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EXECUTIVE SUMMARY

INTRODUCTION

The expanding tourism sector, with its accompanying need for worker accommodation and other
amenities has led to a significant increase in demand for construction aggregates in the north-western
end of the island. Unfortunately, the combination of lack of replenishment, uncontrolled harvesting,
and distance from source means that the ability to meet this demand by the use of river shingles has
been compromised and will not result in cost effective procurement of raw materials for this
development. The use of limestone is therefore a resource imperative for the continued economic
development of the tourism sector as presently envisioned in the development plan of Jamaica.

It is with this in mind that Jamaica World Mining has identified the Bengal site in Trelawny to develop
an environmentally friendly limestone processing operation, which will consider and mitigate as far as
possible all environmental impacts. Jamaica World has partnered with EPSA, a global contract mining
company who has a balance sheet of over US $900m. It is anticipated that the project will create
between 50 and 100 jobs and is estimated to contribute over JMD$635,755,176 of tax dollars to the
Jamaican Government via the Quarry tax.

Following the submission of the Permit Application to NEPA, it was decided that an EIA was required.
The specific tasks outlined in the approved TORs were executed by CL Environmental Co. Ltd and
Forrest and Associates; this document serves to compile and present the findings of the EIA
undertaken.

PROJECT DESCRIPTION

Project Location

This site is in the area of Jamaica known as Rio Bueno and the proposed project is located at Bengal,
St. Ann, off the north coast Queen’s Highway east of Rio Bueno and to the west of Discovery. The
proposed site is situated 4 kilometres from the Trelawny Parish border. The proponent Jamaica World
Mining has put forward a quarry application on 50 hectares of land within this area.

Previous mining operations conducted on the project property by Jose Cartellone Civiles S.A. yielded
material that was used for the construction of The Queens Highway leg of the North Coast Highway
from Montego Bay to St. Ann’s Bay. With its use in construction already illustrated, the proponent seeks
to further extract material from this area for applications within this area and other value-added
applications. The area proposed for a limestone quarry is based on the extent of limestone deposits,
land ownership and the operational feasibility for the area of interest.
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Proposed Operations

Rio Bueno will be an open-pit quarry with trucks and loading equipment. The proposed production fleet
consists of two pieces of quarry loading equipment and three trucks and two-yard loaders. This
equipment will feed a fixed plant, producing crushed stone, sand, and fines products. Material will be
washed using fresh water from a pump established on site, with process water ponds established to
minimize runoff, water will be re-used in the plant.

A 50-hectare block was the area applied for the establishment of a quarry operation. The area is further
divided into three blocks, allowing for extraction moving south east extracting 2 million tonnes per
annum. Extraction will occur with the objective’s rehabilitation goals as one of the primary objectives.
The slope angles to be achieved will ensure for future development plans for the proponent, Jamaica
World Mining. Upon phased completion, reclamation for that phase will be completed, in conjunction
with starting a new phase.

The initial phase (Phase 1) is the pit development of the quarry based on expected zoning, property
limits, buffers, and reclamation areas and the subsequent mining. During this phase the old plant site
area on the north side of the property (along Queens Highway) will be rehabilitated. The new entrance
will be in use, and the plant will be set up in the designated area. Mining will begin in the already
exposed pit moving south ward. The already exposed pit will provide a suitable area for storage of the
overburden removed, which will be used during the reclamation of the mined area.

The first and final phases covers a 15-hectare block and will extract approximately 11.295 million
tonnes (yield tons are 7.9M with the 30% loss), which results in a duration of approximately 6 years
for each Phase at an average output of 2M tonnes of per year. The second phase will produce a higher
yield as it is a larger area for extraction. Located on 20 hectares the mined tonnage is calculated to
be approximately 15M tonnes that should last for approximately 8 years. The quarry life is calculated
to be 20 years but suspected to be more should the property be mined to sea level.

Project Components

Potable and process water will be trucked to the site, with electricity to be taken from the Jamaica
Public Service Company grid serving the area. Solid waste generated from the quarry operators will be
collected and taken by a private solid waste contractor when required and taken to the approved
municipal dump site located at Tobalski or Hadden sites. No solid waste will be generated from
quarrying, as all materials displaced during quarrying will either be sold or stored for reuse during
rehabilitation of mined areas. The proposed processes for the wastewater effluent includes a grease
trap (if kitchen facilities are contemplated), septic tank and evapotranspiration bed.

The sediment ponds used for storm water will be constructed in areas where the topography is
conducive to water collection. The fixed assets and facilities shall be located on the base of each
completed quarry phase. As this surface would have been already rehabilitated this is the best
proposed location for equipment.
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Site access from the North Coast Highway is proposed to be placed east of the previous site access
used by the previous quarry operators.

Project Timeline

Phase 1 is estimated to be a five-year extraction programme.

. 2 months for preparation and equipment arrangement for the quarry operation.
. 56-month extraction programme (at 2 million tonnes every 12 months)
. 2-month timeline for decommission and commencement of phase 2.

Phase 2 would be a renewal of the quarry license. This would have been submitted 4 months before
the license expiration date.

J 2 months for preparation and equipment set up for extraction

. 120-month operation. This is the largest area therefore the renewed license should expire
before phase 2 is completely extracted. Phase 2 should be completed 24 months into the
renewed license.

Phase 3 should take three years (36 months) for extraction to be completed.
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DIRECT/INDIRECT DIRECTION SIGNIFICANCE
RECEPTOR ACTIVITY IMPACT DIRECT INDIRECT POS NONE NEG SCORE
Land ~ Species loss, X X 233
Clearance displacement and loss of
Invertebrates - . . .
General Site habitat. Marpesia chiron
- : ; X X -2.33
Prep. Activity in particular.
Land Displacement, loss of
Clearance habitat and disruption of X X -2
Amphibians and nesting. Noise Pollution.
Reptiles General Site Displacement, loss of
Prep. Activit habitat and disruption of X X -1.33
- y nesting. Noise Pollution.
Land Displacement, loss of
Biological Clearance habitat and disruption of X X -1.67
Impacts Avifauna nesting. Noise pollution
General Site Increased noise pollution N X 1
Prep. Activity | - displace sensitive fauna
Species Loss, Habitat
Land Destruction X 5 -2.33
Clearance Soil er(s)ﬁlr;)pnazgd land X X 2
Vegetation - Dry Habitat loss. Dust
Limestone Forest ) .
. pollution affecting X X -1
General Site L
o remaining plants
Prep. Activity - -
Soil erosion and land
. X X -2
slippage
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DIRECT/INDIRECT DIRECTION SIGNIFICANCE
RECEPTOR ACTIVITY IMPACT DIRECT INDIRECT POS NONE NEG SCORE
Land Species Loss,_Habltat N X 233
. Clearance Destruction
Vegetation - -
. Habitat loss. Dust
Savannah General Site ) .
o pollution affecting X X -1
Prep. Activity s
remaining plants
Land Increased n0|§e and dust N X 1.33
. Clearance pollution
Air Shed - :
General Site Increased noise and dust
- . X X -1
Prep. Activity pollution
Soil erosion and siltation
from run-off and rainfall X X -1.67
Land
Clearance events
Increased Turbidity from X X 167
Physical run-off and rainfall events )
Impacts Soil erosion and siltation
Hydrology and from run-off and rainfall X X -1.67
Water Resources events
. Increased oil from vehicle
General Site .
. and equipment X -1.67
Prep. Activity .
maintenance
Increased Turbidity from
run-off from run-off and X X -1
rainfall events
Land Increased SO|.Id waste N X 1.33
Clearance generation
Aesthetic appeal X X
Existing na_tural Increased sol_ld waste X X 1.33
and social generation
environment General Site Increased wastewater
- ) X X -1
. Prep. Activity generation
Social "
Interrupted Traffic flow
Impacts . X -1
along main road
Increased employment X X 2.33
Labour Land Increa;ed accidental X 1.33
potential of labourers
Force/Local Clearance -
Increased noise and dust
Economy X -1.33
exposure of labourers
Increased employment X X 2.33
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DIRECT/INDIRECT DIRECTION SIGNIFICANCE
RECEPTOR ACTIVITY IMPACT DIRECT INDIRECT POS NONE NEG SCORE
Increased accidental
General Site potential of labourers X X -1.33
Prep. Activity Increased noise and dust X X 1.33
exposure of labourers
Land Noise and dust pollution X X -1.33
Users and Clearance )
Residents General Site |\ ise and dust pollution X X 1.33
Prep. Activity
Land Potential for destruction N X 1
Heritage and Clearance of artefacts present
Cultural artefacts General Site Potential for destruction X X 1
Prep. Activity of artefacts present
Operation
DIRECT/INDIRECT DIRECTION SIGNIFICANCE
RECEPTOR ACTIVITY IMPACT DIRECT INDIRECT POS NONE NEG SCORE
Blasting and Disturbance and X X 2
Quarrying displacement
Invertebrates Transport &
General Disturbance X X -1.67
Operations
Blasting and Disturbance and X X 2
Amphibians and T(rzaunasr;)cl)lptg& displacement
Reptiles Disturbance - vibration,
General noise and dust X X -1.67
Biological Operations
Impacts Blasting and Disturbance - vibration, X X 2
Quarrying noise and dust
Avifauna Trgr;r;?;tl & Disturt_)ance- vibration, X X 167
. noise and dust
Operations
Bl(?jz:rsiﬁgd Dust pollution X X -2
Vegetation - Dry
Limestone Forest Transport & .
General Dust pollution X X -1.67
Operations
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DIRECT/INDIRECT DIRECTION SIGNIFICANCE
RECEPTOR ACTIVITY IMPACT DIRECT INDIRECT POS NONE NEG SCORE
Blastlng_and Dust pollution X X -2
. Quarrying
Vegetation -
Savannah Transport &
General Dust pollution X X -1.67
Operations
Groundwater
Water Column Blastlng.and . oontamlnatlon— X X 266
Quarrying sedimentation, pollutants
. from site etc.
Physical Blasting and
Impacts g Noise and dust pollution X X 1.67
Quarrying
Air Shed Transport &
General Noise and dust pollution X X -1.67
Operations
Blasting and Noise and dust pollution X X -1.67
Existing natural Quarrying Solid waste genera‘u.on X X -1.67
. Wastewater generation X X -1.67
and social Transport & - -
environment General Solid waste generation X X -1.67
Operations Noise and dust pollution X X -1.67
Traffic congestion X X -1
Noise and dust pollution X X -1.67
Blasting and Damgegqut;)ic?r?epri;:‘rom ’ .
Users and Quarrying rockfall X X -1.67
Social Residents Vibration X X -1.67
Impacts Transport & Noise and dust pollution X X -1.67
General Aesthetic appeal X
Operations Vibration X
Noise and dust exposure X X -2
Blasting and Increased employment X X 3
Local Quarrying Increased apmdent X 233
Economy/Labour potential
Noise and dust exposure X -2
Force Transport &
General Increased emplqyment X X 3
Operations Increased a_cmdent X X 233
potential
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MITIGATION

Site Preparation

Drainage and Hydrology

Storm water pollution prevention practices include: silt fence, rock check dams, and vegetation
used to control erosion from storm water run-off.

Sedimentation and erosion control practices will be implemented on site to lessen the erosion
potential of exposed soil surfaces. Additional and regular site maintenance and housekeeping
procedures will also minimize erosion and the adverse impacts of storm water runoff.

Within the storage areas for overburden, if deemed necessary, diversion ditches will be
constructed to collect storm water run-off and direct it into sediment ponds.

iv. Storm water will be treated as necessary by means of sedimentation in settling ponds. Also,
used process water will be treated by means of sedimentation in settling ponds and
recirculated through the processing plant after it is treated. If necessary, pit water will be
pumped to a settling pond for treatment and ultimate discharge.

V. Fine grained materials (sand, marl, etc.) will be stockpiled away from drainage channels and
low berms will be placed around the piles which themselves will be covered with tarpaulin.

Air Quality
i Areas should be dampened every 4-6 hours or within reason to prevent a dust nuisance and
on hotter days, this frequency should be increased.

ii. Minimize cleared areas to those that are needed to be used.

iii. Cover or wet construction materials such as marl to prevent a dust nuisance.

iv. Ensure that haul roads are graded and properly maintained

V. Where unavoidable, construction workers working in dusty areas should be provided and fitted
with N95 respirators.

Vi. Being prepared to suspend or downgrade operations if winds are high and dust plumes
become unavoidable.

Vii. Utilizing dust screens to minimize dust blow from quarry site to surrounding residences and roads.

Noise
i Use equipment that has low noise emissions as stated by the manufacturers.

ii. Use equipment that is properly fitted with noise reduction devices such as mufflers.

iii. Operate noise-generating equipment during regular working hours (e.g. 7 am - 7 pm) to reduce
the potential of creating a noise nuisance during the night.

iv. Construction workers operating equipment that generates noise should be equipped with

noise protection. A guide is workers operating equipment generating noise of > 80 dBA
(decibels) continuously for 8 hours or more should use ear muffs. Workers experiencing
prolonged noise levels 70 - 80 dBA should wear earplugs.
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Water Supply
A 150,000 gallon (567811.768 litres) water storage tank will be installed on property within the

crushing area. The use of a water tank on-road truck, with an approximate capacity of 20,000 litres to
control the dust in the working areas and haulage roads will be a scheduled part of daily operations.

Wastewater Generation and Disposal
i Provide portable sanitary conveniences for the construction workers for control of sewage
waste. A ratio of approximately 25 workers per chemical toilet should be used.
ii. Showers should be provided for the workers.

Solid Waste Generation
i Skips and bins should be strategically placed within the campsite.
ii. The skips and bins at the construction campsite should be adequately designed and covered
to prevent access by vermin and minimise odour.
iii. Skips and bins should be emptied regularly to prevent overfilling.
iv. Disposal of the contents of the skips and bins should be done at an approved disposal site.

Storage of Raw Material and Equipment
i.  Acentral area should be designated for the storage of raw materials. This area should be lined
in order to prevent the leakage of chemicals into the sediment.

ii. Raw materials that generate dust should be covered or wetted.

iii. Fine grained materials (sand, marl, etc.) will be stockpiled away from drainage channels and
low berms will be placed around the piles which themselves will be covered with tarpaulin to
prevent them from being eroded and washed away.

iv. Raw material should be placed on hardstands surrounded by berms.

V. Equipment should be stored on impermeable hard stands surrounded by berms.

vi. Bulk storage of fuels and oils should be in clearly marked containers (tanks/drums etc.)
indicating the type and quantity being stored. In addition, these containers should be
surrounded by bunds to contain the volume being stored in case of accidental spillage.

Vii. Minor spills will be immediately cleaned or contained.

viii. All deteriorating equipment (pipes, valves, drums etc.) will be immediately replaced. Spill
prevention structures will be implemented on site, for example; curbs, grading, elevated pads,
drip pans, will be installed at servicing areas.

iX. All employees will be trained in spill prevention and response procedures. This is done to
provide immediate response to spills and clean-up may commence whenever identified.

Transportation of Raw Material and Equipment
i Paths of the planned roadways should be used, rather than creating temporary pathways just
for equipment access.
ii. Adequate and appropriate road signs should be erected to warn road users of the activities.
For example reduced speed near the entrance to the site.
iii. Raw materials should be adequately covered within the trucks to prevent anyy.
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The trucks should be parked on the proposed site until they are off loaded.
Heavy equipment should be transported early morning (12 am - 5 am) with proper pilotage.
The use of flagmen should be employed to regulate traffic flow.

Habitat Destruction

Vi.

vii.

Establish a site rehabilitation plan for the site.

A buffer zone of minimal to no activity should be established surrounding the proposed area.
The vegetation in this area may then become a natural seed-source to the mined-out lands
after closure. If considered, seedlings may also be actively transplanted from this area as well.
The staged and sequential clearing of vegetation over the life of the quarry.

Monitoring of indirect impacts on threatened plant species surrounding the site.

All staff on site should be made aware of the mitigation plans to be implemented.

Ensure that all endemic, rare and threatened species as best as possible will be removed to
the adjoining dry limestone forest area which would act as an pseudo ex situ site. This however
is very difficult because of the substrate which renders the removal of some of these species
without damage and loss impossible. This action would require much patience and meticulous
removal for species rooted in the limestone substrate. The substrate would have to be
removed with the species in most cases.

Ensure that the remaining dry limestone forests are preserved and not mined out in the future.
This would allow also the loss of habitat as well as species within the core dry limestone forest
of the proposed site. The justification of this would be the assumption and that the species
within the proposed site are also within the adjoining dry limestone forest and in similar healthy
numbers and populations.

Increased Soil/Substrate Erosion

Remove trees only as necessary.

A site preparation plan should be developed prior to project initiation.

Leaving or planting strips of vegetation on steep slopes may help to prevent erosion.
A phased approach to mining activities is recommended.

A study should be carried out to ascertain the status of Marpesia chiron:

(a) Is there a resident population?

(b) If the answer to (a) is yes, then is there a breeding population in the study site?
A study should be conducted to determine if the area is a breeding site of the Blue Swallowtail
Butterfly. This study should be carried out at the next swarming (likely after the rains of April-
May) when breeding is taking place.
The Jamaican Boa or Coney must be relocated if encountered. However, it will be difficult since
both species are very secretive in nature and they are also nocturnal.
Attempts should be made to rehabilitate the soil of the mined out areas followed by replanting
of vegetation. This could be done for the floor regions, but might not be possible for the almost
vertical walls; these vertical areas will be recolonized naturally over time. The high diversity of
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animals in the present abandoned mine is an indication that these areas have the potential to
return to being sites of high biodiversity.

Health and Safety Concerns
i Areas should be dampened every 4-6 hours or within reason to prevent a dust nuisance and
on hotter days, this frequency should be increased.
ii. Construction workers operating equipment that generates noise should be equipped with

noise protection. A guide is workers operating equipment generating noise of > 80 dBA
(decibels) continuously for 8 hours or more should use ear muffs. Workers experiencing
prolonged noise levels 70 - 80 dBA should wear earplugs.

iii.  Adequate communication with workers and signage should be put in place to alert/inform
workers of potential dangers. Personal Protective Equipment (Hard hat, steel-toe shoes,
reflective vests, safety glasses etc.) should be worn by all workers.

Heritage
i Care should be taken during land clearance and the site preparation stages so that any

historical artefacts observed can be recovered by the JNHT.

Operation
Air Quality
i Ensure that equipment are properly maintained so as to reduce air emissions.
ii. Haul trucks must maintain speeds at 25 km/h or less.
iii. Quarry areas and roadways should be dampened every 4-6 hours or within reason to prevent
a dust nuisance and on hotter days, this frequency should be increased.

Noise Pollution
i Ensuring that equipment used are properly fitted with noise reduction devices.
ii. Reduce unnecessary revving of vehicular engines.
iii. Use equipment that has low noise emissions as stated by the manufacturers.
iv. Use equipment that is properly fitted with noise reduction devices such as mufflers.
V. Operate noise-generating equipment during regular working hours (e.g. 7 am - 7 pm) to reduce
the potential of creating a noise nuisance during the night.
vi. Workers operating equipment that generates noise should be equipped with noise protection.

The following mitigations were employed to reduce noise levels to within the NEPA Day Time standards:

1. Semi enclose the Primary Impactors (enclosed the sides and tops)
2. Installing noise walls to the north of the facility.

Rock Blasting
These blasting practices will be kept to a minimum and will involve directional, controlled blasts, using

mats where possible. The following procedures are also recommended to mitigate or minimize the
potential for dangers including:
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i.  Conducting pre-blast crack surveys which documents the existing status of structures (homes
and residences).

ii. Executing pre-blast tests to monitor effects, measure attenuation characteristics and minimize
vibration impacts. Predictions are evaluated using actual data and adjustments are made
during the blasting program. This is monitored using instruments placed at the nearest
structure in every direction.

iii. Implementing rockfall catchment fences. These mechanisms help to contain fragmented
pieces of stones (fly-rock) from impacting nearby settlements.

Vibration
i.  Avoid night time activities. People are more aware of vibration in their homes during the night
time hours.

ii. Have regular community meetings or devise a communication strategy to inform the residents
of dates and times which blasting is scheduled to occur, as well as the duration.

iii. Conduct pre-project crack surveys at residences in the area so that the existing status of
structures (homes and residences) is documented.

iv. Execute pre-blast tests to monitor effects, measure attenuation characteristics and minimize
vibration impacts. Predictions are evaluated using actual data and adjustments are made
during the blasting program. This is monitored using instruments placed at the nearest
structure in every direction.

Wastewater Generation and Disposal
i. A wastewater treatment facility will be located on site.

Storage of Raw Material and Equipment
i.  Acentral area should be designated for the storage of raw materials. This area should be lined
in order to prevent the leakage of chemicals into the sediment.

ii. Raw materials that generate dust should be covered or wetted frequently to prevent them from
becoming air or waterborne.

iii. Fine grained materials (sand, marl, etc.) will be stockpiled away from drainage channels and
low berms will be placed around the piles which themselves will be covered with tarpaulin to
prevent them from being eroded and washed away.

iv. Raw material should be placed on hardstands surrounded by berms.

V. Equipment should be stored on impermeable hard stands surrounded by berms to contain any
accidental surface runoff.

vi. Bulk storage of fuels and oils should be in clearly marked containers (tanks/drums etc.)
indicating the type and quantity being stored. In addition, these containers should be
surrounded by bunds to contain the volume being stored in case of accidental spillage.

Vii. Minor spills will be immediately cleaned or contained, this is to ensure fuel and oils do not
come in contact with storm water and other surface runoff. Inspections to identify area that
require maintenance will be done to mitigate leaks and spills.
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viii.  All deteriorating equipment (pipes, valves, drums etc.) will be immediately replaced. Spill
prevention structures will be implemented on site, for example; curbs, grading, elevated pads,
drip pans, will be installed at servicing areas.

ix.  All employees will be trained in spill prevention and response procedures. This is done to
provide immediate response to spills and clean-up may commence whenever identified.

Transportation of Material

i Adequate and appropriate road signs should be erected to warn road users of the activities.
For example, reduced speed near the entrance to the site.

ii. Raw materials should be adequately covered within the trucks to prevent any escaping into
the air and near the roadway.

iii. The trucks should be parked on the proposed site until they are ready to go to port.

iv. The use of flagmen should be employed to regulate traffic flow where necessary

V. It should also be considered that the crushed material be transported by conveyor to the plant
or to key points and not by trucks. These measures should substantially reduce the traffic as
well as dust emissions.

i It should be investigated if the mechanical crusher to be employed can accommodate a filter-
system.

ii. It should also be considered that the crushed material be transported by conveyor to the plant
or to key points and not by trucks. These measures should substantially reduce the dust
emissions; however, it is understood that some vehicular movement around the site will be
necessary.

iii. Water (recycled if possible) should also be used for dust suppression where required.

iv. Vegetation and soil should be removed together (mixed) so that the plant matter helps to hold
the soil. Alternatively, vegetation can be stripped and stockpiled and then spread over the
newly made stockpiles of soil.

V. Where practical, rehabilitation of the quarry should be progressive: proceeding after the
closure of mined out sections.

vi. In terms of aesthetics, natural vegetation surrounding the quarry should be retained (such as
in a buffer area) so as to help minimise dust emissions.
Vii. Vegetation should only be cleared where it is absolutely necessary for operation.
viii. As the quarry expands, the time between clearing and quarrying should not be protracted.

iX. When trucking material it should be covered for the duration of the trip and when idle.

Fauna

Due to its rare sightings and conservation significance, sighage showing photographs of the butterfly
Marpesia chiron should be placed at various locations around the site so that it can be identified easily
and if observed, it can be reported to the biodiversity branch at NEPA. Sensitization and education of
employees on site re Marpesia chiron should be conducted by qualified personnel (from NEPA or other).
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Aesthetics

To maintain the scenic value of the western section of the corridor the quarry operators will also have to
be careful with the height and location of the infrastructure they may deploy in the old quarry area and
verify that there is no view shed infringement for potential receptor in the highway corridor and the Bengal
subdivision. Appropriate camouflage techniques could be used when infringement is unavoidable.

