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Executive Summary
This report discusses the findings of an environmental impact study undertaken for the
proposed project to establish and operate a drinking water bottling plant in GDh.
Thinadhoo. The project is proposed by Aqua Line Pvt. Ltd.
Under the proposed project a bottling plant capable of producing 2000 drinking water
bottles per hour has been proposed to be established in GDh. Thinadhoo. The feedwater for
the plant will be provided by a 10 tonne Reverse Osmosis desalination plant. Raw water
for the RO plant will be obtained via a borehole drilled within the project site while brine
discharge has been proposed on the nearshore area west of the project site. PET preforms
will be blown to size using hot air within the plant and filled, capped and labelled as part
of the process. The proposed building for use has already been constructed on the site while
majority of the plant components are pre-fab and ready to assemble on site. As such, main
construction work required are limited to assembly, borehole drilling and laying out brine
outfall. Vegetation clearance will not be required as part of the proposed project. It is
estimated to take roughly 1 month to complete the setup.
Key parameters of the existing environment have been assessed and recorded as part of this
EIA. These include marine and ground water quality, air quality, noise levels and traffic
around the project site. The proposed project site is fairly isolated from the residential area
while the only building in use in the vicinity is a carpentry. Marine ecological assessments
carried out from the proposed brine discharge location and the alternative location indicate
there are no live corals in the area while fish population is fairly low at the time of the
survey. Apart from extremely high turbidity, water quality parameters at these two
locations were fairly typical of the Maldivian marine environment. No vegetation was
recorded from the project site at the time of the survey. Due to the location of the project
site, traffic around the project site was also found to be very low with occasional
motorcycles, cars and island pick-ups passing by.
Environmental impacts were assessed for both the construction and operational phase of
the project. Most of the negative environmental impacts identified for the construction
phase of the project were minor or negligible; these include excavation and its impact on
the landscape of island and sedimentation from installing the outfalls. However, a number
of impacts identified for the operational phase of the project was moderate to minor positive
Proponent: Aqua Line Pvt. Ltd.
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such as increased job opportunities for the local community and reduced price of bottled
water in the region. However, increased greenhouse gas emission due to power usage was
considered a negative environmental impact associated with the operation of the plant.
The main mitigation measures identified for this project during the construction phase are
dust control plans, working during low- tide as much as possible and rigorous supervision.
Additionally, properly levelling and compacting road after laying out the brine outfall pipe
and proper material storage was also suggested for the construction phase. Furthermore,
employing proper waste management plans and supplying safety equipment, first-aid kits
and firefighting equipment throughout the project lifespan was also proposed. As for the
operational phase, proper plant maintenance, controlled brine discharge and exploring ways
to assist the local communities with plastic recycling was proposed in this EIA.
A number of alternatives to the proposed project components have been identified in this
assessment. These include alternative feed water intake for the RO plant such as infiltration
galleries, shallow boreholes and sea intakes; alternative power sources such as solar energy.
The alternative brine discharge locations explored include discharging brine beyond the
house reef and nearshore environment north of the proposed location. From these
alternatives, the alternative nearshore brine discharge location north of the proposed
location was considered preferable over the proposed due island council’s preference as
well as slightly shorter distance to plant. As the environmental conditions of this alternative
location was almost identical to the proposed location, no significant change to
environmental impacts identified and discussed for the proposed brine discharge location
was envisaged if this alternative was adopted instead. In addition, in cooperating some
degree of energy generation from solar power for use in the plant was also considered as a
preferred alternative to the full diesel-based power generation proposed. As far as
environmental monitoring is concerned, examining marine water quality near brine
discharge location, ground water quality within the project site and noise levels around the
project site has been proposed.
In conclusion, no major adverse environmental impact was identified from the proposed
project while few positive socio-economic impacts were identified for this project. As such,
the project may be allowed to proceed as proposed with identified mitigation measures
though adopting preferred alternative brine discharge location and energy generation is
highly recommended.
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ސާދާ ޚުލާސާ
ޢ
ރ ު
މި ރިޕޯޓަކީ ގދ .ތިނަދޫގައި ބޯފެން ފުޅީގައި ބަންދުކުރާ ކާރުހާނާއެއް އެޅުމުގެ ގޮތުން ހިންގާ މަޝް ޫ
ގެ ސަބަބުން ތިމާވެށްޓަށް އަސަރު ފޯރާނެ މިންވަރު ބަޔާންކުރުމަށް ތައްޔާރުކުރެވިފައިވާ ރިޕޯޓެކެވެ .މި މަޝްރޫޢުގެ
އެދިޔާރަކީ އަކުއާ ލައިން ޕ.ވ.ޓ ލ.ޓ.ޑ އެވެ.
ނ
މި މަޝްރޫޢުގެ ދަށުން ގާއިމު ކުރެވޭ ކާރުހާނާއިން ގަޑިއިރަކު  2000ފެންފުޅި ބަނދުކުރުމުގެ ގާބިލުކަ ް
ހުންނާނެވެ .މިކަމަށް ބޭނުންވާ ބޯފެން ފޯރުކުރުމަށް  10ޓަނުގެ ލޮނުފެނުން މީރުފެން ހަދާ އާރު އޯ ޕްލާންޓެއް ބޭނުން
ކުރުމަށް އެދިއާރު ހުށައަޅާފައިވެއެވެ .މި ޕްލާންޓަށް ބޭނުންވާ ލޮނުފެން ނެގުމަށް ބޯރ ހޯލެއް މި މަޝްރޫއުގެ ދަށުން
ކޮނުމަށް ހުށައެޅިފައިވެއެވެ .ފެން ބަންދު ކުރުމަށްޓަކައި ޕީއީޓީ ޕުލާސްޓިކު ފުޅިއެވެ .މިގޮތުން ޕީއީޓީ ޕްރިފޯރމް ހޫނުވައި
ޖަހައި ޕުއްޕައި ފެން އެޅުމަށްފަހު މަތި ޖަހައި ބަންދު ކުރެވޭނީ މިކަމަށް ހާއްސަ މެޝިނަރީ ބޭނުންކޮށްގެނެވެ .މި ކާރުހާނާ
ގާއިމު ކުރުމަށް ބޭނުން ކުރެވޭނީ މިހާރުވެސް ހަދާފައި ހުރި އިމާރާތެކެވެ .މީގެ އިތުރުން މި މަސައްކަތަށް ބޭނުންވާ
މެޝިނަރީ ތަކަކީ ހަމަ އެކަނި ތަނަށް ގެނެސް ރާވާލަން ޖެހޭ ތަކެތި ކަމުން މަޝްރޫއުގެ ކޮންޝްޓްރަކްޝަން ސްޓޭޖްގައި
ކުރުމަށް ހުށައެޅިފައިވާ މަސައްކަތްތަށް މަދެވެ؛ މައިގަނޑު ގޮތެއްގައި ކުރަން ޖެހޭނީ ރޭވުމާއި ބޯރހޯލް ތޮރުފުން އަދި
ލޮނުފެން ބޭރުކުރާ ހޮޅި މޫދައް އެޅުމެވެ .މި މަޝްރޫއުގެ ދަށުން ގަސްކެނޑުން ހިމެނިފައެއް ނުވެއެވެ.
މި އެސެސްމެންޓް ގެ ދަށުން މަޝްރޫއު ހިންގުމަށް ހަމަޖެހިފައިވާ ސަރަހައްދުގެ ތިމާވެށި ދިރާސާ ކުރެވި
މި ރިޕޯޓްގައި ހިމެނިފައި ވާނެވެ .މިގޮތުން ލޮނުފެން ބޭރުކުރާ ސަރަހައްދާއި ކާރުހާނާ އަޅާ ސަރަހައްދުގެ ފެނުގެ ކޮލިޓީ
އާއި ވައިގެ ކޮލިޓީ ބެލުނެވެ .ލޮނުފެން ބޭރުކުރުމަށް ހުށައެޅިފައިވާ ސަރަހައްދުގައި ދިރޭ މުރަކަ ނެތް ކަމާއި މޫދު ވަރަށް
އ ވަކިން
ކިލަނބު ކަމަށް ފާހަގަ ކުރެވުނެވެ .މީގެ އިތުރުން ސައިޓްގައި ގަސް ނެތްކަމާއި މީހުން ދިރިއުޅޭ ސަރަހައްދާ ި
އޮތުމުން ކައިރި މަގުގައި ދުއްވާ އުޅަނދު ވަރަށް މަދުކަންވެސް ފާހަގަ ވިއެވެ.
މަޝްރޫއުގެ ސަބަބުން ތިމާވެއްޓަށް ކުރާ ނޭދެވޭ އަސަރުތަކަށް ބަލާއިރު ،އެންމެ ބޮޑަށް ފާހަގަ ކުރެވުނީ
ޅއިރު މޫދު ކިލަނބުވުން
ޅމަށް މަގު ކޮނުމުން ދިމާވެދާނެ މަގު އަޑިގުޑަންވުން ފަދަ ކަން ކަމާއި ހޮޅި އަ ާ
މޫދަށް ހޮޅި އެ ު
ސ
ފަދަ ކުދި ކުދި ކަންކަމެވެ .މީގެ އިތުރުން ކާރުހާނާށް ބޭނުންވާ ކަރަންޓް ހޯދުމަށް އަންދާ ތެލުގެ ސަބަބުން ގުރީން ހައު ް
ގޭސް ޖައްވަށް ބޭރުވާ ވަރު އިތުރުވުން އަދި އުފެދޭ ކުނި އިތުރުވުން ވެސް ފާހަގަ ކުރެވުނެވެ .މިއާއި ހިލާފަށް މަޝްރޫއުގެ
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ފައިދާ އަށް ބަލާއިރު ،ރަށުގައި ވަޒީފާ އިތުރުވުން އަދި ސަރަހައްދުގައި މިނަރަލް ވޯޓަރ ގެ އަގު ހެޔޮވުން އެންމެ ބޮޑަށް
ފާހަގަ ކުރެވުނެވެ.
މަޝްރޫއުގެ ސަބަބުން ތިމާވެއްޓަށް ކުރާ ނޭދެވޭ އަސަރު ކުޑަ ކުރުމަށް ހުށައެޅިފައިވާ ކަންކަމުގައި
މަސައްކަތް ކުރާއިރު އަރާ ހިރަފުސް މަދުކުރުމަށް ފެންޖެހުން ،މުދަށް ހޮޅިއަޅާއިރު ހިކި ދިޔާގައި މަސައްކަތް ކުރުން،
ނމުމުން މަގު ރަނގަޅަށް އެއްވަރުކުރުން އަދި ރަނގަޅަށް ކުނި މެނޭޖްކުރުން ވާނީ ފާހަގަ ކުރެވިފައެވެ.
ހޮޅި ވަޅުލައި ި
މީގެ އިތުރުން ފަސްޓް އެއިޑް ކިޓާއި އަލިފާން ނިއްވަން ބޭނުން ކުރާ ސާމާނު އެކަށީގެންވާ ވަރަށް ސައިޓްގައި
ބެހެއްޓުމަށްވެސް ހުށައެޅިފައިވާނެވެ .ކާރުހާނާ އޮޕަރޭޓް ކުރާއިރު ،މެޝިނަރީތަށް ރަނގަޅަށް މެއިންޓެއިން ކުރުމާއި
ލޮނުފެން މޫދަށް ބޭރު ކުރާއިރު އެއްފަހަރާ ގިނަ އަދަދެއް ބޭރުކުރުމުގެ ބަދަލުގައި މަޑުމަޑުން ބޭރުކުރުން އަދި މި ސަރައްދުގެ
ޕްލާސްޓިކު ކުނި ރިސައިކަލް ކުރުމުގައި އެހީތެރިކަން ފޯރުކޮށްދިނުން ވެސް ހުށައެޅިފައިވާނެވެ.
މަޝްރޫޢުގެ ތަފާތު އޯލްޓަނޭޓިވް ތަކަށް ބަލާއިރު ،ފެންޕްލާންޓަށް ފެންނެގުމުގެ އޯލްޓަނޭޓިވްތަށް ކަމަށްވާ
މޫދު ލޮނު ،އިންފިލްޓްރޭޝަން ގެލެރީ އަދި ތިލަ ބޯރހޯލަށް ރިއާޔަތް ކޮއްފައިވާނެވެ .މީގެ އިތުރުން ކާރުހާނާ ހިންގުމަށް
ބޭނުންވާ ކަރަންޓު ހޯދުމަށް އަވި ބޭނުންކުރުން އަދި ފެންޕްލާންޓުން ބޭރުކުރާ ލޮނުފެން ދޫކުރާނެ ތަފާތު ތަންތަން ވެސް
ބަލާލެވިފައިވާނެވެ .މިގޮތުން ހުށައެޅިފައިވާ ތަނުގެ އުތުރުން ގޮނޑުދޮށް ކައިރިން މޫދަށް ލޮނު ބޭރުކުރުން އެއީ އެންމެ
ރަނގަޅު އަލްޓަރނޭޓިވް ކަމުގައި ފާހަގަ ކުރެވުނެވެ .އެއީ ރަށު ކައުންސިލް ވެސް އެދޭ ގޮތެވެ.
މި މަޝްރޫޢުގެ ސަބަބުން ވެށްޓަށް އަންނަމުންދާ ބަދަލުތައް ދެނެގަތުމުގެ ގޮތުން މައިގަޑު ގޮތެއްގައި
ބަލާނީ ބިމުގެ ފެނަށް އަންނަ ބަދަލު ،މޫދުގެ ފެނުގެ ކޮލިޓީއަށް އަންނަ ބަދަލު ،އަދި އަޑުގަދަވާ މިންވަރެވެ.
މި މަޝްރޫއުގެ ސަބަބުން ތިމާވެށްޓަށް ކުރާ ނޭދެވޭ އަސަރުތައް ކަމަށް ފާހަގަ ކުރެވިފައިވަނީ ކުޑަ ނުވަތަ
ނޭދެވޭ އަސަރެއް ކަމަށް ކަނޑަނާޅާ ދޫކޮށްލެވިދާނެ ކަންކަމަށްވެފައި މަޝްރޫޢުގެ ސަބަބުން މައިގަޑުގޮތެއްގައި ލިބޭ
ހށަހަޅާފައިވާ ގޮތަށް މިޓިގޭޝަން އާއި އެކު
އިޖުތިމާއީ އަދި އެހެނިހެން ފައިދާ ބޮޑުކަމަށް ފެންނާތީ ،މި މަޝްރޫޢު ު
ވ
ކުރިއަށް ގެންދިއުމުގައި މައްސަލައެއް އޮތް ކަމަކަށް ނުފެނެވެ .އެހެން ނަމަވެސް ލޮނުފެން ބޭރު ކުރުމަށް ހުށައެޅިފައި ާ
ސަރަހައްދުގެ ބަދަލުގައި މި ރިޕޯޓުގައި ހުށައެޅިފައިވާ ޕްރިފާރޑް އަލްޓަރނޭޓިވް ސަރަހައްދު ބޭނުންކުރުން އެއަށް ވުރެ
ފައިދާކުރާނެ ކަމަށް ފާހަގަ ކުރަމެވެ.
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1

Introduction
Rationale

This is the Environmental Impact Assessment (EIA) for the proposed drinking water bottling
plant at Thinadhoo, Gaafu Dhaalu Atoll. Environmental Impact Assessment is mandatory under
the Environmental Protection and Preservation Act (Law No. 4/93) of the Maldives for any
development project that may cause impacts on the fragile environment of the Maldives.
Particularly, clause 5 of the Act highlights the importance of Environmental Impact Assessment
(EIA). The EIA Regulations currently in force states factories with initial investment higher than
15mil Ruffiya and freshwater producing Plants with a capacity over 10 tons per day will require
an EIA.
This EIA report is, therefore, prepared as per the requirements of the afore-mentioned EIA
Regulations. This EIA report will identify the potential impacts of the proposed bottling plant
with emphasis on how to mitigate the impacts and take necessary measures to minimize any
impacts that arise during project implementation and after completion of the project. This EIA
will also discuss on project justification, alternatives to project components such as sea outfalls,
project designs and environmental considerations. The report will further, provide a mitigation
plan and a monitoring program which can be implemented during and after completion of the
proposed development works.
The EIA was compiled based on qualitative and quantitative data collected from GDh.
Thinadhoo during the site inspections and assessments carried out in January 2021. It has to be
noted that the limitation on collecting and compiling the data on a very short period and
unavailability of long-term location-specific data has made the consultants restrict the report on
data collected recently from the field, personal judgments and experiences gained from similar
projects. Similarly, long-term data on some aspects such as meteorology and climate were
collected from secondary sources through previously published reports and global databases.
This report has been compiled in accordance with the EIA Regulations 2012, which is enforced
by Environmental Protection Agency (EPA) of the Maldives.
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Background to the EIA
This EIA is based on the Terms of Reference (TOR) approved by the Environmental Protection
Agency (EPA) 23rd December 2020. It is a legal requirement that new projects having potential
for environmental impacts gain environmental clearance or approval prior to construction and
operation of such projects.
The principal environmental institution that implements EIA process in the country is
Environmental Protection Agency. Additionally, the Ministry of Environment and Energy
provides policy guidance and directions.

Scope of the EIA and Approach
The main scope of this EIA report as per the approved TOR is to broadly assess, identify, predict
and document potential environmental impacts from the proposed bottling plant in GDh.
Thinadhoo. Hence importance is given to document the whole project proposal in detail, identify
the main environmental impacts that are associated with the proposed development and address
the legal requirements that need to be taken into consideration while implementing this project.
This document also addresses the existing environmental condition of the island and foresees the
ways in which potential environmental impacts will be managed, mitigated and reduced.
Hence the key aims of the report are to;
•

Describe the proposed project in detail;

•

Identify the need and justification for the proposed development;

•

Describe the biophysical status of the existing environmental condition of the island
based on the findings undertaken during the site visits;

•

Assess, identify and predict potential environmental impacts of the proposed
development;

•

Evaluate the significance and magnitude of impacts that will be generated; and identify
and predict ways in which these environmental impacts will be prevented and removed
through appropriate environmental management and mitigation measures;

•

Develop a mechanism to closely monitor and understand the long-term effects and
changes of the proposed development on the environment with respect to the available
baseline information, mostly collected from field assessments and site visits;

•

Provide legal protection with regards to the proposed development activities; and
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•

Review the predictions and assessments made on environmental impacts that are
associated with the proposed development activities.

In general, the EIA report has been based upon the following sources of information:
•

Review of available project documentation;

•

Discussions with involved key personnel;

•

Site visits to the island;

•

Baseline environmental assessments;

•

Environmental Impact Assessment Regulation 2012 and other relevant regulations

•

Consultants’ previous experience of undertaking EIAs for projects in the Maldives; and

•

Other EIAs for similar development projects that have been carried out in the Maldives.

Relevant Studies and Experiences
In order to prepare this EIA, relevant EIA reports for similar developments in the Maldives have
been reviewed. As there are not many bottling plant projects carried out in Maldives, water
supply projects and projects carried out in the vicinity were reviewed. These include;
•

EIA for proposed water supply system in AA. Thoddoo (Sandcays 2015d)

•

EIA for proposed IWRM system in HA. Ihavandhoo (Sandcays 2013a)

•

EIA for proposed IWRM system in AA. Ukulhas (Sandcays 2013b)

•

EIA for Water Supply and Sewerage System in HDh. Nolhivaram (Sandcays 2012a)

•

EIA for Water Supply and Sewerage System in HDh. Neykurendhoo (Sandcays 2012b)

•

EIA for Proposed Water Supply and Sewerage System in K. Gulhi (VeshiLab 2020)

•

EIA for Harbor Extension Work at GDh.Thinadhoo, (LaMer Pvt. Ltd. 2014)

•

EIA for Proposed Quay wall construction at Ice Plant Area at Thinadhoo, GDh Atoll
(LaMer, 2020)

EIA Implementation and Methodologies
This study was based mainly on data collected during a field investigation mission in January
2021 by consultant’s team and published literature on similar settings and projects. The EIA
report was compiled by Hussain Fizah. Fizah is a registered EIA consultant with over 7 years of
experience in the field. Trained environmental surveyor Muzdhaan Ali assisted in baseline data
collection.
Proponent: Aqua Line Pvt. Ltd.
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Established and widely accepted methods have been applied in this EIA study. Field studies have
been undertaken using methods generally employed for EIA studies in the Maldives. The field
assessment methodologies are briefly described in Section 4.2 of this report.
The methods used to identify, predict and assess impacts are based on matrices that have been
established by the scientific community and widely adopted by the EIA consultants globally. For
this particular assessment, Rapid Impact Assessment Matrix (RIAM) has been adopted as
proposed by Pastakia (1998). A detailed description of the methodology has been presented in
Section 6.3.1 of this report.
The Terms of Reference (TOR) for this EIA has been attached as Appendix 1. This EIA has been
prepared based on this term of reference.

Project Rationale and Objectives
Drinking water packed in bottles is a commodity that is consumed in all parts of the Maldives.
There are no existing plants that produce bottled drinking water in the vicinity of the project. As
a result, due to transport cost of bottled water in southern atolls of Maldives, their prices are
relatively higher. The proponent aims at making economic revenue from this venture while
providing bottled drinking water for the region in relatively lower prices. The island of
Thinadhoo in GDh atoll is a regional hub for economic activities as well as other resources. The
island was selected for this main reason.
In addition, this project is expected to provide some job opportunities for the locals and have a
positive effect on other economic activities such as restaurants and cafés due to easy and
potentially more affordable access to bottled drinking water. Furthermore, with the additional
local producer, the market price and security on availability is expected to improve for the
community.
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2

Project Description
Introduction

This section of the report is to describe the project in terms of location and boundaries of the
project, project schedule, main inputs, project mobilization as well as project construction
activities. In addition, this section presents materials and resources that will be used as well as
the main output of the project.

The Proponent
The proponent of the proposed project is Aqua Line Pvt. Ltd.;
Address:

H. New Florida
1st Floor, Ameer Ahmed Magu, Male' City

Email:

asim@aqualine.mv

Telephone:

(+960) 777-8368

Aqua Line Private Limited is a company incorporated in Maldives bearing the registry number
C-0011/2016, with the aim of manufacturing and distributing mineralized water to household
through local business man established in the region.

Project Location
The proposed project will be carried out in Thinadhoo, Gaafu Dhaalu Atoll. Thinadhoo is located
on the western rim of the atoll at 0°32'10.09"N and 72°59'45.52"E. The closest inhabited island
to Thinadhoo is Madaveli 7km south. The airport on Kaadehdhdhoo is 3km south of Thinadhoo
which provides the main access to the region from other regions of the Maldives.
The island is situated on a very large isolated housereef. Thinadhoo is also the capital of Gaafu
Dhaalu atoll.
The proposed project will be carried out on the northern side of the island, close the recently
reclaimed area.

Proponent: Aqua Line Pvt. Ltd.
Consultant: Hussain Fizah

Page | 5

EIA for the Proposed Bottling Plant at GDh. Thinadhoo

Figure 2-1: Location of Thinadhoo in GDh. Atoll (IS: MoM 2008, WS)

Figure 2-2: Location of plant in GDh. Thinadhoo (IS: Google Earth, 2020)
Proponent: Aqua Line Pvt. Ltd.
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Study Area
The proposed project involves establishing and operation of a drinking water bottling plant on
the island. The main components of the project include assembly of machinery in the building,
construction of the borehole and laying-out the brine discharge line. As such the study area for
this assessment will mostly be limited to the terrestrial areas in the vicinity of the proposed plant
location and nearshore area close to the brine discharge location. Detailed information of
assessed parameters is found in Chapter 4.

Environmentally Significant Activities
As majority of the proposed infrastructure are pre-fab that only requires assembly on site,
construction phase activities are few with no major effect on the environment. The most
significant construction phase activities that can be considered environmentally significant are;
• Borehole drilling
• Laying-out brine discharge line to nearshore environment
No vegetation clearance will be required under the proposed project activities. The plant
assembly will be carried out in an already constructed building. As such, no temporary facilities
or storage will be needed either.
As far as operational phase activities that are proposed under this project is considered, a fair
number of components may be significant in terms of the environment;
• Reverse Osmosis for obtaining drinking water
• Power generation for the plant
• Bottling process
• Brine discharge
• Operational waste
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The Plant
The proposed single storey building will be utilized to accommodate an office, a laboratory and
warehouse for the products in addition to plant components. The proposed plant components are
prefab with inbuilt sound-proofing mechanisms. Along with the building walls, additional sound
proofing is not expected to be required. Similarly, the 400kVA diesel genset proposed is also a
fully enclosed silent set with inbuilt cooling, vibration control and sound-proofing.
The proposed bottling plant will be capable of producing 2000BPH. All the machines used will
have their own cooling system. No additional cooling systems such as water cooling will be
required to be constructed during this project. Similarly, the process is not expected to produce
any significant emission during the operational stage.
Location of individual components of the plant has been provided in Figure 2-6.

Figure 2-3: Plant process flow diagram
Proponent: Aqua Line Pvt. Ltd.
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2.6.1

RO Plant

Under the proposed project, two RO plants with a capacity of 10 Tons each will be assembled
on the project site. During operation, only one RO plant will be operational at a time while the
second one will be back-up. With the proposed capacity of bottling plant, this RO plant will be
able to provide sufficient water for the operation. Raw water will be drawn from two 8-inch
boreholes. Boreholes will draw raw water from below the freshwater lens (min. 30m depth or
until salinity reaches 50-60mS/cm below 30m) these will be located at the proposed plant facility.
Raw water drawn from boreholes will pass through de-gasifier and pre-filters prior to RO
membranes to increase life of the membranes. Chlorine dosing will be used as the main
disinfectant during water production. A detailed borehole drilling methodology is annexed to
this report.
The pre-treated water would be passed through 10micron and 5micron filters and chemicals are
added for scale control and bio-fouling. The treated water shall be transferred to the membrane
system by high pressure pumps. This micro-filtered water would pass through the high pressure
TFC membranes system via high pressure pumps to produce 43% of feed water as product water.
RO plant will be fully assembled with all the necessary equipment and all the civil, electrical and
mechanical works related to the same to ensure a fully functioning plant. Desalination
Regulations shall also be followed, the main requirement of which is to register the desalination
plants and undertake appropriate water quality surveillance.
A 20Ton water storage tank will be on site for storing product water from the RO plants.
The brine produced from the RO plant will be disposed of to the western side nearshore area.
HPDE pipe will be used for the brine discharge line. This location is fairly far from the reef with
dominant current flow away from the reef. Therefore, dilution at this location is expected to occur
rapidly, reducing potential impact on any marine fauna in the vicinity.
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Figure 2-4: Brine discharge location
Desalination RO plant shall have the following minimum pre-treatment to protect the
membranes.
•

Disinfection to destroy pathogens.

