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Executive Summary
Introduction and Contextual Background

Environmental Solutionsrhited (ESL) was contracted by Sandddgril imited (SNG) to undertake an
Environmatal Impact Assessment (EIA) in support of a proposed beach nourishment and groyne
installation project athe Sandals property in Negril, Hanover.

The issue of erosion along the Negril coastline has been sivedy studied and documented over the
years ad has been of particular concetn Sandals Negril for more than a decade given the increasing
erosion along their beach. Results of analyses of the rate of change of the Negril shoreline over 50 years
(1968;2018), specifically in the north of Long BayanhSandals Negril is locatedpghthat the shoreline

has receded with an average of 0.21m/year (SWIL, 2018). In addition to the significant beach loss that
Sandals has suffered following the passage of anfetable storms, the measured rate of beach giom

poses a significant challemdo this hotel as theroperty risks the total loss ofits beach front in only a

few years if nothing is done to arrest the rate of erosion

It should be noted that SNG has neadumerous attempts to mitigate the impacts efosion. Following

a particulary devastating swell event in 2010, SNG contracted Smith Warner International Ltd. (SWIL) to
develop a sustainable beaemhancement and rehabilitation plan for the Sandals Nemaperty. After
investigating several optia) the preferred 2010 desigoongsted of one rubble mound, submerged
breakwater and two (2) BioRock protective structures along with beach nourishment.

In 2018, SWIL further improved upon their 2010 desiguldyeloping a new beach restoration concept
that included:

i. Repacking and lowerninof the existing groyne located to the very north of Sandals property
to increase circulation and address water quality issnehis area

ii. Introduction of two submerged redike breakwaters to reduce wave impact on therth
and central area of thproperty shoreline

iii. Introduction of three lowcrested unobtrusive groynes (beach sills) to help anchor the newly
nourished beach and reduce alongshore sand movements towards thie sout

iv. Beach nourishment over 230m of shoreline

V. Beah nourishment to the back d¢fie beach area to the very north of the property

Neither of these designs were implemented, and SNG contra®ledn Associates Inm late 2018 to
come up with a recommended pldor beach improvement and protection. The @isdesign is described
hereinandhas been assessed and modelled independently by Smith Warner International Ltd.

Identification of Alternatives

The following scenarios were investigated in orderd&iermine the optimal solution for the Sandals
Negril poperty:

Proposed Scenario Modelling Results \
No Action Alternative 1 The average erosion rate being experienced in
project area is 0.21mkger;
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Proposed Scenario

Beach Nourishment Only

Beach Nouriement with Hard
Structures(Above MSL)

Beah Nourishment with Hard
Structures(Below MSL)
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Modelling Results |

1

T

=a =

If left unabated, erosion is expected to continue
this aerage rate

The beach will continue to narrothrough acute
andchronic erosion given its crenulate shape
The noaction alternative is not viable for Sandz
Negril.

The natural tendency of the shoreline along t
northern sectiorof the property is to erode toward:
a weak, cenulate embaymenshape

Ly FTGadSYLI G2 &a&ad NBimpl
widening it with beach fill (without stabsttion) ¢
conflicts with the natural tendency of the shorelir
to create this weak embaynme shape

Sandals Negril nourishéts beach i the past and al
the sand was subsequently lpst

The addition of sand to the beach area will augm
the volume and spatial extent of sand that
available for erosion anthe erosion processnay
take approxmately 60% longer (SWIL, 2018)

The $oreline remains very stahble

Groynes allow for greater predictability in shorelir
behaviour and smaller impacts to the seabed ¢
water-circulation

Modelling resuis show no noticeable downdrif
impacts

CGeneral decrease in the alongshore sedime
transport rates in the lee of the proposed structur
due to the wave and current sheltering effects «
these structues.

Long term predictions (5 years) of sedime
transport indicaé that the shoreline remainec
stable with the proposed structures in place.
South of the Sandals property, the shoreli
response with the proposed concept in place alwi
remained at the lgoation or just seaward of th
shoreline with he do-nothing configuration
Because of the orientation of the annual wa
climate and alongshore sediment transport trenc
there would beno impacts to the properties nortl
of the Sandals property.

IONS
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Descmption of the Project

Sandals Negril hoywroposes to implement a solution which aims to widen their beachfront area and
reduce the transport of sand away from the property shoreliBigre5-3). The proposed solutiothas
three main components

1. Reconfiguring, loering and shortening the existing groyne at the northern end of the
property ¢ This will include the removal of less than 500 metric tonnes of rock from the
existing groyne to besused in the newly proposedaynes

2. Beach nourishment The process willse approximately 7,000 Aof sand to be sourced from
a Sandal®wned property in Bloody Bay. This will increase the beach width by algdong
and raise the beach elevation to 0r85

3. Introduction of six (6) shaorlow profile, rock groyneg These will bedcatedalong 240m of
the Sandals coastline to stabdi the planned nourishmentApproximately 3,730 metric
tonnes of bouldersto be sourced from approved local quarrj@sll berequired toconstruct
the rockgroynes Alsq about 600ni of sand will be esavated to establish the foundation of
the groynesand the excavated sandill be reused on the property.

Material will be trucked to the site and a temporary access road witdnstructed along the northar
boundary of the SNG property to facilitateet movement of trucks and other equipmenigure5-4). It

is anticipated thaconstruction will take approximately 60 days and will occur while the resort is still in
operation.

Description of the Existing Envirorent

Physical EnvironmemrtOverview

bSaINAEQa 0SIOKSaz ¢gSifl yRaA | y RwhicheNdlvgdluringhtBirg sed 2 NY  LJ
level over the last few thousand years.

Negril beach sediment is rimly composed of carbonate sedimenpoducedby green algad¢lalimeda

and other organisms found ihhalassisseagrass meadow®litchell et al, 2000).Mitchell et al (2000)

also noted that with the increase in development in the Negril gifeere has leen an increase in nutrient
influx to the mannhe system that has resulted in the decline in the coral reefs. Similarly, there has been a
decline in theThdassiameadows with the replacement dtalassidy fleshy algae due to nutrient influx
andthe removal and/or damage by theurism industry. Athie time, it was stated that the loss in seagrass
area would lead to a reduction of carbonate sediment produttand consequentlythe increased
likelihood of beach erosion.

According to climate change projemtis, ®a level i€xpected to continudo riseat an increasing ratand

high intensity storms, with associated rain, wind and oceanographic effectexpexted to bemore

frequent. The Negril Climate Risk Atlas charasfedd [ 2y 3 . I & | YRR 4G X @I2fRENAR AR |
Widespread flooding of @h and wetland areas are expected to occur due to storm surges and runoff,

while longterm erosion, as well as stoedB f F G SR RI Yl 3S3s YI& fA]1Ste O2y
shorelines, including those where shproject willbe mplemented.

Beach elevatios are less thatwo metres above sea level and erosion o320 metres can occur during
major hurricanes, following which shoreline recovery can faketo fiveyears. While there are variations

Xi
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depending orocation andvaryirng differences betweetime periods, aerial photographs indicate average
reductions in beach width of 880m across the entire length of Long Bay and Bloody Bay (SWIL, 2007).
In some locations, overall erosiexceedshis level

Baselineassessments of wat quality showed that thogh there were no adverse water quality findings
from the field investigations conducted, algaen also observed at various points along the Sandals
beach. The algal growth seen along the shoreline may beessifi of nutrientrich discharges from storm
drains along the beach.

Generally, baseline noise levels measured were aboveNtit®nal Environment and Planning Agency
(NEPAambient guidelines for commercial zones

Biological Environmerg Overview

Termestrial Ecology Bloody Bay (proposed sandteaction site)

The Sandatewned property in Bloody Bay appears to have been significantly disturbed by anthropogenic
factors over the years, with sighging observedhat significant clearance of the originatgetation had
ocaurred. The vegetation founavithin the proposed sand extraction site is typically associated thigh

early stages of ecological succession. The general area displayed relatively low species diversity, as only
41 plant species from 251f@lies were encountered, most of them bein@és and shrubs, along with a

few climbersTransects were created acros®tlength of each of théour proposed mining sites, namely

from west to east: S9, S6, S10 anqSteFigure3-8). The ecological assessment revealed thatAlmond

and Santa Maria trees were the dominant species (i.e. numbersoeB@ying across the 4 transect sites.

Other abundant species (i.e. numbers between 15 and 19) includetldhgleaved SweetwoodRod

Wood, Breadnut Black jointeyWoman wood Noni, Joiner, Psychotriaand Red Birchrees.

The presence of certain specjssich as mango, noni, ackee, and guing@lso an indicator of the heavy
influence of anthropogenic disturbances on the vegetatias these are species associated with the
proximity ofhuman settlement.

The majority of the trees encountered at the site were seedlings or sampliriipsonly a small portion

of the treesheingadults. The bird species composition observed on tra@rty was typical of a dry
limestone forestNone of the bird species observed were considered abundant due to their relatively low
numbers. Thalominantamphibian speciesbserved was th&leutherodactylus johnstonei

Marine Ecology, Long Bay (proposeutoject site)

The backreef area is shallow¢Bin) with a mix of bare substrate (sand, rubble) and fairly contiguous
seagrass mats. Where present, the seagrass formed a thick, dense mat (mean cover of 78%) with mean
canopy heights of up to 20cnihe abundanfish species (numbers > 100) observed dutiregbackreef
assessment were thErench Grunand Silversides

There is a shallow fringing coral reef system, locat&ir offshore with a depth of 260m, as well as a

small patch reef just over 1km from theach Figure3-4). Gven the distance of these systems away from

the site for the proposed groynes, an assessment of these reef zones was not included in the scope of this
EIA. Environmental Solutions Ltd. conducteprevious agssment of the reef for an alternative beach

Xii
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stabilization design for Sandals Negril; the description of the reefs surveyed can be found in Appendix
12.8

SocieEconomic Environmergt Overview

The Statistical Institute of Jama@a&STATINNGE O2 NRSR b S3I NX £832in thai2 P0dA | G A2y
Population and Housing Censiu$e average age of the population in Negril refléictd the vastmajority

of persons are in the workforce group, accounting for 64% of the population. Asgansiaff room ratio

of about 2.5 employees peoom, at full occupancy the hotel accommodatigertor could be employing

13,542 persons which is not an unreasonable figure, especially since direct employment in this sector in
Jamaica was estimated at 9,01 Ay HAMC P I OdzNELpMecte® 20¥8LabpNdtien2 Yy 6 A U
in the labour force aggroup, estimated as 6,047, suggests that a significant number of persons employed

in the hotel industry are nomesidents of Negril.

In considering both pogation density and housing stock, an inescdpatoncern must be the social
support capacity of Negril and by extension, given that the threat is mainly driven by the hospitality sector,
the carrying capacity of the Negril beachigtiFire, waste manageme health care and other essential
social sevices have all been described by Negril stakeholders interviewed as being in need of an upgrade.

Summary of Impacts

Asummary of the potential impacts of the proposed development tirarelated mitigation measures
are presented in the table belo(®eeTable8-1 and Table8-2).

NATURE OF IMPACT MITIGATION MEASURES

CONSTRUCTION PHASE
‘Location: BloodyBay
PHYSICAL

1 Avoid work during heavy rainfalr @ther major weather
events

9 Establish buffers around stockpiled material to mirsn
loss due to runoff and dispersion into the maril
environment

Natural hazards and climate change

1 Ensurethat vendors and otheteach users (as well ¢
neighbouring prperty owners) are advised of constructic
activities

1 Ensure that proper signage and other safety meast

Accessoutes andmaterialsstorage elaborated below are put in place

9 Sandals could create a different access way for ven
that does not interére with the movement of the trucks

1 Rephnting is encouraged aft@ompletion ofconstruction

9 Wear appropriate personal protective equipment (P}

Occupational health and safet . ) L
P y during construction activities

Xiii
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NATURE OF IMPACT MITIGATION MEASURES

1 Include sfety and energency response trainings a
requirement

9 Erect poper signa@e around the construction site

i Establishmechanisnto log of all incidents

9 Providebathroom facilities and access to medical attenti
for workersas basimecessitieshroughout the activites

9 Cordon off the work area to prevent direct access
individualswho are not associated with theonstruction
activities

1 Make all attempts tgrovide adequate notte tovendors
. and other beach users (as well as neighbouring prop
Noise o .
owners)of the planned activities and impacts

Water quality during costruction N/A aslittle to no impact to water quality isanticipated in

Bloody Bay
BIOLOGICAL

T Retain tees with a DBH >25cas best as possible acro
Vegetationclearance resulting in the extraction area
habitat loss and fragmentation 1 Replant vegetatin, as requiredjn areas that have beel

cleared
SOCIEECONOMIC
Potential disruption of access for Sandals could creatidr vendorsa different access way the

Bloody Bay vendors does not interfere with the movement of the trucks.
Contrllbutlon 19) GBI (22 Not required to be mitigated

creation)

HERITAGE

Notify the Jamaica National Heritage TruBdKdJimmediately
if any suspected historicalkignificant materials are found s
steps can be taken to recerand record these items

PHYSICAL

Potential loss of undiscovered
artefacts

1 Avoid workduring heavy rainfall oother major weather
events
1 Establishbuffers around stockpiledmaterial to minimse
Natural hazards and climate change loss due to ruroff and dispersion into e marine
environment
9 Maintain turbidity screens in place throughout tr
duration ofthe project works
9 Ensurethat guests are properly advised of constrocti
activities and the estimated duration
Accessroutes andmaterialsstorage T SNG will have to deg whether the buildings immediatel
adjacent to the project works will remain occupied duri
construction

XV
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NATURE OF IMPACT MITIGATION MEASURES ‘

Occupational health and safety

Noise

Water quality during congtuction

BIOLOGICAL

Impacts due to loss of seagrass

Impacts due to construction of
groynes

1 Cordon off work area to prevent direct access byvittlials
who are not associated with theonstruction activities

1 Place wardens at strategic points along the work are¢
enforce safetyequirements

9 Escort the equipment by at least one Spofteho will be
on the lookout for beach patrons$o facilitate the passage
of the heavy equipment in the confined space

1 Place Taffic Wardens at strategic locations to ensure saf
of vehicular and edestrian traffic entering and exiting th
site.

