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PROJECT DESCRIPTION

BACKGROUND AND OVERVIEW

The highway will begin in the Caymanas Estate area (east of the parish-
capital, Spanish Town) and is to connect with the existing highway and
parochial road networks via an enhanced interchange provision. The
highway will then travel west-northwest over the hills in this region,
through Waterloo Valley and south of Cross Pen and crosses the Rio
Cobre River in the vicinity of Content/Dam Head; from where it climbs
towards Giblatore and Lime Walk on the St. Johns Red Hills. The
highway later descends and heads north, from Wakefield, towards
Linstead and the Linstead bypass, where it terminates.

The highway project is expected to be typical, with construction and
engineering methods being utilised to develop and clear the rights-of-way,
ensure substrate stability, involve the construction of drainage, bridges
and overpasses, as well as manipulate the landscape to allow for grade
separated interchanges and linkages with existing roadways. The
principal construction materials expected to be employed are steel,
concrete, asphalt and aggregates of various grades.

The Highway (Caymanas to Linstead) is intended to be a four lane
controlled-access, tolled motorway with fully grade separated
interchanges and intersections built according to modern international
standards with a total distance of =27.92 km.

Highway 2000 is Jamaica's first toll highway and this primarily
“Greenfield”; tolled, multi-lane motorway will connect the capital
Kingston in the south-east of Jamaica with the tourism centres of
Montego Bay in the north-west and Ocho Rios on the north-central coast,
covering 230 km when completed.

The National Road Operating and Constructing Company Limited is
desirous to continue to directly contribute to the Government’s desire to
accelerate development through the implementation of appropriate
infrastructure. In furthering this objective, a North South Link, Spanish
Town to Ocho Rios, is being developed.

In addition to the economic benefits expected from the North South Link,
the vulnerability of existing routes to natural disasters makes the
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development of the North South link even more desirable, given the
frequent and recent devastation of the roads in the gorge.

PROPOSED PROJECT

Project Description

The Highway is being constructed in two main phases. Phase 1 covers a
72km distance from Kingston to Williamsfield. Phase 2 of the project is
now being implemented and | comprise two corridors: an 86km section
from Williamsfield to Montego Bay and a spur from Caymanas to Ocho
Rios.

Project Rationale

The principal objective for the development of the Highway 2000 Project
is to stimulate economic and social development and increase
employment and thereby reduce poverty in Jamaica.

Highway 2000 is intended to serve as a catalyst for Jamaica’'s economy
through the following:

a) Direct and efficient links between major economic centres (cities and
towns) and growth points as the existing road system is currently very
congested;

b) Serve as a catalyst for economic activity such as the liquefied Natural
Gas pipe lines, along the Highway corridors and connectivity between
the north and south coast of the island in support of the diversification
of the tourism industry;

¢) Induce additional/collateral economic and developmental activity in
the areas served. For example the establishment of adjacent Economic
Re-processing Zones (EPZ);

d) Provide for links between markets and, for instance between the
container-port at Kingston and the commercial centres at Montego
Bay and Ocho Rios, which together serve western Jamaica and the
north coast tourist resorts;
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e) Reduce the population growth pressure on the major urban areas as
commuting from suburban and rural areas to the city will be greatly
facilitated;

f) Open access from tourist centres to attractions such as the planned
Maroon Theme Park (currently under development) and the Milk
River Natural Spa;

g) Spur agricultural activity by opening tracts of land for agricultural
development and also improve the transportation of agricultural
produce in the country, as well as, the transportation links from
agricultural producing areas to major airports and seaports for export
crops;

h) Increase safety of motorists and contribute to reduced vehicle
operating costs through the use of better standards in highway design.

Economic Benefits

It is well documented that investment in transportation infrastructure
generates substantial economic benefits by reducing transportation costs
for existing activities, providing access to new areas with economic
development potential and triggering investment activities. Additionally,
there are measurable savings in vehicle operating costs and savings in
travel time cost associated with the development of highways. In road
projects, externalities are the major source of benefits and the challenge is
to internalise these externalities and thus give a measure and a value of
the effects on vehicle operating costs, people’s time, people’s lives,
environment, etc.

The economic benefit in using an expressway can be expressed in various
aspects. The main features of savings to the expressway users are shown
in terms of savings in vehicle operating cost (VOC) and savings in travel
time cost. There are other benefits such as accident saving cost and
environmental cost that are difficult to quantify.

Much research has been devoted in recent years to estimating the
productivity of investments in infrastructure. Many of these studies,
which attempt to link investment in infrastructure to growth in GDP,
show very high rates of return in time-series analysis. A number of
studies on economic growth and infrastructure also show that
infrastructure variables are “positively and significantly correlated with
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growth in developing countries”. While the various econometric models
may be deficient in estimating the linkage between infrastructure and
growth, it is commonly accepted that investments in highways do have a
significant impact on economic growth in developing countries.

An analysis of World Bank funded infrastructure projects over the period
1974 to 1992, showed that the average economic rates of return of
highway projects were the highest at 29% among all other types of
projects funded. Other estimates have shown rates of return on highway
projects in excess of 50%.

The area of importance that has been highlighted in the literature is the
impact of infrastructure development on a country’s production cost.
Studies found that the infrastructure significantly reduces production
costs in a number of countries. One estimate suggests that three-quarters
of federal investment in highways in the 1950s and 1960s in the United
States can be justified on the basis of reductions in trucking costs alone.

For Highway 2000, a number of independent analyses were undertaken
including one by Steer Davies Gleaves (SDG) and another by CFAS
Limited, assisted by the Planning Institute of Jamaica. As the country
develops in the new millennium, the demand for a more efficient
transportation system is ever increasing. Expressways with all their
facilities provide such services for the transportation needs of the country.

NORTH-SOUTH LINK: CAYMANAS TO LINSTEAD
NROCC intends to continue to directly contribute to the Government’s
desire to accelerate development through the implementation of
appropriate infrastructure. In furthering this objective, a North South
Link, Caymanas to Ocho Rios, is being developed.

Alignment, Crossings and Toll Plaza

Alignment

The Caymanas to Linstead (Sectionl) segment of Highway 2000 requires
the construction of a two lane, dual carriageway, with a design speed of 80
km/h.

Ferry to Waterloo Valley, via Caymanas (km 0+000 to 9+000)

The alignment through Caymanas is shown on Error! Reference
source not found. (SK-SEC1-003, rev 1). The alignment will begin at
the Highway 2000 interchange at Ferry. A new underpass will be
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required at km 1+200 for the Dyke Road connection. This interchange
may be excluded from the project.

A new cloverleaf interchange will be constructed at the intersection of the
NS Highway and the Mandela Highway, complete with a new underpass
at km 2+000. The alignment will utilize the existing Rio Cobre Bridge, as
well as westbound on ramp from Mandela Highway. The existing Mandela
Highway Underpass will need to be demolished.

A partial cloverleaf interchange will be constructed along the Parochial
Road, complete with an underpass at km 3+100, and traffic signals on the
Parochial Road at the ramp terminals, if required. This road will be the
primary access to Caymanas.

A Collector-Distributor Road system may be required along both sides of
the highway from the Ferry Interchange to the Caymanas Interchange,
due to the close proximity of the interchanges. If the CD Road is required,
additional structures will be required along both sides of the highway
along this entire length, including the Rio Cobre River crossing.

The NS Highway will cross over two local roads at km 3+800 and km
4+100; underpasses will be required at these locations. The NS Highway
will then start to climb into the hills in the vicinity of km 5+000 with
maximum 8% gradient, and will cross over the Caymanas Bay Road in a
high fill. An Underpass will be required at km 6+000 to accommodate the
local road. A major cut will be required to accommodate the profile until it
meets existing grade around km 7+000.

The highway will generally follow the existing topography from km 7+000
to 9+000, with a crossing of Waterloo Road at km 8+600 (underpass or
overpass).

Waterloo Valley to Content (km 9+000 to 13+500)

The alignment generally continues through rolling topography through an
undeveloped area from km 9+000 to km 10+500. From km 10+000 to
13+500, the alignment is parallel to, and east of, the existing local road to
Content, with a crossing of the local road to Bamboo at km 12+400
(underpass).

An interchange will be constructed at km 12+700 adjacent to the Rio
Cobre River, complete with a 2 lane Link Road to the existing Al Road,
north of the Angels Shopping Centre. Two river bridges will be required
on the Link Road to cross the Rio Cobre River and the irrigation channel.
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A new roundabout will also be required at the Al Road to provide
adequate access to the NS Highway.

A Toll Plaza may be constructed east of the interchange in the vicinity of
km 11 to km 12 along the tangent section of the highway. This will be
confirmed in the Outline Design.

From the interchange to Content (km 12+700 to 13+500), the road will
pass through the existing housing development along the Rio Cobre River.

Content to Wakefield (km 13+500 to 23+000)

The highway will cross the Rio Cobre River at km 13+900, approximately
150m upstream of the Dam Head. The estimated span of the river
crossing is 100m.

Once the highway crosses the river, it starts a rapid ascent into the
mountains along the west side of the Gorge, with maximum gradient of
8%, and maximum cut and fill of 30m. The topography changes from
elevation 60 at km 14+000, to elevation 320 at km 18+500, and back
down to elevation 110 at km 23+000 (Wakefield).

The highway generally runs parallel to the Rio Cobre River from km
14+000 to 20+500, crossing over the Al at 14+200, and over the railway
at km 15+100. There are no other road crossings until the crossing of the
Giblatore — Bog Walk Road at km 20+300.

The highway traverses along the side of the mountain from km 20+500 to
km 23+000, with grades up to 7%.

Wakefield to Linstead (km 23+000 to 29+700)

The highway generally passes through sugar cane fields and orange groves
from km 23+000 to 26+000, with field connectors at km 23+700, km
24+500, km 25+000 and km 25+600, and local road crossings at km
23+900 and km 26+000. The highway will be constructed 3 m to 5m
above the existing ground to ensure positive drainage, and to facilitate the
field connector crossings under the highway.

The highway passes through an area of low density housing from km
26+000 to km 28+000, with field connectors at km 26+900 and 27+200.
The highway crosses over the Rio Cobre River at km 28+100, and over the
Linstead Main Road / railway/Constant Spring Road at km 28+300.

The highway will then traverse through undeveloped lands west of the
Linstead Bypass where it will again cross over Constant Spring Road at
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km 29+300, and over the Linstead Bypass at km 29+400, before
connecting to the existing Treadways Roundabout at km 29+700 from the
west side of Byndloss Hardware. Alternatively an interchange will be
constructed at the Linstead Bypass and the roundabout will be removed.

Crossings

Twenty eight (28) crossings have been identified along the highway and
the Angels Link Road, and will be facilitated by overpasses and
underpasses. These crossings include rivers, local roads, railway and field
connectors. The crossing at km 28+300 includes the Linstead Main
Road, the JRC railway and Constant Spring Road.

Toll Plaza and Equipment

A Toll Plaza is proposed between km 4+800 and km 5+500, along the
tangent prior to the ascent into the hills north of the Caymanas Golf
Course.

Alternatively, the Toll Plaza could be located along the tangent between
km 11 and km 12, in advance of the Angels Interchange.

The location of the Toll Plaza will be confirmed during the Outline Design.

PHASING AND TIME TABLE

The project is scheduled to be concluded within 36 months after the
commencement certificate has been issued. The project will be divided
into phases that will be defined by the construction requirements.

CONSTRUCTION CAMP/SITE YARD

The location of the construction camp/site yard has not yet been
determined. It is anticipated, however, that the camp will be
approximately 200m x 200m and will take into consideration storm water
and surface water drainage requirements, location of interceptors, as well
as wastewater and sewage requirements. All necessary approvals for the
construction camp/site yard will be obtained prior to establishment of the
site. The construction works will be implemented by the Contractor.

Although the exact location of the site construction camp has not been
identified, the previous experience of the Highway 2000 project should be
taken into account, with regards to good housekeeping habits,
conformance to permitting requirements, and adherence to audit
procedures.
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CUT AND FILL
All fill materials will be obtained mainly from the cut and transported by
trucks to the designated fill areas.

Quarries will be identified based on the following criteria:

1) Proximity to project

2) Type of material required

3) Nature of approval from authorities

If the project requires the establishment of a quarry, the necessary
licenses/approvals will be sought.

Transportation Requirements

All motorized vehicles within the site, excluding those on public roads,
shall be restricted to maximum speed of 20 km per hour (in site yard) and
50 km per hour (on the alignment). Speed limit signs will be erected as
appropriate. Haulage and delivery vehicles will be confined to designated
roadways inside the site. The production team will ensure that vehicles
transporting earth materials and fines are fitted with side and tailboards.
Materials transported by vehicles shall be covered, with the cover properly
secured and extended over the edges of the side and tailboards. Dusty
materials will be dampened before transportation.

CONSTRUCTION TIMELINE
It is anticipated that the entire construction period for the highway will
last 36 months. The steps are broken down as per below.

e Road bed construction work will take 18 months to complete.

o It will take approximately six months to finish the pavement.
Bridge construction will be constructed concurrently with road
construction and will take approximately 15 months to complete.

PHYSICAL ENVIRONMENT

Meteorology and Climate

e Temperature values over the assessment at all locations ranged
from a low of 17.2°C at Cambria Farms to a high of 32.3 °C at
Caymanas Bay.

¢ Relative humidity values ranged from a low of 81.9% at Caymanas
Bay to a high of 99% at both Caymanas Bay and Cambria Farms.
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e Wind speed ranged from a low of O m/s to a high of 8.9 m/s at
Cambria Farms.

e There was some measurable precipitation during the assessment
ranging from 2.3mm — 21.8mm.

e Barometric pressure ranged from a low of 973.7 millibar at
Caymanas Bay to a high of 1029 millibar at Cambria Farms.

Soils and Geology

e It was documented that the proposed Caymanas alignment
traverses fourteen (14) identified soils. Thirteen (13) of the
traversed soils possess slight to moderate erosive properties.
Bonygate Stony Loam is however the most predominant soil group
within the middle third of the alignment, between Giblatore and
Waterloo Valley, in the mountaineous regions. This soil group has
a very high susceptibility to erosion. Most of the other soils are
very slow to moderate draining soils while Bonnygate Stony Loam,
St. Ann Clay Loam and Union Hill Stony Clay are rapidly free
draining soils.

e Between Linstead and Bog Walk, in the region named the Linstead
basin of St. Thomas in the Vale, the proposed route traverses an
area of undulating topography with a soil cover of variable
thickness underlain by the White Limestone. Approximately thirty
percent of the route follows or crosses alluvium associated with
the drainage system.

e The southern edge of the Vale is bounded by the steep escarpment
associated with the Bog Walk Fault System and this forms the
northern edge of the limestone plateau to the south. South of
Giblatore the limestone is dissected by gullies draining into
sinkholes and surface storm drainage exiting into the Rio Cobre
gorge.

e The proposed route traverses Limestones. The geological structure
is dominated by block faulting of otherwise gently southward
dipping units of the White Limestone. The southern edge of the
Linstead Basin is bounded by the extensive Bog Walk Fault zone.
Other minor faults within the limestone plateau traverse the
proposed highway route at several points.

e The Bog Walk Fault zone is dominantly a multiple set of strike-slip
faults that have caused extensive brecciation of the southern scarp
of the Linstead Basin and the northern margin of the plateau. As
noted above the zone is reported to include slivers of Cretaceous
volcanic rocks. In this respect the fault zone resembles the one
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that has been encountered at the southern end of the Mount
Rosser Bypass section of the highway. The Bog Walk Fault zone is
part of the major Above Rocks-Rio Minho Fault system that
extends across the entire island and is structurally an integral part
of the northern boundary fault complex of the Caribbean Plate.

¢ The northern segment of the highway descends the slope south of
Bog Walk and is oriented parallel with a fault breccia zone which
extends east west along the northern facing slope. This area
consists of extensive completed faulting resulting in very soft
rubbly material of several of the limestone formations. This area
should be of high priority when considering slope stability. The
northern segment (on the basin floor) does not appear to be
transected by faults and so tectonic instability should not be an
issue here.

e The proximity of the highway alignment just east of the Cretaceous
units (in the Giblatore area) should be noted as these units are
most likely to be much more susceptible to erosion and slope
failure.

Topography

e The topography of the project area comprises of both gently
sloping areas, in the northern end of the alignment, and a
mountainous section, in the middle third of the alignment with
sharp increases/decreases in elevations. The southern tip of the
alignment is on relatively flat lands.

Hydrology

o Throughout the length of the proposed alignment, the topography
includes various depressions in which sinkholes occur. A safety
buffer of 50m was established within reason around the Caymanas
alignment of Highway 2000. Eighteen (18) of these sinkholes can
be located directly under the highway alignment reservation
whereas ten (10) are within the 50m buffer. Implementing the
abovementioned 50m buffer area, eleven (11) wells were
determined to be affected by the construction of the proposed H2K
North-South alignment These wells are owned and operated by
both private and government entities. The alignment being a 4-
lane highway will easily cover these wells and furthermore may
lead to their destruction and/or contamination.

¢ It was found that the proposed alignment traverses a number of
sub-catchments of a larger catchment area. The overall total area
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of the sub-catchments that will impact the highway alignment is
465.9 km?, extending from Mannings Hill in the east to Thetford
mountains in the west and Guys Hill in the north to Christian Pen
in the south. The catchment is approximately 30.9 km long at its
longest and 29.8 km wide.

e Four of these rivers cross the alignment within a 4 km radius of
Linstead Town while the fifth (Rio Cobre) traverses the alignment
in the Angels area. These rivers are known to have large flood
plains and tend to swell rapidly and overtop their banks during
extreme weather.

Quarries

e The report concluded that common fill materials will be sourced
primarily from excavations. However since the cut areas are
expected to be in weak limestone, the sub-base, base, concrete
and pavement aggregates will have to be sourced from quarries in
May Pen or St Thomas.

e The closest quarries to the project are located at distances varying
from 3 km to 30 km in proximity to the highway alignment. Most
of these quarries generate weak limestones which are not suitable
for road base construction. The 2000 Quarries report therefore
stated that consideration will also be given to the opening of
additional quarries to supplement the limited supplies of suitable
materials.

Hazards

e The Bog Walk Fault zone consists of a broad belt of mainly
limestones that have been extensively brecciated. The brecciation
will result in potentially unstable slopes being exposed during and
after construction of the highway, so the potential for landslides is
high. If the highway route also intersects slivers of volcaniclastic
rocks (Cretaceous units), presently just west of the proposed route
in the Giblatore area this potential will become even higher. Active
landslides have been encountered along, or in the vicinity of, the
proposed highway route.

e It was found that landslide occurrences increase with increasing
slope angle. The results revealed that majority of landslides
occurred within the ranges of 5° and 30°, with lower landslide
occurrences, 9% and 7%, within the Q° - 5° range and 30° and 75¢.
However, a decrease in landslide occurrences was observed after
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the slope range 15° - 30°. The dominant slopes along the alignment
are between 0 to 5 degrees. The segment of the alignment which
traverses north of Lime Walk and west of Bog Walk comprises of
the steepest slopes, varying from O to 30 degrees.

e It was necessary to assess the likelihood of landslides occurring
along fault lines. Initial observations indicate a high number of
landslides are concentrated near faults in some parts of the map
area. In many cases faults have created steep topographic
escarpments. It suggests that a number of landslides are caused
directly by fault-related fracturing and alteration of the rock in the
steep escarpment slopes.

e The Caymanas alignment was superimposed on the resultant
landslide map to facilitate in identifying the susceptible areas
prone to landslides. The most vulnerable regions were located in
the mountainous sections north of Lime Walk and south of Bog
Walk. The hilly environs in close proximity to Lime Walk runs
parallel to the proposed alignment and extends from 1.3km
southeast of Wakefield to 1.2km southwest of Bog Walk and
1.02km north of Lime Walk. Other susceptible regions identified
include those near to Crescent and Content where the highway will
intersect the Rio Cobre. In addition, the steep terrain of the
Caymanas Bay creates moderate susceptibility to landslides in the
surrounding areas.

Ambient Particulates (PM 2.5 & PM 10)

o All locations sampled for PM10 particulates had values compliant
with the USEPA 24hr standard of 150ug/ms.

o All locations sampled for PM2.5 particulates had values compliant
with the USEPA standard of 35ug/ms.

Ambient Noise Climate

o Two stations (5 and 9) were non-compliant with the NEPA noise
guidelines during the daytime (7am — 10 pm).

o During the night time three stations were non-compliant with the
NEPA guidelines. These stations were Stations 3, 8 and 9.

Submitted to: National Road Operating and Constructing Company (NROCC)
Prepared by: CL Environmental Co. Ltd.