Health and Safety Concerns

i Areas should be dampened every 4-6 hours or within reason to prevent a dust nuisance and
on hotter days, this frequency should be increased.

ii. Consideration should be given to putting in place a conveyor system. This would transport
material from the site to the port that is located less than a kilometre away: Further reducing
traffic congestion and the risk of traffic accidents.

iii. Workers operating equipment that generates noise should be equipped with noise protection.
A guide is workers operating equipment generating noise of > 80 dBA (decibels) continuously
for 8 hours or more should use ear muffs. Workers experiencing prolonged noise levels 70 -
80 dBA should wear earplugs.

iv. Where unavoidable, workers working should be provided and fitted with N95 respirators.

ENVIRONMENTAL MANAGEMENT AND MONITORING

As part of the Environmental Management System (EMS), it is recommended that several parameters
be monitored before, during and after the project implementation to record any negative impacts and to
propose corrective or mitigation measures. The suggested parameters include but not limited:

1) Water quality

2) Noise

3) Dust

4) Traffic

5) Solid Waste Generation and Disposal

6) Sewage Generation and Disposal

7) Equipment Maintenance
CONCLUSIONS

The discussion and analysis of alternatives in Environmental Impact Assessments should consider
other practicable strategies that will promote the elimination of negative environmental impacts
identified. The project team and the consulting scientists worked together, utilizing findings of these
impacts to analyse possible options for the final project. The implementation of recommended
mitigation measures will assist in further reducing the environmental impact of the project.

The preferred alternative is the Project as proposed with conversion into a renewable energy source
upon decommissioning.
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1.0 INTRODUCTION

1.1 CONTEXT AND RATIONALE

Traditionally, the use of crushed river aggregates has been the preferred raw material choice of
concrete manufactures due to the combined factors of hardness, angularity, availability and relative
ease of mining. In Jamaica, the river sources for this material are located largely in the eastern section
of the island. The exploitation of these reserves, with their replenishment being retarded by the
relatively long dry periods experienced over the past 5 -10 years, has resulted in it becoming more
difficult to easily harvest and manufacture construction aggregates from this resource. Limestone
aggregates have consequently gained acceptance as an alternative material for use in the
construction sector, provided the challenges of “chemical purity”, hardness and availability are
successfully navigated. Limestone deposits are found all over the island, accounting for > 60% of all
naturally occurring minerals in Jamaica.

The expanding tourism sector, with its accompanying need for worker accommodation and other
amenities has led to a significant increase in demand for construction aggregates in the north-western
end of the island. This demand will see the need for some 4 million metric tons of construction
aggregates over the next 5 years. Unfortunately, the combination of lack of replenishment,
uncontrolled harvesting, and distance from source means that the ability to meet this demand by the
use of river shingles has been compromised and will not result in cost effective procurement of raw
materials for this development. The use of limestone is therefore a resource imperative for the
continued economic development of the tourism sector as presently envisioned in the development
plan of Jamaica. Construction aggregates from properly constituted and hardened limestone must be
the preferred raw material for the building sector in this area.

It is with this in mind that the Jamaica World Mining has identified the Bengal site in Trelawny to
develop an environmentally friendly limestone processing operation, which will consider and mitigate
as far as possible all environmental impacts that are related to the following areas of interaction with
the natural environment:

Facility location

Pre-operation (plant construction/erection)
Operation

Sales and administration

PoONE

Jamaica World will create between 50 and 100 jobs and is estimated to contribute over
JMD$635,755,176 of tax dollars to the Jamaican Government via the Quarry tax.
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PROJECT LOCATION

The project site is located at Bengal in the parish of St. Ann, east of Rio Bueno and west of Discovery

Bay (Figure 1-1 and Figure

1-2). The proposed site is situated 4 kilometres from the Trelawny Parish

border. The proponent Jamaica World Mining has put forward a quarry application on 50 hectares of
land within this area. Please refer to section 3.1.2 for further detail on the study area.
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Figure 1-1 Project location, Bengal, St. Ann
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1.3 THE PROPONENT

Jamaica World is an industrial development start-up company that envisions operating in the Mining,
Real Estate, and Renewable Energy sectors. The company currently owns one asset: 572 acres of
land in Jamaica, W.l. Jamaica World has had many land and mineral valuation analysis completed on
the property. The most notable valuation was completed by Continental Placer Geology Firm, which
discovered that the land asset potentially contains up to 335,300,000 tons of limestone, of which
156,400,000 tons are proven (proven being defined by US geologists as having been actually
discovered during excavation exercises). The land asset was mined by from 2001 to 2007 by
Cartelone Construction company, which extracted 2 million tons of aggregate from the site to construct
the north coast corridor of the Queens highway in Jamaica. Jamaica World’s core business will be the
mining, manufacturing, processing, and distribution of the aggregate and limestone affiliated
products. The company plans to extract high-quality limestone from its open-pit quarries and then
process it for sale as aggregate, pulverized limestone, quicklime, hydrated lime and lime slurry.

Jamaica World has partnered with EPSA, a global contract mining company who has a balance sheet
of over US $900m. EPSA has over 20 years of specialization in earthmoving, and works in various
countries across Europe, Africa, America, Australia and Asia Pacific. Services include mining, civil
works, special works (ports and airports), hydraulic works and levelling works. EPSA is committed
towards the environment and is certified by ISO 14001. In addition to completing implementation
deliverables, their project outcomes include occupational health and safety, environment and
community efforts.

1.4 SCOPE OF WORK

14.1 Purpose of EIA and Terms of Reference

Environmental impacts from the preparation and operation of the proposed quarry will potentially arise
and it was considered imperative to evaluate these likely impacts, recommend mitigation strategies
and potentially viable alternatives to the proposed project. The Permit Application for the proposed
project, the Environmental Impact Assessment for the Proposed Quarrying and Mineral Processing at
Rio Bueno Quarry, Dry Harbour Mountain, Discovery Bay, St. Ann was submitted to the National
Environment and Planning Agency (NEPA) and it was decided that an Environmental Impact
Assessment (EIA) was required. The Terms of Reference (TORs) (Appendix 1) were established by the
National Environment and Planning Agency (NEPA) in order to outline the various aspects of the EIA.
This report serves to compile and present the findings of the EIA and ultimately provide a
comprehensive evaluation of the proposed project.

1.4.2 Project Consultant and Study Team

The specific tasks outlined in the approved TORs were executed by CL Environmental Co. Ltd and
Forrest and Associates; the study team may be seen in Appendix 2.
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C. L. Environmental Company Limited has been incorporated in Jamaica as a Limited Liability Company
since August 2000. The Company provides consultancy services to both governmental and non-
governmental agencies, local and overseas. The company comprises a range of professional skills
and includes environmental scientists, marine ecologists, environmental engineers, waste
management specialists, planners, industrial hygienists, environmental management systems
specialists, environmental educators and quality Consultants. The team of Consultants and Scientists
associated with C.L Environmental Company have over the years, worked on humerous environmental
projects of which some were of national importance such as the Highway 2000 North South Link:
Caymanas to Linstead and Moneague to Ocho Rios legs, National Programme of Action for Land Based
Sources and Activities that Impact the Marine Environment, the Remediation of the American Airlines
Flight 331 Accident Site at Norman Manley International Airport, the Ausjam Gold Mine Cyanide Spill
in Clarendon, Environmental Assessment Road Rehabilitation Works for the Moneague Lake Flooding
in St. Ann for Bouygues Travaux Publics and the Environmental Monitoring of the Falmouth Cruise Pier
Development in Falmouth, Trelawny for the National Environment and Planning Agency (NEPA) to name
a few.

The environmental impact assessment capabilities of the company are built on a multidisciplinary
group of professional associates who collectively have over eighty years of experience in
environmental management. In addition, to their experience, the depth and diversity of the team
provides us with strengths in policy development, organisational evaluation operational management,
project management, noise modelling, water quality assessments, solid waste and medical waste
management and waste treatment design and implementation. The combined inter disciplinary
strength of this team and their regional and international experience, makes them highly suitable to
undertake the proposed project.

1.4.3 General Methodology, Assumptions and Constraints

Modelling software used for this EIA make certain assumptions when running various scenarios. Some
of the models used and their assumptions are shown in Table 1-1.

Table 1-1 Modelling software used and their assumptions/limitations/constraints
Modelling Parameter . o .
Software Modelled Assumptions/Limitations/Constraints/Improvements
SoundPLAN Noise The ISO 9613-2 standard is the world-wide accepted and applied
8.0 engineering method to predict the noise from industrial sites and also from

other types of sources. It has been shown that this standard has provided
reasonable results for mid-range distances and in case the meteorological
conditions are not of dominating influence within the assessment interval.
Although it is widely accepted and used, the ISO 9613-2 standard has
some limitations as outlined by (Economou and Charalampous 2012).
Limitations include user decision whether vertical diffraction paths are
important or not, material reflection properties, the user has to interpret
and decide how to use foliage, site and housing attenuation factors and
uneven grounds cannot be properly modelled.

ISO 9613-2 implicitly assumes that wind blows from each source to each
receiver. Each receiver cannot be downwind simultaneously as such actual
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Modelling
Software

Parameter
Modelled

Assumptions/Limitations/Constraints/Improvements

levels can be lower than predicted, because each receiver cannot be
downwind of each source at the same time (Brittain and Hale 2008).

The CONCAWE standard assumes that all calculations are based on octave
bands. It has one advantage in that it is one of the few standards that
allow meteorological influence (e.g., wind and stability) to be used in the
calculation.

The CONCAWE standard has three major shortcomings.

One is that the formulae for the ground effect and the meteorological
correction are only valid from distances of greater than 100 meters. What
if the source is closer to the receiver? In this case, SoundPLAN takes the
value for the 100-meter calculation and extrapolates the effect between
the 100-meter mark and 0.0 dB. This is certainly not correct, but what is?
It is not defined in the standard. Another shortcoming is that the standard
does not have any formula for screening, it just states to use the approach
from Maekawa. The third shortcoming is the missing definition concerning
how to modify the ground effect when significant screening is present.
(SoundPlan 2012).

AERMOD Air
Dispersion
Model 9.1

Air Emissions

An air quality dispersion model is a computer software tool used to assess
potential ambient pollutant concentration impacts. With any modelling
analyses, there is a degree of uncertainty. The accuracy of ambient air
pollutant concentrations predicted using an air quality dispersion model
(such as the AERMOD software) depends on the quality of model input data
(meteorological data, source characterizations and emissions rates), as
well as the model algorithms. For this project, prognostic meteorological
data were obtained using the Mesoscale Model (version 5) to provide high
resolution, representative meteorological data for the project site location,
and emission rates were determined using USEPA emission factors and
supplied project data.

Numerous tracer release field study data sets have been used in model
evaluation studies of AERMOD (USEPA, 2003). The results of these studies
indicated good agreement with the observed concentrations for point
source releases. However, accurate simulations of volume and area
sources are more challenging and the AERMOD model has not been
adequately evaluated for these source types.

The AERMOD modeling of the Bengal Quarry site included volume and area
sources and any uncertainties in the model predictions may be due to
conservative assumptions made while characterizing the sources and their
emission rates, and because many of the material handling activities are
fugitive sources of emissions of particulate matter. The non-point source
release characteristics and the unsteady nature of the emitting activities
make them challenging to simulate with a steady state model such as
AERMOD. AERMOD assumes that the emitting activities are steady state
whereby predicted concentrations for each hour from an emission rate and
meteorological conditions are uniform across the modelling domain, which
may lead to an over estimation of maximum predicted impacts by the
model.
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2.0 LEGISLATION AND REGULATORY
CONSIDERATION

2.1 EIA FRAMEWORK

2.1.1 Rationale and Basis

An Environmental Impact Assessment (EIA) is “a structured approach for obtaining and evaluating
environmental information prior to its use in decision-making in the development process. This
information consists, basically, of predictions of how the environment is expected to change if certain
alternative actions are implemented and advice on how best to manage environmental changes if one
alternative is selected and implemented” (Bisset, 1996). The basis and rationale of an EIA has been
summarised as follows (Wood, n.d.):

e Beyond preparation of technical reports, EIA is a means to a larger end - the protection and
improvement of the environmental quality of life.

e |tis a procedure to discover and evaluate the effects of activities on the environment - natural
and social. Itis not a single specific analytical method or technique but uses many approaches
as appropriate to the problem.

e |t is not a science but uses many sciences in an integrated inter-disciplinary manner,
evaluating relationships as they occur in the real world.

e |t should not be treated as an appendage, or add-on, to a project, but regarded as an integral
part of project planning. Its costs should be calculated as a part of adequate planning and not
regarded as something extra.

e EIA does not ‘make’ decisions, but its findings should be considered in policy - and decision-
making and should be reflected in final choices. Thus, it should be part of decision-making
processes.

o The findings of EIA should focus on the important or critical issues, explaining why they are
important and estimating probabilities in language that affords a basis for policy decisions.

2.1.2 Development Application and the EIA Process

21.21 General Procedures

The National Environment and Planning Agency (NEPA) ! has been given responsibility for
environmental management in Jamaica under the Natural Resources Conservation Authority Act
(NRCA) Act of 1991. Since the promulgation of the NRCA Act, it has been strengthened by various
supporting regulations that became effective in January 1997. The Environmental Permit and License

1 NEPA represents a merger of the Natural Resources Conservation Authority (NRCA), the Town Planning Department (TPD)
and the Land Development and Utilization Commission (LDUC). Among the reasons for this merger was the streamlining of
the planning application process in Jamaica.
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System (P&L) is administered by NEPA through the Applications Section. It was introduced in 1997 to
ensure that all developments meet required standards and negative environmental impacts are
minimized. Under the NRCA Act of 1991, the NRCA has the authority to issue, suspend and revoke
environmental permits and licenses, as well as the power to request EIAs for a permit or for any activity
in a prescribed area (entire island of Jamaica) where it is of the opinion that the environment is likely
to have adverse effects due to the activities.

The NRCA permit procedure is initiated by the submission of the Project Information Form (PIF) to the
Authority. The PIF screening form is reviewed to determine whether an EIA is required and to begin
determining areas of environmental significance, especially in waste discharge. Based on the review
of the PIF, the NRCA advises if an EIA would be required for the proposed project and determines the
scope of the EIA through proposed Terms of Reference (TORs). The TORs are proposed using NRCA
guidelines and are ultimately approved by the NRCA. NRCA gives the approved final TORs for the
proposed project; Appendix 1 shows those specific to this project.

The NRCA requires that the EIA include the following:

o Adescription of the present environment, i.e. physical, biological and social environment. This
includes, for example, consideration of economic situations, cultural heritage and ecological
preservation;

e A description of the significant impacts the environmental professionals expect the
development to have on the environment, compared to the environment that would remain if
there were no development. This will include indirect and cumulative impacts;

e An analysis of alternatives that were considered in order to consider means of minimising or
eliminating the impacts identified above; and

o An Environmental Management Plan, which includes a Monitoring & Hazard Management Plan
and an Auditing schedule.

The NRCA guidance on ElAs states that this process “should involve some level of stakeholder
consultation in either focus groups or using structured questionnaires.” A draft EIA is submitted to the
developer to solicit the proponents’ input into the description of the project (to check for accuracy of
statements, and to enter into realistic discussions on the analysis of alternatives, as well as to inform
the proponents of any other relevant legislation with which they must comply). Fourteen copies of the
finalised draft are then submitted to NRCA, two to the client, and the consultant keeps one (17 in all
are produced). The NRCA distributes these to various other public sector institutions who sit on the
Technical Committee (e.g. Water Resources Authority (WRA), Environmental Control Division in the
Ministry of Health (ECD), Jamaica National Heritage Trust (JNHT)) for their comments. Typically, this
depends on the nature of the project.

As deemed necessary by the NRCA, Public Meeting(s) are then held (see Appendix 3 for the full
guidelines on public participation in EIAs), following the deposition of the Draft EIA at Parish Libraries
(by the NRCA). A verbatim report of the public meetings is required, as well as a summary report of
the main stakeholder responses which emerged. The comments of the NRCA, the other GOJ interests
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and the public are compiled and submitted in writing to the consultant not only for finalisation of the
report, but for incorporation into the development’s design. The NRCA then reviews this report again,
and if further clarifications are needed, these are again requested. Once the NRCA is satisfied, the
EIA is submitted to the Technical Committee of the NRCA Board for final approval. If the EIA is not
approved, the proponents may appeal to the Office of the Prime Minister.

2.1.2.2 Project-specific Progress

Following the submission of the Permit Application to NEPA, it was decided that an EIA was required
and for which the final TORs (Appendix 1) were used to guide the EIA approach. This document serves
to compile and present the findings of the EIA.

2.2 NATIONAL LEGISLATION

The following sections include a discussion of relevant national legislation, regulations/standards,
policies and other material thought to be relevant to the proposed project. The following main areas
are covered:

o Development Control: construction (including building codes and site management controls)
and subsidiary inputs (quarry material, etc.), public safety and vulnerability to disasters.

e Environmental Conservation: forestry, wildlife and biodiversity, protected areas and species,
water resources, heritage and cultural resources.

e Public Health & Waste Management: air quality, noise levels, public health, solid waste, storm
water, etc.

2.2.1 Development Control

Several development and planning related laws and regulations may affect the Project. The
applicability of these laws is dependent on the location of the development chosen, social and socio-
economic issues as well as the availability of land for acquisition.

2211 Town and Country Planning Act (TCP Act) 1957 (Amended 1987)

The Town and Country Planning Act (TCP Act) 1957 (Amended 1987) provides the statutory
requirements for the orderly development of land through planning, as well as guidelines for the
preparation of Development Orders. A Development Order is a legal document which is used to guide
development in the area to which it applies and the TCP Act is only applicable in an area where a
Development Order exists. It constitutes land use zoning map/s, policy statements and standards
relating to land use activities. Additionally, tree Preservation Areas and Conservation Areas (as
specified areas the gazetted Development Orders) are two types of protected areas associated this
Act. As seen in Figure 2-1, the Development Order relevant to this proposed is the Town and Country
Planning (St. Ann Parish) Provisional Development Order 1998 (Confirmed January 2000). Section
4.3.2.2 provides further detail regarding zoning.

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: C.L. ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE PROPOSED QUARRYING AND MINERAL PROCESSING AT RIO 10
BUENO QUARRY, DRY HARBOUR MOUNTAIN, DISCOVERY BAY, ST. ANN

The Local Planning Authority (LPA) for this project is the St. Ann Parish Council. All development
applications are made through the LPA which include enquiries, planning, building and subdivision
approvals. The TCP Act establishes the Town and Country Planning Authority, which in conjunction
with the LPA, are responsible for land use zoning and planning regulations as described in their local
Development Orders. The TCP Act is administered by the National Environment and Planning Agency.

Town and Country Planning (St. Ann Parish) Provisional Development Order 1998 (Confirmed January
2000)

This order defines all rules and regulations for development within the bounds of the parish of St. Ann,
with further specifications for various planning areas. Objective 8 (c) of this order speaks to mining,
and specifically “to disperse the economy and diversify the employment base in the rural
area...through the exploitation of mineral resources”. Additionally, Objectives 11 and 12 are as follows:

e To guard lands of significant mineral wealth against encroachment by other uses or
development which would prevent their exploitation.
e To guard against all forms of pollution resulting from mining activities.

It is stated that the parish is rich in mineral deposits such as Bauxite and Whiting, and apart from
sand, gravel and aggregates used in the local construction industry, other minerals are virtually
untapped. Because such activities can have positive and negative effects on the development of the
parish it is important that proper guidance and monitoring be carried out. Policies specific to Minerals
and relevant to this project include:

e Policy M3 Mining and quarrying plans should be submitted to the appropriate authorities
before mining or quarrying commences.

e Policy M5 All mined out lands are to be restored to a level satisfactory to the planning
authorities and be properly re-vegetated.

e PolicyM6 Quarries must be located in quarry zones and will not be permitted in anv other
location.
e PolicyM8 Plant sites should be located as close as possible to mineral deposits

Specific to the section of the “Undeveloped Coast” from Rio Bueno to Discovery Bay, and within which
the project land is located (Figure 4-73), two policies are stipulated (UC 4 and UC 5). The area is said
to consist of vegetation of scenic value, and owing the predominant limestone out-crop, the type of
vegetation existing would have established itself over a period of many years and would take a long
time to be re-established if destroyed. The following policies are listed:

e PolicyUC4 Only those forms of development which will not result in any significant
alteration to the existing topography or any reduction in significant stands of vegetation will be
permitted.

e PolicyUC5 No development will be allowed in these wooded areas which would adversely
affect the homogeneity or integrity of these areas.
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Figure 2-1

Development Order Areas in Jamaica
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2.2.1.2 Parish Councils Act 1901 (Amended 2007)

Under the Parish Council Act, each LPA may revoke or alter regulations concerning the construction
and restrictions as to the elevation, size and design of buildings built with the approval of the relevant
Minister. It may also make regulations concerning the installation of sewers on premises. As
mentioned previously, the St. Ann Parish Council is the LPA with responsible for development within
the study area.

2.2.1.3 Local Improvement Act 1944

The Local Improvements Act is the primary statute that controls the subdivision of land.

2214 Land Acquisition Act 1947

The Land Acquisition Act was passed in 1947. As stipulated under Section 3 of this Act, any officer
authorized by the Minister may enter and survey land in any locality that may be needed for any public
purpose. This may also involve:

e Digging or boring into the sub-soil;

e Cutting down and clearing away any standing crop, fence, bush or woodland;

e Carrying out other acts necessary to ascertain that the land is suitable for the required
purpose.

2.2.1.5 Land Development and Utilization Act 1966

This act specifies conditions pertaining to the development and utilization of land, dispossession of
owners or occupiers and the Land Development and Utilization Commission as it pertains to
agricultural and unused land. The Land Development and Utilisation Act is administered by the
National Environment and Planning Agency.

2.2.1.6 Registration of Titles Act 1989

The Registration of Titles Act was passed in 1989 and speaks to the legalities associated with land
registration in Jamaica.

2.2.1.7 Quarries Control Act 1983

The Quarries Control Act is administered by the Mines and Geology Division. It regulates the extraction
of material such as sand, marl, gypsum, and limestone for construction purposes. Quarry zones and
licenses, quarry tax, enforcement, safety, Quarry Advisory Committee, fines for illicit quarrying and
bonds for restoration are addressed in this act.

Under this act, the Quarries Advisory Committee, which advises the Minister on general policy relating
to quarries as well as on applications for licenses, was established. On the recommendation of the
Quarries Advisory Committee, the Minister may declare an area in which quarry zones are to be
established and establish quarry zones within any such specified area. A license is required for
establishing or operating a quarry, unless the Minister decides to waive this requirement based on the
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volume of material to be extracted (if the mineral to be extracted is less than 100 cubic metres, a
license may not be required).

2.2.1.8 Petroleum and Oil Fuel (Landing & Storage) Act 1925

This extends to the storage of petroleum in quantities greater than one hundred and twenty imperial
gallons in a building specially appointed for this purpose by the Minister.

2.2.19 The Office of Disaster Preparedness and Emergency Management Act 1998

This Act was established by the Office of Disaster Preparedness and Emergency Management
(ODPEM) to develop and implement policy and programmes to achieve and maintain an appropriate
state of national and sectoral preparedness for coping with emergency situations.

2.2.2 Environmental Conservation

2221 Protected Areas System Master Plan: Jamaica 2013 - 2017

The Protected Areas System Master Plan (PASMP) sets out guidelines for establishing and managing
a comprehensive system of protected areas that supports national development by contributing to
long-term ecological viability; maintaining ecological processes and systems; and protecting the
country’s natural and cultural heritage (National Environment and Planning Agency, n.d.). The PASMP
is consistent with several national policies and plans, including the Policy for Jamaica’s System of
Protected Areas 1997 (section 2.2.2.2), the National Strategy and Action Plan on Biological Diversity
in Jamaica (2003) and Vision 2030 Jamaica: National Development Plan (2009) (section 2.3.1). It is
also a requirement under the Convention for Biological Diversity’s (CBD’s) Programme of Work for
Protected Areas (POWPA).

Existing protected area categories in Jamaica are listed in Table 2-1, Table 2-2 and Table 2-3. The
NRCA/NEPA is responsible for areas declared/designated under the acts it administers, including the
Natural Resources Conservation Authority Acts and Wild Life Protection and (Sections 2.2.2.2 and
2.2.2.4 respectively). In addition, a number of other government entities (such as the Forestry
Department, Fisheries Division and Jamaica National Heritage Trust), local management entities, non-
governmental entities, private sector and individuals are outlined as important role players as well.
Indeed, responsibility for protected area management has been a shared endeavour and this
collaborative approach to protected area management will continue under the PASMP (National
Environment and Planning Agency, n.d.).