•

Filtration to remove fine solids and organic matter.

•

Anti-scalant to remove hardness from the source water to prevent carbonate scaling in
the membranes.

2.6.2

PET bottle blowing machine

Polyethylene Terephthalate (PET) is a non-porous thermosetting plastic that is suitable for
manufacturing anything that needs to be water-tight. PET is a popular choice for drinks bottles
because it is lightweight, safe and fully recyclable. As such, the proponent has proposed to use
PET bottles in this plant at present.
The PET bottle blow moulding process works by reheating a pre-moulded PET preform which
is then automatically positioned into a mould. High pressure food grade compressed air is then
injected into the preform which expands to form the shape of the mould. Once the plastic has
cooled, the bottle is removed and the process repeats. The only raw material required for this
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process is the pre-moulded PET preforms which will be imported for the process during the
operational stage.
The preforms will be stored in the warehouse section of the building in designated locations with
appropriate measures to conserve its functionality.
2.6.3

Filling and packing machine

After the bottle is prepared an automated machine will fill the bottles with pre-treated drinking
water and carryout the caping and labelling process. The final drinking bottles will be packaged
into cardboard boxes manually and stored in the temperature-controlled warehouse until delivery
to customers.
2.6.4

Utilities

The proponent will utilize island grid as the main power to the plant while a secondary genset
will be used as a back-up power generator for this project. Similarly, island sewerage system will
also be utilized for disposing sewage from the on-site day-use toilets.
2.6.5

Waste Management

Large amounts of waste are not expected to be generated from the project during both
construction and operational stage. The building is already constructed and other facilities
including the machineries used will be manufactured off-site and only needed to be installed on
site. Nonetheless, packaging materials and general office waste is expected to be generated
during the project. These will be disposed via the island waste management centre. In case a
large quantity of waste is generated, they will be transported to the nearest regional waste
management centre.
Some chemicals are expected to be used during the operational stage for water treatment and
cleaning. These include chlorine, anti-scaling agents and anti-fouling agents. Empty containers
for these will be securely sealed and labelled and stockpiled in designated areas with good
ventilation. These will then be transported to the closest regional waste management centre or
Thilafushi at regular intervals for proper disposal via registered vessels. Logs of waste transfer
as will be kept by proponent. Provisions under waste management regulation, such as ensuring
waste containers are leak-free and covered during transport will also be met throughout the
project.
Proponent: Aqua Line Pvt. Ltd.
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2.6.6

Water Quality Assurance

As the proposed project produces drinking water for the masses, appropriate quality control
measures will be in place at the plant. An on-site laboratory and meters will continuously monitor
water quality of the produced water. Qualified staff will be employed at the laboratory to ensure
quality of water throughout the operation. In addition, regular testing from certified laboratories
will be carried out for each batch of water bottles produced. The parameters that will be tested
will be selected based on EPA and MFDA guidelines.
The product water will meet all the existing criteria for drinking water published by MFDA;
Parameter
Free Chlorine
pH
Physical Appearance
Electrical Conduction
Suspended Solids
Turbidity
Total Dissolved Solids
Chlorides
Nitrates
Ammonia
Iron
Hydrogen Sulphide
Total Hardness
Sulphate
Manganese
Total Petroleum Hydrocarbon
Sodium
Potassium
Calcium Hardness
Bromine
Mercury
Lead
Copper
Boron
Arsenic
Fluoride
Phenolic compounds
Anionic Detergents
Cadmium
Chromium
Cyanide

Proponent: Aqua Line Pvt. Ltd.
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Reference Range
0.04 - 0.2 mg/L
6.5 - 8.5
Clear & Colorless
<1000 µs/cm
5-750 mg/L
<1 NTU
<500 mg/L
<200 mg/L
<50 mg/L
<0.02 - 2.50 mg/L
<0.3 mg/L
0.05 mg/L
<75 mg/L
<250 mg/L
0.1 mg/L
0
<200 mg/L
0-50 mg/L
<60 mg/L
0.05 - 4.50 mg/L
<0.001 mg/L
<0.01 mg/L
<2 mg/L
<0.3 mg/L
<0.01 mg/L
<1.5 mg/L
0.002 - 0.2 mg/L
0.002 - 0.275 mg/L
<0.003 mg/L
<0.05 mg/L
<0.07 mg/ L
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Parameter
Total Coliform Count
Faecal Coliform Count
Total Viable Count 22°C
Total Viable Count 36°C
Salmonella typhi
Vibrio cholerae
Shigella spp.
Enterococci

Acceptable Limit
0/100 mL
0/ l00 mL
100 cfu/mL
20 cfu/mL
Not Detected
Not Detected
Not Detected
0/100ml

Figure 2-5: Chemical and Microbiological Criteria for Drinking Water (MFDA)
2.6.7

Grievance redress mechanism

A Standard Operation Procedure (SOP) shall be developed prior to construction of the plant that
will be utilized to address any grievances during construction and operational stage of the project.
During construction phase and operational phase of the project, contact information of site
supervisor/operations manager will be visible near the gate of the plant. Any complaints from
the community, workers or any other stakeholder will be directly lodged with the person in
charge. The concerns of stakeholders will be answered dutifully by the proponent.
2.6.8

Health and safety

During the construction phase and operational phase of the project, safety gear including PPE
will be provided for all staff members. Additionally, all precautionary measures against COVID19 by HPA and island council will be followed thoroughly.
Throughout the project, first-aid kits will be placed in easily accessible locations of the plant
building. Minimum 2 staff trained in first-aid will be working throughout the project.
Fire-fighting equipment such as fire-extinguishers suitable for electric fires, blankets and other
equipment will be located in strategic locations and marked with high visibility signs. All health
and safety equipment will be assessed frequently and regularly.
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Construction Phase Activities
In the construction phase key activities include mobilization of materials, labour and equipment,
material transport, site preparation for installation of brine outfall, borehole drilling and machine
assembly.
2.7.1

Site preparations

Setting a location for material storage and administrative work is important to start the
construction work. As the main building proposed for use as the plant is already constructed this
building and site will be used for all storage and project related work.
2.7.2

Mobilization of equipment

Site mobilization involves mobilization of workforce, machineries/equipment and construction
materials to Thinadhoo to begin physical work. Materials, equipment/machineries and all other
related items will be transported to the island by sea. The existing harbour on the island will be
used to unload machinery.
2.7.3

Workforce and services

As the construction work proposed under this project is limited to machine assembly, bore-hole
drilling and brine outfall construction, a large-scale workforce will not be required. An estimated
15 staff, including site supervisor, engineers and labourers will be working at most during
construction phase. All staff travelling from Male’ and other COVID-19 hotspots will be
quarantined for 14 days prior to any contact with the local community.
2.7.4

Material transport

All materials that are required for the implementation of the proposed project need to be
transported to the island. The transportation will mainly be on landing crafts and dhoni.
Transportation of materials is considered to be one of the activities that cause impact to
environment mainly due to accidental spills and direct/indirect physical damage to coral reefs
due to careless boating/mooring activities and emission of greenhouse gases which will be further
discussed under impact analysis.
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During this project, the contractor will use existing large harbour for loading and unloading
material to the island. Pick-up trucks and lorries may be used to transport material from harbour
to site.
2.7.5

Borehole drilling

A detailed drilling methodology is annexed to this report.
2.7.6

Excavation

A small degree of excavation is expected to be required to lay brine outfall from the plant to the
lagoon. A small excavator may be used to dig the trench to lay outfall pipe. Utility
companies/island council will be consulted directly by the contractor prior to carrying out
excavation on the road to avoid damage to any existing utility lines. After the pipe is laid out the
trench will be backfilled and compacted to original condition.
2.7.7

Outfall Installation

The outfall will be installed by placing the pipe carefully on the seabed and placing anchor blocks
on the pipe at appropriate intervals. The pipe will be laid to the natural profile of the seabed. Any
live corals in the way of the pipe would be transplanted prior to or during the installation process.
Anchor blocks will be 200kg of reinforced concrete (Precast U-blocks to be bolted in place to
form one complete block). As the outfall is very close to shoreline, anchor block requirement is
expected to be very low.
2.7.8

Vegetation Clearance

Vegetation clearance will not be required for any of the proposed project components.
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Operational phase activities
Key activities identified during the operation of the proposed bottling plant would be operation
of desalination plant, other water treatment works, brine disposal, feed water intake, bottling and
packaging.
2.8.1

Brine Disposal

Brine concentrate generated during seawater desalination will be disposed into the lagoon close
to the plant facility. This area has good mixing because the area is on the western rim of the atoll
with strong westerly wave and currents present throughout the year. There are also no corals in
the vicinity of the discharge location. An estimated maximum quantity of 13m3 of brine will be
disposed daily if the RO plant is operated at maximum capacity (10 Tons). However, actual
quantity is expected to be significantly lower than this as RO plant is not expected to run at
maximum capacity continuously. The brine reject is proposed to be stored in a tank prior to
disposal to sea. This will allow slow and controlled release of brine to the sea, giving more time
for dispersal and reducing overall impact on the surrounding environment.
2.8.2

Feed water Intake

The feed water required for production of water would be obtained via the proposed boreholes.
It is estimated during maximum production; a total of 23m3 per day of raw water will be drawn
via two boreholes. However, the actual daily raw-water is expected to be much lower than this
as full capacity of RO plants is not expected to be used continuously.
2.8.3

Bottling and Packing

The plant is capable of producing 2000BPH at maximum capacity during the operation. The
quantity of bottles produced during the operational phase of the project is expected to vary
depending on demand and storage space.
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Project duration
As the proposed plant is to be established in an already existing building, the remaining work
such as machine assembly, borehole drilling and laying the brine discharge line is expected to
take roughly 1 month to complete.
At present only a tentative work schedule is available and is attached to the appendix of this
report.

Project Inputs and Outputs
The project has inputs in terms of human resources and natural resources such as water and fuel.
The main output of the project is treated effluent. Furthermore, treated sludge can be used as
fertilizer for gardening or landscaping. These inputs and outputs are summarised in Table 2-1
and Table 2-2.
Table 2-1: Main inputs of the proposed project
Input resource(s)
Construction workers
Management and maintenance
staff
Construction materials: - timber,
cement, electrical cables,
reinforcing steel bars, river sand,
aggregates
Water (during construction)

How to obtain resources

Est. Quantities

Contractor’s responsibility
Appointed by proponent

15
20

Import and purchased where locally
available at competitive prices –
Contractor’s responsibility

Moderate Qty

~ 400m3

Machinery and equipment

Bottled & rain water for
consumption for workers
From island Grid and onsite back-up
genset
Contractor’s responsibility

Fuel (e.g. diesel, petrol)
PVC and HDPE adhesives
PET Preforms
Raw water

Locally purchased
Imported or purchased locally
Imported
Obtained from boreholes

Electricity/Energy

Less than 20kW from grid
Small excavator (1), pick up (1) Crane (1),
Truck (1), Borehole drilling rig (1)
~200,000L per year
~700m PVC pipe small Qty. adhesives
~300,000
~ 23m3 per day

Table 2-2: Matrix of major outputs
Products and waste materials
Waste oils from machinery
Brine reject
Timber, cardboard, gunny bags and scrap
metals (construction site waste)
Used oil (waste oil), grease
Solid waste (kitchen waste, waste from
workers)
Bottled Drinking Water
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Anticipated
quantities
Minute
Moderate (~13m3 per
day)
Moderate

Method of disposal
Re-used to other applications
Disposed into sea where dilution and dispersion
happen
Recovered, reused, recycled

Minor
Moderate/minor

Reused
Taken for disposal through island SW system

Major

Sold to customers
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3

Legislative and Regulatory Considerations

This section will identify the pertinent legislation, regulations and standards, and environmental
policies that are relevant and applicable to the proposed project, and identify the appropriate
authority jurisdictions that will specifically apply to the project. The proposed project is expected
to conform to all of the policy and regulatory aspects outlined here. This section outlines and
summarizes key policies, applicable laws and regulations and regulatory bodies regarding
environmental protection, air transportation in the Maldives. Also, it outlines some international
and regional obligations that the country has to meet in terms of sustainable development,
environmental management and protection.
The proposed project will be primarily subjected to the Environmental Protection and
Preservation Act (No. 4/93) of Maldives, EIA Regulations 2012 and amendments, Desalination
Regulation and Dewatering Regulation. The Landuse Planning Regulation is also applicable.

Policy Guidance
The policy guidance on the development of the proposed project is taken from a number of policy
documents prepared by the Government of Maldives on sectoral developments. Key documents
outlined in this EIA are currently being implemented towards sustainable development of the
country.
3.1.1

National Water and Sewerage Policy (2017-2027)

The NWSP articulates priorities for the sector. The primary focus of the sector is enhancing the
livelihoods of all Maldivians by providing access to safe water and sewerage facilities. The
NWSP presents a set of 9 goals and associating objectives and strategies that give precedence to
ensuring access to safe water and sewerage services for all. In addition, it emphasizes
developments to the sector through research, capacity building, and strengthening of the legal
framework. The NWSP also encompasses strategies to enhance private sector involvement,
increasing public awareness and water resources protection. Furthermore, developing
appropriate infrastructure models to promote financial sustainability to provide water supply and
sewerage services are also given prominence.
The NWSP define 9 specific goals;
•

Ensure access to safe water supply and adequate sewerage services
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•

Adopting cost-effective, environment friendly and appropriate technologies

•

Strengthening legal framework

•

Encourage private sector investments

•

Building institutional capacity

•

Maintain financial and environmental sustainability

•

Strengthen advocacy and awareness

•

Promote research and development

•

Protect and conserve water resources

The NWSP sets out the Government's plans for water and sewerage services in the future and the
steps that will be taken to ensure provision of appropriate and sustainable water and sewerage
services to all. Substantial developments in the sector in the recent years have contributed
significantly to reach the targets set for the sector.
The NWSP will have a ten-year time frame and mid-term review will be conducted in the fifth
year. The progress of implementation will be monitored and reviewed by the Water and
Sanitation Department of Ministry of Environment and Energy along with an independent review
process.
3.1.2

National Framework for Development 2009-2013

One of the most important environmental policy guidance is given in the Strategic Action Plan
(SAP) of the National Development Framework for 2009-2013. Due to the fragile nature of the
country’s environment, all the development activities must ensure that appropriate care is taken
to protect the environment. Environmental sustainability is the basis for socio-economic
development, hence, the SAP outlines the key environmental policies that will be implemented
in the country for environmental protection and sustainability, while one of the key
environmental goals of the country is to protect and preserve the natural environment to ensure
prosperous economic development. The environmental policies outlined in the SAP include;
Policy 1:

Strengthen EIA process with an emphasis on EIA monitoring.

Policy 2:

Conserve and sustainably use biological diversity and ensure maximum

ecosystem benefits.
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Policy 3:

Develop resilient communities addressing impacts of climate change, disaster

mitigation and coastal protection.
Policy 4:

Strengthen adaptation and mitigation responses for beach erosion and develop a

system to assist communities where livelihood and property are affected by beach erosion.
Policy 5:

Ensure management of solid waste to prevent impact on human health and

environment through approaches that are economically viable and locally appropriate.
Policy 6:

Ensure protection of people and the environment from hazardous waste and

chemicals.
Policy 7:

Improve air quality to safeguard human health.

Policy 8:

Enable a fully functional decentralized environmental governance system.

Policy 9:

Develop a low carbon economy to achieve Carbon Neutrality by 2019.

Policy 10:

Inculcate environmental values in the society and enable environmentally friendly

lifestyle.
The Ministry of Environment and Environmental Protection Agency takes the lead role in
implementing the above national policies through various strategies and regulatory measures.
3.1.3

The National Environmental Health Action Plan
(NEHAP: 2015-2020)

NEHAP was formulated based on National Environmental Action Plan 3 and National Health
Masterplan. The following were guiding principles proposed under NEHAP (2015-2020):
1. Environmental protection is the responsibility of every individual: Health is everybody’s
business. And since health is the product of the healthy environment we live in, this
principle of everyone’s responsibility becomes paramount.
2. Promote and practice sustainable development: Since Rio 1992, the world has taken steps
to follow this paradigm, and so it is appropriate that we take this path too seriously.
3. Subsidiarity: this is the principle that says that things are best done at the level that makes
sense best to the recipients of the service. Given that environmental concerns are felt most
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visibly at the local levels in atolls and islands, this responsibility of implementation is
best given to them with facilitation support from the central government.
4. Inter-sectoral cooperation and coordination; Health and environmental concerns just as
all development work is a confluence of the effort of many sectors. Even though for
planning purposes and programmatic efficiency, the bureaucratic model has taken place,
at the stage of implementation, only an inter-sectoral approach can make progress and
success possible
5. Informed decision making: research needs to be invoked and the information from it
turned into program intelligence that will make decisions relevant and acceptable to the
recipient population
6. Precautionary principle; in the case of environment there is enough evidence that action
needs to be taken. Even though there might still be uncertainty several aspects of its
outcome, we must err on the needs to the environment, for without its health, the dangers
of the disaster we face will be irrevocable
Environmental protection complements development; the environment gives us the resources for
development; thus, it becomes the necessary complement.
3.1.4

Maldives National Strategy for Sustainable
Development 2009-2013

The Maldives National Strategy for Sustainable Development (NSSD) outlines the key
objectives, principles and goals that the country will embark toward achieving sustainable
development. Hence, the overall direction of the NSSD is to build a nation which appreciates the
true value of the natural environment, utilizes its natural resources in a sustainable manner for
national development, conserves its limited natural resources, has built the capacity to learn about
its natural environment and leaves a healthy natural environment for future generations.
The guiding principles outlined in the NSSD are:
Principle 1:

Promotion and protection of fundamental human rights

Principle 2:

Equity within and between generations

Principle 3:

Democratic and open society
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Principle 4:

Full participation of businesses and civil society

Principle 5:

Policy coherence and coordination

Principle 6:

Use best available knowledge

Principle 7:

Precaution first

Principle 8:

Make polluters pay

While the country will be steered in accordance with the underlying principles of NSSD, the
country aims to achieve very important environmental goals, including; adapting to climate
change, protecting coral reefs, achieving carbon-neutrality in energy, ensuring food security,
establishing a carbon neutral transport system, protecting public health and achieving full
employment and ensuring social security.
3.1.5

National Biodiversity Strategy and Action Plan

The goals of the National Biodiversity Strategy and Action Plan are:
•

Conserve biological diversity and sustainably utilize biological resources.

•

Build capacity for biodiversity conservation through a strong governance framework, and
improved knowledge and understanding.

•

Foster community participation, ownership and support for biodiversity conservation.

In implementing the proposed project activities due to care has to be given to ensure that the
national biodiversity strategies are adhered to.
3.1.6

Waste Management Policy 2007

As waste management has been identified as a key environmental issue in the Maldives, a
National Solid Waste Management for the Republic of Maldives was developed in 2007 as an
important step towards mainstreaming waste management in the country. The key strategic
principles outlined in the document include; establishing polluter pay principles, integrated solid
waste management, best practice environmental option (BPEO), best available technology not
entailing excessive costs (BATNEEC), proximity principle and private sector participation. It is
an important priority of the Government of Maldives as identified in the policy document to
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setup regional waste management facilities and island waste management centres and
decentralizing waste management administration. Hence, the key policies relevant to this project
include;
Policy 1:

Establish a governance structure for solid waste management which will

distribute clearly delineated roles and responsibilities for

solid waste management at island,

regional and national levels
Policy 2:

All waste producers have a duty to manage the waste they generate

Policy 3:

Waste will be management and disposed as close as possible to the place of their

generation
Policy 8:

Private sector participation (PSP) will be facilitated where it is financially for both

government and private sector.
Establishing a proper mechanism of waste management and disposal will be vital for the overall
operation of the project and the waste management practices both during construction and
operation of the project will closely adhere to the policies and principles taken as a priority of
the government.
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Regulatory Bodies
3.2.1

Ministry of Environment and Energy

The primary environmental institution in the Maldives is Ministry of Environment and Energy
(MEE). It is mandated with formulating policies, strategies, laws and regulations concerning
environmental management, protection, conservation and sustainable development. The Minister
of Environment or a designate gives the environmental approval or clearance to EIA by an
Environmental Decision Statement. Additionally, MEE is responsible for formulating relevant
laws and regulations, policies and strategies concerning energy, water and sanitation, waste and
infrastructure.
3.2.2

Environmental Protection Agency (EPA)

EPA is the key regulatory body on environment, which is an autonomous body formed under the
umbrella of MEE. It is mandated with implementing the EIA process in the Maldives,
implementing the Environment Act and subsequent regulations on behalf of MEE, regulating
water and sanitation, biodiversity conservation, waste management and coastal zone
management. Also, it is responsible for developing environmental standards and guidelines in
the country.
3.2.3

Atoll, City and Island Councils

Under the Maldives Decentralization Law, elected Atoll Councils, City Councils and Island
Councils have been formed as regulatory bodies dealing directly with issues relating to Atolls,
Cities and Islands. In this regard, some of the development projects are subject to approval of
these councils through a public consultation process. EPA requires a copy of draft EIA report be
sent to Gaafu Dhaalu Atoll council prior to submission.
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Laws and Regulations
There are a number of laws and regulations relating to environment in the country. Only relevant
laws and regulations have been outlined in this section.
3.3.1

Environmental Protection and Preservation Act

The Articles of the Environmental Protection and Preservation Act (Law No. 4/93) addresses the
following aspects of environmental management, which are relevant, understood and adhered to
in the proposed project.
•

An EIA shall be submitted to EPA before implementing any developing project that may
have a potential impact to the environment.

•

Project that has any undesirable impact on the environment can be terminated without
compensation.

•

Disposal of waste, oil, poisonous substances and other harmful substances within the
territory of the Maldives is prohibited. Waste shall be disposed only in the areas
designated for the purpose by the government.

•

The Penalty for Breaking the Law and Damaging the Environment are specified in the
Law.

•

The government of the Maldives reserves the right to claim compensation for all damages
that are caused by activities that are detrimental to the environment.

3.3.2

Environmental Impact Assessment Regulation 2012

The EIA Regulation, which came into force in 2007, has been recently revised and the revised
EIA Regulation 2012 is currently in force since May 2012. This EIA is subjected to the EIA
Regulations 2012.
The EIA Regulation 2012 is currently only in Dhivehi and an official translation is awaited. The
Regulation sets out the criteria to determine whether a development proposal is likely to
significantly affect the environment and is therefore subject to an EIA. Schedule D of the EIA
Regulations defines the type of projects that would be subject to Environmental Impact
Assessment.
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The main purpose of this Regulation is to provide step-by-step guidance for proponents,
consultants, government agencies and general public on how to obtain approval in the form of
an Environmental Decision Statement.
3.3.3

Regulation on Environmental Damage Liabilities

Under the Environmental Protection and Preservation Act (No. 4/93), the Ministry of
Environment formulated the Environmental Damage Liabilities Regulation in February 2011,
which encompasses the basis to avoid environmental deterioration, extinction of biological
resources, environmental degradation and avoid wastage of natural resources. The main purpose
of this regulation is to stop unlawful activities on environment and adequately implement a fining
procedure for violations as well as implement a compensation mechanism on environmental
damages. Its Schedules form the basis for levying fines on various environmental components
and activities. Hence, the proposed project will be subject to this Regulation for any activity
outside of the EIA scope and Environmental decision Statement.
3.3.4

Regulation on Desalination

According to the Desalination Regulation under the EPA, all the desalination plants operation in
the Maldives for public and commercial purpose needs to be registered with the EPA.
This project requires use of desalination plants and thus would need to comply with this
regulation.
3.3.5

Waste management regulation

The Waste Management Regulation (Regulation No. 2013/R-58) came into effect in August
2013. The objective of Waste Management Regulation is to implement the National Waste
Management Policy; through which it aims to protect the environment by minimizing the impact
of waste on the environment, including the impact of waste on human health, establishing an
integrated framework for minimizing and managing waste in a sustainable manner and
establishing uniform measures to reduce the amount of waste generated. The regulation also
ensures waste is reused, recycled and recovered in an environmentally sound manner before
being safely treated and disposed. The regulation covers the management of general, hazardous
and special waste. Wastes arising from paints and chemical solvents are considered as special
waste.
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Clause 7 of the regulation requires the preparation of Waste Management Plans for specific
sectors or areas. Clause 7(c) requires that City and Island Councils prepare their own Waste
Management Plans for EPA approval. Clause 8 is for hazardous waste management and clause
9 for special waste management. The types of hazardous waste considered under clause 8 are
given in Appendix J of the Regulation.
Clause 10 is about extended producer responsibility and Clause 11 requires that waste shall be
disposed in approved locations only. Clause 11(b) states the areas where waste should not be
disposed at all including roads, parks, beaches, lagoon, reef, and so on. Clause 11 (c) (d) states
the situations that exempt the enforcement of the regulation including situations where human
life is at risk and natural disasters or national security threats. Clause 11(e) states that waste
management at household level would not require any permits under the regulation. Clause 12
states the provisions for managing waste in public places; that appropriate bins shall be placed
in appropriate locations with appropriate labels distinguishing different kinds of waste and that
those bins shall be emptied periodically in an appropriate manner to avoid nuisances of any sort.
Clause 13 is for waste management on sea-going vessels. Clause 14 is for waste management at
harbours or ports. Clause 15 is for recycling and recovery of waste.
Clause 16 to 23 deals with waste management permits including the standards to be adhered by
licensed parties, renewing licenses, types of licenses, renewal and change of licensee,
cancellation of licenses, fees and charges. Clause 24 requires that EPA maintains an inventory
of the licensed parties and the details required in the inventory.
Clause 25 to 28 lists the provisions for waste transport. Clause 29 talks about the responsibilities
of the licensed parties. Clause 30 requires that administrative records including fines shall be
maintained by the EPA. Clause 31 gives the EPA the authority to check/monitor the activities of
the licensed parties. Clause 32 and 33 are also about data collection and reporting.
Clause 34 discusses the actions to be taken in case of non-compliance. Clause 35 sets the
conditions for cancellation of license. Appendix M of the regulation states the different fines that
will be levied upon non-compliance.
This regulation was effective from 6 January 2014 and EPA would be responsible for the
implementation this regulation.
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3.3.6

Dewatering Regulation

Dewatering regulation (2013/R-1697) was published on 31 December 2013 and became effective
from 1 February 2014. The Regulation covers the following:
•

Exceptions under the Regulation including dewatering for cleaning household wells and
extraction for agricultural purposes.