Environmental Impact Assessment for the Proposed Highway 2000 North South 13
Link - Caymanas to Linstead

BIOLOGICAL ENVIRONMENT

Flora

e The planned road construction is, therefore, slated to impact
several land use types namely, agricultural, residential and semi-
industrial areas as well as pre-disturbed natural habitats. The
terrain to be encountered is also variable in substrate, slope and
aspect. Because of these factors, a decision was made that the
vegetation within study area should be assessed under two broad
categories, “lowland” and “highland” areas.

e There were two main lowland areas: one located southerly, to the
east of Central Village and the other, adjacent to the large town of
Linstead in the north. The vegetation in these areas showed
severe anthropogenic influence, evidenced by large-scale orange
and sugar cane cultivation, as well as several hectares of
pastureland. Some isolated dwellings and settlements were also
encountered, especially within the northern lowland areas thus
influencing the characteristics of the nearby flora with the
persistence of garden ornamentals and fruit trees.

e In general, the highland areas appeared significantly less
disturbed than the lowland areas. Nonetheless, man’s influence on
the environment could be seen with the occurrence of a few
village-settlements and isolated dwellings. These were usually
associated with subsistence agriculture of several fruit trees (such
as Ackee, Breadfruit, Star-apple and Allspice), including some
pastureland. There were two main “highland” areas to be
impacted by the highway development, namely those areas
between Caymanas Bay and Content (easterly) and between Dam
Head and near Lime Hill (westerly).

e The vegetation here transitioned into lands occupied by dwellings
and subsistence agriculture. Anthropogenic influence on species
composition was exhibited with the increased presence of fruit
trees and ornamental trees.

e The vegetation communities present within the study area
exhibited various levels of anthropogenic influence and as such
would be affected by a development such as this in various ways.
The overall assessment of the study site is that the vegetation in
each locale sampled was disturbed but the upper regions of the St.
Johns Red Hills show the least disturbance as well as the highest
endemism and as such care should be taken in carrying out the
development in these areas.
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Fauna

Thirty five species of birds were identified in the Gully forest while
41 was observed in the Caymanas Hills; the other sites had much
lower diversity. A number of endemic species were forest
dependent, however they do not require primary forests and do
thrive even is secondary forests.

The only amphibian observed was Rhinella marina. Ten species of
Reptiles, belonging to 5 genera were recorded. These populations
here appear to be an extension of the population recorded for the
adjoining Red Hills area. The Arthropod fauna is also improvised,
with a maximum of 13 land snails and 10 arthropod species
recorded for any area.

Since none of the species recorded are known to be endangered or
needing any special conservation measures, standard good
environmental practice should be adequate to conserve these
species.

This area has been the subject of significant human activity, very
intense in many cases; consequently all the species observed are
generalist capable in surviving in a wide variety of habitats. The
species diversity is comparatively low.

LAND USE

The proposed alignment of the North South Highway is
surrounded by various land use. These include agricultural,
commercial, industrial, residential, educational and recreational.
Other uses include motor rally route, airstrip, caves, burial
grounds (behind homes or private property), power lines,
wells/pump houses, water pipelines, telecommunication modules
and cellular towers.

Agriculturally, the study area has sugar cane, citrus and apple
farming (Caymanas and Tru Juice). Commercially, the study area
has offices, restaurants, bars, two markets (Bog Walk and
Linstead), stalls, garages, block making facilities and factories
such as the Tru Juice and Nestle Factory. There are eight quarries
within the study area, five of which are limestone, two marl and
the other sand.

There are also health facilities which include the Linstead Hospital
and health centres such as Giblatore, Bog Walk and Linstead.
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e There are 60 settlements (residential areas) within the (Social
Impact Area (SIA)) with the major towns being Spanish Town, Bog
Walk and Linstead.

STRUCTURES ALONG THE ALIGNMENT

o Approximately 220 structures will be impacted by the proposed
highway alignment. Of these structures, approximately 52% are
found between Crescent and Content. These vary from stalls,
houses, church, wells/pump house, shops, cell tower, farms, pens,
used car lot and unfinished structures.

SOCIOECONOMICS

e The age of the SIA population could be described as fairly youthful
and mostly female, with the majority of the population
concentrated between ages 0-49. Since the SIA also has a
substantial mature population, this contributes to an established
labour force to support the population. However the fact that it is
largely female could indicate either a high female birth rate or a
high rate of male emigration from the SIA.

o The SIA has a land area of approximately 30km2 and a population
of about 220,555 persons. The population density of the area is
roughly 7,350 persons per square kilometre. This is a far greater
density than that of the parish of St. Catherine and also
considerably higher than the national population density figure of
238 persons per square kilometre.

o A comparison of the SIA and national and regional ratios indicate
that the SIA in general had lower dwelling to housing unit and
average household ratios. However, there was a higher
household/dwelling ratio in the SIA than both the regional
(parish) and national ratios.

o There were a smaller percentage of households in the SIA owning
the land they lived on than those renting and living rent free
compared to the national and regional setting. Otherwise, there
were higher or comparable percentages seen for all other land
tenure categories when compared to the national and regional
figures.

e Most SIA households (which accounts for 75% to 100%) utilize
electricity as their main source of lighting. For the most part the
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proposed highway falls within the areas of high household
electricity use.

e St. Catherine and the study area are served with landlines
provided by Cable and Wireless: LIME Jamaica Limited. Wireless
communication (cellular) is provided by Cable and Wireless
(LIME) and Digicel Jamaica Limited. A network to support
internet connectivity is also provided by Cable and Wireless
(LIME) and Flow.

e The greater portion of SIA households (86%) receives its domestic
water supply from the National Water Commission (NWC). This
was more than both the regional and national figures of 79% &
73% respectively. Conversely, households utilizing a private source
of water supply (14%) were lower than the regional and national
average. Water demand in the SIA is 66,648,364 litres per day.

e It is estimated that approximately 53,318,691 litres/day of
wastewater is generated within the study area and is expected to
increase to 102,032,479 litres/day over the next twenty five years.

e The National Solid Waste Management Authority is responsible
for domestic solid waste collection within the study area.
Presently, collection is done twice per week. The waste is
transported to the Riverton landfill located in Kingston. Solid
waste collection for commercial and industrial facilities is done by
arrangements by these entities with private contractors.

o The increased residential developments taking place in the south
central parts of St. Catherine are increasing congestion in Spanish
Town. Spanish Town is the main transit route for trips from
Kingston to the north coast and vice versa.

e The construction of phase 1 (Caymanas to Linstead) will result in
several benefits to commuters and these will include:

» less congestion on the existing roads through Spanish Town
» Safer driving conditions for motorists and pedestrians
» reduced travelling time

e There is one hospital located within the SIA. Linstead Hospital is a
public hospital belonging to the Southeast Health Region.
Accident and emergency care, medical care, minor surgery, mental
health, out-patient clinic, pharmacy, ambulance and obstetrics are
the major services provided and it is open on a 24 hour basis for
all services except pharmacy and X-ray.

e Spanish Town, a Southeast Health Region Type B hospital is not
located within the 3 km of the proposed alignment, but is situated
on the southern outskirts of the SIA. Inpatient and outpatient
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services in at least the five basic specialties (general surgery,
general medicine, obstetrics and gynaecology, paediatrics and
anaesthetics) are offered here. X-ray and laboratory services are
usually available to serve hospital patients as well as those from
Primary Health Care and the local private sector.

e Four public health centres are located within the SIA:
» Bog Walk Health Centre — Type |1

Giblatore Health Centre

Christian Pen Health Centre - Type |11

Linstead Health Centre - Type 111

YV V V

e There is one fire station located within the SIA — Vanity Fair,
Linstead. This station is located at the northern end of the
proposed highway. Currently, this station has one fire engine with
a water capacity of = 6,365 litres (1,400 imperial gallons). There is
also a fire station worth mentioning located in the south western
end of the general study area in Spanish Town, about 3 km south
of the proposed alignment.

e Four police stations are found within the SIA (Bog Walk,
Caymanas Park, Ferry and Linstead).

e Three post offices are situated within the SIA (Bog Walk, Linstead
and Gregory Park-Portmore)

o Approximately forty three percent (43.2%) of all respondents had
heard of the National Road Operating and Constructing Company
(NROCC). It was observed that more males knew of NROCC than
females. Of the 43.2% of respondents who had heard of NROCC,
46.3% had heard only of the company’s name but were unaware of
the company’s services.

o Respondents indicated that they heard of the company in the
media and from other persons relaying experiences (“word of
mouth”). As it related to respondents awareness of the proposed
toll road construction 37.4% of respondents were aware of the
proposal and 62.6% of respondents were not aware.

e On the issue of concerns and comments related to the project,
there were a series of mixed opinions. In general respondents who
thought the project would affect their lives commented on the
potential ease or difficulty in commuting. Respondents expressed
that the introduction of the bypass and/or the toll road would
significantly reduce the time it takes for them to travel. Individuals
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interviewed also indicated their expectation of having existing off
roads in the vicinity of the proposed areas upgraded.

e Concerns highlighted, related to the possibility of high toll fees, as
well as making currently accessible areas inaccessible. Of concern
was also the issue of potential flooding as a result of the road
construction or modification in areas currently not affected by
flooding.

Aesthetics

o All towns, with the exception of Green Acres and Big Pasture will
be able to see the proposed highway alignment. Less than 10% of
the proposed road alignment will be seen by persons situated in
Bog Walk, Giblatore, Gregory Park, Linstead and Spring Vale.

¢ On the other hand, in the case of Gregory Park, the visible areas
are over 2 km away from the observation point and are located
directly north of the Giblatore point at the start of the alignment
and northwest in proximity of Caymanas.

e Visible sections of the proposed road from Spanish Town and
Angels (collectively constituting a large percentage of population
in the study area) are similar with 11% and 12% of road visible
respectively. On the other hand, the town of Caymanas, situated
east of Angels, will be able to see as much as 16% of the proposed
alignment, with these visible areas restricted to the first the start
of the proposal alignment, east and north of Caymanas.
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IMPACTS AND MITIGATION

Site Clearance/Preparation and Construction

Impact Mitigation
Soil Removal and Blasting e Directional controlled blasts
Use of alternative methods such as bulldozing and jackhammering Conduct
pre-blast crack surveys
Implement rockfall catchment areas
Stockpile fine grained materials away from drainage channels
Low berms placed around stockpiles and covered with tarpaulin
Provision of catch/diversion drains to divert surface flows
Installation of silt fences and coffer dams where necessary
Remove trees only as necessary
Trees with trunks of DBH 20cm and greater should be left intact

Soil Erosion and Siltation

Water Resources

Vegetated buffer area should be installed around and within sinkhole drainage
area

e Culverts and proper drainage should be implemented where the alignment
crosses the surface run-off paths for the sinkholes

o Installation of oil separators or interceptors within the drainage system

Vegetation/Habitat Disturbance e Vegetation mapping should be done prior to site clearance

e Limit rights-of-passage to areas already showing noticeable signs of
degradation

e Incorporate engineering solutions that will help minimise habitat
fragmentation (tunnels, bridges etc)

¢ Fencing off of highway to limit disposal of solid waste into plant communities
and restrict encroachment of humans and livestock

¢ Avoid removal of endemic species

e If removal is necessary, a nursery should be established for maintenance and
propagation of endemic and naturally occurring plants

e A buffer area should be established and maintained between the project area
and surrounding limestone forest

e Proper planning regarding access points to construction site should be
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Impact Mitigation

established
¢ Further planning required to establish development zones within nearby
lands, villages and towns to prohibit development of nearby areas

Noise Pollution e Use equipment with low noise emissions as stated by manufacturer, and fitted
with noise reduction devices such as mufflers

e Operate noise-generating equipment during regular working hours (eg 7am —
7pm) to reduce potential of creating noise nuisance at night

e Construction workers operating noise-generating equipment should be
equipped with noise protection (ear muffs, ear plugs)

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

e Minimize cleared areas to those that are needed to be used

e Cover or wet construction materials such as marl

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

Solid Waste Generation e Skips and bins should be strategically placed within the campsite and
construction site, and adequately designed and covered to prevent access by
vermin and minimise odour

e The skips and bins at both the construction campsite and construction site
should be emptied regularly to prevent overfilling

o Disposal of the contents of the skips and bins should be done at an approved
disposal site

Wastewater Generation/Disposal e Provide portable sanitary conveniences for the construction workers for
control of sewage waste. A ratio of approximately 25 workers per chemical
toilet should be used

Storage of Raw Material/Equipment e A central area should be designated for the storage of raw materials. This area
should be lined in order to prevent the leakage of chemicals into the sediment.

¢ Raw materials that generate dust should be covered or wet frequently to
prevent them from becoming air or waterborne

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

e Raw material and equipment should be placed on hardstands surrounded by
berms to contain any accidental surface runoff

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

Transport of Raw Material/Equipment e Paths of the planned roadways should be used, rather than creating temporary
pathways just for equipment access.

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

e Raw materials such as marl and sand should be adequately covered within the
trucks to prevent any escaping into the air and along the roadway.

e The trucks should be parked on the proposed site until they are off loaded.

e Heavy equipment should be transported early morning (12 am — 5 am) with
proper pilotage.

e The use of flagmen should be employed to regulate traffic flow.

Emergency Response e A lead person should be identified and appointed to be responsible for
emergencies occurring on the site. This person should be clearly identified to
the construction workers.

e The construction management team should have onsite first aid kits and
arrange for a local nurse and/or doctor to be on call for the construction site.

e Make prior arrangements with local health care facilities such as health
centres or the hospitals to accommodate any eventualities.

e Material Safety Data Sheets (MSDS) should be store onsite.

Worker Safety e The provision of lifelines, personal safety nets or safety belts and scaffolding
for the construction workers.
e Adequate communication with workers and signage should be put in place to
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alert/inform workers of the time, location of such blasting and instructions.

Traffic Management and Travel Costs e Any detours should be done to minimize any increase in travel distance when
compared to the existing routes.

¢ Place adequate and appropriate construction warning signs.
¢ Give adequate and ample notice of the pending road works and detours.
o Delivery trucks should operate during off peak hours.
e Loading of truck as per NWA axel load guidelines.
Cultural and Historical e Further archaeological evaluations should be undertaken in order to ascertain

the magnitude of Taino sites.

e The recording of impacted structures should be undertaken prior to
destruction.

¢ Monitoring should be conducted during clearing and excavation stages in
areas where historic artefacts were discovered.

e Ensure the preservation of the historic Rio Cobre water canal.
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Climate Change and Flooding

In light of these increases it is recommended that the newer rainfall return
intensities obtained from the Met office datasets be used for hydrological
models.

e Flood plain analysis should be conducted to identify the areas which are prone
to flooding and install suitable drainage infrastructure to ensure the alignment
does not exacerbate existing conditions.

o Consider the use of detention ponds or retarding basins which aid in the
reduction of the peak flows in the drains crossing the highway

o Levees are implemented to impede the collection of water. Levees are
embankments composed of soil and earthen material such as sandbags that are
used to prevent flooding controlling the rate of runoff

o Create larger openings in relation to drainage and culverts to allow a greater

volume of water to flow or escape.

Natural Hazards e Ensure that the new structures can withstand hurricane, flood and earthquake
impacts.

o Ensure that the new structures are designed to withstand a 50 —100 year flood
event.

o Road integrity inspections should be conducted every two (2) years by qualified
personnel.

e An emergency response plan to address natural and man-made disaster and
possible evacuation is required by NEPA and should be developed in close
consultation with the Office of Disaster Preparedness and Emergency
Management (ODPEM).

Landslides e The introduction of reinforcement elements such as metal soil nails or anchors
to increase the shear strength of the rock and to reduce the stress release created
subsequent to soil cutting. Gravity walls or concrete walls with counterforts may
also be introduced.

o Re-profiling the slope with the purpose of improving stability by either reducing
the slope angle or cutting benches into the face of the soil. There are three
options: Balanced cut and fill, full bench cut or through cut.
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o Erecting gabion walls from the foot of the slope along its faces which act as a
type of low gravity retaining structure. These are generally wire frames filled
with aggregates.

o Constructing rockfall protection mesh systems, for example catch fences,
rockfall drapery or rockfall netting, which are made from high-tensile steel wire.

e The implementation of soil erosion preventative measures, for instance,
geomats, geogrids or brushwood mats, as water near the surface of the hillside
may cause the erosion of surface material.

Debris Flow e Implementation of check dams which are small dams, temporary or permanent,
constructed across a channel or drainage ditch. They are constructed not only to
capture the runoff sediment directly, but also to decrease the volume and
discharge runoff sediment (sediment control).

e The designers should take into consideration debris flow when designing
culverts and drains. In the designing process, the freeboard acts as the volume
occupied by the debris usually 20% - 25%. This allows some leniency when
debris starts to flow in heavy water bodies.

Noise e Conduct annual noise assessment to determine if the traffic from the highway is
having negative impact on the environment.

e Where necessary noise mitigative structures should be put in place such as noise
barriers, etc.

Emergency Response e Alternate route or routes should be identified beforehand.

e Adequate and clearly defined signs should be erected and public announcements
will be made if there is a need to use the alternate route(s).

e Arrange access points along the highway for emergency vehicles and personnel.
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2.1 BACKGROUND AND OVERVIEW

The highway will begin in the Caymanas Estate area (east of the parish-
capital, Spanish Town) and is to connect with the existing highway and
parochial road networks via an enhanced interchange provision. The
highway will then travel west-northwest over the hills in this region,
through Waterloo Valley and south of Cross Pen and crosses the Rio
Cobre River in the vicinity of Content/Dam Head; from where it climbs
towards Giblatore and Lime Walk on the St. Johns Red Hills. The
highway later descends and heads north, from Wakefield, towards
Linstead and the Linstead bypass, where it terminates (Figure 2-1).

The highway project is expected to be typical, with construction and
engineering methods being utilised to develop and clear the rights-of-way,
ensure substrate stability, involve the construction of drainage, bridges
and overpasses, as well as manipulate the landscape to allow for grade
separated interchanges and linkages with existing roadways. The
principal construction materials expected to be employed are steel,
concrete, asphalt and aggregates of various grades.

The Highway (Caymanas to Linstead) is intended to be a four lane
controlled-access, tolled motorway with fully grade separated
interchanges and intersections built according to modern international
standards with a total distance of =27.92 km.

Highway 2000 is Jamaica's first toll highway and this primarily
“Greenfield”; tolled, multi-lane motorway will connect the capital
Kingston in the south-east of Jamaica with the tourism centres of
Montego Bay in the north-west and Ocho Rios on the north-central coast,
covering 230 km when completed.

The National Road Operating and Constructing Company Limited is
desirous to continue to directly contribute to the Government’s desire to
accelerate development through the implementation of appropriate
infrastructure. In furthering this objective, a North South Link, Spanish
Town to Ocho Rios, is being developed.

In addition to the economic benefits expected from the North South Link,
the vulnerability of existing routes to natural disasters makes the
development of the North South link even more desirable, given the
frequent and recent devastation of the roads in the gorge.
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Figure 2-1 - Map of planned North-South highway development from
Caymanas to Linstead, St. Catherine
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2.2 PROPOSED PROJECT

2.2.1Alignhment, Crossings and Toll Plaza

2.2.1.1 Alignment

The Caymanas to Linstead (Sectionl) segment of Highway 2000 requires
the construction of a two lane, dual carriageway, with a design speed of 80
km/h.

Ferry to Waterloo Valley, via Caymanas (km 0+000 to 9+000)

The alignment through Caymanas is shown on Figure 2-2 (SK-SEC1-003,
rev 1). The alignment begins at the Highway 2000 interchange at Ferry. A
new underpass will be required at km 1+200 for the Dyke Road
connection. This interchange may be excluded from the project.

A new cloverleaf interchange will be constructed at the intersection of the
NS Highway and the Mandela Highway, complete with a new underpass
at km 2+000. The alignment will utilize the existing Rio Cobre Bridge, as
well as westbound on ramp from Mandela Highway. The existing Mandela
Highway Underpass will need to be demolished.

A partial cloverleaf interchange will be constructed along the Parochial
Road, complete with an underpass at km 3+100, and traffic signals on the
Parochial Road at the ramp terminals, if required. This road will be the
primary access to Caymanas.

A Collector-Distributor Road system may be required along both sides of
the highway from the Ferry Interchange to the Caymanas Interchange,
due to the close proximity of the interchanges. If the CD Road is required,
additional structures will be required along both sides of the highway
along this entire length, including the Rio Cobre River crossing.
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Figure 2-2 - The Caymanas to Linstead highway alignment through the Caymanas Estate (Option 4)
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The NS Highway will cross over two local roads at km 3+800 and km
4+100; underpasses will be required at these locations. The NS Highway
will then start to climb into the hills in the vicinity of km 5+000 with
maximum 8% gradient, and will cross over the Caymanas Bay Road in a
high fill. An Underpass will be required at km 6+000 to accommodate the
local road. A major cut will be required to accommodate the profile until it
meets existing grade around km 7+000.

The highway will generally follow the existing topography from km 7+000
to 9+000, with a crossing of Waterloo Road at km 8+600 (underpass or
overpass).

Waterloo Valley to Content (km 9+000 to 13+500)

The alignment generally continues through rolling topography through an
undeveloped area from km 9+000 to km 10+500. From km 10+000 to
13+500, the alignment is parallel to, and east of, the existing local road to
Content, with a crossing of the local road to Bamboo at km 12+400
(underpass).

An interchange will be constructed at km 12+700 adjacent to the Rio
Cobre River, complete with a 2 lane Link Road to the existing Al Road,
north of the Angels Shopping Centre. Two river bridges will be required
on the Link Road to cross the Rio Cobre River and the irrigation channel.
A new roundabout will also be required at the Al Road to provide
adequate access to the NS Highway.

A Toll Plaza may be constructed east of the interchange in the vicinity of
km 11 to km 12 along the tangent section of the highway. This will be
confirmed in the Outline Design.

From the interchange to Content (km 12+700 to 13+500), the road will
pass through the existing housing development along the Rio Cobre River.

Content to Wakefield (km 13+500 to 23+000)

The highway will cross the Rio Cobre River at km 13+900, approximately
150m upstream of the Dam Head. The estimated span of the river
crossing is 100m.

