existing companies may contribute to elevated air
emissions.

POTENTIAL SOURCES

= Emissions into air from a typical Kraft pulp mill originate from the offloading and conveyance of
chips, the cooking digester, pulp washing, the TCF bleaching plant, bleaching the chemical
preparation, recovery of chemicals, evaporation, other auxiliary boilers, the recovery boiler, white
liquor preparation, tanks and pulp drying. They consist mainly of compounds containing sulphur,
for example, sulphur dioxide (SO2) and malodorous reduced sulphur compounds such as H,S. From
the furnaces of the Recovery Boiler, nitrogen oxides, particulate matter, volatile organic compounds
(VOCs) and carbon monoxide (CO) can also be emitted. An overview of the potential emissions to
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air from a Kraft pulp mill and air emissions from the proposed mill are illustrated in Figure 4-23 and
Table 4-8 in Section 4.11.

5.1.11 NOISE

EXISTING SOURCES

There were no observed sources of significant noise pollution associated within the proposed
project site.

Outside of the proposed project site, the primary source of noise pollution is associated with
vehicular traffic.

POTENTIAL SOURCES

It is likely that both stationary and moving sources of noises will be associated with the proposed
project. The major stationary sources include mechanical equipment, physical activities on the site,
as well as energy usage and production equipment such as steam generation systems and vacuum
pumps. The moving sources include trucks and vehicles carrying and offloading raw materials, fuels
and finished goods and any conveyance systems.

5.1.12 WATER

EXISTING SOURCES

Although typical for Jamaican freshwaters, high levels of faecal matter exist within the water body
which may be due to the use of soak-away pits, animal/human use and/or surface run-off.

POTENTIAL SOURCES

Effluents from operations are anticipated to be a potential source of water contaminants.
Emissions to water from a typical Kraft pulp mill will be predominantly oxygen-consuming organic
substances, which are measured as chemical oxygen demand (COD) and biological oxygen demand
(BOD) (

Figure 4-18). Emissions to water may also include heavy metals, suspended solids, dissolved solids
and nutrients such as nitrogen and phosphorous. The wastewater will include pulp mill wastewater,
blow down from recovery boilers, cooling tower, sanitary wastewater from the mill and other
miscellaneous streams. Additionally, the pollution depends mainly on the design and operation of
the processes that cause most of the discharges and on the degree of closure of the mill.
According to the European BAT Guidelines, the potential emissions that could be released into
water resources are presented in Figure 5-34.
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Figure 5-34: Emissions to Water and/or Water Treatment Plant that are typically produced by a Kraft
Mill, adapted to the Project Information provided (Source: Adapted from the European BAT
Guidelines, 2015)

5.1.13 SOLID WASTE
EXISTING SOURCES

= Existing sources of solid waste pollution are generated from the current farming activities (sugar
cane) and associated influence of human use at the site and nearby communities.

POTENTIAL SOURCES

= The proposed project is expected to generate non-hazardous solid waste, with limited hazardous
wastes in conformance with the European BAT Guidelines presented in

= Figure 4-18 and Table 4-4. These include residual waste from processing and harvesting bamboo,
inorganic sludge (e.g., green liquor sludge, lime sludge) from chemical recovery, general trash (e.g.,
plastics) and biological sludge from wastewater treatment. Hazardous waste may include oil and
grease residues, scrap electrical equipment and some chemical residues.
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5.1.14 POTENTIAL PATHWAYS FOR CONTAMINATIONS ASSOCIATED

WITH PROJECT

Potential pathways from contaminant sources identified above include:

Site visitors, site workers, construction workers =» physical contact, ingestion, inhalation of
dust/fumes

Groundwater and/or Surface water =» leaching, runoff may be the source of organic pollution and
faecal contamination in nearby water resources, flooding

Land quality before/during/after development =» leaching, surface water/groundwater runoff,
direct contact

Adjacent site users before/during/after development =» leaching, surface water/groundwater
runoff, direct contact

Biodiversity =» direct contact, ingestion/uptake, ingestion, inhalation of dust, surface water,
groundwater, invasive nature of bamboo species.