Table 2-1 Existing categories of protected areas in Jamaica (January 2012) - protected area system categories
Source: (National Environment and Planning Agency, n.d.)
CATEGORY RESPONSIBLE AGENCY LAW
Forestry Department: Water, Land, Forest Act, 1996 and Forest

Environment and Climate Change (MWLECC) Regulations

Protected Area National Environment and Planning Agency:
MWLECC NRCA Act, 1991
NEPA: MWLECC Beach Control Act, 1956
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CATEGORY RESPONSIBLE AGENCY LAW
National Park NEPA: MWLECC NRCA Act, 1991
Marine Park NEPA: MWLECC NRCA Act, 1991

Environmental Protection Area

NEPA: MWLECC

NRCA Act, 1996

Forest Reserve

Forestry Department: MWLECC

Forest Act, 1996 and Forest
Regulations

Special Fishery Conservation
Area

Fisheries

Fisheries Division: Ministry of Agriculture and

Fishing Industry Act, 1976

National Monument

Jamaica National Heritage Trust (JNHT)
Ministry of Youth and Culture (MYC)

JNHT Act, 1985

Protected National Heritage

JNHT: MYC

JNHT Act, 1985

Game Sanctuary

NEPA (NRCA): MWLECC

Wild Life Protection Act, 1945

Game Reserve

NEPA (NRCA): MWLECC

Wild Life Protection Act, 1945

Table 2-2

not considered part of the system

Source: (National Environment and Planning Agency, n.d.)

Existing categories of protected areas in Jamaica (as at 1 January 2012) - other designations

CATEGORY

RESPONSIBLE AGENCY

LAW

Tree Order Preservation

Local Authority (Town and Country Planning
Authority): MWLECC and Local Government
Department, through Parish Councils

Town and Country Planning Act,
1958

Conservation Area

NEPA (Town and Country Planning Authority,
parish councils): MWLECC

Town and Country Planning Act,
1958

Protected Watershed

NEPA (NRCA): MWLECC

Watershed Act, 1963 Protection

Table 2-3

Source: (National Environment and Planning Agency, n.d.)

Existing categories of protected areas in Jamaica (January 2012) - international designations

CATEGORY

RESPONSIBLE AGENCY

CONVENTION

Ramsar Site

NEPA (NRCA): MWLECC

Convention on Wetlands of International
Importance especially as Waterfowl
Habitat (Ramsar Convention)

World Heritage Site (no existing sites,
however submissions have been made)

Jamaica National
Heritage Trust: MYC

World Heritage Convention
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Figure 2-2

Protected areas system in Jamaica (excluding designations under the Jamaica National Heritage Trust and proposed protected areas not yet declared)
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2.2.2.2 Policy for the National System of Protected Areas 1997

This legislative instrument is a White Paper and essentially proposes a comprehensive protected areas
system for Jamaica. Six types of protected areas are proposed in order to encompass the diverse natural
resources and landscape, and are comparable to those of the IUCN (International Union for Conservation
of Nature) 2

1) National Nature Reserve/Wilderness Area (Equivalent to IUCN Category I)
2) National Park, Marine Park (Equivalent to IUCN Category Il).
3) Natural Landmark/National Monument (Equivalent to IUCN Category IlI)
4) Habitat/Species Management Area (Equivalent to IUCN Category IV)
5) National Protected Landscape, or Seascape (Equivalent to IUCN Category V)
6) Managed Resource Protected Area (Equivalent to IUCN Category VI)

2.2.2.3 Natural Resources Conservation Authority Act 1991

The Natural Resources Conservation Authority Act (NRCA) is considered Jamaica's umbrella
environmental law. The purpose of the Act is to provide for the management, conservation and
protection of the natural resources of Jamaica. This Act was passed in the Jamaican Parliament in
1991 and subsequent to this, the Natural Resources Conservation Authority (NRCA) was established.
The NRCA Act, under Sections 9 and 10 specifies that an Environmental Impact Assessment (EIA) is
required from an applicant for a permit for undertaking any new construction, enterprise or
development. It also speaks to the designation of national parks, protected areas etc.

The Act also gave power of enforcement of a number of environmental laws to the NRCA, namely the
Beach Control Act, Watershed Act and the Wild Life Protection Act, as well as a number of regulations
and orders including:

e The Natural Resources (Permit and Licences) Regulations 1996 and (Amendment)
Regulations 2015;

e Natural Resources (National Parks) Regulations 1993 and (Amendment) Regulations 2003;

e The Natural Resources (Marine Parks) Regulations 1992, (Amendment) Regulations 2003,
and (Amendment) Regulations, 2015; and

e The Natural Resources (Prescribed Areas) (Prohibition of Categories of Enterprise,
Construction and Development) Order 1996 and (Amendment) Order 2015.

The Natural Resources Conservation (Permit and Licences) Regulations 1996 and (Amendment)
Regulations 2015

A permit and licencing system was established under these regulations in order to control the
undertaking of any new construction or development of a prescribed nature in Jamaica and the

2 |t should be noted that since the publication of the Policy for Jamaica’s System of Protected Areas 1997, the IUCN has
revised the categories system and guidelines
(http://cmsdata.iucn.org/downloads/guidelines_for_applying protected area_management categories.pdf)
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handling of sewage or trade effluent and poisonous or harmful substances discharged into the
environment.

The Natural Resources (Prescribed Areas) (Prohibition of Categories of Enterprise, Construction and
Development) Order 1996 and (Amendment) Order 2015

The Natural Resources (Prescribed Areas) (Prohibition of Categories of Enterprise, Construction and
Development) Order (1996) and the Permits & Licensing Regulations was passed as a result of section
9 of the NRCA Act. Section 9 of the NRCA Act declare the entire island and the territorial sea as a
‘prescribed area’, in which specified activities require a permit, and for which activities an
environmental impact assessment may be required. The major amendment made in 2015 was the
substitution of the Categories of Enterprises, Construction and Development (Column A), which lists
the various activities, by category, for which a permit is required. As discussed previously, an EIA was
required for the proposed project and this report fulfils one component of the EIA process.

2224 Wild Life Protection Act 1945 and Wild Life Protection (Amendment of Second and
Third Schedules) Regulations 2016

The Wild Life Protection Act of 1945 is mainly concerned with the protection of specified faunal species
and is the only statute in Jamaica specifically designated to this. This Act protects several rare and
endangered faunal species and the Wild Life Protection (Amendment of Second and Third Schedules)
Regulations 2016 provides substitutions for the Second and Third Schedules of the principal Act which
lists these species. For these reasons, biological assessments were included as part of the biological
surveys (section 1.1). Please see Sections 6.0 and 7.0 for further detail regarding potential impacts
mitigation measures recommended to ensure compliance with respective legislation.

The establishment of two types of protected areas, namely Game Sanctuaries and Game Reserves is
authorized under this Act. There are no game reserves or sanctuaries falling within the study area.

2.2.25 The Endangered Species (Protection, Conservation and Regulation of Trade) Act
2000 (Amended 2015)

The Endangered Species (Protection, Conservation and Regulation of Trade) Act was created in 2000
in order to ensure the codification of Jamaica’s obligations under the Convention for the International
Trade in Endangered Species of Wild Fauna and Flora. The regulations associated with this Act were
amended in 2015 and include updated fees for the various permits and certificates granted through
this legislation. This Act governs international and domestic trade in endangered species in and from
Jamaica; species are grouped under the following four schedules:

e First schedule: Endangered Species threatened with extinction and which may be affected by
trade therein

e Second schedule: Species which could become extinct or which have to be effectively
controlled
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e Third schedule: Species which any contracting party regulates within its own jurisdiction for the
purpose of preventing or restricting over-exploitation and require the cooperation of other
parties for the control of trade in such species

e Fourth schedule: Species in Jamaica the trade of which is to be controlled to prevent or restrict
exploitation and which require the cooperation of other Parties in the control of trade in such
species.

2.2.2.6 Water Resources Act 1995

The Water Resources Act (1995) established the Water Resources Authority (WRA), which is authorized
to regulate, allocate, conserve and manage the water resources of the island. Section 25 advises that
a proposed user will have to obtain planning permission, if this is a requirement, under the Town and
Country Planning Act. In addition, under Section 21 it states that if the water to be used will result in
the discharge of effluents, an application for a license to discharge effluents will have to be made to
the Natural Resources Conservation Authority or any other relevant body as indicated by the Minister.

2.2.2.7 The Forest Act 1996

The 1996 Forest Act repealed the 1937 legislation and was the legal basis for the organization and
functioning of the Forestry Department. The Forestry Department is the lead agency responsible for
the management and conservation of the forest resources in Jamaica. A "Forest Reserve" is defined
to be any area of land declared by or under this Act to be a forest reserve. In 1938, the Forest Branch
gazetted some 78,800 hectares of Crown Lands as forest reserves, this making up more than 75% of
the present-day forest reserves (Figure 2-3).

2.2.2.8 The Jamaica National Heritage Trust Act 1985

The Jamaica National Heritage Trust Act established the Jamaica National Heritage Trust (JNHT) and
has been in operation since 1985. The main goal is the preservation and protection of the country’s
national heritage. The Act states the following offences are liable to a fine and/or imprisonment:

e Wilfully defacing, damaging or destroying any national monument or protected national
heritage;

o Wilfully defacing, destroying, concealing or removing any mark affixed or connected to a
national monument or protected national heritage;

e Altering any national monument or marking without the written permission of the Trust;

e Removing any national monument or protected national heritage to a place outside of Jamaica.
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Figure 2-3 Map showing forest estates across the island, including reserves, crowned lands, private areas and NWC lands
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2.2.3 Public Health & Waste Management

2.2.3.1 The Natural Resources Conservation Authority (Air Quality) Regulations, 2002

Under section 38 of the NRCA Act, regulations pertaining to air quality in Jamaica are stipulated. The
National standards, known as the National Ambient Air Quality Standards (NAAQS) are categorized into
two groups. Part | of the NRCA Air Quality Regulations (2002) instructs on license requirements and
indicates that every owner of a major or significant facility shall apply for an air pollutant discharge
license. Part Il makes reference to the stack emission targets, standards and guidelines.

According to the Natural Resources Conservation Authority (Air Quality) Regulations, 2006:

"significant impact", in relation to the impacts of sources on ambient air quality, means -:

(a) the increment in the predicted average concentration of sulphur dioxide (SO2), total
suspended particulates (TSP), particulate matter less than ten microns (PM1o) or
nitrogen dioxide (NO2) is greater than an annual average of 20 pg/ms3 or a 24-hour
average concentration of 80 ug/ms3; or

(b) the increment in the predicted average concentration of CO is greater than 500
pug/ms3 as an 8-hour average or 2000 yg/ms3 as a 1-hour average.

when such predictions are made using an approved air dispersion model.

Table 2-4 summarizes the Significant Impact Concentrations and the Jamaican National Ambient Air
Quality Standards (JNAAQS) and Guideline Concentrations (GC).

Table 2-4 Significant Impact Concentrations and the Jamaican National Ambient Air Quality Standards
(JNAAQS) and Guideline Concentrations (GC) for air quality
Pollutant Avg. Period | Jamaican NAAQS or GC (ug/m3) | Significant Impact Concentration (ug/ms3)
24-hr 150 80
PM1o
Annual 50 20
TSP 24-hr 150
Annual 60
1-hr 400
NO2 24-hr N/A 80
Annual 100 20
1-hr 700
SO2 24-hr 280 80
Annual 60 20
co 1-hr 40000 2000
8-hr 10000 500
1,3 Butadiene 1-hr 0.04
1-hr 1250
Acetaldehyde Sahr 500
Acrolein Lhr 58.75
24-hr 23.5
Benzene Annual 1
Benzo (a) pyrene Lhr 0.00275
24-hr 0.0011
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Pollutant Avg. Period | Jamaican NAAQS or GC (ug/m3) | Significant Impact Concentration (ug/ms3)
Carbon Tetrachloride hr 6
24-hr 2.4
1-h 1250
Chloroform !
24-hr 500
. . 1-hr 7.5
Ethylene Dibromide
24-hr 3
1-hr 162.5
Formaldehyde
24-hr 65
1-hr 550
Methyl Chlorid
ethylene Chloride At 520
Styrene 1-hr 2500
y 24-hr 1000
Xylenes 1-hr 5750
Y 24-hr 2300
Vinyl Chloride 24-hr 1
y Annual 0.2
. 1-hr 0.75
Arsenic
24-hr 0.3
Beryllium Annual 0.0013
) 1-hr 5
Cadmium
24-hr 2
. 1-hr 3.75
Chromium
24-hr 1.5
Cobalt 24-hr 0.12
Conper 1-hr 125
PP 24-hr 50
Lead 1-month N/A
3-month 2
Manganese Annual 119
Mercur hr =
Y 24-hr 2
. 1-hr 5
Nickel
24-hr 2
. 24-hr 25
Selenium
Annual 10
Zinc 24-hr 12

National standards for PM2s do not exist; the U.S. Environmental Protection Agency standards are
used for PM2sand are as follows:

e 24-hour PM2s = 35 pg/ms3
e Annual PM2s= 12 pug/ms3

Further information regarding air quality compliance may be found in sections 4.1.5 (Existing

Environment), 6.0 and 7.0 (Impacts and Mitigation).
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2.2.3.2 The Clean Air Act 1964

The Clean Air Act (1964) refers to premises on which there are industrial works, the operation of which
is, in the opinion of an inspector, likely to result in the discharge of smoke, fumes, gases or dust in the
air. An inspector may enter any affected premises to examine, make enquiries, conduct tests and take
samples of any substance, smoke, fumes, gas or dust that may be considered necessary or proper for
the performance of his/her duties.

2.2.3.3 Noise Abatement Act 1997

The Noise Abatement Act of 1997 was created in order to regulate noise caused by amplified sound
and other specified equipment. This act has been said to address “some concerns but is too narrow
in scope and relies on a subjective criterion” (McTavish). Given this, McTavish conducted a study to
recommend wider and more objective criteria in accordance with international trends and standards,
but tailored to Jamaica’s conditions and culture.

National guidelines (NEPA) used for noise levels are shown in Table 2-5; values for commercial,
industrial and residential areas are specified.

Table 2-5 NEPA guidelines for daytime and night time noise in various zones
ZONE NEPA Daytime Guideline (dBA) NEPA Night Time Guideline (dBA)
Commercial 65 60
Industrial 75 70
Residential 55 50

Noise surveys and modelling undertaken for this project are presented in sections 4.1.7, 6.1.1.3 and
6.2.1.2. Mitigation measures recommended to comply with the existing standards are found in
section7.1.1.1 and 7.1.2.1.

2.2.34 Water Quality Standards

The NRCA has primary responsibility for control of water pollution in Jamaica. National Standards for
industrial and sewage discharge into rivers and streams, in addition to standards for ambient
freshwater exist. For drinking water, World Health Organisation (WHO) Standards are utilized and
these are regulated by the National Water Commission (NWC). Since 1996, Jamaica has had draft
regulations governing the quality of the effluent discharged from facilities to public sewers and surface
water systems. The now gazetted Natural Resources Conservation (Wastewater and Sludge)
Regulations, 2013 guidelines require various facilities to meet certain basic water quality standards
for sewage effluent and trade effluent discharge (Table 2-6 and Table 2-7).

Due to the fact that the proposed project environs is composed of the marine environment and riverine
systems (Rio Bueno River), the Draft National Ambient Marine Water Quality Standards, 2009 and
Draft National Ambient Freshwater Quality Standards, 2009 are also referenced (Table 2-8 and Table
2-9 respectively).
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Further information regarding water quality may be found in section 4.1.6. Section 6.0 and 7.0 also
describes potential impacts and recommended mitigation measures to ensure compliance with
respective legislation.

Table 2-6 Natural Resources Conservation (Wastewater and Sludge) Regulations, 2013, Various Sewage
Effluent Standards

Source: National Environment and Planning Agency (NEPA)
THENATURAL RESOURCES CONSERVATION AUTHORITY ACT

THE NATURAL RESOURCES CONSERVATION AUTHORITY (WASTEWATER AND
SLUDGE) REGULATIONS, 2013

Sewage and Trade Effluent Standards
Effluent Standards

Table 1—Sewage Effluent Standards for Existing Plants

PARAMETER EFFLUENT LIMIT

BOD, 20mg/L

TSS 30mg/L

Nitrates (as Nitrogen) 30mg/1

Phospates 10mg/L

CoD 100mg/L

pH 6-9 pH units

Faecal Coliform 1000 MPN/100 mL
| Residual C hlorine | 1.5mg/L

Table 2—Sewage Effluent Standards for Planis other than Existing Plants

PARAMETER EFFLUENT LIMIT

BOD, 20 mg/L

TSS 30 mg/L

Total Nitrogen 10 mg/L

Phosphates (PO-P) 4mgL

CoD 100 mg/L.

pH 6-9 pH

Faccal Coliform 1000 MPN/100 ml

Residual Chlorine 1L.Smg/L

Floatables not visible

Table 4—Standards for Sewage Effluent 1o be used for rrigation
PARAMETER STANDARD LIMIT
Oil and Grease 10 mg/L
| _Total Suspended Solids (TSS) 1.5 mg/L

Residual Chlorine 0.5 mg/L
Biochemical Oxygen Demand 15 mg/LL
(BOD,)
Chemical Oxygen Demand <100 mg/L.
(COD)
Faecal Coliform 12 MPN/100OmI.
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Table 2-7
Standards

Source: National Environment and Planning Agency (NEPA)

Table 3— Trade Effluent Standards

PARAMETER

TRADE EFFLUENT LIMIT

Ammonia/ammonium measured as NH, 1.0mglL

Barum S0mgl

Beryllium 0.5mg/L

Biological oxygen demand (BOD) <30mg/l.

Boron S.0mgL

Calcium No standard

Chemical Oxygen Demand (COD) <100mg/Lor <001 kg/1000 kg
product

Chlonde 300 mg/d.

Colour 100TCU

Cyanide (free) 0.TmgT

Cyanide (Total as CN) 02mg/l

Detergent 1Smg/l

Dissolved oxygen (DO) >4mg/l.

Faecal Coliform <100 MPN/TO0 mi

Fluonde 3.0mg/L

Iron 3.0mg/L

Magnesium No standard

Manganese 1.0mg/L

Nitrate as NO, 10mg/l

Oil and Grease 10 mw/L or<0.01 kg/1000 kg
product

PH 6.5-8.5

Phenols 0.1 mg/l.

Phosphate as PO, Smy/l

Sodium 100 mg/L.

Sulphate 250mg/L

Sulphide 02mgl

Temperature +2° of ambient

Total Coliform <500 MPN/100 mi

Total Dissolved Solids (TDS) 1000 mg/1.

Total Organic Carbon (TOC) 100 mg/L.

Total Suspended Solids (TSS) (maximum

monthly average) SOmg/l

Totwl Suspended Solids (TSS) maximum

daily average <150mg/1.

PARAMETER TRADE EFFLUENT LIMIT
Trace Metals:
Zmng 15meL
Lead 0.1 mg/L.
Cadmium 0.1mgL
Arsenic 0.5mg/l
Chromium 1.0mg/L
Copper 0.1 mg/L
Mercury 0.02 mg/L.
Nickel 1.0mg/L
Selenium 0.5mg/L.
_Silver 0.1 mg/L
Tin No standard
Total Heavy Metals 20mg/L

Natural Resources Conservation (Wastewater and Sludge) Regulations, 2013, Trade Effluent
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Table 2-8 Draft national ambient marine water quality standards for Jamaica, 2009
Source: National Environment and Planning Agency (NEPA)
Parameter Measured as Standard Range Unit
Phosphate, p* 0.001-0.003 mg/L
Nitrate, N 0.007-0.014 mg/L
BODs O 0.0-1.16 mg/L
pH 8.00-8.40
2-256 MPN/100mL
Total Coliform
Faecal Coliform <2-13 MPN/100mL
*Reactive phosphorus as P
**Nitrates as Nitrogen
Table 2-9 Draft national ambient freshwater water quality standards for Jamaica, 2009
Source: National Environment and Planning Agency (NEPA)
Parameter Measured as Standard Range Unit
Calcium (Ca) 140.0-101.0 img/L
Chloride (CT) 5.0- 20.0 img/L
Magnesium (Mg™) 3.6-27.0 img/L
Nitrate (NO3) ll].l— 75 img/L
Phosphate (PO™) }(].I]l -0.8 img/L
Potassium (K" l(].'?4— 5.0 img/L
Silica (Si0: ) 5.0- 39.0 img/L
Sodium (Na®) 4.5- 12.0 img/L
Sulfate (SOs) 3.0- 10.0 img/L
~ img/L (as
Hardness (CaCOs) 127.0-381.0 CaCOs
Biochemical
Oxygen Demand (©) 0-8-1.7 me/L.
Total Dissolved
Solids 120.0-300 img/L
pH 7.00- 8.40
Conductivity 150.0-600 nS/cm
2.2.35 Public Health Act 1985

The Public Health Act is administered by the Ministry of Health through Local Boards, namely the parish
councils. The Public Health (Nuisance) Regulations 1995 aims to, control reduce or prevent air, soil
and water pollution in all forms. Under the regulations:
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e No individual or organisation is allowed to emit, deposit, issue or discharge into the
environment from any source;

o Whoever is responsible for the accidental presence in the environment of any contaminant
must advise the Environmental Control Division of the Ministry of Health and Environmental
Control, without delay;

e Any person or organisation that conducts activities which release air contaminants such as
dust and other particulates is required to institute measures to reduce or eliminate the
presence of such contaminants; and

e No industrial waste should be discharged into any water body, which will result in the
deterioration of the quality of the water.

2.2.3.6 The National Solid Waste Management Authority Act 2001

The National Solid Waste Management Authority Act of 2001 is “an act to provide for the regulation
and management of solid waste; to establish a body to be called the National Solid Waste
Management Authority and for matters connected therewith or incidental thereto”. The National Solid
Waste Management Authority (NSWMA) was established in April 2002 as a result of this Act to
effectively manage and regulate the collection and disposal of solid waste in Jamaica.

2.2.3.7 The Natural Resources (Hazardous Waste) (Control of Transboundary Movement)
Regulations 2003

These regulations seek to implement the Basel Convention on the Transboundary Movement of
Hazardous Waste and control transboundary movement and prevent the illegal trafficking of certain
hazardous wastes. It is an offence to unlawfully dump or otherwise dispose of hazardous waste in
areas under the jurisdiction of Jamaica. Waste resulting from the proposed project should be properly
disposed of, and special attention should be paid to those considered hazardous under these
regulations and as listed above.

2.2.3.8 Country Fires Act 1942

Under the Country Fires Act of 1942, the setting of fire to trash without prior notice being given to the
nearest police station and the occupiers of all adjoining lands is prohibited. In addition, a space of at
least fifteen feet in width must be cleared around all trash to be burnt and all inflammable material
removed from the area. Section 6 of the Act empowers the Minister to prohibit, as may be necessary,
the setting of fire to trash without a permit.

2.2.3.9 Factories Act 1961

The Factories Act guides employers operating factories in safety, health and welfare provisions. Any
plans for new factories need to be provided to the Chief Factory Inspector. Some of the issues outlined
under safety include having proper fire escapes and that all electrical apparatus must be properly
installed. Under health and welfare, issues such as suitable sanitary conveniences, effective lighting,
reasonable temperatures shall be maintained and personal protective equipment (PPE) shall be
provided where applicable.
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2.3 REGIONAL AND INTERNATIONAL LEGISLATIVE
AND REGULATORY CONSIDERATIONS

23.1 United Nations Convention on Biological Diversity

Signed by 150 government leaders at the 1992 Rio Earth Summit, the Convention on Biological
Diversity (CBD) is committed to promoting sustainable development. The CBD is regarded as a means
of translating the principles of Agenda 21 into reality and recognizes that “biological diversity is about
more than plants, animals and microorganisms and their ecosystems - it is about people and our need
for food security, medicines, fresh air and water, shelter, and a clean and healthy environment in which
to live”.