Once the highway crosses the river, it starts a rapid ascent into the
mountains along the west side of the Gorge, with maximum gradient of
8%, and maximum cut and fill of 30m. The topography changes from
elevation 60 at km 14+000, to elevation 320 at km 18+500, and back
down to elevation 110 at km 23+000 (Wakefield).
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The highway generally runs parallel to the Rio Cobre River from km
14+000 to 20+500, crossing over the Al at 14+200, and over the railway
at km 15+100. There are no other road crossings until the crossing of the
Giblatore — Bog Walk Road at km 20+300.

The highway traverses along the side of the mountain from km 20+500 to
km 23+000, with grades up to 7%.

Wakefield to Linstead (km 23+000 to 29+700)

2.2.2Crossings

The highway generally passes through sugar cane fields and orange groves
from km 23+000 to 26+000, with field connectors at km 23+700, km
24+500, km 25+000 and km 25+600, and local road crossings at km
23+900 and km 26+000. The highway will be constructed 3 m to 5m
above the existing ground to ensure positive drainage, and to facilitate the
field connector crossings under the highway.

The highway passes through an area of low density housing from km
26+000 to km 28+000, with field connectors at km 26+900 and 27+200.
The highway crosses over the Rio Cobre River at km 28+100, and over the
Linstead Main Road / railway/Constant Spring Road at km 28+300.

The highway will then traverse through undeveloped lands west of the
Linstead Bypass where it will again cross over Constant Spring Road at
km 29+300, and over the Linstead Bypass at km 29+400, before
connecting to the existing Treadways Roundabout at km 29+700 from the
west side of Byndloss Hardware. Alternatively an interchange will be
constructed at the Linstead Bypass and the roundabout will be removed.

Twenty eight (28) crossings have been identified along the highway and
the Angels Link Road, and will be facilitated by overpasses and
underpasses. These crossings include rivers, local roads, railway and field
connectors. The crossing at km 28+300 includes the Linstead Main
Road, the JRC railway and Constant Spring Road. The structure at Dyke
Road may be excluded from the project.

Table 2.1 shows the types and locations of crossings and structures along
Section 1.
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Table 2.1 - Types and Locations of Crossings and Structures along Section 1

Chainage Local Name S\rﬁgizssé Bridge Type
1+200 Dyke Road (Interchange) Underpass Local Road
1+600 Rio Cobre River Underpass River
2+100 Mandela Hwy (Interchange) Underpass Local Road
3+100 Caymanas Parochial Rd (Interchange) Underpass Local Road
3+800 Caymanas Local Road Underpass Local Road
4+100 Caymanas Local Road Underpass Local Road
6+000 Caymanas Bay Road Underpass Local Road
8+600 Spanish Town - Waterloo Road Underpass or Local Road
Overpass
12+400 Bamboo Road Underpass Local Road
12+700 Angels Link Road (Interchange) Underpass Local Road
2 lane Bridge on the Link Road over Underpass River
the Rio Cobre River
2 lane Bridge on the Link Road over Underpass River
the irrigation channel
13+900 Rio Cobre River (Dam Head) Underpass River
14+200 Al Road Underpass Local Road
15+100 JRC Underpass Rail
20+300 Giblatore — Bog Walk Road Overpass Local Road
23+700 Wakefield 1 Overpass or Field Connector
Underpass
23+900 Bog Walk - Wakefield Road Overpass or Local Road
Underpass
24+500 Wakefield 2 Overpass or Field Connector
Underpass
25+000 Wakefield 3 Overpass or Field Connector
Underpass
25+600 Wakefield 4 Overpass or Field Connector
Underpass
26+000 Wakefield - Heathfield Road Overpass or Local Road
Underpass
26+900 Heathfield 1 Overpass or Field Connector
Underpass
27+200 Heathfield 2 Overpass or Field Connector
Underpass
28+100 Rio Cobre River Underpass River
28+300 Linstead Main Road/Rail/Constant Underpass Local Road/Rail
Spring Road 1
29+300 Constant Spring Road 2 Underpass Local Road
29+400 Linstead Bypass Underpass Local Road
29+700 Treadways Roundabout At-grade Mt. Rosser Bypass
crossing connection
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2.2.3Toll Plaza and Equipment

A Toll Plaza is proposed between km 4+800 and km 5+500, along the
tangent prior to the ascent into the hills north of the Caymanas Golf
Course.

Alternatively, the Toll Plaza could be located along the tangent between
km 11 and km 12, in advance of the Angels Interchange.

The location of the Toll Plaza will be confirmed during the Outline Design.

2.3PHASING AND TIME TABLE

The project is scheduled to be concluded within 36 months after the
commencement certificate has been issued. The project will be divided
into phases that will be defined by the construction requirements.

2.4 CONSTRUCTION CAMP/SITE YARD

The location of the construction camp/site yard has not yet been
determined. It is anticipated, however, that the camp will be
approximately 200m x 200m and will take into consideration storm water
and surface water drainage requirements, location of interceptors, as well
as wastewater and sewage requirements. All necessary approvals for the
construction camp/site yard will be obtained prior to establishment of the
site. The construction works will be implemented by the Contractor.

Although the exact location of the site construction camp has not been
identified, the previous experience of the Highway 2000 project should be
taken into account, with regards to good housekeeping habits,
conformance to permitting requirements, and adherence to audit
procedures.

2.5CUT AND FILL

All fill materials will be obtained mainly from the cut and transported by
trucks to the designated fill areas.

Quarries will be identified based on the following criteria:

4) Proximity to project
5) Type of material required
6) Nature of approval from authorities
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If the project requires the establishment of a quarry, the necessary
licenses/approvals will be sought.

2.5.1Transportation Requirements

All motorized vehicles within the site, excluding those on public roads,
shall be restricted to maximum speed of 20 km per hour (in site yard) and
50 km per hour (on the alignment). Speed limit signs will be erected as
appropriate. Haulage and delivery vehicles will be confined to designated
roadways inside the site. The production team will ensure that vehicles
transporting earth materials and fines are fitted with side and tailboards.
Materials transported by vehicles shall be covered, with the cover properly
secured and extended over the edges of the side and tailboards. Dusty
materials will be dampened before transportation.

2.6 PAVEMENT STRUCTURE DESIGN

2.6.1Newly Built Part

e Surface course: Upper surface course AC-16C 4cm
e Middle surface course AC-20C 6¢cm

e Lower surface course AC-25C 7cm

e Base course: Graded broken stone 15cm

e Sub base course: Caulking crushed stone 48cm

2.6.2Reconstructed & Expanded Part

e For the original pavement part:

e Surface course: Upper surface course AC-16C 4cm
e Middle surface course AC-20C 6¢cm

e Lower surface course AC-25C 7cm

e Base course: Graded broken stone 15cm

e Sub base course: Caulking crushed stone I3cm

An asphalt primer and a slurry seal are established on the top surface of
the base course, and an asphalt carpet is established between asphalt
concrete surface courses.

2.6.3Toll Plaza Pavement

There are concentrated vehicles and frequent parking and startup in a toll
plaza section, and asphalt concrete pavement easily results in tracking
and other pavement damages; therefore, reinforced concrete pavement is
used in the design.
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Toll plaza pavement structure:

e 26 cm reinforced concrete slab
e 15 cm graded broken stone
e 48 cm caulking crushed stone

2.6.4Bridge Deck Paving
The bridge deck paving structure:

e 4.cm AC-16C (medium grained asphalt concrete)
e 6cm AC-20C (medium grained asphalt concrete)

Interchange Ramps:

e 4cm AC-16C (medium grained asphalt concrete)
e 6¢cm AC-20C (medium grained asphalt concrete)
e 15 cm graded broken stone

e 48 cm caulking crushed stone

2.6.5Auxiliary Road

e 5cm AC-16C (medium grained asphalt concrete)
e 15cm graded broken stone
e 48 cm caulking crushed stone

2.7 BRIDGES & CULVERTS

2.7.1Design Specifications
The BSI B.S.5400 specification is used in the design.

Combination of loads and load effect are in accordance with the relevant
regulations of B.S.5400: Part 2 and the Manual for Design of Highways
and Bridges (DMRB) 1.3.14: Standard BD37/1.

For instance, the used vehicle loads: B.S.5400: Part 2, HA loads
(including horizontal distribution force and the concentrated force of the
weight of a wheel axle) and B.S.5400: Part2, HB loads 0f37.5 units.

2.7.2Design Standards

1) Design reference period: 75 years;
2) Seismic dynamic peak acceleration: 0.3 m/s?;
3) Designed flood frequency: 1/100.
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2.80UTLINE OF CONSTRUCTION METHOD

It is anticipated that the entire construction period for the highway will
last 36 months. The steps are broken down as per below.

Road bed construction work will take 18 months to complete and will
follow the procedures outlined in Figure 2-3 below.

Figure 2-3 - Roadbed construction procedure (source CHEC)

2.8.1Construction Process of Excavation

2.8.1.1 Earthwork Excavation (Soft Material)
Excavation shall be done in layers from the top downwards (Figure 2-4).
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Figure 2-4 - Earthwork excavation (source CHEC)

2.8.1.2 Earthwork Excavation (Hard Material)

Bulldozers and excavators with hydraulic breaker will be deployed to
remove the rock.

2.8.2Roadbed Filling

The flow chart below outlines the procedures that will be employed to do
roadbed filling (Figure 2-5).
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Figure 2-5 - Construction procedure for roadbed filling (source CHEC)

The filling material will be transported to the construction site from the
borrow area and dumped in the site, then spreaded by bulldozer and
trimmed to control the design level. Then roller will be deployed to
compact (Figure 2-6).
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Figure 2-6 - The steps for transporting, spreading and compacting fill material
(source CHEC)

Filling work will be started from bottom to top in layer by layer which is
shown in the figure below. If uneven ground surface is found, filling and
compaction will be applied on the existing ground, and then fill the layer
according to requirements. For ensuring the strength and stabilization of
road base edge, filling material will be conducted with 30cm overfill in
both sides.

In case of filling by sections and at different time, the first section shall be
filled by bench method with gradient 1: 1.

2.8.3Drainage and Retaining Wall Construction

2.8.3.1 Concrete Ditch

Forming the bedding with crushed stone after excavation, concreting to
designed level

2.8.3.2 Retaining Wall

The reinforced concrete retaining wall will be constructed by employing
backhoe, steel-fixer, carpenter and concreter.

2.8.4Pavement Construction

It will take approximately six months to finish the pavement. One set of
4000 asphalt batch mixer and three sets of paver will be deployed to
execute the pavement works (Figure 2-7).
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Figure 2-7 - Pavement Construction Schematic (source CHEC)

2.8.4.1 Sub-base and Base Course Work

The thicknesses of base course and sub-base course are 15cm and 48cm
respectively. The graded material will be graded by bulldozer, levelled
and spreaded by spreader and then compacted to required degree of
compaction.

2.8.4.2 Prime Coat and Tack Coat Construction

Provide a layer of prime coat or slurry seal on base course and place a
layer of tack coat between surface courses (Plate 2.1).
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Plate 2.1 - Asphalt Pavement Construction (Spraying) (source CHEC)

2.8.4.3 Asphalt Concrete Pavement

Asphalt concrete shall be transported by dump truck. In order to ensure
consecutive spreading work, the dumping truck on site shall not be less
than three during laying asphalt concrete (Plate 2.2).

Plate 2.2 - Transportation of Asphalt Concrete (source CHEC)

The asphalt concrete will be spreaded by three ABG-type Pavers equipped
with auto-adjusting thickness devices and auto-levelling device and
initially-compacting device. The Paver will be adjusted to the best
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working condition to ensure the paving surface is even so as to reduce or
to eliminate segregation. The elevation control method guided by steel
wire shall be applied to spreading. The spreading speed will keep up with
the step of material supply and compactors to ensure the consecutive and
even spreading without interruption as much as possible (Plate 2.3).

Plate 2.3 -Asphalt Concrete Spreading (source CHEC)

Compaction of asphalt concrete

Asphalt concrete shall be immediately compacted after spreading. The
concrete shall be compacted by 10t dual-drum vibration roller
immediately after the paving (Plate 2.4).

Plate 2.4 - Spreading and Compacting Asphalt Mixture (source CHEC)
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2.8.5Bridge Construction

Bridge construction will be constructed concurrently with road
construction and will take approximately 15 months to complete.

a) Total station method will be applied to surveying.
b) Spread foundation construction

Foundation will be excavated by excavator with the assistance of
manpower. After the excavation is finished, the concreting work will be
carried out. Five centimetre (5cm) thick concrete blinding will be poured
before fixing reinforcements steel. When steel reinforcements
transported to the site and fixed, embed pier and abutment and connect
with reinforcements.

2.8.5.1 Construction of Pier and U-shaped Abutment

Rough surface will be formed as the construction joints for the pier and
abutment. Prefabricated hollow concrete slab/beam and pre-stressed
concrete T beam will be adopted for bridge. Prestressed ducts of T beam
are formed by using corrugated pipe. Concrete will be transported to site
by concrete truck and poker vibrator will be applied to compact the
concrete.

2.8.5.2 Post-tensioning of Pre-stressed Concrete T Beam

The tensioning equipment will meet relevant working requirements.
Equipment will be frequently checked to ensure the proper operation.
Steel strands will be cut in accordance with design drawing. The pre-
stressed steel stainless strands shall not be damaged and have no rust.
Strands passing through the beam will be carried out by winch with the
assistance of manpower.

When the concrete beam achieves the design strength, positive bending
moment strands shall be tensioned at both ends in symmetrical way.
During tensioning, records will be properly kept and after tensioning,
temporary protection treatment will be applied to anchor devices.

2.8.5.3 Jacking to Position

When pre-stressed completed, an Employer’'s Representative will check
the tensioning records. Once approved by Employer's Representative, the
surplus tendon can be cut and be ready for jacking. Jacking to position
shall be carried out within 14 days. After jacking into position, cement
mortar shall be applied to grout to seal the holes.
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2.8.5.4 Precast Beam Storage

When the specified strength is achieved, the T beam can be transported to
the storage area.

2.8.5.5 Beam Installation

Erect supporting frame between two abutments, then place longitudinal
sliding track and put girder on track. A winch is set at the other abutment
end to pull the beam onto the support frame. The beam is installed on the
abutment by using jack to place the first beam on the edge. Similarly,
repeat to place the remaining beams.

Set the transverse sliding track on erected two pieces of beam, then pull
the next beam onto erected two beams in longitudinal direction and move
it in a transverse direction adjacent to the second beam and finally place it
on the abutment by using a jack. In similar way, the rest of beam shall be
placed on abutment one by one.

2.8.6Culvert Construction

The construction procedure is set below (Figure 2-8).

2.8.6.1 Foundation and Abutment

The foundation will be excavated by an excavator. During the casting of
the abutment, observation of the form will be done in case there is any
transformation.

2.8.6.2 Concrete Slab

Concrete slabs will be prefabricated on site, and then transported to the
position. The strength of prefabricated slab must achieve 90% design
strength before being hoisted.
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Figure 2-8 - Culvert Construction Procedure (source CHEC)

2.8.7Traffic Signs

Traffic signs in this project include milestones, guide signage and warning
sign etc. These signs shall be purchased in Jamaica and erected by mobile
crane.
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An Environmental Impact Assessment (EIA) is “a structured approach for
obtaining and evaluating environmental information prior to its use in
decision-making in the development process. This information consists,
basically, of predictions of how the environment is expected to change if
certain alternative actions are implemented and advice on how best to
manage environmental changes if one alternative is selected and
implemented” (Bisset, 1996).

The basis and rationale of an EIA has been summarised as follows!:

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

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

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

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

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

*Wood, C., “Environmental Impact Assessment: A Comparative Review” p. 2. (from
Caldwell, 1989, p.9)
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e The findings of EIA should focus on the important or critical
issues, explaining why they are important and estimating
probabilities in language that affords a basis for policy decisions.

ElAs are not only recommended in project design, but also required by
Jamaican legislation. The following section includes a discussion of
relevant national legislation, regulations/standards, and policies thought
to be relevant to the proposed Highway 2000 project. The following main
areas are covered:

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

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

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

In all cases, the roles of agencies with responsibility for implementing
legal mechanisms are described. Where Jamaican standards or policy are
insufficient, international standards and policies are outlined.

3.2 LEGISLATIVE FRAMEWORK

3.2.1Development Control

3.2.1.1 National Legislation
Town and Country Planning Act (TCP Act), 1957 (Amended 1987)

This act provides the statutory requirements for the orderly development
of land (planning) as well guidelines for the preparation of Development
Orders, stipulations for Advertisement Control Regulations, Petrol Filling
Stations and Tree Preservation Orders. It establishes the Town and
Country Planning Authority, which in conjunction with the Local
Planning Authorities, (Parish Councils), are responsible for land use
zoning and planning regulations as described in their local Development
Orders. The Town and Country Planning Act is administered by the
National Environment and Planning Agency.

Local Improvement Act, 1944

The Local Improvements Act is the primary statue that controls the
subdivision of land.
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Parish Council Act

Under the Parish Council Act each Local Planning Authority may revoke
or alter regulations concerning the construction and restrictions as to the
elevation, size and design of buildings built with the approval of the
relevant Minister. It may also make regulations concerning the
installation of sewers on premises.

Land Acquisition Act (1947)

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

o Digging or boring into the sub-soil;

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

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

The Minister is authorized to make a public declaration under his
signature if land is required for a public purpose, provided that the
compensation to be awarded for the land is to be paid out of the
Consolidated Fund or loan funds of the Government and funds of any
Parish Council, the Kingston and St. Andrew Corporation or the National
Water Commission.

Once the Commissioner enters into possession of any land under the
provisions of this Act, the land is vested in the Commissioner of Lands
and is held in trust for the Government of Jamaica in keeping with the
details stated in Section 16. The Commissioner shall provide the Registrar
of Titles with a copy of every notice published, as well as a plan of the
land. The Commissioner will also make an application to the Registrar of
Titles in order to bring the title of the land under the operation of the
Registration of Titles Act.

Land Development and Utilization Act (1966)

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

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

The Main Roads Act (1932)

The Main Roads Act of 1932 details the legal basis pertaining to main
roads and specifically look s at management, laying out of roads, taking of
lands, encroachments, offences, lights and carriages, power to arrest and
other legalities. In section 5 of this Act, it states that the Minister has the
power to declare other roads or parts thereof to be main roads and to also
declare that a main road is no longer such. The Chief Technical Director
(with permanent staff), under the directive of the Minister, is responsible
for the laying out, making, repairing, widening, altering, deviating,
maintaining, superintending and managing main roads, and controlling
the expenditure of allotted moneys.

The Toll Roads Act (2002)

The designation of toll roads, the Toll Authority establishment, the
specification of toll orders, concession agreements and failures and
penalties are covered in the Toll Roads Act of 2002. For the purposes of
the Act, a body called the Toll Authority is established and is responsible
for:

e Regulation of the operation and maintenance of toll roads and
such other facilities as may be deemed necessary on or adjacent to
toll roads;

e Monitoring compliance of concessionaires with the terms and
conditions of concession agreements;

e Advising the Minister on matters of general policy relating to the
design, construction, safety, regulation, operation and
maintenance of toll roads in Jamaica; and

e Performing such other functions as may be assigned to it by the
Minister or by or under this Act or any other enactment.

As stipulated in section 8, the Minister may, by order:

a) subject to subsection (2), designate any road as a toll road for the
purposes of this Act;

b) authorize any person, in return for undertaking such obligations
as may be specified in an agreement with respect to the design,
construction, maintenance, operation, improvement or financing
of a toll road, to enjoy the rights conferred in the order, including
the right to levy, collect and retain toll in respect of the use of the
toll road; and
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c) specify the terms and conditions under which a person referred to
in paragraph (b) may assign or delegate to any other person, any
of the rights or obligations specified in the agreement referred to
in that paragraph.

Jamaica National Heritage Trust Act (1985)

The Jamaica National Heritage Trust Act has been in operation since 1985
with the main goal of preserving and protecting the country’s national
heritage. This Act established the Jamaica National Heritage Trust
(JNHT) whose functions are outlined in Section 4 of the Act as follows:

a) to promote the preservation of national monuments and anything
designated as protected national heritage for the benefit of the
Island;

b) to conduct such research as it thinks necessary or desirable for the
purposes of the performance of its functions under this Act;

c) to carry out such development as it considers necessary for the
preservation of any national monument or anything designated as
protected national heritage;

d) to record any precious objects or works of art to be preserved and
to identify and record any species of botanical or animal life to be
protected.

The Act also states the following offences are liable to a fine and/or
imprisonment:

¢ wilfully defacing, damaging or destroying any national monument
or protected national heritage;

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

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

e removing any national monument or protected national heritage
to a place outside of Jamaica.

Quarries Control Act (1983)

The Quarries Control Act is administered by the Mines and Geology
Division It regulates the extraction of material such as sand, marl,
gypsum, and limestone for construction purposes. Quarry zones and
licenses, quarry tax, enforcement, safety, Quarry Advisory Committee,
fines for illicit quarrying and bonds for restoration are addressed in this
act.
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Under this act, the Quarries Advisory Committee, which advises the
Minister on general policy relating to quarries as well as on applications
for licenses, was established. On the recommendation of the Quarries
Advisory Committee, the Minister may declare an area in which quarry
zones are to be established and establish quarry zones within any such
specified area. A license is required for establishing or operating a quarry,
unless the Minister decides to waive this requirement based on the
volume of material to be extracted (if the mineral to be extracted is less
than 100 cubic metres, a license may not be required).