5.1.15 POTENTIAL RECEPTORS

Potential receptors associated with the proposed project include:

People (on or off site)

Nearby agricultural lands, including fields and allotments used to grow food
Drainage systems

Homes, or groups of homes (communities, housing developments)
Playing fields and playgrounds (or other communal/green spaces)
Footpaths

Schools, hospitals, and other public buildings

Drinking water supplies

Water sources, e.g., ponds, streams, rivers, dams

Groundwater and connectivity

Conservation and habitats protected areas and areas of scientific interest
Protected, rare, endangered, or economically important species

Wildlife and marine life
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5.2 ECOLOGICAL ENVIRONMENT

5.2.1 GENERAL ECOLOGY ASSESSMENT

5.2.1.1 Vegetation/Flora

The proposed project site is on agricultural land and consists of a large expanse of cane fields bordered to
the north by the Cabarita River. The area was surveyed twice, during the wet season and dry season
within 2 km of the project site. Wet season surveys occurred during November 2021 and dry season
surveys occurred in late February 2022. The dry season spans between December—March and the rainy
season spans between April-November which can be divided into an early rainfall season (April-June) and
a late rainfall season (September—November). A mid-summer minimum in July separates the early and
late wet seasons. Jamaica receives most of its rainfall during the late rainfall season, with May and October
being the rainiest months, while February and March are the driest months of the year.

The area surveyed during the wet season, on November 4-5, 2021, spanned between the Moram Bridge
towards the west and just east of the Friendship Bridge, as well as extending southward towards the linear
community of Hertford as seen in Figure 5-35. A limitation of the survey was the accessibility to some
areas based on the tall, thick and extensive sugarcane (Plate 5-1) and the presence of private properties.
The flora and fauna identified were found to be continuous and repetitive. There were no notable changes
between the flora and fauna identified during the dry season, compared to the wet season.

There were no biologically unique landscapes or areas with special conservation status identified within
or in the immediate surroundings of the project area.
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Figure 5-35: Aerial Extent of ecological Survey Area (Source: Google Earth Pro, 2021)

5.2.1.2 Flora Assessment
5.2.1.2.1.1 On land within the project area

In combination with the sugarcane plants identified, the localised vegetation groups observed across the
study area consisted of perennial grasses, riparian vegetation and shrubs/scrubs. Each of these serve their
own purpose and contribute to the diversity in fauna, particularly birds, identified on site.

The perennial grasses were found lining the cane field and the existing informal marl roads that run across
the site (Plate 5-1). These consisted of a low diversity collection of seeded grasses of which Guinea Grass
(Panicum maximum), Crab Grass (Digitaria sp.) and Piano Grass (Themeda arguens) were the most
dominant. Other grass species identified along with the shrubs/scrubs, vines and runners which were
found growing amongst these grass tufts are listed in Table 5-16. Whilst these do not serve as sensitive
habitats with endemic species, they operate as key ecosystems that supports multiple taxa and provide
several functions. These grasses serve as a food source for much of the associated fauna identified.
Therefore, their presence promotes increase in biodiversity and sustenance to a variety of ecosystem
functions, promoting the creation of multifunctional agricultural landscape. Notable ecosystem functions
include methane consumption, pest suppression, pollination, and conservation of grassland birds.
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Plate 5-1: Sample of perennial Grass and Shrubs/Scrubs on Site

5.2.1.2.1.2 Along the Cabarita River

The northward riparian vegetation, whilst not directly located within the demarcated Bamboo site, was
also investigated both upstream and downstream of the proposed intake and treated waste outfall area
along the Cabarita River (Figure 5-35). The majority of emergent vegetation and trees were located along
this area and provides a number of functions to the river. These were dominated by mainly Guango, West
Indian Almond, West Indian Tulip and Trumpet trees with a herbaceous shrubby understory (Plate 5-2 and
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Table 5-16). Already, there is also several stalks of Bamboo interspersed between the existing vegetation.
It is anticipated that the vegetation along the river will remain largely undisturbed by the development.
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Plate 5-2: Vegetation identified along the Cabarita River

Table 5-16: Main Flora identified across Study Area
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Species Name Common Name DAFOR

Riparian Vegetation
Samanea saman Guango D
Terminalia catappa West Indian Almond D
Cocos nucifera Coconut 0
Bambusa vulgaris Bamboo F
Ficus sp. Fig R
Spathodea campanulata African Tulip Tree A
Jacaranda mimosifolia Jacaranda R
Cecropia peltata Trumpet Tree A
Cedrela odorata West Indian Cedar (6]
Albizzia lebbek Woman’s Tongue Tree (0]
Perennial Grasses and Scrubs/Shrubs
Panicum maximum Guinea Grass D
Themeda arguens Piano Grass A
Setaria sp. Foxtail A
Centrosema pubescens Butterfly Pea 0]
Mimosa pudica Shame Weed F
Crotalaria sp. Rattlebox Weed A
Cladium mariscus Sedge A
Dactyloctenium aegyptium Crowfoot Grass A
Brachiaria decumbens Signal Grass F
Digitaria sp. Crab Grass F
Asystasia gangetica Chinese Violet F
Bidens pilosa Spanish Needle (0]
Synedrella nodiflora Node Weed 0]
Tridax procumbens Three Flower Daisy F
Ipomoea tilliacea Wwild Slip A
Euphorbia heterophylla Milk Weed A