•

Application for dewatering permits including application form, information required such
as size, water quality, work schedule, method of dewatering and disposal location.

•

Fees for dewatering permits including MVR500.00 for administrative fees, MVR500 per
day for the first 28 days, MVR1000 per day for first extension, MVR1500 per day for
second extension and MVR 2000 per day for third extension.

•

Water quality testing requirements including parameters that has to be tested.

•

Provision of information (in writing) regarding dewatering to entities within 30m from
the dewatering location and ensuring that in case of difficulty in getting water from
neighbouring wells, providing 250litres or RF30 as compensation for each household.

•

Provisions for disposal of dewatering effluent.

•

Reporting requirements.

•

Procedures for termination of work and fines levied.

This regulation is of relevance since dewatering would be required. Hence this regulation will be
strictly adhered to and dewatering would be undertaken in a planned manner to avoid
inconveniences as well as cost minimization.
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Standards and Guidelines
The Desalination Regulation, Dewatering Regulation and recently introduced Borehole Drilling
Technical Specifications and Guidelines are of relevance to the project. There is also a Water
Act which is in the draft stage, which covers the responsibilities of relevant parties, water
resource protection and conservation, water supply and sewerage system development,
regulating service and service providers, certification of engineers and approvals for water and
sanitation projects. No details of this draft were available at this stage.
The Maldives adheres to WHO guidelines for its drinking water standards. However, due to the
small size of the islands and the time water remains within the waterworks, free chlorine levels
have been set below WHO guideline values. This adjustment has been made mainly due to public
complaints of chlorine levels in their drinking water but has not been technically justified.
Therefore, this has been recently revised.
3.4.1

Chemical and Microbiological Criteria for Drinking
Water

The criteria published by MFDA has been provided in Figure 2-5 of this report. The product
water will adhere to these criteria.
3.4.2

Code of Hygienic Practice for Bottled/Packaged
Drinking Water

This Code (CAC/RCP 48-2001) recommends general techniques for collecting, processing,
packaging, storing, transporting, distributing, and offering for sale a variety of drinking waters
(other than natural mineral water) for direct consumption. Recommendations concerning natural
mineral water are provided in a separate Code (Recommended International Code of Hygienic
Practice for the Collecting, Processing and Marketing of Natural Mineral Waters (CAC/RCP 331985)). All bottled/packaged drinking waters other than natural mineral water are covered by this
Code.
The proposed bottling plant will adhere to all the provisions under this code.
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3.4.3

General Principles of Food Hygiene

This codex (CAC/RCP 1-1969) published by MFDA aims to:
•

identify the essential principles of food hygiene applicable throughout the food chain
(including primary production through to the final consumer), to achieve the goal of
ensuring that food is safe and suitable for human consumption;

•

recommend a HACCP-based approach as a means to enhance food safety;

•

indicate how to implement those principles; and

•

provide a guidance for specific codes which may be needed for - sectors of the food chain;
processes; or commodities; to amplify the hygiene requirements specific to those areas.

All provisions under this codex will also be followed by the proponent. The main principals
under the codex are;
•

Primary production should be managed in a way that ensures that food is safe and suitable
for its intended use. Where necessary, this will include:
-

avoiding the use of areas where the environment poses a threat to the safety of
food;

-

controlling contaminants, pests and diseases of animals and plants in such a way
as not to pose a threat to food safety;

-

adopting practices and measures to ensure food is produced under appropriately
hygienic conditions.

• Depending on the nature of the operations, and the risks associated with them,
premises, equipment and facilities should be located, designed and constructed to
ensure that:
o contamination is minimized;
o design and layout permit appropriate maintenance, cleaning and disinfections
and minimize air-borne contamination;
o surfaces and materials, in particular those in contact with food, are non-toxic
in intended use and, where necessary, suitably durable, and easy to maintain
and clean;
o where appropriate, suitable facilities are available for temperature, humidity
and other controls; and
o

there is effective protection against pest access and harbourage.
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3.4.4

General Standard for Bottled/Packaged Drinking
Waters

This standard (CODEX STAN 227-2001) applies to waters for drinking purposes other than
Natural Mineral Waters. The standard specifies, permitted physiochemical modifications and
antimicrobial treatments, chemical and radiological quality of packaged waters and labelling
requirements.
The proponent will follow the standards provided in this codex.
3.4.5

National Standard for Labelling Packaged Food

This standard (MFDA-FCD STAN 4-2014 (Rev. 1-2016) was published in September 2016,
applies to the labelling of all pre-packaged foods to be offered as such to the consumer or for
catering purposes and to certain aspects relating to the presentation thereof.
The provisions under this standard include mandatory labelling requirements such as, name of
the food, list of ingredients, name and address of the manufacturer/packer, country of origin, lot
identification and date markings and storage instructions.
The drinking water bottles produced from the proposed plant will have labels that meet all
specified criteria in this standard.
3.4.6

Standards for Transport, Handling and Storage of
Food

This standard (MFDA-FCD-STAN-7-2017) published in August 2017 provides a standard for
handling, transport and storage of food items. Among the criteria provided include standards for
storage facility such as well draining and easily cleaned floors, well ventilated and at suitable
temperatures, protection against animals and pests among other conditions.
The proponent will ensure the storage facility, transport and handling of bottled water follow this
standard.

Proponent: Aqua Line Pvt. Ltd.
Consultant: Hussain Fizah

P a g e | 32

EIA for the Proposed Bottling Plant at GDh. Thinadhoo

3.4.7

The Borehole Guidelines

Borehole Drilling Technical Specifications and Guidelines were issued by EPA dated 25
September 2011. The Guidelines covers drilling of boreholes and installation of electric pumps
for source water extraction for various water supply development projects. The Guidelines state
that boreholes shall be drilled at the location(s) designated by the client in consultation with
Environmental Consultant and Environmental Protection Agency (EPA). It is also stated that
care must be taken in handling and storage of all drilling fluids, oils, greases and fuel on site, to
avoid any environmental pollution, damage and degradation. Any toxic materials, drilling fluids
and other additives, cuttings and discharged water shall be disposed in a manner that do not cause
damage to the environment, public and private property.
According to the Guidelines, the in-land borehole depth shall be more than 30m even if the
electrical conductivity of discharge water has reached 50-60mS/cm before reaching 30m depth.
If electrical conductivity of discharge water at 30m depth is measured less than 50-60mS/cm,
drilling shall continue until electrical conductivity reaches to 50-60mS/cm. This aspect of the
Guidelines has raised concerns especially with reference to boreholes at the periphery of the
island where, according to renowned hydro-geologists, the freshwater lens may not exist and
therefore shallower depths may be considered. Further studies are proposed under the scope of
the proposed project in order to determine the exact nature of this.
The Guidelines also provide guidelines for the different records that ought to be made during the
drilling process. For monitoring purpose, boreholes drilled shall provide water sampling tubes at
the interval of 5m from top to bottom. Water quality testing that may be necessary to be
performed upon completion of the borehole has also been indicated in the Guidelines.
3.4.8

Desalination Regulation

Desalination Regulation (2002) states that all sea water desalination plants installed and intended
to supply water to 200 or more people or large-scale agricultural needs or tourism related activity
need to be registered prior to the operation of the plant. Desalination plant registration is required
to be renewed every five years. Desalination Regulation also requires EIA to be carried out for
desalination plants. Water supply network installation projects are prescribed in Schedule D of
EIA Regulation among activities that require Environmental Impact Assessment. However, for
desalination plants, this list includes plants above 150tons although projects involving boreholes
and seawater intakes have been incorporated as projects that require EIA.
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International and Regional Context
3.5.1

Environment Sector

The major global issue facing the Maldives is climate change, global warming and subsequent
sea-level rise. The small size of the islands and their low elevation above MSL makes possible
impacts of it very seriously. Consequently, the country plays a prominent role in fore-fronting
environmental issues faced by many other small islands developing states including the Maldives
in the international arena. The Maldives is therefore, a party and signatory to various international
conventions and declarations. These include;
• UN Convention on the Law of the Sea – UNCLOS (1982)
• International Convention for the Prevention of Pollution of the Sea by Oil (1982)
• Vienna Convention for the Protection of the Ozone Layer (1985)
• Montreal Protocol on Substances that Deplete the Ozone Layer (1987)
• Basel Convention on the Control of Transboundary Movement of Hazardous Wastes
and their Disposal (1989)
• The London Amendment to the Montreal Protocol on Substances that Deplete the
Ozone Layer (1990)
• Agenda 21 and the Rio Declaration of the United Nations Conference on Environment
and Development (1992)
• Convention on Biological Diversity (1992)
• United Nations Framework Convention on Climate Change (1992)
• The Copenhagen Amendment to the Montreal Protocol on Substances that Deplete the
Ozone Layer (1992)
• The Montreal Amendment to the Montreal Protocol on Substances that Deplete the
Ozone Layer (1997)
• The Beijing Amendment to the Montreal Protocol on Substances that Deplete the
Ozone Layer (1999)
• Washington Declaration on Protection of the Marine Environment from Land-Based
Activities
• Kyoto Protocol to the United Nations Framework Convention on Climate Change
(1998)
• Cartagena Protocol on Biosafety (Maldives acceded on 2 September 2002)
• United Nation Convention to Combat Desertification (2002)
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The Maldives is also a key player in formulating and adopting various regional plans and
programmes to protect the environment by continuously participating in various activities
organized by regional bodies such as SACEP, ESCAP and SAARC. As a result, the Maldives is
committed to the following;
• SAARC Environment Action Plan adopted in 1997 in Male’
• SAARC Study on Greenhouse Effect and its Impact on the Region
• South Asian Regional Seas Action Plan and Resolutions concerning its
implementation (1994)
• SAARC Study on Causes and Consequences of Natural Disasters, and
• South Asian Seas Programme initiated by SACEP
• Male’ Declaration on Control and Prevention of Air Pollution and its likely
Transboundary Effects for South Asia (1998)
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4

Existing Environment
Introduction

Conditions of the existing environment of the study area were analysed by using appropriate
scientific methods. Field surveys were undertaken to get further understanding of the existing
environment of the island. These surveys were carried out during field visit to the island in
January 2021 to collect baseline data. Before the trip was undertaken all existing information
regarding the site was gathered.
The following components of the existing environment were assessed;
•

Water resources and their existing condition including groundwater quality

•

Existing land use and additional land requirements

•

Socio-economic aspects of the project site

•

Marine water quality at the brine discharge as well as alternative outfall

•

Marine ecology at proposed outfall area

•

Currents at proposed brine discharge location

Methodologies
Conditions of the existing environment of the study area were analysed by using appropriate
scientific methods. The environmental components of the study area were divided into marine,
coastal and terrestrial resources.
The different methods used in assessing and reporting the conditions of the existing environment
of the island are given in the following subsections.
4.2.1

Location identification

The location of data collection sites has been marked using handheld GPS. Figure 4-28 shows
the data collection and sampling locations.
4.2.2

Marine Water Quality

Marine water quality was assessed by collecting water samples and submitting the sample a
registered laboratory (MWSC).
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All water samples were taken at a depth of 1m from the mean sea level or mid water depth for
shallow areas. GPS coordinates of each water sampling location was taken. The samples were
analysed for the following parameters as indicated in the environmental monitoring manual
issued by the EPA.
Table 4-1: Water quality parameter optimum conditions
PARAMETER

OPTIMAL RANGE

REFERENCE

TEMPERATURE

18oC and 32oC
Changes should not surpass 10C above the average long
term maximum

GBRMPA, 2009

SALINITY
PH

3.2% - 4.2%
8.0-8.3
Levels below 7.4 pH cause stress

GBRMPA, 2009

TURBIDITY

3-5 NTU
>5 NTU causes stress
Maximum mean annual rate 3mg/cm2/day Daily maximum
of 15mg/cm2/day

Cooper et al. 2008

NITRATES

<5 mg l-1 NO3-N

UNESCO/WHO/UNEP, 1996

AMMONIA

Max. 2-3 mg l-1 N

UNESCO/WHO/UNEP, 1996

PHOSPHATE

0.005 - 0.020 mg l-1 PO4-P

UNESCO/WHO/UNEP, 1996

SULPHATE
BOD
COD

2 mg l-1 and 80 mg l-1
< 2 mg l-1 O3
< 20 mg l-1 O2

UNESCO/WHO/UNEP, 1996
UNESCO/WHO/UNEP, 1996
UNESCO/WHO/UNEP, 1996

SEDIMENTATION

4.2.3

GBRMPA, 2009

Ground Water Quality

Groundwater quality was assessed from 3 different locations of the island to get an overview of
groundwater quality around the island and project site.
4.2.4

Currents

Purpose built drogue with a GPS (Trimble Juno) was made to create spaghetti diagrams of the
ocean currents at the study site. On two selected locations around the island, drogue tests were
conducted to assess currents.
4.2.5

Marine Ecology

Marine environmental surveys were conducted to collect data on key environmental components
(i.e. the coral reef system) that will be impacted due to the development. Purposes of the surveys
are to define and establish marine environmental baseline conditions for impact evaluation
during and after the proposed project implementation. Surveys were based on standard marine
environmental survey techniques (English, et al 2007) so that they can be repeatedly carried out
to monitor and record changes and assess possible impacts on the marine environment from the
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proposed work activities as well as operation of the facility. These surveys should be continually
repeated to assess the short-term and long-term impacts on the marine environment.
4.2.5.1

Coral Reef Surveys

Quantitative surveys were conducted to establish the status of the benthic substrate at the
proposed outfall location and an alternative location. Methodologies adopted for these surveys
are internationally accepted and widely used to assess the status of coral reefs in the country as
well. Photo Quadrates and visual observation of the reef were conducted at the coral reef system.
Photo Quadrate technique has been used for objectives ranging from large-scale special problems
to morphological comparison of coral communities and studies assessing impacts natural and
anthropogenic disturbances.
For the photo quadrates, a measuring tape of 10m was placed on the reef, a set of random numbers
between 0 and 10 were selected using MS Excel prior to the set out. Ten photos were taken at
random using these numbers and the measuring tape and later analyzed using Coral Point Count
with excel extension (CPCe) created and maintained by National Coral Reef Institute, Nova
Southeastern University Oceanographic Centre.
Photo Quadrates were conducted at 2 locations as shown in Figure 4-28. These are from the
proposed bine discharge location and an alternative location.
4.2.6

Socio-economic conditions

Socio-economic condition was assessed through secondary data sources as well as field data.
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Climate
4.3.1

General Conditions

The Maldives, in general, has a warm and humid tropical climate with average temperatures
ranging between 25oC to 30oC and relative humidity ranging from 73 per cent to 85 per cent.
However, daily temperature ranges from around 31oC in daytime to 23oC at night time. The
highest temperature ever recorded in the Maldives was 36.8°C, recorded on 19 May 1991 at
Kadhdhoo Meteorological Office. Likewise, the minimum temperature ever recorded in the
Maldives was 17.2°C, recorded at the National Meteorological Centre on 11th April 1978.
The wet season; southwest monsoon runs from mid-May to November. In this season Maldives
experiences torrential rain. The highest rainfall ever recorded in the Maldives with in a 24-hour
period was recorded on 9th July 2002 at Kaadedhdhoo Meteorological Office and amounts to
219.8mm of rainfall.
4.3.2

Monsoons

Maldives is in the Monsoonal Belt in the North Indian Ocean. Therefore, climate in the Maldives
is dominated by south-west (Hulhangu) and north-east (Iruvai) monsoons. The southwest
monsoon is the rainy season which lasts from May to September and the north-east monsoon is
the dry season that occurs from December to February. The transition period of the south-west
monsoon occurs between March and April while that of the northeast monsoon occurs from
October to November. These monsoons are relatively mild due to the country’s location on the
equator and strong winds and gales are infrequent in the Maldives. However, storms and line
squalls can occur, typically in the period May to July. The winds usually get stronger in the south
west monsoon especially during June and July. During storms the impact is greater on the
northern atolls than the southern atolls.

Proponent: Aqua Line Pvt. Ltd.
Consultant: Hussain Fizah

P a g e | 39

EIA for the Proposed Bottling Plant at GDh. Thinadhoo

Table 4-2: Summary of Monsoons in Maldives
Season

Months

North East-Monsoon (Iruvai)

December
January
February
March
April
May
June
July
August
September
October
November

Transition Period - 1 (HulhanguHalha)
South West-Monsoon (Hulhangu)

Transition Period - 2 (IruvaiHalha)

4.3.3

Temperature

The temperature of Maldives varies little throughout the year with a mean daily maximum
temperature of about 32°C and mean low of 26°C and are rarely below 25°C or above 33°C. The
highest temperature ever recorded in the Maldives was 36.8°C, recorded on 19 May 1991 at
Kadhdhoo Meteorological Office. Likewise, the minimum temperature ever recorded in the
Maldives was 17.2°C, recorded at the National Meteorological Centre on 11th April 1978. The
highest recorded temperature for Male’ was 34.1°C on 16th and 28th of April 1973. The hottest
month of the year is usually April reaching a peak around 24 April. The figure below (Figure
4-1) represents daily average low (blue) and high (red) temperature with mean temperature based
on the recorded data from 2000 to 2020.

Figure 4-1: Daily average temperature for Kaadedhdhoo (Data from MMS)
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Figure 4-2: Average annual temperatures for Kaadedhdhoo (data from MMS)
4.3.4

Rainfall

Annual average rainfall in the Maldives is about 1900mm. There is a marked variation in rainfall
across Maldives with an increasing trend towards south. The annual average rainfall in north is
1977mm and for south is 2470mm. The southwest monsoon is known as the wet season with
monthly average rainfall ranging from 125-250mm. The northeast monsoon is known as the dry
season with average monthly rainfall of 50-75mm.
Based on data from Maldives Meteorological Services (MMS) (
Figure 4-3) the wettest month of the year is Nov with an average rainfall of 274.4mm while the
driest is March with 77.9mm of rain for GDh. Kaadedhdhoo. Based on the data, May to
December is generally more wet compared to January to April; i.e., Southwest monsoon is
generally associated with rain while northeast monsoon is considered drier.
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Figure 4-3: Average rainfall per month at GDh. Kaadedhdhoo (data from MMS)

Figure 4-4: Annual rainfall recorded from GDh. Kaadedhdhoo (data from MMS)
A slight increase in annual rainfall is observed since 2011 based on the data collected. However,
year 2020 was recorded to have a slightly less annual rainfall compared to previous 6 years.
Similarly, a notable corelation between daily average temperatures and rainfall is also observed
from the recorded data for GDh. Kaadedhdhoo. The average temperatures were observed to be
lower in months when rainfall was higher and vice versa.

Figure 4-5: Monthly rainfall and temp. for GDh. Kaadedhdhoo (data from MMS)
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4.3.5

Wind

Wind has been shown to be an important indirect process affecting formation development and
seasonal dynamics of the islands in the Maldives. Winds often help to regenerate waves that have
been weakened by travelling across the reef and they also cause locally generated waves in
lagoons. Therefore, winds are important here, as being the dominant influence on the sediment
transportation process (waves and currents). With the reversal of winds in the Maldives, NE
monsoon period from December to March and a SW monsoon from April to November, over the
year, the accompanying wave and current processes respond accordingly too. These aspects have
ramification on the seasonal sediment movement pattern on the islands and also the
delivery/removal of sediments from the reef platform/island.
The two monsoon seasons have a dominant influence on winds experienced across the Maldives.
These monsoons are relatively mild due to the country’s location close to the equator and strong
winds and gales are infrequent. However, storms and line squalls can occur, usually in the period
May to July; gusts of up to 60 knots have been recorded at Male’ during such storms.
Wind was uniform in speed and direction over the past twenty-plus monsoon seasons in the
Maldives (Naseer 2003). Wind speed is usually higher in central region of the Maldives during
both monsoons, with a maximum wind speed recorded at 18 m/s for the period 1975 to 2001.
Maximum wind speed recorded in the south was 17.5 m/s during the period 1978 to 2001. Mean
wind speed was highest during the months January and June in the central region, while wind
speed was in general lower and more uniform throughout the year in the southern region. Wind
analysis indicated that the monsoon was considerably weaker in the south (Naseer, 2003). During
the peak months of the SW monsoon, southern regions have a weak wind blowing from the south
and south-eastern sectors.
Figure 4-6 summarizes the wind conditions at GDh. Kaadedhdhoo, applicable to the proposed
location, throughout the year and Figure 4-7 provides the wind-rose diagram typical to the region
(source: windfinder.com). Wind rose plot shows that NE monsoon prevails during January and
February. In March wind changes to a north-westerly and by April prevailing wind is from west.
During May to November, the predominant wind direction is mostly west to southwest. During
December, wind direction is mostly from west-north-west.
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Figure 4-6: Summary of general wind conditions for GDh. Kaadedhdhoo, Maldives

Figure 4-7: Wind direction and strength distribution for GDh. Kaadedhdhoo
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4.3.6

Humidity and Evaporation Rates

Based on data collected by MMS from GDh. Kaadedhdhoo weather station over a period of 26
years from 1994 and 2020, the relative humidity ranges between 76% and 82%. Notable decrease
in humidity is observed in January to April while highest humidity is observed during the months
of November and December.

Figure 4-8: Mean monthly relative humidity at Kaadedhdhoo (data from MMS)
A slight increase in annual average humidity is also recorded from this station over the past 26
years where mean daily humidity rose from 75.5% to 81.5%.

Figure 4-9: Mean relative humidity by year (data from MMS)
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A corelation between mean relative humidity and monthly rainfall is also observed from the data
collected. Over the course of a year, the dew point typically varies from 23°C to 27°C and is
rarely below 21°C or above 28°C.

Figure 4-10: Mean relative humidity vs rainfall by month (data from MMS)
Open water evaporation and transpiration from vegetation are very high. The high rates of
evaporation and transpiration, especially owing to global warming, may be considered to add
further to the evaporation rate and cause sea levels to fall in the future (Morner et al 2004).
Evaporation rates are influence by wind, temperature and humidity and level of particulates in
the air, studies of pan evaporation rates may yield misleading results as pan evaporation rates are
influenced by the amount of sunlight hitting the pan, rather than other meteorological factors
(Dawson and Spannagle 2009).

Hydrography
4.4.1

Tides

Tides affect wave conditions, wave-generated and other reef-top currents. Tide levels are
believed to be significant in controlling amount of wave energy reaching an island, as no wave
energy crosses the edge of the reef at low tide under normal conditions. In the Maldives where
the tidal range is small (1m), tides may have significantly important influence on the formation,
development, and sediment movement process around the island. Tides also may play an
important role in lagoon flushing, water circulation within the reef and water residence time
within an enclosed reef highly depends on tidal fluctuations.
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Semidiurnal tides are experienced in the Maldives that is two high tides and two low tides a day.
The tide varies slightly from place to place, depending on the location and on the shape and depth
of the basin, channels and reefs and also time of the year.
The following figure shows the astronomical tidal variation recorded in the country with respect
to the mean sea level. Astronomical tides are related to the motion of the earth-moon-sun system,
and have a range of periodicities. The highest astronomical tide was recorded as 0.64 cm above
the mean sea level and the lowest astronomical tide was recorded as 0.56 below the mean sea
level. Tidal variation of 1.2m from lowest to the highest tide levels were recorded in the country.

Figure 4-11: Astronomical tidal variation in the Maldives
4.4.2

Currents

Studies on current flow within a reef flat in Male’ Atoll suggests that wave over wash and tides
generate currents across the reef platforms, which are also capable of transporting sediments
(Binnie Black & Veatch 2000). However, available information suggests that tidal currents are
not strong due to small tidal range.
Generally current flow through the Maldives is driven by the dominating two-monsoon season
winds. Westward flowing currents are dominated from January to March and eastwardly from
May to November. The change in currents flow pattern occurs in April and December. In April
the westward currents flow are weak and eastward currents flow will slowly take place. Similarly,
in December eastward currents flows are weak and westward currents will take over slowly.
Studies on current flow process within a coral atoll have shown that waves and tides generate
currents across the reef platforms, which are capable of transporting sediments on them. Currents,
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like waves are also modified by reef morphology. Under low-input wave conditions (0.5m
heights) strong lagoon ward surge currents (>60cm/sec) are created by waves breaking at the
crest. Studies on current flow across reef platforms have shown that long-period oscillations in
water level cause transportation of fine-grained sediments out of the reef-lagoon system, while
strong, short duration surge currents (<5sec.) transport coarse sediments from the breaker zone
to seaward margin of the back-reef lagoon. Always sediment accumulates at the lee of highspeed current zones. Generally, zones of high current speed (jets or rips, 50-80cm/sec) are
systematically located around islands.
For site specific data on currents, findings reported in EIA for harbor extension work at
Thinadhoo (GDh) carried out by LaMer Pvt. Ltd. in 2014 is presented here; The Thinadhoo reef
system is located at the western periphery of Huvadhu Atoll, therefore dominant current is
dictated by swell waves and wind driven waves; while the southern side current is dictated by
tidal flux. The channel between Thinadhoo and Kafena is just 160m wide. The southern side of
Thinadhoo is sheltered from westerly winds since the reef system is on western periphery of the
Atoll. Current direction at the channel is east to west and vice versa depending on the tide phase.