9 Make all attempts tgprovide adequate notte to staff and
gueds of the planned activities and impacts

9 Suspend, assuggested all activities near to the
construction sites during the constructiomgse

1 Shedule where possible, alonstruction activities during
the known offpeak seasons

1 Place screens in the water to contain the increasetitlity
during construction

9 Monitor turbidity and total suspended solids (TSS) regul
during the construction phase to ensure levels are wit
international guidelines

9 Complete chemical asssmenbf the sand to be used i
the beach nourishment to emse there are no advers
components that could potentially be leached to tl
marine environment

9 Consider washingand prior to placinglepositson the
beach Wash water will need to be dispabe off
appropriately

9 Ensure that hazardous materiaJssuch as p&oleum
products which may bekept onsite, are poperly storel
away from any ignition source and sensitive art
(particularly marine areas)

1 Implement aspill management planif required. Having
equipment such as containment booms, absorbent pe
dispensers (to aid in microbial degradation) should alsc
consideed if there is a potential for spills to occur at see

1 Identify a suitable sitéor relocation activities prior to the
commencement of worksf required

1 Consider alternative compensation mechanism§ no
appropriate site is available

9 Use silt screens to contain or restrict sediment dispers
and settlement
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NATURE OF IMPACT MITIGATION MEASURES

Impacts due to discharges into the
bay

Impacts due tancreased traffic (i.e,
noise/vibration and light)

SOCIECONOMIC

Temporaryinconvenience to guests

Contribution to economy (job
creation)

9 Monitor turbidity in real time

9 Suspend constetion if turbidity exceeds values specifie
by licerces granted by NEPA

1 Suspend activities duringhfavourablewveather conditiors,
or when anticipated

1 If necessary,alocate seagrass and impant invertebrates
(e.g, Diadema) to adjacent backreef areaaskd onthe
projected footprint and estimated impacts

9 Use appropriate refuelling equipment (e.dunnels) and
techniques

1 Keep equipment for containeant and clearup of any spills
on site

9 Monitor noise levels throughout the lifespanof
construction to ensure standards for marine wildlife are 1
exceeded

9 Make all attempts toadequately notifystaff and guests
about the planned activities and impacts
Not required to be mitigated

OPERATIONAL PHASE

PHYSICAL

Climate chage

Impacts of theproject onfuture

shoreline changes

Impacts on aesthetics, landscape
and seascape

BIOLOGICAL |
SOCIEECONOMIC

1 Maintain and where possibleenhance the beach systel
andits capacity to reduce loss of sediment from the bet
area, and hence, reduce the rate and amount of erosign
nourishment, seagrass protection, coastal stabilizat
(both ecosysterrbasedand engineered dations) etc.

1 Where seagrasses are affectehsure that at a minimum
the same area of functional seagrass is created in
nearshore area, by relocation and/or planting, along w
the relocation of associated fauna and other organisms

9l Consider more sustainable sources of sand for futu
nourishment exercises

9 Use boulders of a similar colour to the existing sand s
to limit visual impat

9 Clean boulders if there is any proliferation of algae on
structures

1 Conduct @irther beach nourishmengxercises, ifequired
after and in the event of storms withing8 years

N/A as no ecological impacts are anticipatkding operaton
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| NATURE OF IMPACT  MITIGATIONMEASURES |

Increase in ecreationaluse Not requiredto be mitigated

Increased eonomicactivity Not required to be mitigated

Positive contribution to rational Not required to be mitigated

economy

As a part of the mitigation strategthe dewelopment ofthe following plandy the selected contractoiis
recommended

1 Biodiversity Management Plan

0 Seagrass Management Plan

o TerrestrialBiodiversity Management Plan
1 Construction Management Plan

o Beach Nourishment and Monitoring Plan
1 Environmental Maitoring Plan

These will ensure the management and mitigatidrhe possible environmental impacts associated with
sand extraction the constuction of the proposed groynesand nourishment of the beachThe
frameworks for the aforementioned plans areinded in Section 9.

Conclusions and Recommendations
The followng salient points can be concluded from the analysis carried out during this EIA.

Negril has a low sediment production rate and, as a result, erosion is likely to be greater than accretion
(SWIL, 2007). Coupled with climate change, there m\ito besignificant impact to the entire Negril
coastline including the project area. Withe existing, significant sand loss from the beach system due to
erosion, buffers are considered necessarydduce the cumulative extent of future climate impsact his

can be achievedy employingoest practicein the design and implementation of coastal projects.

Based on the analysis of alternatives that was conducted ¢l a 02y Of dZRSR (G KI G
alternative would result in further loss of the SNGastlinewhich would have far reaching economic

AYLE AOFGA2ya F2N) 0KS K200Std 2A0K (KS dab2dz2NRAKYSyY
to the beach area wuld augment the volume andpatial extent of sand that is available for erositm.

the areato be nourished (i.e.approx. 250m at the northern end of the SNG propergypsion will be

retarded byapproximately 60%Although the aredo be nourished is likely to take longer to e the

erosion being experienced in the wider LorayBrea wi continue to occur at the same average rate

observed historically, or even higher in the event of hurricanes or stdiumthermore, it is most likely

that the newly nourished sand will beammsported to the south if no additional protectioniisplemented.

With the introduction of hard structures, the lorigrm shoreline response (i, after five years) remains
very stable. Modelling results (SWIL, 2019) have concluded that impacts causea dgrpynes will be
localsed and in the immediateieinity ofthe groynesno downdrift impacts are foreseen. The impacts of
longterm erosion and inundation of the Bloody Bay coastline by storm sigigew that although the
extraction site will be inunated during modelled storm conditions, erosion is eapectedto reach to
the borrow zone.
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Beyond the nextsix to eightyears and possibly within them, ongoing beach maintenance will be
necessary. Though hard to predict, there will be costs, benefitseamvitonmental implications. An
analysis of ongoingosts relaed to shoreline management may be required. This may be needed at a
strategic rather than sitepecific level, though individual property owners may benefit from gaining an
understanding of thee factors. This should include a detailed evaluatibaltermative sand sources for
extraction, beach nourishmenand maintenance.

To comply with the no net logminciplerequired in the Biodiversity Regulations, where 4itesed

activities are unabléo mitigate for biodiversity and habitat loss, comation mebtanisms will need to

be considered. This will includeraprehensive ecological assessments to determine suitable locations
for compensation.
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1 Introduction

Environmental Solutionsirhited (ESLas contracted by Sandals Negiihlted (SNG) to undertake an
Environmental Impact Assessment (EIA) in suppodnoénvironmental permit for groposedbeach
nourishmentand groyne installation project at th8andalgproperty in Negril, Hanover. e ElAwas
conducted in accordance with the Terms of Referenceiped by the National Environment and Planning
Agency (NEPASeeAppendix12.1). This document represents the draft EIA report.

1.1 Contextual Background

Travel andt2 dzNJ& a8 Y Q& RA NB D G W grigskdbidestidzirdd@&yGDR in 2017 was US$1.4

billion or 10.3% of total GDP. In 2Q1Bwas forecast to rise by 4.4% aislexpectedo rise by 4.1% per

annum from 2018 to 2028 (World Travel & Tistn Council, 2017)Total stopover arrivals for 2017

reached aecord of 2,352,917 peopldamaica Tourist Board, 2018jis marked an increasf 7.8%over

2016.The resources dflegril and in particular those found along the strip of beach at LongfBay a
AAIAYATAOLI yi LI NI 2 Fepartedly provifing Maére thad 260 #®2 dINPNBIDET G 2 dzN
earnings (SWIL, 2007).

Sncethe 1960sNegrilhas become théhird most popular tourist destination in Jamajtehind Montego

Bay and Odah Rios,and in 2017 experienced total hotel stopovers of 386,0p8ople or 16.4% of all
stopovers, which was a®9%increaseover 2016. Negril recorded an average room occupancy of 62.2%
in 2017 slightly lower than the 63.3% in 201&wever, average avable hotel room cpacity increased
from 6,658in 2016 to7,555roomsin 2017 (JTB, 2017)Of the7,555roomsavailablein Negril, Sandals
Negril has 226.

1 GDP generated by industries that interface directly with tourists, including hotels, travel agents, airlines and other
passenger transport services, as well as the activitieesthurants and leisure industries that deafetitly with
tourists.

2 Thesefigures do not include AirBnB properties.

Environmental Solutions Limited 1
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Distribution of hotels in Negril
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Figurel-1: Major hotel zones in Negril (Rhine3012)
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However, the issue of the eroding coastline hmaseasingly bcomea concern for many hotelieras well
as the governmentince Negril is a major contributor to Jan® I Q& G2 dzNRAayY Ay Rdza i NE o

The issue of erosion along the Negril coastline has been extensively saudiddcumented Reference

can be made to studies undertaken by BlalcolmHendry (1982),ite University of the West Indies (UWI,
2003), Smith Warnemternational Limited (SWIL, 2007), the United Nations Environment Programme
(UNEP) in collaboration with the Plannimgtltute of Jamaica (PIOJ, 2010) and CL Environr@émd.
Erosion rates havbeen documented between 0.5 metres and 1.0 metres per annumE@ironment,

2014).

Althoughthe issue of erosion is of major concern for Negnl its stakeholderst is notconsistent for
the entire length of Long Bay and Bloody Bay. A study condumgtRobinson et al. (201®)dicates that
the Long Bay beadatan be divided into four sections which behave differently in relation to beach erosion
or accretion Figurel-2). Figurel-2 highlightsthe location ofthe Sandals Nedproperty in relation to
these sections and it shows thatdlsection of the beacleslosest to the Sandals Negril propeisybeing

affected by erosion.
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Figurel-2: Location and major physical features of the Nleggion. The set of horizontal bars normal to the Long
Bay coastline indicate the shoreline changes since 1971 (bars extending to the right indicate erosion; those extending
to the left indcate accretionThe ashed linerepresents theourse of the Midle River. The location of Sandals is

highlighted with a red dot.
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The shoreline of Sandals Negril has receded with an average of 0.21rofyeab0 years (1962018),
(SWIL, 2018). Althouglver the 50yea time span the shoreline has shown signs of bathretion and
erosion, there has been a net loss 0t80m of shoreline in Negridnd Figure 1.3 provides examples of
beach erosion occurring at the Sandals Negril prop€tIL, 2007 Spedically, between 1980;2010,
the shoreline at Sandals Negril reated by approximately 1&20m, with this retreat being much more
evident over the northern half of the property (SWIL, 2011)

Figurel-3: Examples of beach erosion occurring at Sandals Negril propentyd& SWIL201])

In addition to the significant beach loss that Sandals has suffered following the passage of a few notable
storms, the measured rate of bel erosion poses a significant dealge to this hotel as thpropertyrisks

losing itstotal bead front within a few years if nothing is done to arrest tberrent rate of erosion As
mentioned above, Sandals ikey contributor to the tourism revenueni Negril and the complete loss of

its beach would have significant economic implications.

This ersion has been of particular concern to Sandals Negdlso SNBas commissioned several studies
to determine the best solution to rehabilitatiés beach andretard the erosionrate. The mostrecent
design has been proposed by Olsen Associates Inc. stateagineering firm from Jacksonville, Florida.
This report presents an impact assessment of the design discussed in Section 5.

1.2 Delineation of theBoundaryof the Study Area

TheEnvironmentalmpact Assessmel(EIA)study area includes both Long Baite of Sandals Negriénd
Bloody Bay(proposed location for sand extractionlhe Terms of Reference (TOR) received from NEPA
indicate thatthe EIA study areshouldnot be less than a 1 km radi from the boundaries of the proposed
project and should inchie all valued resources

The consultants have extended the study area to cotlee area represented ifrigue 1-4. It covers
Orange Bay to the nortland Whitehall, West End, and Sheffield to the south.

Environmental Solutions Limited 4
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Figuee 1-4: TheStudyArea (SourceAdapted fromSTATIN

This extended area of investigation offers two advantages: it conveniently dbowe useof databases
from the Statistical Institute of Jamaiea the® describe important socie@coromic characteristicsand
it widens the net for capturing community opinions on the project.

1.3 GeneraMethodology

A multidisciplinary team of experienced profdsnals applied a charettstyle approach to data
gathering, conpilation of baseline information and assessment of key issues to help inform development
decisions. Team meetings were used to discuss the progress of investigations and analyses atat¢o facili

integration of data toward an understanding of the systeatswork in both the natural and built
environmens.
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The team of consultants conducted preliminary site investigations in order to determine the dominant
environmental issues relevant to thegqposed development, the critical elements for analysis, ara th
issues to be highlighted for the design and planning prodeésisl surveys to gather primary dateere
conducted and dher proposed developments and surrounding land use were revieweckindhtext of
compatibility with theprojectand potential posive, negative and cumulative impacts.more detailed
description of methodology is provided in Section 3.

The profiles of the project proponents and theonsultantsare found inAppendix12.2

1.4 Assumptions and initations

The consultants, in seeking to inform and soliféitedback, were not engaged in an opinion poll and
therefore have no way of knowing how representative the comments/opinions receinedf theentire
Negril community.Nevertheless, by the comgtion of the fieldworkthe consultants had formed &rm
view on the main issues of concern to those stakeholders engaged.

STATIR 2011 census data is extensive and representative at thattpoitime. This data can only be
challenged by undertaking anwey of similar scope, or a comparable design rigd@iven the nature of

this project, which is a relatively small project for a private hotel property, and where the engineering
designs avitable suggest no serious downstream impacts, an alternativeeyudesign to update the
census data watherefore not attempted norconsideredstatistically warranted as populations and their
sociodemographic characteristics tend to change slowly. Aarehas been made to extrapolate the
available data into curily observable features, whi¢in turn, point to davnstream issues that might
need interventions or monitoring.

Various approaches to engage the different stakeholder groups were employed S&dio 3.3,
including making contactvia telephone and emié when faceto-face meetings could not be
accommodagd. Respondents were given notice gitelgphone call to expect an email survey, and several
follow-up calls were made to gather the feediteonce the emails were senfTherewere, however,
limited andslow responses bielephone and email from specifica&keholder groups. Thstakeholder
groups targeted for email surveyseve, however, a small group (appramately 15 personsmost of
whom weae consulted facéo-face during a previousassessment of an teknative design forfsandals
NegriQ Beach erosion.

As is the case with most environmental assessments, weather can be a limiting factcularly during
the data collection stage of thesaessment. Field equipment (light traps fmoplankton) was daoyed
at two points in the nearshore area of the Sandals Negril propbdwever, rough seas during the time
of deployment created poor visibility and one of the light traps could not beenstd. It was later found
once conditions hd improved but the data, at that point, were no longer useable.