3.2.2Environmental Conservation

3.2.2.1 National Legislation
Natural Resources Conservation Authority (NRCA) Act (1991)

The Natural Resources Conservation Act (NRCA) may be considered
Jamaica's umbrella environmental law. The purpose of the Act is to
provide for the management, conservation and protection of the natural
resources of Jamaica. This Act was passed in the Jamaican Parliament in
1991 and subsequent to this; the Natural Resources Conservation
Authority (NRCA) was established with the function of taking necessary
steps to ensure the sustainable development of Jamaica through the
protection and management of Jamaica’s physical environment. The
NRCA Act, under Sections 9 and 10 specifies that an Environmental
Impact Assessment (EIA) is required from an applicant for a permit for
undertaking any new construction, enterprise or development.

Under the Act, the NRCA has a number of powers including:

e issuing of permits to persons responsible for undertaking any
construction, enterprise or development of a prescribed category
in a prescribed area, including power generation facilities;

e requesting an Environmental Impact Assessment (EIA) from an
applicant for a permit or the person responsible for undertaking
any construction, enterprise or development; and

e revocation or suspension of permits.

The Act also gave power of enforcement of a number of environmental
laws to the NRCA, namely the Beach Control Act, Watershed Act and the
Wild Life Protection Act.
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Resources (Prescribed Areas) (Prohibition of Categories of Enterprise,

Construction and Development) Order (1996)

Section 9 of the NRCA Act declare the entire island and the territorial sea
as ‘prescribed area’, in which specified activities require a permit, and for
which activities an environmental impact assessment may be required.
The Natural Resources (Prescribed Areas) (Prohibition of Categories of
Enterprise, Construction and Development) Order (1996) and the Permits
& Licensing Regulations was passed as a result of section 9 of the NRCA
Act.

Wild Life Protection Act (1945)

The Wild Life Protection Act of 1945 is mainly concerned with the
protection of specified faunal species. Under this Act, the removal, sale or
possession of protected animals; use of dynamite, poisons or other
noxious material to kill or injure fish; and the discharge of trade effluent
or industrial waste into harbours, lagoons, estuaries and streams are
prohibited. In addition, this Act protects several rare and endangered
faunal species including six species of sea turtle, one land mammal, one
butterfly, three reptiles and a number of game birds. The establishment of
Game Sanctuaries and Reserves is authorized under this Act.

The Endangered Species Act (2000)

The Endangered Species (Protection, Conservation and Regulation of
Trade) Act was created in 2000 in order to ensure the codification of
Jamaica’s obligations under the Convention for the International Trade in
Endangered Species of Wild Fauna and Flora. This Act governs
international and domestic trade in endangered species in and from
Jamaica. Under this act, the functions of NEPA include the grant of
permits and certificates for the purpose of international trade, the
determination of national quotas and the monitoring of the trade in
endangered species. Sea turtles, in addition, to yellow snakes and parrots
are often traded illegal internationally and are endangered.

Water Resources Act (1995)

The Water Resources Act (1995) was promulgated in the Jamaican
Parliament in September 1995 and ratified in April 1996. This Act
established the Water Resources Authority (WRA), which is authorized to
regulate, allocate, conserve and manage the water resources of the island.
The WRA is also responsible for water quality control; as stipulated under
Section 4 of the Act the WRA is responsible for providing any department
or agency of Government, technical assistance for any projects,
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programmes or activities relating to development, conservation and the
use of water resources.

Section 25 advises that a proposed user will have to obtain planning
permission, if this is a requirement, under the Town and Country
Planning Act. In addition, under Section 21 it states that if the water to be
used will result in the discharge of effluents, an application for a license to
discharge effluents will have to be made to the Natural Resources
Conservation Authority or any other relevant body as indicated by the
Minister.

The 1996 Forest Act repealed the 1937 legislation and was the legal basis
for the organization and functioning of the Forestry Department. The
Forestry Department is an independent entity established in 1942,
subsequent to the Forest Division of the Department of Agriculture (1938)
and the Forest Branch of the Lands Department (1937). In 1938, the
Forest Branch gazetted some 78,800 hectares of Crown Lands as forest
reserves, this making up more than 75% of the present day forest reserves.
Following this, these reserve areas were added to by purchase, lease and
other arrangements.

The Forestry Department is the lead agency responsible for the
management and conservation of the forest resources in Jamaica. The
management of forests on a sustainable basis in an aim to maintain and
increase the environmental services and economic benefits is the Forestry
Department’s main function.

The following are some offences under this act:

e Cutatree in forest reserve without valid permit

o Fell, cut, girdle, mark, lop, tap, uproot, burn, damage, debark,
strip/remove leaves of a tree

o Kindle, keep, carry lit material

e Clear or break up land

e Establish or carry on forest industry

e Remove soil, gravel or sand

o Unlawfully/illegally affix forest officer mark to any tree/timber

o Alter, deface/obliterate mark placed by forest officer on
tree/timber

o Pasture/allow cattle trespass

There are also a set of Forest Regulations (2001) which are administered
by the Forestry Department as well.
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The Flood Water Control Act (1958)

The Flood Water Control Act of 1958 is administered by the National
Works Agency and designates specific personnel with the responsibility of
and the required power to ensure compliance with the legislation.

Any Government department/agency or any statutory body or authority
appointed by the Minister may enter land in flood-water control area to:

e Survey, measure, alter or regulate watercourses, maintain or build
tools required to undertake works

e Clean watercourse or banks of such and deposit where required

e Construct, improve, repair or maintain floodwater control works

Wilfully or maliciously blocking, obstructing, encroaching on or damaging
any watercourse, pipes or appliances used to execute works under the Act
is an offence.

3.2.2.2 International Legislative and Regulatory
Considerations

Cartagena Convention (Convention for the Protection and Development of the Marine
Environment of the Wider Caribbean Region) (1983)

Adopted in March 1983 in Cartagena, Colombia, the Convention for the
Protection and Development of the Marine Environment of the Wider
Caribbean Region, more commonly referred to as the Cartagena
Convention, is the sole legally binding environmental treaty for the Wider
Caribbean. The Convention came into force in October 1996 as a legal
instrument for the implementation of the Caribbean Action Plan and
represents a commitment by the participating countries to protect,
develop and manage their common waters individually and jointly. The
Convention was ratified by twenty (20) countries and acts as a framework
agreement that sets out the political and legal foundations for actions to
be developed.

The operational Protocols, which direct these actions, are designed to
address special issues and to initiate concrete actions. The Convention is
currently supported by three Protocols as follows:

e The Protocol Concerning Co-operation in Combating Oil Spills in
the Wider Caribbean Region (The Qil Spills Protocol), which was
adopted and entered into force at the same time as the Cartagena
Convention;

e The Protocol Concerning Specially Protected Areas and Wildlife in
the Wider Caribbean Region (The SPAW Protocol), which was
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adopted in two stages, the text in January 1990 and its Annexes in
June 1991. The Protocol entered into force in 2000;

e The Protocol Concerning Pollution from Land-based Sources and
Activities in the Wider Caribbean Region (LBS Protocol), which
was adopted in October, 1999.

The Convention on Biological Diversity

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

The CBD may be considered the first global, comprehensive agreement
which focuses on all aspects of biodiversity, to include genetic resources,
species and ecosystems. In order to achieve its main goal of sustainable
development, signatories are required to:

e Develop plans for protecting habitat and species.

e Provide funds and technology to help developing countries provide
protection.

e Ensure commercial access to biological resources for development.

e Share revenues fairly among source countries and developers.

e Establish safe regulations and liability for risks associated with
biotechnology development.

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

3.2.3Public Health & Waste Management

3.2.3.1 National Legislation
The Natural Resources Conservation Authority (Air Quality) Regulations, 2002

Under section 38 of the NRCA Act, regulations pertaining to air quality in
Jamaica are stipulated. The National standards, known as the National
Ambient Air Quality Standards (NAAQS), are categorized into two groups.
In one group, there are the primary standards, designed to protect human
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health and in the other, there are the secondary standards designed to
protect the environment and limit property damage.

Part |1 of the NRCA Air Quality Regulations (2002) instructs on license
requirements and indicates that every owner of a major or significant
facility shall apply for an air pollutant discharge license. Part 11 makes
reference to the stack emission targets, standards and guidelines.

Water Quality Standards

The NRCA has primary responsibility for control of water pollution in
Jamaica. National Standards for industrial and sewage discharge into
rivers and streams, in addition to standards for ambient freshwater exist.
For drinking water, WHO Standards are utilized and these are regulated
by the National Water Commission (NWC).

Noise Abatement Act (1997)

The Noise Abatement Act of 1997 was created in order to regulate noise
caused by amplified sound and other specified equipment. This act has
been said to address “some concerns but is too narrow in scope and relies
on a subjective criterion” (McTavish2). Given this, McTavish conducted a
study to recommend wider and more objective criteria in accordance with
international trends and standards, but tailored to Jamaica’s conditions
and culture. To date, apart from the Noise Abetment Act (1997), Jamaica
has no other National legislation for noise.

The National Solid Waste Management Authority Act (2001)

The National Solid Waste Management Authority Act of 2001 is “an act to
provide for the regulation and management of solid waste; to establish a
body to be called the National Solid Waste Management Authority and for
matters connected therewith or incidental thereto”. The National Solid
Waste Management Authority (NSWMA) was established in April 2002 as
a result of this Act to effectively manage and regulate the collection and
disposal of solid waste in Jamaica. As such, the NSWMA aims to
safeguard public health and the environment by ensuring that domestic
waste is collected, sorted, transported, recycled, reused or disposed of in
an environmentally sound manner. In addition, public awareness and
education is a part of their responsibilities.

Public Health Act (1985)

The Public Health Act is administered by the Ministry of Health through
Local Boards, namely the Kingston and St. Andrew Council and the parish
councils for the other parishes.
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The Public Health (Nuisance) Regulations (1995) aims to control, reduce
or prevent air, soil and water pollution in all forms. Under the
regulations:

¢ No individual or organization is allowed to emit, deposit, issue or
discharge into the environment from any source;

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

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

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

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

Trade Effluent Standards

Since 1996, Jamaica has had draft regulations governing the quality of the
effluent discharged from facilities to public sewers and surface water
systems. These draft guidelines require the facility to meet certain basic
water quality standards for trade effluent including sewage.

Country Fires Act (1942)

The Country Fires Act of 1942 details legislation associated with setting
fire to crop, trash diseased plants, charcoal kilns; fires during night or
unattended, prohibited; power of Minister to prohibit setting fire to
trash; application for permit; setting fire contrary to order or permit;
proof of fire evidence against occupier; occupier to extinguish fire;
negligent use of fire and power to enter land and extinguish fire.

The Country Fires Act is administered by the Ministry of Agriculture. The
Act designates specific personnel who are given the responsibility of and
the required power to ensure compliance with the legislation.
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Some offences stipulated in this Act are as follows:

e Setting fire to trash between the hours of 6.00 p.m. and 6.00 a.m.

e Leaving a fire unattended in the open air before it is thoroughly
extinguished.

e Carrying in or upon any plantation, torch, or other matter in a
state of ignition, not sufficiently guarded so as to prevent danger
from fire

e By the negligent use or management of fire in any place; or by
smoking any pipe, cigar, or cigarette, in any plantation, save and
except within a dwelling- house on such plantation, endangers any
buildings, fences, lands, cultivated plants, or other property.

The Pesticides (Amendment) Act (1996)

The Pesticides Act is administered by the Pesticides Control Authority
who has the responsibility to control the importation, manufacture,
packaging, sale, use and disposal of pesticides. Offences include:

e Not registering imported or manufactured pesticide.

e Selling a restricted pesticide.

e Engaging in, performing or offering pest extermination services
without a pest control operator licence.

3.3 EIA PROCESS

3.3.1National Environment and Planning Agency

The National Environment and Planning Agency (NEPA) is the
government executive agency and represent a merger of the Natural
Resources Conservation Authority (NRCA), the Town Planning
Department (TPD) and the Land Development and Utilization
Commission (LDUC). Among the reasons for this merger was the
streamlining of the planning application process in Jamaica. The Agency
is moving towards one application to NEPA for new developments and
new modifications that will review and approve environmental aspects as
well as planning, building control and zoning considerations. It is this
agency that will review the Environmental Impact Assessment.

3.3.2NRCA/NEPA Process

Under Section 9 of the NRCA Act, all activities associated with the
construction of new highways, arterial roads and major road
improvement projects will require a Permit for construction and may,
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under Section 10 of the Act, require an EIA. The EIA Process is described

below:

The NRCA permit procedure is initiated by the submission of the
Project Information Form (PIF) to the Authority. The PIF
screening form is reviewed to determine whether an EIA is
required and to begin determining areas of environmental
significance, especially in waste discharge.

Based on the review of the PIF, the NRCA advised NROCC that an
EI1A would be required for their development. NROCC then liaises
with the NRCA to determine the scope of the EIA through
proposed Terms of Reference (TORs). The TORs are proposed by
NROCC using NRCA guidelines and are approved by the NRCA.
Appendix 1 gives the approved TORs for the proposed highway
development.

The EIA is then prepared by a multi-disciplinary team of
professionals (Appendix 2) for the team used in this assessment).
The NRCA requires that the EIA include the following:

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

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

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

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

The NRCA guidance on EIlAs states that this process “should
involve some level of stakeholder consultation in either focus
groups or using structured questionnaires.” A draft EIA is
submitted to the developer to solicit the proponents’ input into the
description of the project (to check for accuracy of statements, and
to enter into realistic discussions on the analysis of alternatives, as
well as to inform the proponents of any other relevant legislation
with which they must comply).
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o Eleven copies of the finalised draft are then submitted to NRCA,
two to the client, and the consultant keeps one (14 in all are
produced). The NRCA distributes these to various other public
sector institutions who sit on the Technical Committee (e.g. Water
Resources Authority (WRA), Environmental Control Division in
the Ministry of Health (ECD), Jamaica National Heritage Trust
(JNHT)) for their comments. Typically this depends on the nature
of the project.

o As deemed necessary by the NRCA, Public Meetings are then held,
following the deposition of the Draft EIA at Parish Libraries (by
the NRCA). A verbatim report of the public meetings is required,
as well as a summary report of the main stakeholder responses
which emerged.

e The comments of the NRCA, the other GOJ interests and the
public are compiled and submitted in writing to the consultant not
only for finalisation of the report, but for incorporation into the
development’s design.

e The NRCA then reviews this report again, and if further
clarifications are needed, these are again requested. Once the
NRCA is satisfied, the EIA is submitted to the Technical
Committee of the NRCA Board for final approval. If the EIA is not
approved, the proponents may appeal to the Office of the Prime
Minister.

3.3.3Public Participation in EIAs

There are usually two forms of public involvement in the EIA process.
The first is direct involvement of the affected public or community in
public consultations during the EIA study. These consultations allow the
developer to provide information to the public about the project and to
determine what issues the public wishes to see addressed. The extent and
results of these consultations are included in the documented EIA report.

The second level of involvement is at the discretion of the NRCA and takes
place after the EIA report and addendum, if any, has been prepared and
after the applicant has provided the information needed for adequate
review by NRCA and the public.

Community interaction and transparency is a critical area of focus for the
success of this development and the second level of involvement
described above is possible. Please see Appendix 3 for the NRCA reference
document entitled “Guidelines for Public Participation” in EIAs.
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4.1 PHYSICAL ENVIRONMENT

4.1.1Climatology and Meteorology

4.1.1.1 Meteorological Stations within Study Area
Methodology

Temperature, relative humidity, wind speed and direction, rainfall and
barometric pressure were recorded at each of three (3) locations where
noise monitoring was conducted (Stations N1, N4, and N7) over the
seventy two (72) hours (Friday March 9t — Monday March 12th, 2012) by
using a Davis Instruments wireless Vantage Pro2 weather system with a
data logger and a complete system shelter erected on a tripod. Data were
collected every ten minutes and stored on the data logger. This
information was downloaded using the WeatherLink 5.9.2 software.

Plate 4.1 - Photo showing weather station at N7 — Cambria Farms property
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Table 4.1 - Locations of weather stations in JAD2001

Station # Location JAD 2001
Northing (m) Easting (m)
N1 Caymanas Bay 653912.99 759070.26
N4 Content 654881.88 752467.18
N7 Cambria Farms 662384.24 745719.85

Results

Station 1 — Caymanas Bay

Station 4 — Content

Average temperature was 24.5 °C and ranged from a low of 18.8 °C to a
high of 32.3 °C.

Average relative humidity was 81.9% and ranged from a low of 50% to a
high of 99%.

Average wind speed was 0.1 m/s and ranged from a low of O m/s to a high
of 4.9 m/s.

Dominant wind direction was from the south southeast.

Measurable precipitation during the assessment was 2.3mm. Barometric
pressure ranged from a low of 973.7 millibar to 1017.1 millibar over the
noise assessment.

Average temperature was 23.8 °C and ranged from a low of 19.8 °C to a
high of 32.1 °C.

Average relative humidity was 83.9% and ranged from a low of 52% to a
high of 97%.

Average wind speed was 0.5 m/s and ranged from a low of 0 m/s to a high
of 5.8 m/s.

Dominant wind direction was from the north northwest.

Measurable precipitation during the noise assessment was 21.8mm.
Barometric pressure ranged from a low of 1014.7 millibar to 1018.7
millibar over the noise assessment.

Station 7 — Cambria Farms

Average temperature was 23.4 °C and ranged from a low of 17.2 °C to a
high of 30.6 °C.
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Average relative humidity was 83.9% and ranged from a low of 56% to a
high of 99%.

Average wind speed was 0.7 m/s and ranged from a low of O m/s to a high
of 8.9 m/s.

Dominant wind direction was from the north.

Measurable precipitation during the noise assessment was 10.9 mm.
Barometric pressure ranged from a low of 1024.8 millibar to 1029 millibar
over the noise assessment.

4.1.1.2 Monthly Trends at Norman Manley International

Airport
Temperature
The mean monthly temperatures are lowest in January (22.3°C) and
February (22.3°C) and highest between July and September (31.7 —
31.9°C). The minimum temperature ranges from 22.3 °C to 25.6 °C with
highest temperatures in July and August and the maximum daily
temperature ranges from 29.6 °C to 31.9 °C. The relatively narrow range
in temperature reflects the moderating influence of the sea (Figure 4-1).
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Figure 4-1 - Mean monthly temperatures for Norman Manley International
Airport
Humidity

The mean monthly relative humidity ranges between 60 and 80 percent.
Relative humidity is lower in the afternoons (Figure 4-2).
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Figure 4-2 - Mean monthly relative humidity for Norman Manley International
Airport
Rainfall
The annual mean rainfall is 62.1 mm. The data indicates that there are
two rainy seasons in the year; these times are the May to June period and
the August to October period where the highest intensities occur (Figure
4-3 and Figure 4-4). October has the highest average monthly rainfall (167
mm) and days with rain (10 days).
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Figure 4-3 - Mean monthly rainfall data for Norman Manley International
Airport
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Figure 4-4 - Mean number of rain days for Norman Manley International
Airport

The dominant winds over Jamaica are the northeast trade winds. Figure
4-5 shows an annual wind rose for the Norman Manley International
Airport (NMIA) from January 1999 through December 2004. The
predominant wind direction is from the east southeast with average wind
speeds of 7.70 m/s. These are the prevailing sea-breeze directions and
reflect the effects of the mountains that lie along an east west axis. The
mountains deflect the dominant north-easterly trade winds and provide
the easterly component to the winds.

A monthly analysis of wind direction and speeds indicated that monthly
the winds generally blew to the west with wind speeds ranging from 6.32
to 10.97 m/s with the highest wind speeds occurring in the months June
to August (10.97, 9.57 and 9.22 m/s respectively).

Submitted to: National Road Operating and Constructing Company (NROCC)
Prepared by: CL Environmental Co. Ltd.



Environmental Impact Assessment for the Proposed Highway 2000 North South 65
Link - Caymanas to Linstead

WIND ROSE PLOT: DISPLAY:

Station# 01 Wind Speed
Direction (blowing from)

WINC SFEEC
(r/s)

[ >=1a1

€8-11.1
£7- 88
26- 57
21- 36
C5-21
Calrrs: 0.03%

] ]

COMVENTS: DATA PERIOD: COMPANY NAVE:
1999-2004 C.L. Environmental Co. Ltd.
Jan 1- Dec 31
00:00 - 23:00 NODELER
CALMWINDS: TOTAL COUNT:
0.03% 40448 hrs.
AVG. WIND SPEED: PRQIECT NO.:
7.70m/s

WRPLOT View - Lakes Ervironmental Software

Figure 4-5 - Annual wind rose for Norman Manley International Airport
(1999-2004)
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4.1.2Soils and Geology

4.1.2.1 Soils

The proposed H2K alignment was superimposed on the soils map of
Jamaica (Figure 4-6). It was documented that the proposed Caymanas
alignment traverses fourteen (14) identified soils shown inTable 4.2.
Thirteen (13) of the traversed soils possess slight to moderate erosive
properties. Bonygate Stony Loam is however the most predominant
soil group within the middle third of the alignment, between Giblatore
and Waterloo Valley, in the mountaineous regions. This soil group
has a very high susceptibility to erosion. Most of the other soils are
very slow to moderate draining soils while Bonnygate Stony Loam, St.
Ann Clay Loam and Union Hill Stony Clay are rapidly free draining
soils.