Typically, the changes in ecology in the dry season are directly correlated to the type of geology and
changes in hydrology and rainfall patterns, specifically the decline in water availability and soil moisture
content. Westmoreland, on average receives over 2,000mm of rain per year with approximately 500mm
during the dry season and approximately 1,500mm during the wet season (State of the Jamaican Climate,
2015). As such, Westmoreland is considered to be one of the wettest parishes and experiences afternoon
convectional showers almost daily, even during the dry season. Nevertheless, it was noted that the water
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levels in the river were noticeably lower than that which was noted during the wet season. Flora were,
however, not observed to be responding to limited water availability, regardless of distance from the
river. More specifically, there were no signs of wilting and a number of flowers were beginning to bloom
as the time of year also coincided with the onset of spring.

The soil type within the study tends to retain moisture which may be facilitating adequate soil moisture
distribution to flora during the dry season.

5.2.1.3 Fauna assessment

The fauna observed was typical of what is observed along rivers, grasslands and agricultural fields. The
assessment was conducted according to the classifications and information found within the literature.
Table 5-17 provides a list of fauna that was identified across the site and surrounding areas during the
daytime and night-time surveys. Some photographs of the fauna are presented in Plate 5-3.

There were no notable changes between fauna identified during the dry season, compared to the wet
season. Overall, none of the species identified had xerophytic features which indicates that the area is not
as affected by very dry conditions with which they need to compensate.
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Table 5-17: Fauna observed during the Survey

Family Grouping Family Common Name Scientific Name Status Notes DAFOR
1 Bitterns and Ardeidae Cattle Egret Bubulcus ibis b \{ery common across Jamaica in open 0
Herons fields and croplands
) Bitterns and Ardeidae Green Heron Butorides virescens b Occasionally seen along cane roads and 0
Herons verges
3 Bitterns and Ardeidae Ygllow-crowned Nyctanassa violacea b Occasionally seen along cane roads and 0
Herons Night Heron verges
4 New World Cathartidae Turkey Vulture Cathartes aura b Easily observed .soarmg above from F
Vultures almost anywhere in Jamaica
. . This species has high detectability
5 Pigeons & Doves | Columbidae Common  Ground .Columb/na. passering |y because it frequents the pathways and is| O
Dove jamaicensis .
easily seen
6 Pigeons & Doves | Columbidae Whlte—crowned Patagioenas b Commonly seerlw flying above the canopy, R
Pigeon leucocephala more common in forested areas
. . White-winged . _ .
7 Pigeons & Doves | Columbidae Dovlee winge Zenaida asiatica b A few seen feeding along the roadways | O
8 Pigeons & Doves | Columbidae Mourning Dove Zenaida macroura b A few seen feeding along the roadways
9 Pigeons & Doves | Columbidae Zenaida Dove Zenaida aurita b A few seen feeding along the roadways
10 | Cuckoos and Anis | Cuculidae Smooth-billed Ani | Crotophaga ani b Common in groups in open fields
Generally  widespread but  more
11 Bananaquits Emberizidae Bananaquit Coereba flaveola faveola | bes abundant in wooded areas a few were| O
detected.
12 |Tanagers and Allies | Emberizidae Jamaican Euphonia | Euphonia jamaica be Single individual seen (o]
Parrots and Frequently seen and heard around the
13 Psittacidae Jamaican Parakeet | Eupsittula nana nana bes area, detectable over relatively large| F
Parakeets .
distances
14 Emberizids Emberizidae American Redstart | Setophaga ruticilla w Most abunda.nt ?nd W|d.espread migrant (o]
warbler species in Jamaica
Locally common winter migrant more
15 Emberizids Emberizidae Prairie Warbler Setophaga discolor w common in secondary scrub or open | R

habitats

Environmental Solutions Ltd.