2 POLICY, LEGISLATION AND REGULATORY CONSIDERATION

The salient regulations, standards, policies, legislatiamsl other requirementsof relevance to the
Sandals Negril projectra listed below. A éscription of each, as well an explanation of its relevance to
the project, is provided idppendix12.4

2.1 Legislation
1 BeachControl Act 1956 (Amendie2004)

Environmental Solutions Limited 6
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Clean Air Act 1964

Fisheries Act, 2018

Jamaica Nationafleritage Trust Act 1985

Mining Act 1947

National Solid Waste Managemefutithority Act 2001
Natural Resources Conservation Authority Act 1991
Noise Abatement Act997

Public Health Act 1985

Quaries Control Act 1984

Town and Country Planning Act (TCP A&71Amended 1987)
Wild Life Protection Adt1945) Amended 1991

2.2 Regulations

=4 =4 =4 4 -4 -4 -8 -8 -4 4

Beach Control (Crown Licences) Regulations 1956

Beach Control (Safety Measures) Ratiohs 1957

Beach Control Authity (Licensing) Regulations 1956

Beach Control Authority (Linsing) (Amendment) Regulations 1999

Beach Control (Hotel, Commercial and Public Recreational Beaches) Regulations 1978
Natural Resources (Marine Parks) Regulatib®92

Natural Resources Consation (Marine Parks) (Amendment) Regulations 2003

Natural Resorces Conservation (Permits and Licences) Regulations 1996 (Amended 2015)
Natural Resources Conservation (Ambient Air Quality Standards) Regulations 1996
Natural Resources Conservation (Wastewand Sludge) Regulations 2013

2.3 Standards

1 National Ambient Wter Quality Standard
2.4 Policies
1 Towards an Ocean and Coastal Zone Management Policy in Jamaica 2000
1 Towards a Beach Policy for Jamaica (A policy oRdheshore and the Floor of the Sea (2000
Draft)
1 National Policy for the Conservation of Seagrasses (1886 D
9 Coral Reef Protection and Preservation Policy and Regulation (1997 Draft)
2.5 Development Orders and Plans
1 Natural Resources Conservation (NegrikiMia Park) (Declaration) Order 1998
1 NaturalResources Negril Environmental Protection Area Order 1997
1 Natural Resources (Prescribed Areas) (Prohibition of Categories of Enterprise, Construction and
Development) Order 1996 (Amended 2015)
9 Town and Country Bhning (Hanover Area) Provisional Developit@rder, 2018
9 Town and Country Planning (Westmoreland AreayBional Development Order, 2018
1 Town and Country Planning (Negril and Green Island Area) Provisional Development Order, 2013

Environmental Solutions Limited 7
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9 Town and Country Plamg (Negril and Green Island Area) Provialdevelopment Order, 2013
(Confirmation) Notification, 2015.

2.6 InternationalConventionsProtocols/Treaties

Jamaica is signatory to a number of international treaties and conventions that obligate signatorie
take wideranging measures in suppodf environmental protection and sustainable development,
includng enacting enabling legislation. Those relevant to this project include:

1 Cartagena Convention (Convention for the Protection and Development ddniee
Environment of the Wider Caribbeardion) 1983
0 Specially Protected Areas and Wildlife (SPAW) Bobto
0 Land Based Sources of Marine Pollution Protocol
Convention on Biological Diversity (CBD)
Protected Areas Programme of Work (POW)
Convention on Wetlandsf International ImportancéRamsaiConvention
United Nations Framework Convention on Climate @eaiy NFCCC)
UN Convention to Combat Desertification (UNCCD)

=A =4 =4 -4 4
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3 METHODOLOGWDAPPROACH

3.1 Physical Analysis
The primanybaseline investigations carried out in relation to the physical envirorinmetuded:

1 Water Quality Assessments
i Noise Assessments

The mehodologies for each of the assessments are detailed befsgessments using secondary data
sources wereconductedwith respectto geomorphology hydrodynamicswave climate,and natural
hazads.

3.1.1 Water Quality

Prior to the start of any development at thate, the water quality (WQ)wvas assessed to establish the
baseline state ofhe marine ecosystems to be potentially impacted by the propagegne construction
and beach nourishment activitand to provide preliminary information on the most vulnerable
environmental receptors. The water quality data provide critical informadiothe condition of the water
resources that may be directly or indirectly impacted by developmBrg.water qualiy assessmentad
the followingmajor objectives

U To determinebaseline water quality conditions of the marine environment
U To assess any isking impacts to the marine environment prior to the installation of the
groynesandthe beach nourishment exercise

Figure3-1 highlights thefour (4)water quality sampling stations selected for investigati&@ach sampling
station was georeferenced fdraceability and future monitoring requiremen¢$able3-1). The selectin
of the sampling points was donertgidering the project sphere of influence.

‘Hor.-tv Cay

e

Google‘ Earth

Iy b . 4
Sae 10657

Figure3-1: Location of the water quality sampling sites for Sandals Negril, October 3, 2018
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Table3-1 provides the GB coordinatesf the water quality sampling stations.

Table3-1: Water Quality Stations for Sandals Negril

s

WQ1 (Control) West of BoobyCay 18.336275° N
-78.351461° W

WQ2 North, Beginning of Property 18.335876° N
-78.340100° W

WQ3 Middle of Property 18.334438° N
-78.339474° W

wWQ4 South End of Property 18.332672° N

-78.338737° W

The following W(arameters were assessed during thesecise:

a pH U Total Suspended Solids
U Temperature U Enterococci

U Dissolved Oxygen U Fats, Oiand Grease

0 Salinity 0 Cadmium

U Biochemical Oxygen Demand 0 Iron

U Alkalinity U Copper

0  Turbidity U Lead

U Nitrate U Zinc

0 Phosphate U Arsenic

i Faecal Coliform U Mercury

The water amples were collected below the surface of the water to obtain a representative sample.
Depending on the test parameters, some of the sample containers rivesed three times with the water

to be collected before the aual sample was collected. Samplesllected were kept at 4°C and
transported to the ISO/IEC 17025 Accredited Quality and Environmental Health Laboratory at
Environmental Solutionsimitedfor analysis within the analysis hold time for each test parameter

Field observations angh situ measurements were made with respect to odour, colour, pH, dissolved
oxygen, salinity and temperature at each site. All field measurements were measurgdans¥sS| Pro
Plus Multiparameter system (MPS).

Quality Assuance

A quality assurance (QA) and tjtyacontrol (QC) plan involving all aspects of the project was instituted.
This QA/QC plan forms an essential first step to generating data of the hggradiy and reliability. The
programmecomprised the care anchlibration of field equipment and #hcollection and preservation of
samples.

Environmental Solutions Limited 10
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The sampling programme included grab sampling and the sample types were properly identified. The
sampling team reaaled the time, ambient conditions and sample description &t tilme of collection

The quality cotrol procedures in the laboratory included analysis of blanks, reference standards and
duplicates as well as the utilization of verified standard analytésalprocedures. In all cases, appropriate
chainof-custody ecords were prepared and maintainedrfall analytical samples. All containers were
properly labelled, individually packaged, stored and transported in a cooler, packed with ice.

3.1.2 Noise

Noise ével readings were averaged over a 3minute interval and thexame noise level recorded in
decibek (dBA). Wind direction and any unusual local noise sources were recorded at each sampling
location. Noise measurements was taken using Quest SoundPra S&rBs sound level meter, which
conforms to the, IEC 6167212002 Class 2, Sound Level Meterd2pANSI S1@1983 (R2001) Octave

Band &1/3 Octave Band Filter Class 1, IEC 61260:2001 Octave Band & 1/3 Octave Band Filter Class 1, ANSI
S111-2004 and AISI S1.431997 (R2002) Type 2 standards. The noise metercaidlsrated before and

after each sebf readings with a calibrator, which is pealibrated at the factory. The results at the end

of the sampling period are compared with National Environmeand Planning Agency (NEPA) Standard

of 65dBA for Commercialbdes since the predominant activitiesound the project siteare tourism-

related

Baseline noise measurements wexlsotaken at identified sensitive receptors in the project area.
Site Selection

The objective of the noise investigation was to detarena baseline noise level@amd around the project
siteincluding the transportation route for the sand to be used ia tieach nourishment activitiggigure

3-2). Noise was also assessed on the Sandals propknyg the beach at intervals of abod®m (Figure

3-3). Receptor sites located downwind of the project sphere which may be affected by the activities on
the project site were selected along with stationsdtexd upwvind of the project area.

Environmental Solutions Limited 11
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Figure3-2: Location of Monitoring Sites for Noise, Norman Manley Boulevard, October 2, 2018

Table 3.2 lists theampling statios each of whiclvas georeferenced for traceabilignd future
monitoring requirements

Table3-2: Noise Monitoring Sites at Norman Manley Boulevard, Negril, October 2, 2018

Sample Sits Description GPS Coordinates (Decimadag.‘rees)
N1 Club RilHotel 18.355340,
-78.3354700
N2 Undeveloped land 18.3525880,
-78.3335740
N3 UDC Office 18.3495130,
-78.3329370
N4 Negril Aerodrome 18.3437980,
-78.3339690
N5 Entrance at Royalton and 18.3387360,
Hideaway and Grand Lido -78.3392860
N6 Sandals Entrance 18.335&70,
-78.3380510
N7 Boardwalk Entrace 18.3326690,
-78.3367530

Environmental Solutions Limited
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Figure3-3: Location oNoiseMonitoring Sites along Sandals Beach, Octob2038

Table3-3: Noise Monitoring Sites along S#ais Beach, Negril, October 3, 2018

_ SampleSits__ Description _____GPS Coordinates (Decimal Degrex
N8 North End of Beach 18.336722,
Beginning of Sandals -78.339572
Property
N9 C 18.336522,
-78.339450
N10 C 18.33618,
-78.339117
N11 Middle of Beach 18.335545,
-78.338783
N12 C 18.3347486,
-78.338565
N13 C 18.334099,
-78.3383
N14 South End of BeaahEnd of 18.333039,
Sandals Property -78.3380

Environmental Solutions Limited 13
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3.2 Ecological Assessments

3.2.1 Marine Environment

The marine asses@nt focused on seagrass and pelagimmunities of the backreef area that falls within

the 1km zone of influence for the proposed groynes. The methods for each are described in the following
sub-sections.

Figure3-4 isan aerial image siwinga shallow finging coraleef system, located¢@km offshore with a

depth of 2@&50m, as well as a small patch reef just over 1km from the h&aislen the distance of these
systemsawayfrom the siteof the proposed groynes, an assessment of thesf renes was noncluded

in the scope of this EIA. Environmental Solutions Ltd. conducted a previous assessment of the reef for an
alternative beach stabsgation design for Sandals Negril; the description of the reefs surveyed can be
found inAppendix12.8

Booby Cay e N Legend
@ Coral
B  Seagrass

Area for
proposed =
groynes

Fringing Reef

Google Earth

800 m

Figure3-4: Aerial image showing distance of fringing reef (orange line) and patch reef (shaded orange) from the
proposed project site (red} &andals Negril

3.2.1.1 Backreef Benthicgsessments

The backreef benthic surveys were conducted by snorkeling along transects. Benthic assessments were
conducted for the site using the Reef Check methodology, recording the substrate type every 0.5m along
a 50m tansect line (no fish or invertebi@transectswere conducted). The areas surveyed included the
footprints of the proposed groyne structures, an existing groyne and artificial reef structures at the
northern boundary of the propertyHigure3-5). Desriptions wee also made bthe general features of

the backreef area.
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Figure3-5: Locations of surveys forthic seagrass assessments (Modified from Olsen, 2019)

3.2.1.2 Fish Population Assessments

Fish counts wre conductedat the six (6) backreef sites using the method developed for the Atlantic and
Gulf Rapid Reef Assessment (AGRRA); the same transect lineslfienthie assessment were used for

the fish population assessments. It involved enumeration atichesion of sze classes using a graduated
T-bar swimming along the transect line, spanning a 1m wide belt. Each fish that traversed the belt
(including withinthe water column) wasincluded in the assessment. In additjosm 20minute roving fish
visual sirvey was coducted for a more holistic picture. Notable species were identified and assigned an
abundance ratingS= SingleF= Few (210),M = Many (1£100) andA = Abundant (>100).

3.2.1.3 Planktonic Surveys

Guyah light trapsHigure3-6) were depgoyed at two (2) locations in the seagrass meadatthe northern

end of the Sandls Negril propertyanchored to the sea floor using a concrete block and tied to floating
marker buoys. The traps weleft to fish overnight during the new maooon October8™" with the
underwater light in place and switched on. Once retriewéd, cod e was carefully removed, and the
excess water allowed to drain/filter from the outer chamber. The remaining sample was then transferred
into labelled bottles comining a 1:lratio of 100% ethyl alcohol in seawater.

In the laboratory, samples were decadtehrough a 64pum mesh sieve to mitigate the loss of any
organisms collected, and the decanted sample was then stored in ~70% ethyl alcohol in seawater. To
achiewe pseudereph O GA2Yy X | Y2RAFAOIGAZY 2F GKS WoSIF{SNJ
employed to produce three (3) separate 25ml aliquots from the original decanted sample. Each aliquot
was placed in a Bogorov tray and viewed (at X 100) using a Ne#dbrugg ME=7891 binocular
microscope for species identification and enumeration. Organisers identified to species level where

possible, but in most casghe selected major taxonomic groups (identified to order level) were suitable

Environmental Solutions Limited 15
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for describinghe compositbn of the zooplankton community. The remaining sample was then assessed
for fish hrva and where found, these were extracted and placed in vials for further analyses.

Light source- Dive light
powered by 2 AA batteries

Metal frame- for protection
— and reinforcement

L6 Main chamber-20L bucket

Tumbler-entrance into
chamber-made from 250ml
measuring cup with a 0.5inch
hole/ entrance into chamber

Collecting bucket-made from
1G bucket-affixed with dinch
PVC pipe with 225 mesh

4" Drain pipe
Figure3-6: Modified lidht trap basedon a design by Jones (2006) (Source: UWI Centre for Marine Sciences)

Figure3-7: Deployment of light trap at deep site with use of a mooring and float so it rests 2m below the surface
(SourceUW!I Centredr Marine Sciences)
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3.2.2 Terrestrial Survey

3.2.2.1 Terrestrial Flora

A vegetatim assessment was carried out at the proposed extraction @eef=igure3-8). The assessment

was onductedon October 1&nd14, 2018. Thigegetation assessment was carried out to give a thorough
description of the flora at this site, with special emphasis on rare, endemic, protected or endangered
species.

Transects were created across the length of each of the four propogedg sites, amely, from west to

east: S9, S6a, S6b, S10 and S5. All vegetation encountered within Z25anetither side of each transect

was recorded. For each species, the name, perceived dominance and its growth form was noted. The
dominance wagraded using te DAFOR scale (i.©=dominant, A=abundant, F=frequent, O=occasional
and R=rare)The common names of most of the species sighted were assigratliinin the case of
unknown species, voucher specimens were collected to be identifiduedtiniversity d the West Indies

(UWI) HerbariumAll plants were identified to the species level by examining morphological features such
as leaf arrangement, leaf pattern, and pattern of branching and morphology of floral and fruiting structure
in conjwnction with the use of Adam@(1972) Flowering Plants of Jamai@nd preserved reference
specimens of the herbarium.

3.2.2.2 Bird Surveys

Point counts¢ The point count method was selected and it is based on the principle of counting birds
seen and heard at a deftd point. The nethod was carried out at a predetermined time of 5 minutes,
before moving to another point (Bibby et @998). The points for this survey were at least 100m apart
and were strategically placed in the areas (polygon) for the proposed resnalval project(seeFigure

3-8). The survey was carried out over two days and one night. It should be noted that any new bird species
encountered, while walking from one point to anothearere also recorded.