Jamaica became a party to the CBD on April 6, 1995. Jamaica’s Green Paper Number 3/01, ‘Towards
a National Strategy and Action Plan on Biological Diversity in Jamaica’, is evidence of Jamaica’s
continuing commitment to its obligations as a signatory to the Convention.

2.3.2 Convention on International Trade in Endangered Species of Wild
Fauna and Flora (CITES)

CITES generally seeks to protect endangered plants and animals and owing to the cross boundary
nature of animals and plants. This protection requires international cooperation. It aims to ensure
that international trade of wild animal and plant species does not threaten the survival of the species
in the wild, and it accords varying degrees of protection to over 35,000 species.

This convention was drafted in 1963 at a meeting of members of the International Union for
Conservation of Nature (IUCN) and finalised in 1973. After being opened for signatures in 1973, CITES
entered into force on 1 July 1975. Jamaica became a Party to CITES on June 22, 1997. In 2000,
Jamaica enacted domestic legislation, the Endangered Species (Protection, Conservation and
Regulation of Trade) Act, 2000 and Regulations to fulfil its obligations to CITES. The Management
Authority for CITES in Jamaica is the Natural Resources Conservation Authority (NRCA). The Authority
receives applications for permits and certificates to trade internationally in endangered species. The
processing of applications is coordinated with the local Scientific Authority.
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3.0 DESCRIPTION OF THE PROPOSED
PROJECT

3.1 BACKGROUND

3.1.1 Project History

Previous mining operations conducted on the project property by Jose Cartellone Civiles S.A. yielded
material that was used for the construction of The Queens Highway leg of the North Coast Highway
from Montego Bay to St. Ann’s Bay. Though not suitable for wearing course applications, the road base
and fill applications requires strong, resistant material for the road type that was constructed. With its
use in construction already illustrated, the proponent seeks to further extract material from this area
for applications within this area and other value-added applications. Due to its high calcium carbonate
composition, this deposit has far greater value than mere aggregate usage. This realization has
stimulated the proponents, Jamaica World Mining, to further pursue a quarry licenses for its extraction.

Continental Placer Inc. was engaged to prepare a Geology and Site Evaluation report for the property.
In 2009 a drilling programme was completed by them which qualified and quantified the limestone
deposit on the entire property. Subsequently, in April of 2015 a project summary was submitted. From
their evaluation the total volume of limestone reserves (proven, probable and possible) on the
2,303,740 m2 (569.2 acres) property was 335,300,000 tons. A further possible reserve of
126,000,000 tons was also projected. These figures were obtained from seven (7) boreholes that
were done on the property. Physical and chemical analysis was conducted on samples taken from the
area by Atlantic Testing Laboratories found the material favorable for aggregate applications as well
as a 96.1% CaCOs content. The latter places the material in suitable category for pharmaceutical
applications in all the South East United States. Further work being conducted on the resource will
confirm the material’s suitability for the above applications and a more detailed tonnage estimate for
a 500,000 m2 area located in the south western corner of the property.

The area proposed for a limestone quarry is based on the extent of limestone deposits, land ownership
and the operational feasibility for the area of interest. With the chemical and physical quality of
material here found to be amongst the highest for limestone on island, its extraction and utilization for
aggregates and value-added applications would be significantly profitable.

3.1.2 Study Area

This site is in the area of Jamaica known as Rio Bueno and the proposed project is located at Bengal,
St. Ann, off the north coast Queen’s Highway east of Rio Bueno and to the west of Discovery Bay (Figure
1-1, Figure 1-2 and Figure 3-1). The proposed site is situated 4 kilometres from the Trelawny Parish
border. The proponent Jamaica World Mining has put forward a quarry application on 50 hectares of
land within this area. Table 3-1 delineates the area of interest.
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Figure 3-1 Map showing property location and proposed quarry site. Red polygon identifies the proposed
quarry area (Source: NLA, iMap Jamaica)

Table 3-1 GPS Coordinates for the field area
BOUNDARY COORDINATES
North 18°28'33.08"N 77°26'38.57"W
South 18°28'09.86"N 77°26'37.91"W
East 18°28'15.88"N 77°26'26.41"W
West 18°28'23.06"N 77°27'53.10"W
Table 3-2 Proprietor land reference information
Valuation Number: 01406016002
Volume & Folio: 1431/627
Address: Bengal & Red Valley, Discovery Bay, St. Ann, Jamaica
Approximate Area (m?2): 2303740

Aerial photos (Plate 3-1 - Plate 3-6) as well as a composite orthorectified drone image of the project
area (Figure 3-2) show the project site from various angles.
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Plate 3-1 Drone picture looking from the east showing Disturbed Northern boundary sub-area (taken
February 21, 2017)

Plate 3-2 Drone picture looking from the east showing Disturbed Northern boundary sub-area (taken
February 21, 2017)
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Plate 3-3 Drone picture looking from the east showing Disturbed Northern boundary sub-area (taken
February 21, 2017)

Plate 3-4 Drone picture looking from the west showing Disturbed Northern boundary sub-area (taken
February 21, 2017)

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: C.L. ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE PROPOSED QUARRYING AND MINERAL PROCESSING AT RIO 32
BUENO QUARRY, DRY HARBOUR MOUNTAIN, DISCOVERY BAY, ST. ANN

Plate 3-5 Drone picture looking from the west showing Disturbed Northern boundary sub-area (taken
February 21, 2017)

Plate 3-6 Drone picture looking from the west, looking at the main entrance showing Disturbed
Northern boundary sub-area (taken February 21, 2017)
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Figure 3-2 Orthorectified drone image of study area (taken October 13, 2016)

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: C.L. ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE PROPOSED QUARRYING AND MINERAL PROCESSING AT RIO 34
BUENO QUARRY, DRY HARBOUR MOUNTAIN, DISCOVERY BAY, ST. ANN

3.1.3 Summary of Proposed Operations

Rio Bueno will be an open-pit quarry with trucks and loading equipment. The proposed production fleet
consists of two pieces of quarry loading equipment and three trucks and two yard loaders. This
equipment will feed a fixed plant, producing crushed stone, sand, and fines products. Material will be
washed using fresh water from a pump established on site, with process water ponds established to
minimize runoff, water will be re-used in the plant.

Site access from the North Coast Highway is proposed to be placed east of the previous site access
used by the previous quarry operators. This was arrived at following discussions with the National
Works Agency (NWA). With the development of the new site access, noise exposure to the public will
be minimized with plant operations being screened naturally by the regrowth of shrubs and trees.
Truck traffic exposure will also be minimized by the new site access. The location of the entrance along
the section of the roadway allows for improved sight distance.

A 50-hectare block was the area applied for the establishment of a quarry operation. The area is further
divided into three blocks, allowing for extraction moving south east extracting 2 million tonnes per
annum. Extraction will occur with the objective’s rehabilitation goals as one of the primary objectives.
The slope angles to be achieved will ensure for future development plans for the proponent, Jamaica
World Mining. Upon phased completion, reclamation for that phase will be completed, in conjunction
with starting a new phase.

The initial phase (Phase 1) is the pit development of the quarry based on expected zoning, property
limits, buffers, and reclamation areas and the subsequent mining. During this phase the old plant site
area on the north side of the property (along Queens Highway) will be rehabilitated. The new entrance
will be in use, and the plant will be set up in the desighated area. Mining will begin in the already
exposed pit moving south ward. The already exposed pit will provide a suitable area for storage of the
overburden removed, which will be used during the reclamation of the mined area.

The first and final phases covers a 15-hectare block and will extract approximately 11.295 million
tonnes (yield tons are 7.9M with the 30% loss), which results in a duration of approximately 6 years
for each Phase at an average output of 2M tonnes of per year. The second phase will produce a higher
yield as it is a larger area for extraction. Located on 20 hectares the mined tonnage is calculated to
be approximately 15M tonnes that should last for approximately 8 years. The quarry life is calculated
to be 20 years but suspected to be more should the property be mined to sea level.

Potable and process water will be trucked to the site, with electricity to be taken from the Jamaica
Public Service Company grid serving the area. Solid waste generated from the quarry operators will be
collected and taken by a private solid waste contractor when required and taken to the approved
municipal dump site located at Tobalski or Hadden sites. No solid waste will be generated from
quarrying, as all materials displaced during quarrying will either be sold or stored for reuse during
rehabilitation of mined areas.
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3.2 PROJECT COMPONENTS

3.2.1 Project Layout and Facilities

Figure 3-3 illustrates the general layout of the facilities on site. Figure 3-4 illustrates the engineered
drainage layout plan for the quarry programme with sedimentation ponds and drainage canals for
surface water runoff, facilities and crushing areas depicted. The sediment ponds used for storm water
will be constructed in areas where the topography is conducive to water collection. The fixed assets
and facilities shall be located on the base of each completed quarry phase. As this surface would have
been already rehabilitated this is the best proposed location for equipment.

3211 Drainage System

The drainage system includes:

e West Canal & East Canal
Surface drainage system for areas outside the quarry area. The system prevents water coming
from outside to enter the interior of the quarry.

e West Pond & East Pond
These are for water storage system for water coming from West Canal and East Canal. The
system restores water to its natural course downstream.

e West Drainage Canal & East Drainage Canal
Surface drainage system for area inside the quarry.

o West Sedimentation Pond & East Sedimentation Pond
These are designed for water storage system for water coming from West Drainage Canal and
East Drainage Canal. The system takes control of the sediments and water flow keeping out
from working areas.

e East Sedimentation Pond N45
The Auxiliary Pond in the drainage system, not for storage but for energy dissipation of the
water coming from N55 quarry area.

e East Sedimentation Pond N35
The Auxiliary Pond in the drainage system not for storage but also for energy dissipation of the
water coming from N45 quarry area.

e East Sedimentation Pond N45 and East Sedimentation Pond N35

The Auxiliary Ponds in the drainage system are for storage but also for energy dissipation of the water
coming from N45 and N55 quarry areas (Figure 3-5 and Figure 3-6).

There are no apparent river or gullies or surface drainage on the proposed project site. Karst systems
in the surrounding area however, are very vulnerable to ground water pollution due to the relatively
rapid rate of water flow and the lack of a natural filtration system. Water quality monitoring in the form
of sediment traps and coastal water quality/sediment plumes monitoring should be done during the
mining activities. This is discussed in further detail in 4.1.3.
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Figure 3-3 General Layout of quarrying facilities on site

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: C.L. ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE PROPOSED QUARRYING AND MINERAL PROCESSING AT RIO
BUENO QUARRY, DRY HARBOUR MOUNTAIN, DISCOVERY BAY, ST. ANN

37

i l Fi l 2 | 4 | ] l g | l 2
/’ P T A
———  MOATH PERIMETRAL DUTER LAHAL Ml n [
A -~ EST PERRETRAL OUTER CAMAL I A
L} m -h_\_\_\_-\-\_
- SOUTH PERIMETRAL DUTER [AHAL FUEH B
—H = EAsT PERHETRAL DUTER CAHAL el m I~
MOATH IMTERIA SEDNENTATION CAMAL A N
SOUTH MTERIR SEDMERTATION CAMAL  S0LEZ1 m
B =}
+ ‘Awmﬂm UTER '.}H-!-l
—— I/
G [+
- + L
o SOUTH o
l:l lq. ::\_\q__ —lnu' k
EPLA-J qECLE_AAL
E c
.I" I
F \\ F
ll.ru.r.T
|:|||.Fl.'Ttn PIT W .
+ i I-.-‘+|r by : "\-
| ! A -
B
' .
. o [
3 S : a
\//\ @ \\1‘?: \
,' + | + [ Tlae
— I"\-q__h_,.-'l || II |I II"._ \ I'I_"I:_a_l. & = DTCH - SECTiON !'!F_'J:._l B - SEDFENTATION POND - SECTION \\ NETAIL © - RAWWATER COLLECTION PIT \ |
II I| |I I. .|"I - " —— "I '\ 1"“\ ]
hams | meme | moaen JAMAICA WORLD
" ﬁ JAMAICA e BENGAL R|O BUENO QUARRY H
J WDH LD CRAFTRS w Juna LIMESTONE EXFLOITATION
at [T T——— CESERREVEVE | Janzmo Drainage = Ganeral Layout and Details
are | =v | oamr DEECRETIEH 1B, DG, MO ATPROVED "y gy L 12020 | LE] r‘R"' = EPSA_JM-1B145 BRBOLE DGLO 02 'r".u
1 [ 2 [ 1 ] 4 I [ [ E [ I [ [ I il [ 12
Figure 3-4 Drainage Layout for quarrying facility

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: C.L. ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE PROPOSED QUARRYING AND MINERAL PROCESSING AT RIO

BUENO QUARRY, DRY HARBOUR MOUNTAIN, DISCOVERY BAY, ST. ANN
WEST CANAL EAST CANAL
I L2 E [
EATURA] TUSFALT LFWT
—%— / HATURAL SURF&LL LEWTL
SATURSL SUBFALE LEV S i WaTUREL Sl FalE LEVE e
WEST FOND
HE TUHAL - -
s
e
T:Eq-_ e —— L%
& e — — L L T EPLLWAT
"‘“:J 1 1[3
LD saTi |
i “ i BT papanrr wan et
BOTTIH AREE: S m
FAST POND
E =]
L TUR
SUAFALE
LEVEL
L o 5 L
1 _— 1— [
o ADTTEN LT3 El':
—
e - AT, 16170 o'
BOTTIH A Sl muWm
‘_{,-f;,, Jﬂr‘-gi"?t_ |Sﬂ b 301 |1 130 || ™ BENGAL GUARRT- LIMESTONE EAPLCIIICH - 350 YEAR - DRAMAGE AND ACCESS ROAD SR ::._g]
& | WU w tewsieonllaers CANALS AND PONDS - TYPICAL CROSS SECTIONS —
T T =
Figure 3-5 Sizes and dimensions of the sedimentation ponds and the drainage canals
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Figure 3-6 Facilities area intended for Contractor’s facilities (workshop, offices and parking area).
3.2.1.2 Processing Plant

The plant is a nominal 250 tph unit consisting of the following units:

e Hopper and vibrating grizzle
e Primary impactor

e Secondary impactor

e Primary vibrating screen

e Secondary vibrating screen
e Reclaiming screen

e Conveyors

3.2.13 Water Supply

Water supply for the quarrying operations will be done by trucking water to storage tanks onsite. A
large capacity water tank or multiple smaller tanks will be set up at each crusher and secured in
proximity to the operating site. Water will be purchased and trucked to the proposed quarry location
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at regular intervals. A 150,000-gallon (567,811.768 litres) water storage tank would be installed on
property within each crushing area (Figure 3-10). Additionally, a water truck, with a tank of an
approximate capacity of 20,000 litres will be used to wet the area to control the dust in the working
areas and haulage roads. This will be a scheduled part of the daily operations. The water tank truck
will load water directly from the runoff ponds or from the large storage water tank.

3.2.14 Wastewater Treatment

Wastewater Generation and Characteristics

The daily wastewater volumes expected from the quarry was estimated using the typical wastewater
flow rates from commercial sources as outlined in Table 3-2 of the Metcalf & Eddy 4th edition. The daily
wastewater was estimated to be between 5,700 and 13,000 litres per day. The average value of 7,500
litres/day will be utilized for the design (Table 3-3).

Table 3-3 Estimated wastewater generation rate
Value .
Parameters Low Average High Units
Employee population 100 100 100 persons
Per Capita flow rate 57 75 130 L/person/day
Total Flow 5,700 7,500 13,000 L/day

It anticipated the wastewater quality will be that of a domestic influent given the activities that will
take place on the site. The developer manual’s suggested influent profile for use is outlined Table 3-4.

Table 3-4 Developer manual’s suggested influent wastewater profile

Parameter Raw sewage NEPA Std. (water direct discharge)
Total Suspended Solids (TSS) [mg/[] 220 20

Chemical Oxygen Demand (COD) [mg/I] 500 100

Biochemical Oxygen Demand (BOD5) [mg/I] 250 20

Total Nitrogen [mg/I] 40 10

Total Phosphorus [mg/I] 8 4

Total Coliform Bacteria [MPN/100ml] 1077 - 1078 200

Process Modelling and Treatment

The proposed processes for the wastewater effluent from the Quarry are as follows:

1. Grease trap (if kitchen facilities are contemplated)
2. Septic Tank
3. Evapotranspiration Bed

GREASE TRAP

Grease Traps are an essential component in the treatment process of wastewater. The purpose of the
grease trap is to prevent the oil and grease conveyed from the kitchen facilities from getting into the
wastewater treatment system, where it will limit the effectiveness of the system. In essence, the grease
trap is a pre-treatment component that allows for the initial separation of solids, fats and grease; it
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then contains them in a small holding area and thus prevents these types of wastes from entering the
main treatment system.

The main design considerations in modelling the grease trap is the flow rate coming into the system
and the retention time of the effluent within the grease trap. The minimum retention time of 45
minutes (.75 hours) was utilized in design (Table 3-5). A fairly long retention time is needed in grease
traps for the obvious reason that fats and oils take time to cool down and separate; the longer the
time provided the more effective this process becomes.

Table 3-5 Grease trap calculation summary
Parameter Value Unit
Daily Flow 7500.0 | L/day
Peaking factor 1.5
Peak Flow 0.5 m3/hr
Retention time 45 Minutes
FOGinf * 50 mg/|
Output, Size of Grease Trap:
Minimum required Wet Well Volume 0.4 m3
Effluent (to wastewater system)
FOGeff 25 mg/|
Removal efficiency 50%

* Typical grease concentration for domestic kitchens

SEPTIC TANK

The septic tank was designed with a three-day retention time to ensure that it can sufficiently treat the
influent on high flow days (Table 3-6) (Figure 3-7). The removal efficiencies at the higher end of the
septic tank range were utilized given the extended period of three days. The NEPA discharge standards
cannot however be met at the end of septic tank treatment process as it only effects secondary
treatment.

Table 3-6 Septic tank sizing
Parameter Value Unit
Septic Tank Design Parameters:
Flow 7500 L/day
1974 | USGPD
Retention time 3|D
Per Capita sludge production 10.5 | GPY
Cleaning Interval 11| Yrs
Required Tank Geometry:
Sludge holding capacity 1052.6 | USG
Treatment Capacity 5921 | USG
Tank Volume Required 6974 | USG
Effluent Predictions:
COoD 350 mg/|
BOD 138 mg/|
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Parameter Value Unit
1SS 88 mg/!|
Total Nitrogen 40 mg/|
Phosphates-P 8 mg/|
Faecal Coliform 1916268 per 100m|
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Figure 3-7 Septic Tanks for wastewater treatment
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EVAPOTRANSPIRATION BED

The final step in the treatment process is the evapotranspiration bed where the liquid waste is utilized
by plants and the excess given off to the atmosphere as vapour. The evapotranspiration system is
designed to have no effluent. Influent wastewater is disposed via transpiration through vegetation or
evaporation from bed surface (Figure 3-8). The recommended approach to sizing this system is the
use of hydraulic balance method which ensures the bed does not overtop in prolonged wet periods
when evapotranspiration losses may be lower than inputs from rainfall and effluent load. The minimum
area required for the evapotranspiration bed is 2,250 square meters (Table 3-7).

The evapotranspiration bed will have a monitoring well in a corner (Figure 3-8). Sand wicks will be
incorporated in the gravel to provide continuous capillary rise in sand. Vegetation will have a deep root
zone and leaves will support proper transpiration.
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Figure 3-8 Cross and longitudinal section of evapotranspiration bed
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Table 3-7 Summary calculations for hydraulic balance and sizing of the evapotranspiration bed
Month: Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Inflow 7500 | 7500 | 7500 | 7500 7500 7500 | 7500 | 7500 | 7500 7500 7500 7500 | L/d
Bed Parameters
Void Ratio 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Pan Evaporation - Eo 126 124 152 158 171 184 188 182 154 143 125 122 | mm/month
Precipitation - P 132 86 40 87 99 67 58 65 111 118 199 189 | mm/month

Crop Evapotranspiration | 107.1 | 105.4 | 129.2 | 134.3 | 145.35 | 156.4 | 159.8 | 154.7 | 130.9 | 121.55 | 106.25 | 103.7
-ETo

Cr 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35

Cf 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Bed Dimensions

Length 45 45 45 45 45 45 45 45 45 45 45 45 m
Width 50 50 50 50 50 50 50 50 50 50 50 50 m
Area 2250 | 2250 | 2250 | 2250 2250 2250 | 2250 | 2250 | 2250 2250 2250 2250 | m2
Water balance

Total Input 233 210 233 225 233 225 233 233 225 233 225 233 | m3
Total Output 241 237 291 302 327 352 360 348 295 273 239 233 | m3
FOS 4% 13% 25% 34% 41% 56% 55% 50% 31% 18% 6% 0%
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3.2.15 Aggregate Storage

Stockpiling will be performed using loaders and trucks. After the stacking conveyors on the crushing
plant stockpiles the aggregate, loaders are then used to load trucks which will transport the material
to the stockpile area. The loads shall be spot dumped and placed in the stockpile by the loader. There
is to be 5 stockpiles for each aggregate type present. These are 17, 34", %", 5/8” stones and
manufactured sand. The stockpiles for fine aggregates will be covered with tarpaulin along with being
sufficiently wetted to reduce material loss to wind.

3.2.1.6 Liquids / Solvents Storage

The storage of liquids/solvent will be done following best practice methods, thereby, eliminating or
reducing the adverse environmental impacts between storm water and any liquid / solvent storage
tanks (including 55 -gallon drums and any miscellaneous containers). All containers will be stored
indoors on elevated areas designed to contain any spills. Additionally, the potential for spills or leaks
from any liquid / solvent containers or tanks stored at this facility (solvents will not be regularly used
on site), large containers will be placed away from high traffic areas to reduce accidental punctures.

Implementation, inspection and good housekeeping practices in all areas of liquid and solvent storage
will be enforced. Indoor storage and coverage of all liquid storage containers will prevent contact with
storm water. Drip pans will be provided for all liquid/solvent filling areas or areas where spills or leaks
may occur. Pans will be immediately cleaned after use and all containers will be labelled clearly as to
their contents. Spill prevention techniques will be employed and used to respond promptly to spillage,
thereby minimizing the potential adverse impact. Spill prevention techniques also refer to locating
spills, immediately responding by cleaning the area.

3.2.1.7 Fuel Storage

All fuelling on site will be done in areas that are not heavily trafficked. Fuel storage will be done in
tanks on the premises on structurally sound platforms away from busy operations. Fuelling operations,
maintenance activities and other fuel transfers will occur in this area.

3.2.1.8 Other Facilities Storage Area

Heavy equipment maintenance, damaged equipment storage, parts storage, waste storage and fuel
storage along with office facilities, restrooms and washrooms will all be in a common facilities area
illustrated in Figure 3-9.
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Figure 3-9 Facilities Area
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3.2.2 Equipment

The use of a 2 large fixed plant setup capable of crushing 2 million tonnes per annum is the ideal
primary operation (Figure 3-11). A mining fleet of Cat 980 Front End Loaders combined with over the
road 25t haul trucks will feed this facility. This option requires more initial capital but would have lower
operating costs. The crushed rock will then be transported to the port via covered trucks.

Quarrying consists of bench drilling and blasting (by a contractor) and mining the limestone rock. The
blasted rock will be mined using front-end loaders (FELs) loading into haulage trucks for removal from
the pit. The haul trucks dump into the primary crushers within the crushing area. Using two HST 315
Cone Crushers for primary crushing, the loaded material is processed to produce the required
specifications of aggregate at a rate of 350-500 tonnes per hour (tph). Due to the high decibel levels
that these machines will produce (95-105 dB), their location inside the designated crushing area away
from the main road and surrounding residential areas is necessary. After passing through the primary
crusher, the rock is transported by belt to the crushing and screening facilities, resulting in the desired
product sizes. The daily mining and processing operations average is approximately 8000 tonnes.

The fixed crushers will be placed in the crushing area illustrated in Figure 3-10 and Figure 3-11.
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Figure 3-10 Crushing area equipment each with a water storage tank
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Figure 3-11 Fixed Crushers Scenario

This study is based on a crushing reject level of 15%. In general, mobile crushing equipment working
on a road construction job will see this level of reject, as almost the entire product can be used as
road base. However, for an export market, it expected that the percentage of rejects could be higher
due to the product requirements. A fixed plant option was the basis used for this preliminary proposal
cost estimate. It was assumed that the crushing facilities would be in place by the end of the first
quarter within the first year of operation.