Figure 4-12: Schematic drawing showing wave and current regime at the island. Black
arrows show estimated current pattern during SW monsoon while green arrows show NE
monsoon (Source: LaMer 2014).
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4.4.3

Marine water quality

Marine water quality at the location of the brine discharge, alternative sewage outfall and at a
control location for the given parameters shows that it is in pristine condition. All the parameters
are within EPA optimal range as shown in Table 4-3.
Table 4-3: Marine water quality results

Parameter

Unit

Optimal Range
(EPA)

GPS Location
Temperature
pH
Salinity
E. Conduct.
DO
TDS

oC
ppt
µS/cm
mg/L
Mg/L
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18-32
8.0-8.3
32-42
>3.5

Site 1
(Outfall)
276691.84m E
59332.48m N
30.12
8.59
34.36
52200
8.28
26100

Site 2
(Alternative/Control)
276795.48m E
59563.55m N
30.56
8.29
32.11
49200
8.24
24600
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Ecology
Both terrestrial and marine ecological systems are important habitats for small islands like the
Maldives. With about 1% of the area of the Maldives being dry land, terrestrial ecosystems are
small compared to marine ecosystems. Hence, the Maldives has a rich marine biodiversity and
several marine protected areas. Due to the small land area of the Maldives, terrestrial biodiversity
is limited.
According to the Fourth National Report to the Convention on Biological Diversity (MHE 2010),
the present records indicate that Maldives has a total of 1,100 species of demersal and epipelagic
fish including sharks, 5 types of marine turtles, 21 species of whales and dolphins, 187 species
of corals and 400 species of mollusks. There are 120 species of copepods, 15 species of
amphipods, over 145 species of crabs and 48 species of shrimps. There are also 13 species of
mangroves and 583 species of vascular plants. Additionally, two species of fruit bats (mammals)
which are endemic have been found. The bird species number 170 of which most are sea birds:
70 of these birds are protected.
Uncontrolled and inadequate waste disposal, climate change, coral bleaching, habitat
modification and over-exploitation are increasing dominant threats to ecological systems. In
order to address over-exploitation, several efforts are underway, including marine protected
areas, ban on turtle and shark fishing and coral mining. Recently introduced regulation on cutting
down, felling or removal of mature trees has been an important step towards protecting terrestrial
biota. However, measures to control or address inadequate waste disposal is still lacking, and
several efforts are needed. Pollution from untreated sewage also poses reasonable degree of
threats to the biodiversity of the Maldives. However, the significance of the risk is low due to
small size of population in most of the islands and the sewage being predominantly domestic in
nature.
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4.5.1

Environmentally Protected Areas and Sensitive Sites

Marine Protected Areas (MPAs) and ecologically important or sensitive sites such as breeding
or nursery grounds for protected or endangered species in the project vicinity have been
considered.
There are no protected areas or listed environmentally sensitive areas in the project vicinity. The
closest listed environmentally sensitive area is Havodigalaa 8km east of the island. However,
there is a small wetland area in the vicinity of the project site. Despite the presence of a sizeable
water body, absence of mangal flora was noted. This area is not expected to be within the impact
zone of the proposed project activities.

Figure 4-13: Wetland area in the project vicinity
4.5.2

Endangered Species

No endangered species have been observed in the surveyed areas around the island during the
field visit and data collection. Also, it should be noted that there were no endangered or rare
animals encountered during any of the marine surveys as well.
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4.5.3

Benthic Composition

The fore reef zone of the house-reef on the side proposed brine discharge is roughly 250m away
from the point of discharge. The strong swell waves from the Indian ocean break on this side of
the island; making it practically impossible to safely access for snorkelling to conduct a standard
marine biotic survey. Additionally, the currents in the area are expected to carry brine discharged
from the outfall away from the reef.
Surveys to estimate benthic substrate composition and fish community at the brine outfall
location and alternative location was carried out.
4.5.3.1

Site 01(Proposed Outfall Location)

The location was too turbid with no visibility at the time of the survey. The benthic substrate is
estimated to be made up rock and sand. No fish was recorded from the site at the time of the
survey.
The shoreline is protected using a geo-bag revetment at this location.
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4.5.3.2

Site 02 (Alternative Outfall Location)

Similar to proposed outfall location, the alternative location for the brine outfall was also very
turbid with impaired visibility. The benthic substrate was made up of algae covered rock. No fish
was recorded from this site at the time of the survey.
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Terrestrial environment
Apart from few grasses, no vegetation was found within the proposed project site;

Figure 4-14: Project site
Similarly, no significant vegetation was observed in the vicinity of the project site as well.
However, few mature trees (Dhigga and Coconut Palms) were observed from the plot next to the
proposed project site. These are out of the project site and hence not expected to be impacted
from the project.

Figure 4-15: Southern side of the plant (left) front of the plant (right)
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There are no residential buildings currently inhabited in the project vicinity. The closest building
currently in use is a carpentry located north of the project site. The building was observed to be
fairly recently built. It should be noted, the labour quarters for the carpentry staff are also located
in this plot. This building was also observed to be fairly new with typical amenities.

Figure 4-16: Carpentry (left) labour quarters (right) in the adjacent plot
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Geological setting and hydrogeology
The groundwater in Maldivian islands occurs in the form of “freshwater lenses”, which are highly
susceptible to saline intrusion and vulnerable to pollution from surface and subsurface activities
particularly from sanitation practices (Falkland, 2001b). However, the quantity of fresh
groundwater in these islands depends on island size, recharge rate and ease of transmission of
freshwater through the aquifers (White et al., 2007). Narrow atolls with transmissive aquifers
have limited potential for viable fresh groundwater and the only viable option that remains for
these islands are rainwater harvesting and desalination (Falkland 2002).
Generally, the islands of the Maldives have superficial groundwater lenses below about a metre
of coralline sandy soil with a very narrow humus layer on top. The groundwater lenses so formed
are formed due to density differences between percolated rainwater and saltwater beneath the
island. The freshwater lens floats on top of the saltwater. This makes it extremely fragile and
prone to saltwater intrusion from over-abstraction.
The depth of the freshwater lens or aquifer depends on the height of the groundwater lens above
mean sea level on small islands. The typical ratio between the height of the water lens above
mean sea level compared to the depth of freshwater below mean sea level is of the order of 1:20.
Groundwater levels above mean sea level on small islands may be 0.10 to 0.50m above sea level,
resulting in a freshwater lens depth of 2-10m thick. Measuring absolute water level elevations is
difficult in small flat islands, so the investigation techniques used target the thickness of the
freshwater lens and its aerial extent. The water lens in small islands is illustrated in Figure 4-17.
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Figure 4-17: Conceptual Illustration (not to scale) of freshwater lens in a small coral
island (after Falkland).
The above illustration is typical of most of the islands. Borehole test carried out in Malé (MWSC
site) indicates an upper zone with loosely packed sandy soil increasing in permeability until a
very permeable zone is reached at about 20m below the surface. The freshwater lens is generally
formed up to a depth of about 10m and a brackish transition zone occurs below this depth up to
about 20m, below which it is saltwater. The water table, in Thinadhoo is expected to vary
between 0.7m to 1.1m from the ground surface. The water table would also fluctuate with tide.
It has also been established that there is no hydraulic connection between the upper zone and the
lower zone and lower zone is hydraulically connected to the sea. Further, the upper zone is
observed to be not affected by tides.
Falkland (2001) also observed that there existed a linear relationship between the size of the
island and the size of the aquifer. It was observed that as island width gets narrower, the salinity
of wells becomes greater and vice versa. At a width of less than 250m, the groundwater salinity
is likely to be brackish at the surface.
4.7.1.1

Size of Groundwater Lens

The size of groundwater lens depends on several factors. Key factors which are considered in
measuring the size of the groundwater aquifers in small islands are size of the island, width of
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the island, rainfall pattern and extraction of groundwater. Assuming estimated average ratio of
groundwater lens area (ha) and area of island (ha) at 0.45 using data collected from northern
islands in Maldives (Falkland 2001, Southern and Northern Regional Development Project)
The estimated aerial extent of groundwater lens (ha) = 0.45 x 182.9ha = 82.3ha.
Based on the empirical model developed by Oberdorfer and Buddemeier (1988) to determine the
thickness of freshwater lens on small coral islands represented as;
H = P(6.94log W – 14.38), where:
H = Depth of the freshwater-seawater interface (m)
P = annual rainfall rate (m/yr)
w = island width (m)
for the island of GDh. Thinadhoo, mean width of the island was measured as 920m while mean
annual rainfall data for GDh. Kadedhdhoo from last 20 years was 2264mm/year. Based on these
parameters and the model, thickness of the freshwater lens is estimated as 14.01m for this island.
4.7.1.2

Groundwater Permeability and Recharge

The groundwater lens is thicker along the centre of the island and recharge is highest at this zone.
However, even at this zone, the depth of the water table is below 0.8m and it will be questionable
if such a superficial water table would provide the necessary conditions for recharge of the
unsaturated zone. The vertical hydraulic conductivity of the soil between the ground surface and
water table will be quite high in porous sandy soil such as found in the islands of the Maldives.
Therefore, saturation of this occurs very rapidly during heavy rainfall.
Past studies by MWSA, Falkland and others have shown average recharge to be between 25%
and 40% of the average annual rainfall (about 2000mm). This estimates to 500mm to 800mm of
rain per year.
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4.7.1.3

Variation of Groundwater with Tide

As has been discussed under tides, there is very little variation of the groundwater table with
tides. Tidal variation is less than 0.02m from the surveys undertaken at GDh. Gadhdhoo. The
following figure shows the readings taken plotted against tide predictions for the day. It indicates
that there is very little fluctuation of the water table with respect to sea level in the middle of the
island but a small potential drop in the water table at high tide is observed which may be due to
potential pressure difference between the two water bodies.
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Figure 4-18: Tidal influence on the groundwater table
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4.7.2

Ground water quality

Results of groundwater quality carried out at 3 different locations on the island (plant facility,
wetland area and one control site from residential area of the island) is annexed to this report.
Samples collected from these locations were submitted to MWSC laboratory. The results indicate
a fairly typical groundwater for the island and water body in the vicinity is freshwater.
Additionally, the total petroleum hydrocarbon concentration in the water sample from project
site was found to be lower than the residential area.
Table 4-4: Ground water quality results

Parameter

4.7.3

Residential Area
of the island

Wetland

276938.38 m E

276902.40 m E

276897.46 m E

59296.88 m N

59021.10 m N

59357.80 m N

29.12
628
7.47
0.31
314
0.073

29.54
891
7.90
0.44
445
0.948

30.15
789
8.76
0.39
395
0.712

Unit

GPS Location
Temperature
E. Conductivity
pH
Salinity
TDS
TPH

Project Site

o

C
µS/cm
ppt
mg/L
mg/L

Traffic Count

Traffic around the project site was assessed during the field visit. The number of vehicles using
the two main roads within 30 min around the project site was counted. This assessment was
carried out between 2pm and 3pm. As the project site is fairly isolated from the residential area,
traffic very low.
4.7.3.1

Traffic Count 1

A total of 3 cars, 1 island pick-up and 5 motorcycles were recorded moving south to north on
this road.
4.7.3.2

Traffic Count 2

A total of 2 bicycles, 1 island pick-up and 2 motorcycles were recorded moving west to east
during the assessed 30 min on this road.
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4.7.4

Air Quality and Noise Levels

Air quality and noise levels 10m (Site 2) and 50m (Site 3) and from the residential area as a
control (Site 1) were measured over 30 minutes and concentrations averaged. The results do not
indicate an anomaly and are typical of large islands like Thinadhoo.
Table 4-5: Results of air quality and noise level assessments
Parameter
Temperature
Nitrogen Dioxide
Sulfur Dioxide
Ozone
Hydrogen Sulfide
PM10
PM 2.5
PM 01
TSP
Max Noise
Min Noise
Mean Noise
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Units
°C
µg/m3
µg/m3
µg/m3
µg/m3
µg/m3
µg/m3
µg/m3
µg/m3
dB
dB
dB

AQ 1
31.5
3.2
105.1
0
0
28.52
5.60
1.23
92.54
78.2
32.1
42.8

AQ 2
31.2
3.5
78.2
0
0
36.51
4.25
1.36
84.51
75.4
25.2
38.8

AQ 3
31.8
4.5
89.5
0
0
54.52
6.25
2.21
102.54
68.6
30.5
39.4
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Socio-economic environment
As per the 2014 census data from National Bureau of Statistics, total enumerated population of
the island is 5230; of which 601 were foreigners making it the most populated island of the atoll
and among the largest communities of the country.
4.8.1

Sex Ratio and Population density

As per the enumerated population of Thinadhoo in 2014, 2857 were males while 2373 were
females. This is a sex ratio of 120 males per 100 females. With the estimated area of the island
being 182.9ha, this gives an estimated population density of 28 persons per ha.
As per the
4.8.2

Education and Economy

The island of Thinadhoo has a total of 8 schools which includes 5 pre-schools, two primary
schools, one secondary and higher secondary school. In addition to these, few university
campuses on the island also offer tertiary education in selected fields such as business
administration, teaching and nursing.
While fishing is considered the most important sector of Thinadhoo economy, being the central
hub of the region makes wholesale and retail business on the island quite extensive. This is also
fueled by presence of the most comprehensive health facility in the region which is used by
numerous locals from the area. At present, tourism sector on the island is fairly undeveloped
while a fair number of locals work in resorts to earn a living. Additionally, civil service and
public enterprises also provide a significant number of job opportunities for the locals.
Though a recent detailed study on the economy and employment conditions of the community
was not available for Thinadhoo, the DIRAM report published in 2013 provide great insight into
the economy and employment on the island. According to the report, 36% of income earned on
the island is by fishing followed by civil service and public enterprises at 35%. Manufacturing
accounts for 7% of total income.
Manufacturing sector on Thinadhoo mostly comprise of boat building/repair, tailoring, carpentry,
baking and food processing. While majority of products from this sector are sold on the island,
some are also exported to Male’ for sale.
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4.8.3

Land-use and Natural Resource Use

As the island was resettled about 50 years ago, the land use was planned; fairy uniform
distribution of housing plots in the original land area can be seen. However, due to lack of land
for use, not much zonation between different activities was done. However, with the recently
reclaimed land, a more robust land-use plan is compiled with stricter zonation between different
land use sectors.
4.8.4

Accessibility

The island of Thinadhoo has a very large well-developed harbour which is used as the access to
the island via boats. The domestic airport on Kaadedhdhoo is roughly 3km south of Thinadhoo,
making the island relatively more accessible compared to a typical Maldivian island.
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Natural Hazard Vulnerability
4.9.1

Generic Hazard Vulnerability

According to the UNDP (2006) the natural vulnerability of the islands and atolls of the country
to potential hazards have been modelled to understand the risk factors of the country.
The disaster risk scenario for Maldives can be described as moderate in general. Despite this,
Maldives is among the most severely affected countries hit by the Asian tsunami on December
26th, 2004. Maldives experiences moderate risk conditions due to a low probability of hazard
occurrence and high vulnerability from exposure due to geographical, topographical and socioeconomic factors.
The stormy weathers around the world are affecting coral reef systems and groundwater resource
as well as precipitation patterns directly and indirectly due to global climatic changes. Intense
storms can wipe out the natural coral “recruitment” process (Daily Science, April 29, 2008) as a
direct effect of climatic change. The already precarious hydrological regime of the island is
further aggravated by climate change-induced effects of sea level rise and flooding during
extreme weather events, which increases saltwater intrusion into the freshwater lens. Saltwater
intrusion is not only affecting people’s livelihood but also soil and vegetation.

Figure 4-19: Tsunami hazard zones (ADB, 2020: Multihazard risk atlas of Maldives)
Based on UNDP’s model, the eastern borders of atolls have higher probability of experiencing
tsunamis at 320–450 centimetres high. (Figure 4-19). Islands along the western fringe experience
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a relatively low tsunami hazard. This map is produced based on the experience of the tsunami in
2004 and also occurrence of historic tsunami events in the greater region where most of the
events have identified to have occurred from the Sumatra Region.
Besides heavy rains and strong winds during monsoons, hazardous weather events which
regularly affect Maldives are tropical storms or ‘tropical cyclones’, and severe local storms. At
times, tropical cyclones hitting Maldives are destructive due to associated strong winds that
exceed a speed of 150 kilometres per hour, rainfall of above 30 to 40cm in 24 hours and storm
tides that often exceed four to five meters (UNDP 2006).
Cyclonic winds sometimes can cause a sudden rise in sea-level along the coast, leading to a storm
surge. The combined effect of surge and tide is known as ‘storm tide’. Storm tides can cause
catastrophe in low-lying areas, flat coasts and islands such as Maldives.
Maldives is also affected by severe local storms- thunder storms/ thunder squalls. Hazards
associated with thunder storms are strong winds, often exceeding a speed of 100 kilometres per
hour, heavy rainfall, lightning and hail; they also give rise to tornadoes in some regions. In
general, thunderstorms are more frequent in the equatorial region than elsewhere, and land areas
are more frequently hit by thunderstorms as compared to open oceans. However, thunder storms
close to the equator are less violent when compared with those in the tropical regions and beyond.
Maldives being close to the equator, thunder storms are quite frequent but less violent here.
Strong winds generated by severe local storms generate large wind-driven waves which are
hazardous for Maldives (UNDP 2006).
The islands of Maldives are less prone to tropical cyclones. The northern islands of the country
were affected by weak cyclones that formed in the southern part of the Bay of Bengal and the
Arabian Sea. Figure 4-20 shows the tracks of cyclones affecting Maldives during the period
1877-2004. The number of cyclones directly crossing Maldives is small. Only 11 cyclones
crossed the islands over the entire span of 128 years. Most of the cyclones crossed Maldives
north of 6.0o N and none of them crossed south of 2.7oN during the period (UNDP 2006).
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Figure 4-20: Tracks of Cyclones affecting Maldives, 1877-2004
UNDP (2006) stated that there were 21 cyclonic disturbances within the 500km radius during
1877-2004, of which 15 were depressions with an average wind speed of about 28 knots. The
highest wind speed due to cyclonic disturbances that affected the islands during that time was
about 65 knots. Figure 4-20 shows the tracks of cyclonic disturbances that passed through the
circle with 500km radius.
With regards to the storm surge potential, the bathymetry around the Maldives shows that the
ocean slope close to the east coast is steeper than the west coast, hence it can be generalized that
the eastern islands of the Maldives are vulnerable to higher surge hazard compared to the western
islands. Figure 4-21 shows the bathymetry around Maldives.

Figure 4-21: Three Dimensional View of Bathymetry of Maldives (depth in meters)
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Figure 4-22: Storm Surge Hazard Zones (IS: ADB, 2020: Multihazard risk atlas of
Maldives)
Based on the above figure, it can be said that the north-eastern parts of the country are very
vulnerable to storm surges.
Based on historical catalogues of earthquakes in the region, identifying seismic sources based on
this historical information and based on numerical models, it was found that except for Seenu,
Gnaviyani and Gaafu Atolls, earthquake hazard is low across the country. The probable
maximum Modified Mercalli Intensity (MMI) is estimated between 7-8 in Zone 5 (Figure 4-22).
This level of MMI can cause moderate to high damages (UNDP 2006).
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Figure 4-23: Maldives Seismic Hazard Zones (ADB, 2020: Multihazard risk atlas of
Maldives)
It can be summarized that the northern parts of the country are vulnerable to cyclones and storm
surges while southern parts of the country are vulnerable to seismic activity. The eastern side of
the country is more exposed to potential tsunamis and surges
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4.9.2

Site Specific Hazard Vulnerability

The following information on the vulnerability of the island is adapted from Detailed Island Risk
and Vulnerability Assessment (DIRVA), GDh. Thinadhoo carried out by Riyan Pte Ltd in 2013
for the Ministry of Energy and Environment.
4.9.2.1

Flooding Due to Heavy Rain

The assessment indicated the island of Thinadhoo (GDh) is highly vulnerable to rainwater
flooding. Due to lack of a proper drainage system the vulnerability is persistent. The impact of
flooding effects the population in many different ways. However, the consultant also reported
the mean annual rainfall between 2007 and 2011 showed decline while between 2011 and 2012
the annual rainfall showed an increase. Based on more recent data from Maldives Meteorological
Service, annual rainfall was recorded to be on the rise up to 2013 and reduced in 2014 after which
an increase was recorded up to 2016. With the exception of 2017, the annual rainfall continued
to increase between 2017 and 2019. However, annual rainfall recorded in 2020 from GDh.
Kaadedhdhoo was the lowest since 2012. The report also states future projection of rainfall by
RIMES (2011) show both an enhanced variability and increasing tendency, with the southern
zones having extreme events such as maximum one-day rainfall and increased number of
consecutive wet days.
The report also states, flooding due to heavy rainfall is a very common occurrence in the island;
especially during southwest monsoon. Most flooding occurs in the south where the old wetland
has been reclaimed and also the north near the interface between new reclamation and the old
island. Some other low-lying areas are also subjected to flooding due to poor drainage. Flooding
has known to cause blockage of septic tanks, severe damage to backyard crops and damage to
properties. The biggest impact is the disruption it brings to daily life of the community which
impacts the economic activities, schools and transport within the island.
To understand vulnerable areas to flooding during the study, a detailed topographic survey was
carried out by the consultants and a DEM was produced. Based on the topography, a rainwater
flooding hazard map for the island was produced (Figure 4-24).
Based on the zonation, the project site falls within a zone identified as highest risk of flooding
due to rainfall.
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Figure 4-24: Hazard Zoning Map for Rainwater Flooding (Source: DIRVA 2013, GDh.
Thinadhoo, Riyan Pte.Ltd)
4.9.2.2

Flooding due to storm surge, swell waves

The report states the island of Thinadhoo is located in a relatively safe zone from cyclone related
storm surges compared to the islands in the north due to its close proximity to the equator.
However, swell waves combined with storm surge and wind generated waves from localized
storms coupled with high tide result in frequent flooding of the island. The report also states,
even though such flooding events occur occasionally on Thinadhoo, the impact is generally
limited to the areas adjacent to the shoreline. The most susceptible area for flooding due to the
waves was identified as the western side reclaimed area. The main reasons cited for this
conclusion was due to low elevation of reclaimed area compared to the natural island and
proximity of the new shoreline to the reef edge. Based on the information collected at the time,
the impact of historical flooding episodes was limited to 300m inland. No major infrastructure
damages were recorded due to these events at the time of the assessment. The impact zones from
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potential future flooding due to waves was estimated using elevation data of the island along
with distance from shoreline.
Based on this report, the proposed project site falls within the most high-risk area for such an
event.

Figure 4-25: Hazard Zoning Map for Wave-Induced Flooding (Source: DIRVA 2013,
GDh. Thinadhoo, Riyan Pte.Ltd)
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4.9.2.3

Tsunami

As per the findings of DIRVA report, 2004 Tsunami had relatively minimum impact on
Thinadhoo with no structural damage to any building or infrastructure reported on the island.
The report also states 2004 Tsunami is the only tsunami event recorded in Maldives and
considering this is also the largest event recorded in the entire recorded history of the Indian
Ocean, it is probably safe to assume that this tsunami event and the resulting impacts are on the
high end of possible tsunami hazard to the island. Additionally, with a predicted return period of
255 years with probability of approximately 10%, a similar event might occur in the next 25
years. As indicated in the tsunami hazard map of the country by Ali (2005), Thinadhoo lies in
the lowest risk zone for tsunami hazards. However, UNDP (2006) classifies this region in the
moderate tsunami hazard zone with a potential maximum wave run-up of 0.8m to 2.5m. Based
on this information and elevation data with distance from shoreline a tsunami hazard intensity
zone for Thinadhoo was generated (Figure 4-26).
Based on this map, the project site falls within the high impact zone. However, this zonation
was carried out prior to major reclamation on northern side of the island in 2016. As such, the
project site is expected to have significantly less impact intensity than presented here.

Figure 4-26: Hazard Zoning Map for Tsunami (Source: DIRVA 2013, GDh. Thinadhoo,
Riyan Pte.Ltd)
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4.9.3

Climate Change and Sea Level Rise

The DIRVA report for Thinadhoo also states sea level rise and rise in sea surface temperature
due to climate change could have severe impact on the islands’ ecology and geomorphology.
Apart from land-loss due to sea level rise, climate change would exacerbate other hazards such
as wave induced flooding, rainwater flooding and tsunami hazard.
The report utilizes elevation data to identify potential land loss due to sea level rise based on the
forecasted sea level rise by IPCC in 2001.
As per this zonation, the project site is within the area predicted to be inundated by 2100.
However, land reclamation on the northern side of the island since the analysis is expected to
have reduced the potential risk slightly.

Figure 4-27: Forecasted flood zones due to sea level rise by year 2100 (Source: DIRVA
2013, GDh. Thinadhoo, Riyan Pte.Ltd)
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5

Stakeholder Consultations

The key stakeholders of the project include the Atoll Council, Ministry of Environment and
Energy, Environmental Protection Agency, Proponent, Contractor and Project Engineers and
Consultant. The stakeholders that participated in the Scoping Meeting have extensively discussed
on the issues relating to the project.
Due to the on-going global pandemic and restrictions in place on travel and gatherings to curb
the spread of COVID19, all consultations have been carried out either by online meetings, email
or telephone.