Line transectc Dueto the road network on the property, the line transect method was selected for the

nocturnal avian survey. The line transect method entails walking at a steady pace along a selected path

for a given distance, while recording all bird spec@nsorheard(Bibby etalm dpcpy 0 @ ¢ KS G G NI y a
were located within the areas for the proposed development activity Egare3-8).
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Figure3-8: The locationofi KS & i 8k yEER LR Aydia dzaSR (2 3I{Modfkdfiord GKS T
SWIL.2018)

3.2.2.3 Herpetology

Sample sites were selected throughout the project area, with emphasis on the area for the proposed sand
removal, to cover the main habitatpes. The selded areas were actively searched throughout the day,
and specimens were identified or pictures takien further study; if necessary. It should be noted that

the herps were identified by mainly using the Blair Hedges onlin¢Htegiges, 2017)

Night surveys were carried out in selected araminly to identify the frogs wherhey become vocal. If
aspeciesirog call could not be identified in the field, it was recoraechtelephone and further identified
at the University ofWest Indies.

3.2.2.4 Arthropods

The invertebrate assessment was carried out during the day alongdit&transects and selected points
illustrated inFigure3-8. A sweep net was used to sample foliage arthropods alongr#iks. Specal
emphasis for this study wadgeed on butterflies. Various habitats and possible hiding places were
carefully searched or examined; these included tree trunks, leavekdry wood and stics.

Unknownspecimens were brought to the insemllectiondepartmentat UWI. UWI andhe Ingitute of
JamaicalQJ both havesharedcollection and reference material.

3.3 Stakeholder Consultations
Since 2010, Sandals Negril has commissioned various designs to address the issue of coastal erosion. For
each beach erdsn solution that has been proged, stakeholder feedback was solicited.
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Environmental Solutions Ltd. (ESL) conducted stakeholder consultations based on a previous design
These iitial stakeholder consultations for the original design weosducted overa 4-day period:
September 27¢ 28, and November 12; 13, 2018.During this periodgconsultations were held with
stakeholders representinchoteliers, retailers, transportation providers, other hospitality service
providers, central governmeragencies withoffices in Negt, local government agencies, NGOs, and
nearby community members

Interviews were conducted using a guideline questionnaire tailored towards each stakeholder group.
Using this approaclatotal of 12 interviews with 2 personswere conduced.

Twocommunity focus group meetings were also held at the Negril Community Centre. These were mainly
attended by craft vendors and other interested bedwdsed occupations representing the following
communities:

Hanover

1 The Orange Bagommunity (residets and lusiness owners)
1 Orange Bafisherfolk

1 Rutland Point Craft Market Vendors (Bloody Bay)

1 Bloody Bay Vendors

Westmoreland

1 Negril South River Fisherfolk

Craft Market Vendors (near Negril South River)
Sheffield Community

Whitehall Community

Red GroundCommunity

= =4 =4 =4

The two meetings had a combined attendanc@bpersonsin total, approximately 53 personsrovided
input during the 2018 consultations.

The design for the hard structures to mitigate beach erosion on Sandals Negril propempstagcenty
modified in late November 201&iven that the project sitand sphere of influenceemaired the same
and the core concept of the beach erosion mitigation using hard structures remdhre stakeholder
consultation strategy was revamped émsure that here was further probing of the key issues derived
from the initial consultations with critical stakeholdavko are considered tiveimpacted byand/or have
interest in the new design coapt.

The modifiedconsultationapproachincluded havig focus groupsessionsvith representatives from the
Negril Chamber of Commerce, araéto-face individual and group interviews witleachbasedvendors
in Bloody Bay

Stakeholder interviews were alsonducted via email anttlephonewith the followinggroups

Negrl water sports operators, central government agencies with offices in Negril, local government
agencies, and environmental special interest groups/NG@sné¢ly, the Westmoreland Municipal
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Corporation, NegrilGreen Island Area Local Planningthtwity, Negil Environment Protection Trust
(NEPT), Negril Policend theNegril Coral Reef Preservation Sodiety

3.4 Impact Assessment

The potential environmental and social impaatsre assessed fordth the construction and operational
phasesf the prgposed coastalvorks. Each potential impact of the development was assessed in terms
of the following are internationally applicabeiteria:

1 Magnitude of impact; this assessment measured thealeof the impact
o0 Significant
0 Moderate
0 Minor
1 The nature othe impactg this explains how the environment will be affected and by what
activities
1 The spatial extent of the project impacts
1 Theduration
0 Short term @5 years
0 Medium term 15 years
o Long termc lifespan of the project
9 Direction of impact
o Positive
0 Negdive
 Permanere
0 Reversible
o lrreversible

Environmental Solutions Limited 20



~
ENVIRONMENTAL IMPACT ASSESSMENT /

ForProposed Beach Nourishment and Installation of Six (6) GraySasdals Negril, e
Norman Manley Boulevard, Hanover \‘_/

4 |IDENTIFICATION AND AKAS OF ALTERNATIVES

Various engineering solutions and structurgerventions have beeproposedand assessed in an effort
to enhance and rehabilitate the beach at Sandals Negril. Thesigres have ndergone several iterations
over the past decade and have each been subject to various forms of analysis.

Thecurrentdesignhas been proposed by Olsen Associates(Bee Section@Project Description)it has
beenassessed and modelléddependentlyby Smith Warner International Lt@helnvestigationof the
Olsen Groyne Design at Sandals Ng@WIL, 2019providesthe detailed results of the modelling
conducted

Presented below is a summary of the assessnadihe various solutionsvhich have ledsandals Negril
to this current design.

4.1 No-Action Alternative

The averageerosion rate being expenced at the SNG property in LonBay is 0.21m/Aear. If left
unabated, erosiolis expected ta@ontinue at this average rat&igures-6 in Section &hows the historical
shoreline changes at the subject propefty the period1968;2018. The image shows that while the rates
fluctuate between erosion and accretion, the overall trend is one of erodibis. opion is unterable for
Sandals Ngril as at presenthey have very narrow beach widths, particularly in the northern section of
the property.

4.2 Beach Nourishment Only

Beach nourishment onlyas an optionthat was exploredThis included increasing the beawfdth by
approximately 13n. Figure4-1 compares the resulting shoreline after 5 years between (i) dbe
Nothing alternative, and (ii) thedNourishment Aloné alternative. The yellow dashed line shows the
proposd beach noushment level and the blue line shows how the beach will respond after 5 ythag's (
does not includehe likelyresponse itropical storms occur)With the dNourishment Alonéoption, it is
estimated thatthe addition of sand to the beachea will augmat the volume and spatial exterdf sand
that isavailable for erosioriThe area that will be nourished (i,@pprox. 250m at the northern end of the
SNG propertyyvill take approximately0%longerto erode However, #hough the area beingourished
islikely totake longer to erodgthe erosiorbeing experienceth the wider Long Bay arell continue to
occur at the samaveragerate observed historicallyor even higher in the event dlrricanes or storms,
and it is most likely that theewly nourified sand will be transported to the south if no additional
protection is implemented

It should also be noted that Sandals Negril has attempted to noitgsheach in the past. Sandals
transported sand from another of their resort propertitxcated in Wiitehouse, Westmoreland to the
SNG property. The sand, which was reportedly sifalar quality and grain size to the sand at the SNG
property, washed away in a short space of time.

The dNourishment Aloné alternative will therefore require asustainablesource of sandor beach
maintenancen the future(See Sectiod.3.2.
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Figure4-1: Model results comparing th@o Nothingg Alternative todNouristiment Alon& (SWIL.2018)

4.3 Beach Nourishment withlardStructures

4.3.1 Beach Nourishment with Hard Structures above MSL

The MIKE 21 shoreline model (SM) was used to compute the beach morphology and the resulting
shoreline changes with the implementationtbe proposed desig over a5-year period. The response to

the Olsen desigidescribed in SectioB) was compared to théDo Nothing and BeachiNourishment

Only alternatives presented graphically iRigue 4-2

The results othe model show that he beach response to the proposed groyriegan line)is only
localsed and contained within the local vicinity of the proposed design and nourishment. The model
resultsalsosuggest thamaking theinvestment into implementing the Olsestesignedsix (6) groyne field

may generate the desired shoreline position. Thedel resultsof the Olsen design, as shownHigure

4-3, indicates there are no nmeable downdft impacts resulting from the implementation of the
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proposed groyne field other than shoreline fluctuations within a similar envelope to the shoreline
response with theDo Nothinge option (magenta)The Olsen groyne field expected tdlock only 10%
of the sediment transport moving to the south

781150 781200 781250

781150 781200 781250 781300 781350

Figue 4-2: Shoreline displacement comparison after 5 yeaid¢hothing, 2NourishmentOnly, 3-Olsen Design)
(SWIL, 2019).
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Figure4-3: Modelleddowndrift impacts after 5 years (SWIL, 2019)

4.3.2 Beach Nourishment with Hard Structures below MSL
This option proposed by Smith Warner Internatiofad11 and 2018)included the following main
elements:

i. Resaping and lavering of the existing groynat the north end of Sandals beatd-0.3m below
MSL
ii. A detachedNorth Breakwater(submerged) with a length of 87m.
iii. A detachedsuth Breakwater(submerged) with a length of 78m.
iv.  ANorth Groynewith a length of 15m.
V.  AGCentral Groynewith a length of 48m.
vi.  ASouth Groynewith a length of 36m.
vii.  Beach nourishmenf 230m of beach.
viii.  Beach nourishment to the back of the beach aatthe very north of the propertywith added
thickness of approximately 0.8m (finished elewati+1.2m abog MSL)SeeFigure4-4.

The actual shoreline of Sandals hotel is about 450m in length, but this option would have been

implemented onlyover a 230m length of shorelindhiswas to ensure that theproposed concept
remained inviside to neighbouring properties to the south (more than 200m away from the concept
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extent) while any immediate morphological impacts resulting from the implementation of the proposed
concept remaied on the Sandals propertyt would have requied 9,000n¥ of sand 3,500n% of armour
stone, 250M of filter or core materialind 3514nt of geotextile filter fabric Potential ecological impacts
during construction include increased turbidity, smothering oEnthic resources, loss of
habitat/biodiversity and oil pdution.

M BEACH ENHANCEMENT
AT SANDALS NEGRIL

al SANDALS RESORT
INTERNATIONAL

90

100Metres

SCALE One_Millimetre = One Metre or 1/1000

PLAN: DESIGN PLAN

Figure4-4: Design PlarBeach Nourishment and Hard Structures Below MSL (SWIL, 2018)
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The proposed benefits of this option include:

Replerish the beach to former levels of width (nasiiment);

Helpto hold the sand in place (nourishment and groynes);

Reducebut not stopalongshore transport to the soutlogried groynes);

Be primarily irvisible within Sandals propergnd to the general public in Negril
Improve the beach recovery aftarswell evenor hurricane (breakwaters); and
Limit downdrift impacts to the beach area within Sandals propé@tyied groynes)

=A =4 =4 4 -8 =9

4.4 Alternative Sources of Sand

Based on the groyne design being proposed, it is likely that there will be a need for beachsiement

in the order of 6 to 8 year@lsen Associates Inc., 201%he developer has indicated that the proposed
sand extraction site in Bloody Bay is a 4inee option, and as suclalternative sources for beach
nourishment and maintenancare required. In the absene of a detailed evaluation of alternative sand
sourcesthe consultants have considerédo (2) alternatives whichare outlined below

1. Outer shdf of LongBayand Bloody Bay

In a 2007 study commissioned by tNegril Coral Reef Protection Gety (NCRPS} hasbeensuggested

that thick layers of sand exist between the 20 and 50m depth contoffirsf the outer shelf of Long Bay
and Bloody BayThe area under consideration is approximately 7km long and6Dm wide(Figure

4-5). It is therefore expaed that more than enough sand is situated along the outer shelf of Negril to use
for beach nourishmentHowever, no actual assessmesrtave been conducted to determine the
availability and thickness of ¢hsand layerand quality of sedimentsas well ashe economic feasibility

of pumping the sand from offshorét is also not anticipated that this sort of investment could be borne
solely by Sandaldut would have to be a Negnilide initiative.If this material wereto be usedseveral
management plaswould have to be prepareéhcluding a management plan to ensure that there is
limited impact on corals and seagrass beds.
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Figure4-5: Potential sand souecalong outereef, within the 20 to 50ncontour (SWIL, 2007).

2. Importation from a third party

Another source of sand is from a third party. These sources are often located in other Caribbean islands,
and therefore, the transportation significantly increasihe cost obeach nourishment. The imp@tion

of this sand will also likely have local impacts on the source of origin. Prior to importateould be
AYLRNIFYyG G2 RSOGSNNYAYS AF (GKS alyR KFra &AYAL Il NI
beaches. Thiis critical both in termaf the stability of the nourished shoreline and the visual and aesthetic
impact of the beachAs previously mentioned, SNG has extracted sand in the past from their Sandals
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Whitehouse property. Extraction of sanain another bach system is not consideredistainable as it
YIe8 NBRdzOS GKIFId o0SIFOKQa FoAfAGeE 2 saidoh&yobmdbiiS | yR
erosion.

It should be noted that Sandals Resorts International (8&d)partneredwith the Negril Chaber of
Commerce (NC@) drive the initial process of arriving at a solution to address the longstanding beach
erosion issue in NegriDubbed the Wider Negril Beach Restoration (WNBR) Prdjaistprojecthas the
following main objectiveand outcomes

1 Outcome 1: Successful implemtation of an overarching solution to the beach erosion problem
along the Negril, Long Bay and Bloody Bay region

I Outcome 2: Establishment of an effective governance framework and overarching financial
mechanism tsafeguard thenaintenance and wider sustable operations of the WNBR Project

Consultations on this proposed project have already started with NE®R&A, Tourism Product
Development CompanyPDCpand other key stakeholders detailed project brief ofhe WNBR Piect
is included imMppendix12.1Q

5 PROJECT DESCRIPTION

5.1 ProjectObjectives
Summarised below ardné primaryobjectives of the proposed project

w To reduce the longshoreansport of sand away fromhe property sioreline;
W To widen andnaintain a minimum 08 to 10mbeachwidth post-nourishment
W To minimge the visual aesthetic impact of any proposed solution

5.2 Project Timelines

The timeline for completion of construction jgojected to be 60 workingays. Assumipn 24 working

days a month, the project is proposed to be completed in 2.5 calendar months (about 75 days). This
allows nominal contingency for dowtime, though actual contingency for delay or adverse weather may
result in a total constructio time of upto 3.0 calendar months (90 days). It should be noted that
construction activities are expected to occur while the hotel is still in operation; thus there is interest in
minimizing the length of time of constructiampacts. The constructisthedule reasnably anticipates
construction of each rock groyne in approximately 8 working days (per groyne) anehtautkelivery

and placement of approximately 230 cubic meters of sand per working day (about 18 to A0ddscger

day). The anticigad constructon schedule is summarized as follows, in calendar days:

Day 1¢ 38 (38 days): Import rock and build four groynes.
Day 39 56 (18 days): Buileemainingtwo groynes; import 3500 cubic meters of sand.
Day 57¢ 74 (18 days): Import 3500 cubimeters of and.