Equipment selections were based on equipment currently available on the island and equipment
utilized in the last quarry application. The main mining fleet included the following:

e Caterpillar D10 track dozer

e Subcontract drill & blast operation

e Caterpillar 980 front end loaders

e Rear dump 25t over the road trucks
e Caterpillar D8 track dozer

e Caterpillar 14 grader
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e Caterpillar 988 Wheel Loader
e Fixed crushing plant
o Fixed weigh station

3.2.3 Access to Site

The site is more easily accessed at the north-western section of the property. The site access from the
North Coast Highway is proposed to be placed east of the previous site access (Figure 3-12). With the
development of the new site access, noise exposure to the public will be minimized as the plant
operations will be screened naturally by the re-growth of foliage (trees and shrubs) that will limit the
visibility of the quarry operations from the road.
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Figure 3-12 Quarry Access road
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Truck traffic exposure will also be minimized by the access. The site access is proposed to be located
on the end of the gradual curve in the road, allowing for motorists moving in either direction to be able
to sight the quarry entrance from distance. East of the proposed quarry access there is approximately
2 km of straight roadway before approaching a right curve (traversing the Queens Highway from east
to west). Approaching from the west of the proposed quarry access, there is approximately a 400m
gradual, right bend in the roadway before approaching the proposed entrance on the right.

This is a safer ingress and egress point as oncoming traffic will be in clear site of the quarry entrance.
Additionally, the proposed entrance is located in an area with less residential development.

Stones extracted from a quarry will be transported to the nearby towns, construction sites and ports.
Figure 3-13 shows the haul route from the quarry to the Rio Bueno Port, where potential export will
take place from. Naturally, the quarry must be located near to the main network of roads leading to
these locations. The proposed site is therefore at an advantageous location when considering
transportation and haulage costs. However, ingression and egression from the main thoroughfare has
to be considered. This will guide the development of the haulage/haul road.

8 DigitalGlobe

8 Google

8 TerraMetrics Google Earth

Figure 3-13 Transportation route from quarry to port (Google Maps, 2018)
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With the majority of dust from quarry operation being identified as coming from the road surface the
haulage roads maintenance and development need to be addressed when lowering the dust nuisance.
The materials used to build the proposed 1 km of haulage road will be river asphalt and river aggregate.
This will be amply wetted when haulage of material commences utilizing water trucks.

The main haul road is proposed here to be connected to the northern segment of the project area
where the old quarry is situated. This road has already been cut and may be widened to 10 m to
facilitate access for high capacity haul trucks from the operating area to the public road network.
Additional secondary haulage roads may be developed after blasting to connect the benches to the
main haul road. This established route has direct access to the main road to the north and is
approximately 450 m in length to the proposed operating area. An additional haulage road may be
developed if the operator decides to extract the limestone deposits from the southern section of the
area of interest.

With the speed limit of the main thoroughfare (North coast Highway) at 80 km per hour, signs will be
needed along with staffing and the installation of traffic control lights (stop lights) for the egress and
ingression of vehicular traffic to and from the quarry.

3.24 Distribution and Sales

3.24.1 Estimate of Potentially Mineable Tonnes

The area proposed for material extraction encompasses 500,000 m2 to the south west of a 2,303,740
m2 property. The terrain is hilly, as the entire property is composed of raised reef limestones which
support plant species that are indigenous to the dry white-limestone forest. The demarcated area is
approximately 70 metres above sea level on average. Its highest point is 85 metres above sea level
(recorded in the field at the south-eastern delineated section) and the base of the old quarry face
averages at 30 metres above sea level. This results in the thickness of the deposit to be an average
of 40 metres.

From borehole data from previous research on the property by Continental Placer Inc. (2009) went to
depths of 90 ft. (27 m) for one hole and 120 ft. (36 m) for the other four. From this data the average
thickness of hard limestone was 47 ft (12 metres). Extrapolating the borehole data and corroborating
these results with the findings from the recently concluded field survey, the thickness of the hard
limestone was assumed to be greater than 27 metres. Since the bore holes did not retrieve samples
to depths below 36 metres and the old quarry’s floor is on average 30 metres above-sea-level (40
metres lower than the average site elevation), the conservative thickness of the deposit was estimated
to be 30 metres, with 10 metres of missing material assumed to be rubble limestone of variable
hardness with clays and material lost with the overburden removal. This thickness is used when
calculating the proven resources for the site.

The estimated total tonnage of limestone raw material is further reduced by 5 % so as to account for
losses experienced with cavities that are naturally associated with a limestone deposit and other
losses that may be encountered within the bedrock. Using a density value of 2.51 (the lowest value
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obtained from samples submitted to the Mines and Geology Laboratory in 2018), the tonnage estimate
was calculated using the formula;

T=A (avTh x avSg)

Where:

pT= Proven reserve (5% less than the reserve estimate in metric tons)
T= Reserve estimate (metric tons)

A=Area of the Deposit (500,000 m2 or 50 hectares)

avTh= Average Thickness (30 m)

avSg=Average Specific gravity of sample (2.51)

T= 500,000 x30 x 2.51
T= 37,650,000 metric tons
pT= 35,767,500 metric tons

This is the lowest tonnage value that can be extracted from the deposit using the conservative
estimates for thickness and specific gravity. From the resource assessment conducted on the property
it was concluded that due to the height difference observed at the base of the quarry a further 20
metres thickness could be easily extracted. This will increase the total mineable tonnage.

3.24.2 Planned production rate

The deposit life is projected to be at least 20 years using the conservative estimates. If executed
properly, the total life of the deposit can be lengthened to 30 years, should extraction be done to sea
level. The 20 year quarry life was calculated based on a production rate of 2 million metric tons per
annum. Table 3-8 illustrates the planned production rate based on four different weekly extraction
rates. The total reserves would last for approximately 20 years of quarrying and production (with
ongoing rehabilitation as the quarry progresses) based on 2 million metric tonnes (796,812.75 m3)
extraction per annum.

With the assumption that the annual quarry production was to be kept at 2 million metric tonnes of
limestone for the entire duration of the mining operations, then the reserves would last for the
proposed preliminary quarry plan. Provided that a quarry licenses is granted by the Mines and Geology
Division, should the extracted tonnage be increased to twice the projected output the expected life
would be reduced to approximately 10 years.

Table 3-8 Estimated disposal rate or volume of extracted material for different time scenarios
Disposal Rates (weekly amount for 50 weeks)
Volumetric Estimates For 285 years For 29 years For 19 years For 10 years
Area (m2) 500,000
Tonnage (1) 35,767,500 1,000 m3 10,000 m3 15,000 m3 30,000 m3
Volume(m3) 14,250,000
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3.2.4.3

The Rio Bueno Harbour and Port is located approximately 1.5 km from the proposed operating site
and details are included in Table 3-9. The Rio Bueno Port is the proposed port to be used for export of
quarry material. The port facility at Discovery Bay is not mentioned because it is a bauxite export point.

Port Information

Alumina and other contaminants will render the CaCOs useless for value added applications.

Table 3-9

Port details for the Port of Rio Bueno

PORT ATTRIBUTES

PORT DETAILS

Port Name

Port of Rio Bueno

Maximum size & Anchorage Depth

Up to 152 m; 23.2m and over

Cargo Pier Depth

7.1m-9.1m

Harbour size, type, shelter

Very Small, Coastal, Natural, Poor

Lift & Cranes

100+ ton lift, fixed cranes

Pilotage

Yes, available

Loading & Unloading

Wharves, Med. Moor, anchor

3.2.5 Workforce
3.2.5.1

It is the duty of the proponent that all extraction is conducted in conjunction with the stipulated
government requirements. Therefore, to ensure this operation proceed within these guidelines, the
proponent has engaged in dialogue with different companies employ the services of one that has the
competencies, track record and expertise in reclamation of quarries after the mining operation is
completed. Most recently, the proponent has been in dialogue with ESPA, a company with over 50
years of experience in the mining industry. They operate primarily in the following sectors:

The Quarry Operator

Mining:
o Metal
e Coal
e Quarries

Civil Works:
e Mining civil works
o Linear works (Motorways and Railways),
e Hydraulic Works
e Other Infrastructures projects
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“In EPSA we recognize that our activities cause impact so a priority issue for us is to carefully manage
the processes before, during and after our involvement in a project. Our efforts are geared towards
careful protection of the environment and responsible use of resources”.

3.25.2 Employees

The proposed workforce for the quarry operation is between 50-100 personnel. This includes, quarry
managers, truck drivers, machinery operators, maintenance workers, office attendants, secretaries,
accountants, procurement officers and security guards.

3.3 PHASED ACTIVITIES

3.3.1 Conceptual Mining Plan and Process

When in operation, Rio Bueno Quarry will mine and produce aggregates from deposits located on-site.
The deposit contains a relatively homogeneous limestone quality. It is dense and possesses a high
CaC03 (85.5-99.1%) and low MgCO3 content, ranks as favourable for Flue-gas desulfurization (FGD)
regarding the composition of raw materials from the surface samples collected. The loosening of the
dense limestones is expected to be done by bench blasting.

The proposed method of mining will be mechanized open cast mining. The basic mining techniques
adopted will be use of machines and blasting. For the systematic working of open cast mines, the main
development work will be the forming of systematic benching. The height of bench will not be kept
more than 10 m at a time and the width of the benches will be always kept safe according to provisions.
The material is then loaded from the blast site onto haul trucks by a front-end loader and is transported
to the processing plant. The extracted material is dumped into a feed-hopper where it is then crushed,
conveyed, screened, and stockpiled.

Aggregate materials will be transported off-site via trucks belonging to independent carriers,
contractors, and others for a variety of construction-oriented uses off-site. Products made for export
are then transported by haul trucks to a second stockpile where it will be transported to the port. The
products to be transported off-site in trucks are typically loaded into trucks by a front-end loader or
from a loading bin.

Based on the proposed strategy of operation outlined above, the following mining blocks were
developed:

e Using two 150,000 m2 boundary for phase 1 and 3 of extraction and a 200,000 m2 for phase
2, the quarry blocks for material extraction was developed. The tonnage for each block was
generated based on an assumed 30 m thickness which is the lowest extractable thickness
calculated from field surveys.

e An assumed density of 2.51 was used in the tonnage calculations.

e The blocks would then be scheduled, starting in the north-western area, directly south of the
previous quarry. Mining will be scheduled to progress to the south.
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e Mining operations will start with clearing the vegetation from the mining block and then drilling
and blasting a portion of the limestone. Over burden clearance will be done with Caterpillar
D10 track dozer.

e From field surveys, the site has little to almost no topsoil so there was no cost included for
topsoil removal. Extraction for the deposit was assumed to require drilling and blasting.

The plant is scheduled to operate between 8 and 12 hrs per day generating an initial 250,000 tpy and
graduating to approximately 1.1mt within 6 years.

3.3.2 Pre-operation

Removal of overburden includes clearing of all trees and vegetation along with loose material.
Vegetation endemic to the site will be relocated to other areas on the property. Unusable overburden
material may include limestones exposed to surface weathering containing cavities and in-filled soil
sediment. Overburden is estimated here to be less than 5% of the calculated volume of deposits and
range from 0.3 m up to 1 m in some sections where dissolution features are less prominent.

Considering the characteristics of the surface, it is expected that only the vegetation cover will have to
be removed. Limestone sections, which are contaminated with clay or other terrigenous material, will
be discarded. The 5% reduction in the total mineable tonnage as stated before identifies the strong
possibilities for loss due to karst hollows and hollows filled with clay material.

3.3.3 Operation
3.3.3.1 Extraction Technique

The proposed quarrying technique is modified open pit mining which will be aided by regulated blasting
initiatives to loosen deposits. This initial quarry plan is designed around a 30-year production period
with target projections for the 5, 10, 20- and 30-year phases. The proposed quarry operations will
continue with the pre-existing quarry scarp situated approximately 450 m from Queen’s Highway which
runs east to west in proximity to the northern coastline. Benches would be developed at 10 m intervals
and extend the across the pre-existing quarry face from the old quarry. This is a suitable option as the
major haul road and operational areas are already defined/cut and only require minor work and
rehabilitation before commencing any production. This will follow the sequence of creating benches at
10 m heights with cut back at a slope angle of 65 - 75°; this will allow for extraction starting at the
north-western sections moving towards the south-east over 30 years.

The presence of a closed depression as well as the extensive flat areas in the southern portions of the
property makes it a suitable option for locating equipment, crushing plants and office. Access roads
will however be connected through the small community which extends from the quarry site to the
Queen’s Highway in Rio Bueno. Figure 3-14 highlights a preliminary procedure for extracting the
deposits continuing from the ‘Old Quarry’. The operational approach proposed will cut back terraces
with 10 m benches using a bench ratio of 1:2.
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Figure 3-14 Digital Elevation Model showing cross section for bench design
3.3.3.2 Proposed Bench Design

The cross section below (Figure 3-15) defines the proposed design for initial quarrying operations and
shows the bench heights and slope angle for the cutbacks. The section also interpolates the current
topography after developing benches and the final target slope angle and design post-operations.
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Figure 3-15 Cross section of quarry showing the present topography (black line), bench heights and slope
angle (red line) and the target slope angle post-quarrying (green line)

The bench design will be dependent on blasting techniques but should conform to the projected slope
angles and cut back distance. The 3D model (Figure 3-16) shows how benches designed as proposed
above can be utilized to extract the limestone deposit. Additionally, the bench design will allow for
best practices to be employed during the extraction process. This will lead to more economical and
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environmental quarry programme, hereby decreasing the adverse environmental impact on the

surrounding environs.

N<€—

Figure 3-16 Digital Elevation Model showing hypsography

The slopes developed will also be done with restoration and reclamation in mind that will align with
the future property development plans by the proponent. The overall topography of the landscape will
therefore change and is projected in Figure 3-17. The DEM in Figure 3-16 shows the hypsography after
quarrying. If the target slope can be achieved from benches and slope stability operations the
proposed area for quarrying will be fit for further development.
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Figure 3-17 Digital Elevation Model (DEM) overlain on topographic map for the area of interest showing

terracing configuration after preliminary operations
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3.3.33 Blasting and Ripping

The hard limestones will be loosened by blasting in the form of several standard bench blasts. Blasting
shall be used as the basic approach whereby ripping may be applied if necessary. With the quarry face
developed, it is now possible for single row blasts to be used. This consumes fewer explosives and will
be sustainable for the operation.

The removal of this material, due to its density, will require blasting. The controlled blasting is proposed
by adopting all the safety measures as guided by the Mines and Geology Division and under their
supervision. Multiple blast holes of 1.0 to 1.5 m depth will be drilled with the help of Sandvik Dx800
Drill Rig, Jack Hammer and Air Compressor of 100 cfm capacity. It is estimated about 54.56 kg of
explosives per hole is required. About 150 - 200 holes per blast are proposed.

Limestone operations may come with additional challenges because of geology, as caves and clay
veins severely affect blast performance. Therefore, optimizing blasting operations at limestone
quarries can be defined as a challenge that should be approached step by step on a rational basis.

Each individual bench blasting will amount to 15-30 thousand metric tonnes. A twice per month
blasting regime is recommended to obtain the target tonnage for extraction per annum if full annual
production capacity of 2 million metric tonnes is to be actualized.

The quarry proposes to mine and process limestone in one 20 hectare and two 15 hectare pits,
approximately 30m deep (from surface elevation) and 305m wide. There is no plan for extraction below
sea level. The quarry operation should extract material from the deposit to the old quarry floor which
is 30 metres above sea level.

The quarry’s bench heights will average 10m. The processes of drilling and blasting will be
subcontracted to licensed local professionals. The blast patterns will vary from a 3.5m x 3.5m to 4m
x 4.5m, with 150mm holes or smaller. The quarry operation will utilize two pit loading equipment. Two
Caterpillar® 349 for loading and a Caterpillar® 349 hydraulic hammer for particle resizing. Each blast
is to produce 15-30 thousand tonnes of 800 mm boulders with three (3) trucks will be used in mining
and stockpiling, two Moxy A30s (28 tonne) and one CAT® A25 (23 tonne) haul truck. Two yard loaders
(CAT® 966s) will also be on site along with auxiliary equipment.

3.3.34 Processing

Primary classification will be done using a Vibrating Grizzly Feeder and an Impact Crusher, which will
be constructed with a retaining wall in the floor of the crushing area with a dumping point from an
existing pit wall to minimize neighbour impact and the need to drill and blast closer to the Queen’s
Highway. This will produce at a rate of 500 tonnes per hour (TPH) average. The oversize from the
primary feeder is fed into the primary impactor. Once crushed the material then feeds the Primary
Screen. The reclaim comes from under the Primary Grizzly Feeder and produces a crusher run/fill
estimated at 30% of production. This is done over a Reclaim Screen from the smaller sized material
scalped from the Primary Feeder. This fill/dirt material will be used to reclaim benches in the quarry.
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Specifically, raw material with size ranging from 50.8 cm (20 inches) to 100 microns diameter or less
(dust) is recovered from blasting at the mining area. The blasted material is pushed unto a loading
shelf from which it is loaded into trucks, carried and dumped in the hopper. The vibrating grizzle takes
the material into the primary impactor while separating all the material below 4” from the -20” feed.
Feed above 4“is crushed by the primary impactor to form a- 4” product. The material that is separated
by the vibrating grizzly is taken to a reclaiming screen where the particles below 1/2“(typically dirt) is
screened and taken to a dump pile for use as material in the reclamation process. Particles above
1/2" are returned to the process via a return conveyor. Both the products from the primary impactor
and the reclaiming screen are taken to the primary screen where the product of sand and 3/8 stone
is removed from the feed stock and separated into piles of 3/8” and sand.

The bigger particles from the primary screen are then taken to the secondary crusher where it is
reduced to final product sizes of sand ,3/4” and 3/8”. This product from the secondary crusher is sent
to the secondary screen where the products are separated and placed in piles while oversized material
is returned to the secondary screen via conveyor belt. This forms a recirculating circuit in which the
products are systematically reduced to the required product sizes.

The secondary and tertiary plants consist of 2 Screens and 1 Secondary Impactor with the option of
putting in a tertiary crusher for expanded re-crushing. The secondary screen (first or primary screen
in the circuit) will produce at most, two products: a minute amount of Dry Sand (ASTM M10 or 5mm)
and a 10mm (ASTM #89) to a 25mm (ASTM #57s) material. This screen has the ability to re-crush all
material. The oversize material from this screen is then fed into the secondary impactor. The tertiary
circuit consists of a second screen where final concrete stone and sand are made.

The secondary and tertiary screen will produce products ranging from an ASTM #3 (50mm material),
and consistently a #57 (25mm”) or #67 (20mm) or #7 (16mm), and a #89 (10mm), and a Washed
Concrete Sand (5mm) and/or an M10s (Unwashed 5mm- Asphalt Sand). Wash water will be used on
the secondary screen and feed the wash screw.

3.3.35 Washing of Products

Washing of products will take place on both the primary and secondary screens and the required rate
of flow is 3GPM water per tonne per hour (TPH) of material. Approximately 90% of water used will be
recycled.

Waste water from the primary screen will flow towards the secondary screen and combine with the
water from the secondary screen. The combined flow will be directed towards the open drain system
which will lead to the settling ponds. Water is settled overnight and reused in washing operations.

3.3.3.6 Extraction Progression

Due to the extent of the area proposed for mining, the recommended bench heights and slope angle
suggested in the proposed bench design will be incorporated for the three mining sequences
illustrated in Figure 3-18, Figure 3-19 and Figure 3-20. The area for each phase is given along with
the expected tonnage of material that is expected to be extracted.
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Phase 1

Phase one will commence at the old quarry face with the fixed quarry assets located on the floor of
the old quarry operation.

Google Earth

Figure 3-18 Phase 1 of quarry programme

Table 3-10 Quarry life estimates at different production rates for phase 1
Extraction Amounts Quarry life at:
Area m2 Tonnage 2 mil ton per yr. 3 mil ton per yr. 4 mil ton per yr.
150,000 11,295,000 5.6 years 3.8 years 2.8 years
Phase 2

Phase two will commence in the south of the proposed mining area, with the progression of mining
taking place in a south easterly direction. This model assumes that the fixed mining equipment and
facilities will be relocated to the mined-out section of the first phase.
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Google Earth

Figure 3-19 Phase 2 of quarry programme

Table 3-11 Quarry life estimates at different production rates for phase 2
Extraction Amounts Quarry life at:
Area m2 Tonnage 2 mil ton per yr. 3 mil ton per yr. 4 mil ton per yr.
200,000 15,060,000 7.53 years 5.02 years 3.77 years
Phase 3

Phase three may require a new haulage route, to reduce the use of the main thoroughfare by haulage
trucks as extraction progresses.
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Google Earth

Figure 3-20 Phase 3 of quarry programme

Table 3-12 Quarry life estimates at different production rates for phase 3
Extraction Amounts Quarry life at:
Area m2 Tonnage 2 mil ton per yr. 3 mil ton per yr. 4 mil ton per yr.
150,000 11,295,000 5.65 years 5.02 years 3.765 years
3.3.3.7 Hours of Operation

The proposed quarry operation is slated to operate within the hours of 8:00 am to 6:00 pm six days a
week, Monday to Saturday. Blasting and crushing will commence at 9:00 am to 3:00 pm during
weekdays with no blasting to be conducted on a Saturday. This is to permit residents within the area
to commute to work and school without being impacted by dust and vibrations or over the weekend
periods. Operations should be concluded during the evening hours as stipulated by the Mines and
Geology Division.

3.34 Quarry Closure (Decommissioning) and Rehabilitation Plan

Upon closure or completion of the quarrying phase, all equipment involved in the quarry operations
will be removed from the site. Rehabilitation of the land, post-production, will be determined by the

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: C.L. ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE PROPOSED QUARRYING AND MINERAL PROCESSING AT RIO 66
BUENO QUARRY, DRY HARBOUR MOUNTAIN, DISCOVERY BAY, ST. ANN

land owners. Vegetation can be re-planted in areas adjacent to the quarrying operations and utilized
to rehabilitate the land post- operations.

Favourable factors for development can be based solely on the location of the property and include
access to the Queen’s Highway and northern coastline as well as the proximity to neighbouring towns,
ports and river system. It is also projected that quarrying operations will expose an extensive area of
bedrock on the property suitable for constructing residential building plots or industrial facilities. The
creation of benches followed by the levelling of the terrace post-operations will reduce the amount of
slope stability operations typically required.

A detailed Rehabilitation Plan is provided herein.

3.34.1 Reclamation

The open-pit or open cast mining of natural aggregates, regardless of its extent, interferes with the
natural environment. Relief is transformed, soil profile is disturbed, water relations may change and
flora is badly affected. It is for these reasons that post-industrial area reclamation is necessary. Figure
3-21 illustrates the reclamation of a bench with back fill after mining. Using the removed overburden,
the quarry face would be back filled creating a slope with a repose angle that will foster replanted flora
as the quarry advances to the next phase.
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Figure 3-21 Sideslope Detail (backfilled slope)

Rational planning and ongoing reclamation at each phase of mining will occur. With the small volumes
of overburden observed in field surveys, the levelling and stabilizing of the rock faces will be the main
focus due to the environment in which the deposit exists.
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the methods for reclamation that will be employed. Rock

debris from previous blasting operations will be placed at the base of a cliff (talus). This pile will also
consist of organic debris (bush, fallen trees etc.) and become shelter for rodents, insects or small
birds. The steeper cliff face will provide a habitat for nesting birds and cliff vegetation.

The top soil that exist within the designated mining areas is not sufficient to be utilised as reclamation
material. The geomorphology consists of mainly rock with very little top soil. Material for reclamation

will be sourced from private suppliers.

It's worth noting, however, after mining operations have ceased, the proponent aims to further develop
the property. The demand of the local populace may influence changes in the level of investment
provided. Therefore, it is integral for the mining programme to be undertaken to ensure further
investments can be made for the rehabilitation and development of the property.
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Figure 3-22 Sideslope Detail (talus slope

and exposed cliff face)
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Figure 3-23 Quarry Profile vs Reclaim Slope with Backfill

3.3.4.2

As stated before, all extraction will occur on the premise of land preparation for further development
purposes identified by the proponent. The presentations illustrated here are the post closure
characteristics that will be obtained after all quarry operations have ceased. It should be noted that
reclamation will be occurring concurrently with the extraction activity.