174




Report: DRAFT FINAL— Environmental Impact Assessment for the Proposed Bamboo Market Pulp Mill in Friendship, Westmoreland

Family Grouping Family Common Name Scientific Name Status Notes DAFOR
Northern Typical in mangroves or coastal riverine
16 Emberizids Emberizidae Seiurus novebocensis w habitats, several observed along the | F
Waterthrush e
main river
17 Emberizids Emberizidae Northern Parula Parula americana w Common winter visitor in - wooded (o]
habitats
18 Emberizids Emberizidae Yellow-throated Dendroica dominica w Uncommt?n winter visitor in Jamaica, a o
Warbler few seen in the area
Common Common in dense marshes or thick
19 Emberizids Emberizidae Geothylpis trichas w cover in moist forested areas, a few | O
Yellowthroat
heard
20 Emberizids Emberizidae Black ‘and - White Mniotilta varia w Common winter visitor in - wooded R
Warbler habitats
21 Emberizids Emberizidae Jamaican Oriole Icterus leucopteryx bes Common andIW|despread, highly vocalin R
leucopteryx therefore easily detected
More common in coastal habitats in
22 Emberizids Emberizidae Palm Warbler Dendroica palmarum w winter but one individual observed near | R
the river
23 Emberizids Emberizidae YeIIow—ffa\ced Tiaris olivacea b Occasional along grassy trails an fields, E
Grassquit most often heard and less seen
24 Emberizids Emberizidae Black-fa(.:ed Tiaris bicolor b Commonly ~ seen in 'grasses along R
Grassquit roadways and heard during counts
Fal A few individual hunting fi
25 alcons & Falconidae American Kestrel Falco sparverius b ew individuals ol?served unting from (0]
Caracaras perches on power lines
Two observed soaring over open fields,
26 Raptors Accipitridae Red-tailed Hawk Buteo jamaicensis b more common in forested habitats than | R
canefields
Il . .. . . .
27 SwaM:r\:li;:nd Hirundinidae Cave swallow Petrochelidon fulva bes Several observed mainly over the River | O
. . . Very few seen, often more common in
. Greater Antillean | Quiscalus niger .
28 Grackles Icteridae . . bes groups in open areas and even the | R
Grackle crassirostris

suburbs
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Family Grouping Family Common Name Scientific Name Status Notes DAFOR
Mockingbirds & . Northern .
2 M M lyglott A t th hout th A
9 Thrashers imidae Mockingbird imus polyglottos b bundant throughout the area
30 Woodpe.ckers & Picidae Jamaican Melanerpes radiolatus be Frequently hearql and a few seen in large F
Allies Woodpecker trees along the river
One seen along roadside, often more
31 Hummingbirds Trochilidae Jamaican Mango Anthrocothorax mango be common in forested areas especially dry | R
forests
32 Hummingbirds Trochilidae Red-billed . Trochilus polytmus be Er'ldemlc spgaes widespread in habitats (o]
Streamertail with flowering plants
L - Vervain . . Males are very vocal butonly one was
33 Hummingbirds Trochilidae Hummingbird Mellisuga minima bes heard (and then seen) R
34 Swifts Apodidae An'Flllean Palm Tachornisphoenicobia b Several seen fIylng overhead along E
Swift roadways between fields
. Loggerhead Tyrannus caudifasciatus Very common resident seen in several
T Fl h T . . . . . . D
35 yrant Flycatchers | Tyrannidae Kingbird jamaicensis bes locations throughout the study area
A common endemic, only one observed,
36 | Tyrant Flycatchers | Tyrannidae Sad Flycatcher Myiarchus barbirostris be they are more freguent in well wooded | R
areas
37 Barn Owls Tytonidae Barn Owl Tyto alba bes Two observed at night, commc?n N OPEN | o
areas and woodlands but also in towns
Common mainly in well wooded areas
38 Potoos Nyctibiidae Northern Potoo Nyctibius jamaicensis bes but sometimes in mixed fields with | R
wooded plots
Scalv-breasted Introduced species now breeding and
39 Munias Estrildidae Mur:/ia Lonchura punctulata i spreading in open fields e.g. cane roads | A
and verges
Usually common and vocal endemic,
40 Vireos & Allies Vireonidae Jamaican Vireo Vireo modestus be easily detected but only one detected in | R
the area
a Dragonflies Libellulidae Cqmmon Erythro'c'ﬁplax b Common species in ng.aica, deFected F
skimmers bromeliicola along cleared routes within cane fields
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Family Grouping Family Common Name Scientific Name Status Notes DAFOR
42 Butterflies Pieridae Jamaican Grass Eurema F
Yellow Butterfly
43 Bees Carpenter bees Xylocopa virginica F
a4 Frogs EIeL.|theroda- Less.er. Antillean l._-'/eutheroc'iactylus b Ir.wasive/introduced ; Heard across the
ctylidae Whistling Frog johnstonei site