Day 75 (1 day): Demobilization.
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5.3 DesignConceptand Components
The conceptas proposed by Olsen (2018jcludesthe following

Groynes
Six (6) short, lowprofile, linear rock groyneslong the 240m long project shorefrordre proposedas
illustrated inFigure5-3:

1 Spacing The groynesvill be spaced about 40m apart, almosholly buried in sandFigure5-3);
1 Length; They will bebetween Bm and 25m in overh length The southern groyne, G@s
intentionally shorter(about 15n overall)and permeable to facilitate the transition from the
beach fill area to the south shoreline
 Width¢9l OK 3INREySQa 6ARGK gAfft 0S5 HeanstraedNR aa K
Figure 5.1and up to about 3m wide at the sand surfadeane it is exposed above the sand across
the intertidal beach

+0,75
760 TO 1350mm DIA s 21m -t
ARMOR STONE, | |
TWO LAYER
D™ = 1050mm

100 TO 250mm DJA
CHINKING STONE, TYP,

—

GROGRID.I‘GEDTEXTILE/

TOE STONE:
EXCAVATE SEABED
TO SEAT TWO LAYERS (1220-1520mm) DIA
OF BOULDERS
(EL==1.15 TO -2.3)

Figure5-1:Typical groyne section (Source: Olsen, 2019)

1 Visibilityg For rorthern groyres, G1¢G5, the total groyne length is up to abdfm, of which the
landward half is wholly buried within the sand so that there is no obstruction to lateral access
along the shoreline over the groynes. For the remaining 12m, about 5m is bedan sea lesl
(Figure5-2), leaving approximately 7m visible. The southern groyne, G6, is shorter (about 15m
overall), of which roughly 8m of create marginally exposed above the sand, 2.5m of wiaich
below mean sea levelleaving roughly 5.5m visible).

The visible, exposed portions of each groyne are limited to less than 3gtralh M1 ¢ 0 | ONR & &
intertidal beach face from the berm to about the low water shorelimeand less than about 2.5m
wide.
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Figure5-2: Crossections of the proposed groynes,cG5b (Olsen, 2019)

ExistingNorth Groyne

In conjunction with the proposed groynes, the existing groyne spur at the ssnthheadland will be
reshaped and loweretb below thewaterline (Figure5-3). This is intended to improve water flow and
circulation from the north, without destabding the shoreline at the north end of the beach.

Sand Nourishment

Sand placement for thisroject willbe approximately7,000m?, sourced froma Sandalsowned property
in Bloody BayThe initial beach filvill increase the beach width from its present state to about 12m
seawardgFigure5-3). As a restlof the lowenergy wave environment of Negril Beach, it is anticipated
that it will take between 6 and 12 months for the shorelinectame to full equilibrium aabout 8 to 10m.
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Figure5-3: Proposed pla with beachnourishment and six groyn€®Isen, 2019)
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5.4 Material(s) to be used

The groynes will beomstructed of 0.75 to 1.3m diametdvoulders, two rows wide and thick, with
foundation dug into the existing bea¢Rigure5-1). This will require approximately 3,730 metric toas
(4100 USons) of boulders to construct, of which a minor portion (<500 metrimes) may come from
reworking the existing spugroyne at the north headland.

It is estimated that approximaty 600n of the existing beach grade will need to be excavated in order
to place the boulders. Excavatedndwill be placed as beach fill immediately adjacent to each groyne,
assuming that the sediment is beacbhmpatible. Norcompatible sediment will beemoved fromthe
project site and disposed of at an approvedation.These boulders wibbe sourced from local quarries.
As of August 1, 2018, there are 23 licenced quarries in Westmorel@ndavecurrentlicences, while
the licences of the othet0 haveexpired. In Hanoverthere are 13 licensed quarrieand 5 of these
licencesare current.

As mentioned abovehe proposed sand extraction site is from a Sandatlsed property in Bloody Bay
Approximately 7,000/of sand would be required his rgpresents appoximately700 truckloads of sand.
Based orpreviousinvestigationsthere is sufficientsand with a grain size between 0.44 and 0.51mm
available from the Bloody Bay site for use at the Sandals Negril property.

5.5 ConstructiorMethodology
The rak groynes wold beconstructed from land. No boat or barge work is required.

5.5.1 Access fofonstructionVehicles

A 4m wide temporary access road will be creasdahg the northern property boundary to allofer the
passage of trucks and other heavy equipmenand fromthe beach area(Figureb-4). It is assumed that
the road will be made from compacted mand thatthe temporary marl roadwill be removed once
constructionhas beercompleted.

3NB: Expiration dates do not necessarily reflect the status of the licence. Some licences may be in the process of
renewal. (Source: Mis and Geology Division)
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4m WIDE
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GENERAL STORAGE ACCESS ROAD
&STOCKPILE

Figure5-4: Image showing temporary access road along northern property bourf88wWi, 2018

Figure7-1 in Section Bhowsan existing clearing/pathay that is currently used to access the property
and the beach area in BloodyyBalt is reemmended that this clearing be upgraded and used as the
access road as this will avoid the need for any additional vegetation clearance.

5.5.2 Equipment and Storage
As shown irFigure5-4, a temporary equiprant storage ad material stockpile area will be located at the
northernmost section of the Sandals Negribperty.

At the Bloody Bay site, it is assumed thasimilar area will beneededfor the temporary storage of
equipment and stockpiling of materidlhe locatiorand size of this storage area is not yet known.

5.5.3 Site/Vegetation Clearance (Bloody Bay)
Figure5.5 highlights thewo options proposed for the sand extraction sites

1 Option 1¢ approx.8,860m? of vegetation would need to be cleared at minimudditional
clearance will be required for vehilar access pathstorage areas, etc. This option walquire
excavation to about 2m deep which is reportedly below the water table

1 Option 2¢ approx. 14,650rhanda much larger areaHowever excavationwould be tolm depth
which is above the water table.
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Figure5-5: Left¢ Option 1(combined area of 8,868mRightc Option 2 (approx14,650m?)
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6 DESCRIPTION OF THE ENVIRONMENT

6.1 Physical Environment

The MNegril coastalsystem comprises a wetland called The Great Mqrtss shorelines of Long Bay,
Bloody BayOrange Baio the north; and an offshore shelf containing seagrass and reef habitats, drowned
cliffs and former river valley&igure6-1). Uncerstanding the relationship between these components and
the processes that helped to create them provide valuable insight on the potential shoreline regtonse
the Sandals Negril propertg future climate change, coasthhzards anananmade interventims.
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Figure6-1: Profile of Negril (Climate Risk Atlas of Coastal Hazards and Risk in Negril)

6.1.1 Geomorphology

6.1.1.1 CoastalGeology andgvolution
As summaged below the Negril coatine has over time, undergone significant changes

1 Initial wetland formation at about 8,250 years before present (ybp), with major expansion of the
wetland surface area between 7,250 and 6,500 ybp; the Negril shoreline was locged 1
kilometres to thewest and norh of itspresent position

1 Submergence of the Orange and South Negril river valleys by the rising sea;

91 Early stages of beach formation on the newly submerged shelf from about 6,50Migyation
of the beaches landwards as skeael continue to rise, wih wetland vegetation increasingly
influenced by freshwater from landased runoff;

1 By 2,000 years agthe beach system had migrated east to a position similar to the present day,
along the western margin of The Great Morass. As the rateafevel risediministed, sand
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accumulation was sufficient to allow beaelidening towards the ocean, resultingtime creation
of the modern beacl{Robinson and Hendr012 Hendry and Digerfeldt, 1989; Hend&987;
Digerfeldt and Hendry1987 Hendry,1982).

6.1.1.2 PhystalCompments of theCoastal System

The beaches in Bloody Bayhere sand extraction is proposgdnd Long Bay, where Sandals is located,

are anchored between limestone headlands reaching severalanetioove seéevel (Figure6-1). Beach
elevations in both bays are at, or below, 2 metres above sea level (Marine Geology Unit, 2008). Long Bay
beach isapproXmately6.5 km long, and Bloody Bayl.5 km long. Both bays had substantial ground and
forest coer, but devebpment has impacted this in many places.

East of the beacheshe Great Morass is almost everywhere at an elevation of less than % mebve
mean sea level (Robinson et,&012) (Figure6-1). Wetland vegetationis dominated by the sawgrass,
Cladium jamaicensén some areas, particularly near Orange Bay, stands of mangrove dbe wetland
contains peat deposits, formed from decaying organic matter, over 12aneteep along the former
course of he South NegdfrRiver.

.Sy SI (K b S 3 NkHoesirevéa®d cAléa®dug madine sand layers interbedded in places with
peaty material, overlying clay and limestone, (Hendry, 1982, 1987). These sequences demonstrate the
interplay between marine, flual and wetlan processes, as the beaches migrated landwards during sea
level rise.

The offshore shelf extends seaward to the of a drowned cliff at §12 metres below sea level, between
1.5 and 2 km from the shof&igure6-2). From the base of this cliff, at water depths andulL6;20 metres,
the shelf slopes seaward at an increasing angle into deeper water (Hendry, 1982).

A patch reef approximately 500 meflong is located 1.5 km offshore from the north/cenpatt of Long
Bay. The upper surface of the reef is close toleeal. This reef influences waves approaching from deep
water which in turn, impacts on nearshore sediment transport and beach processes at Sdhdaésare

no fringing reefsexcept at theentrance toOrange Baybut reef assemblages have developedioa edge

of the drowned cliff offshore from BloodBay and Long Bay, and in deeper water beyond the cliff.
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Figure6-2: Morphology of offshorarea at Negit. (Taken from Hendry, 1982)

6.1.1.3 Bathymetry andhorelineHevations
Analysis of the water depth contour plot, superimposed on satellite imagery (from the SWIL 2018 Design

Report),providedinsight onhow wave propagation within the nearshoreems of Sandalaffects the
coastline. It als assisted irexplaining why somareasalong the coastlin@ppear more vulnerable to

erosion. Results indicate the following key points:

37
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a. Locations where the shoreline has receded further inland appear to ceineitth deeper

areas that are closer to thehereline. Erosion could consequently be induced by the
propagation of larger waves in these deeper areas

b. The contours may also be causing a divergence of waves away from the middle section of the
beach, therebypushing sangway to the south and focusingave energy on the northern
section of the beach.
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Figure6-3: Satellite derived bathymetry of Negril Jamaica (modified from SWIL, 2018)
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6.1.1.4 BeachSdimentSourcesand Production

Mitchell et al (2000)analysed Negril beach sedimer{tollected in 1990 and 199@pmposition The
following was noted:

1 Thenon-skeletal components are dominated by amorphous and crystalline grains

1 The &eletal grains are characteed by abmdantforaminiferawith smaller amants of red algae,
bivalves andHalimeda(green algae). Grains derived from corals were ahsent

1 The skeletal grains indicate¢hat the carbonate sediment was produced primarily in the shallow
water inner shelf, which isharactersed by extensivel halassa seagrass meadovemnd carbonate
sand substrates

Khan and Robinson (quoted in SWIL, 2007) also concluded that carbonate sediment production in Negril
is predominantly a result of the green atgblalimeda foraminifera typically Archaiag, and epibionts
generated inThalassisseagrass meadows.

Mitchell et al (2000) also noted that with the increase in development in the Negril, &iheae has been
an increase in nutrient influx to the marine system that has resultethéndeclinein the coral reefs.
Similarly, there has been a decline in tibalassianeadows with the replacement dtalassiaby fleshy
algae due to nutrient influx and removal and/or damage bytth@ism industry. At the time it was stated
that the los in seagrassrea would lead to aeduction of carbonate sediment production and
consequentlythe increased likelihood of beach erosion.

A study done by Shakira A. Kreamd Edward Robinson indicated the following as it relates to sediment
production:

1 Regonal investationsestimate that sediment production rates tend to range from 80 to 2,000
g/m?/year, depending on the species and density

9 For Negril, using 2003 satellite images and field investigations, the area of seagrass beds was
estimated to be $00,000n% (4,000,000n% for Long Bay and 1,000,0081for Bloody Bay). This
yields a sediment production of 268,000 ni/yr for the entire Negril area, a very small amount
of sand compared to the total volume of sand in Negril (millions of cubic metres).

Thesedata sugegst that Negril has a low sediment production rate. Therefore, coupled with increased
erosionandloss in seagrass area, erosion of the coastline is likely to be greater than the accretion of the
Negril coastline.

6.1.2 Coastal Processes and Sedntn&ransport

6.1.2.1 Waves

Several studies have modelled coastal processes in NeBalL8SWIlLreport prepared for Sandals Negril
updates previous Negril work, for examplee SWIL (2007) study, where backgrowamhly®s included
collection of wave and currd data for st overfive weeks between October 20 and November 28, 2006
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This was augmented by longer term data from the United Kingdom Meteorological Office whose database
includes ship observations and wave hindcasting

A brief summary of the data shad that:

1 Oncewaves each nearshore Negril, they approach the shoreline most often from the north,
northwest and west

1 Waves with the largest magnitudes, greater than 1.5m, only occurred in the west and northwest
directional sectors during this time andeaprobably asociatedwith the swell wave events that
occurred during the measurement peripd

1 The largest wave, 2.91m, was measured on November 21 during the swell event

1 A smaller fraction of waves approach from the southwest. These were generallydess.fm.

SWiLthen transformed this data using computer prognares, propagating the waves into shallower
water of the Negril area, and eventually, in to models for storm surge and longshore sediment transport.
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Figure6-4: Time series of wave conditions measured in Negril (October 20 to November 28, 2007). From SWIL, 2007, Figure
5.2.

6.1.2.2 Currents

SWIL (2007) measured and modelled currents in Long Bay and Bloodiy Batyg Bay, during rising tide
current flowis to the nath, with the flow direction reversing during falling tide. In northern Long, Bay
nearshore currents during both rising and falling tide typically range from 8 to 12cm¢imetre per
second) Within a small band adjacent to the shorelinarrent speeddropsto a range of3 to 6¢cm/s. In
southern Long Bayurrents range from 3 to 6 cm/s in nearshore areas, reducing as they approach the
southern tip of the bay (SWIL, 2007).

Currents outside Bloody Bay are the fastest with values of 20 cmfshese byass the bay. Within the
Bay, currents do not exceed 2 to 3cm/s. Current directions in Bloody Bay do not differ greatly between
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rising and falling tide. Two gyres are formed inside the bay. The northern one circulates edaoksvise
and thesouthern onecirculates in a clockwise directi¢g8WIL, 2007).

6.1.2.3 Longshore Sediment Transport

Alongshore sediment drift is a result of the daily wave action and the associated longshore currents driven
by these waves. On most coastlinesves reach théeach from dferent quadrants, producing datp-

day and seasonal fluctuations in transport magnitude and direction.