Rehabilitation

The Progressive Rehabilitation Plan requires the pit to be converted into a space having 2:1 interior
slope from the top of dirt to the top of rock. The quarry property surrounding and on these filled in
benches is to be planted with local flora to become shrub lands, as close to original plants as possible.
Table 3-13 shows the recommended vegetation to be used to re-vegetate the decommissioned quarry.
The species listed are predominantly native trees and shrubs. However, it is estimated that only two
of these species are presently available in the local horticulture industry.

Table 3-13 Species recommended for re-vegetation of decommissioned quarry
Species Name Common Name Habit
Portlandia grandiflora Bell Flower Tree
Euphorbia punicea** Jamaican Poinsettia Tree
Hohenbergia penduliflora Tank Bromeliad Herbaceous
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Species Name Common Name Habit
Thrinax parviflora Thatch Pole Tree
Bursera simaruba Red Birch Tree
Tabebuia heterophylla White Cedar Tree
Plumeria obtusa Wild Frangipani Tree
Tabernaemontana laurifolia Milkwood Shrub
Anthurium grandifolium Wild Coco Herbaceous

** - Endemic

All final slopes will be 2:1 as shown in Figure 3-21. All rehabilitation will be developed as the pit final
walls are established. The start date for rehabilitation of newly mined areas will be at the beginning of
the second phase of extraction (phase Il). By this phase at least one final wall should be established
on the west/southwest side of the quarry.

Quarry rehabilitation will take into account the following:

e Dbiodiversity

e water

e soils

e |andscape

e all local regulations

e the input of all stakeholders (landlords, neighbours, local authorities, associations and The St.
Ann Municipal Corporation)

The quarry will be rehabilitated according to the best practices for mine development. This will be
guided by the recommendations (if required) and the supervision of the Mines and Geology Division
(MGD). The plan will induce constructive dialogue between the MGD and Contractor/Client during its
initial development, then in the course of its implementation and finally whenever updated. Regular
communication will be maintained with the relevant authorities regarding this matter.

At each mining phase, it is important to consult local authorities, neighbours, nature conservation
organizations and the mining personnel and the quarry manager. The rehabilitation plan will be held
at the disposal of the public and communicated under the appropriate form, especially in the form of
a displayed document with drawings and plans accessible to all persons arriving on the quarry.
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The rehabilitation plan will be updated periodically (regulation permitting) to make way for possible
changes of conditions: new regulations, new techniques, and new opportunities for final use. The on-
site rehabilitation plan will include:

1. Anillustration of the final stage of the quarry site.
This document (a map and digital rendering) will illustrate the final shape and approximate
topography of the quarry once rehabilitated. The main habitats created during this process will
be visibly indicated on the map legend. Also, the remaining infrastructure and phase 2 of the
development plans by the proponent will be shown.

2. A series of detailed descriptions covering each area of the restored site will reflect the
proposed specific after use.
The descriptions will be an enlarged view of the main map showing and explaining the details
of the habitat type. It will usually include insight on the reasons these particular restoration
choices were made.

3. Alist of works to be completed in order to achieve the rehabilitation status.
This is a broad schedule illustrating the progression of the rehabilitation works. This section is
designed to help field managers or contractors to understand the main earth moving
operations, fitting-out options and key elements for the success of the rehabilitation

4. A schedule showing the sequencing of the rehabilitation works.
A graphic depiction, showing a series of intermediate steps with the main volumes calculated,
with one intermediate position presented.

3.34.3 Maintenance and Visual Inspection

All existing waste debris and trash present on the site will be collected and dispose of. A daily site
inspection is proposed, followed up by a more thorough monthly inspection for the presence of debris
and/or trash to be then disposed of promptly and in a proper manner. Dust control on this site,
particularly during prolonged dry weather periods is suggested, using a water truck, dust screens and
dust cannons.

In following best management practises, all recycling procedures must be adhered to in the highest
degree possible, in order to recycle as many waste materials on the site. All staff will be trained for site
maintenance and follow a schedule routine operation for housecleaning and the maintenance of a
well-organized aggregate storage and work areas surrounding plant operations.

All plant equipment, support equipment, site conditions are to be maintained using all best
management practices. Thus, maintaining a visual perspective that is not considered an eyesore to
the surrounding community. Regular inspections will be conducted and frequent maintenance to
ensure that all equipment and site conditions operate in the manner designed.

The implementation of the rehabilitation plan must be monitored on an annual basis by the operation
to ensure accruals are updated regularly. A set of indicators specific to the quarry will be developed
locally in order to be able to monitor and evaluate progress towards the rehabilitation goals.
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3.3.44 Decommissioning

At the time of decommissioning the following activities will aim to satisfy the health, safety and
environmental issues associated with closing operations of the facility in a manner which mitigates
any adverse environmental impact.

1. Notification to relevant local authorities of change in status of the facility.
Security personnel will be present at all times, as it would be during normal operations until
the plan has been completed. Signage will be clearly posted at the entrance of the facility
alerting the public that the facility is “Closed” and the area is “Restricted.”

2. Vehicular and pedestrian access will be restricted to only personnel necessary to carry out the

activities associated with the closure plan.

All access will be via the posted security personnel and recorded in the security log.

All equipment used during operation will be removed

5. Administrative office structures will be transported off the property (no permanent structures
would be constructed)

6. Portable toilets and hand wash facility leased would expire and returned to the operator

All product stockpiles will be removed

8. It is anticipated that solid waste will be generated during the project. At all times waste
minimization will be encouraged. Waste produced can be classified as follows:

a. Scrap iron
b. rubble

9. Materials will be disposed of by the usual means (i.e. collection by municipal waste operators).

10. With regard to long-term water pollution potential upon closure of the quarry, this is expected
to be minimal. Heavy suspended sediments and siltation is only expected during construction
and operations, via heavy rainfall events resulting in run-off of suspended sediments, debris
flow and land erosion. Soil erosion and siltation of watercourses could have a negative impact
on the flow regime and water quality within the study area. Residual sediments and material
in the decommissioned quarry may result in short term, minor siltation of water quality in the
study area, but will cease after a while.

W

N

3.34.5 The Quarry Decommissioning Contractor

It is the duty of the proponent that all extraction is conducted in conjunction with the stipulated
government requirements. Therefore, to ensure this operation proceeds within these guidelines, the
proponent has engaged in dialogue with different companies to employ the services of one that has
the competency, track record and expertise in reclamation of quarries after mining operations have
been completed.

Most recently, the proponent has been in dialogue with ESPA, a company with over 50 years of
experience in the mining industry.

They operate primarily in the following sectors:
e Mining
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o Metal
o Coal
o Quarries
e  Civil Works
o Mining civil works
o Linear Works (motorways and railways)
o Hydraulic Works
o Other Infrastructure projects

3.4 PROJECT TIMELINE

Phase 1 is estimated to be a five-year extraction programme.

e 2 months for preparation and equipment arrangement for the quarry operation.
e 56-month extraction programme (at 2 million tonnes every 12 months)
e 2-month timeline for decommission and commencement of phase 2.

Phase 2 would be a renewal of the quarry license. This would have been submitted 4 months before
the license expiration date.

e 2 months for preparation and equipment set up for extraction

e 120-month operation. This is the largest area therefore the renewed license should expire
before phase 2 is completely extracted. Phase 2 should be completed 24 months into the
renewed license.

Phase 3 should take three years (36 months) for extraction to be completed.
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4.0 DESCRIPTION OF THE EXISTING
ENVIRONMENT

4.1 PHYSICAL

41.1 Geology
41.1.1 Regional Geology

The proposed development is part of the North Coast Belt, one of the morphotectonic structures that
make up Jamaica. The North Coast Belt is separated from the Clarendon block and its Cretaceous
core of the Central Inlier by the E-W oriented Duanvale fault system. The Duanvale fault system is a
series of left-lateral strike slip faults that connects the Enriquillo-Plantain Garden fault zone East of
Jamaica with the Walton fault zone West of Jamaica. Together these faults form the boundary between
the Caribbean plate and the Gonave microplate and are generally considered to have started to
develop in early to middle Miocene.

The Geology map in Figure 4-1 displays the geology for the region north of the Duanvale Fault. The
map is an adaptation of the 1: 50,000 Geological Map Series (metric edition) Falmouth Browns Town
Sheet 3, Land, 1991 & 1973, and Donovan, 1993. The map shows the distribution of following 5
formations: the Walderston-Browns Town Formation and the Montpellier Formation, both of the White
Limestone Group, the Hope Gate Formation, the Falmouth Formation and the Quaternary Alluvium.
The map symbols and the formation names used in the in 1:50,000 Geology Map published by Mines
and Geology Division were maintained except for the Coastal Group which was substituted with the
Hope Gate Formation.

Walderston-Browns Town Formation consist of two litho/biofacies constituting a lateral variation of the
same stratifigraphic unit (Mitchell, 2004). The Brown Town Formation in the north is considered a
shallow-water unit deposited near the platform margin of the Clarendon Block. It is in essence a
structureless deposits of very white and occasional light pink packstones, wackestones and carbonate
mudstones. It contains prominent coral faunas and an assemblage of foraminifers dominated by the
large lenticular foraminifer Lepidocyclina. Its estimated age is Upper Oligocene to Middle Miocene. The
Walderston Formation to the south is regarded to be a shallow-water unit formed in the interior of the
Clarendon Block platform. The Walderston Limestone consists largely of off-white massive to well-
bedded grainstones and packstones dominated by miliolids. The Brown Town and Walderston facies
are not differentiated and are displayed as one in 1:50,000 Geology Map published by Mines and
Geology Division. The Walderston-Brown Town Formation in Figure 4-1 is expected to represent the
facies of the Brown Town Formation only.
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Figure 4-1 Geological map
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The North Coast Belt is characterised by the deposition of the deep-water limestones of the Montpelier
Formation which ranges in age from late Middle Eocene to Early Miocene and has an estimated
thickness of more than 300m. The Montpelier Formation consist predominantly of evenly bedded
chalks or micrites interbedded with nodular chert layers and bioclastic rich layers. The micro-fauna of
the Montpelier formation is dominated by large lens shaped planktonic foraminifers. The depositional
environment is defined as the bathyal zone along the margins of the shelf plateau with depths ranging
from 200 m and 2,000m. This is further supported by the sedimentary structures which are often
folded and deformed and include evidence of turbidites and debris flows.

41.1.2 The Geological Units of the Proposed Development

The Hope Gate Formation and Falmouth Formation are the only two geological units that are exposed
within the boundaries of the proposed development. The Hope Gate Formation takes up the bulk of
the property. The Hope Gate Formation is exposed in the towering cliff bordering the Queen’s Highway
and in the 50m terrace level to the south; the Falmouth Formation occupies the lower terraces along
the northern edge of the property, near the coast to north of the said cliff. Although both Formations
are in essence coralline biolithites, they are very distinct rocks. The Falmouth formation is relative soft,
moderately lithified and contains primarily aragonite-Mg-calcite. Hope Gate Formation on the other
hand is a dolomitized hard rock and consists mainly of calcite and dolomite.

The Falmouth Formation developed unconformably on top of the dolomitized reef deposits of the Hope
Gate Formation and is of Upper Pleistocene age (0.13 Ma) (Land, 1991). Erosional terraces cut in the
Hope Gate formation, served as the hard substratum on which the reef terraces of the Falmouth
formation were formed. The Falmouth formation to the north of the property is a relative dense
packstone. It consists of calcareous plates of Halimeda, shallow water corals and abundant molluscs
set in a friable matrix of weekly-cemented carbonate sands and muds. The low diversity of the corals
and the abundance of molluscs indicates that the Falmouth Formation represents a back-reef
environment very similar to the modern Jamaican back-reef deposits. (Boss, 1987)

The Hope Gate Formation is a dense, coral-rich, massive, dolomitized limestone which consists of a
coral framework encrusted and filled in with authigenic reef sediment. It has been dated based on
strontium 87Sr/86Sr isotope data and coral biostratigraphy to be of Upper Pliocene to Lower Pleistocene
age (Land, 1991). The aragonite coral framework has been dissolved and is partially or completely
replaced by calcite and/or dolomite. The bulk composition of the dolomite in the Hope Gate formation
is Ca1.16Mgo.84(C0O3)2. One third of the dolomite is in the form of clear, sparry crystals which fill in the
molds of molluscs and the voids left by dissolved corals, the rest of the dolomite is micrite mixed with
variable amounts of calcite. The Dolomitic rocks of the Hope Gate formation have an average porosity
of 5% and a bulk density of 2.57g/cm3, as compared to recent lithified Jamaican reef deposits which
have an average porosity of 19% and a bulk density of 2.21 g, (Land, 1973).

The aragonite rich Falmouth formation is separated from the overlying the dolomitized Hope Gate
formation by a sharp erosional contact. All indications are that the diagenesis and dolomitization of
the Hope Gate formation occurred concurrently or shortly after the deposition of the Hope Gate
formation before the deposition of the Falmouth formation started. Because of the higher 87Sr/86Sr
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ratios and higher 6180 of the Hope Gate dolomite, meteoric water (i.e. ground water that has recently
originated from the atmosphere) is not considered to have been involved in the precipitation of most
Hope Gate dolomite. The current accepted hypothesis surmises that the massive dolomitization of the
Hope Gate Formation was the result of the circulation of near-normal seawater through the reef
deposits. Interaction with the underlying Miocene Montpellier chalks is expected to have raised
87Sr/86Sr ratio 0180 of the seawater to achieve the precipitation of dolomites with 87Sr/86Sr values
close to those of the chalk and 8180 values slightly higher than the normal seawater in which the reef
system developed. The forces driving the seawater circulation may have included thermal buoyancy,
dispersion due to meteoric discharge, tidally induced flow and other still to be identified processes
(Land, 1991).

Hope Gate Formation is the geological unit that the proposed quarry development is targeting to
extract and it is the only formation that outcrops within the boundaries of the proposed mining area.
The overburden is minimal or non-existing, bedrock is often exposed even in the depressions. The
distribution of dolomite within the Hope Gate formation, both laterally and vertically, is quite uniform.

In 1968, while searching for fossil sclerosponges (HARTMANand GOREAU,1970) the late T. F, Goreau
chanced upon a small outcrop of "chalky" Halimeda grainstone (quarry B-1 of LAND, 1973), which
contains deep water species including Halimeda cryptica. The grainstone appears to have been a
local sand channel within the reef, which became so densely cemented by Mg-calcite marine cement
as to almost entirely preclude subsequent diagenesis, (Land 1991)

A total of 7 boreholes were drilled, 6 of boreholes were terminated at a depth of 36.6 m (120ft) and
one at a depth of 27.4m (90ft). Five (5) of the seven (7) hole are located in the western section of the
property, where the quarry operation would start and two (2) in the western section of the property
where extraction would only take place in the final phases of the quarry development (Table 4-1).

Table 4-1 Borehole information
Elevation AMSL Depth Borehole Thickness Hard Limestone
Borehole #
ft. m ft. m ft. m

Western Section of Property
DDH 1-09 194 59.1 120 36.6 45 13.7
DDH 2-09 150 45.7 120 36.6 48 14.6
DDH 3-09 170 51.8 90 27.4 55 16.8
DDH 6-09 217 66.1 120 36.6 55 16.8
DDH 7-09 200 61.0 120 36.6 53 16.2
Eastern Section of Property
DDH 4-09 225 68.6 120 36.6 35 10.7
DDH 5-09 237 72.2 120 36.6 41 12.5

The bedrock encountered was assigned either a ‘hard limestone’ or a ‘limestone’ designation
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The hard limestone is creamy white in colour with pinkish hues, medium to fine grained (usually fine),
massive, vuggy and commonly horizontally fractured. It is the hard limestone encountered in the upper
portions of the coreholes, and averages 14.5m (47 ft.) in thickness. Vug surfaces tend to be covered
with fine calcite crystals, sometimes appearing as a ‘fuzzy’ surface. There is a dominant fracture at
40° from vertical, though fractures of 70° to vertical were noted. The vugs also tend to be weathered
and discoloured reddish-brown.

The limestone is creamy white to pink, medium to fine grained (usually fine), massive, and commonly
horizontally fractured. It is the limestone encountered in the lower portions of the coreholes. Total
thickness is not known because this limestone was never fully penetrated.

The borehole logs recorded numerous ‘crushed rubblized zones’ were noted in. In the moderate to
strongly lithified sections, these rubblized zones tended to have rubble of varying sizes (sand and silt
sized to 2-3-inch core pieces). In the variably lithified sections, these zones tended to be sand and silt
sized.

Fractures and the crushed rubblized zones would often be discoloured pink to red-brown. This
discoloration indicates that water and air are able to seep through virtually the entire thickness of
bedrock drilled, though the weathering effects are minimal down hole. Occasionally there would be
black to brown staining in an open fracture; this staining is probably organic material that travelled
with water down the fractures.

4.1.2 Geomorphology
4.1.2.1 Introduction

The region in which the development is located, is characterized by a succession of erosional terraces
which have an overall dip of 2.5 degrees to the North. The elevation of the property varies from a low
of 1.5 m near the coast to a high of 94m inland with a mean of 58m AMSL. The erosional terrace
between 50 to 90m AMSL makes up 81% of property and will further in text be referred to as the main
erosional terrace. Approximately 1km wide, this terrace is bordered to North by a prominent vertical
escarpment and several erosional terrace levels some of which are below sea level. To the South the
terrace is bordered just outside the property boundary by moderate slopes forming the irregular-
shaped edge of an erosional plateau at about 165m AMSL.

The northern portion of the study area was demarcated by the ‘old quarry’ access road along the
Queens’s Highway. The area assessed forms part of a prominent reef terrace which terminated as
northern facing scarps and cliffs. Traversing west from the old quarry cut, the topography gently
increases up a small hill. This hill slopes towards the alluvial flat to the south east and towards the
western portion of the study area. The property can be categorized as a dry limestone forest based on
the distinct honey comb weathering patterns and fauna specific to these environments in Jamaica.
The Rio Bueno Harbour is located approximately 3 km from the ‘Old Quarry’ entrance with the Rio
Bueno River draining to the north (Figure 4-2).
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Figure 4-2

4.1.2.2

Map showing proposed quarry location, geomorphology and land use for the area assessed
(Base Map: 1:50000 Metric, Sheet 3)

Slope Analysis

Table 4-2 and Figure 4-3 present the slope analysis results for the proposed development. The slope
analysis is based on 1m contour data provided by the developer and the slope classification of the
Mines and Geology Division (MGD) enhanced with additional subclasses to bring out topographical
variations in the lower range of the scale.

Table 4-2 Percentage Area of the Slope Classes
Slope Classification MGD Enhanced
CLASS | CATEGORY SLOPE (°) | AREA (%) SLOPE (°) AREA (%)
Qo - 50 63.0%
- Gently Slopin 00-100 86.5%
y Sloping ° [ >50-100 23.5%
) >100- 159 6.1%
1 Moderately Sloping >100- 180 7.7% >150. 180 17%
i >180-210 1.3%
2 Steeply Sloping >180- 260 3.0% 210 - 260 17%
3 Steep to Very Steeply Sloping >269 - 300 1.2% >269 - 300 1.2%
4 Very Steep to Near Vertical >300 1.5% >300° 1.5%
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Less than 3% of the property consists of steep to near vertical slopes (>26°) or escarpments. The
slope analysis classified 86.5% of the property as gently sloping (0° - 10°) and 63% of the property as
very gently sloping with slopes ranging from 0° to 5°. Apart from the escarpments separating the
terraces, and some localized steeper sloping features, the topography of the property can overall be
characterized as a gently rolling landscape.
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Figure 4-3 Topographic profile
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The 3D model presented in Figure 4-4 also highlights the slope angles and topographic relief for the
area of interest.

&1'

Figure 4-4 3D representation of the area of interest showing elevation changes and present slope

Slope Aspect (Direction)

The slope aspect or direction analysis in Figure 4-5 shows that the dominant slope aspect for this
property has a general northerly orientation. In aggregate 71% of the property slopes to the N, NE or
NW with a moderate skew to east of the north. The largest proportion of the property (30.6%) is sloping
to the North; 25.3% of property slopes to the NE and 15.2% to the NW. Slopes trending to the south
are the least common with just 3.8% of the property sloping to the south.

The spatial distribution of slope aspect in the east of the property is distinctly different from the west.
In the east the slope aspect has a pattern of rectilinear elongated bands while in the west the slope
aspect displays a patchwork of semi-circular, rounded cluster. Of note is also the narrow zone along
the edge of the main terrace in which the slope aspect is S and SW or opposite to dominant aspect of
the property. This indicates that the terrain along the edge of the main terrace slopes basically towards
the interior of the terrace, away of the cliff edge and forms a small ridge or barrier which prevents the
runoff from the main terrace to go over the cliff.
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Figure 4-5 Slope map

The Main Erosional Terrace (50 and 90 m AMSL)

A broad, N-S trending ridge which raises about 15m above the surrounding terrace cuts the main
erosional terrace in two. (Figure 4-6). The ridge meets the terrace escarpment almost at right angles
behind the abandoned processing plant area and is noticeable in the escarpment as an increase in
the height of the escarpment. Although both side of the ridge are part of the same topographic unit,
there are conspicuous morphological differences, which are also evident in the slope aspect map
(Figure 4-5). The depressions west of the ridge are sub-circular while east of the ridge the depressions
are generally rectilinear, elongated and many times longer than they are wide.
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The closed depression W1 in the western section of the property is a subcircular dish shaped structure
with a flat bottom and gentle sloping edges or doline. This doline has a diameter of approximately
300m and coalesces in the SE with a smaller depression which gives the doline a more elongated
appearance. A relatively large asymmetric collapse structure is located in that area hidden below the
tree cover. The southwestern border of the collapse structure is a 15m high, partially overhanging
cliff. The fairly straight cliff is approximately 30 m long and trends to the NW (3159). Parts of the cliff
face, mainly overhanging sections, are covered with small dripstone and flowstone deposits. An open
sinkhole is located at the foot of the cliff. It is an open vertical fissure or shaft of about 0.5m wide and
a few meters long. The slope opposite to cliff is a moderate steep scree slope which consist of
limestone block and rubble (Plate 4-1). Although the entire depression slopes toward the sinkhole in
the collapse structure, no signs of channel formation caused by concentrated runoff could be
identified. A similar asymmetrical collapse structure is located in the closed depression W4. Nearly
identical in size, shape an orientation, this collapse structure has cliff segments with larger overhangs
but lacks the open sinkholes structure present in W1.

The elongated closed depression E1 East of the ridge is at least 400 m long and 100m wide. Six (6)
separate open sinkholes were identified in this depression. They are lined up and are located in the
line of trees in the middle of the depression. This lineament of sinkholes has a trend 305° (between
NW and WNW) which is roughly parallel with the escarpment in the eastern section of the property.
The sinkholes are point features with an average diameter of 2m which are partially filled with
vegetation, dirt and debris and appear to be formed at the intersection of fissures. This is evident in
very middle of the depression where the largest sinkhole is located. This sinkhole structure is formed
at the intersection of 4 fissures. The red lines in Plate 4-2 indicate the location of these fissures on
the ground. The main sinkhole shaft is located at the upper right intersection of these fissures. The
intersection of the 4 fissures resulted in the development of column or block with a cross section 2m
by 3m. As the sinkhole develops this column is be expected to break eventually and collapse in the
space created by the expansion of the sinkhole

Grikes or kluftkarren, were observed in the eastern section of the property on the edges of the closed
depressions E1 and E2. These near vertical open fissures are widened by solution processes. The
grikes vary in width from a few centimetres to 30 cm and can be traced over a distance of 10 to 15m.
Grikes become less permeably with depth and have the potential to form perched water tables. The
trend of these grikes is 60° or approximately ENE at both locations which is roughly parallel with the
cliff or the edge of main terrace in the western section of the property.