Ministry of Environment
An online meeting with Ahmed Anwar (Assistant Director, 3018362) and Mahid Abdulrahman
from the Ministry of Environment was carried out on 26th January 2021.
After a short brief of the project activities was given the comments from the Ministry were shared
with the consultant. The Ministry does not have any major concerns over the proposed project.
However, advised to explore alternatives for energy production via renewable means and to
ensure the project activities follow provisions under recently gazetted laws and regulations.
When asked about restriction on single-use plastic planned for this year the Ministry stated the
current restrictions are only on imported plastic bottles and similar and have no effect on locally
produced plastics. If the government were to enforce such a restriction on local products this will
be communicated very early to give time for investors to prepare alternatives.
The Ministry also advised to employ all mitigation measures to reduce any negative impact on
the environment due to the project activities.

Proponent: Aqua Line Pvt. Ltd.
Consultant: Hussain Fizah

P a g e | 75

EIA for the Proposed Bottling Plant at GDh. Thinadhoo

GDh. Thinadhoo Island Council
Consultation with the island council was carried out via phone. Mr. Ali Amjadh (7775140),
Thinadhoo Island Council President was consulted on 15th March 2021. Overall the island
council has one major concern over the proposed project; the proposed location for brine
discharge. The council does not support this location for use as the brine discharge. According
to Mr. Ali Amjadh, this location is within the section of shoreline protected by geobags as a pilot
project. If the brine discharge pipe is placed in this location the proponent may damage the geobags during the construction of the outfall. If the pipe is placed on top of the geo-bags, chances
of someone damaging the brine outfall during operation is also a concern raised by the council.
In such a case, the island council shall not take responsibility for the damage either. Therefore,
the island council recommends moving the brine outfall north of the proposed location
(alternative location discussed under section 0 of this report) where the revetment is constructed
using rock boulders. Apart from this, the island council has no major concerns regarding this
project.

GDh. Atoll Council
Mr. Mohamed Rizan, vice president of GDh. Atoll council (6841032) was consulted on 15th
March 2021 regarding this project via telephone. According to Mr. Mohamed Rizan, the atoll
council has no concerns regarding the proposed project as long as all laws and regulations are
followed throughout the project and island council concerns are addressed. However, on behalf
of the atoll council he requested proponent to ensure all mitigation measures to reduce any
environmental impact of the project is employed during this project; also requests to carryout all
project activities in away to have least impact on the environment and the community.

Fenaka Cooperation Limited
Mr. Almas Zuhair, Station Manager (9994858) was consulted via phone on 15th of March 2021.
Fenaka has no concerns over the proposed project and stated FENAKA has sufficient capacity
to cater for additional power demand from the island based on the current estimation.
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Maldives Food and Drug Authority
A request for consultation was sent on 20th January 2021 via email. A response via e-mail was
received from Quality Assurance Section of Food Control Division (3014305) on 21st January
2021. A follow-up telephone communication was also carried out with the section on 21st of
January 2021 with Ms. Madheeha of the section.
MFDA do not have any major concerns at this stage of the project as long as the proponent
follows the existing regulations and laws. However, MFDA requests proponent to submit plant
layout and other relevant information prior to starting operation. Additionally, existing laws and
regulations on standards for produced water bottles were also shared for reference. The actual
approval process for the plant by MFDA begins after construction and prior to start of operation.

Health Protection Agency
A request for consultation was sent on 20th January 2021 via e-mail. At the time of submitting
this report no response was received even after attempting to do consultation via telephone. A
copy of the original e-mail sent is annexed to this report.

Maldives Land Survey Authority
A request for consultation was sent on 20th January 2021 via email to MLSA; no response was
received. Attempts to set up consultation via telephone was also futile at the time of submitting
this report. A copy of the original e-mail sent is annexed to this report.

Adjacent Businesses
The only operational building in the vicinity is a carpentry (Mustafa Carpentry). Owner of the
establishment, Mr. Yamin Mustafa (7997970) was consulted via telephone on 1st February 2021.
After a brief introduction was provided, when asked if he has any concerns or issues on the
proposed project, he replied he has no issues or concerns.
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6

Environmental Impacts
Introduction

Development projects involving infrastructure development in island environments are believed
to generate a series of environmental impacts, of which some can be felt immediately on the
surrounding environment while others can be felt continually and can be far reaching. By far and
large the most significant environmental impacts are those that are felt on the immediate
environment. Terrestrial environment is directly affected from removal of vegetation resulting
in loss of habits. Also, coral reef environments are sensitive and highly susceptible to immediate
changes that will be incurred from most of the development activities. Therefore, all the
development activities must take into consideration the understanding of the environment and
changes as well as implications that it will bring about to the environment and surrounding.
The following account describes potential environmental impacts that will be associated with the
proposed bottling plant, both during construction and operation phases of the development

Impact Identification
Direct, indirect and cumulative impacts on the environment from various activities of the
proposed project have been identified through:
•

A consultative process within the EIA team, the Proponent and affected communities

•

Purpose-built checklists and matrices

•

Existing literature and reports on similar developments in small island environments and
other research data specific to the context of the Maldives

•

Baseline environmental conditions described in Chapter 4

•

Consultant’s experience of projects of similar nature and of the areas in which the
developments will take place (professional judgement)

Possible negative impacts on the environment have been considered in worst-case scenario to
recommend mitigation measures in the best possible ways so that these impacts would be
minimized and perhaps eliminated in the implementation phase.

Proponent: Aqua Line Pvt. Ltd.
Consultant: Hussain Fizah

P a g e | 78

EIA for the Proposed Bottling Plant at GDh. Thinadhoo

Impact Analysis Method
The primary purpose of this section is to predict the potential environmental impacts that may be
associated with proposed coastal modification and evaluate these impacts to identify their
significance. Numerous methods and functions are utilized by EIA consultants around the globe
such as Leopold and checklists. For the purpose of this EIA, Rapid Impact Assessment Matrix
(RIAM) was utilized as the main impact analysis tool.
6.3.1

Rapid Impact Assessment Matrix (RIAM)

RIAM is a system of scoring within a matrix that has been designed to allow subjective
judgements to be quantitatively recorded, thus providing both an impact evaluation and a record
that can be re-assessed in the future (Pastakia & Jenson, 1998). This matrix-based method
developed to balance risk of subjectivity in holistic and heuristic EIA evaluations (Pastakia,
1998) was later adapted by Ijäs et al., in 2008 to include six categories instead of the original
five.
The Rapid Impact Assessment Matrix (RIAM) method is based on a standard definition of the
important assessment criteria as well as the means by which semi-quantitative values for each of
these criteria can be collated to provide an accurate and independent score for each condition.
The impacts of project activities are evaluated against the environmental components, and for
each component a score (using the defined criteria) is determined, which provides a measure of
the impact expected from the component. The important assessment criteria fall into two groups:
(A) Criteria that are of importance to the condition, and which can individually change the score
obtained.
(B) Criteria that are of value to the situation, but individually should not be capable of changing
the score obtained.
The value ascribed to each of these groups of criteria is determined by the use of a series of
simple formulae. These formulae allow the scores for the individual components to be
determined on a defined basis. The scoring system requires simple multiplication of the scores
given to each of the criteria in group (A). The use of multiplier for group (A) is important for it
immediately ensures that the weight of each score is expressed, whereas simple summation of
scores could provide identical results for different conditions. Scores for the value criteria group
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(B) are added together to provide a single sum. This ensures that the individual value scores
cannot influence the overall score, but that the collective importance of all values in group (B)
are fully taken into account.
The sum of the group (B) scores is then multiplied by the result of the group (A) scores to provide
a final assessment score (ES) for the condition. The process can be expressed:
(a1) x (a2) = aT
(b1) + (b2) + (b3) + (b4) = bT
(aT) x (bT) = ES
Where;
(a1) and (a2) are the individual criteria scores for group (A)
(b1) to (b4) are the individual criteria scores for group (B)
aT is the result of multiplication of all (A) scores
bT is the result of summation of all (B) scores
ES is the assessment score for the condition.
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Table 6-1: Impact Assessment Criteria (after Fričovský et at. 2016)
RIAM
criteria

Scale

Semi-quantitative value

Description or note

Group A - importance

(a1) importance
of the impact
/ aspect

(a2) magnitude of
impact or
change in
status-quo

+4

important to national interests/extreme
societal importance

extended to the country and international
boundaries or subject of extreme rarity or
special protection in country

+3

important regionally/significant societal
importance

impacts single region or several
neighbouring regions, subject of rarity in the
region or a subject of some protection

+2

important to areas outside the local
context/some societal importance

extended to an instant area around a project
or a few municipalities, a subject potentially
endangered with occasional protection and
importance to the society

+1

important locally/minor societal
importance

typically, a point-formed area or immediate
area of the evaluated project, or subject of no
protection or rareness

0

no geographical or other recognized
significance

an impact or an aspect does not play a
significance or is not present currently in the
region, country

+3

major positive benefit or complete
preservation/ conservation

e.g.: preservation of undisturbed
groundwater deliverability, forest restoration

+2

significant improvement in status quo

e.g.: contribution on significant increase of
soil productivity potential

+1

improvement or positive benefit

e.g.: decelerates a rate of resource depletion
(use of more efficient technologies)

0

no change in status quo, no impact on
performance

e.g.: no contamination in the surface stream

-1

negative change to status quo or some
negative impact

e.g.: weakly excesses allowance to
groundwater exploitation

-2

significant negative disbenefit to statusquo

e.g.: build of landfill in environmentally
unstable land

-3

major negative disbenefit to status-quo or
complete destruction

e.g.: destructs special protection area

Group B - performance

(b1) permanence

+4

permanent and long-term impact

exposure to the impact is for more than 15
years

+3

temporary and medium-term impact

exposure to the impact is usually 1 - 15 years

+2

temporary and short-term impact

exposure to the impact is usually less than 1
year

+1

no impact, not applicable, no change to
status quo

an impact or an aspect does not play a
significance or is not present currently in the
region, country

+4

irreversible impact on status-quo

permeant change to environment, which
restoration is impossible or will take more
than 15 years, or no plans to change the
actual impact on environment

+3

slowly reversible impact on status-quo

long-term change to environment, restoration
of 1-10 years, or long-term plans to change a
project performance

(b2) reversibility
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(b3) cumulativity

(b4) susceptibility

+2

reversible impact on status-quo

initial status can be resorted quickly up to 1
year or there is a plan to modify current site
performance

+1

no impact, not applicable, no change to
status quo

an impact or an aspect does not play a
significance or is not present currently in the
region, country

+4

explicitly synergic impact

aspect or condition has an intrinsic impact on
other aspects

+3

synergic impact

aspect or condition has known impact on
other aspects, but it has not been quantified
yet

+2

individual impact

aspect is of individual impact, not interacting
with other impacts

+1

no impact, not applicable, no change to
status quo

an impact or an aspect does not play a
significance or is not present currently in the
region, country

+4

environment extremely sensitive to
change

areas of international and national protection,
special protection, endangered species etc.,
risk to human

+3

environment sensitive to change

areas or local interest, minor protection, less
endangered species, no risk to human

+2

environment stable / unsusceptible to
change

areas not protected, not significant or
relevant to the society

+1

no impact, not applicable, no change to
status quo

an impact or an aspect does not play a
significance or is not present currently in the
region, country

Positive and negative impacts can be demonstrated by using scales that pass from negative to
positive values through zero for the group (A) criteria. Zero thus becomes the ‘no-change’ or
‘no-importance’ value. The use of zero in this way in group (A) criteria allows a single criterion
to isolate conditions which show no change or are unimportant to the analysis.
Zero is a value avoided in the group (B) criteria. If all group (B) criteria score zero, the final
result of the ES will also be zero. This condition may occur even where the group (A) criteria
show a condition of importance that should be recognised. To avoid this, scales for group (B)
criteria use ‘1’ as the ‘no-change/no-importance’ score.
All specific assessment conditions for the project will fall into one of the four categories, which
are defined as follows;
Physical/Chemical (PC): Covering all physical and chemical aspects of the environment,
including finite (non-biological) natural resources, and degradation of the physical environment
by pollution.
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Biological/Ecological (EC): Covering all biological aspects of the environment, including
renewable natural resources, conservation of biodiversity, species interactions, and pollution of
the biosphere.
Sociological/Cultural (SC): Covering all human aspects of the environment, including social
issues affecting individuals and communities; together with cultural aspects, including
conservation of heritage, and human development.
Economic/Operational (EO): To qualitatively identify the economic consequences of
environmental change, both temporary and permanent, as well as the complexities of project
management within the context of the project activities.
Eventually, matrix is produced for each project option. The matrix comprises of cells showing
the criteria used, set against each defined component. Within each cell the individual criteria
scores are set down. From the formulae given above each ES number is calculated and recorded.
No claim is made for the sensitivity of any ES value, and to provide a more certain system of
assessment, the individual ES scores are banded together into ranges (Range Bands: RB) where
they can be compared (Table 6-2).
Ranges are defined by conditions that act as markers for the change in bands. These conditions
would normally reflect the changes in group (A) scores, combined with the upper or lower scores
possible with the group (B) criteria.
Table 6-2: Range Bands for Environmental Score (after Fričovský et at. 2016)
Environmental
score range-band

Classification

Performance Description

+192 to +108

D

major positive impact

+107 to +54

C

significant positive impact

+53 to +31

B

moderate positive impact

+30 to +1
0

A
N

slight positive impact

-1 to -30

-A

slight negative impact

-31 to -53

-B

moderate negative impact

-54 to -107

-C

significant negative impact

-108 to -192

-D

major negative impact
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The prediction of environmental impacts to be analysed were determined by checklists and also
to a great extent incorporated expert judgment and professional opinions of the EIA consultants
involved in the preparation of the report.
6.3.2

Limitations and Uncertainty

The methods used to predict and evaluate the environmental impacts that may be associated with
the proposed road development may not be the most comprehensive methods as they are quite
simple methods. The main shortcoming of these methods is that only assumptions have been
made to predict the impacts which may or may not be accurate. Also, the degrees at which these
impacts are either accurate or inaccurate as well as uncertainties and natural variability are the
key factors that affect the accuracy of these methods. Also, the EIA report has taken into
consideration similar studies undertaken in the Maldives as well as expert judgment in
identifying the main environmental impacts that may be associated with the proposed
development. In such cases, although environmental impacts may be similar, there may be
differences in terms of scale, magnitude, etc.
Environmental impact prediction involves a certain degree of uncertainty as the natural and
anthropogenic impacts can vary from place to place due to even slight differences in ecological,
geomorphic or social conditions in a particular place. There is also limited ecological data and
information regarding the particular site under consideration, which makes it difficult to predict
impacts. However, the level of uncertainty, in the case of this project is expected to be low due
to limited activities and experience of in similar projects carried out in the Maldives.
Nevertheless, it is important to consider that there will be uncertainties and to undertake
voluntary monitoring as described in the monitoring program given in this report.
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Assessment Scores
The following sections present evaluation scores and range bands of components assessed via
the Rapid Impact Assessment Matrix.

Physical-Chemical (PC) components
Code Description
PC1 Land use efficiency
PC2 Infrastructure impact
PC3 Noise
PC4 Marine water quality
PC5 Groundwater quality
PC6 Air quality
PC7 Soil quality
PC8 Odour
PC9 Light pollution
PC10 Erosion
PC11 Landscape modification
PC12 Accessibility
PC13 Drainage
PC14 Accidents
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a1
1
1
1
1
1
3
1
1
1
1
1
1
1
3

a2
1
-1
-1
-1
-1
-1
-1
0
0
0
-1
1
0
-1

b1
3
3
3
3
3
3
2
1
1
1
3
3
1
2

b2
3
3
3
3
3
3
2
1
1
1
3
3
1
2

b3
3
3
3
3
3
3
2
1
1
1
3
3
1
3

b4 aT bT ES
3
1 12
12
2
-1 11 -11
2
-1 11 -11
3
-1 12 -12
3
-1 12 -12
3
-3 12 -36
2
-1 8
-8
1
0
4
0
1
0
4
0
1
0
4
0
2
-1 11 -11
2
1 11
11
1
0
4
0
2
-3 9
-27

BAND
A
-A
-A
-A
-A
-B
-A
N
N
N
-A
A
N
-A
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Biological-ecological (BE) components
Code Description
a1
BE1 Terrestrial fauna
1
BE2 Terrestrial flora
1
BE3 Marine/aquatic fauna
1
BE4 Marine/aquatic flora
1
BE5 Primary agricultural land
1
BE6 Habitat
1
BE7 Endemism
1
BE8 Biodiversity
1
BE9 Special protection area
1
BE10 Ecological stability
1
BE11 Land aesthetics
1
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a2
0
0
-1
0
0
-1
0
0
0
0
-1

b1
1
1
3
1
1
3
1
1
1
1
3

b2
1
1
3
1
1
3
1
1
1
1
3

b3
1
1
2
1
1
2
1
1
1
1
3

b4 aT bT ES
1
0
4
0
1
0
4
0
2
-1 10 -10
1
0
4
0
1
0
4
0
2
-1 10 -10
1
0
4
0
1
0
4
0
1
0
4
0
1
0
4
0
2
-1 11 -11

BAND
N
N
-A
N
N
-A
N
N
N
N
-A
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Social-cultural (SC) components
Code Description
SC1 Public services
SC2 Public acceptability
SC3 Public safety
SC4 Public health
SC5 Region promotion
SC6 Change to population
SC7 Recreation
SC8 Tourism
SC9 Climatic adaptability
SC10 Cultural heritage
SC11 Natural heritage
SC12 Historical heritage
SC13 Education
SC14 Research and science
SC15 Archaeology
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a1 a2 b1 b2 b3 b4 aT bT
2 1 3 3 3 3
2 12
2 1 3 3 2 3
2 11
2 -1 2 2 2 3 -2
9
3 1 3 3 3 3
3 12
3 1 3 3 3 3
3 12
2 0 1 1 1 1
0
4
2 0 1 1 1 1
0
4
3 1 3 3 3 3
3 12
3 1 3 3 3 3
3 12
3 0 1 1 1 1
0
4
3 0 1 1 1 1
0
4
3 0 1 1 1 1
0
4
3 0 1 1 1 1
0
4
3 0 1 1 1 1
0
4
4 0 1 1 1 1
0
4

ES
24
22
-18
36
36
0
0
36
36
0
0
0
0
0
0

BAND
A
A
-A
B
B
N
N
B
B
N
N
N
N
N
N
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Economic-operation (EO) components
Code Description
EO1 Conflict of interests
EO2 Energy losses
EO3 Operation costs
EO4 Traffic and transport
EO5 Infrastructure built-up
EO6 Health costs
EO7 Employment
EO8 State revenue
EO9 Economic self-sufficiency
EO10 Local pricing
EO11 Housing/ living quality
EO12 Property value
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a1 a2 b1 b2 b3 b4 aT bT
2 0 1 1 1 1
0
4
2 -1 3 3 3 2 -2 11
1 -2 3 3 2 2 -2 10
2 -1 3 3 3 2 -2 11
2 2 3 3 3 3
4 12
2 -1 3 3 2 3 -2 11
3 2 3 3 2 3
6 11
3 1 3 3 3 2
3 11
2 1 3 3 3 3
2 12
3 2 3 3 3 3
6 12
2 1 3 3 3 3
2 12
2 2 3 3 2 3
4 11

ES
0
-22
-20
-22
48
-22
66
33
24
72
24
44

BAND
N
-A
-A
-A
B
-A
C
B
A
C
A
B
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6.4.1

Overall Impact Significance

The results from RIAM have been collated to summarize significance of predicted impacts from
the proposed project on different aspects of the environment. Overall, no major positive or
negative impact have been identified from the proposed project. However, significant positive
impacts on two aspects of economic-operational component (EO7 and EO10) were identified
while no significant negative impact have been identified from the project. Furthermore,
moderate positive impacts on 7 aspects of social-cultural as well as economic-operational
components were identified while only 1 moderate negative impact (PC6) was identified from
the proposed project. Slight negative and positive impacts on several aspects of the environment
were also identified through this assessment (Figure 6-1).

Figure 6-1: Range band distribution for the predicted impacts
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Project Specific Impacts- Construction Phase
6.5.1

Waste Generation

The proposed bottling plant construction is expected to generate liquid and solid waste during
construction. For instance, packaging material, leftover PVC and waste produced during
borehole drilling and construction activities such as rejected casing materials and excavated
materials will contribute to construction phase waste generation.
A fairly significant amount of sand and water mixed with drilling mud and other chemicals used
in borehole drilling and developing process will also be generated. The use of bentonite in drilling
process is mainly for its properties as lubricant and cooling agent during the drilling process and
as sealant afterwards. Bentonite is the most widely used drilling mud for borehole construction
in Maldives. Adverse impacts on groundwater and the environment from this has not been
reported so far.
Waste water-clay mixture needs to be collected and disposed off properly to avoid any negative
impacts on the groundwater and soil surface. Potential impacts that could arise from improper
disposal include minor/temporary groundwater pollution, changes to draining capacity of local
soil layer and subsequent changes in rainwater runoff that could increase risk of localized
flooding in the vicinity.
Improper disposal of other construction waste such as packaging materials and PVC may result
in negative impacts on aesthetics of the area and increase risk of potential risk of accidents.
Furthermore, if non-biodegradable waste such as plastic bags/covers end up in the marine
environment it may cause mortality of marine fauna by entanglement and suffocation.
As a wetland area is located fairly close to the project site, special care must be taken to avoid
these impacts reaching the area throughout the project life.
As these impacts are generally associated with any construction work and fairly easy to avoid
with proper project management, they are considered minor to negligeable. A number of
mitigation measures to reduce likelihood of them occurring has been proposed nonetheless.
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6.5.2

Impacts due to excavation and brine discharge pipe
installation

Excavation will be undertaken for laying the brine discharge line from the brine reject tank to the
nearshore marine environment. This is not expected to require any dewatering as the brine
discharge location is fairly close. Therefore, potential impacts on the aquifer associated with
dewater will not be present for this project. However, impacts associated with excavation on the
road is predicted for this project during construction phase. These include;
•

Emission of greenhouse gas due to fuel use in machinery

•

Noise and dust during excavation

•

Loosening of sub soil layer

•

Accidents and falls due to poor signage

•

Risk of damage to existing utility lines on the road

The scale of the proposed project is relatively small and with proper project management these
impacts could be mitigated to negligeable levels.
6.5.3

Impacts due to material transport

The transport and supply of material, excavator, truck and any other machinery may have impacts
that may arise from:
•

Accidental spillage of construction materials (e.g. cement).

•

Accidental oils and other chemical spills.

Considering the scale of the project, the above impacts are expected to be marginal in nature.
6.5.4

Ambient Air

The main source of air pollution during construction phase is the operation of construction
equipment. The operation of various construction equipment requires combustion of fuel which
lead to emissions. Normally, diesel is used in such equipment. The major pollutant which gets
emitted as a result of diesel combustion is SO2. The SPM emissions are minimal due to low ash
content.
Based on past experience in similar projects, the increase in SPM and SO2 is not expected to
increase significantly due to combustion of fuel in construction equipment. In the proposed
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project, no significant impact on ambient air quality is expected as a result of operating
construction equipment due to its small scale and limited use of large machinery and equipment.
The use of diesel as well as petrol in equipment and generators and operation of machines cause
emissions of carbon dioxide, sulphur dioxide and nitrogen oxides with fine particulate matter.
Carbon dioxide being the primary greenhouse gas and the main contributor to global warming,
likely future carbon emissions would be a cause for concern, as the impact cumulatively adds to
the global burden of carbon emissions.
The size of the project being small, the impact due to fuel for energy is not a significant
contribution to global warming by itself. However, the cumulative impact shall be considered to
be minor to moderate. Mitigating the impacts of fossil fuel use, it is useful to evaluate the
different options in terms of their energy use.
6.5.5

Ambient Noise

The impacts on ambient noise levels are expected only during the project construction phase, due
to earth moving machinery, operation of construction equipment.
6.5.5.1

Impacts due to operation of construction equipment

Noise levels in the immediate proximity of most work sites are expected to increase during
construction. The duration of this exposure will be relatively brief. This exposure represents
temporary, localized, adverse residual effect of low to moderate significance for affected
receptors. While building damage due to ground vibrations is unlikely, there may be
annoyance to spatially located receptors during construction. Noise levels associated with the
operation of construction equipment will be minor as civil works will be confined in relatively
small sites and outside usual residential area of the island.
Walls of various houses or other structure will attenuate at least 30 dB(A) of noise. In addition,
there is noise attenuation due to the following factors.
•

Air absorption

•

Rain

•

Atmospheric inhomogeneties.

•

Vegetal cover
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6.5.5.2

Impacts on labour and community

The effect of high noise levels on the operating personnel has to be considered as this may be
particularly harmful. It is known that continuous exposures to high noise levels above 90dB(A)
affects the hearing acuity of the workers/operators and hence, should be avoided. To prevent
these effects, it has been recommended by the US Occupational Safety and Health
Administration (OSHA) that the exposure period of affected persons be limited as in Table 6-3.
Table 6-3: Maximum Exposure Periods specified by OSHA
Maximum equivalent continuous
Noise level dB(A)
90
95
100
105
110
115
120

6.5.6

Unprotected exposure period per day for 8 hrs/day and 5
days/week
8
4
2
1
½
¼
No exposure permitted at or above this level

Ecology

The site of the proposed project has little or no vegetation; thus, no adverse impact is anticipated
on terrestrial ecology.
Sediment re-suspension is expected to occur during construction of the brine discharge line. The
assessment of the area showed there was little to no ecologically significant marine wildlife in
this location. Furthermore, the dominant currents in the area are expected to carry any
sedimentation produced during construction of the discharge away from the house-reef. With the
scale of this project and length of outfall within the marine environment being rather short, the
installation work is expected to be finished within a very short period of time, reducing potential
impacts on the marine environment.
6.5.7

Cultural Property

The proposed project would not affect any sites of religious, historical and/or cultural
significance.
6.5.8

Hazards

In addition to unlikely accidental damage caused to corals from barges and other vessels
transporting materials to the island, these machines run on diesel fuel, which will have fuel
management and handling issues in addition to carbon emissions. Poor handling and
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management of diesel and other fuel as in many islands, often lead to contamination of the
aquifer. Some degradation of the marine environment is also likely. Moreover, improper
handling of fuel could result in accidents and mishaps such as fires, which has in the past had
caused major damages.
Efforts shall be made to avoid accidental spillages from machinery including overtopping leading
to severe spillages. Machines must be operated by experienced operators and made sure machines
are clean all the time. It would also be necessary to avoid throwing of cleaning materials and
changed oils into the environment.
6.5.9

Health and safety

The main health and safety issues during the construction stage would be in the operation of
heavy machinery and equipment such as excavators with the risk of toppling. Falls and accidents
due to carelessness in the project site has been a concern in many construction sites and must be
addressed during the planning and implementation stages.
During the installation of marine outfall, workers will be working in a highly dynamic
environment in terms of currents and waves; hence there is risk of accidental injuries to
workforce. These can be prevented by employing proper safety protocols and training.
Noise levels felt by workers can be a health issue too. However, noise levels at the project site
would not be too high and would be intermittent and not continuous. Therefore, acceptable
average daily exposure levels would not be exceeded for construction workforce.
The ongoing global pandemic is also a concern during construction work. Some workers and
staff that will be working on site in Thinadhoo will be travelling from Male’, the hotspot of
COVID19 spread at present. The risk of spreading COVID19 to Thinadhoo community via
movement of personnel from Male’ is fairly high. All precautionary actions to avoid such a
scenario must be taken during the project. These may include quarantine of people, wearing PPE,
tests prior to departure and avoiding gatherings and meeting with local community as much as
possible.