As with the wave and surge analysis, details for how the maalelsised to compute the longshore
sediment transport areontained in thereport by SWL (2007)Using the bathymetric and beach profile
data, SWIL createdwenty (20) profile lines, extending from approximately +1.0 m aktheemean sea

level MSD to a water depth of 5m along the Negril coastlifibe extensig seagrass beds the nearshre
areaswere also considered in the analysis as tpheyvide additional resistance from erosion compared

to bare sandErosion in the model was prevented in seagrass areas, while deposition of sediments could
still take place

Figure6-5 provides an indication of the direction and size of the longshore transport in each profile.
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Figure6-5: Indication of longshore transport direction and size. Loagews indiate higher values of transport
(SWIL.2007).

Longer arrows indicate larger transport rates than shorter arrows. Profiles at the north generally show
transport in a southerly direction, while in the south, sediment transport is predominantiyward.

Thisis consistent with the bathymetry in the bay, and approach directions of refracted waves. Most of the
longshore transport is directed towards the ¢enof the bay (SWIL, 2007) and at profiles 6, 7, 8, 9, and
10, where the magnitude of sedimetransportis smaller than in the northern and southern ends of the
bay. The main sediment transport zone is withingB00m of the shoreline, within the breakeone,

where the waves transfer most of their energy.
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The results of the longshore transpantodelling, br net and gross annual sediment transport values for
each profile shown irFigure 6-5, are summased in Table 6-1. The results show that the overall
alongshoresediment transport rates are quite . This is also likely to be a result of the gentle offshore
slope and usually mild wave conditions.

Table6-1: Annual sediment transport per profile. Positive transpothe northand negative transport tthe
south( Taken fom SWIL, 2007, Table y.1

Profile Ner;( transport Gross transport Comment
(m3/year) (m3/year)
1 1800 2300 South end of Long Bay
2 12900 13900
3 9400 11400
4 18800 23400
5 17700 25000
6 1300 1380
7 -9200 15600
8 -9200 13200
9 -4900 19500
10 -6200 21500
11 -19300 20600
12 -9400 13400
13 0 0
14 -25900 26100
15 -14100 14300
16 -6500 6500 North end of Long Bay
17 0 0 North end of Bloody Bay
18 -14300 14300
19 600 7000
20 1800 2700 South end of Bloody Bay

6.1.2.4 Crossshore Sedimentransport

Crossshore sediment transport includes both offshore transport, which occurs predominantly during
storms with elevated water levels, accompanied by high wave agtaitd onshoe transport, which
dominates during regular, milder, dég-day wave activity. Offshore transport tends to occur much more
rapidly and has the potential for damage and loss of land.

The same profiles used by SWIL in the longshore sedimerspwet analyss were used in the crosshore
modelling(Figure6-5). The swell event was modelled to simulate the beach profile change in response to
storm events. The model prediction correlated very well with theasured posstorm beach profile.

While the prestorm profile was assumed, the amount of erosion as a result of the winter swell storm is
shown to be significant, with values in the order di.& to 1.0m vertical drop. This also agreed with field
measuements maddy SWIL. where erosion of up to 1.0m was observed at several locations along the
beach after the swell event.
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SWIL (2007) concluded that while winter swell events may not be thatmmmoccurring 2 to 8 times a
year, they are responsible forteemendous aount of erosion when they do take placBhe summary
below highlights important observations of the study:

1 Negril beaches experience large fluctuations in beach width

1 Storm and well events transport sediments offshore, quickly erodingtbastline

1 Day-to-day (operational) wave conditions slowly transport the sediment back onshore, enabling
the beach to recover over time

1 While the sediments transported offshore during smaller storm events will likely return to the
beach through daily wae processeslarger storm and hurricane events have the capacity to
remove sand completely from the littoral system.

Consequently, if noreplaced by sediment production from within the seagrass beds, the |aeger
effects will be erosion and shoredimetreat.

6.1.2.5 Historical Shoreline Changes

There are variations in both the rates and amount of change in shoreline position which maypbetadc

for by different methodologies applied in several reports. Overall, however, longer term trends are
consistentbetween thee studies. Within any yeaGWIL(2007) notes that shorelines can vary in width

by +/t 30 metes. Both the londerm changes and shotterm fluctuations are important in relation to

the Sandals project.

SWIL (2018) assessed trends of accretion/erosion ft868 to 2018 using four selected profiles on the
northern Long Bay shoreline. Resuhdicate the shoreline at Sasd has receded with an average of 0.21
m/year over the 56year time span. SWIL natéhat while the overall trend is one of erosion, thates
fluctuate between erosion and recovery (accretion) processes.
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Figure6-6: Historical shoreline comparison mapped along the shoreline of Sandals Negril from 1968 to 2018
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Assessinghanges in Bloody Bay is important given the proposed mining of sand from an anesebet
the beach and coastal road provide sand for nourishment in Long Bay wAth Long Bay, the longer
term trendin Bloody Bays erosion(Figure6-7).

Figure6-7: Comparative shoreline positions, Bloddy (from SWIL, 2007). The scale bar suggests approximately
40¢50 metes of land loss between 1968 and 2006.
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Table6-2 provides a summary of rates of change in LongdalyBloody Bay.

Table6-2: Erosion rate in m/yat Long Bay and Bloody Bay (from S\®007, Table 4.1).

Period of Measurerent Long Bay (m/yr) Bloody Bay (m/yr)
1968;1980 0.80 1.25

198051991 1¢2 1.25

19912006 1 0.3

1968;2006 1 0.5

Following are the highlights of traimmary:

(a) While there arevariations depending on location and in between different time periods, aerial
photographs indicate average reductions in beach width @48dn across the entire Igjth of Long
Bay and Bloody Bay (SWIL, 2007). In some locations, overall erosion is tipaateis

(b) Mitchell et al (2002), SWIL (2007), Robinson et al., (2@b&}he Office of Disaster Preparedness and
Emergency Managemeg© DPEN Climate Risk Atlagiraft) consider shoreline erosioss a post
1950 development. This appearsdoincide withthe development of a higliensity tourist industry
along the ocean edgand akomajor alterations to the wetland drainage and increased nutrient run
off affectingthe health of sanepbroducing, shallow water seagrass ecosystems, where ealoar
organisms are being replaced by fleshy algae. Mechanical removal of seagrass bedeetuaiag
sedimentproduction capacity.

6.1.2.6 Hurricane andvell BEfects on coastal esion

McKenzie (2012) anagd the period between 1952007 when approximately9 storms systems came
within 250 miles of Jamaica. Thitye attained hurricane status aheir closest points to Jamaica.
McKenzie assessed erosion and recovery caused bgdtegory 4 hurricanes in Long Bay as follows:

Table6-3: Erosion and Recovery of Beach-Brel PostHurricane events at Ing Bay, Negril (Source: McKenzie,

2012)

Hurricane Average Erosion Average Recovery Net change, metres
Hurricane Michelle, Between 11m in the 14mc¢ Between 10m in O
October 2001 north to 16m in the the south to 16.5m in

south of the bay the north
Hurricane Ivan, 16 metres 12 metres -4
September 2004
Hurricane Wilma, 19 metres 18mc¢ 23m in the north -1
October 2005 to a low of 7m in the

south

Hurricane Dean, 11m Between 15m in | No data No data
August 2007 the north to-7 metres

in the south
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Hurricane effects are contained within longderm measurements of shoreline change. Howeverhbot
the longerterm changes and those changes brought abloytstorms have significant implications for
shoreline management.

Swells are longeriod waves that have often avelled beyond their area of generation. These are
common in the Caribbean during vém months, often associated with cold fronts from Nortmérica.
SWIL (2007) repasthe influence of a swell event between November24, 2006 Erosion ofl¢2 metres
depth occurred in southern and northern Long Bay, although the middle section, otharrdteiving
guantities of seagrass and algae, washed yphe waves, did not chang@.common response to these
events however, is that during periods of reduced wavet@sn, sediment is moved back towards the
beach area. This was further corroborategliotel stakeholders interviewed during this EIA process.

SWIL (2007) indicates thairfa storm with alO-yearreturn period, the significant wave height in deep
water isabout 6.5m. These types of high energy waves transform the profile far more dhgstien
swell waves and severely redistribute the sedim&lowever, since these storms ardrequent, they are
not the cause of the lonterm erosive trend, but merelgxaggerate it.

6.1.3 Water Quality

Water quality samples were collected four locationgFigure3-1) on October 3, 2018 and anabd as
outlined inSection3.1.1 Table6-4 below gives theesults of the water quitly assessmeniThe result
certificates for samples collected are presented\ppendix12.7

Table6-4: Water Quality ResulisOctober 3, 2018

pH 8.17 8.16 8.17 8.2 C 8.00¢ 8.40
¢SYLISNI GdzNB 6 292 29.2 29.3 29.4 C C
Salinity (ppt) 3594 36.04 36.12 36.1 q q
Dissolved Oxygen 5.66 5.18 5.07 6.03 q q
(mg Q/L)
Turbidity (NTU) <041 0.71 1.33 0.76 C C
Biochemical Oxygen Demand (mg/D) <0.1 <0.1 <0.1 11 q 0.0¢1.16
Total Suspended Solids (mg/L) 3.5 3.5 4.1 3.3 q q
Nitrates (mg NO3JL) <0.01 <0.01 <0.01 <0.01 q 0.007
0.014
Orthophosphates <0.02 <0.02 <0.02 <0.02 C 0.00%
(mg PQ3/L) 0.003
Faecal Coliform (MPN/100mL) <1.8 <1.8 <1.8 <1.8 <400 <2¢13
Enterococci (MPN/100mL) <1.8 <1.8 <1.8 4 <160 q
Total Alkalinity 74.48 98.2 98.53 93.19 q C
(mg CaCellL)
Lead (ug/L) <20 <20 <20 <20 q q
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Iron (ug/L) 027 024 021 0.28 q q
Copper (pg/L) 15 15 <10 18 C G
Mercury (ug/L) <0.2 0.41 <0.2 0.44 q q
Arsenic (ug/L) <10 <10 <10 <10 q q
Zinc (ug/L) <10 10 <10 10 G q
Fats, Oils andrease (mg/L) 1 1 <1 1 C C
Cadmium (ug/L) <10 <10 <10 <10 4 q

Data from October 32018 were compared to datollectedfrom nearby sites duringhe 2014 Negril
Breakwater EIA In all cases, current values were different from the £2@IA values. Nigates, pH,
orthophosphates an@iochemical Oxygen Dema(®OD values were all loweDissolved oxygen showed

no distinct trends from the 2014 values and faecal coliform was undetected (<1.8MPN/100mL) at all sites
for the 2018 assessment. Though faecalfoofh was detected in 201dearWQ2(Figure3-1), the EIA did

not give any information as to the possible sources of these microorganisms.

Enterococci bacteria @re detected (4MPNLOOmL) atWwQ4 (southern end of theproperty) though well
below the recreational water standard of 160MPN/100r8ince his is the only site to test positive for
these bacteria, it is likely that the source is logaldiand is potentially frorstormwateroutflows.

While there were no adveesfindingsof the water quality, theconsultants made some observations that

are of rote.

Sample Description
Location

(Figure
3-1)
WQ1 The sample was collected west of Booby Cay. Corals, starfish, sea unchitiexr marine
life forms were observed. The sample was collected at a deptppioximately 2feet
and was clear and colourless.

4 Environmental ImpacAssessment: Construction tfo breakwaters at Long Bay, Negril Westmoreland, CL
Environmental Limited, 2014
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Booby Cay

WQ2 The water sample was collected north of the Sandals property.

The sample was collected approximately 2 feelolw the water surface and was clear
and colourless. Seagrass was observed in tkia. ar

The water sample was collected in the middle of the Sandals property. Bathers wer
view and stormwater drains weg seen on the shoreline.

The sample was celtted at approximately 2 feet and was clear and colourless. Alga
was observed in tRiarea.

The water sample was collected at the end of the Sandals property, downwind ¢
proposedprojectsite. The wagr in this area was clear with a greenish hseagrass wa:
observed in this area
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Along the beach at Sandals Negril, thare drain pipes that take water from the storm drains that run
along the walkway on the beach as well as from the showers which are located ~100m ap&ig(see
6-8).

Figure6-8:Drain pipes emptying into the beach at Sandals Negril

In some cases, as withe imagesabove algae were noted in the depressions made framtfall from the
drain pipe. Similar depressions were observedther areasof the propery.
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Algee were also observed at various points along the beach, especially ibajpenarking the beginning
of the &ndals property, as seen in the images below:

: .'.‘% v"fg‘# Y (HA- j ‘v '.

Figure6—10: Algae at other‘points along the beach

o - oW et 1

of Sandiegril, October 3 2018

The algal growth seen along the shoreline may be as a rektlie water being discharged from pipes
along the beach. These pipes carry gnater from the shower areas and surface runoff from the lawns
to the sea. Fertiders usedn the lawn and soap/body wash used for bathing may contain nutrients (both
phosphaes and nitrates). These nutrients are critical to the growth and proliferatiaigafe.

6.1.4 Noiselevels
Table6-5 below gives tk results of noise assessment done along Norman Manley Boul@eaations
shown inFigure3-2) on October 2and 3, 2018.
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Table6-5: Noise Levels for Sites monitdr@long Norman ManleBoulevard, Negril, October 2, 2018

Sample Location Noise  NEPA Description
Site Level Ambient
(Figure (dBA)  Noise

3-2) Standard
(dBA)

N1 Club RitHotel  56.1 65 This area was an 80km/hr zone wipd of the
proposed extraction site. Wind was blowing in
southerly direction and he sky was cloudy
Background noises included chatter and rustling
leaves as well as the intermittent passiraf vehicles

N2 Undeveloped 65.1 This area wasn 80km/hr zone across the roadw:
land from the proposedsand extractionsite. Wind was

blowing in a southerly direction. The land w

undeveloped on both sides and background noi

primarily from vehicular traffic (cars speeding pass

N3 UDC Office  68.5 This area was an 80km/hr zone downwind of 1
proposed site where the sand to be ags in the
Sandals beach nourishment exercise is located.
site was alsapwind of an active construction sitat

Environmental Solutions Limited 53



=~
ENVIRONMENTAL IMPACT ASSESSMENT /¢ a
ForProposed Beach Nourishment and Installation of Six (6) GrayS@sdals Negril, ‘ envionmental
Norman Manley Boulevard, Hanover \,_/

Sample Location Noise NEPA Description
Site Level Ambient

(Figure (dBA) Noise
3-2) Standard
(dBA)

the time of the assessmenrd} the RIU Hotel in Blood
Bay.