The closed depression E3 and E4 near the edge of the main terrace are associated with 2 short valleys
which terminate in these depressions. The valley ending in the depression E3 is about 150 long and
runs approximately parallel to the edge of the main terrace; the valley terminating in depression E4 is
250 m long and has the same trend as the grikes near the depressions E1 and E2 (60° or
approximately ENE). A third valley with the same orientation passes through the buffer zone in the SE
corner of the property and terminate in a closed depression outside the property. These three valleys
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are blind valley. Any surface runoff that may pass through these valleys and reach the closed
depression is, disappears underground through the sinkhole in these depressions.
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Figure 4-6 Aspect map
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Plate 4-1 Collapse Structure in W1 (Screen on the left & Cliff on the right side of photo)

Plate 4-2 Sinkhole in the Elongated Closed Depression E1 (Red Line = location of gaping fissures)
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Escarpments and Lower Terraces North of the Main Terrace

The abandoned processing plant, in the northern tip of the property, is located on the erosional terrace
that forms the shoreline between Discovery Bay and the bay of Rio Bueno, the same terrace that
carries the highway and the partially developed Bengal subdivision. This terrace has an elevation of 1
to 2 m AMSL high near the coast and reaches a maximum height of +5m inland. The width of this
terrace increases from 100 m to 120 m in the East (Discovery Bay) to 350m in the West (Rio Bueno).
In vicinity of the closed processing plant the terrace is 220m wide.

The cliff which defines the scenic view along the Queen’s Highway, coincides with the northern
boundary of the property between Discovery Bay and the closed processing plant. The cliff is straight
and has a constant alignment of 298¢ (approximately WNW-ESE) over a distance of almost 2km. At
the abandoned processing plant the orientation of the cliff changes to E-W or 90°. The height of the
cliff gradually increases from 40m in the east to 60 m AMSL behind the closed processing plant.

The cliff is dotted with shallow caves or niche-like features adorned with dripstones deposits such as
flowstones, drapes and stalactites (Plate 4-3). These niches occur on average at an elevation of 35 m
AMSL and appear to indicate the position of an ancient regional water table. Overall the cliff face has
a smooth and rounded appearance, which is probably caused of dissolution processes.

Plate 4-3 Cliffs along the Queen's Highway and detail of niche with stalactites

The cliff continues to the west of the closed processing plant for at least 800m. The alignment of the
cliff changes to 59¢° (approximately ENE-WSW) and its elevation reduces to 55m AMSL. Two additional
terrace levels appear in this area, one at 15m and one at 25m AMSL. The escarpment in this area
including the one associated of 55m terrace level are less pronounced except for the quarry face in
the back of old quarry. The escarpment associated with the 15m terraces forms the boundary between
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the property and the Queen’s Highway. In its current configuration this escarpment and its vegetation
are high enough to hide the view of the quarry along the Highway corridor.

4.1.2.3 Geomorphological Considerations

The area in which the property is located is classified based on its large scale morphological features
as a marine terrace landscape. The marine terraces have also been altered by karst processes and a
karst morphology has been superimposed over the marine terrace morphology. The property has in
fact all the typical features of a karst landscape including closed depressions, collapse structures,
sinkholes, underground conduits and a general absence of surface drainage. The karst features east
and west of the ridge in the middle of the property, are different although both are part of the same
geomorphic unit. The topography to west of the ridge seems to be more mature and more karstified
than to East. This may be caused by differences in water regime, lithology and structural characteristic
such as joint density or a combination of all three.

Most of the geotechnical and hydrological challenges posed by the karst morphology are related to the
presence of underground conduits and cave systems. The conduit and caves systems provide fast
discharge to the groundwater table with little or no capacity to filter out possible contaminants. Quarry
activities may also induce the collapse of caves and intersecting conduits. Conduits and cave systems
are irregular in shape and distribution and are subject to rapid change. The anisotropic and
heterogeneous nature of these systems make it difficult to predict subsurface conditions and their
potential impact of the environment. Specific mitigation will however be addressed by a quarry plan
that will reflect in near real time the conditions of the quarry operations and provide mitigating solution
as the need arises. The geotechnical and hydrological implications of these systems are discussed
further in the sections on geology and hydrology.

4.1.3 Hydrology and Hydrogeology
4.1.3.1 Regional Hydrology

The communities of Bengal and Red Valley along with the proposed quarry site are located within the
boundaries of the Dry Harbour Mountain Basin and managed by the Rio Bueno- White River Watershed
Management Unit (Figure 4-7). The proposed quarry site is also located to the east of the Rio Bueno
River.
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Figure 4-7 Regional Hydrology

The Watershed Management Units were defined based on the Hydrological and Demand Basins of the
Water Resources Authority and the physical characteristics of the catchment basins including
vegetation cover, land use, slopes, erodibility and erosion rates. With a total area of 1567.95 kmz2, the
Rio Bueno - White River Watershed Management Unit is the second largest Watershed Management
Unit in Jamaica. The boundaries of this particular WMU are identical to the boundaries of the Dry
Harbour Mountain Hydrological and Demand Basin of the Water Resources Authority. To facilitate the
environmental management of the WMU, the unit was split up in to two (2) units with similar
characteristics, the Rio Bueno Sub-Watershed Management Unit and White River Sub-Watershed
Management Unit.

The hydrostratigraphic unit for the area can be classified as a coastal aquiclude. These units include
low permeability rocks of the Coastal Group distributed along the northern coastline of the island. An
assessment of aquifer vulnerability maps show that Bengal and its environs have a high to very high
potential for salt water intrusion and wastewater contaminants in water wells.

The lack of springs and groundwater within this formation is typical for the predominant rock type.
However, interpretations of the regional groundwater flow in the underlying more permeable limestone
identifies a general flow direction from the south towards the northern coastline (Figure 4-8).

SUBMITTED TO: NATIONAL ENVIRONMENT & PLANNING AGENCY
SUBMITTED BY: C.L. ENVIRONMENTAL CO. LTD.



ENVIRONMENTAL IMPACT ASSESSMENT FOR THE PROPOSED QUARRYING AND MINERAL PROCESSING AT RIO 88
BUENO QUARRY, DRY HARBOUR MOUNTAIN, DISCOVERY BAY, ST. ANN

S

{’; \@7" ‘ e (o= LR
LT

Figure 4-8 Topographic map showing regional groundwater flow directions for the area (blue arrows).
White area outlines the proposed quarry site (Source: JAD 1:12,500, WRA)

Except for the narrow band of cretaceous volcanic rocks along its southern boundary, the Rio Bueno -
White River WMU consist almost entirely of limestone deposits and is dominated by karst processes
and karst topography. The dissolution of the limestone deposit by water created an interconnected
subterranean drainage network which make it very difficult to identify the exact limits of the drainage
area of rivers and effectively manage water resources in this WMU.

The rivers near the southern edge of the WMU end abruptly a short distance after they enter the
limestone area. The rivers terminate in sinks and caves and completely disappear underground. The
central area of the WMU has no rivers or streams because rain fall and surface runoff is almost
immediately channelled or absorbed by the karstic limestone aquifer which carries the water
underground towards the coast in the north. This underground drainage system consists of a complex
interconnected system of conduit aquifers including caves, open joints and fractures and diffuse
matrix aquifers including intergranular porosity, bedding planes, closed and clogged joints and
fractures. Approximately 10 km from the coast rivers and stream reappear in the landscape. Many are
intermittent seasonal streams which only carry water during wet seasons or during heavy rainfall.
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The Rio Bueno river to the west of the proposed development is one of the few perennial stream in
this WMU. The source of the Rio Bueno river is the Dornock Head Rising near Stewart Town. Although
It has a length of only 11.7 km and a surface drainage area of 26.4 km?2, it is a fairly reliable and
significant source of water for the region. Groundwater originating from several of the rivers in the
upper reaches of the basin emerges at the Dornock Head Rising. The Quashies and Cave rivers
disappearing in swallow holes near Albert Town and Cave Valley, have been proven to be connected
to the Dornock Head Rising with groundwater tracing test. A connection is also surmised between the
Lowe River Sink and the Dornoch Head Rising but this is still to be tested.

The inflow from these rivers into Dornoch Head Rising the ensures that the discharge of the Rio Bueno
is consistent and large enough to operate two (2) small hydro plants with an aggregate capacity of 3.6
MW and to allow the Dornoch Treatment Plant extract 0.75 million gallons of water per day from the
river. In “The draft St. Ann WS Parish Plan - October 12, 2011” it is reported that the NWC plans to
construct a new treatment plant and increase the extraction from the Rio Bueno to 3 million gallons
of water per day.

The Dry Harbour Gully to east of the proposed development 6 km long and has drainage area of 12km.
It is a seasonally stream which exits in Discovery Bay east of the Bauxite Pier. The small estuary which
is normally blocked by a sand bar is the It is the only stream that directly discharges into the harbour.
Freshwater or mixed fresh and marine water is continually released in the Discovery through
submarine vents and fractures (Anthony M. Greenaway, 2006). Overall more fresh water is believed
to be discharged into the sea at Discovery Bay by these submarines’ vents then by surface drainage.

413.2 Hydrology of the Proposed Development

The proposed development is located in a small watershed which wedged between the Rio Bueno
watershed to West and by the Dry Harbour Gully Watershed to the east, in a sub watershed of about
9.6 Km2 with no apparent river or gullies or surface drainage (Figure 4-9).

Karst systems are very vulnerable to ground water pollution due to the relatively rapid rate of water
flow and the lack of a natural filtration system. Sediment trap, environmental monitoring should
include monitoring of sediment plumes in the coastal areas during the mining phase.

A standalone Drainage Estimation Report is attached in Appendix 4.
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Figure 4-9 Hydrostratigraphy of the Rio Bueno River & Dry Harbour Gully
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4.1.4 Climate

Climate data (temperature, relative humidity, rainfall, wind speed, wind direction and barometric
pressure) for January to November 2016 was obtained for Bengal Farm (located south of the proposed
project site), from the National Meteorological Service of Jamaica (Table 4-3).

Lowest average temperatures were recorded in February (24.35°C) while the highest were in July
(27.96°C). Average relative humidity ranged from a low of 84.49% in August to a high of 87.8% in
October. Average wind speeds between January and July were somewhat similar, the highest being
3.77 m/s in March and the lowest being 1.9 m/s recorded in October. The dominant wind direction
for each month was southwest, however, in November, both south-westerly and north-easterly wind
directions were dominant. Average barometric pressure ranged from a low of 1010.20 millibar in
October to a high of 1015.35 millibar in March. Highest average rainfall recorded was in September
(18.04 mm), with the second highest being in May (4.0 mm), while the least rainfall was observed in
March (0.51 mm).

Table 4-3 Climate data for Bengal Farm (January to November 2016)
Temperature Relative Wind Speed | Dominant Wind Barometric Rainfall
Month (°C) Humidity (%) (m/s) Direction Pressure (mb) (mm)
January 24.66 84.92 3.16 SW 1014.70 2.90
February 24.35 86.33 3.28 SW 1015.30 2.46
March 25.07 84.98 3.77 SW 1015.35 0.51
April 26.02 84.59 3.68 SW 1013.08 1.14
May 26.37 86.68 3.70 SW 1013.47 4.00
June 27.29 85.15 3.74 SW 1014.66 1.32
July 27.96 82.05 3.57 SW 1015.00 0.86
August 27.58 84.49 2.80 SW 1013.23 2.18
September 27.23 85.80 2.52 SW 1013.61 18.04
October 26.67 87.81 1.90 SW 1010.20 1.80
November 25.80 86.65 2.04 NE / SW 1012.05 3.26
4.1.5 Air Quality

Coarse particles are airborne pollutants that fall between 2.5 and 10 micrometres in diameter. Fine
particle are airborne pollutants that fall below 2.5 micrometres in diameter. Sources of coarse
particles include crushing or grinding operations, and dust stirred up by vehicles traveling on roads.
Sources of fine particles include all types of combustion, including motor vehicles, power plants,
residential wood burning, forest fires, agricultural burning, and some industrial processes.

4.1.5.1 Historical Particulate Ambient Air Quality

Historical particulate ambient air quality monitoring data in the vicinity of the proposed quarry location
was available from 2010 to 2018 from Annual Ambient Air Quality Report (2010-2012 data) compiled
by the National Environment & Planning Agency as well as through the Access to Information Act
(2013-2018 data). The data in Table 4-4 and Table 4-5 revealed compliance with the respective
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standards for each year at all monitoring sites (Figure 4-10, Table 4-6), which are in the vicinity of the
Noranda Jamaica Bauxite Partners facility location.

Table 4-4 Noranda Bauxite Partners Historical TSP Ambient Air Quality Data
Location Year Highest 24h mean, pg/m3 Annual Mean, ug/m3
2010 90 17
2011 70 28
2012 100 34
2013 53.21 28.38
Farm Town 2014 86.41 30.15
2015 81.56 32.18
2016 72.43 27.20
2017 74.25 27.10
2018 82.97 30.45
2010 74 16
2011 43 15
2012 85 31
2013 49.04 27.02
Old Folly 2014 88.18 31.30
2015 84.69 33.01
2016 66.11 26.44
2017 68.81 27.91
2018 87.88 32.10
2010 120 23
2011 61 29
2012 124 40
2013 55.86 29.64
Bengal 2014 80.18 31.31
2015 88.52 31.67
2016 83.17 25.72
2017 65.57 24.08
2018 88.26 30.30
2010 70 14
2011 50 18
2012 77 30
2013 56.30 25.71
Clinic 2014 103.87 29.12
2015 88.72 30.21
2016 64.10 21.33
2017 86.56 23.14
2018 90.15 26.76
2010 132 29
Rousseau 2011 88 42
2012 124 59
2013 58.41 48.38
2010 140 27
Calderwood 2011 48 33
2012 na na
2010 102 19
Clydesdale 2011 86 20
2012 na na
Green Hill 2010 68 16
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Location Year Highest 24h mean, ug/ms3 Annual Mean, ug/m3
2011 66 18
2012 na na

NEPA Standard 150 60

na= Not Available

N.B. Rousseau station went out of operation hence no data after 2013. No data available after 2011 for Calderwood,
Clydesdale or Green Hill.

Table 4-5 Noranda Bauxite Partners Historical PM10 Ambient Air Quality Data
Location Year Highest 24h mean, pg/ms3 Annual Mean, pyg/m3
2010 110 13
2011 59 27
2012 103 33
2013 51.49 25.39
Queens Road 2014 104.89 30.54
2015 105.26 38.11
2016 92.14 32.27
2017 97.10 26.51
2018 79.21 27.99
NEPA Standard 150 50
Table 4-6 Noranda Bauxite Partners Ambient air quality monitoring data station coordinates
NAME NORTHINGS EASTINGS
0ld Folly 706099.0084 700499.0458
Clinic 705971.9009 700344.366
Queens Road 702481.2356 702743.4217
Rosseau 704688.5766 702682.845
Bengal 702542.1402 701724.9271
Farm Town 703815.6214 699773.7474
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Figure 4-10 Map showing air quality and particulate monitoring stations
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4.1.5.2 2016 Sampling
Methodology

PM10 and PM2.5 particulate sampling exercises were conducted at eight (8) locations (listed in Table
4-7 and illustrated in Figure 4-10) for 24 hours each on three separate occasions, using Airmetrics
Minivol Tactical Air Samplers. The PM10 sampling exercises were conducted from 12:00am -
12:00am on January 23rd - 24th February 10t - 11th and March 4t — 5t 2016. The PM2.5 sampling
exercises were conducted from 12:00am - 12:00am on January 21st - 22nd, January 29t - 30th and
March 2nd - 3rd. 2016.

Table 4-7 Particulate monitoring station coordinates
LOCATION (JAD2001)
STATION # NORTHINGS EASTINGS

STN 1 702790.67 703344.67
STN 2 702590.92 703200.20
STN 3 702531.87 703016.78
STN 4 702707.75 703038.14
STN 5 702041.20 702793.30
STN 6 702115.07 702430.82
STN 7 702797.62 702861.70
STN 8 702967.24 703261.11

4.1.5.3 Results

PM10

All locations had averaged particulate PM10 values compliant with the 24-hour NRCA standard of
150pg/ms3. Average values ranged from 18.19 ug/ms3 at Station 2 to 81.06 pg/m3 at Station 8. The
average PM10 values at the boundaries of the proposed quarry site were low, ranging from 18.19 -
29.77 ug/m3, while the offsite residential locations were slightly higher. This is perhaps due to the
proximity to the North Coast Highway, and dust stirred up from vehicular traffic and residential
construction activities nearby. One PM10 reading at Station 8 (175.28 pg/ms3) was non-compliant
with the 150 pg/m3 standard. The summarized results of the PM10 sampling runs are shown in Table
4-8 below. Detailed run results are shown in Table 4-9.

Table 4-8 Summarized PM 10 Results
STATION AVERAGE RESULT (ug/m3) RANGE (ug/m3) NRCA STD. (ug/m3)
STN 1 21.16 5.0 - 44.17 150
STN 2 18.19 12.36 - 28.89 150
STN 3 29.77 13.19 - 59.03 150
STN 4 27.13 11.25 - 53.61 150
STN 5 29.86 13.19 - 39.58 150
STN 6 45.00 15.83 - 67.64 150
STN 7 30.42 10.14 - 59.31 150
STN 8 81.06 16.53 - 175.28 150

NB. Numbers in red are non-compliant with the standard/guideline
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Table 4-9 Detailed PM10 Results
NRCA PM10 Std
Sampling Date STATION Result [PM10]/ugm3 [PM10]/ugm-3
STN 1 5.00
STN 2 13.33
STN 3 13.19
STN 4 11.25
January 23-24, 2016 SING 13.19 150
STN 6 67.64
STN 7 10.14
STN 8 51.39
STN 1 44.17
STN 2 28.89
STN 3 59.03
STN 4 53.61
February 10-11, 2016 STNG 3958 150
STN 6 51.53
STN 7 59.31
STN 8 175.28
STN 1 14.31
STN 2 12.36
STN 3 17.08
STN 4 16.53
March 4-5, 2016 SING 36.81 150
STN 6 15.83
STN 7 21.81
STN 8 16.53

NB. Numbers in red are non-compliant with the standard/guideline

PM2.5

All locations except for Station 5 (54.21 ug/m3) had averaged particulate PM2.5 values compliant with
the 24-hour US EPA standard of 35ug/ms3. Average values ranged from 8.62 ug/m3 at Station 1 to
54.21 yg/m3 at Station 5. The average PM2.5 values at the boundaries of the proposed quarry site
were low, ranging from 8.62 - 12.13 pg/m3, and so were the offsite residential locations except for a
one-off reading of 143.19 ug/ms3 at Station 5, which is also non-compliant with the 35 pg/ms3 standard.
It is possible that there was burning occurring nearby that resulted in this extremely high PM2.5
reading. Station 6 also had a reading of 37.22 ug/ms3 which was non-compliant with the 35 pg/ms3
standard.

The summarized results of the PM2.5 sampling runs are shown in Table 4-10. Detailed run results
are shown in Table 4-11.

Table 4-10 Summarized PM 2.5 Results

STATION AVERAGE RESULT (pg/ms3) RANGE (pg/ms3) US EPA STD. (ug/m3)
STN 1 8.62 1.81 - 15.42 35
STN 2 9.49 0.42 - 19.86 35
STN 3 12.13 1.25 -22.64 35
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STATION AVERAGE RESULT (pg/ms3) RANGE (pg/ms) US EPA STD. (ug/m3)
STN 4 11.30 1.53 - 21.25 35
STN 5 54.21 0.56 - 143.19 35
STN 6 15.93 1.25 - 37.22 35
STN 7 11.44 6.39 - 15.28 35
STN 8 10.00 6.53 - 16.53 35

NB. Numbers in red are non-compliant with the standard/guideline

Table 4-11 Detailed PM2.5 Results

US EPA PM2.5 Std
Sampling Date STATION Result [PM2.5]/ugm3 [PM2.5]/ugm-3
STN 1 N/A
STN 2 8.19
STN 3 12.50
STN 4 11.11
January 21-22, 2016 STN5 1889 35
STN 6 9.31
STN 7 15.28
STN 8 16.53
STN1 15.42
STN 2 19.86
STN 3 22.64
January 29-30, 2016 STN 4 21.25 as
STN 5 143.19
STN 6 37.22
STN 7 6.39
STN 8 6.53
STN 1 1.81
STN 2 0.42
STN 3 1.25
March 2-3, 2016 STN 4 1.53 as
STN 5 0.56
STN 6 1.25
STN 7 12.64
STN 8 6.94

NB. Numbers in red are non-compliant with the standard/guideline

4.1.6 Water Quality
4.1.6.1 Methodology

Three water quality sampling exercises were conducted at six (6) stations on December 2nd,
December 12th, 2015 and January 21st, 2016. Stations 1-5 are located within the marine
environment, while Station 7 is located within the Rio Bueno freshwater environment.
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Weather conditions were fair and sunny on the first two sampling days and overcast on the final day.
Their locations are listed in Table 4-12 and depicted in Figure 4-11. There is no Station 6 as this station
was omitted due to inability to locate a waterway on land close to Station 7.

Temperature, conductivity, salinity, dissolved oxygen, turbidity, total dissolved solids, pH and
Photosynthetically Active Radiation (PAR) were collected in situ using a Hydrolab DS-5 water quality
multi probe meter. Whole water samples were collected in pre-sterilized bottles, stored on ice and
taken to Caribbean Environmental Testing and Monitoring Services Limited (CETMS Ltd.) for analysis
of Biochemical Oxygen Demand (BOD), Total Suspended Solids (TSS), phosphates, nitrates, fats oil
and grease (FOG) and faecal coliform. Each of the water quality samples was collected at a depth of
approximately 0.5 m; this was facilitated with the use of a boat where necessary.

The Hydrolab calibration certificate can be seen in Appendix 5.

Table 4-12 Coordinates of water sampling stations
LOCATION (JAD2001)
STATION # NORTHINGS (m) EASTINGS (m)
BWQ1 703056.6818 703819.7265
BWQ2 704181.2691 703121.8601
BWQ3 702304.2053 702740.2243
BWQ4 703179.2371 703234.2553
BWQ5 701833.5577 702019.4416
BWQ7 702059.6182 701224.801
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Figure 4-11 Map showing water quality sampling stations
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Results

100

Table 4-13 shows the average physical data while Table 4-14 shows the average biological and
chemical data for the stations sampled.

Table 4-13 Average physical water quality data
TEMP. COND PAR D.O. Turb
Stn °C (mS/cm) | SAL (ppt) pH (uE/em/s) | (mg/l) | (NTU) TDS (g/1)
BWQ1 28.53 54.87 36.42 8.24 225.69 6.33 0.92 35.21
BWQ2 28.25 54.80 36.41 8.20 478.73 5.53 1.13 35.10
BWQ3 28.35 54.80 36.38 8.24 456.78 5.80 3.06 35.07
BWQ4 28.27 55.02 35.85 8.24 327.93 5.38 2.29 34.88
BWQ5 27.09 47.64 27.56 8.22 365.00 6.49 2.63 27.35
NEPA Marine
Standard - - - 8-84 - - - -
BWQ7 23.44 0.42 0.21 8.34 9.04 2.90 0.29
NEPA
Freshwater
Standard - 0.15-0.6 - 7-84 - - - 0.12-0.3
Table 4-14 Average biological and chemical water quality data
BOD TSS NITRATE PHOSPHATE F.coLl FOG
Station (mg/1) (mg/1) (mg/1) (mg/1) (mpn/100ml) (mg/1)
BWQ1 11.04 5 1.27 0.03 84 3.70
BWQ2 3.82 5 1.27 0.09 38 3
BWQ3 2.96 5 1.30 0.04 61 3
BWQ4 6.47 5 1.07 0.05 180 2.63
BWQ5 5.93 5 0.93 0.09 180 3
NEPA Marine 0.007 -
Standard 1.16 - 0.014 0.001 - 0.003 13 -
BWQ7 3.20 5 0.90 0.10 180 3
NEPA Freshwater
Standard 08-1.7 - 01-75 0.01-0.8 - -
TEMPERATURE

Temperature values varied across the stations ranging from 23.44 - 28.53 °C. Highest temperatures
were obtained at station 1 whereas the lowest was obtained at station 7 (Rio Bueno). The water
temperatures recorded for Stations 1 - 6 were expected in a tropical marine area influenced by the
Trade Winds (=27 -30 °C). Temperature at Station 5 was also lower than Stations 1-4 due to this
station being at the Rio Bueno discharge point.
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Figure 4-12 Temperature values at the various stations

SPECIFIC CONDUCTIVITY (SPC)

Specific conductivity varied across the stations ranging from 0.42 - 55.02 mS/cm. Highest specific
conductivity was obtained at station 4, whereas the lowest specific conductivity was obtained at
station 7 (Rio Bueno). Conductivity at Station 5 was also low due to this station being at the Rio Bueno
discharge point. Station 7 was complaint with the NEPA freshwater standard of 0.15 - 0.6 mS/cm.
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Figure 4-13 Conductivity values at the various stations
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SALINITY

Salinity varied across the stations ranging from 0.21 - 36.42 ppt. Station 1 had the highest salinity
values whereas station 7 (Rio Bueno) had the lowest value. Salinity at Station 5 was also low due to
this station being at the Rio Bueno discharge point.
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Figure 4-14 Salinity values at the various stations
PH

The pH values showed little variation across the stations ranging from 8.20 - 8.34. The highest pH
values were obtained at station 7 (Rio Bueno) whereas the lowest pH obtained at station 2. In marine
waters, pH levels tend to range between 8-9 pH units. Higher pH indicates the possibility of
photosynthesis changing the pH within the zone. All pH values obtained were compliant with their
respective NEPA marine (8 - 8.4) and freshwater (7 - 8.4) standards.
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Figure 4-15 pH values at the various stations
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DISSOLVED OXYGEN (DO)

Dissolved oxygen values varied across the stations ranging from 5.38 - 9.04 mg/I. Station 7 (Rio
Bueno) had the highest dissolved oxygen value whereas the lowest was obtained at station 4.
Dissolved oxygen levels were all within acceptable levels (>4 mg/l) and above the level that would be
considered detrimental to aquatic life (< 3 mg/1).
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Figure 4-16 Dissolved oxygen values at the various stations
TURBIDITY

Turbidity varied across the stations ranging from 0.92 NTU at Station 1 to 3.06 NTU at Station 3.
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Figure 4-17 Turbidity values at the various stations
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TOTAL DISSOLVED SOLIDS (TDS)

The TDS values varied across the stations ranging from 0.29 - 35.21 g/I. Highest values were
obtained from station 1 whereas the lowest value was obtained at station 7 (Rio Bueno). Station 7
(0.29 g/1) was compliant with the NEPA freshwater standard of 0.12 - 0.3 mg/I.