Proponent: Aqua Line Pvt. Ltd.
Consultant: Hussain Fizah

P a g e | 94

EIA for the Proposed Bottling Plant at GDh. Thinadhoo

Project Specific Impacts – Operational Phase
6.6.1

Water quality at the brine discharge location

One of the adverse impacts anticipated because of the project is disposal of brine from the RO
Plant. The main source of negative impacts on the receiving marine environment during
operation phase would be rejects from RO plants. With a recovery percentage of 43% from the
RO plants proposed, using the formula;
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =

1
(1 − 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 %)
1
= 1.75
(1 − 0.43)

As the estimated TDS of influent is 35ppt, with a concentration factor of 1.75, and rejection rate
of 90%, it is estimated the TDS of reject water disposed via the outfall will be around 55ppt.
As a general guideline for brine discharge dilution, salinity within 100m radius (mixing zone)
shall not increase by 5% of the natural salinity to avoid adverse impacts on marine lifeforms as
reported by (Jenkins et. al (2012)) in “Management of Brine Discharges to Coastal Waters
Recommendations of a Science Advisory Panel Technical Report 694, Southern California
Coastal Water Research Project” i.e., salinity should not rise more than 1.75ppt within 100m of
point of discharge.
Assuming the mixing zone as a semi-circle around the point of discharge and with an average
depth of 1m, the total volume of seawater within this zone is estimated to be 15,000m3 at any
given time. Assuming current speed at this site to be an average of 0.1ms-1, it will take roughly
30 min for the entire volume of seawater within the mixing zone to be replaced. To demonstrate
dilution potential, in the following calculations it is assumed full 2 days are taken to replace all
water within the mixing zone. The maximum volume of brine that is estimated to be discharged
in a day is 13m3; giving a net volume of 26m3 for 2 days. Based on these assumptions and
estimates, this will result in an increase of 0.0033% in concentration; i.e., a mean rise of 0.033ppt
within the 100m radius. Based on these estimates and guidelines, the proposed brine discharge
is not expected to have a significant impact on the marine environment. The dilution potential at
the discharge location is high and sensitive habitats like the reef are at a suitable distance from
the point of discharge.
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6.6.2

Land

No major impacts are anticipated on land environment during project operation phase.
6.6.3

Ambient Air Quality

The proposed project is expected to require a significant amount of power to operate the plants
and machinery during the operational phase. Power is generated by combustion of fuel which
results in release of greenhouse gases. The power required for operation is proposed to be
obtained from island power grid with a supplementary genset within the project site. The
increased release of greenhouse gases in addition to other pollutants associated with power
generation from diesel due to the proposed project is minimal in itself. However, the cumulative
nature of the impact makes it moderately negative as a whole.
It should be note, no additional pollutant gases or fumes are expected to be generated from the
proposed plant operation based on the proposed equipment and raw materials.
6.6.4

Ambient Noise

No major impacts are anticipated on noise environment during project operation phase. However,
moderate to high levels of noise is expected to be generated by operation of the plant. This is
localized to the plant building itself with sound attenuation measures in place. With the plant
location fairly isolated from the residential area, this impact is expected to be experienced by
staff and equipment operators for the most part. They will be supplied with PPE while on site to
minimize long-term health issues.
6.6.5

Ecology

No major adverse impacts are anticipated on ecology during operation phase.
6.6.6

Socio-economic environment

The social and economic impacts from the proposed water bottling plant is overall positive. The
plant is expected to generate a number of job opportunities for the community while price of
drinking water bottles in the locale is expected to be reduced slightly with the reduction in
potential transport cost. This is also predicted to cascade into other sectors of the regional
economy such as restaurants and resorts. Additionally, with the development of this plant, an
alternative source of safe drinking water is established for the region. This reduces complete
Proponent: Aqua Line Pvt. Ltd.
Consultant: Hussain Fizah

P a g e | 96

EIA for the Proposed Bottling Plant at GDh. Thinadhoo

dependency of the regional communities on the supply chain of drinking water bottles from
Male’. In cases of extreme events such as natural disasters or long-term droughts, the additional
source of drinking water is expected to provide some relief. Additionally, the economic burden
on the taxpayer is also huge when millions of dollars have to be spent on providing water to
communities during the dry period. The proposed project is expected to reduce this burden
slightly by reducing transport cost and other logistic costs in these circumstances.
Furthermore, dependence on rainfall also carries the risk of water scarcity during the dry
season. Even though, island-wide water supply systems will the primary source of potable water
during these events for the community, the availability of a reliable alternative is noted as a
significant positive.
6.6.7

Cultural Property

The proposed project shall not affect any sites of religious, historical and/or cultural significance.
6.6.8

Operational Waste Generation

A significant amount of waste is expected to be generated during the operation phase of the plant.
These would include faulty bottles, packaging materials of raw materials as well as excess from
packaging operation on site. The primary disposal method proposed by the proponent is using
the waste management centre on the island. However, this will put a strain on the infrastructure
and the facility may not be capable of dealing with the additional waste. Alternatively, the
proponent may stockpile unperishable waste safely within the site and transport it to closest
regional waste management centre periodically. Furthermore, some amount of chemicals and
empty containers used for their storage such as chlorine, antiscalants and cleaning products are
expected to be produced during the operational phase of the project. If handled improperly, this
could pose risk to human health and environmental pollution. As such, sufficient preventive
measures shall be in place to avoid this outcome during operation.
The proposed method of packaging drinking water is single use plastic bottles. All the bottles
leaving the plant will end up as plastic waste. This in itself is not an impact of the proposed
project; as even without the proposed project, the production of plastic waste and empty drinking
water bottles will continue. Seven out of eight brands of drinking water currently produced in
Maldives are in plastic bottles including the most widely used three brands; TaZa, Bonaqua and
Life (Latheef, 2019). While the proposed project simply replaces another similar brand of
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drinking water bottle with a new product on the market, it is important to highlight implications
of plastic on the environment. Among the most significant negative impacts of plastic bottles on
the environment is its tendency to leach out damaging microplastics and chemicals to the
environment over time when disposed off inappropriately. In worst case scenarios, the empty
bottles end up in the marine and coastal environment where the microplastics infiltrate food chain
and cause disruptions. Microplastics are also considered to have huge ramifications to humas as
well.
While empty plastic bottles may have risk of environmental pollution and take centuries to fully
decompose, the situation can straightforwardly be averted with proper disposal; namely
recycling. While several advancements have been made in this process in recent years, recycling
PET is still in its infancy in Maldives. A first ever plastic recycling lab in Maldives was
established by Parley for the Oceans with a capacity of recycling 500kg of plastic per day while
a smart bin by MWSC with a capacity of 538 bottles per day is also currently installed (Latheef,
2019).
6.6.9

Health and Safety

As is the case with any project that involves operation of industrial scale machinery and
equipment, a certain risk of accidental injury to working personnel exists. Additionally, with
usage of fuel on site risk, of fire hazard is also present. Even though the likelihood of these
accidents occurring is extremely low, the ultimate result in case of such an accident is
devastating. A number of mitigation measures have been proposed for this in the next section of
the report.
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7

Impact Mitigation and Management
General

Based on the environmental baseline conditions, planned project activities and impacts assessed
earlier, this Chapter outlines the impact mitigation measures as well as the Environmental
Management Plan (EMP) enumerating set of measures to be adopted to minimize the adverse
impacts. The most reliable way to ensure the implementation of EMP is to integrate the
management measures in various phases of project development.
The measures include mitigation or enhancement measures in this project as found appropriate
to the nature of impacts and are categorized as below:
•

Environmental Management Plan (EMP) for construction phase.

•

Environmental Management Plan (EMP) for operation phase.

The various aspects to be covered in the above referred categories are listed in the following
paragraphs.
7.1.1

EMP for the construction phase

The various aspects to be covered as a part of EMP during construction phase are:
•

Control of environmental degradation due to congregation of labour population during
construction phase

•

Restoration and landscaping of project site

•

Health facilities during construction phase

•

Air pollution control measures

•

Noise control measures

7.1.2

EMP for the operation phase

The various aspects to be covered as a part of EMP during construction phase are:
•

Disposal of Brine

•

Combat increasing plastic waste

•

Landscaping
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EMP for Construction Phase
7.2.1

Mobilization, Machineries and Materials

Precautionary measures need to be in place while loading and unloading of materials and
machineries at work sites under supervision at all times throughout the cycle of the process.
Efforts must be made to avoid accidental spillages from machinery including overtopping
leading to severe spillages. Machines must be operated by experienced operators and make sure
machines are clean all the time. Avoid throwing of cleaning materials and changed oils into the
environment.
Efforts must be made to avoid any contamination of the environment in particular, while handling
of fuel, chemicals, and construction materials. Workers and helpers must be provided
information. Other aspects to be considered include to
•

Avoid boating activities in low tide

•

Avoid damage to coral reefs through proper navigations

•

Avoid loading, unloading and boating activities at night times.

7.2.2

Waste Management

Waste management procedures will be implemented to minimize potential impacts to the
environment. This may be achieved by consideration and application of the following:
• Avoid and/or minimize waste generation wherever practical by altering the site
procedures
• Maximize the opportunity for reusing/ recycling/ recovering materials and thereby
negate/minimize the disposal requirements (e.g. by waste segregation according to
type, separation of recyclable materials such as metal, maximize reuse of timber
framework wherever possible, utilization of excavated material for filling or
landscaping); and
• Ensure that all treatment and disposal options comply with all relevant guidelines and
standards.
The following practices will be followed to minimize waste generated from construction
activities;
• Segregate waste materials according to types to facilitate re-use;
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• Segregate different materials at source as far as practical;
• Co-ordinate material deliveries to minimize storage times on site to avoid damage and
• Provide training to site staff in waste minimization practices
• It will be ensured that construction debris will be reused on site to the maximum extent
possible.
The following measures should be implemented to mitigate the likely adverse impacts to the
environment.
• Stockpile material and cover work sites to prevent washout and erosion during heavy
rainfall.
• Adopt dust suppression techniques such as spraying water;
• Fencing designated areas for stockpiling.
A temporary refuse collection facility shall be set-up by the contractor and wastes should be
stored in appropriate containers prior to collection and disposal.
The waste management plan for construction phase has been summarized in Table 7-1.
Table 7-1: Waste management plan – construction phase
• minimization of waste generation for disposal (via reduction/ re-use onsite);
• segregating waste materials according to type to facilitate re-use;
• separation of inert construction materials;
• co-ordinate material deliveries to site;
• training site staff in waste minimization practices;
• transport of wastes off site as soon as possible;
• maintenance of comprehensive accurate waste records;
• use of re-useable metal boarding / signboards;
• no on-site burning will be permitted
7.2.3

Restoration and landscaping of project site

The construction of the proposed project, would marginally affect the existing topography and
physiography. Although, no major alteration of the area is expected as the layout has been so
conceived that no major impacts on this account are anticipated. It is recommended to landscape
the area, so that it integrates with the natural surroundings. It is proposed to clear construction
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waste material from entire area. It should be made mandatory for the contractor involved in
construction activities to remove all the construction waste and restore the original topography
of the area.
7.2.4

Health facilities during construction phase

It is possible that during construction phase, the labour and the technical staff can suffer from
various manifestations such as insect bites, fever, diarrhoea, work exhaustion and other diseases.
In addition, they may suffer from injuries caused by accidents at the work site. Dispensary is
operational at the Island. It is recommended that adequate quantity of medicines and other
necessary items are always available at the dispensary.
7.2.4.1

Occupational Health and Safety

When working at Site all personnel working will be required to comply with Occupational Health
and Safety (OH & S) standards to meet OHAS18001. OH & S refers to the conditions and factors
that affect or could affect the health and safety of employees or other workers (including
temporary workers and contractors personnel), visitors, or any other person in the workplace.
This includes,
•

Wearing of Proper Site clothing.

•

Wearing of hard hats, gloves at working site.

•

Wearing Safety Shoes at working sites.

•

Maintaining a “First aid Kit” to attend to minor injuries that may occur during Site works.

•

Providing Safety Sign boards near areas where a danger or public related health issue
may occur.

•

Providing Proper Barricading and Warning lights when an area such as an “excavated
area is left open”.

•

Wearing of Safety Mask/Gas Protection Mask when working with Hazardous chemicals.

•

And any other related safety precautions as per the site condition that may affect the
health and safety of the workers or people involved in the construction should be taken.
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7.2.5

Air pollution control measures

Air pollution control measures include:
•

Fine aggregates/construction material stored till the time they are utilized, can be a source
of fugitive emissions. It is suggested that Stockpiles shall be regularly sprayed with water
to prevent the entrainment fugitive emissions.

•

All vehicles delivering materials to the site from barge/ship anchoring at the Island will
be covered to avoid spillage of materials.

•

All roads which are conducting to the project site used by vehicles shall be kept clear of
dust and other extraneous materials dropped by such vehicles.

•

Unloading of vehicles used for transport of construction material shall be done only
during day time.

Mitigation measures to minimize emissions from machinery and vehicles related to the project
including mobilisation and operational phase include:
•

Use light fuel (with low sulphur content) as much as possible.

•

Avoid unnecessary operation of vehicles, machines and boats.

•

Keep in place appropriate transport management system.

•

Minimize mobilisation by planning the mobilisation. In most of the projects undertaken
near residential areas, several mobilisations happen to not only increase the cost of the
project but also the environmental impact. Appropriate planning is the key.

•

Keep in place appropriate logistic management system during construction and operation
phase.

7.2.6

Noise control measures

Noise control measures to be considered are:
•

Provision of ear plugs to operators of heavy machinery and workers in near vicinity.

•

Noise limits for construction equipment to be used will not exceed 75dB(A), measured
at one meter from the edge of the equipment in free field.

•

During routine servicing operations, the effectiveness of exhaust silencers will be
checked and if found to be defective will be replaced.

•

Noisy construction operations in Island shall be restricted between 8 A.M. to 6 P.M.

•

Preventive maintenance of construction equipment shall be done to minimize noise level.
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•

The effect of high noise levels on the operating personnel, has to be considered as this
may be particularly harmful. It is known that continuous exposures to high noise levels
above 90 dB(A) affects the hearing acuity of the workers/operators and hence, should be
avoided. To prevent these effects, Occupational Safety and Health Administration
(OSHA) recommends that the exposure period of affected persons be limited as per the
maximum exposure period specified in Table 7-2.

Table 7-2: Maximum Exposure Periods specified by OSHA
Maximum equivalent continuous
Noise level dB(A)
90
95
100
105
110
115
120

7.2.7

Unprotected exposure period per day for 8
hrs/day and 5 days/week
8
4
2
1
½
¼
No exposure permitted at or above this level

Measures to be taken during excavation of earth

While planning or executing excavation the contractor shall take all adequate precautions against
soil erosion, water pollution etc and take appropriate drainage measures to keep the site free of
water. The contractor shall take adequate protective measures to see that excavation operations
do not affect or damage adjoining structures and water bodies.
The other measures are recommended as below:
•

Ensure unobstructed natural drainage through proper drainage channels/ structures.

•

Dispose surplus excavated earth at sites identified for disposal of construction wastes.

•

Ensure minimum hindrance to life of the islanders.

•

All excavations will be done in such a manner that the suitable materials available from
excavation are satisfactorily utilized as decided upon beforehand.

•

Excavations shall conform to the lines, grades, side slopes and levels shown in the
drawings or as directed by the engineer.

•

Trench excavation work shall be carried out in a safe and proper manner with appropriate
precautions being taken to safe guard workmen and existing structures and utilities
against all hazards. Notwithstanding these provisions, if damage to existing utilities
occurs, such damage shall be repaired without delay.

•

Trenches shall be excavated to the lines and levels shown on the drawing.
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•

Trenches shall be excavated to a width, which will provide adequate working spaces and
sidewall clearances for proper pipe installation, jointing and embedment.

•

All excavated materials shall be piled in a manner that will not endanger the work or
obstruct sideways or drive ways.

•

Take all measures to warn the traffic and people using the stretch of the road where the
pipes are being laid. Acceptable road signs and night- lights should be maintained during
the work period.\

•

Backfilling shall be undertaken as soon as practicable after the specified operations
preceding it, have been completed. Compacted backfilling will be required for the full
depth of the trenches

•

Ensure appropriate supervision and monitoring.

•

Complete the work as soon as possible.

•

Keep the workers informed with these aspects to minimize the impacts.

•

Avoid excessive excavation.

•

Wear safety and protection measures (personnel protection equipment).

•

Provide necessary safety signs and warnings to public

7.2.8

Construction of Outfall

The mitigation measures include:
•

To ensure appropriate supervision and monitoring.

•

Carry out the work in low tide.

•

Complete the work as soon as possible.

•

Keep the workers informed with these aspects to minimize the impacts.

•

Avoid construction of solid structures inside water.

•

Avoid washing tools, equipment etc. into lagoon.

Additionally, proper anchorage of the outfall pipe has to be ensured. Currents in the area and
wave action should be in-cooperated into the ballast weight calculations and anchor designs.
Proper material should be used to minimize anchor failures due to erosion by seawater and
hydrodynamic factors of the area. Most commonly used such material for ballast weights are
reinforced concrete. Even though there are different designs of ballast weights, flat-bottomed
ballasts are generally preferred if the submerged piping is likely to be subjected to significant
currents, tides or wave forces because they help prevent torsional movement of the pipe.
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Additionally, experience has shown that in certain marine applications where tidal or current
activity may be significant, it is feasible for the pipe to “roll” or “twist”. This influence combined
with the mass of the individual ballasts may lead to a substantial torsional influence on the pipe.
For these types of installations, an asymmetric ballast design in which the bottom portion of the
ballast is heavier than the upper portion of the ballast is recommended.
One of the most common causes of anchorage failure in marine outfall designs is corrosion of
bolts used to hold ballast weights and pipe together. Therefore, particular care must be made to
use proper saltwater corrosion resistant material for bolts.
7.2.9

Prevention of soil contamination

Measures include:
•

Vehicle/machinery and equipment operation, maintenance and refueling will be carried
out in such a fashion that spillage of fuels and lubricants does not contaminate the ground.

•

Oil interceptors will be provided for treatment of effluent from construction site.

7.2.10

Safety practices during construction

The following safety practices during construction are proposed.
•

Contractor is required to comply with all the precautions as required for the safety of the
workers as per the International Labour Organization (ILO) Convention No. 62 as far as
those are applicable to this contract.

•

Contractor will supply all necessary safety appliances such as safety goggles, helmets,
masks, etc., to the workers and staff.

•

In order to guarantee construction safety, efficient lighting and safety signs shall be
installed during construction.

7.2.11

Restoration of construction sites

Contractor shall prepare site restoration plans for approval by the Engineer, which shall be
implemented by the contractor prior to demobilization.
On completion of works, all temporary structures will be cleared away, all rubbish burnt, excreta
or other disposal pits or trenches filled in and effectively sealed off and the site left clean and
tidy, at the Contractor’s expense, to the entire satisfaction of Island Council and Ministry of
Environment and Energy, Maldives.
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EMP for Operational Phase
7.3.1

Disposal of Brine

Even though brine discharge from the proposed project is not expected to cause significant
change to water quality at the discharge location, to eliminate any potential risk, it is suggested
to employ the following measure during operation;
•

RO plants will not be operating at full capacity or throughout the entire operation. Brine
rejects will initially be stored in the reject water tank. Therefore, proponent may dispose
brine at controlled slower rates throughout the day rather than disposing it in high
volumes in short periods of time. This will facilitate dilution at discharge location.

7.3.2

Plant Maintenance

Proper pre-treatment using both mechanical and chemical treatments is critical for an RO system
to prevent fouling, scaling and costly premature RO membrane failure and frequent cleaning
requirements. Below is a summary of common problems an RO system experiences due to lack
of proper pre-treatment as well as measures proponent may take to reduce them throughout the
operational phase.
7.3.2.1

Common Problems

Fouling
Fouling occurs when contaminants accumulate on the membrane surface effectively plugging
the membrane. There are many contaminants in feed water that are naked to the human eye and
harmless for human consumption, but large enough to quickly foul (or plug) an RO system.
Fouling typically occurs in the front end of an RO system and results in a higher pressure drop
across the RO system and a lower permeate flow. This translates into higher operating costs and
eventually the need to clean or replace the RO membranes. Fouling will take place eventually to
some extent given the extremely fine pore size of an RO membrane no matter how effective pretreatment and cleaning schedule is. However, by having proper pre-treatment in place, it will
minimize the need to address fouling related problems on a regular basis.
Fouling can be caused by the following:
•

Particulate or colloidal mater (dirt, silt, clay, etc.)

•

Organics (humic/fulvic acids, etc)
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•

Microorganisms (bacteria, etc). Bacteria present one of the most common fouling
problems since RO membranes in use today cannot tolerate a disinfectant such as chlorine
and therefore microorganisms are often able to thrive and multiply on the membrane
surface. They may product biofilms that cover the membrane surface and result in heavy
fouling.

•

Breakthrough of filter media upstream of the RO unit. GAC carbon beds and softener
beds may develop an under drain leak and if there is not adequate post filtration in place
the media can foul the RO system.