Table 4.2 - Outline of soil properties obtained from the Soil and Land use

Surveys
Soil Type Erosion Hazard Drainage through Soil

Bonnygate Stony loam High if developed Extremely Rapid
Carron Hall Clay Slight to Moderate Moderate
Caymanas Clay loam Slight -
Caymanas Sandy loam Slight -
Ferry Silty clay Slight Slow in Subsoil
Lagoon Peaty loam Slight -
Linstead Clay loam Moderate Moderate
Pennants Clay loam Moderate Almost none
Rosehall Clay Slight Very Slow
St. Ann Clay loam Moderate to high Extremely Rapid
Sydenham Sandy loam Slight --
Sydenham Clay Slight -
Union Hill Stony clay Moderate to high Fairly Rapid
Wallens Silty clay loam Slight Almost none
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Figure 4-6 - Proposed road alignment superimposed on soils map of
Jamaica
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Descriptions of soil types are as follows:

1.

Bonny Gate Stony Loam and St. Ann Clay are found on
the limestones south of Bog Walk. The Bonny Gate Stony
Loam is typically a thin brown or reddish soil (thickness
typically less than 8 inches) on hard limestone, with bed rock
usually at 1-12 inches (2-30 cm) and soil slopes between 20-
35°. Surface drainage is identified as excessive and soil
permeability is described as extremely rapid. These soils are
usually thin on steep slopes and hill tops but may be of
considerable thickness in sinks and depressions. Rapid
changes in depth to underlying bed rock should be anticipated
(O’'Hara and Bryce, 1983). The St. Ann Clay also forms in thin
layers over bedrock but depth of soil may also exceed 60
inches in some locations. Surface drainage is good and soil
permeability is described as very good to excessive.

Rose Hall Clay is a recent alluvium formed mainly from
inland basin deposits and their soils, and is found in
topographically flat areas. Surface drainage is very poor and
permeability poor and decreases to very poor below 14 inches
(36 cm). This clay has been identified in study area around Bog
Walk (Figure 13).

The Wallens Silty Clay Loam, also found in the Bog Walk
area, is formed from recent alluvium deposited by the Magno
River and develops typically flat areas (5-10 ° slopes),
primarily on flood plains. Permeability good to a depth of 11
inches (29 cm). External drainage is good however internal
drainage is impeded with depth; fair to 27 inches (11 cm) poor
below.

Caymanas Sandy Loam is found mainly on the flood plains
of the Rio Cobre and is a recent alluvium formed from the
mixed alluvium of the Rio Cobre. Within the study area it is
located in the Kent Village area (Figure 12) and at Caymanas.
The topography is typically flat, with slopes of 5- 10°. In places
depth of soil may exceed 60 inches. It has poor external
drainage but very good internal drainage and permeability is
very good to excessive.

Pennants Clay (33) - located in the Wakefield area this soil is
developed extensively on gentle slopes, typically flat areas (2-
10 ° slopes), It is typically developed over gravelly or
conglomerate parent material and possesses good surface
drainage but high water retention and impeded drainage of its
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subsoil with slow permeability below 10 inches (25 cm). This
soils typically has a thickness of 36-60 inches (91-152cm) and
the main management issues for this soil are related primarily
to erosional hazards

6. The Linstead Clay Loam (61) is the major soil type between
Linstead and Wakefield. It is a compact soil formed from
recent gravels and basin deposits and has a thickness of 36-60
inches (91-152cm). It develops typically over flat areas (5-10 °
slopes) and has permeability good to a depth of 18 inches (45
cm). External drainage is good however internal drainage is
impeded with depth; poor below 18 inches.

7. Sterling Silt Loam (14) occurs at the northern most end of
the proposed highway route. They are formed from recent
alluvium from interior basin deposits, limestones and hornfels.
It is developed primarily on flat areas (2-5° slopes) and has
poor internal and external drainage. Permeability is usually
good to the first 5 inches but very poor below

8. Linstead Clay & Union Hill Stony Clay (61/75) - this is
the major soil type in the basin between Linstead and Bog
Walk. It is a mix of the Linstead Clay (described above) and the
Union Hill Stoney Clay. The latter is typically found on the
steeper areas (10-30° slopes) formed over hard limestone,
from which it is formed. It has poor permeability and depth of
soil is typically between 16-36 inches (40-90cm).

4.1.2.2 Geology

The Marine Geology Unit of the Department of Geography and
Geology, University of the West Indies, undertook an environmental
geological assessment of that section of the North-South Highway
Construction Programme extending from Linstead in the north to
Caymanas Estate and the Mandela Highway in the south. A previous
investigation assessed the geological features associated with
Alignment 1 of the proposed highway route extending from the
southern border of the Linstead Basin, at Bog Walk, southward to the
planned junction of the highway with Highway 2000, west of Spanish
Town. This section describes the geological and hydrological features
associated with the revised alignment for the Bog Walk Gorge bypass
leg of the North-South Highway which extends from northern
boundary of the Linstead Basin, just north of the town of Linstead,
south and then westward to the planned junction with the Mandela
Highway.
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Geological mapping was undertaken along roads and footpaths in the
area from Caymanas Estates north to Linstead. Emphasis was placed
on the areas where the proposed road will traverse the scarps and
fault zones. Representative samples of all lithological units
encountered were collected and remain on file at the Marine Geology
Unit. Differentiation of lithologies within the White Limestone group
require fresh surfaces broken off using a rock hammer for texture and
fossil content, as external weathering of limestones generally obscures
the lithology. Descriptions were made using the Dunham (1962)
limestone classification.

Analysis of physical features over the limestone part of the proposed
road traverse was carried out using the 1:12,500 scale topographic
maps as the main basis.

Main Physical Features

The physical features along the proposed highway alignment are
conveniently divided into four sections. Between Linstead and Bog
Walk, in the region named the Linstead basin of St. Thomas in the
Vale, the proposed route traverses an area of undulating topography
with a soil cover of variable thickness underlain by the White
Limestone. Approximately thirty percent of the route follows or
crosses alluvium associated with the drainage system (Figure 4-7 and
see section 4.1.4).
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— line of dark red circles, previous proposed alignment

— thick red line, present proposed alignment

—  thin blue lines indicate gully courses, normally dry

—  thick blue lines, rivers

— green areas, alluvium as drawn on the 1:50,000 scale geological maps of the
Mines and Geology Division

— brown areas topography with potential surface runoff towards the highway
alignment during extreme precipitation events

— black lines indicate boundaries of gully catchments

— pinkshading, areas of internal drainage

— light blue shading indicates lowest parts of internal drainage zones

— numbers on the shaded areas of indicate catchment sizes in square kilometres

Figure 4-7 - Proposed highway section from Linstead to Bog Walk

The southern edge of the Vale is bounded by the steep escarpment
associated with the Bog Walk Fault System and this forms the
northern edge of the limestone plateau to the south (Figure 4-8).
South of Giblatore the limestone is dissected by gullies draining into
sinkholes and surface storm drainage exiting into the Rio Cobre gorge.
The proposed alignment of the highway in this part of the section, lies
more to the east than the originally proposed alignment. This would

Submitted to: National Road Operating and Constructing Company (NROCC)
Prepared by: CL Environmental Co. Ltd.



Environmental Impact Assessment for the Proposed Highway 2000 North South 72
Link - Caymanas to Linstead

bring the highway closer to the gorge, away from the sinkhole
topography and across the region of storm gullies. The slopes are
relatively steep down to the Rio Cobre and there is evidence of
landslips within the limestone. This is particularly evident towards the
northern part of this section, overlooking Kent Village, which is
probably the site of the large landslide that blocked the river for many
days after the 1692 earthquake. Over the southern part of this section
the proposed route the highway traverses numerous gullies.
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— line of dark red circles, previous proposed alignment

— thick red line, present proposed alignment

— thin blue lines indicate gully courses, normally dry

—  thick blue lines, rivers

— green areas, alluvium as drawn on the 1:50,000 scale geological maps of the
Mines and Geology Division

— brown areas topography with potential surface runoff towards the highway
alignment during extreme precipitation events

— black lines indicate boundaries of gully catchments

— pinkshading, areas of internal drainage

— light blue shading indicates lowest parts of internal drainage zones

— numbers on the shaded areas of indicate catchment sizes in square kilometres

Figure 4-8 - Bog Walk gorge bypass section of the proposed highway

After crossing the Rio Cobre the route skirts the southern flank of the
limestone hills north of Central Village (Figure 4-9). In this region the
karst limestone is dissected by extensive gullies (brown areas on
Figure 4-9). Although the main flow of water is subsurface, there is
the potential for considerable surface runoff resulting from extreme
precipitation events.
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— thick red line, present proposed alignment

— thin blue lines indicate gully courses, normally dry

—  thick blue lines, rivers

— green areas, alluvium as drawn on the 1:50,000 scale geological maps of the
Mines and Geology Division

— brown areas topography with potential surface runoff towards the highway
alignment during extreme precipitation events

— black lines indicate boundaries of gully catchments

— pinkshading, areas of internal drainage

— light blue shading indicates lowest parts of internal drainage zones

— numbers on the shaded areas of indicate catchment sizes in square kilometres

—  black circles indicate highway gully crossings with largest catchment areas

Figure 4-9 - Section of the proposed highway between the Rio Cobre dam
and Caymanas Estate

After descending the steep slopes at the edge of the limestone hills, the
stretch of proposed alignment through the Caymanas Estate to the
Mandela Highway lies over the eastern part of the Rio Cobre alluvial
fan. The river is now deeply incised into the fan sediments but the
highest topographic expression of the fan more or less coincides with
the present course of the river (see contours in feet on Figure 4-10).
Thus the proposed route climbs from north to south gently upwards to
the crest of the fan where it crosses the Rio Cobre and the regional
surface drainage is away from the Rio Cobre northwards towards the
Fresh River, bounding the northern edge of the Caymanas Estate.
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— thick red line, present proposed alignment

— thin blue lines indicate gully courses, normally dry

—  thick blue lines, rivers

— green areas, alluvium as drawn on the 1:50,000 scale geological maps of the
Mines and Geology Division

— brown areas topography with potential surface runoff towards the highway
alignment during extreme precipitation events

— black lines indicate boundaries of gully catchments

— pinkshading, areas of internal drainage

— light blue shading indicates lowest parts of internal drainage zones

Figure 4-10 - Caymanas Estate section of the proposed highway

Geological Descriptions

— Geological investigations undertaken identified four limestones of
the White Limestone Group, an undifferentiated fault breccia zone
and recent alluvium in the Caymanas and Bog Walk areas (Figure
4-7). The geological succession includes the following main units
from youngest to oldest:

e Alluvium- Thick soils and clays of the Linstead Basin; Sands,
silts and clays of the Rio Cobre Alluvial fan

e Limestones of the White Limestone Group. These include the
Troy/Claremont, Somerset, Walderston and Newport
formations of the published literature.

e Volcaniclastic Rocks of Cretaceous age

The proposed route traverses Limestones. The geological structure is
dominated by block faulting of otherwise gently southward dipping
units of the White Limestone. The southern edge of the Linstead
Basin is bounded by the extensive Bog Walk Fault zone. Other minor
faults within the limestone plateau traverse the proposed highway
route at several points. The Bog Walk Fault zone is dominantly a
multiple set of strike-slip faults that have caused extensive brecciation
of the southern scarp of the Linstead Basin and the northern margin
of the plateau. As noted above the zone is reported to include slivers
of Cretaceous volcanic rocks. In this respect the fault zone resembles
the one that has been encountered at the southern end of the Mount
Rosser Bypass section of the highway. The Bog Walk Fault zone is
part of the major Above Rocks-Rio Minho Fault system that extends
across the entire island and is structurally an integral part of the
northern boundary fault complex of the Caribbean Plate.
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Figure 4-11 - Geological Map of the Caymanas Estate to Linstead area
(based on the 1:12500 topological sheet series). Seven mappable units have
been identified in the area; four formations of the White Limestone Group;
an undifferentiated brecciated unit within the fault zone and alluvium fill in
the Bog Walk and Caymanas Areas.

The geology of the Caymanas to Linstead leg of the North-South
Highway is discussed in 3 sections; Section 1 covers the area from the
district of Giblatore (south of Bog Walk) to Linstead. Section 2 covers
the area from Giblatore south to Cresent and section 3 describes the
area

Section 1 traverses the area south of Bog Walk (district of Giblatore)
north to Linstead. The northern segment of the highway descends the
slope south of Bog Walk and is oriented parallel with a fault breccia
zone which extends east west along the northern facing slope. This
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area consists of extensive completed faulting resulting in very soft
rubbly material of several of the limestone formations. This area
should be of high priority when considering slope stability. The
Walderston Formation dominates the northern sections of this section
of the route and is described below. The alluvium deposits identified
in the basin are described in section 4.1.2.1. Faults (southern end of
this section) and resulting brecciated units are of the greatest concern.
The northern segment (on the basin floor) does not appear to be
transected by faults and so tectonic instability should not be an issue
here.

Figure 4-12 - Enlarged segment (Section 1) of geological map highlighting
lithologies dominant along the northern section of the proposed highway
route

Section 2 traverses the District of Giblatore south to the community of
Crescent. The segment of the highway traverses the limestone plateau
and crosses the Walderston, Somerset and Troy Formations. The
Walderston and Somerset formations, outcropping along the south
eastern section of this segment are relatively soft limestone and may
be susceptible to landslips particularly in faulted areas. The Troy
formation is a dense compact limestone which is not typically

Submitted to: National Road Operating and Constructing Company (NROCC)
Prepared by: CL Environmental Co. Ltd.



Section 3

Environmental Impact Assessment for the Proposed Highway 2000 North South 78
Link - Caymanas to Linstead

susceptible to land slips. It is characteristic of well developed Sink
Hole and subterranean caverns. The proximity of the highway
alignment just east of the Cretaceous units (in the Giblatore area)
should be noted as these units are most likely to be much more
susceptible to erosion and slope failure.

Figure 4-13 - Enlarged segment (Section 2) of geological map highlighting
lithologies dominant along the middle section of the proposed highway
route

Section 3 traverses the community of Crescent east to Caymans
Estates. The south eastern segment of the route is dominated by
Walderston and Newport formations of the White Limestone Group.
The Newport Limestone is compact and moderately well bedded and
should offer sound foundations. However the Walderston limestone
although forming large tower karsts in some areas is comparatively
soft and landslides have been identified within the unit. The alluvium
identified here is dominated by the Caymans Sandy loam properties of
which are outlined in section 4.1.2.1.
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Figure 4-14 - Enlarged segment (Section 3) of geological map highlighting
lithologies dominant along the south eastern section of the proposed
highway route

The following are descriptions of the lithologocal units identified in
the Caymans to Linstead area of St. Catherine. Detailed descriptions

and

illustrations of these Units have been described in MGU'’s

previous report. Summaries are given below:-

Troy/ Claremont Formation - The Troy formation is a
hard compact unit which in hand specimen appears to be
créme to pale pink in colour with a sugar texture; it is typically
heavily jointed and often shows brecciation. The limestones of
the Claremont Formation are typically well bedded micrites
and calcarenites in contrast to the Troy Formation limestones
which are typically thick beds of poorly to unfossiliferous
recrystalized micrites and dolostones. The mineralogy of this
unit in the study area varies from limestones to dolostones.
Thin packstones and grainstones have also been identified, but
form a minor part of this formation (Mitchell 2004). Industrial
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uses of these limestones include possible uses as aggregate,
road metal, dimension stone and rip rap (Fenton, 1981).

e Walderston/Browns Town Formation — Limestones of
this formation have been described as “soft” (Fenton, 1981).
These limestones range from non-chalky, soft rubbly units to
fossiliferous bands of hard micrite that may be partially
recrystallized. Pink grainstones were commonly identified in
the study area however the formation appears rubbly in areas
adjacent to faults. Karstic development was identified However
this typically less advanced compared to Troy and Claremont
limestones. Sinks, depressions and underground drainage
systems exist but are usually fault controlled (O’'Hara and
Bryce, 1983). Industrial uses of this limestone include road
metal, land fill, fillers (whitening) (Fenton, 1981).

e Somerset Formation- This formation consists of pale pink
and/or grey coloured packstones/grainstones (Mitchell,
2004). Within the study area this unit is a highly fossiliferous
packstone with corals, foraminifera and molluscs. Karstic
drainage patterns are usually well developed in this unit.
Proposed uses of this limestone include: aggregate, road metal,
dimension stone, rip rap (Fenton, 1981).

e Newport Formation — Limestones in this formation ranges
from soft chalky and rubbly types to hard compact
recrystallised limestones. Textures identified include pale
coloured wackestones and carbonate mudstones. Exposures
are typically thickly bedded or unbedded (Mitchell pers com.).
Karstic drainage patterns are usually well developed with sink
holes and depressions feeding underground drainage systems
(O’'Hara and Bryce, 1983). Industrial uses for this formation
are varied. The soft rubbly types are best for landfill material
and hard compact recrystallised types are good for aggregate,
road metal, rip rap and dimension stone (Fenton, 1981).

e Fault Breccia — The brecciated outcrops identified in the
fault zone (Figure 4-12), located on the slopes south of Bog
walk, consists of very weathered, soft outcrops which can be
broken by hand; several land slips were identified in this unit.
Also identified were heavily jointed outcrops with loose blocks
of scree deposits produced by the faults in the area (Plate 4.2).

e Alluvium (Recent Deposits)-The alluvium identified
mainly in the Bog Walk to Linstead area and at Caymanas
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estates the extent of which is indicated on the geological map
(Figure 4-14) is described in greater detail in section 4.1.2.1.

Plate 4.2 - Outcrop view of the breaciated limestone that defines the fault
zone south of Bog Walk. These are fracture bits of Newport and
Troy/Claremont Limestones. Outcrops are fissile and are highly fractured
and jointed
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Plate 4.3 - Hand specimen example of the brecciated limestone identified
within the Bog Walk Fault zone

Geotechnical Properties and Industrial Uses

Table 4.3 outlines geotechnical properties described by the Geology
Survey Division for the five units of the White Limestone Group
identified in the study area. The term permeability refers to the rate or
speed at which water will flow through it in response to the head
provided by a hydraulic gradient- it is the measure of the material’s
capacity for transmitting water. Two types of permeability are
defined; primary permeability which is the intact rock units capacity
to transmit water. Secondary permeability develops where fissures
and discontinuities in such as joints and bedding planes transmit
water. The units bearing capacity describes the ability of the ground to
withstand loading without either sheer failure or excessive settlement
(O’'Hara & Bryce 1983). Dimension stone is natural stone that has
been quarried for production of blocks, slabs or shapes that have
required dimension (Fenton, 1987).

Table 4.3 - Geotechnical descriptions of the limestones in the study area
adapted from O’Hara and Bryce (1983) and Fenton (1981)

FO,\'I’?nig:n Permeability Bearing capacity Possible Uses

Troy Primary- Generally low  Dependent on clay content and Aggregate, road

Limestone  Secondary- Very high stiffness of soils in depressions. metal, dimension
Bearing capacity considered good stone, terrazzo tile

where sound rock exists at or near chips and rip rap
the surface. Check for underground
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Formation
Names

Permeability

Bearing capacity

Possible Uses

Claremont
Limestone

Somerset
Limestone

Swanswick
Limestone

Walderston
Limestone

Newport
Limestone

Primary- Generally low
Secondary- Very high

Primary- Generally low
Secondary- Very high

Primary- Generally low
Secondary- Very high

Primary- Generally low
Secondary- May be very
high

Primary- Generally low
Secondary- Very high

cavities for major structures: first 1-
2m often “case hardened”.
Dependent on clay content and
stiffness of soils in depressions.
Bearing capacity considered good
where sound rock exists at or near
the surface. Check for underground
cavities for major structures: first 1-
2m often “case hardened”.
Dependent on clay content and
stiffness of soils in depressions.
Bearing capacity considered good
where sound rock exists at or near
the surface. Check for underground
cavities for major structures: first 1-
2m often “case hardened”.
Dependent on clay content and
stiffness of soils in depressions.
Bearing capacity considered good
where sound rock exists at or near
the surface. Check for underground
cavities for major structures: first 1-
2m often “case hardened”.
Dependent on clay content and
stiffness of soils in depressions.
Bearing capacity considered
reasonably good where sound rock
exists at or near the surface. Check
for underground cavities for major
structures.

Dependent on clay content and
stiffness of soils in depressions.
Bearing capacity considered good
where sound rock exists at or near
the surface. Check for underground
cavities for major structures: first 1-
2m often “case hardened”.

Aggregate, road
metal, dimension
stone, terrazzo tile
chips and rip rap

Aggregate, road
metal, dimension
stone, terrazzo tile
chips and rip rap

Aggregate, road
metal, dimension
stone, terrazzo tile
chips and rip rap

Road metal.
Landfill, fillers
(whitening) and
chemical uses.

Compact
limestones-Road
metal. Landfill,
fillers (whitening)
and chemical uses.
Soft and rubbly
limestone- Landfill

The topography of the project area comprises of both gently sloping
areas, in the northern end of the alignment, and a mountainous
section, in the middle third of the alignment with sharp
increases/decreases in elevations. The southern tip of the alignment is
on relatively flat lands. The southern section of the alignment lies in
the vicinity of Caymanas Estate, east of the central Spanish Town area,
at approximately 14m above Mean Sea Level (MSL). As the highway
progresses through the mountainous regions of Caymanas Bay to
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where it traverses the Rio Cobre in Content, the elevations range from
22m to 197m while slopes varies between 2° and 24°. Here the
highway crosses the Rio Cobre south of Crescent where it continues in
a north westerly direction trough the karst Limestone Mountains
towards Giblatore. Elevations in this mountainous section vary
between 80 and 345 metres above Mean Sea Level while varying
between 1° and 31°. The terrain drops off sharply from elevations of
96 to 133m on entering the Wakefield area, west of Bog Walk before
increasing gently towards Ewarton.