45 Fish Mugilidae Mullet Mugil cephalus b Native A
46 Fish Anguillidae Eel Anguilla rostrata b Native (0]
47 Fish Mugilidae Mountain Dajaus monticola b Native F
48 Fish Mugilidae Hog mullet Joturus pichardi b F
49 Fish Parastacidae Red Claw Crayfish | Cherax quadricarinatus b Introduced F
50 Fish Centropomidae | Tarpon Centropomus pectinatus | b Native F
51 Fish Centropomidae | Snook Centropomus parallelus b Native A
52 Fish Eleotridae Mudfish Dormitator maculatus b One of two species F
53 Fish - Sandfish - - -

Classification updated to International Union for Conservation of
Nature (IUCN) and BirdLife accepted Classifications

Status according to Downer and Sutton "Birds of Jamaica"

KEY

STATUS DAFOR
b = Breeding species D = Dominant
be = Jamaican endemic species A = Abundant
bes = Jamaican endemic sub-species F = Frequent
bs = Summers and breeds O = Occasional
i = Breeding introduced R = Rare
w = Winters
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Plate 5-3: Fauna identified on Site

With the impact of climate change on the area, the parish may either experience less rainfall or more intense
periods of sporadic rainfall. With more intense dry seasons and lowering river levels, both riverine and
terrestrial flora and fauna can be affected, given their relationship for habitat and food. Additionally, pumping
water from an already low river supply can potentially exacerbate the issues identified. Maintaining ecological
relationships are essential to the ecosystem balance within the area and its various uses.
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5.2.2 CABARITA RIVER ECOSYSTEM ASSESSMENT

Five sites along the Cabarita River were selected for the Freshwater Ecology Assessment of the Cabarita River
(Figure 5-36).
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Figure 5-36: Location of River Assessment Survey Sites in relation to the Bamboo Mill Site (red outline) and
the 2 km Sphere of Influence (yellow outline)

5.2.2.1 Location, Altitude and Physical and Chemical Parameters

The location, altitude and physical and chemical data for the sites assessed along the Cabarita River are
presented in Table 5-18. Barring Site 1, flow rate, discharge, pH and water temperature decreased with
increasing altitude. Conductivity of Sites 2 to 5 was similar, while conductivity at Site 1 was very high.
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Table 5-18: Location, Altitude and Physical and Chemical Parameters of Sample Sites along Cabarita River

SITE
Parameter Site 1 — Site 2 — Barham Site 3 — Site 4 — Site 5 — Fort
Mouth Bridge Friendship Hartford Williams
GPS Coordinates 18.226043 N, | 18.293505 N, | 18297875 N, | 18.301542 N, | 18.307231 N,
78.160712 W 78.110106 W 78.088121 W 78.068215 W 78.061308 W
Altitude (masl) 5 23 37 60 105
Canopy Cover (%) 20 50 80 100 20
Channel Width (m) 18 15.5 225 5 8
Mean Flow Rate
(m s™?) 0.035 1.169 0.839 0.485 0.205
Discharge (m? s!) 1.057 25.304 11.833 1.191 0.616
Mean pH 7.06 8.19 8.18 8.05 7.33
Mean Conductivity
(uS em™) 4737 316 319 334 323
Mean Water
Temperature (°C) 26.61 25.05 25.04 24.47 24.13

Plate 5-4 gives pictures of Sites 1 and 2 along the Cabarita River. At the time of the survey, the scent of sulphur
was strong at Site 1 and the water was black. Site 2 was significantly more transparent and odourless. The
section of the river at Site 2 was surrounded by sugar cane and other natural vegetation.
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Plate 5-4: Sample Sites 1 and 2 along the Cabarita River
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Plate 5-5 depicts Sites 3 and 4 along the Cabarita River. Individuals can be seen carrying buckets of water from
the river at Site 3. Site 4 was the only site where other individuals were not seen using the river.