By performing analytical tests, it is possible to determine if the feed water to RO has a high
potential for fouling. To prevent fouling of an RO system, mechanical filtration methods are
used. The most popular methods to prevent fouling are the use of multi-media filters (MMF) or
microfiltration (MF). In some cases, cartridge filtration will suffice.
Scaling
As certain dissolved (inorganic) compounds become more concentrated, then scaling can occur
if these compounds exceed their solubility limits and precipitate on the membrane surface as
scale. The results of scaling are a higher pressure drop across the system, higher salt passage
(less salt rejection), low permeate flow and lower permeate water quality. An example of a
common scale that tends to form on an RO membrane is calcium carbonate (CaCO3).
Chemical Attack
Modern thin film composite membranes are not tolerant to chlorine or chloramines. Oxidizers
such as chlorine will 'burn' holes in the membrane pores and can cause irreparable damage. The
result of chemical attack on an RO membrane is a higher permeate flow and a higher salt passage
(poorer quality permeate water). This is why microorganism growth on RO membranes tends to
foul RO membranes so easily since there is no biocide to prevent its growth.
Mechanical Damage
Part of the pre-treatment scheme should be pre- and post-RO system plumbing and controls. If
'hard starts' occur mechanical damage to the membranes can occur. Likewise, if there is too much
backpressure on the RO system then mechanical damage to the RO membranes can also occur.
These can be addressed by using variable frequency drive motors to start high pressure pumps
for RO systems and by installing check valve(s) and/or pressure relief valves to prevent excessive
back pressure on the RO unit that can cause permanent membrane damage.
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7.3.2.2

Pre-treatment Solutions

Below are some pre-treatment solutions for RO systems that can help minimize fouling, scaling
and chemical attack. The proposed RO plant will employ some of these measures;
Multi-Media Filtration (MMF)
A Multi-Media Filter is used to help prevent fouling of an RO system. A Multi-Media Filter
typically contains three layers of media consisting of anthracite coal, sand and garnet, with a
supporting layer of gravel at the bottom. These are the medias of choice because of the
differences in size and density. The larger (but lighter) anthracite coal will be on top and the
heavier (but smaller) garnet will remain on the bottom. The filter media arrangement allows the
largest dirt particles to be removed near the top of the media bed with the smaller dirt particles
being retained deeper and deeper in the media. This allows the entire bed to act as a filter allowing
much longer filter run times between backwash and more efficient particulate removal.
A well-operated Multi-Media Filter can remove particulates down to 15-20 microns. A MultiMedia Filter that uses a coagulant addition (which induces tiny particles to join together to form
particles large enough to be filtered) can remove particulates down to 5-10 microns.
A multimedia filter is suggested when the Silt Density Index (SDI) value is greater than 3 or
when the turbidity is greater than 0.2 NTU. There is no exact rule, but the above guidelines
should be followed to prevent premature fouling of RO membranes.
It is important to have a 5-micron cartridge filter placed directly after the MMF unit in the event
that the under drains of the MMF fail. This will prevent the MMF media from damaging
downstream pumps and fouling the RO system.
Microfiltration (MF)
Microfiltration (MF) is effective in removing colloidal and bacteria matter and has a pore size of
only 0.1-10µm. Microfiltration is helpful in reducing the fouling potential for an RO unit.
Membrane configuration can vary between manufacturers, but the "hollow fiber" type is the most
commonly used. Typically, the water is pumped from the outside of the fibers, and the clean
water is collected from the inside of the fibers. Microfiltration membranes used in potable water
applications usually operate in "dead-end" flow. In dead-end flow, all of the water fed to the
membrane is filtered through the membrane. A filter cake that must be periodically backwashed
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from the membrane surface forms. Recovery rates are normally greater than 90 percent on feed
water sources which have fairly high quality and low turbidity feeds.
Antiscalants and Scale inhibitors
Antiscalants and scale inhibitors, as their name suggests, are chemicals that can be added to feed
water before an RO unit to help reduce the scaling potential of the feed water. Antiscalants and
scale inhibitors increase the solubility limits of troublesome inorganic compounds. By increasing
the solubility limits, it is possible to concentrate the salts further than otherwise would be possible
and therefore achieve a higher recovery rate and run at a higher concentration factor. Antiscalants
and scale inhibitors work by interfering with scale formation and crystal growth. The choice of
antiscalant or scale inhibitor to use and the correct dosage depends on the feed water chemistry
and RO system design.
Softening by Ion Exchange
A water softener can be used to help prevent scaling in an RO system by exchanging scale
forming ions with non-scale forming ions. As with a MMF unit, it is important to have a 5-micron
cartridge filter placed directly after the water softener in the event that the under drains of the
softener fail.
Sodium Bisulfate (SBS) Injection
By adding sodium bisulfite (SBS or SMBS), which is a reducer, to the water stream before an
RO at the proper dose you can remove residual chlorine.
Granular Activated Carbon (GAC)
GAC is used for both removing organic constituents and residual disinfectants (such as chlorine
and chloramines) from water. GAC media is made from coal, nutshells or wood. Activated
carbon removes residual chlorine and chloramines by a chemical reaction that involves a transfer
of electrons from the surface of the GAC to the residual chlorine or chloramines. The chlorine
or chloramines ends up as a chloride ion that is no longer an oxidizer.
The disadvantage of using a GAC before the RO unit is that the GAC will remove chlorine
quickly at the very top of the GAC bed. This will leave the remainder of the GAC bed without
any biocide to kill microorganisms. A GAC bed will absorb organics throughout the bed, which
is potential food for bacteria, so eventually a GAC bed can become a breeding ground for bacteria
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growth which can pass easily to the RO membranes. Likewise, a GAC bed can produce very
small carbon fines under some circumstances that have the potential to foul an RO.
7.3.2.3

RO Data Trending and Normalization

The RO membranes are the heart of the RO system and certain data points need to be collected
to determine the health of the RO membranes. These data points include the system pressures,
flows, quality and temperature. Water temperature is directly proportional to pressure. As the
water temperature decreases it becomes more viscous and the RO permeate flow will drop as it
requires more pressure to push the water through the membrane. Likewise, when the water
temperature increases the RO permeate flow will increase. As a result, performance data for an
RO system must be normalized so that flow variations are not interpreted as abnormal when no
problem exists. The normalized flows, pressures and salt rejection should be calculated, graphed
and compared to the baseline data (when the RO was commissioned or after the membranes were
cleaned or replaced) to help troubleshoot any problems and also determine when to clean or
inspect the membranes for damage. Data normalization helps display the true performance of the
RO membranes. As a general rule of thumb, when the normalized change is +/- 15% from the
baseline data then action needs to be taken. If this rule is not followed then RO membrane
cleanings may not be very effective at bringing the membranes back to near new performance.
7.3.2.4

RO Membrane Cleaning

RO membranes will inevitably require periodic cleaning, anywhere from 1 to 4 times a year
depending on the feed water quality. As a general rule, if the normalized pressure drop or the
normalized salt passage has increased by 15%, then it is time to clean the RO membranes. If the
normalized permeate flow has decreased by 15% then it is also time to clean the RO membranes.
The operator can either clean the RO membranes in place or have them removed from the RO
system and cleaned off site by a service company that specializes in this service. It has been
proven that offsite membrane cleaning is more effective at providing a better cleaning than onsite
cleaning skids.
RO membrane cleaning involves low and high pH cleaners to remove contaminants from the
membrane. Scaling is addressed with low pH cleaners and organics, colloidal and biofouling are
treated with a high pH cleaner. Cleaning RO membranes is not only about using the appropriate
chemicals. There are many other factors involved such as flows, water temperature and quality,
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properly designed and sized cleaning skids and many other factors that an experienced service
group must address in order to properly clean RO membranes.
7.3.3

Combatting Plastic Pollution

Even though the project does not directly contribute to plastic waste generation, it may be a
valuable approach for the proponent to assist communities in reducing plastic waste. This will
also increase public trust and acceptance of the project. The following are suggestions the
proponent may evaluate and consider on this endeavor;
•

Integrate option to supply product in re-usable containers (e.g., 15l re-usable bottles)
where the proponent may establish filling kiosks in selected zones of the island. While
the initial cost may be high, the proponent as well as users are expected to get a better
return in the long run when the additional cost of packaging is removed. However,
feasibility of this needs to be assessed in detail prior to making a decision and may
require consultation with island council as well as relevant government authorities.

•

Establish PET recycling channels for the communities in the region. While there are few
options for recycling in the Maldives at present, the proponent may consult established
recycling operations (e.g., recycling lab by Parley for the Maldives) and assist the local
communities in forming a reliable channel for collecting and recycling plastic waste

Cost of mitigation measures
The proposed mitigation measures are mostly best practises and timing, no significant additional
cost is envisaged. All cost has already been in cooperated in the project costs.
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8

Project Alternatives
Introduction

This section looks at alternative ways of undertaking the proposed project. There are two basic
options: (1) leave the problem as it is (no project option), or (2) take measures to resolve the
problem (undertake the project options). If the project were to continue, it would be necessary to
take economic, ecological and social aspects of the project into consideration and ensure that
these concerns exist within a delicate balance. Neither the economic benefits nor the social and
ecological concerns can be avoided. Therefore, it is important to consider all options and ensure
that the best available option(s) is/are chosen to solve the issues/problems.
Not all the impacts of a project can be completely prevented, however, with the use of appropriate
technology and management measures; the magnitude of most of these impacts can be either
reduced or minimized. Nevertheless, the effectiveness of these technology and mitigation
measures highly depends on the environmental condition and procedures in which they are
applied in the field. On the other hand, there are complex and sophisticated procedures of
minimizing environmental impacts by means of alternative methods to some of the activities.
Often, alternative means are not economically competent with the extent of the project itself.
However, to some of the activities where predicted impacts and its magnitudes on the
environment are very adverse, alternate means must be applied considering long-term benefits
from use of alternatives, as short-term environmental restorations can become very costly.
The following section describes and evaluates some alternatives in terms of locations and various
project activities and methods of construction for the proposed project.
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No Project Option
No development option refers not carrying out the proposed project. This is the baseline against
which all the other alternatives and development proposals are assessed.
The “No Project” option would imply the proposed bottling plant will not be established and
hence, potential economic benefits associated with the project to the region as well as to the
proponent will not take place. As has been established in the previous sections of the report, there
are no significant adverse environmental impacts of the project, while several direct and indirect
positive socio-economic impacts are envisaged from the project. Hence, no project option is not
preferred over carrying out the proposed project.

Alternative desalination technologies
Solar desalination is an increasingly attractive option for small scale projects. However, as this
type of plants have not been tried in the Maldives, it may be difficult to establish feasibility and
performance.
An alternative to reverse osmosis plants is the multi-effect distillation plants such as the one in
STELCO in Malé, which uses excess heat from the STELCO powerhouse. This will produce distilled
water and minerals would have to be added unlike reverse osmosis where minerals are present after
treatment. This alternative is unsuitable for the proposed project due to absence of a suitable heat
source.

8.3.1

Solar Desalination

Solar desalination is a quite recent technology, however, its use in small water treatment works
is becoming increasingly popular. Recently, a solar powered RO plant was proposed for Vavvaru
project, which is a Spectra model. They are extremely energy-efficient and are well-suited for
small operations. In fact, the Spectra LB machines are so efficient they are often powered from
renewable energy, especially solar. A unit of Spectra LB-2800GPD would produce about 11,000litres
of water per day.

Alternatively, solar powered (photovoltaic (PV) cells) water pumps have been tested in South
Africa in remote areas to supply water from active boreholes to animals, farms and people. PV
cells are typically combined into modules that hold many cells; two or more of these modules
are mounted in PV arrays that can measure up to several meters on a side. These flat-plate PV
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arrays can be mounted at a fixed angle facing north, or they can be mounted on a tracking device
that follows the sun, allowing them to capture the most sunlight over the course of a day. Usually
about 2 to 3 PV arrays can provide enough power to run a borehole pump.
Some PV cells are designed to operate with concentrated sunlight. These cells are built into
concentrating collectors that use a lens to focus the sunlight onto the cells. This approach has
both advantages and disadvantages compared with flat-plate PV arrays. The main idea is to use
very little of the expensive semi-conducting PV material while collecting as much sunlight as
possible. But because the lenses must be pointed at the sun, the use of concentrating collectors is
limited to the sunniest parts of the world. Some concentrating collectors are designed to be
mounted on simple tracking devices, but most require sophisticated tracking devices, which
further limit their use for electric utilities.
Only sunlight of certain energy will work efficiently to create electricity, and much of it is
reflected or absorbed by the material that makes up the cell. Because of this, a typical commercial
PV cell has an efficiency of 15% - about one-sixth of the sunlight striking the cell generates
electricity. Low efficiencies mean that larger arrays are needed, resulting in higher costs.
The proposed project does not utilize solar power for any component. In cooperating solar energy
to power part of the operation would be a great alternative to the proposed complete reliance on
diesel-based power. This alternative will reduce green-house gas and air pollutant emission to
power the plant greatly. Even though the initial cost of this alternative may be slightly higher
than the proposed, the environmental benefit as well as cost saving on fuel in long term will be
more beneficial for the proponent. This option was also recommended by Ministry of
Environment during the stakeholder consultation.
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Alternative feed water
There are three practical alternative sources of feed water; namely seawater from the sea,
groundwater using infiltration galleries and shallower boreholes. The first method may involve
laying pipes beyond the reef edge and working on the reef areas including possible dredging or
use of machinery. The second method would require a large space and also the potential for
clogging and maintenance issues are rather high. The third alternative involves small and
insignificant coning effect on the groundwater lens, however, would reduce the cost of the
reverse osmosis process. The borehole option, therefore, is becoming increasingly popular for
RO systems in the Maldives. However, most existing systems in Maldives (resorts) use the
seawater intake possibly due to ease of installation and for some potential for anoxious conditions
resulting in ammoniacal or hydrogen sulphide smell in the product water if boreholes were used.
8.4.1

Infiltration Galleries

Infiltration galleries are a type of skimming technology, in which perforated pipe system is laid
on a large area of land to draw groundwater at sustainable rates. Large areas such as football
fields or parks can be used for this. The water that is drawn in this manner is centrally treated
and distributed to households. This is a cheaper system compared to desalination and provides
adequate quantities for small projects. Given the water requirement for operation of the proposed
plant, a significant size of infiltration gallery will be required. The proponent currently does not
pose access to a suitable sized land. Considering the proposed project is a private economic
venture, it will be unjustified to allocate a relatively large-scale land area for this project from
the island where land is considered scarce and several more important communal projects and
sectors need the land. More so when the only benefit to this would be reduced operational cost
for the proponent alone.
8.4.2

Shallower Boreholes

In the Maldives, the Borehole Guidelines indicates that the borehole should be 30m below the
ground and that the feedwater shall have an electrical conductivity not less than 50,000uS/cm.
However, since this is a Guideline, alternatives may be adopted in consultation with the
Environmental Protection Agency. There are two alternative options: groundwater direct from
the water lens using infiltration galleries and brackish water using a borehole at the periphery
drawing water from below the water lens at about 10m below the water table. While these options
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are believed to have minor impact on the overall groundwater lens since the boreholes are usually
in the periphery of the island, these options need to be studied further. Of these, the option of
drawing direct from the water lens would reduce costs dramatically, however, may not be
allowed as it could have a negative impact on groundwater aquifer or neighbouring household
wells. However, if the borehole is on the periphery of the island, brackish water below the
freshwater lens could be obtained as shallow as 10m from the surface. This is not expected to
have an impact on the groundwater aquifer during operational phase for small water works. Yet,
further research in this area would be necessary before arriving at conclusions.
8.4.3

Sea and lagoon intakes

The trapping of marine organisms against the intake screens by the velocity and force of water
flowing to it (impingement) and smaller marine organisms passing through the intake screens
and getting into process equipment (entrainment) are two key impacts of sea intakes or reef
intakes. This is not a cause for concern in the case of lagoon intakes since the water flows into
the well from the surface and the entry of marine organisms is restricted. Lagoon intakes also
reduce the construction cost quite significantly. However, there may be aesthetic concerns,
therefore, not usually recommended. In locations where the reef extent is large, lagoon intakes
can be considered as an alternative to boreholes or sea intakes and Thinadhoo (lagoon area closest
to the project site) does not have such an environmental setting to foster the use of lagoon intakes.
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Alternative Brine Outfall
Brine disposal to the nearshore environment directly west to the project site has been considered
the most practical method for this project. Alternatively, the proponent may dispose brine beyond
the house-reef or north of the proposed project.
8.5.1

Beyond House-reef

As has been described in the existing environment section of this report, the wave and currents
on this side of the island is fairly strong due to direct swells from Indian ocean. This would mean
an outfall beyond the house-reef will require anchorage to be very strong; not to mention
considerably high risk of damage to house-reef and elevated risk of accidental injury to workers
during installation. Furthermore, the dominant current is westerly on this side of the island, if
brine is disposed beyond the house-reef, the discharge is most likely to end up on the reef.
8.5.2

North of the Proposed Location

As stated in the stakeholder consultation section of this report, the brine outfall location currently
proposed is highly disliked by the island council. The main reason being the location falls within
the zone of shore protected by geo-bags instead of rock boulder revetment. Laying the outfall
pipe at this location is most likely to damage the geo-bag revetment. As such the island council
suggests constructing the brine outfall north of this area where the rock boulders are used instead
of geo-bags.
While this alternative location appears to be further from the plant compared to proposed
discharge location, the actual distance is slightly (~20m) less than the proposed location. This
will reduce power requirement to pump brine reject due to reduced distance; furthermore, the
island council’s concern is understandable and realistic. Furthermore, this location also has a
very similar environmental setting as the proposed; resulting in similar environmental impacts
as the proposed.
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Preferred alternatives
Based on the discussion above, the most preferred alternative to proposed project components is
the alternative brine discharge location. Furthermore, in cooperation of solar power to meet at
least some of operational power needs rather than completely relying on diesel-based power
generation is also preferred over the proposed.

Figure 8-1: Alternative brine discharge location

Proponent: Aqua Line Pvt. Ltd.
Consultant: Hussain Fizah

P a g e | 119

EIA for the Proposed Bottling Plant at GDh. Thinadhoo

9

Environmental Monitoring
Introduction

Environmental monitoring is essential to ensure that potential impacts are minimized and to
mitigate unanticipated impacts. The parameters that are most relevant for monitoring the impacts
that may arise from the proposed project are included in the monitoring plan. These include water
and air quality as well as noise levels around the project site.
Monitoring would ensure that the proposed activities are undertaken with caution and
appropriative care so as to protect and preserve the built environment of the areas in proximity
to the site or those areas and environmental aspects affected by the development.
The purpose of the monitoring is to provide information that will aid impact management, and
secondarily to achieve a better understanding of cause‐effect relationship and to improve impact
prediction and mitigation methods. This will help to minimize environmental impacts of projects
in future.
The monitoring plan shall target to measure:
•

groundwater quality

•

odour/air quality

•

sea water quality and visibility

•

impacts are accurate and mitigation measures taken are effective

•

the thresholds are kept within the baseline limits predicted
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Recommended Monitoring Program
Outlined in Table 9-1 is a project specific monitoring programme. This monitoring programme
for the proposed project includes three monthly and six-monthly monitoring. The monitoring
programme is considered to be suitable for 4 or 5 years, following which it may be revised
according to impacts identified during that monitoring period.

Monitoring Report
A detailed environmental monitoring report is required to be compiled and submitted to the
Environment Protection Agency yearly based on the data collected for monitoring the parameters
included in the monitoring programme given in this report. EPA may submit the report to the
relevant Government agencies in order to demonstrate compliance of the Proponent.
The report will include details of the site, strategy of data collection and analysis, quality control
measures, sampling frequency and monitoring analysis and details of methodologies and
protocols followed. The report will also include fuel and water consumption data and greenhouse
gas emission calculations.
In addition to this, more frequent reporting of environmental monitoring will be communicated
among the environmental consultant, project proponent, the contractors and supervisors to ensure
possible negative impacts are mitigated appropriately during and after the project works.
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Table 9-1: Proposed annual monitoring schedule with costs
No.

1
2

Indicator/locations
Marine water quality (brine discharge
location at down drift and updrift plus a
control location on the other side)
Groundwater (3 locations from Baseline
Locations used in EIA)

Parameters to be monitored

Frequency and duration

M1

M4

M7

M12

Total

Rate (USD)

Total (USD)

Water quality: temperature, pH, salinity/TDS/EC,
dissolved oxygen, turbidity, TSS

Every six months

3

3

3

9

50.00

450.00

pH, EC, TDS, dissolved oxygen, THC

Every six months

3

3

3

9

60.00

540.00

Every six months

1

1

1

3

120.00

360.00

Every 3 months

1

1

5

120.00

600.00

3

9

7.50

67.50

2

-

-

1

800.00

800.00

Water quality: temperature, pH, salinity/TDS/EC,
dissolved oxygen, turbidity, TSS, nitrate, phosphate,
COD, BOD
Water quality: temperature, pH, TDS, EC, dissolved
oxygen, turbidity, free and residual chlorine, total and
faecal coliforms

3

Desalination Plant intake water quality

4

Product water quality

5

Noise (Baseline locations)

Noise levels (spot readings)

Every six months

3

3

6

Socio-economic aspects and Operation

Price of bottled water, employment, system
performance and customer satisfaction, fuel
consumption

Every six months

1

1

8

Annual Monitoring Report

Total cost

M10

1

1

1

1
592.50

120.00

592.50

120.00

592.50

2,817.50

Note:
M indicates Month
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10 Conclusions
In conclusion, the proposed project to construct a bottling plant at GDh Thinadhoo is justified
from a technical and socio-economic point of view.
Bottled water has become one of most common sources of drinking water in the Maldives during
the recent years. However, majority of bottling plants are located in the Male’ region far away
from Thinadhoo. As a result, the transport cost of bottled water is fairly high for Thinadhoo
region. This project aims at producing high quality bottled drinking water in Thinadhoo to fill
the regional gap in the production.
The main negative impacts of the proposed development include impacts associated with
increased power requirement and subsequent increase in greenhouse gas and air pollutants and
increased waste generation. All of these impacts are rather minor compared to potential positive
socio-economic impacts of the proposed project such as increased job opportunities for the local
community, slightly reduced price of bottled drinking water and even a reduction in dependency
on plants located in other parts of the country.
The mitigation measures proposed for the construction phase are general construction controls
such as dust, noise and emission control measures for land-based civil works and sediment
minimisation during construction of brine discharge line. Some of the mitigation measures
proposed for the operational phase include employment of trained personnel maintain and service
the facilities and even exploring potential channels for plastic recycling in association with
regional communities. With the implementation of the mitigation measures outlined in this EIA,
severe or irreversible environmental impacts are not expected for the proposed project. However,
a suitable monitoring programme is very important to ensure no unexpected impacts would occur
during the operational phase of the project. The main parameters that have been proposed for
monitoring include ground and sea water quality, air quality and sound levels.
As far as alternatives to proposed project components are considered, alternative feed water,
power generation and outfall location has been considered. Based on comparison, alternative
outfall location and using solar power to meet at least a portion of power demand during
operation was considered more preferable to proposed.
In conclusion, the proposed project to establish a bottling plant on GDh. Thinadhoo has no major
negative environmental impacts while some positive socio-economic impacts are envisaged.
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Therefore, the project may be allowed to proceed as proposed; however, considering the island
council’s concern over the proposed outfall location as well as benefit to proponent due to
reduced pumping distance the alternative brine outfall location discussed in this report is highly
recommended.
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No: 203-ECA/PRIV/2020/602

Terms of Reference for Environmental
Impact Assessment for the Proposed bottling plant at
Thinadhoo, Gaafu Dhaalu Atoll
The following is the Terms of Reference (ToR) following the scoping meeting held on 22nd December 2020 for
undertaking the EIA of the proposed bottling plant at Thinadhoo, Gaafu Dhaalu Atoll. The proponent of the project is
Aqua Line Pvt. Ltd. The EIA consultant of this project is Mr. Hussain Fizah (License No. EIA P01/2014)

While every attempt has been made to ensure that this TOR addresses all of the major issues associated with
development proposal, they are not necessarily exhaustive. They should not be interpreted as excluding from
consideration matters deemed to be significant but not incorporated in them, or matters currently unforeseen, that
emerge as important or significant from environmental studies, or otherwise, during the course of preparation of
the EIA report
1. Introduction and rationale – Describe the purpose of the project and, if applicable, the background information
of the project/activity and the tasks already completed. Objectives of the development activities should be specific
and if possible quantified. Define the arrangements required for the environmental assessment including how work
carried out under this contract is linked to other activities that are carried out or that is being carried out within the
project boundary. Identify the institutional arrangements relevant to this project.
2. Study area – Submit a minimum A3-size scaled plan with indications of the roads that will be developed under
the project and proposed infrastructure. Specify the agreed boundaries of the study area for the environmental
impact assessment highlighting the proposed development location and size.
3. Scope of work – Identify and number tasks of the project including preparation, construction and decommissioning
phases.
Task 1. Description of the proposed project – Provide a full description and justification of the relevant parts of
the project, using maps at appropriate scales where necessary. The following should be provided.










Size/capacity of the bottling plant;
Provision of the power to the plant
Raw water intake
Brine disposal
Plant details (methodology, raw materials, emissions, chemical usage…etc)
Water storage and treatment details
Temporary site and material requirement
Measures to protect environmental values during construction;
Grievance redress mechanisms.

Master plan design concept
 Main master plan concept used for the project;
 Master plan concept maps in A3 format;
 Description of building designs including the type of facilities offered;
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Layout of various building floors;
Land clearance for infrastructure installation;
Current water demand.

Bottling Plant

Location and capacity of the bottling plant;

Description and the rate of the bottles produces;

Equipment required for bottling;

Preform storage details;

Cooling water system including cooling pipe location (if any) and justification;

Details of the operational plan including transport and water quality monitoring;

Low energy consumption ventures and awareness;
Utilities

Description of the utility providers (Water, Sewerage, Electricity) during construction and operation stage;

Waste management plan during construction and operations stage.
Health and safety
 Availability of basic first aid facilities;
 Availability of safety gears.
Project management: Include communication of construction details, progress, target dates, and duration of works,
construction/operation/closure of labour camps, access to site, safety, equipment and material storage, water
supply, waste management from construction operations, power and fuel supply, temporary site setup.
Task 2. Description of the environment – Assemble, evaluate and present the environmental baseline study/data
regarding the study area. Consideration of likely monitoring requirements should be borne in mind during survey
planning, so that data collected is suitable for use as a baseline. As such all-baseline data must be presented in such
a way that they will be usefully applied to future monitoring. The report should outline detailed methodology of
data collection utilized.
All data must be collected as per the requirements of the EPA Data Collection Guideline (published on
www.epa.gov.mv). The report should outline detailed methodology of data collection utilized.
All survey locations shall be referenced with Geographic Positioning System (GPS) including water sampling
points, traffic survey locations, vegetation survey and noise level measurement locations for posterior data
comparison. Information should be divided into the categories shown below:
Physical and ecological environment
 Noise levels at different locations;
 Traffic flow (size and direction) around the project site;
 Major trees that fall within project sites (if any);
 Ground water quality assessment of the site measuring temperature, pH, salinity, electrical conductivity,
Total Dissolved Solid (TDS) and Total Petroleum Hydrocarbons (TPH);
 Air quality at different locations
 Marine water quality at brine discharge locations: pH, salinity, conductivity, TDS, DO
Structural environment
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Type of buildings in the vicinity;

Socio-economic environment
 Demographic data;
 Brief description of socio-economic environment of the island in general;
 Current use of the project site;
 Income situation and distribution;
 Main economic activities (e.g. fisheries, home gardening, fish processing, employment in industry,
government);
 Land use planning, natural resource use and zoning of activities;
 Accessibility and (public) transport to other islands;
 Community needs;
 Land use;
Hazard vulnerability:
 Fire, electrical and explosion hazard;
 Vulnerability of area to flooding and storm surge.
Task 3. Legislative and regulatory considerations – Identify the pertinent legislation, regulations and standards,
and environmental policies that are relevant and applicable to the proposed project, and identify the appropriate
authority jurisdictions that will specifically apply to the project. Include permits and approvals in the EIA
document.
 Approval by Maldives Food and Drug Authority.
 Land allocation permit
Task 4. Potential impacts (environmental and socio-cultural) of proposed project – The EIA report should
identify all the impacts, direct and indirect, during and after construction, and evaluate the magnitude and
significance of each. Particular attention shall be given to impacts associated with the following:
Impacts on any physical and ecological environment
 Impacts on terrestrial flora and fauna from preparation works, if any;
 Impacts on groundwater table and quality because of project activities;
 Impacts on landscape integrity/scenery.
 Impacts of noise, vibration and disturbance;
 Impacts on air quality;
Impacts on the socio-economic environment
 Impacts of the project on traffic issues;
 Impacts of the project on drainage issues;
 Disturbances to residents and cultural facilities/activities;
 Impacts on transportation/traffic.
 Impact on increased demand on resources, waste management, water and energy supply;
 Impacts on nearby buildings;
 Noise impacts to local residents;
 Advantages of reusable bottles for water;
 Population access to water;
Environmental Protection Agency
Green Building, 3rd Floor, Handhuvaree Hingun
Male', Rep. of Maldives, 20392
+960 333 5949
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Construction related hazards and risks
 Dust and emissions;
 Impacts due to noisy operations, if any;
 Weather related hazards and risks;
 Risk of accidents to workers and pedestrians and other road users;
 General public health and safety issues.
The methods used to identify the significance of the impacts shall be outlined. One or more of the following
methods must be utilized in determining impacts; checklists, matrices, overlays, networks, expert systems and
professional judgment. Justification must be provided to the selected methodologies. The report should outline the
uncertainties in impact prediction and also outline all positive and negative/short and long-term impacts. Identify
impacts that are cumulative and unavoidable.
Task 5: Alternatives to the proposed project – Describe alternatives including the “no action” alternative.
Determine the best practical environmental options. Alternatives examined for the proposed project that would
achieve the same objective including the “no action alternative”. Alternatives can include alternatives to road
development and alternatives to road surfaces, alternative arrangements for vehicle reduction, alternatives for
vehicle management; alternative road uses, etc.
Task 5. Mitigation and management of negative impacts – Identify possible measures to prevent or reduce
significant negative impacts to acceptable levels. These will include both environmental and socio-economic
mitigation measures. Cost the mitigation measures, equipment and resources required to implement those measures
if they have not been already incorporated in the project costing.
Task 6. Development of monitoring plan (see appendix) – Identify the critical issues requiring monitoring to
ensure compliance to mitigation measures and present impact management and monitoring plan during and after
completion of the proposed project. Reporting requirements shall be outlined. The baseline study described in task
2 of section 2 of this document is required for data comparison. Detail of the monitoring program including the
physical and biological parameters for monitoring, cost commitment from responsible person to conduct
monitoring in the form of a commitment letter, detailed reporting scheduling, costs and methods of undertaking
the monitoring program must be provided.
Task 7. Stakeholder consultation, Inter-Agency coordination and public/NGO participation – The EIA report
should include a list of people/groups consulted and summary of the major outcomes and concerns raised.
Task 8. Stakeholder consultation, Inter-Agency coordination and public/NGO participation – Identify
appropriate mechanisms for providing information on the development proposal and its progress to stakeholders,
government authorities. The EIA report should include a list of people/groups consulted and summary of major
outcomes. The following parties should be consulted;
a)
b)
c)
d)
e)
f)
g)
h)