40.00
35.00
30.00
25.00
E 20.00
vy
E_ 15.00
g
< 10.00
5.00
0.00 —_—
wal waQ2 wa3 wQ4 was waQ7
DS (g/1) 35.21 35.10 35.07 34.88 27.35 0.29
e Nepa Stnd (upper) 0.30
= Nepa Stnd (lower) 0.12
Station
Figure 4-18 TDS values at the various stations

PHOTOSYNTHETICALLY ACTIVE RADIATION (PAR)

PAR varied across stations ranging from 225.69 - 478.73 uE/cm2/s. Highest PAR values were
observed at station 2, whereas the lowest value was reported at station 1. The decrease in PAR with
depth is expected as less light is able to penetrate with increasing depth. Cloud cover, time of day and
the presence of organic and inorganic material also affect the amount of PAR available. No PAR value
was available for Station 7 due to the shallow nature of the river where the sample was taken, thus
the water quality probe was unable to submerge entirely.
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Figure 4-19 PAR values at the various stations

BIOCHEMICAL OXYGEN DEMAND

BOD values varied across the stations ranging from 2.96 - 11.04 mg/I. Station 1 reported the highest
value (11.04 mg/I) and the lowest value was reported at station 3 (2.96 mg/I). All stations had BOD
values above the respective NEPA marine and freshwater standards.
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Figure 4-20 BOD values at the various stations

TOTAL SUSPENDED SOLIDS
TSS concentrations were all 5 mg/l. These concentrations indicated clear water as they were below
20mg/I.
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Figure 4-21 TSS values at the various stations

NITRATE

Nitrate values varied across the stations ranging from 0.9 - 1.3 mg/Il. The lowest nitrate values were
reported at station 7 whereas the highest value was observed at station 3. All marine stations were
above the NEPA marine standard for Seawater for nitrates, while station 7 was compliant with the
NEPA freshwater nitrate standard. These nitrate values are typical for Jamaican coastal waters.
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Figure 4-22 Nitrate values at the various stations

PHOSPHATE

Phosphate values varied across the stations ranging from 0.03 - 0.1 mg/I. The lowest phosphate
values were reported at station 1 whereas the highest value was observed at station 7. All marine
stations were above the NEPA marine standard for Seawater for phosphates, while station 7 was
compliant with the NEPA freshwater phosphate standard. These phosphate values obtained are
typical for Jamaican coastal waters.
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Figure 4-23 Phosphate values at the various stations

FOG

FOG ranged from 2.63 - 3.7 mg/L. The highest FOG was found at station 1, while the lowest FOG was

at station 4.
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Figure 4-24 FOG values at the various stations

FAECAL COLIFORM

waQ5s waQ7
3.00 3.00

Faecal coliform (F. Coli) values varied across the stations ranging from 38 - 180 MPN/100ml.
Stations 4, 5 and 7 had the highest values of 180 MPN/100ml, while Station 2 had the lowest coliform
value of 38 MPN/100ml.
coliform standard for seawater of 13MPN/100ml.

None of the marine stations sampled were complaint with the NEPA faecal
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Figure 4-25 Faecal coliform values at the various stations
4.1.7 Noise
4.1.7.1 Methodology

Noise level readings were taken from 7:00am Thursday January 21st, 2016 to 7:00am Sunday January
24t 2016, by using Quest Technologies SoundPro DL Type 1 hand held sound level meters with real
time frequency analyser setup in an outdoor monitoring kit. The octave band analysis was conducted
concurrently with the noise level measurements. Measurements were taken in the third octave which
provided thirty-three (33) octave bands from 12.5 Hz to 20 kHz (low, medium and high frequency
bands). The noise meters were calibrated pre and post noise assessment by using a Quest QC - 10
sound calibrator (Appendix 6). The meters were programmed using the Quest Suite Professional Il
(QSP 1) software to collect third octave, average sound level (Leq) over the period, Lmin (The lowest
level measured during the assessment) and Lmax (The highest level measured during the assessment)
every ten seconds.

Average noise levels over the period were calculated within the QSP Il software using the formula;

N

Average dBA = 20 log 1/N 210 (Lr20)

j=1
where N = number of measurements, L; = the jth sound levelandj=1,2,3 ... N.

Nine (9) noise meters with outdoor monitoring kits were set up (Plate 4-4). These meters were left for
the entire seventy-two (72) hour assessment period in an outdoor measuring system and programmed
to collect data every 10 seconds. Table 4-15 and Figure 4-26 lists and shows the locations of the
noise monitoring stations. A windscreen (sponge) was placed over the microphone to prevent
measurement errors due to noise caused by wind blowing across the microphone. The microphone of
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the meters was at a height of approximately 1.5m above ground and had an unobstructed view of the
roadway (>135°). There were no vertical reflecting surfaces within 3 m (10 feet) of the microphone.

Noise statistics (Lioand Leo) were also be calculated at each location.

Noise (right) and particulate (left) meter

Plate 4-4
Table 4-15 Noise monitoring location coordinates
LOCATION (JAD2001)
STATION # NORTHINGS (m) EASTINGS (m)

STN 1 702790.67 703344.67
STN 2 702590.92 703200.20
STN 3 702531.87 703016.78
STN 4 702707.75 703038.14
STN 5 702041.20 702793.30
STN 6 702115.07 702430.82
STN 7 702617.07 702434.93
STN 8 702797.62 702861.70
STN 9 702967.24 703261.11
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Figure 4-26 Location of noise monitoring stations
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Table 2 shows the minimum, maximum and average noise levels over the 72 hour assessment period,
as well as the geometric mean centre frequencies obtained at each station.

Noise data was unavailable for Station 2 due to equipment malfunction during the noise assessment.

Table 4-16 Ambient Noise data at all stations
Stn.# | Average Leq (72 hr) Min (dBA) Max (dBA) Geometric Centre Octave Band
Frequency (Hz) Range (Hz)

1 45,5 30.3 721 12.5 11-14

2 N/A N/A N/A N/A N/A

3 44.1 28.3 77.8 12.5 11-14

4 44.1 28.8 76.8 12.5 11-14

5 42.4 27.7 81.6 12.5 11-14

6 55.7 29.6 89.4 630 561-707

7 50.2 34.1 86.5 63 56-71

8 56.0 31.9 93.3 63 56-71

9 58.1 314 89.7 63 56-71
STATION 1

During the 72-hour period, noise levels at this station ranged from a low (Lmin) of 30.3 dBA to a high
(Lmax) of 72.1 dBA. Average noise level for this period was 45.5 Laeq (72h). The fluctuation in noise
levels over the 72 hour period is depicted in Figure 4-27.
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OCTAVE BAND ANALYSIS AT STATION 1
The noise at this station during the 72 hour period was in the low frequency band centred around the
geometric mean frequency of 12.5 Hz. (octave frequency range is 11 - 14 Hz) (Figure 4-28).
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Figure 4-28 Octave band spectrum of noise at Station 1
L10 AND LSO

The two most common Ln values used are Lio and Leo and these are sometimes called the 'annoyance
level' and 'background level' respectively. Lio is almost the only statistical value used for the descriptor
of the higher levels, but Leo, is widely used to describe the ambient or background level. L10-L90 is
often used to give a quantitative measure as to the spread or "how choppy" the sound was.

L10 is the noise level exceeded for 10% of the time of the measurement duration. This is often used
to give an indication of the upper limit of fluctuating noise, such as that from road traffic. L90 is the
noise level exceeded for 90% of the time of the measurement duration.

The difference between L10 and L90 gives an indication of the noise climate. When the difference is
< 5 dBA then it is considered that there are no significant fluctuations in the noise climate, moderate
fluctuations 5-15 dBA and large fluctuations >15 dBA.

Figure 4-29 depicts the hourly L10 and L 90 statistics for this station over the noise assessment
period. The data shows moderate fluctuations (L10 - L90) (=#55.5% of the time), no significant
fluctuations (L10 - L90) (=43.1% of the time) and large fluctuations (L10 - L90) (=1.4% of the time)
in the noise climate at this station. The overall L10 and L 90 at this station for the time assessed were
48.4 dBA and 38.6 dBA respectively.
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Figure 4-29 L10 and L9O0 for Station 1

STATION 3

During the 72-hour period, noise levels at this station ranged from a low (Lmin) of 28.3 dBA to a high
(Lmax) of 77.8 dBA. Average noise level for this period was 44.1 Laeq (72h). The fluctuation in noise
levels over the 72 hour period is depicted in Figure 4-30.
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Figure 4-30 Noise fluctuation (Leq) over 72 hours at Station 3
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OCTAVE BAND ANALYSIS AT STATION 3
The noise at this station during the 72 hour period was in the low frequency band centred around the
geometric mean frequency of 12.5 Hz. (octave frequency range is 11 - 14 Hz) (Figure 4-31).
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Figure 4-31 Octave band spectrum of noise at Station 3

L10 AND L90

Figure 4-32 depicts the hourly L10 and L 90 statistics for this station over the noise assessment
period. The data shows moderate fluctuations (L10 - L90) (=29.2% of the time), no significant
fluctuations (L10 - L90) (=68.1% of the time) and large fluctuations (L10 - L90) (=2.7% of the time)
in the noise climate at this station.

The overall L10 and L 90 at this station for the time assessed were 44.9 dBA and 37.2 dBA
respectively.
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Figure 4-32 L10 and L9O0 for Station 3

STATION 4

During the 72-hour period, noise levels at this station ranged from a low (Lmin) of 28.8 dBA to a high
(Lmax) of 76.8 dBA. Average noise level for this period was 44.1 Laeq (72h). The fluctuation in noise
levels over the 72 hour period is depicted in Figure 4-33.
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Figure 4-33 Noise fluctuation (Leq) over 72 hours at Station 4
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OCTAVE BAND ANALYSIS AT STATION 4
The noise at this station during the 72 hour period was in the low frequency band centred around the
geometric mean frequency of 12.5 Hz. (octave frequency range is 11 - 14 Hz) (Figure 4-34).
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Figure 4-34 Octave band spectrum of noise at Station 4

L10 AND L90

Figure 4-35 depicts the hourly L10 and L9O0 statistics for this station over the noise assessment period.
The data shows moderate fluctuations (L10 - L90) (=41.6% of the time), no significant fluctuations
(L10 - L90) (=56.9% of the time) and large fluctuations (L10 - L90) (=1.5% of the time) in the noise
climate at this station.

The overall L10 and L 90 at this station for the time assessed were 46.3 dBA and 37.8 dBA
respectively.
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Figure 4-35

STATION 5

L10 and L9O for Station 4

During the 72-hour period, noise levels at this station ranged from a low (Lmin) of 27.7 dBA to a high
(Lmax) of 81.6 dBA. Average noise level for this period was 42.4 Laeq (72h). The fluctuation in noise
levels over the 72 hour period is depicted in Figure 4-36.
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Figure 4-36 Noise fluctuation (Leq) over 72 hours at Station 5
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OCTAVE BAND ANALYSIS AT STATION 5
The noise at this station during the 72 hour period was in the low frequency band centred around the
geometric mean frequency of 12.5 Hz. (octave frequency range is 11 - 14 Hz) (Figure 4-37).
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Figure 4-37 Octave band spectrum of noise at Station 5

L10 AND L90

Figure 4-38 depicts the hourly L10 and L 90 statistics for this station over the noise assessment
period. The data shows moderate fluctuations (L10 - L90) (=40.3% of the time), no significant
fluctuations (L10 - L90) (=58.3% of the time) and large fluctuations (L10 - L90) (=1.4% of the time),
in the noise climate at this station.

The overall L10 and L 90 at this station for the time assessed were 44.8 dBA and 35.1 dBA
respectively.
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Figure 4-38 L10 and L9O for Station 5

STATION 6

During the 72-hour period, noise levels at this station ranged from a low (Lmin) of 29.6 dBA to a high
(Lmax) of 89.4 dBA. Average noise level for this period was 55.7 Laeg (72h). The fluctuation in noise
levels over the 72 hour period is depicted in Figure 4-39.
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Figure 4-39 Noise fluctuation (Leq) over 72 hours at Station 6
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OCTAVE BAND ANALYSIS AT STATION 6

The noise at this station during the 72 hour period was in the low frequency band centred around the
geometric mean frequency of 630 Hz. (octave frequency range is 561 - 707 Hz) (Figure 4-40). Although
the noise was centred around the 630 Hz frequency, there was also dominant noise emitted in the 25

Hz frequency (22 - 28 Hz).
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Figure 4-40 Octave band spectrum of noise at Station 6

L10 AND L90
Figure 4-41 depicts the hourly L10 and L 90 statistics for this station over the noise assessment

period. The data shows no significant fluctuations (L10 - L90) (=#15.3% of the time), moderate
fluctuations (L10 - L90) (=73.6% of the time) and large fluctuations (L10 - L90) (=11.1% of the time)
in the noise climate at this station.

The overall L10 and L 90 at this station for the time assessed were 54.6 dBA and 43.7 dBA
respectively.
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Figure 4-41 L10 and L9O0 for Station 6

STATION 7

During the 72-hour period, noise levels at this station ranged from a low (Lmin) of 34.1 dBA to a high
(Lmax) of 86.5 dBA. Average noise level for this period was 50.2 Laeq (72h). The fluctuation in noise
levels over the 72 hour period is depicted in Figure 4-42.
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Figure 4-42 Noise fluctuation (Leq) over 72 hours at Station 7
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OCTAVE BAND ANALYSIS AT STATION 7
The noise at this station during the 72 hour period was in the low frequency band centred around the
geometric mean frequency of 63 Hz (octave frequency range is 56 - 71 Hz) (Figure 4-43).
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Figure 4-43 Octave band spectrum of noise at Station 7

L10 AND L90
Figure 4-44 depicts the hourly L10 and L 90 statistics for this station over the noise assessment

period. The data shows no significant fluctuations (L10 - L90) (=34.7% of the time) and moderate
fluctuations (L10 - L90) (#65.3% of the time) in the noise climate at this station.

The overall L10 and L 90 at this station for the time assessed were 52.8 dBA and 41.7 dBA
respectively.
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Figure 4-44 L10 and L9O for Station 7

STATION 8

During the 72-hour period, noise levels at this station ranged from a low (Lmin) of 31.9 dBA to a high
(Lmax) of 93.3 dBA. Average noise level for this period was 56 Laeq (72h). The fluctuation in noise
levels over the 72 hour period is depicted in Figure 4-45.
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Figure 4-45 Noise fluctuation (Leq) over 72 hours at Station 8
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OCTAVE BAND ANALYSIS AT STATION 8
The noise at this station during the 72 hour period was in the low frequency band centred around the
geometric mean frequency of 63 Hz. (octave frequency range is 56 - 71 Hz) (Figure 4-46).
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Figure 4-46 Octave band spectrum of noise at Station 8

L10 AND L90

Figure 4-47 depicts the hourly L10 and L 90 statistics for this station over the noise assessment
period. The data shows moderate fluctuations (L10 - L90) (=73.6% of the time), large fluctuations
(L10 - L90) (=23.7% of the time) and no significant fluctuations (L10 - L90) (=2.7% of the time) in
the noise climate at this station.

The overall L10 and L 90 at this station for the time assessed were 59.1 dBA and 43.5 dBA
respectively.
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Figure 4-47

STATION 9

L10 and L9O for Station 8

During the 72-hour period, noise levels at this station ranged from a low (Lmin) of 31.4 dBA to a high
(Lmax) of 89.7 dBA. Average noise level for this period was 58.1 Laeq (72h). The fluctuation in noise
levels over the 72 hour period is depicted in Figure 4-48.
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OCTAVE BAND ANALYSIS AT STATION 9
The noise at this station during the 72 hour period was in the low frequency band centred around the
geometric mean frequency of 63 Hz (octave frequency range is 56 - 71 Hz) (Figure 4-49).
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Figure 4-49 Octave band spectrum of noise at Station 9

L10 AND L90
Figure 4-50 depicts the hourly L10 and L 90 statistics for this station over the noise assessment

period. The data shows moderate fluctuations (L10 - L90) (=41.7% of the time) and large fluctuations
(L10 - L90) (=58.3% of the time) in the noise climate at this station.

The overall L10 and L 90 at this station for the time assessed were 61.6 dBA and 42.4 dBA
respectively.
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Figure 4-50 L10 and L9O for Station 9

Comparisons of Ambient Noise Levels with NEPA Daytime and Night Time Guidelines

Comparison of the ambient noise levels in the study area with the National Environmental and
Planning Agency (NEPA) guidelines are shown in Table 4-17. The noise levels at the stations on the
proposed quarry site boundaries were all compliant with the NEPA industrial daytime and night time
guidelines. The residential stations 6, 8 and 9 had daytime and night time noise levels which were
non-compliant with both the NEPA day and night time standards. Stations 6, 8 and 9 are located
closest to the North Coast Highway and may be prone to vehicular noise as a result, hence the elevated

noise levels.
Table 4-17 Comparison of daytime and night time noise levels at the stations with the NEPA guidelines
Stn.# Zone 7 am.-10 pm NEPA Guideline 10 pm.-7 am NEPA Guideline
(dBA) (dBA) (dBA) (dBA)
1 Industrial 46.2 75 44.1 70
2 Industrial N/A 75 N/A 70
3 Industrial 45.1 75 42.0 70
4 Industrial 45.3 75 41.3 70
5 Residential 43.6 55 39.6 50
6 Residential 56.8 55 53.1 50
7 Residential 51.4 55 47.7 50
8 Residential 57.2 55 53 50
9 Residential 59.3 55 54.9 50

NB. Numbers in red are non-compliant with the standard/guideline
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4.1.8 Pollution Sources
4181 Solid Waste Dumping

lllegal solid waste dumping is a major problem at the northern-most part of the property by the North
Coast Highway. Solid waste such as tyres, plastic bottles, food containers, paint cans, old boxes and
other commercial-type refuse were seen along the access road leading off the North Coast Highway
toward the proposed site. The main entrance to the site was blocked off to prevent unauthorized
access, however, persons still use the area as an illegal dumpsite.

Table 4-18 shows the illegal dumping photos and Figure 4-51 shows corresponding map where these
dump sites were observed. Skeletal remains of what appears to be large mammals were also
observed in piles dumped onto the property close to the main road (Plate 4-5).

Table 4-18 Location and pictures depicting the illegal solid waste dumpsite seen February 2017

ILLEGAL SOLID WASTE DUMPSITE

PICTURE

1
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ILLEGAL SOLID WASTE DUMPSITE PICTURE
3 ,
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ILLEGAL SOLID WASTE DUMPSITE PICTURE

6
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Figure 4-51 Locations of illegal solid waste dump sites on property (February 2017)
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The following month (March 13, 2017), bulldozers and garbage trucks were observed removing the
solid waste from site (Plate 4-6 and Plate 4-7). The waste was disposed of at an approved facility.

Plate 4-6 Garbage being removed from the site (March 13, 2017)
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4.1.9 Natural Hazards
4.1.9.1 Earthquakes and Seismicity

Jamaica is characterized by medium-high seismic hazards due to the location of the Island on the
Gonavave microplate bounded by the Oriente Fracture Zone to the North, the Cayman Spreading
Center to the west, the Enriquillo Plantain Garden and the Walton Fault zones to the south (Salazar, et
al 2013). All along the north coast the rocks forming the limestone terrace in the coastal plain are
faulted to varying degrees, indicative of seismic activity continuing to the present day (Horsfield, 1972).
This terrace was formed only about 120,000 years ago, so that the region, as a whole must be
considered as still seismically active. Faulting affecting more recent unconsolidated or semi-
consolidated sediments is difficult to identify, but the continued occurrence of earthquakes is well
documented (Shepherd & Aspinall, 1980).

Earthquake hazard zoning for Jamaica over the period from 1692 to the present shows that the
proposed project lies within a zone of low probability of high intensity earthquakes in Jamaica (5-9 per
century) (Figure 4-52). Figure 4-53 shows the location of the epicentres and the magnitude of recent
earthquake events in and around Jamaica for the period of 1977 to 2014, it illustrates that earthquake
activity is negligible in the vicinity of the proposed project.
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Figure 4-52 Map showing number of times per century that intensities of MM VI or greater have been

reported, 1880-1960 (from Shepherd & Aspinall, 1980)
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Figure 4-53 Earthquakes in Jamaica 1977-2014

4.1.9.2 Hurricanes, Storm Surge and Climate Change

Extreme rainfalls and sea levels are typically associated with hurricanes and tropical storms and
depressions. Hurricanes can form almost anywhere in the Tropical Atlantic Basin from the West Coast
of Africa near the Cape Verde Islands, to the Gulf of Mexico and the Caribbean Sea which are the main
development areas. Jamaica lies in the Atlantic hurricane belt west of one of the Main Development
Area, Cape Verde Islands. Over the past twenty years, at least five major hurricanes have impacted the
Caribbean region (Figure 4-54).

In recent times, global and regional climate change models have been predicting changes in the
climate conditions that may increase the impacts of the coastal hazards. Jamaica’s Second National
Communication (SNC) on Climate Change (Government of Jamaica, 2011) lists the main climate
change hazards as follows:

e Sea level rise

e Increase in extreme events - precipitation and drought
e More intense storms and increased storm surge levels
e Increased temperature
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Figure 4-54 Tropical storms/Hurricanes passing through the Caribbean and within 500km of Jamaica over

the past fifteen (15) years.

The Intergovernmental panel on Climate Change (IPCC) have made projections based on numerical
models which indicate tropical storms are far more intense storms than in previous years. The (2007)
IPCC report (Solomon, 2007) stated the following;:

“There is evidence from modelling studies that future tropical cyclones could become more
severe, with greater wind speeds and more intense precipitation. Studies suggest that such
changes may already be underway; there are indications that the average number of Category
4 and 5 hurricanes per year has increased over the past 30 years."

Others have isolated the influence of increasing temperatures on the frequency of hurricanes and
have suggested that a 0.5°C increase will result in a 40% increase in hurricane activities (Saunders &
Lea, 2008). The predictions of the IPCC are consistent with the number of category 4 and 5 storms
that have tracked within 400 kilometres Jamaica in the past 130 years (Figure 4-55); the number of
category 4 and 5 