Plate 5-5: Sample Sites 3 and 4 along the Cabarita River
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Plate 5-6 depicts Sites 5 along Cabarita River. This source of this stream was groundwater.
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Plate 5-6: Sample Site 5 along the Cabarita River

5.2.2.2 Invertebrates
5.2.2.2.1 Summary

A single individual of a water strider was the only invertebrate collected at the mouth of the Cabarita River
(Site 1). However, three species of crabs were sighted in the wetlands adjacent to the river: the giant blue
land crab (Cardisoma guanhumi); the fiddler crab (Ocypodidae); and the black land crab (Gecarcinus ruricola).
Hundreds of these crabs were found among holes in the mud. Two individuals of the fat sleeper fish
(Dormitator maculatus) were also collected. At the time of the study, no fish were identified in the river likely
due to the anoxic state of the river. However, community members have noted the following types of fish
have been caught from the river when it is in a less anoxic state, i.e., snook, mudfish, tarpon, blackfish among
several others. Crocodiles have been observed in the river a well. Due to the lack of invertebrates collected
by kick net, Site 1 was unsuitable for in-depth analyses.

A total of 18 taxa of invertebrates was collected along the Cabarita River (Figure 5-37 and Table 5-19). Snails
represented 54% of abundance and 20% of the number of taxa present. Insects were the most speciose group,
with 50% of all species collected being insects. The worms (flatworms and roundworms) represented the
smallest proportion of taxon richness and abundance. The most abundant taxa across all sites were the snails
Neritina punctulata (20%) and Melanoides tuberculata (19%), followed by the stonecase caddisfly
Helicopsyche sp. (18%). Photographs of some of the specimens identified are presented in Figure 5-38.
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Figure 5-37: Taxon Richness and Abundance of Invertebrates in Cabarita River

Table 5-19: List of Taxa Found at Cabarita River

No. Higher Taxon Lowest Taxon Common Name Functional Feeding
Group

1 Macrobrachium acanthurus Shredder

2 Macrobrachium faustinum Shredder

Malacostraca — Shrimp

3 Potimirim sp. Shredder

4 Xiphocaris elongata Shredder

5 Flatworm Flatworm Predator

Annelida

6 Roundworm Earthworm Collector-Gatherer

7 Helicopsyche sp. Stonecase Caddisfly Scraper

8 Rhagovelia sp. Small Water Strider Predator

9 Leptophlebiidae Mayfly Collector-Gatherer

10 Chrysomelidae Leaf Beetle Shredder

Insecta

11 Dolichopodidae Long-legged Fly Predator

12 Elmidae Riffle Beetle Shredder

13 Hydropsychidae Caddisfly Filterer

14 Philopotomidae Caddisfly Filterer

15 Melanoides tuberculata Scraper

16 Lymnaeidae Scraper

Gastropoda — Snail

17 Ampullariidae Scraper

18 Neritina punctulata Scraper

19 Mugilidae Mugil cephalus Mullet Detritivores
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No. Higher Taxon Lowest Taxon Common Name Functional Feeding
Group
20 Eleotridae Dormitator maculatus Mudfish Omnivores
21 Centropomidae Centropomus parallelus Snook Farnlvores (feed on
fish and crustaceans)
22 Mugilidae Joturus pichardi Hog mullet Herbivores (algae)
23 Parastacidae Cherax quadricarinatus Crayfish Detritivores
24 Mugilidae Dajaus monticola Mountain Mullet Detritivores
25 . . Carnivores (feed on
Centropomidae Centropomus pectinatus Tarpon fish and crustaceans)
26 Crocodylidae Crocodylus acutus American Crocodile Carnivore/ Predator
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Figure 5-38: A Selection of Invertebrates from Cabarita River

Specimen Key
Rhagovelia sp. (Small Water Strider)
Helicopsyche sp. (left) and stone case (right)
Melanoides tuberculata (Snail) — aperture up (left) and aperture down (right)
Macrobrachium faustinum (Shrimp)
Leptophlebiidae
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5.2.2.2.2 Simpson’s Index — Aloha and Gamma Diversity

Gamma diversity along the river was high at 0.94 (Figure 5-39). However, among the sites, alpha diversity
(i.e., the mean diversity of species in each site at a local scale) was moderate. Site 3 supported the greatest
taxon richness and alpha diversity, while Sites 2 and 4 supported the lowest. Macrobrachium acanthurus,
Melanoides tuberculata, Neritina punctulata and Lymnaeidae were the only species found across all four sites.
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Figure 5-39: Taxon Richness and Alpha Diversity at Sample Sites Along Cabarita River