Wind was blowing in a southerly direction and the ¢

was cloudy.
N4 Negril 61.0 The site was alsdownwind of an active constructio
Aerodrome site (at the time of the assessmend} the RIU Hote

in Bloody Bay. Cars were parked on the sidéhef
road. The area was dusty with trucks approach
from the south.
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Sample Location Noise NEPA Description
Site Level Ambient
(Figure (dBA) Noise
3-2) Standard
(dBA)

N5 Entrarce at 76.8 This area was a 50km/hr zone located at tinérance

Royalton and to the Royalton, Hideaway and Grand Lido Hotels.
Hideaway and Rl -
Grand Lido ‘ :

Background noisencluded cars and bikes passi
with tooting horns
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Sample Location Noise NEPA Description
Site Level Ambient
(Figure (dBA) Noise
3-2) Standard
(dBA)

~

(esL

\soc.uno S

-

An undeveloped lot was locatedr@ss from this area

N6 Sandals 70.7 This site was at the entrance to the Sandals Hote
Entrance parking lot was located across from the hotel. Wir

were blowing ira southern direction and the sky wi

overcast.

N7 Boardwalk  74.2 Thissite was at the entrance to the Boardwalk resc
Entrance An undeveloped lot was located across from #risa.
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Sample Location Noise NEPA Description
Site Level Ambient
(Figure (dBA) Noise
3-2) Standard
(dBA)

F R M.

Winds were blowing in a southern direction and t
sky wa overcast.

Table6-6 below gives the radts of the noise assessment doaleng the Sandalslegrilbeach (Figure
3-3 shows the locations dhe sample sites).
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Table6-6: Noise Results along Sandals Beatdyril, October 3, 2018

Sample Location Noise NEPA Description
Site Level Ambient
(dBA) Noise
Standard
(dBA)
N8 North End of 60.0 65 Assessments done along the beach
Beachg Sndals, background noise  primari
Beginning of included mwic playing, waves crashing alo
Sandals Property the shore, he engines of passing boats a
N9 G 61.0 the chatter from bathers
N10 C 66.2
N11 Middle of Beach 70.4
N12 C 61.8
N13 C 66.0

N14 South End of 67.6
Beachc End of
Sandals Property

Based on th results obtained, thé&lorman Manley Boulevard which is a major thoroughfare generally
hasnoiselevelsabove the NEPA ambient guidelines for commercial zones. The ewde bbtainedvere

due primarily to traffic along the@oad and a construction sitehat was active at thgime of the
assessment The noise levels measured wehewever, below the 95dBA standard which NEPA uses for
the operation of Large Commercial Velbs.

Noise along the beach on the Sandals propergb(e6-6) is primarily influenced by the music and chatter
from bathers as well as intermittent impacts from water sporting activities.

6.1.5 Sources of existinBollution

Extensive algal growth along tiskoreline of Sandals was observed durihg water sampling exercise
indicating nutrientrich (nitrates and phosphate) effluesdreimpacting this area. Enterococci, a bacteria
found in the gut and whose presenitethe environment indicates fecal contamaition, was also detected
in the water sarple collected at sampling statioW4 (Figure3-1).

The storm drains may also be the source of the nutsemtpacting the shoiteme of the Sandalgroperty.
Theconsultants strongly suggest the client determihe sources of both the bacteria and nutrientThe
charactersation of the effluents from the stormwater drain pipsbould be the first step in determining
if they are he source of both the enterococci attte nutrients impacting the sea.

The continud influence of nutrientrich effluens will encourage the growth and proliferation of akya
which will result in a detéoration waterquality, affectcoral growth and negately impact the quality of
the marine environmentThere will also be an additioredonomic cost for the continued removal of algal
growth from the water body. The presence of enterococci in the wé#tdthough low) should also be
closely monitored. Tdn presence of these microorganisms also suggtsit other potentially more
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harmful microorganisms such as E coli may also be presence. Fecal contamination poses a serious public
health risk.

No grourd water samples were collected for analysis at or bgdhe site. The Water Resources Authority
(WRA) database shows thearest well wih availablevater qualitydata beingapproxmately 4km away
andthe datarecordedis from 1973

The noise impacts orhé property are mainly from the nearby thoroughfaredafiom the engines of
personalsed watercratft.

6.2 Biological Environment
6.2.1 TerrestrialAssessmentBloody Bay Sand Extraction $ite

6.2.1.1 Terrestrial Flora

The general project area was designated atrtiecro levein the ForestryDepartmentQlanduse map as
secordary forest and field. While grourduthing of the project area, the main vegetatidnabitat type
observed wasvoodland/overgrown fields

Legend

E Surveyed Area Boundary

Forestry Department landuse 1998
- Secondary Forest and Fields

300 150 (0] 300 Metres
!(ee’t‘.!ép (DU T
yrEpbes CNESY

Figure6-11: The main vegetation habitat type within the projecearaccording to the Forestry department land
useclassification
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The area of interesappears to have been significantly disturbed by anthropogftitors over the years,

with signs that significant clearance of the original vegetation had occurred. efle¢ation found within

the proposedsand extractiorsite is typically associated \ithe early stages of ecological succession. The
general area $played relatively low species diversity, as only 41 plant species from 25 families were
encountered, most bthem being trees and shrubs, along with a few climbers. The presence of certain
species such as mangdvangifera indica) noni Morinda citrifolia), ackee Blighia sapidaand guinep
(Melicocca bijugg is also an indicator of the heavy influence oftmapogenic disturbances on the
vegetation, as these are species associated wittptiogimity of human settlement.

The majority of the tres encountered at the site were seedlings or saplimgs) only a small portion of
the treesbeingadults. The few rmature trees observed during the assessmi@ctudedmango Mangifera
indica) cotton(Ceiba pentandrg royal palmRoystonea regigand ral birch Bursera simarubgtrees.

Most of the species encountered are classified as being most commonly foundketthruinate, and
secondary woodlands. Of the 41 plant species found within thdyssite, 5 of them are endemic to
Jamaica. None of thspecies encountered during this stuahe deemed to have any special conservation
status (protected/endangered spes).

Within the S9 sample ardk&igure3-8), a total of 31 species were identified, belonging to 23 families. The
S9 block had the highest number of species and families when compared to the other blocks s@ihwled.
most dominant plat species observed in this are@m almond {Terminalia catapa), black jointerRiper
nigrinodum and Santa MariaQalophyllum calaa The understory within this block was dominated by
seedlings of the following species: Santa Md&Calophyllum calabarod wood Eugenia disticha ackee
(Blighia sapidpand blzk jointer Piper nigrinodumh The block alsbad several almond trees having a
diameterat breast height (DBH) greater than 35cm. A large cotton tfegilfa pentandrawith DBH>
50cm was obswed within the S9 block.

The S6a block had a total of 2laml species belonging to 17 families. The most dominant species
observed within this block was almont@igfminalia catappa A total of 5 endemic speciesagidentified
within this sample area. The S6a area was vegetated primarily with seedlings thagdctheeunderstory

the larger trees were mostly immature trees with DBH <15cm, with mature twdds DBH>25cm
scattered sparsely across that block.

In block S6b,a total of 18 plant species were observbdlongingto 17 families. The most dominant
species observed within this block waknond (Terminalia catappa A total of 2 endemic speciesaw
identified within this sample area. This block had thedstwsnumber ofspecies when compared to the
other blocks.

Within blockS5 a total of 22 species dnl8 families asidentified, 3of which were endemic. The most
dominant species encountered within this block was Santa M&aéophyllum calaba

6.2.1.2 Bird Suveys

Thirty-four (34) species of birds were identified during the assessment of the Bloody &dsertgr(see
Appendix12.6for all species lis)sThirty 30) terrestrial and4 wetlandbirds were observedOf the 34
speciesthere were 8 endemics, 9 migrants and 13 residents. Their abundaaseanked usig the
DAFOR scal&eeAppendix12.6).
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1 Wetland birds

The wetland birds observed during the study were herons and egrets. ©f none of the species
enountered had special conservation status. The night heneere observed foraging on the beach at
dusk.

9 Terrestrial birds

Only thirty terrestrial species were observed during the study over the two days and one night. The
majority of the species were observed foraging in the canopy cover. The bird species tmnpos
observed on the property was typical of a dry limestoneesbr(Downer and Suttqri990). These birds
included the Columbids, Parakeets, Hummingbirds, Jamaican Wokelse Orioles, and Warblers. Only

8 of the 31 endemics found in Jamaiware obsened. It should be noted that only 4 of the endemics
were forestdependent. The Redilled Streamettail Humming bird and the Jamaica Woodpecker were
the two most common endmics on the property. A possible nest for the endemic Jamaican Parakeet was
observedin a termite mound Figure6-12).

Figure6-12: Termite mound usias a nest foby the endemic Jamaican Parakeet

Nine migrants (1 summer and 8 winter) were obsehduring the study. The winter migrants usually
arrive to Jamaica as early as the month of Septentbeven ) of the 9 migrants observed were warblers.

It should be notd that the Louisiana Waterthrush, another migrant, was observed foraging in the
potholes on the road which grefilled with water. The Grey Kingbird which is a summer migrant was also
observed onthe property. It should be noted that the majority of theespes migrate back to South
America in the winter.
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6.2.1.3 Amphibians

Only two amphibians &re recorded on the propert\Eleutherodactylus johnstonandEleutherodactylus
pantone. The Eleutherodactyluspecies observed are not endemics and are usually foundgimyh
disturbed areas.

The area was visited during the night survey and no otlogy $pecies were heard calling. A large number
of the amphibias found in Jamaicare found exclusively in bromiglds.Only a few bromeliads were
observed in the woodland aa of the property Figure6-13).

Figure6-13: Tank Bromeliads observed on the property during the study

6.2.1.4 Reptiles

Five (5) reptiles were identified during tlessesment (Se€lable12-8). Three species were endemic,
however, they all are widely distributed throughout the island. The most abundant reptile in the study
area wasAnolis sagreiwhich is an introduced specieat least one was olesved on each of the trees
(Figure6-14).
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Figure6-14: The Cuban Anole observed on the tree on the property

6.2.1.5 Arthropods

A low number ofinvertebrates vasobservedduring the assessment of the property. Only 15 species of
insects were observed ding the assessment. Only 4 butterfly species from 4 families were identified
during the study. None of the specieasendemic or of any speciabnservationstatus

The gant metallic Ceiba BoreE(ichroma gigantéabeetle vas observed on the cotton treg on the
property. They are not protected by lawowever, their numbers have reduced significantly over the
island because they are dependent tite cotton trees, whichare alsodecreasing imumbers(Figure
6-15).
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Figure6-15: The Giant Metallic beetle observed on the cotton tree

It should also be noted that several large termiests were observed on a few of the trees. During the
night survey a few fire fliesna unidentified moths were observed.

6.2.1.6 Other fauna
Crustaceans

Two land crabs were observed on the propentymely thePurple Gecarcinus ruricojaandthe Blue
(Cardisoma ganhum) Land Crab(seeFigure6-16). Seveal Cardisoma guanhunfioles were observed
during the survey of the property and there were apyiraately 4 holes/i Several were seen foraging
during the night surveys.

Figure6-16: Purple land crab (@arcinus ruricola) observed on the property
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Mammals
Cats and dogs were seen on feperty during the survey.

Bats

Fruits bats were observed in the almond tree during thght survey. Fishating bats were also seen
foraging on the coast during the higsurvey.

6.2.2 Marine Assessmer{tong Bay)

6.2.2.1 Benthic Assessment of Bae&f

The backreefirea is shallow bm). Satellite imagery and groutidithing show that the substrate ithin

the footprint of the proposed groynes was largely bare (sand, rubfgdegFigure6-17). Where present,

the seagrass formed a thick, dense mat (mean cover of 78%) with mean canopy heights of up.to 20cm
Seagrass species male is predominantlyThalassia testudinum(Turtle grasy and secondarily
Syringodiumfiliforme (Manatee grass). Large, fleshy maatgae for example,Padina Dictyota and
Halimedasp were absent. Numerous species of fauna across different groups weeevetlsin the
backreef includingnvertebrates (urchinsanemones and sea stars) asttier fish (grunts, damselfish, and
wrasses).

Legend

@ Hard Bottom
(7 Sand

() Seagrass

Figure6-17: Habitat Map of northern Long Bay (source: SWIL, 2018)
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Table6-7: Mean percent cover of substraddserved during the backreef assessment at Long Bay (Sandals Negril)

Groyne Mean % cover of substrate (per 5Gnobserved during Backreef
Footprint Area Assessment

Seagass (SG) Sand (SD) FI:3 \éﬁr;e(gé) HaEng)o 72l Otrztca)rnglve
1 71% 22.9% 4% 0.5% 1%
2 46% 52% 2%
3 73% 21% 5% 1%
4 32% 64% 4%
5 21% 76% 3%
6 22% 74% 4%

Figure6-19: Example of sandy/bare substrate in the footprint of proposed groynes 3, 4 and 5
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Figure6-20: Example of seagrass typicaltbé wider backreef area (left) interspersed with fayrag, small coral
colonies (right)

6.2.2.1.1 Existing groyne and artificial reef structures

To the southwest of the existingjroyne are artificial reef structures, or domes, created from steel bars
and meshThe substrate within this area is primarily sand and rubblg]eathe artificial reef structures
are covered in macroalgae.

The area within the footprint of the northergroyne and within the crevices created by the placement of
the existing rock groynappears to be a nursery for juvenile fish (squirrelfish, ggudamselfish and
wrasses), and coral recruits (maiigrites astreoides, Porites furcataVhile the abundage of fish was
moderate, the diversity (number of species) was low. The blackdpingd urchin Diadema antillarurp
was frequently observed irhis area. This species is of special interest as they are reedgas an
important consumer of algae, and polations islandwide are still recovering from a massiveoffiéen the
late 80s. Thir presence is considered positive for both the seagrassregidcommunities in Long Bay
(see Appendix12.6for lists of allspecies observed

Figure6-21: Artificial reef structures act as habitats for fish and other invertebréeft and arecovered in
macroalgae (right) (Image source: SWIL, 2018)
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Figure6-23. Example of coral colonies and juvenile fish observed inrdzedd the existing groyne (Image source:
SWIL, 2018)

6.2.2.2 Fish Assessment

The fish commnity of the backreef was characteed by low densities, biomass and speai@sersity.
Large schools of French Gruntlaémulon flavolineatujnand SilversidesHypoatherim harringtonensis
were abundant. While these species are too small to be considaretnercially important (<5cm), they
are a food source for larger carnivororesef fish for example,groupers) and can be used as baitfish.
French Grunts are also commoniged as display fish in public aquaria.
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Figure6-24 School of silversides observed in the backreef areanafaBaNeqgril

Juvenile parrotfish were frequent in the backreef, thougdry fewadult parrotfidr were observed. In
Jamaica, parrotfish are considered a keystone species, andpantant indicator of reef health as they
graze on macroalgae that compete kifuvenile corals for space, and in doing epne parrotfish can
produce up to 100kgs of saneipyear. The presence of juvenile parrotfish potentially signifies that the
backreefarea is used as a foraging ground, refuge and/or habitat for a commeraialygconomically
important species.

Additionally, carnivorous fishfor example, Yellowtail Sapper Qcyurus chrysurjisand barracuda
(Sphyraena barracudajvere also frequent ithe backreef area, howevethese were typically small {5
10cm).