Figure 4-15 - H2K Caymanas alignment superimposed on a digital terrain
map of Jamaica

4.1.4Hydrology

4.1.4.1 Water Sources and Recharge Areas
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Water resources include sinkholes and wells. Sinkholes are natural
holes in the ground caused by the erosion of water, usually occurring
in regions of limestone formation, which facilitates in the recharging
of aquifers through which surface runoff. Throughout the length of
the proposed alignment, the topography includes various depressions
in which sinkholes occur. A safety buffer of 50m was established
within reason around the Caymanas alignment of Highway 2000.
Eighteen (18) of these sinkholes can be located directly under the
highway alignment reservation whereas ten (10) are within the 50m
buffer as shown in Table 4.4and Figure 4-16 below.

Table 4.4 - Sinkholes intersected by H2K alignment

Location Sinkholes Identified
Traversed by alignment 18
Within50m buffer 10
Total 28

Figure 4-17 indicates several wells, both pumping and non-pumping,
within close proximity of the proposed H2K Caymanas alignment.
This map should be used as a guide to avoid the covering and/or
destruction of these wells. Implementing the abovementioned 50m
buffer area, eleven (11) wells were determined to be affected by the
construction of the proposed H2K North-South alignment as
summarized in Table 4.5. These wells are owned and operated by
both private and government entities. The alignment being a 4-lane
highway will easily cover these wells and furthermore may lead to
their destruction and/or contamination.

Table 4.5 - Summarizing the wells affected by the proposed H2K Caymanas
alignment

Location Owner
Portmore 1 (Test Hole 1) National Water Commission
Belmore 2 Sugar Company of Jamaica
Cross Pen United Estates
McConnell CH National Water Commission
Belmore 3 Sugar Company of Jamaica
Watson Grove 3 National Irrigation Commission
Banbury 4 (Linstead 1) Windalco
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Central Village (White Marl) National Water Commission
Content (Exp.) H National Water Commission
Cross Pen Exp. 111 (well F) National Water Commission
Content (well H) National Water Commission
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Figure 4-16 - Sinkholes identified along H2K Caymanas alignment
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Figure 4-17 - Wells identified within the vicinity of the H2K alignment
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4.1.4.2 The Catchments

Topographic maps of Jamaica were assembled over a DEM to
determine the extents of the watersheds that will be impacted by the
implementation of the proposed alignment. The process of defining
the catchments in the GIS (ArcHydro) involved:

1. Smoothing the DEM of sinks
Defining Flow accumulations in streams

3. Defining catchments after specifying minimum catchment
areas for each stream

It was found that the proposed alignment traverses a number of sub-
catchments of a larger catchment area as illustrated in Figure 4-18.
These catchments were delineated using a Digital Elevation Model
(DEM) obtained from Digital Globe radar information. The overall
total area of the sub-catchments that will impact the highway
alignment is 465.9 km2, extending from Mannings Hill in the east to
Thetford mountains in the west and Guys Hill in the north to
Christian Pen in the south. The catchment is approximately 30.9 km
long at its longest and 29.8 km wide.

Figure 4-18 - Overall catchment area associated with H2K road alignment
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Based on the sub-catchments and streams identified, the proposed
alignment crosses five rivers (Table 4.6). Four of these rivers cross the
alignment within a 4 km radius of Linstead Town while the fifth (Rio
Cobre) traverses the alignment in the Angels area (Figure 4-19 and
Figure 4-20). These rivers are known to have large flood plains and
tend to swell rapidly and overtop their banks during extreme weather.

Table 4.6 - Summary of rivers and associated catchment area that cross the
proposed alignment

Nr River Crosses Alignment Catchment
Area (km?2)
1  Jordan Spring 0.85km NW of Linstead Town 87.67
2  Thomas River 2.17km West of Michleton Halt 4.06
Tributary 1
3  Thomas River 1.42km SE of Buxton Town 5.34
Tributary 2
4  Springvale River 1.55km SE of Buxton Town 40.07
5 RioCobre 0.53 NW of Content 461.4

TheH2K Caymanas alignment ends at Ferry where Fresh River
traverses the existing road. The alignment does not cross the river
itself but does impact the overall catchment area of this water source.
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Figure 4-19 - Showing the major rivers which cross the proposed H2K
alignment
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Figure 4-20 - Locations of the flowpaths of major rivers and gullies within
each catchment

Jordan Spring

Jordan Spring starts in the north western area of Linstead, more
specifically St. Thomas. It crosses the alignment in the vicinity of the
Spanish Town Rd, Linstead which is a known flood prone area. Just
north-west of the alignment, the Jordan Spring intersects and collects
flow from the Byndloss Gully. Furthermore, south-east of the
alignment the spring joins the Rio Magno Gully at the same location
where Rio Cobre begins. The catchments associated with the spring
crossing the alignment is approximately 8,767.20 hectares.
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Plate 4.4 - Jordan Spring upstream of H2K alignment crossing

Main Stream (Thomas River Tributary 1) - The Thomas River crosses
the alignment from west to east through a sugar cane plantation in the
Wakefield vicinity. The total catchment area of this river is
approximately 406.09 hectares. The catchment extends as far north
as Guys Hill and is bounded on the east by Riversdale. This segment of
the Thomas River which crosses the proposed alignment originates in
the regions of Victoria, west of Linstead and continues in a south
easterly direction until it discharges into the Rio Cobre.

Tributary (Thomas River Tributary 2) - One tributary associated with
the Thomas River crosses the Highway 2000 alignment in the
Wakefield area, close to the Barry main road. This riverbed is often
times dry in the absence of rain but quickly fills up during rainfall
events in the upper catchment. The catchments associated with the
Thomas River encompass and area of approximately 533.8 hectares.
This segment of the Thomas River is one of two main tributaries
which cross the proposed alignment.
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Plate 4.5 - Main stream of Thomas River where it intersects with proposed
alignment

Plate 4.6 - A tributary of Thomas River where it intersects with proposed
alignment
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The Springvale River, a second tributary associated with Thomas
River, originates north of Buxton Town and flows south-east. It
intersects the Thomas River while flowing in a southerly direction east
of the alignment in the general Wakefield area. The overall catchment
area of the Springvale River before it crosses the alignment is
approximately 4,006.64 hectares.

Plate 4.7 - Dry riverbed of the Springvale River in absence of a rainfall
event.

The Rio Cobre originates north of the alignment and flows south-east.
It collects flows from the rivers aforementioned in the Bog Walk area
and eventually discharges these flows into the sea. Having the largest

area, the catchment associated with the Rio Cobre measures 46,140
hectares.
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Plate 4.8 - Rio Cobre Dam situated downstream of the proposed alignment
crossing

The Fresh River commences from the foothills of Caymanas Bay and
continues to flow and discharge into the harbour of Hunts Bay. This
river presently traverses Mandela Highway where it eventually
discharges into Hunts Bay. The proposed H2K Caymanas alignment
ends before it crosses the river along Nelson Mandela Highway but
traverses two (2) associated tributaries and is located within the Fresh
River catchment (Figure 4-21). Within the plains of Caymanas Estate,
the alignment will traverse two tributaries which currently discharge
into the Fresh River. These tributaries, spanning 2.45 km and 1.26 km
in length, runs through the cultivated lands of Caymanas Estate where
sugar cane is farmed. This indicates that appropriate evaluation of the
hydrological nature should be conducted and necessary culverts be
put in place to facilitate the free flow of runoff into the Fresh River.
The overall catchment area of the Fresh River before it crosses the
Nelson Mandela Highway is approximately 5298.4 hectares.
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Figure 4-21 - Proposed H2K alignment superimposed on the Fresh River
catchment

Anecdotal Information

In order to identify the impacts the highway implementation may
have on the surroundings, it was necessary to visit the areas where the
alignment cross major streams, especially in developed and known
flood prone areas to collect anecdotal information.

A total of twelve (12) effective interviews were conducted with
residents with an average age of 40 years and living in the areas an
average of 28 years. Interviews were conducted as follows:

e Three (3) near to the Jordan Spring crossing;

e Six (6) in Wakefield near to both tributaries of the Thomas
River and the Springvale River crossings;

e Three (3) in the Content area of St. Catherine near to the Rio
Cobre crossing.
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The interviews recalled 4 storms including Gilbert (1988), lvan
(2004), Dean (2007) and Gustav (2008). The resulting average
observations are summarized in Table 4.7 and represented in Figure
4-22.

The three (3) interviewees at the Jordan Spring intersection reported
flooding whenever it rains heavily. Hurricanes lIvan, Gustav and
Gilbert were all reported to have caused flood levels reaching up to the
underside of the existing bridge on the alignment. These levels equate
to approximately 4 metres above the riverbanks. As a result, the
bridge is sometimes impassable and houses nearby experience
flooding. In addition, the torrential rainfall of June 2002 generated
flood levels of 1.5m above the ground. It was also noted that the
intersection of Jordan Spring with Rio Magno Gully experiences
backflow up Jordan spring when produces heavy rains occur.

Similarly, the first tributary of the Thomas River (Thomas River
Tributary 1) is reported to generate flood levels of up to 1.5 metres
above ground level in the sugar cane fields close to Wakefield. The
segment closer to the Barry Main Road (Thomas River Tributary 2),
however, experience flooding of up to 1.2 metres above the river
banks, causing floods throughout the citrus orchard and sugar cane
fields during the October rains in 2010. Debris such as mud and
brushes can be found flowing downstream.

Residents reported observing flood levels of up to 1.2 m close to the
Springvale River intersection with the alignment during hurricanes
Ivan, Dean and Gustav. As a result, portions of the sugar cane and
citrus crops were destroyed. The flooding waters typically have debris
flow such as broken tree branches.

All three interviewees along Rio Cobre near the alignment recollected
flood levels during hurricanes Ivan, Dean and Gustav of up to 1.2m
while the 2002 June rains and had flood levels of up to 1.8m above the
banks. It was also noted that the Dam was forced open by the waters
causing the water levels to rise and the water overflowed into the
adjacent canal. During this particular flood, debris such as trees,
animals and old household items could be seen flowing downstream.
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Figure 4-22 - Interview locations conducted along the H2K Caymanas
alignment at river crossings
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Table 4.7 - Summary of anecdotal information collected along H2K proposed alignment

Time

. - Flood
River 1D Name Age lived in Storm(s) Year(s) depths Location Debris Flow Comments
(years) area (m)
(years)
Jordan 1 Clive Walker 36 29 lvan 2004 0.5 Linstead Bamboo, trees  Water levels reach underside
Spring Dean 2007 of bridge
Gustav 2008
2a Glenmore 33 16 Dean 2007 1 Linstead Bamboo, trees, Banana, Plantain  crops
Edwards Gustav 2008 zinc destroyed
2b Glenmore 33 16 October 2010 0.5 Linstead mud, brushes  Banana, Plantain  crops
Edwards Rains destroyed (See Plate 4.9)
3a Clinton 39 35 lvan 2004 0.5 Linstead tree branches, Intersection with Rio Magno
Brown Dean 2007 household Gully causes the Spring back
Gustav 2008 items up and overflow its banks
3b Clinton 39 35 June Floods 2002 15 Linstead tree branches, Houses adjacent to banking
Brown mud experience flooding
Thomas 4 Linton 64 64 Gilbert 1988 1.2 Wakefield brushes, logs,  Young citrus and sugar cane
River Edwards Dean 2007 mud crops flood
Tributary Gustav 2008
! 5 Jason Allen 45 38 lvan 2004 15 Wakefield brushes, mud  Crops experience flooding
Gustav 2008
Thomas 6a Scott 40 35 lvan 2004 1 Wakefield mud, brushes  Depressions on the Barry
River Newman Dean 2007 main road produced by
Tributary Gustav 2008 heavy farming equipment.
2 6b Scott 40 35 October 2010 0.5 Wakefield mud, brushes ~ Water levels covers private
Newman Rains road on plantation owners
property
7 Clifton Davis 52 45 Gilbert 1988 1.2 Wakefield Bamboo, trees  Citrus orchard and sugar
Dean 2007 cane crops flood
Gustav 2008
Springvale 8 Burru Cox 28 17 Dean 2007 1.2 Wakefield mud, plastic Barry main road experience
River Gustav 2008 bottles flooding (See Plate 4.10)
9 Chevan 22 12 lvan 2004 0.8 Wakefield  bamboo, mud, Crops experience flooding
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Time

. : Flood
River 1D Name Age lived in Storm(s) Year(s) depths Location Debris Flow Comments
(years) area (m)
(years)
Gordon Dean 2007 logs (See Plate 4.11)
Rio Cobre 10 Judith Boxx 46 12 June 2002 1.5 Rio Cobre trees, Dam destroyed; water levels
Floods Dam household reach height of dam wall
items
1la Norval 32 13 Dean 2007 1.2 Rio Cobre bamboo, trees  Water overflows the bank.
Cunningham Gustav 2008 Dam
11b Norval 32 13 June 2002 1.8 Rio Cobre  trees, animals, Water levels reach height of
Cunningham Floods Dam vehicles dam wall and overflows into
canal
12a Winston 39 36 lvan 2004 1.2 Rio Cobre bamboo, trees, Banana crops on adjacent
Curtis Dean 2007 Dam animals property destroyed
Gustav 2008
12b Winston 39 36 June 2002 1.5 Rio Cobre trees, plastic Dam destroyed; Water levels
Curtis Floods Dam bottles reach height of dam wall and
overflows into canal

(SeePlate 4.13)
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Plate 4.9 - Farmer Glenmore Edwards identifies the flood levels caused by
Jordan Spring during torrential rainfall almost 20ft above the river bed.

Plate 4.10 - Resident Burru Cox illustrates the typical flood levels within the
cane fields near Springvale River during heavy rainfall events.
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Plate 4.11 - Resident Chevan Gordon identifies the flood levels produce by heavy
rainfall events near Springvale River.

Plate 4.12 - Resident Norval Cunningham illustrates that water levels generated
during the June 2002 floods.
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Plate 4.13 - Flood levels of the Rio Cobre during the June 2002 floods.

Flood Prone Areas along Alignment

A 2007 study? conducted for NROCC highlighted several flood prone
areas extending from of Bog Walk to the northern termination point. It
was reported that flooding was due mainly to ponding and overflowing of
the Rio Cobre. See Plate 4.14 which shows the Rio Cobre in spate in a
2008 photo and Plate 4.15 which shows the Jordan Spring north of the
proposed alignment.

Plate 4.14 - 2008 Photo of the Rio Cobre in spate east of the existing road
alignment in Bog Walk

2 Improvement and Widening of Al Highway Bogwalk to Linstead & Moneague to Golden
Grove, Dessau International in conjunction with Environmental Solutions Limited.
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Plate 4.15 - 2012 Photo taken of the Jordan Spring north of the proposed
highway alignment in Linstead

More importantly, flooding can be influenced by blocked drains which
limit the transmission of floodwaters through the channel and across the
existing road embankments. Plate 4.16 identifies the blockage of a
segment of the Springvale River located under an abandoned bridge. This
prohibits the free flow of the river which consequently overflows its banks
and floods the surrounding fields and settlements.

The low-lying areas within which the citrus and cane fields are situated
also contribute to the events of floods in the area (Plate 4.17). These
regions are prone to flooding as they create a ponding effect, similar to
wetlands.

Submitted to: National Road Operating and Constructing Company (NROCC)
Prepared by: CL Environmental Co. Ltd.



Environmental Impact Assessment for the Proposed Highway 2000 North South 106
Link - Caymanas to Linstead

Plate 4.16 - A section of the Springvale river blocked by rubble.

Plate 4.17 - Thomas River flowing through low lying cane fields in Wakefield
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ODPEM currently maintains a list of the main flood prone areas in
Jamaica which includes the areas of Linstead, Bog walk and Caymanas
Gardens. Online research revealed several newspaper articles highlighting
flooding in areas close to the alignment. These areas include Wakefield,
Linstead and adjoining communities.

Figure 4-23 - Flood prone areas near to the alignment as identified on ODPEM
website

4.1.4.3 Meteorology

Climate Change Effects on Extreme Rainfall

Method
The rainfall data for gauges in Jamaica were obtained from the
Meteorological Office of Jamaica. Information for the gauges spanned
1930 to 1980 and 1992 to 2008. Both sets of data were subjected to
Weibull analysis for the extreme rainfall data ranging for the 2, 5, 10, 25,
50 and 100 year. Historical rainfall extremes for stations across the island
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for the period 1930 to 1988 were compared with the extremes determined
for the period 1992 to 2008. Rainfall depths for corresponding return
periods were subjected to comparative analysis in order to determine if
there was an overall increase or decrease in extreme rainfall.

Results

Percentincrease in 24--hours rainfall intensity

The analysis indicates that there has been an overall increase ranging
from 11.7% (for the 2 year Return Period Event) to 1.5% (for the 100 year
Return Period event) for all stations. This increase has occurred over a
time frame of 21 years (1988 to 2009). This equates to 0.7% to 5.6%

increase per decade.

Table 4.8 - Overall increase in 24-hours rainfall intensity for the period between

1988 and 2009

Return Period (yr)

5 10 25 50 100

Number of stations considered
Average increase (Imm)
Average rainfall depth (mm)

1930 to 1988
Overall increase
Increase per decade

117 117 117 117 116
10.0 5.6 5.9 6.3 5.3
175.0 2177 268.2 307.8 3457

57% 26% 22% 21% 15%
2% 12% 10% 1.0% 0.7%

14.0%

12.0%

W Overall increase

10.0% -
8.0% +
6.0% -
4.0% -
2-0% 7 . - -
2 5 10 25 50 100

Return Period (Years)

Figure 4-24 - Overall increase in 24-hours rainfall intensity for the period

between 1988 and 2009
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Given the design life of the project is 75 years, due consideration should
be given to the changes in extreme rainfall as the old data appears to be
irrelevant in light of the new data supplied by the Met office of Jamaica.

Catchment Gauges

The raingauge locations were superimposed on the catchment areas to
determine rainfall depths that will be used in the hydrology model (Figure
4-15). A total of 36 gauges were noted inside of and within 4 km of the
overall catchment boundaries. The revised rainfall intensities for these
stations were increased by 0.7 percent per decade to the 75 year project
life to ensure a valid design at the project life. See Table 4.9 for the
current intensities as well as the recommended design values.

Figure 4-25 - Rainfall gauges within the study area
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Table 4.9 - Rainfall intensities recorded by gauges inside of and within 4 km of
the overall catchment boundaries

CURRENT RAINFALL DEPTHS

RECOMMENDED DESIGN

Station Name (mm/24 hr) RAINFALL DEPTHS (mm/24 hr)
10 25 50 100 10 25 100
Brandon Hill 274.7 318.3 349.5 379.5 299.4 342.2 375.7 399.4
Cavaliers FP 346.3 468.7 571.6 682.3 3775 503.9 614.5 718.1
Constant Spring FP 200.8 240.6 269.5 297.4 218.9 258.7 289.7 313.1
Half Way Tree 182.5 230.0 265.5 300.8 199.0 247.3 285.5 316.6
Langley 359.9 451.2 520.2 589.3 392.3 485.0 559.2 620.2
Lawrence Tavern 269.9 358.3 430.0 505.0 294.2 385.2 462.2 531.6
Norbrook Park 359.9 451.2 520.2 589.3 392.3 485.0 559.2 620.2
Seaview FP 269.9 358.3 430.0 505.0 294.2 385.2 462.2 531.6
Stony Hill (Fort George) 241.8 297.2 339.1 381.2 263.6 319.5 364.6 401.2
Faith's Pen 224.2 257.5 281.0 3034 244.3 276.9 302.1 319.3
Middlesex 250.1 274.3 290.7 305.9 272.6 294.9 312.5 321.9
Bernard Lodge (Met) 254.4 300.5 332.2 361.9 277.3 323.0 357.1 380.9
Bybrook 193.2 225.4 248.7 271.4 210.6 242.3 267.3 285.6
Caymanas North 225.4 277.3 316.6 355.9 245.7 298.1 340.4 374.6
Caymanas South 198.8 232.9 257.8 282.0 216.7 250.4 277.1 296.8
Charm Hole 292.9 344.1 382.3 420.2 319.3 369.9 411.0 442.2
Corn Ground 310.9 386.4 4435 500.6 338.9 415.4 476.8 526.9
Dam Head 228.1 263.6 2904 317.2 248.6 283.4 312.2 333.9
Enfield 212.8 266.4 306.8 347.2 232.0 286.4 329.8 365.4
Grass Piece 266.9 327.1 372.6 418.1 291.0 351.6 400.6 440.1
Innswood #2 (Cotton Tree) 194.3 221.2 240.4 258.7 211.8 237.8 258.4 272.3
New Development 288.3 361.8 418.1 474.9 314.2 388.9 449.5 499.9
New Hall 199.6 237.9 265.7 292.6 217.6 255.8 285.6 308.0
New Works Farm 234.0 300.4 351.6 403.4 255.1 3229 377.9 424.6
Palmer's Hut 269.0 353.2 416.3 479.1 293.2 379.6 447.5 504.3
Phoenix Park B 209.0 231.6 247.2 261.9 227.9 249.0 265.8 275.7
Swansea 229.8 259.1 280.2 300.4 250.5 278.6 301.2 316.2
Tulloch Estates 214.6 247.8 272.0 295.5 233.9 266.4 292.4 311.0
Wakefield 239.2 309.8 364.5 420.1 260.8 333.1 391.9 442.2
Wallens 196.7 2314 255.9 279.2 214.4 248.8 275.1 293.8
Warwick Castle #1 206.6 256.3 293.9 3314 225.2 275.5 315.9 348.8
Warwick Castle #3 2525 331.8 395.1 460.9 275.2 356.7 424.8 485.1
Worthy Park (Met Stn) 254.0 302.3 338.6 382.8 276.9 324.9 364.0 402.9
Castleton Gardens 270.1 326.0 367.8 409.4 294.4 350.4 395.4 430.9
Orange River 250.0 292.7 323.7 353.9 272.5 314.7 348.0 3725
Richmond 209.4 225.0 2354 245.0 228.2 241.9 253.1 257.9
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Figure 4-26 - Isohyetal map of the project area

4.1.4.4 Hydrological Modelling

The methodology used for the analysis is as follows:

1. Data collection to include:
a. Collection of soils information
b. Collection of land use maps
c. The topography of the catchments
d. Anecdotal data collection
2. Delineating catchments and confirmation of streams/rivers
3. Calculating runoffs using the US Soil Conservation Service (SCS)
method

The SCS method is an empirical model for rainfall runoffs which is based
on the potential for the soil to absorb a certain amount of moisture. On
the basis of field observations, this potential storage S (millimetres or
inches) was related to a ‘curve number' CN which is a characteristic of the
soil type, land use and the initial degree of saturation known as the
antecedent moisture condition. Hydrological modelling of the watersheds
encompassed three main elements:
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e Precipitation
¢ Rainfall abstraction model (Curve number method)
¢ Runoff model (Dimensionless unit hydrograph)

Precipitation

The maximum 24-hour rainfall for the 100 year return period at the
rainfall gauges, within the vicinity of the watersheds, was used for the
determination of the precipitation to be applied to the model. The rainfall
depths across the catchments were determined by creating a rainfall
depths contour map over catchments, by using the rainfall gauges in and
around the catchments. A weighted rainfall depth was then determined
for each watershed. The values are shown in Table 4.10 for the present
and future scenarios.