5.2.2.2.3 Sorensen’s Dissimilarity Index — Beta Diversity
All dissimilarity values ranged from 0.25 to 0.48 (Figure 5-40). The greatest dissimilarity in taxa was between
Sites 2 and 3, while the greatest similarity was between comparisons of Site 5 with Sites 2 and 4.
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Figure 5-40: Pairwise Comparison of the Taxa at Sample Sites along the Cabarita River

5.2.2.2.4 Functional Feeding Groups

The scraper feeding group was dominant across all sites, accounting for 62—86% of the functional feeding
groups among the sites (Figure 5-41). This was followed by the shredder and predator groups. The least
represented was the filterer feeding group, with below 5% at each site.
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Figure 5-41: Functional Feeding Groups among Sample Sites along the Cabarita River
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5.2.2.3 Observations

Individuals were seen utilising the river for various purposes including washing vehicles, washing clothes and
bathing. The riverbed consisted of mainly river stones and/or organic material from the surrounding trees.
The latter, altered the river depth in some areas.

5.2.2.4 Discussion

5.2.2.4.1 Taxon Richness and Diversity

All sites except Site 1 were indicative of mildly disturbed to undisturbed aquatic environments. Site 1 was
greatly lacking in fauna potentially due to the input of fertilizer and other chemical runoff (locally described
as ‘dunder’) into the river during the harvesting period. Coupled with the characteristically low velocity of the
relatively wide river channel, the resulting impacts that were observed included a change in colour
(blackening of the river), unpleasant sulphuric-based odour, and dark residue when the river water was
filtered. It is suggested that these unfavourable conditions may be linked to the drastic reduction in riverine
organisms compared to what was found upstream. Residents in the area noted that this was the case for this
section of the river for approximately half the year after sugar cane had been harvested. They also noted that
the fish do return to the area following the constant flushing overtime once the harvesting period has been
completed. Further studies would need to be done to determine if there has been a decline in the abundance
of the fish when they return each year. Another factor hindering the establishment of freshwater fauna at
Site 1 was the influence of the sea. Sections of the river at the mouth were noted as flowing backwards
resulting in the increased salinity of the river (as is also indicated by the considerably high conductivity levels
recorded), limiting the establishment of freshwater fauna. Typical brackish water species were also not
observed. Nevertheless, the ‘dunder’ is likely the main contributor to the lack of fauna recorded.

Among the other sites of Cabarita River, pH, conductivity and water temperature were within acceptable
ranges despite the use of the river for domestic and recreational purposes. Along these sections (Site 2 to Site
5), very few areas of standing water and eutrophication were identified, and the water was clear with healthy
vegetation surrounding the river. The canopy was intact and substantial among most sites, highlighting the
limited deforestation occurring within the immediate vicinity of the riverbanks. This allows the continuous
input of organic matter into the river to support the aquatic invertebrates and limits high water temperatures,
to which higher altitude fauna are sensitive.

The taxon richness and gamma diversity (i.e., the total species diversity along the entire river) were high.
Taxon richness and alpha diversity were highest at Site 3 due to the variety of habitats present, namely aquatic
vegetation, small areas of algal growth, rocks, pools, riverbanks and the wider river channel. The similarity of
taxa was generally greater when comparing sites closer to each other due to faunal composition changing
gradually as environmental conditions change along the river. Of note was the genus Helicopsyche, all species
of which exist in Jamaica are endemic. They are commonly indicative of unpolluted environments (Johanson,
2003). However, it was noted that no dragonfly or damselfly nymphs were recorded at any site. These species
are also an indication of high water quality and their absence may indicate pollution, but may also be due to
differences in geographical conditions.
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5.2.2.4.2 Functional Feeding Groups

The dominance of the scraper functional feeding group (stone case caddis fly and snails) indicates the high
availability of benthic microinvertebrates such as diatoms, algae, fungi and bacteria (Ramirez and Gutiérrez-
Fonseca, 2014). Dominance of the shredder group (crustaceans) can also be attributed to the invasive nature
of Melanoides tuberculata reproducing rapidly. Such assemblages indicate levels of disturbance in native
fauna, possibly due to the use of the river for domestic, recreational, and economic activities. Prolonged
changes in water quality could further alter aquatic assemblage reducing taxon richness and biodiversity. The
dominant predator was the small water strider Rhagovelia sp. feeding on the terrestrial flora falling into the
river.

5.2.2.5 Impacts and Mitigation

In consideration of the proposed Bamboo Pulp Mill within proximity to the Cabarita River, it is important to
consider and mitigate against the following potential effects on the Cabarita River, its tributaries, aquifers and
surrounding temporary and permanent water bodies. The impacts and mitigation measures presented below
apply primarily to the mill, during the construction and operation phases. Impacts and Mitigation for the Pulp
Mill.