6.2.2.3 Planktonic Survey

Zooplankton are the main grazers of primary production in marine ecosystems and @ @imcipal

food source for ecologically and economically important fish. Theyratgpond quickly tenvironmental
variability, and changes in their population dynamics and species composition can indicate changes in
local or largescale ocean conditits. Hence, they are useful indicators for assessing ecosystem status
(Webber et al.2005).

The zooplanton community from the backreef area sampled was largely dominated by Cumacea, an
Order of small marine crustacesithat are typically found in sandynd muddy benthos. Many fish feed

on these organisms, hence Cumacea are considerdatan important linkn the marine food chain.
Additionally, small numbers of other food sources, namely fish, shrimp and crab larvae, were also found
in the water column.Overall, this is an indication that the backreef area could generally serve as a
foraging/feeding groundor marine fish, as is typical for seagrass communities.
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Figure6-25: Left: Typical field of viewgplaying a selection of zooplankton spp. found at Sandals Negril; Right:
Cumacea (dminant species founith samples)

Figure6-26: Left: Amphipods of varying sizes; Right: Crab larvae (Megalops)
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Figue 6-27: Left: Large shrimp larvadécapod) and a spea®f Cumacea (small); Right: Fish larvae found in
sample
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6.3 SocieEconomicEnvironment

The socieeconomic description of thetudyarea is based mainlgnthe 2011 census data fro®@TATIN,

as well as updatesvhere availableand reasmed inferences by theonsultants. The southern and central
areas of Negril are the more densely populated and located in Westmorland, whereas the less populated
northern aea is in Hanover.

TheNegrilcommunity can conveniently be describedcasnprisingthree main areas:

1. The beach area
2. The town centre
3. The residential areas of Westlands, and Whitehall

Eachisdescribed irits respective sections below.

6.3.1 The Beach Area

The beach area extends from Bloody Bay, through Long Bay to theEWa gt the sotln (see Figure6-1).
This zone is mainly dedicated tourism and comprisesresort villas, apartments, guesthouses,
restaurants,water sportsfacilities, craft vendors and other hospitalityiented entities Curently, an
average of p00roomsare available in taresort area of Negr{UTB, 2017)

The proposed project by SNG falls within the beach @aadals Negril was openedliai88and prior to

that the Sundowner and Coconut Grove hotels were locatedhafptesent project site. The Sundowner
Hotel dates to circa 1960&ince 1988, SNG has grown to 226 rooms, and continues to be a major
contributor to the local economy in Nefjas well as the wider national economy through its foreign
exchange earningsngployment opportunities, etc.

6.3.2 The Town Centre

The Town Centrés delineated bythe point where the main road turns east towards Westmoreland. It
contains the mercantile tradsr financial institutions, government agenciaadprivate services such as
sewiceclubs, churchesand medicaland educational institutions. It is also the main transportation hub
for Negril.

6.3.2.1 Social/Cultural Amenities

Community members intervieweddve charactesed the ®cial amenities in Negril as availabeit not
adequate forb SANR f Q& LINGBoth yidiniciled? dnitixfisiting.A Phg' main social amenities
briefly described below.

The Negril Police Station

It is located within a short diance of the town centre. It falls within the Jamaica ConslatyuForc&
Area 1 Cmmand headquarteed in St James. Operationally, it falls under the Westmorland Division
located in Savannka-Mar. Planned refurbishment, in addition to basic repairs arantenance, includes
the housing of &losed-circuit televisbn (CCTV) facility.
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Figure6-28. Negril Police Station

Fire Brigade

The FireBrigadestation in Negril is in Red Ground. It falls undex fkrea 4 command of the Jamaica Fire
BrigadeServices. The Westmorland divisionlwtcommand is in Savard&Mar. Currentlythis division

has 4trucks of which 2 are in Negril. The station also has an ambulance. It is reported to need
refurbishing.Community members think this level of servisgnadequate to serve the fire emergey
needs of Negril.

ATATION
NEGRIL

Figure6-29: The Negril Fire Brigade Station
Health

Negril is currently served by a Type 3 healthicl It is located along the Nonpariel Rpadhort distance
away from the town cetre. It falls under the Western Regional Health Authohadquarteed in
Montego Bay. It providesnainly maternal and child healthcare, first aid, wound dressing, health
promotion and education, basic laboratoryrgiees community outreach and home vs.

Environmental Solutions Limited 73



o
ENVIRONMENTAL IMPACT ASSESSMENT ‘
ForProposed Beach Nourishment and Installation of Six (6) Gray®&asdals Negril, \gg.msmm

LUTIONS
Norman Manley Boulevard, Hanover -

Both the Sandals andilRproperties have provided support tadhe Clinicin the past Sandals with
refurbishing ad the addition of examination roomswhile Ru Resots has supportd the Paediatric
Orthotic Services Clinic in Negwhich is now hosed at the health centre.

Figure6-30: Negril Health Centre

In relation to public hospitals, the nearest afe Savannda-Mar Type B bspital and the Noel Holmes
Type C hospital in Lucea. These are hothILINR EA Y 1St & KI £ F |y K2 dzZNR& RN

Other health care services are offered by private medical docfihrs Omega Medical Services (OMS)
Limited, a firmthat specialise in healthcare support for the hospitality industry, is just commeéng
construction at its location on the Norman ManleguBevard. It is proposed to be a-&orey, 15,000 sq.

ft developmentdesignedo serve both localand visibrs.

Sakeholdersinterviewed have expressed thedfissatisfaction with the current levadf health care
facilities available to Negrilt is hoped that once constructed, the new facility will help to alleviate some
of the pressures facing the health sector.

Negril Commuiity Centre

TheNegril Community Centre provides an auditorium/meetingwe and the building also houses the
office of theNegril Green Island Local Area Planning Authority (NG12Ad Ragional office of the National
Environment and Planninggdncy (NEPA) as well as the Negril Area Environmental Protection Trust
(NEPT).

CraftMarket Vendors

Some other amenities that do not necessarily serve the local population of Negril are thenar&#t
vendors.
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Long Bay

In Long Baythe main vending ar& is the craft market located at the southemmost end of the Norman
Manley Boulevat leading into the town centreThere are approximately 131 staitsthe craft market
The majority of the vendors are a part of tNegril Local Autbntic Craft Associain, formerly known as
the Negril Craft Traders AssociatioBach vendor haan annu# lease agreement wittNGIALPAvhich
manages the complex. Vendors are also required to MeERBCo licences amaust be up to date with
their associatia dues.

Figure6-31: Picture of Craft Market near theelyril South Rive{Source Flickr)

Bloody Bay

About 56 stalls (comprilsg mainly craft vendors and approximately 3 food vendors) presently operate

along a stretch of beacim Bloody Bay. They are situated next to S@ndalsowned property identified

as tre main source of saneixtractionT 2 NJ 4 KS LINR 2 S O (Tlese dehido® gervg/rBadif ik & KY S
the tourists that visit the RilwHotel which is the largest hotel in the Bidy Bay areaMost vendors

reportedly have their TPR20Jicences
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Figure6-32: Vending stalls along Bloo@ay Strip

6.3.3 The Residential Areas

Ly 1SSLIAY3I 6A0GK YIye NUzNI falddens adielnlmix of fiegidentidl &nil kda > b S 3
residential elements, often emingling conmercial, religious and educational activities. Overall, this

locale presents mixed housing styles in variable states of maintenance. For the entireddegrihe 2011

Census recorded the number of houses as being 2,958.

IN2011{ ¢! ¢ LbQ&RYt 2 HIRE | 2XzAAy 3 / Syadza NBEO2NRSR bSINAREQ
the sections of Negril in both Hanover and Westmoreland, encompassing the area sHeigueri-4.

Negril - population
Total = 7,832

i Males

i Females

Figure6-33:b SIANA f Q& (SouceéSTAM) G A 2 v
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Estimation of the current population trending at a growth rate of 2.95% per year, plageseaat 9,449
in 2018.

Demographics

Theworking age population of Negril reflecthat a large majority of persons are in the workforce age
group, accounting for 64% of the populatidlersons under age 14, generally referred to as the young,
accounted for 28% and those gens 65 years and over, considered the elderly, accounted for 8%.

4
Unaccounted 0 NEGRIL :
0 Total population
7 =7,832
343 [by age group]
65+ 165
178
] ® Unaccounted
15-65 =452 Total population
i 2,897 >349 ETotal Females
E'Total males
2,136
0-14 1,063
0 1,000 2,000 3,000 4,000 5,000 6,000

Figure6-34: Age Distibution

Because the census figwabove captures persons domiciled in Negril, the nuntifgoersons visiting at
any one point in time will likely exceed this figure sigaiftly. This nofiesidency population will mainly
be tourismrelated and be both fictuating and seasonal.

Based on the number of hotel rooms available and assumingpiaal familytype hotel ratio of 3.5

occupancy, then at full occupancy, the incrartad population of tourists staying in hotels alone, could
be19,000(5417 roomsB8.5). ¢ KS FA3IdzNBE R2Sa y2id AyOftdzRRS (GKS W! AN
a staf room ratio of about 2.5 employees per room, at full occupancy the hotel accomrondséctor

could be employing 13,542 personghich is not an unreasonable figure, @ecially since direct
employment in this sector in Jamaica was estimated at 97,00016.20

A 2 4 oA

I OdzNE2NE O2YLI NAaz2zy 6A0GK bSINRT@ageyiolp, esfimuiedd HAmy
6,047, suggests that a significant number of persons eyaal in the hotel industry are neresidents of
Negril. An indicative number being 7,495 Slj dzA @1 t Sy d G2 7td: 2F bSINRE Qa ¢

In 2011 thedependencyratio, which is an indication of the dependency by the young and elderly on the
labour force, was 56%neaning that out of every 10 persons in the population, 5.6 deleelhupon the
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20KSNI ndns ¢gK2 6SNB | AaddzyYSR (0 2 has BeerfagitgadYthis MBIHSNY A y 3 ®
true for Negril, it means that a larger percentagé that age group will become dependent on a
proportionately smaller number of incomeamers.

Since demographic characteristics are populatieiated, they would ha changed by the current
period. Any changeftowever, are likely to be relatively small shifts, because population growth has been
low.

The dependency ratio is only oneeasure of population pressure on the Negril community. Negril is

already experiengi 3 WA Y LJ2 NI SRQ LJ2 Lldztet dbave. fhislishdBdencetrNySpiesstrés A y R A
on housing, oveburdened social amenities, and inadequate physical infrastructuresdlindicators

have been consistently confirmed in tekeholder interviews.

6.3.3.1 Hausing

In 2011 the official number of housingnits in Negril was 2,958. The number of households was 3,463.
There were 2.7 @rsons per housing unit and the average sizedamold was 2.3. The typical dwelling
therefore comprises persons from more than dmausehold.

From observation, the housingastk within the study areappears to be in a good habitable condition.
Only afew examples éf1 A y O et dedie8 ia thecommunity reconnaissangalthough not all parts
of Negril were visited. A currentgmall but growing informal community iseportedly developing along
the SouthNegril RiverOf interest is the fact that in 2011, some 50% of all housing units had wanden
walls. It could be argued that the difference is simply reflective of thenme¢bousing disparityevident

in many Jamaicacoastal towns with strong tourism enclaves

In considering both population density and housing st@k inescapable concernust be the social
support capacity of Negril and by extension, given that the thieatainly driven by the hospitality sector,
the carrying capacity of theegrilbeachstrip.

6.3.4 Overall Public Perception
The sectiorbelow details the general attitudes angerceptions of key stakeholders towards the project
and general Negril social andwronmental aspects.

General Negril Planningnd SociaChallenges

1 Itis generallaccepted that Negril neexplanning attentionwith respect to roads, drainage and
garbagp disposal

T DINDI3IS O2ftSOGA2Y A& | LINE oed SpYldiradrictirEyas MilS & A RSy
kept pacewith development and the rapid hotel room increase in the last 3 or so years

1 Negril has frequent power cuts and there are very &reetights

1 There are no acceptable public sanitapnveniences

1 Stakeholders irdrviewed were not aware of ardownstream plans that would significantly affect
the current project

1 Some persons believe that several hotel structures are not in accoedaitic setbacks

1 Negril does have a problem supporting hotel work#susing andoopulation which appear to
be leading towards squatting both in Whitehouse, but more receatho along the Nonpariel
Road
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The public amenities are limited; health fié@s are lacking and policing services require more
investment

In decisions affaing their hometown the localNegril inhabitants do nobften have a sagqual

to that of influential developers

Once freeflowing rivers/streams have been blocked by d®pers who do not want water
washing through their properties

Community tourism neds to be promoted, as hoteligrare not encouraging interaction with the

f 20 AYDfWRAIAIOSAaQ aK2dz R 6S02YS Y2NB Sy3F3ISR gAl
would be one suggestign

Negril reportedly has a large underground economy. Neghbusld remain a resort and the
housing development should be out of its proverbial bounds. Over habitation and uncontrolled
density will invite crime

The practice of hotelbeing given Ground Transportation Licences is inimical to a rational and fair
trangport policy. Also, it is not practice known in other jurisdictions

Persons felt that overbuilding was taking place along the Negril beach and was only likely to
increase

Some believed that the reality of employment together with economic growth andmniec
generation meant that the 8gril beach needed to be protected in a much shorter tifrzane

than nature would allow

Negril Beach Erosion

T

Public awareness is neededhaugh themunicipality is reportedly concentrating on mohitig

persons to focusmclimate changeNB a A f A Sy OS | yR G(GKS @dzf ySNI oAt Al
It was recommended thathe breakwater structure undertakeh (i  ls$a& 2 dzsHddld be

reviewdd;

{2YS &aS0iGA2ya 2F bSIAINARE QA 0S5 OK Kte@bnisadthat SELISN
beaches are dynamic

NI G dzZNBEQa &ASRAYSyYy( aecglical ghd Wi thérefoye BxpanKiBe béathéasd

contract it accordingly, thus, no manade interventionsare necessary

Movement of sand in the Negril bays has never beemitoced;

Hard stuctures interfere with offshore beach replenishment and require maintenance. Evidence

based research in other countries suggests that in most casesarshrardstructureshave not

been successfyl

The advice of foreign consultants segts that alternaitves such as mining deeper sea sand and
ONBIlIUGAY3a aalyR SyaiaySaé¢ INB LINIG 2F GKS LINBTFSN
Other suggestions includbe replacement of remoed sea grassnd theremoval of all physical

structures in the area previously sulenged over the pas40 years

AK2f Aa0GAO | LIINRIFOK (2 a2t @Ay3d bSINAREQa o6SFOK S|
of any hasty, #bonceived beach nourishmesolutions Many stakeholders consulted supported

the implementation of the WNBRéject (seeAppendix12.10for more details)

The Government needs to be theikr of beach nourishment in Negril; it would kgce proper

management and a sustainable, |etegm solution
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