Table 4.10 - Weighted rainfall depth determined for each watershed

Watershed Weighted Rainfall Depths (mm/24 hr)
Jordan Thomas Thomas Springvale Rio Fresh
Spring River River River Cobre River
Tributary Tributary 2
1
Current rainfall 382 426 423 406 336 292
Recommended design rainfall 402 448 446 428 354 307

based on Climate Change

Rainfall Abstraction Model

The SCS curve number method was used to determine the rainfall excess
P using the following equation:

PZ_IZ
(F*-1) “)+S

P =
e~ p-1,

Where P = precipitation
la = initial abstraction
S = Potential retention which is a measure of the retention capacity of
the soil.

The Maximum Potential retention, S, and the watershed characteristics
are related through the Curve number CN:

6 25400 — (254 x CN)
B CN
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Curve Numbers have been tabulated by the NRCS on the basis of soils
group, soil cover or land use, and antecedent moisture conditions (initial
degree of saturation).

The catchments were superimposed on the ministry of Agriculture’s soils
map of Jamaica to identify the soils distribution within each catchment.
See Figure 4-27. It was found that all the catchments had high
proportions of Clay loam and Stony loam. The soil types are distributed
across the catchments as follows:

1)

2)

3)

4)

5)

The outer catchment basin area of the Jordan Spring has high
concentration of stony loam while the interior basin has
significantly high proportions of clay loam.

The first tributary of Thomas River (Thomas River Tributary 1)
which forms a part of the Rio Cobre basin has over sixty percent
(60%) stony loam with the remaining segments being clay loam.
The second tributary of Thomas River (Thomas River Tributary 2)
has over eighty percent (80%) stony loam.

Majority of the Springvale River catchment comprises of stony
loam with the remaining areas having an almost even distribution
of clay and clay loam

The catchment associated with Rio Cobre has over thirty percent
(30%) clay loam material with high proportions of sandy loam.

The Land use for each catchment was determined from inspection of the
Forestry Department land use map seen in Figure 4-28, as well as satellite
imagery of the catchments. The following was noted:

1)

2)
3)

4)

The Jordan Spring catchment were observed to have mostly
forests, fields and crops with residential settlements on lots more
than 1/4 acres in area. The lower reaches of the catchments
however had small portions of urban space.

Thomas River catchments were comprised primarily of forests and
cultivated areas.

The Springvale River catchment consists of solely crops, forests
and cultivated fields

The catchment associated with the Rio Cobre was determined to
have significantly high concentrations of forests, fields and crops
(over 80%). Concentrations of urban space were identified along
the western and southern reaches of this catchment.
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Figure 4-27 - Catchment areas superimposed on soils map of Jamaica
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Figure 4-28 - Land Use map of Jamaica with superimposed catchments and
highway alignment

Curve Numbers (CN)
The curve numbers used in the SCS method were selected for normal
antecedent moisture conditions (AMC I1) as outlined in the ‘Storm Design
Manual’ put together by Niagara county board shown in Table 4.11. The
curve numbers for existing conditions were selected for the catchments
were as follows:

1) Jordan Spring - 46 (based on the soil composed mainly of clay
and the area being predominantly open fields and forests);

2) Thomas River Tributary 1 - 40 (based on the mixed soil composed
of stony loam and clay with the area being predominantly
cultivated fields and forests);
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3) Thomas River Tributary 2 - 40 (based on the soil composed of
stony loam and the area being predominantly cultivated fields and
forests);

4) Springvale River - 30 (based on the soil composed of stony loam
and the area being predominantly cultivated fields and forests);

5) Rio Cobre - 40 (based on the soil texture being a mixture of sandy
and clay loams with high proportions of fields and forests).

Table 4.11 - Curve numbers corresponding to soil type and land use

Hydrologic Soil Group

Description of Land Use

A B C D

Paved parking lots, roofs, driveways 98 98 98 98
Streets and Roads:

Paved with curbs and storm sewers 98 98 98 98

Gravel 76 85 89 91

Dirt 72 82 87 89
Cultivated (Agricultural Crop) Land*:

Without conservation treatment (no terraces) 72 81 88 91

With conservation treatment (terraces, contours) 62 71 78 81
Pasture or Range Land:

Poor (<50% ground cover or heavily grazed) 68 79 86 89

Good (50-75% ground cover; not heavily grazed) 39 61 74 80
Meadow (grass, no grazing, mowed for hay) 30 58 71 78
Brush (good, >75% ground cover) 30 48 65 73
Woods and Forests:

Poor (small trees/brush destroyed by over-grazing or burning) 45 66 77 83

Fair (grazing but not burned; some brush) 36 60 73 79

Good (no grazing; brush covers ground) 30 55 70 77
Open Spaces (lawns, parks, golf courses, cemeteries, etc.):

Fair (grass covers 50-75% of area) 49 69 79 84

Good (grass covers >75% of area) 39 61 74 80
Commercial and Business Districts (85% impervious) 89 92 94 95
Industrial Districts (72% impervious) 81 88 91 93
Residential Areas:

1/8 Acre lots, about 65% impervious 77 85 90 92

1/4 Acre lots, about 38% impervious 61 75 83 87

1/2 Acre lots, about 25% impervious 54 70 80 85

1 Acre lots, about 20% impervious 51 68 79 84

The curve numbers were then modified for two additional conditions,
they were for the present condition plus the development of the highway
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and for the future condition plus the development of the highway.
Resulting curve numbers used in generating runoff are outlined in Table
4.12 below. The development of the highway will impact the curve number
and runoff by no more than 0.2% in any one catchment or river. However,
there were significant increases for the future development condition as it
was estimated that the rural catchments will see more residential
developments whereas the industrial and urbanized areas will become
more intense.

Table 4.12 - Curve Numbers used in SCS model

Curve Number (CN): Watershed
Jordan Thomas Thomas Springvale Rio Cobre
Spring River River River
Tributary 1l Tributary 2

Existing Conditions 46 40 40 30 40
Existing Conditions with H2K 46 40 40 30 40
Future Developed Areas 51 44 44 33 44
Runoff

The peak runoffs were calculated using the type Il rainfall distribution.
The primary inputs into the model are as follows:

o Drainage areasize (A) in square miles (square kilometres);
e Time of concentration (Tc) in hours;

o Weighted runoff curve number (RCN);

e Rainfall distribution (see Figure 4-29);

e Total design rainfall (P) in inches (millimetres).
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Figure 4-29 - SCS 24-hour Rainfall Distributions

The runoff generated for each catchment where the rivers cross the
alignment varies from 110.1 to 3,954.6 cubic metres per second for the
existing condition, 111 to 3,999.2 cubic metres per second and 128.1 to
4,829.3 cubic metres per second for the expected future flows. The
Thomas River generated the lowest flows while the Rio Cobre produced
the largest peak flows. See Table 4.13 for a summary of the runoffs
generated for each catchment and respective scenario.

Table 4.13 - Runoff generated for the different catchments impacted by the H2K
Caymanas alignment

Location
Hydrology Units Jordan Thomas Thomas Springvale Rio
Spring River1 River 2 River Cobre
Catchment area HA 8767 406 534 4007 46140
Return period Years 100 100 100 100 100
Peak runoff
Existing Condition m3/sec 1481.3 110.1 145.7 512.1 3954.6

A detailed study should be conducted to include historical flooding of
areas along the alignment. Following this, a detailed flood plain map
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should therefore be created for the pre and post construction scenarios for
both the present and future conditions. This will enable the designers to
locate appropriately sized culverts in the correct locations to eliminate any
flooding problems that the highway may cause. Given the observed
climate change trends, it is recommended that the design runoffs for the
future scenario be used to implement all drainage infrastructures.

The Jamaica Mines and Geology Department database was queried, and
found to have 125 licensed quarries. A 2000 Quarry materials Study
Report commissioned by the Development bank of Jamaica, highlighted
56 quarries that were investigated across the island, for suitability to
supply aggregate. The categories of material required were for:

e Concrete and asphalt mixes for the road surfaces
e Base and sub-base fill for the road
e Common fill

The report concluded that common fill materials will be sourced primarily
from excavations. However since the cut areas are expected to be in weak
limestone, the sub-base, base, concrete and pavement aggregates will
have to be sourced from quarries in May Pen or St Thomas.

The closest quarries to the project are located at distances varying from 3
km to 30 km in proximity to the highway alignment.

See Table 4.14 and Figure 4-30 below for the 9 closest quarries in
operation to the alignment. Most of these quarries generate weak
limestones which are not suitable for road base construction. The 2000
Quarries report therefore stated that consideration will also be given to
the opening of additional quarries to supplement the limited supplies of
suitable materials.

It is recommended that the regulations governing the opening of new
quarries be adhered to and that the licences of existing quarries be
checked for compliance prior to their usage. Contracts with Quarries and
haulage contractors should include provisions for safe transporting of the
materials as well as dust mitigation measures.

Table 4.14 - Summary of quarries in proximity to the H2K alignment and their
respective characteristics
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Location Parish Owner Licence Distance from Rock Type
H2K (km)

Ferry St. Andrew Black Brothers Inc. - 3.1 Limestone
Bog Walk St. Catherine Gloria Matladeen QL-1365 5.08 Marl
Bog Walk St. Catherine Tulloch Estates QL-485 8.37 Limestone

Braeton St. Catherine Gladstone Francis QL-1566 8.57 Limestone
New Hall St. Catherine Kent Industries QL-1601 10.28 Sand
Harkers Hall St. Catherine Leon Martin Dixon QL-1298 12.94 Sand
Hill Run St. Catherine Mogul Construction QL-1323 16.45 Limestone
Above Rocks St. Catherine Agatha Gooden QL-1516 20.09 Sand
Lawrence St. Andrew Karl Soutar QL-1395 29.93 Sand
Tavern

Figure 4-30 - Spatial Distribution of Quarries in Jamaica
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Figure 4-31 - Spatial distributions of quarries in close proximity to the proposed
H2K Caymanas alignment
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4.1.6.1 Landslides

The Bog Walk Fault zone consists of a broad belt of mainly limestones
that have been extensively brecciated (Plate 4.2). The brecciation will
result in potentially unstable slopes being exposed during and after
construction of the highway, so the potential for landslides is high. If the
highway route also intersects slivers of volcaniclastic rocks (Cretaceous
units), presently just west of the proposed route in the Giblatore area
(Figure 4-11) this potential will become even higher. Active landslides
have been encountered along, or in the vicinity of, the proposed highway
route (Plate 4.18 and Plate 4.19). Of particular note are the fissile
brecciated units associated with the fault zone in which they occur as
these are found along the proposed highway route (Plate 4.19).

Plate 4.18 - Land slip on the southern edge of the fault zone exposed along the
main road at the northern entrance to the Bog Walk Gorge (Walderston
formation). This location is within the same Bog Walk Fault zone as will be
traversed by the proposed highway.
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Plate 4.19 - Soft (can be penetrated with cutlass in photo) brecciated material
prone to land slips in fault zone (Undifferentiated Troy/Claremont and
Somerset formations)

It was necessary to assess the landslide vulnerability of the environs
within the project area given the mountainous areas which the alignment
traverses. A simplified approach was taken to assess the vulnerability of
the present alignment to landslides, by creating and calibrating GIS
model using the landslide inventory from ODPEM, Roads inventory from
Survey Department, Faults inventory from Mines and Geology, Soils
inventory from Ministry of Agriculture and the topography of Jamaica
from Quickbird satellite radar data.

The methodology employed in assessing the landslide vulnerability is as
follows:

1. Data collection to include:
a. Topographic data of Jamaica
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Existing landslides inventory for Jamaica
Soils inventory map
Faults map of Jamaica
e. Roads network
2. Preliminary data analysis
3. Calibration
4. Prepare landslide susceptibility maps

oo o

Data Collection and Preliminary Analysis

Landslides

Data was collected regarding observed landslides throughout island of
Jamaica. Preliminary examinations revealed number of observed
landslides within the inventory was determined to be 2,983. These
landslides varied in magnitude but were concentrated in the eastern part
of the island. The existing landslides are displayed in Figure 4-32.

Figure 4-32 - Inventory displaying landslide locations island-wide Topography
- Slopes and Landslides

The Topographic data used in the analysis was obtained from Digital
Globe Radar data. A slope analysis was done on the topographic data to
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highlight the slopes across the island (Figure 4-33). The slopes along the
alignment varied from O to just over 30 degrees. The slope angles were
grouped into four (4) classes based on natural breaks in the frequency
histogram. The landslides map obtained was superimposed on the slopes
map to determine the occurrence of landslides within each slope ranges.

Figure 4-33 - Landslide frequencies influenced by slope angles

It was found that landslide occurrences increase with increasing slope
angle. The results revealed that majority of landslides occurred within the
ranges of 5° and 30°, with lower landslide occurrences, 9% and 7%, within
the 0° - 5° range and 30° and 75°. However, a decrease in landslide
occurrences was observed after the slope range 15° - 30°. The results are
summarized in Table 4.15. The various types of landslides which occur
within the respective slope ranges are shown below on a histogram
(Figure 4-34).
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Table 4.15 - Landslide frequencies influenced by slope angles

Class Slope Range Landslide Frequency
1 00— 50 9%
2 5o — 150 37%
3 150 — 300 47%
4 300 — 750 7%

Number of Landslides
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Figure 4-34 - Histogram of landslide frequencies influenced by slope angles

The dominant slopes along the proposed alignment are between O to 5
degrees. The segment of the alignment which traverses north of Lime
Walk and west of Bog Walk comprises of the steepest slopes, varying from
0 to 30 degrees (See Figure 4-35).
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Figure 4-35 - Slope analysis of the terrain through which proposed H2K
Caymanas alignment traverses
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The Soils data received had over 203 soil types within the zones where
landslides were known to occur across the island. The probabilities of
these soils causing a landslide were calculated based on data of existing
landslides. The classifications revealed that approximately 79% of the
soils had less than 1% probability of landslide occurring while 19% of soils
had 1% - 10% probability of landslide occurrence. Only five (5) soils were
considered having high probabilities (greater than 10%), they were;
Haldane Sandy loam, Cuffy Gully Association, Barracks Silty loam, Island
Head Clay loam and Lloyds Clay loam. Table 4.16 below illustrates the
classification of soil probabilities.

Table 4.16 - Probability of soil types which cause landslides

Class Number of Soils Probability Range Soil Frequency
1 160 <1% 79%
2 38 1% - 10% 19%
3 5 > 10% 2%

The probabilities landslide occurrences in these soils were plotted in
Figure 4-36 and mapped in Figure 4-37 below.
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Figure 4-36 - Histogram showing soils classified based on their propensity to
cause landslides
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Figure 4-37 - Landslide frequencies influenced by soil properties

Faults and Landslides

It was necessary to assess the likelihood of landslides occurring along
fault lines. Initial observations indicate a high number of landslides are
concentrated near faults in some parts of the map area. In many cases
faults have created steep topographic escarpments. It suggests that a
number of landslides are caused directly by fault-related fracturing and
alteration of the rock in the steep escarpment slopes. Although landslides
are concentrated near the faults, but some also occur in the blocks
between faults.

The present fault lines throughout Jamaica were analysed according to
their respective distances from existing landslides. The distances or fault
buffers of all landslides from the nearest fault were determined then the
landslide occurrences established as a function of fault distances. It was
found that 25% of all recorded landslides occurred exactly along fault
lines with over 50 percent occurring within 100m of a fault. AlImost all
existing landslides seem to occur at least within the range of 1000m of a
fault line Figure 4-39.
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Table 4.17illustrates the number of landslides which occur within a
specific range of distances from fault lines (i.e.) landslide densities. These
tabulated values were plotted on a graph (Figure 4-38) for further analysis
and mapped in Figure 4-39.

Table 4.17 - Landslide frequency in relation to proximity of fault lines

Fault Buffer Number of Landslides Landslide Frequency
om 748 25%
<10m 851 29%
<50m 1195 40%
<100m 1534 51%
<200m 2032 68%
<500m 2649 89%
<1000m 2887 97%
3000 2887 2983
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Figure 4-38 - Histogram showing landslide frequencies influenced by fault lines
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Figure 4-39 - Landslides superimposed faults map of Jamaica

Roads and Landslides

The road network which was examined included all the major and minor
roads throughout the island of Jamaica. The conclusion was formed that
some landslide types appear to correlate strongly with distance to roads.
It was observed that as the proximity to the roads (buffer area) increased,
there was a sharp decrease in landslide frequencies. Almost 30% of all
existing landslides occurred exactly at locations where roads were cut
regardless of any other present factors. This gives a basis for developing a
relationship between the events of landslides and road locations. In
comparison to faults, over one hundred (100) more landslides had
transpired within proximity to roads than fault lines. Table 4.18
illustrates the relationship between the frequency of landslides and the
proximity to the road network throughout Jamaica.
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Table 4.18 - Landslide frequency in relation to proximity of roadways

Road Buffer = Number of Landslides Landslide Frequency

Om 867 29%
<10m 986 33%
<30m 1222 41%
<50m 1386 46%

The correlation between the number of landslides occurring and their
respective proximities to local roads are shown in the histogram below
(Figure 4-40) and on the map in Table 4.44.
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Figure 4-40 - Histogram showing landslide frequencies influenced by the road
network
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Analysis

Figure 4-41 - Landslide frequencies influenced by the road network

Description of Model

Model Results

The calculation was performed using a susceptibility matrix approach
which relies on an inventory of past landslides. The parameters used
within the model were slope, soils, faults, and roads. The maps of these
parameters were created and overlaid in GIS environment. Each
parameter was assessed using the assigned susceptibility weighting based
on a conditional probability that the parameter has occurred given a
landslide has occurred, using the following probability formula:

Each parameter was given a weighting from low to high susceptibility. All
the parameters were then equally weighted and the product of the
susceptibility of all the parameters was weighted in four classes varying
from low to high susceptibility.

Landslide susceptibility = [Slope Angles] = [Soil] * [road]  [fault]
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The model was calibrated using the existing landslide areas where
landslide occurrences are high. The model was then applied to the entire
island and the landslide susceptibility map for Jamaica is shown in Figure
4-42. The vulnerability of landslides is slight throughout the island with
scattered areas of moderate and high susceptibility. Most of the high
susceptible areas are within close proximity to fault lines which can be
due to the presence of brecciaed stones caused by the faults themselves.

The Caymanas alignment was superimposed on the resultant landslide
map to facilitate in identifying the susceptible areas prone to landslides.
The most vulnerable regions were located in the mountainous sections
north of Lime Walk and south of Bog Walk as Figure 4-43 illustrates. The
hilly environs in close proximity to Lime Walk runs parallel to the
proposed alignment and extends from 1.3km southeast of Wakefield to
1.2km southwest of Bog Walk and 1.02km north of Lime Walk. Other
susceptible regions identified include those near to Crescent and Content
where the highway will intersect the Rio Cobre. In addition, the steep
terrain of the Caymanas Bay creates moderate susceptibility to landslides
in the surrounding areas.