Potential impacts on the surface water quality and aquatic environment can occur during the construction
and operational phases of the pulp mill and include:

Construction Operations
e Generation of erosive processes and e Change in water quality due to improper waste
sedimentation of the river disposal
e Change in quality of surface water due to e Change in water quality due to leaks and
improper disposal of waste chemical spills
e Change in aquatic ecosystems e Change in river quality

e Risk of degradation of flora and habitat loss to fauna e Change in aquatic ecosystem and habitat
during construction

Other impacts that would more affect the social environment that utilizes the river include the disruption to
economic, domestic and fishing activities, both during the construction and operational phases, due to
restricted access.

The Source-Pathway-Receptor model was used to assess the potential impacts and risks and determine
potential mitigative measures. This model is used in the industry to identify the potential causes and sources
of pollution, how the pollution can travel through the environment (pathway); and who and what (physical,
human and environmental receptors) can be the potential receptors. The receptors of focus in this
assessment are the aquatic flora and fauna of the Cabarita River. Potential sources of the impacts and
recommended mitigative measures are presented in Table 5-20. The list of mitigative measures found in
Table 5-19 are by no means exhaustive and will complement other recommendations provided in Chapters
8,9 and 12.
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Table 5-20: Potential Impacts and mitigative Measures of the Pulp Mill on the aquatic Environment of the Cabarita River with an Indication of Time the
Impact could occur in and its potential Source(s)

PHASES
Impact POTENTIAL IMPACTS (Construction - C) SOURCE ACTIONS OF THE RECOMMENDED MITIGATIVE MEASURES
No. IMPACTS
(Operations — O)
Generation of erosive Preparation of the construction Implement an Erosive Process Control and Monitoring Plan;
processes and site Supervise construction works and ensure it is in compliance with the
sedimentation of the river Earthworks, excavation and Environmental, Health and Safety Management and Monitoring Plans;
1 C water intakes in land areas near Build a temporary structure/silt-sized sediment trap to contain sediments
to the river during construction;
Plan the execution of earthworks and land preparation preferably outside of
the wet/rainy season.
Change in quality of surface Preparation of the construction Implement recommendations as above from the “Generation of erosive
water due to improper site processes and sedimentation of the river”;
disposal of waste Installation of the pulp mill Apply the best practices in solid waste management in accordance with the
Generation of sanitary laws and regulations;
wastewater Implement a Solid Waste Management Programme;
Generation of solid waste Train operators in the correct disposal of waste;

2 C&O0 Use certified companies to collect the wastewater from portable toilets and
ensure that the wastewater is disposed of in an environmentally sound
manner. If chemical baths/other amenities are available, ensure that
wastewater generated is treated and disposed of in an environmentally sound
manner;

Implement a water quality monitoring programme during both construction
and operations;
Implement an aquatic community monitoring programme.
3 Risk of degradation of flora Collecting surface water, flora Ensure construction workers are sensitised of any restrictions on the collection
and habitat loss to fauna C and fauna during construction or harassment of aquatic fauna.
during construction for consumption, as pets and
other uses
4 Change in water quality due Discharge of Treated Effluent Implement, monitor and manage a system for the collection and handling of
to leaks and chemical spills Improper storage and handling leaks and spills;
0o of chemicals causing leaks or Ensure operators are trained in the handling, storage and transportation of
spills chemical products;
Vehicle maintenance
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PHASES
Impact

POTENTIAL IMPACTS
[\ [o

(Operations — O)

(Construction — C)

SOURCE ACTIONS OF THE
IMPACTS

e Transport of chemicals

RECOMMENDED MITIGATIVE MEASURES

Implement containment and waterproofing systems surrounding chemical
tanks;

Use the best available technologies (BAT) in the production process to minimise
the generation of liquid effluents;

Ensure effluent treatment plant constructed is based on the best available
practical technology (modern and safe), the activated sludge system and
tertiary treatment;

Properly operate the effluent treatment plant so that the discharge of treated
liquid effluents complies with current legislation;

Carry out a periodic inspection of the emissary system and its diffusers;
Develop and implement an Effluent Treatment Plant (ETP) Monitoring
Programme.

5 Change in river quality

c&O

Preparation of the construction
site

Installation of the pulp mill,
especially sites of water
collection and discharge
Inadequate generation and
disposal of sanitary wastewater
Inadequate generation and
disposal of 