Figure 4-42 - Landslide susceptibility map generated from parameters
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Figure 4-43 - Final landslide susceptibility map along H2K road alignment
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With the final susceptibility map generated, it is now possible to verify the
results. The landslide susceptibility map which was generated
demonstrates that there is a group of high vulnerable areas on the eastern
end of the island which are prone to landslides. Majority of the existing
landslides had occurred in areas where the GIS landslide susceptibility
model predicted. The area of existing landslides transpiring within their
respective susceptibility classes were tabulated and shown in Table 4.19
and Figure 4-44. These landslide areas can be classified as having
moderate to high susceptibility.

Table 4.19 - Verification illustrates most landslides have occurred in moderate
to high susceptible areas.

Landslide Susceptibility Percentage
Very Low 2%
Slight 15%
Moderate 65%
High 18%
70%
60%
>
2 50%
[
S
3 40%
L
[
B 30%
[
o)
S 20%
-
10%
0% -
Very Low Slight Moderate High
Level of Susceptibility

Figure 4-44 - Histogram verifying susceptibility for existing landslides
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Limitations

Figure 4-45 - Landslide susceptibility shown for existing landslides

The verification process was taken a step further and into the field. Using
the landslide susceptibility map as a guide, highly vulnerable areas were
explored and investigated in search of landslides. The mountainous
sections of Lime Walk were investigated for any signs of landslides;
however, none could be identified. In addition, anecdotal information was
collected but the interviewees had no recollection of landslides occurring
within the area.

Landslide susceptibility maps are compiled and derived from a variety of
data sources. The landslide inventory includes existing data that have
been verified in the field, and also data which was developed from aerial
photo-interpretation. The accuracy and precision of the susceptibility map
is therefore dependent on the original data, scale transformations,
coordinate system and the process of map compilation. As with any map,
scale is an important consideration. The methodology used for this
project is mostly driven by the landslide inventory; therefore it will
predict high landslide susceptibility for locations which share common

Submitted to: National Road Operating and Constructing Company (NROCC)
Prepared by: CL Environmental Co. Ltd.



Environmental Impact Assessment for the Proposed Highway 2000 North South 138
Link - Caymanas to Linstead

properties with failed areas. However, this technique has both its
strengths and weaknesses. The most important advantage is that this
method does not require profuse or comprehensive geotechnical data. On
the other hand, deficiencies in the landslide inventory may have an
adverse effect on the final landslide susceptibility map.

4.1.6.2 Steep Slopes/Collapse Features/ Subsidence

Over the middle part of the highway’s route (from Cow Market north
across the plateau to Hermatige/Giblatore) the karst topography includes
many depressions in which sinkholes occur; the present alignment of the
highway is routed through one of these. There may be issues with caves
and sinkhole formation in this region. Cave deposits/dripstone has been
identified in the Troy Formation and the possibility of collapse into cave
systems at shallow depth is likely to be greater in the older Troy and
Claremont limestone units. Of particular concern are the steep, possibly
unstable slopes in the limestones overlooking Kent Village (boxed area in
Figure 4-46). This area will require more detailed geological appraisal in
order to confirm the proposed alignment.
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Figure 4-46 - Black box highlights area where revised alignment positions the
highway at the top of a very steep slope west of Kent Village (Original route-
red dots Revised route — orange line)

4.1.6.3 Flooding

As previously mentioned, flooding in the limestone areas of the proposed
highway route will not be a problem under normal conditions of light to
moderately heavy rainfall as drainage is mainly subsurface. Under
conditions of prolonged, exceptionally heavy rainfall there is a possibility
of local flooding of karst depressions and activation of runoff through the
system of storm gullies. Under these conditions the boundaries of the
gully system catchments give an approximate indication of the relative
amounts of runoff for each gully system. At least two of the systems north
of the proposed route with single outlets across the highway, cover areas
exceeding three square kilometres (circle on Figure 4-9). As is the case
for the Gorge bypass section (Figure 4-8) the zones (pink) of internal
drainage may provide flood waters that could augment the surface flows
through resurgences. Flooding of alluvial zones in the Linstead Basin
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(floodplains as demarcated in green, Figure 4-7) may be expected in
periods of heavy and/or prolonged rainfall. At Caymanas flooding is not
likely to be a major problem due to the slope of relatively permeable
alluvial fan deposits (Caymanas sandy loam, see description above)
towards the northern edge of the estate. This is not a floodplain.

See section 4.1.4 for detailed descriptions of the hydrological features and
flood prone areas in the study area.

4.1.6.4 Hurricanes

Hurricanes produce heavy rainfall, high winds, and storm surge, all of
which have the potential to cause damage and dislocation at the proposed
location. The high velocity winds can cause structural damage. Jamaica
lies within the Caribbean hurricane belt and has been directly affected by
numerous hurricanes. Hurricanes and tropical storms are frequently
accompanied by heavy rainfall. It has also been widely suggested that the
Atlantic-Caribbean region is moving, and has already started to move,
into a cycle of wetter and more severe tropical disturbances (IPCC, 2001).

During the hurricane season (June to November) these low-pressure
systems form in the mid-Atlantic off the African west coast between
latitudes 5 to 25 N, and move north-westerly into the Caribbean basin.
Detailed storm data are available from the US National Hurricane Center
archives for the last 20 years 1987 to 2007. The analysis was conducted on
storms passing within 200 km of Jamaica. During that period 8
hurricanes, 3 tropical depression, 6 tropical storms and 1 tropical wave
(Table 4.20 and Figure 4-47).

The experience of the last three major hurricanes that affected Jamaica,
Gilbert in 1988, Ivan in 2004 and Hurricane Dean in 2006 suggests that
the Palisadoes peninsula reduces the build-up of storm surge within the
Kingston Harbour. This minimizes the potential threat to the coastline in
the north and northeast sections of the harbour where the proposed site is
located.
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Table 4.20 - Names and categories of storms that passed within 200 km of
Jamaica 1987 - 2007

Name Year Category Maximum Wind
Speed (Knots)
ARTHUR 1990 Tropical Depression 30
BONNIE 2004 Tropical Wave 25
CHARLEY 2004 Hurricane 65
DEAN 2007 Hurricane 125
DEBBY 2000 Tropical Storm 35
DENNIS 2005 Hurricane 120
EMILY 2005 Hurricane 140
ERNESTO 2006 Tropical Storm 45
GILBERT 1988 Hurricane 115
GORDON 1994 Tropical Storm 40
HELENE 2000 Tropical Depression 30
IRIS 2001 Hurricane 75
ISIDORE 2002 Tropical Storm 45
IVAN 2004 Hurricane 145
LILI 2002 Hurricane 65
MARCO 1996 Tropical Depression 30
OLGA 2007 Tropical Storm 35
WILMA 2005 Tropical Storm 35
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Created By: Carlton Campbell, June 8, 2008
Data Sources:US National Hurricane Center archives Legend

Categories Tropical Storm
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Figure 4-47 - Storms that have passed within 200km of Jamaica within the last
20 years (1987 — 2007)

4.1.6.5 Earthquakes

Figure 4-48 indicates the probability of ground accelerations of a given
magnitude being exceeded in a given period. Section 1 of the North-South
Highway project lies within the zone where the probability of exceedence
of accelerations between 245 and 270 gals in a fifty year period is 10%.
Accelerations above 270 gals may be expected for the Caymanas end of
the highway. The main concerns will be associated with the
geotechnical/engineering issues to be addressed during and after highway
excavation, particularly across the Bog Walk Fault zone.
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Figure 4-48 - Horizontal ground acceleration with 10% probability of
exceedence in fifty years (Shepherd et al. 1999 in CDMP 2001), Contour interval
is 25 gals (2.5%g). Modified from CDMP 2001. White spot is location of the Rio
Cobre Gorge bypass

4.1.7Water Quality

4.1.7.1 Methodology

A total of three water quality exercises were conducted.

The first water quality sampling exercise was conducted on March 12t
2012 between the hours of 10:00am and 1:30pm. Weather conditions
were fair and sunny at the time of sampling, however, intermittent rainfall
began at around 1:00pm.

The second water quality sampling exercise was conducted on March 19th,
2012 between the hours of 10:00am and 1:00pm. Weather conditions
were partly cloudy at the time of sampling. During the week prior to this,
there had been heavy rainfall island wide.

The third water quality sampling exercise was conducted on March 26,
2012 between the hours of 9:30am and 12:30pm. Weather conditions
were fair and sunny at the time of sampling.
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Physicochemical data at each location was recorded using a Hydrolab
Minisonde MS-5 water quality multiprobe (See Appendix 3 for calibration
certificate). These parameters included temperature, salinity,
conductivity, dissolved oxygen, pH, turbidity and total dissolved solids
(TDS). At each location, samples were collected in pre-cleaned plastic and
glass bottles, stored on ice and sent to Caribbean Environmental Testing
and Monitoring Services for analysis of Total Suspended Solids (TSS),
nitrates, phosphates, faecal coliform and Fats Oil and Grease (FOG).
Water quality values obtained were compared with the NEPA Trade
Effluent Standards and the Draft NEPA Ambient Freshwater Quality
Standards.

The water sampling locations and coordinates are shown in Table 4.21
and Figure 4-49. No WQ5 sampling station exists as this station was
omitted.

Table 4.21 - Water quality sampling locations

JAD 2001
STATION LOCATION TYPE OF WATER  Northing Easting
(m) (m)
wQ1l Tributary at Caymanas Bay Surface Water 653822.87 759074.52
WQ2 NWC Eastern Headworks ‘W’ well Groundwater 653711.13  753836.74
WQ3 Rio Cobre (by Cross Pen) Surface Water 653742.59  753510.18
WQ4 Rio Cobre (by Dam Head) Surface Water 654902.97 752030.85
WQ6 Tributary through Cambria Farms Surface Water 663004.82 745849.40
canefield
WQ7 Rio Cobre (by Victoria bridge) Surface Water 666045.07 746057.75
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Figure 4-49 — Map showing water quality sampling stations
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Plate 4.20 - Photo showing WQ7 — Rio Cobre by Victoria bridge

Plate 4.21 - Photo showing WQ6 — Tributary through Cambria Farms canefield
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Plate 4.22 - Photo showing WQ4 — Rio Cobre by Dam Head

Plate 4.23 - Photo showing WQ3 — Rio Cobre by Cross Pen
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Plate 4.24 - Photo showing WQ2 — NWC Eastern Headworks ‘W’ well

Plate 4.25 - Photo showing WQ1 — Tributary at Caymanas Bay
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4.1.7.2 Results

1st Sampling Exercise

The results from the first water sampling exercise are displayed in Table
4.22 and Table 4.23 below. All stations excepting for WQ7 had pH values
just outside the NEPA upper standard. All stations had dissolved oxygen
values compliant with NEPA standards. TDS values for WQ1, WQ4, and
WQ7 were non-compliant with the NEPA freshwater standard.
Temperature was deemed normal for all stations. Conductivity values at
WQ1 and WQ7 were non-compliant with the standard. Faecal coliform at
all stations excepting for WQ3 were non-compliant with NEPA standards,
and stations WQ1, WQ3 and WQ7 had non-compliant FOG values. All
stations had nitrate and phosphate values complaint with the NEPA
freshwater standard.

Table 4.22 -Water quality results for first sampling exercise

STATION TEMP COND SAL pH D.O. TURB TDS
(oC) (MmS/cm)  (ppt) (mg/l)  (NTU) (g/1)

WQ1 25.03 1.288 0.68 8.75 4.84 1.2 0.825
WQ3 25.19 0.47 0.24 8.91 8.82 5.4 0.3
WQ4 24.8 0.499 0.25 8.83 8 9.9 0.319
WQ6 25.01 0.422 0.21 8.84 8.12 117.3 0.27

WQ7 25.16 0.706 0.36 8.38 6.42 5.9 0.449

NEPA Ambient - 0.15 - - 7—8.4 - - 0.12 -
Freshwater Std. 0.6 0.3

NEPA Trade - - - 6.5—8.5 4 - 1

Effluent Stds.

Values highlighted in red are non-compliant with NEPA Standards

Table 4.23 -Water quality results for first sampling exercise

STATION TSS Nitrates Phosphates FOG F. coli
(mg/l) (mg/l) (mg/l) (mg/l) (mpn/100ml)
WQ1 26 0.1 0.07 14.29 170
WQ3 12 1 0.11 33.14 20
WQ4 17 0.5 0.1 9.14 140
WQ6 94 <0.1 <0.01 7.14 >16000
wWQ7 8 2.1 0.05 32 16000

NEPA Ambient

- 0.1-7.5 0.01-0.8 - -

Freshwater Std.
NEPA Trade Effluent 150 10 5 10 100

Stds.

Values highlighted in red are non-compliant with NEPA Standards
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2nd Sampling Exercise

The results from the second water sampling exercise are displayed in
Table 4.24 and Table 4.25 below. All stations excepting for WQ7 had pH
values just outside the NEPA upper standard. All stations except for WQ1
had dissolved oxygen values compliant with NEPA standards. TDS values
for all stations except WQ6 were non-compliant with the NEPA ambient
freshwater standard. Temperature was deemed normal for all stations.
Conductivity values at WQ1 and WQ7 were non-compliant with the
standard. Faecal coliform at stations WQ6 and WQ7 were non-compliant
with NEPA standards, and stations WQ1, WQ3 and WQ7 had non-
compliant FOG values. All stations had nitrate and phosphate values
complaint with the NEPA freshwater standard.

Table 4.24 - Water quality results for second sampling exercise

STATION TEMP COND SAL pH D.O. TURB TDS
(oC)  (mS/cm)  (ppt) (mg/l)  (NTU) (g/1)
WQ1 25.99 1.353 0.71 8.76 3.55 2.2 0.865
WQ3 26.03 0.478 0.24 9.13 9.06 6.8 0.306
WQ4 25.14 0.502 0.25 9.12 8.23 13.5 0.322
WQ6 23.72 0.452 0.23 8.84 8.72 0 0.288
WQ7 24.7 0.706 0.36 8.22 5.92 0 0.451
NEPA Ambient - 0.15 - - 7—8.4 - - 0.12-0.3
Freshwater Std. 0.6
NEPA Trade - - - 6.5—8.5 4 - 1

Effluent Stds.

Values highlighted in red are non-compliant with NEPA Standards

Table 4.25 - Water quality results for second sampling exercise

STATION TSS Nitrates Phosphates FOG F. coli
(mg/) (mg/) (mg/l) (mg/I) (mpn/100ml)
WQ1 44 <0.1 0.05 15.43 60
WQ3 14 0.2 0.08 15.14 <20
WQ4 21 0.1 0.11 9.71 40
WQ6 5 0.6 0.07 6.57 130
WQ7 3 2 0.03 18.86 3500
NEPA Ambient - 0.1—-7.5 0.01-0.8 - -
Freshwater Std.
NEPA Trade 150 10 5 10 100

Effluent Stds.

Values highlighted in red are non-compliant with NEPA Standards
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3rd Sampling Exercise

The results from the third water sampling exercise are displayed in Table
4.26 and Table 4.27 below. All stations had pH values just outside the
NEPA upper standard. All stations except for WQ1 had dissolved oxygen
values compliant with NEPA standards. TDS values for all stations
excepting WQ6 were non-compliant with the NEPA ambient freshwater
standard. Temperature is deemed normal for all stations. Conductivity
values at WQ1 and WQ?7 were non-compliant with the standard. Faecal
coliform at all stations excepting for WQ1 were non-compliant with NEPA
standard, and station WQ6 had a non-compliant FOG value. All stations
had nitrate and phosphate values complaint with the NEPA freshwater
standard.

Table 4.26 - Water quality results for third sampling exercise

STATION TEMP COND SAL pH D.O. TURB TDS
(oC)  (mS/cm)  (ppt) (mg/l)  (NTU) (g/1)
WQ1 27.46 1.317 0.7 8.85 3.83 8 0.845
WwQ3 27.1 0.488 0.25 9.09 9 12 0.312
WQ4 25.98 0.51 0.26 9.03 8.15 15.6 0.326
WQ6 25.05 0.34 0.17 9.14 5.26 28.5 0.217
WQ7 24.97 0.662 0.34 9.36 6.4 0 0.423
NEPA Ambient - 0.15- - 7—8.4 - - 0.12 -
Freshwater Std. 0.6 0.3
NEPA Trade - - - 6.5—8.5 4 - 1

Effluent Stds.

Values highlighted in red are non-compliant with NEPA Standards

Table 4.27 - Water quality results for third sampling exercise

STATION TSS Nitrates Phosphates FOG F. coli
(mg/l) (mg/I) (mg/l) (mg/l) (mpn/100ml)
WQ1 17 0.4 0.15 7.71 83
WQ3 17 0.5 0.2 7.43 130
WQ4 21 0.5 0.18 9.71 390
WQ6 19 <0.1 0.26 10.86 2200
WQ7 1 1.8 0.02 4.57 4300

NEPA Ambient
Freshwater Std.

- 0.1-75 0.01-0.8 - -

NEPA Trade Effluent 150 10 5 10 100

Stds.

Values highlighted in red are non-compliant with NEPA Standards
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Station WQ2 (NWC Eastern Headworks ‘W’ well) was the only
groundwater sampling point. This is a major well which supplies the
Kingston Metropolitan Area with water.

The results from all the water sampling exercises are displayed in Table
4.28 and Table 4.29 below. TDS and pH values on all 3 sampling exercises
were non-compliant with the NEPA Ambient Freshwater standards.
Conductivity, nitrate and phosphate values were compliant with the
NEPA Standard and WHO Guideline (for nitrates) for all three sampling
exercises. Values for other physicochemical parameters such as
temperature, salinity, turbidity and dissolved oxygen are deemed
satisfactory. TSS values stayed extremely low for all three sampling
exercises; however, FOG values were slightly elevated. Faecal coliform
values also stayed low throughout the three sampling exercises.

Table 4.28- - Groundwater sampling results

STATION

TDS
@/h

D.O. TURB
(mg/l) (NTU)

TEMP COND SAL pH

(0C)  (mS/cm) (ppt)

Sample
Date

WQ2

WQ2

WQ2
NEPA Ambient
Freshwater Std
WHO Guideline

0.318
0.319
0.317

0.12
-0.3

255 0.496 025 873 7.56 0
March 19t 26.05 05 025 9.02  7.49 0
March 26t 26.96 0498 025 894 7.2 0

- 0.15 - - 7— - -
0.6 8.4

March 12th

Values highlighted in red are non-compliant with NEPA Ambient Water
Standards and/or WHO Guidelines

Table 4.29 - Groundwater sampling results

STATION Sample TSS Nitrates Phosphates FOG F. coli
Date (mg/l) (mg/l) (mg/l) (mg/l) (mpn/100ml)
WQ2 March 12th 0 1.1 0.06 16.86 40
WwWQ2 March 19th 1 0.8 0.09 16 <20
WQ2 March 26t 0 1.1 0.08 10.57 <20
NEPA Ambient - - 0.1-75 0.01-0.8 - -
Freshwater Std
WHO Guideline - - 50 - - -

Historical Data

Values highlighted in red are non-compliant with NEPA Ambient Water
Standards and/or WHO Guidelines
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Table 4.30 shows historical water quality data for both Eastern
Headworks Wells ‘W’ and ‘H’. Turbidity values at both wells stayed low
over the years, similar to the current turbidity data. Historical Turbidity
values ranged from 0.11 to 0.45 NTU at WQ2, while the current values
were O NTU. Historical conductivity values at WQ2 (0.452 — 0.459
mS/cm) were also similar to the current conductivity values (0.496 — 0.5
mS/cm).

Historical pH values at WQ2 (7.24 — 7.83) were however much lower than
the current pH values (8.73 — 9.02). Historical TDS values at WQ2 (0.256
— 0.2749/1) were on average slightly lower than the current TDS values
(0.317 — 0.319g/1). Historical TSS values at WQ2 (256 — 274mg/1) were
significantly higher than the current values (O — 1mg/l), and historical
nitrate values at WQ2 (3.2 — 5.1mg/l) were also slightly higher than
current values (0.8 — 1.1mg/1).

Table 4.30 - Historical data for Eastern Headworks wells W and H

STATION
Parameter WQ2 (Eastern Headworks W) Eastern Headworks H
April 1994 February 1995 November 1995 April 2003
True Colour (Hazen) - nil nil -
Turbidity (NTU) 0.45 0.11 0.26 0.08
Conductivity (mS/cm) 0.452 0.459 0.438 0.464
pH 7.83 7.24 7.24 7.43
TDS (g/I) 0.274 0.256 0.302 0.283
TSS (mg/l) 274 256 302 -
Tot. Alkalinity (mg/l) 262 237 246 249
Tot.Hardness (mg/l) 238 217 255 242
Nitrites (mg/l) nil 0.001 nil -
Nitrates (mg/l) 3.2 5.1 - 3.9
COD 0.7 0.8 5.9 1.3
Fluoride (mg/l) 0.09 0.18 nil 0.21
Silica (mg/l) 7.1 8.6 7.4 12
Manganese (mg/l) - nil nil nil
Iron (mg/l) nil 0.02 0.09 nil
Aluminium (mg/l) - 0.01 0.04 nil
Calcium (mg/I) 75 74 64.9 78.9
Magnesium (mg/l) 12.3 8 22.6 10.9
Sodium (mg/l) 11 8.5 12 13
Potassium (mg/l) 0.8 0.8 1 0.94
Sulphate (mg/I) 0.2 5.8 4.2 5.8
Chloride (mg/l) 12 12 