Ministry of Environment.
GDh. Thinadhoo Island Council.
GDh. Atoll Council.
Fenaka Cooperation Limited
Adjacent Businesses
Maldives Food and Drug Authority.
Health Protection Agency.
Maldives Land Survey Authority (regarding land use plan).
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Male', Rep. of Maldives, 20392
+960 333 5949
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If the surveys are undertaken at a time where public health emergency is declared due to COVID 19, consultation
with stakeholders can be undertaken via e-conference calls or telephone. The EIA report needs to be submitted to
atoll council and evidence of submission needs to be included in the report. Meeting minutes shall be annexed and
the report shall include a list of those who are consulted and their contacts
Presentation- The Environmental Impact Assessment report shall be concise and focus on significant
environmental issues. It will contain the findings, conclusions and recommended actions supported by summaries
of the data collected and citations f or any references used in interpreting those data. The environmental assessment
report will be organized according to, but not necessarily limited by the outline given in the Environmental Impact
Assessment Regulations.
Timeframe for submitting the EIA report – The developer must submit the completed EIA report within 6
months from the date of this Term of Reference.
……………………………………
23rd December 2020
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Aminath Sada Mee-ellage

ITcfif

Mee-ellage

West side

egWaInWrUn

cDcnEliawh
ugwm InwxOr

egUDcawa

ugwm csigurwn

clizcnwm
egWyinum

egwkcais

Reganal Fire Service
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cgcnincvia

Transformer

egWvunuDnwf

cTiawlIrwkWm

egWvilwa

czImWrcg

eguSodWswrcdwm

clwTOT

rwvclis

ckwrUT

Ilemef

cmwgcnws

WlivOyikOT

cxifclevir

clwgcnwr

egEswa

WrIzwg

cTiawlcnUm

cTenelcp

IaWnis

csuawhcnwDclOg

IaWnehex

49'

inUdWm

egIdWv

Wlivcxwkclid

iaObcfiawl

egwncnefuDnwk

egWlubclub

egWmurcswa

Wzwf

egIlwrUn

Wlcmix

egIzED

csuawhIliC

cnwxclugIlwyih

egWvWm

egwdwg

egitIrcnwn

egWdivirwt

ckrWpcnwailil

egcsirep

egurWzwhclug

rwTcscnIrcg

clOg
cnwD
cmWp

2.1

333'

Dhilkash villa

Maadhooni

Whia

Kandufennage

Vaadheege

egWaWCIgwb

IrwpcsWr

WnWrwt

WmWrcD

urutua egWmurihWvwj

idOdcnwr

cTWl

czIlckiawh

cDOkcmWp

cDiawsIpeh

Thinadhoo Reganal Hospital

Atoll Office

egUdwnit

Maalhaskeyoge

egoyekcswLWm

clWmwnWa

irEscawawdua

Thinadhooge

Meneela

WlInem

WledWm

Wmcnib

egwmihcnib

egWCIgwb

czWnIm

egelwa

Igwdcniz

egunOritef

egIrwswa

csuawhcmwrcD

WlivcnIrcg

egWmuLUf

egWmurudwyin

cleDon

Ibrahim Waheed Sun light

cTiawlcnws

egWyinUlcb

egWaWyinUlcb

unuked egWmurihWvwj

unuked egWmurihWvwj

uyivIs

csuawhIDEx

egIritwa

egurWhwb

Wlivcziawrcnws

15.4

119'-8"

Aanamal

Udhaasseyri

Maadhela

Binma

Binhimage

clOpcTcsev

cCIbcTcsev

urwTcauf

egutWliv

csiriawa

egItwmiawv

egWminof

IrcTcsimWp

egWrih

Wlivcsigurwn

egWaWrIh

egcnuziauh

cnIvcles

egWyinUlcf

WmOs

eguSodcaurubnwd

unukedcnIvcles

egurwdEd

egWmIzcnep

egWmurUgcnwa

InWsWl

csOrcviawf
cTrOpcsinwp

cnIackcnwDclOg

Okcsom

cpOhIs

cnElckrWp

egWacnODIpeh

irwtcnud

cTelim

8.2

Ice Plant

30'

Udhares

cserwdua

csWvwrcaut

Ranruvaali

ilWvurcnwr

Reyalivage

egWvilwaEr

Thurravaas

WkokEhudua

clihcTiawv

rwTcsIkwl

egWmwnig

unukedcmOhcDer

5.2

White hill

Udha

wdua

Udhuheykoka

WmuKwm

ugwm InwxOr

cTcsenIzOk

cDrWbcnIrcg

clrWTcs

egWmiverub

unukedclrWTcs

cTcnescnwa

egudwkurwv

eguSodcswgubcnwj

egudWrWm

Obcniaer

WzIj

egIrenek

ugwmurWyiDwf

Wlivcnirof

Mosque

WnWscfwa

Majehige

egihejWm

Hussain Shareef Majehige

egWkcnwrwk

cnwmwa

egWmwfwk

cKIrcaim

ugwmihefuDwm

egWmurInwk

IrcDcnOl

IscDer

egWmiduk

cnwxclug

cTiawlcnOD

egWlivihef

egInwxOr

cTelUT

ctinez

egItwmugwm

egcsigurwn

5.2

35'

Ravana

ilevihir

Red home

egumUrcswm

ihwvWyih

Maage

egWm
Suwad Mohamed Majehige

egEretuLoa

egWrIm

cTiawlIpeh

ilwrukWg

cfWhcnirem

csuainOrcTem

egukwvEk

5.2

Aaveli

ilevWa

WnWvwr

Rihiveli

clihcDer

WlivcDikOa

csOrcTiawv

cTiawlIvUm

WnItwa

cnwxiv

ilEvwh

cTcsenuain

urwvcsia

wBcawh

cCIbcDiaws

egWmiSwk

egWmIlil

cnwDWgcsirep

egWdcnirws

5.2

egWmiDwted

Ranfaru

urwfcnwr

Sakeena Manxil

clizcnwmWnIkws

White rose

Ochid villa

WrUdwv

cnwDWg

cmwlWm

Wvws

cswTckek

cporcDOncs

cfiawlOncs

urWn

ilevinif

urWa

utWniaWk

cTebiT

cfWhcDer

Irwaef

rwTcsIrct

egutUgWy

WlivcnilOk
egWaurWhwbclid

rOxIs

egurWhwbclid

uqWfitcaia

cnilrwaef

csuawhcsOr

WrEvws

egWaWrIm

egWnwmukwh

cTcserwaiD

WlivgcniniawD

25'
csuawhcnilOk

4.3

5.2

Rihikoka

IrcsIt
Dhethadimaage

egEdurwvudnwh

Aisath Dhiye Beach rest
Beach rest

cTcsercCIb

Sabdhelige

egiledcbws

ugwmidiawmwhwnwr
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5.2

Veheli

ilehev

egWkokihir

Hadhuvarudheyge

Vadhoora

Garden

WlivWscmwa

wlwhia

rwvWlcfcnws

ilevitIr

WxUa

ilWviaoa

shimla
Aminath Zubaida
Ibrahim Afeef Munisipalteege Dhaftharu

iruk
IdWvclUp

Ali Waheed Sun light

Ameer Ibrahim Pre-school

WyisEa

WnIs

Thinadhoo Court

5.2

3.1

Badhoora Ali
Slipge

egWlwbiLuk
egWmubnwa

Veligam

cmwgilev

WxIs

egIrWnik

Wkwlwm

cnibWa

ihircnwr

egihejirwt

ugwm csigurwn

cnWdczWr

rwTcsUlcb

Wlwgwlev

irudem

cniaer

wSwnid

cnwxOr

WlivirEscawa

urin

ihwf

iheveg

csclihIlwveb

Wfwn

Nasira Hussain Pool vadhee

egoyekctwritcnob
egWaoyekctwritcnob

urwsilev

egWkokUn

ivwacnwr

Mosque

ivwacnwr

ivwacnwr

cTiawlIDWliv

egivuSwfidek

egunIn

ilevitIr

ik
ugwmegel

urIv
Nishan Ali Veeru
Veeru

Khadeeja Abdulla Garder
Husnoo villa

Theesree

Albeyniya

wrwkcswg

rwnOkcnwa

Anbumaage

Veligam dhekunu

unukedcmwgilev

itirUm

csOrcDer

ivwacnwr

eguSoduliviaum

inif

ugwmWkcnwrwk

cKUrInWmwz

ivwacnwr

ihwmcnwr

ugwmIzWG

egWkokihef

csOrIlil

WmIl

Wnib

ivwacnwr

cnwYwv

urutuaurwfWm

Imes

Wyired

cnugihIdWbWa

WyinEbclwa

egWmisWnwlwa

egubEs

cswfcnwr
cswfuliv
WmitIr

czWmwa

ihegcnwr

ifog

WrUmws

WyihWm

udnwvuh
inwvWa

WlivWnWx

rwainUj

iherUn

egWnOnwa

egWyilEd

egIlev

ivwacnwr

ivwacnwr

ugwmcTeliawv

ivwacnwr

cswnIv

ckcnEt

urwviaog

ugwmWnEmiSod

WlivUncsuh

Ancorner

Gaskara

Kulhibalaage

Alanaasimage

Seybuge

Beach rest

egUdilev

Fareeda Yoosuf

Wniawm

cnIz

clizcnwm

cswkwbea

Wnim

urwfWm

cnwxclen

WlivcnuawT

ugwmiawbedcSwr

wvurudnwbcswf

egWrwmUn

ilwaeguhitwf

csuawhIrwviawa

wnivWm

uLoaWm

egWaegurutua
WminOk
cTimwsctrWa

cDrWbcniaer

irigcnwr

urwfihef

czEh

Ibrahim Shah Javahirumage dhekunubai

cTcnwrcfcnws

irwtcnwr

cnOzOa

whwrua

WlivImIswv

cniawx

ihevcnwr

ilevcnwr

cTiawlrwvea
egWyipIs

WyivElcsckeC

egugcnEb

egcTUrWrwa

egWacTUrWrwa

Wbulrwvef

UlcbckrWD

rwTcscDclOg

X-13/1

WxWm

clUprwvil

Fuel Tank
7.4

11

12

Fish Market
8.1

uf
iLOgWmwn

Aivaree house

Maavina

cniawxrwTcs

egUdcsia

ivwacnwr

ormer

Mohamed Naseem Uthuruge

Hawwa Sabeeha West pole

Whelwm

Transf

Wfwv

X-13/6-1

Media Centre

Dhiraagu Site
7.3

9

7

10

8

4

6

5

3

ugwmctikcsim

Quran
Quran

1.2

ckrWpcnIrcg

eguSodcswg

eguSodiLuk

Wlcfwhev

cDcnEscTiawv

unukedeguSodcswg

urwvudiv

WlivWncxir

ulcawhwmulWl

MM Pre-school

Thinadhoo Office

Open green Area
5.2

1

29'-6"
2

ugwmwtcnwvwmurwd

unuawk

ugwmulEhwDcnwd

clUkcs urukwbUbwa

wfia

udcnis

Wyixwr

egIbWlug

utwhWa

WyimwLwk

egWyihitwm

ih id

OnWlim

cnwzIsInwh
ir Ut

Wvudwn

irih

imwyih

ihevuLoa

cTcnemUm

Bank

Mohamed Rashad
Hussain

Children's PARK
5.2

Fathihugeali

Kaunu

wrwv

cmUz

Wrcmwj

rwTcscTiawn

Wfwn

irukwned

egulwfWa

egutWfwrwa

clihcTOx

Abdusamad Ali Maaraadhuge

AC Mosque

ugwmidiawmwhwdwg

ugwmidiawmwhwdwg

ugwmunWfurukwtuDob
ugwmWnIhuncsuh

wLOb

egWaWrwmUn

wvEr

egItwmcnib

egunuked

ihefInWrUn

cmIrcDcTIvcs

ugwmIzED

Open green Area
5.2

8.6

118'
Public Housing Unit Area

ugwminwfWrwtctwa

141 6
Fuel Suply

ugwmuzOrIf

cnik
irik
egWm

uLwvwyif

23.2

ulcswa

ckWrcxix
Rasheeda Ibrahim Naseemeege

cmWlwscaubWb

Inwh
cmWrchia

csuawhIler

egImIswn

uLwfUn

ugwmWncnWk

ent Use
Future Goverm
eguSodcswgibnik

ugwmWrwhwd

WlivIrwbclwm

villa

WlivirEscawa

csuawhInumej

egirUtcswk

Mosque

cCIbuain

uDWyivercg

ugwmirEDnwbWm

egWaWlivIrwbclwm

Ochid

Wyipcmop

ugnwLuhuDWyivercg

IdWvurImiSwk

ICcniv

ugwmurWzwhclug

6.3

100'

cDcl
Og

ih
wfct
whEs

17.3

cnwbWD

irukcswf

15.3
Aminath Rasheed ararootge

Rasheeda Ibrahim Yardly

irwt
Rekifuthu Red home

Zahir

WhuDnwk

Mohamed

egihejcaur

WrwgWa

cnigWn

cscniawlIrct

egWvinif

IlcDrWy

egWyOg

csckwlWa

WrwTWp

egWaIlcDrWy

unukedegWyOg

ugwmugwhurwv

23.1

23.1

Future Goverment Use

7.1
THINADHOO UTILITES
POWER HOUSE
rwnimes

Mazahim Mohamed Three Star

Mariyam Shareefa Semy

clwhWm

gcninOm

egWyihitwm

ugwmurWzclug
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ugwm irEDnwbwncnwr
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ugwm irEDnwbwncnwr
ugwm irEDnwbwncnwr
ugwm irEDnwbwncnwr

W sWr id
Wm i d u k

clevcTcser

i v wn iv

wniv

egWmcawlum

cserwniv

Wkcswlwa

cpIDIs

csuawhITcnED

ckwlwf

WlivcTclOs

irwtilwa

WyirOmil

egIfwrcswa

egIrwvwnwj

egWa

urehel

ugwmiawbedcSwr

IdWvIrwvwnwj

ugwmiawbedcSwr
ugwmiawbedcSwr

ugwmiawbedcSwr

Thinadhoo Utlities

eguSodcswgilif

cmOfczOr

cnwsgcninOm

WlivIrwvwnwj

cnwv
inim
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irEs

ignwruk

cTokcsem

Iz cn e r c f

wr cj i h

ilevcnwfua

IbUr

ugwmcDikOa

Wn Wv w h

WlivcDikOa

ugwmirEDnwbwtwv

wlcawv

egWrOnws

urwfWniawm

irihUn

Wzif

egWvuruduh

ilwdir

wnwmcnid

egWzWt

IdurwvcjWl

WlivcscDrWb

Mariyam Riyasha Pompiya

egWtOt

eguSodigWt

egWhwf

Irwaef

Ibrahim Faisal Pompiya

egcmwyiDer

iLoDcnog

ilumcnef

egWaihejWm

Aishath Zuhura Pompiya

155'
205'
Future Goverment Use

200'

7.6
Thinadhoo Utilites
DESALINATTION
PLANT
7.2
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Proposed lanad for Local Tourism
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Mar

May

Jul

Sep

Nov

2021

Mar

May

Construction Works
16/3/2020

15/12/2020

197 days

Cabling, Networking, Pipelines
7/1/2021

Factory
Setup

30 days

17/2/2021

Machinery Setup
7/1/2021

30 days

17/2/2021

Furniture & Office Setup
7/1/2021

30 days

17/2/2021

Completion of Factory
17/2/2021

Submission & Approval of EIA
17/3/2021

31/3/2021
10 days

Borehole Drilling
31/3/2021 15 days 20/4/2021

Borehole
Setup

Borehole Connection
20/4/2021

28/4/2021
7 days

Borehole Outfall
28/4/2021

6/5/2021
7 days

Aqua Line | Factory Timeline

BOREHOLE DRILLING METHODOLOGY

BOREHOLE DRILLING METHODOLOGY
1. Site Survey. Proper site surveying including obtaining GPS coordinates of the Bore well location
2. Gearing as per OHS. All the staffs involved in the construction activities must wear personnel
protective equipment’s prior commencing any drilling activities.
3. Site Hoarding and temporary works: Prior commencing drilling activity, drilling site shall be
levelled and clear any debris. Arrange temporary lighting for the site for night drilling activities.
Arrange electricity power connection to the site and provide fresh water for drilling activities. The
site shall be barricaded if to be drilled on open space. Arrange road entrance for borehole drilling
machine and equipment’s.
4. Equipment’s, machineries, tools and materials:
❖ Borehole Drilling Machine including rods and drill bit (required size)
❖ Mud Pump
❖ Air compressor
❖ Water pump
❖ Excavator (where required)
❖ Bentonite (sodium based)
❖ PVC solid casing (threaded joint type) of required borehole well size (3m or 1.5mlength
pcs) with minimum pressure rating of PN10
❖ PVC slit casing (screen casing) (for insertion at aquifer) with threaded joint typewith
1.5mm slits with minimum pressure rating of PN10
❖ Solid PVC bottom cap with minimum pressure rating of PN10
❖ Top Cap (PVC) with minimum pressure rating of PN10
❖ Ordinary Portland cement (OPC)
❖ Gravels of required sizes range from 10mm, 8mm, 6.5mm, 4.5mm, 3.0mm
❖ Required 1” / 1.5”/ 2” PVC pipes for air compressing and flushing works
❖ Required test kits (including viscosity cone, sieving kit, turbidity meter,conductivity
meter)
5. Borehole Drilling personnel list. For proper drilling activities to be carried out, there shall be
adequate number of staffs including field staffs for proper carrying out drilling activities. These
include;
1 nos. of Borehole Engineer / Manager (borehole drilling in charge)
1 nos. of Borehole Machine drilling operator
4 nos. Field Staffs
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6. Borehole Drilling works.
➢ Acquire and confirm the size of the finished borehole size (6” or 8” or 10”)
➢ Confirm the depth of drilling required as per design requirement and as per
related regulations.
➢ Prior preparation works for drilling:
➢ Construct 2 no. of mud pit at site and it shall be plastered by OPC to presentmud /
debris seepage into ground.
➢ Placement of Borehole drilling machine at the exact location as per design
➢ Install rods into the drilling machine.
➢ install drill bit. Drill bit size shall have at least 3” annular spacing for gravelpacking.
➢ arrange mud pump and place required tools and materials nearby.
Drilling:
i. Direct rotary drilling method to be used for drilling works.
ii. Start drilling by borehole drilling machine gradually. Borehole drilling activity and
speed shall be monitored based on the ground condition and hardness.
iii. Log and collect drilling samples from every 3m depth of borehole
iv. Bentonite mixture shall be passed into the borehole well. Drilling debris shall be
collected and kept in container, bag.
v. The waste debris collected from drill well shall be disposed at designated area
(if available, or shall be buried at designated area shown by council/ authority.
vi. Sieve analysis for the collected samples shall be done to obtain aquifer zone.
vii. Bentonite mud shall act as a sealant for drilled well to prevent ground water
seepage into the well and prevent well collapsing. Inspect and maintain enough
viscosity of bentonite for proper sealing to be taken place.
viii. Continue drilling activity up to required depth is being reached
ix. Check sieve analysis and identify aquifer zone range
x. Conduct collected water sample conductivity (shall be in the approvedrange
as per approved design)
xi. Record and log all the drilling activities, photos, prepare daily reports
accordingly.
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7. Well development works:
Bore well Casing Installation works:
i. Fix bore well end cap with casing pipes (3m length)
ii. Gently and gradually insert the casing pipe into the well making sure correct
placement and center the casing pipe into the well (to have regular annular
spacing at all sides of the well. This could be achieved by using PVC annular
spacers.
iii. Fix PVC pipes and add slit PVC pipes into the Aquifer zone based on the sieve
analysis done as mentioned before.
iv. The casing pipe shall be inserted until it reaches to the bottom of the well. The
pipe shall also be fixed until the casing reaches a minimum of 1.5m above
ground level (or as per approved design)
v. Adjust and center the casing into the well.
vi. Place top cap to avoid falling of any debris or gravels into the casing pipe during
gravel pack installation works.
Gravel Pack Installation Works:
i. Gently pour gravels (required sizes as per design) into the annular spacing
making sure it is evenly poured around the well.
ii. Gravel pack installation shall be continued as per aquifer zone range and as per
design. Any changes to be made if the aquifer zone is different than that of
proposed design, it shall be noted and informed by borehole in charge to the
site Manager and approve the changes accordingly.
iii. Gravel pack installation works shall be carried out only after the change (if
required) being approved by Site Engineer.
iv. Gravel Pack Layer starting depth shall not be less than 10m from ground level
(this is to avoid ground water intrusion into the bore well aquifer zone). Gravel
pack layer shall be as per Slit PVC zone.
v. Add a sand layer and a bentonite layer (with high viscosity) above the gravel
pack zone to seal the any seepage of ground water into the aquifer zone (or as
per approved design).
vi. Pour Concrete above the bentonite layer which will further to seal aby ground
water seepage into the well
vii. While conducting gravel pack installation works, annular spacing of the casing
shall be maintained for achievement of proper feed water generation.
viii. Additional 1” PVC pipe to be inserted into the gravel pack (into the aquifer zone)
for measurement of water draw down during operation of borehole or during
flushing works of borehole.
ix. End cap the draw down pipe to present falling of any debris.
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Bore well Foundation Concrete works: bore well foundation shall be contracted for
counter measurement of possible buoyancy of the casing during operations. The
foundation shall be as per approved design and typically have RCC concrete with 1:2:3
concrete (M25 grade) with minimum offset coverage of 1’ from the edge of the casing
pipe and this shall be casted between 1m to 2m from ground level.
Bore well Flushing works;
i. Bore well flushing works shall be carried out only after gravel packing
installation works being completed.
ii. Arrange air compressor for flushing works. Fix and install PVC pipes as
mentioned earlier to the air compressor. Insert the PVC pipe into the well up to
the end of the aquifer
iii. Start air compressor. Compressed air will penetrate the aquifer slit PVC zone
and pass into the external bentonite wall layer (in the aquifer zone) and
removes it (making the passage for feed water into the well)
iv. Flushed water shall be discharged into the sea or as per approved designated
area
v. Continue flushing works until the flushed water is clean.
vi. Monitor and measure turbidity of the flushed water. Turbidity shall reach less
than 10 NTU (it is recommended to flush until it reaches less than 1 NTU). Its
shall be measured using portable turbidity meter.
vii. Measure Conductivity of the Borehole and shall reach 50,000 µs or higher.
viii. Monitor and record flushing activities and prepare daily log sheets accordingly.
ix. Collect bore well water sample and conduct off site tests as per EPA.
8. Yield Test of Bore well; after successful completion of the flushing works, a yield test shall be
performed using required capacity pump. Also, a step draws down shall be performed during
carrying out yield test.
9. Demobilization and disposal of waste. After completion of works of Borehole development
works, proper disposal shall be carried out
All the solid wastes shall be thrown / dumped as per island council designated area or as
instructed by council.
All the waste generated from bentonite, shall either be buried at designated area shown
by council, or disposed as instructed cy council. If the designated area is not shown it
shall be properly disposed to regional disposal facilities.
Demobilization and site clearance shall be carried out after completion of all the
activities mentioned above.
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BOREHOLE DRILLING METHODOLOGY
10. Site Handover: The Borehole site then shall be handed over to project site engineer accordingly
11. Preparation of Borehole Construction Report & As-built drawing’s:

Borehole report and test results shall be compiled and submitted to site engineer or
project engineer as instructed. This task shall be performed by Borehole in charge /
borehole engineer
As built drawings shall also be prepared and submitted along with the reports within stipulated
period.
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Male' Water & Sewerage Company Pvt Ltd
Water Quality Assurance Laboratory

Quality Assurance Building, 1st Floor, Male' Hingun, Vilimale', Male' City, Maldives
Tel: +9603323209, Fax: +9603324306, Email: wqa@mwsc.com.mv

WATER QUALITY TEST REPORT
Report No: 500185752

Customer Information:
Aqua Line Pvt Ltd
H.Kees Fila

Report date: 04/01/2021
Test Requisition Form No: 900190915
Sample(s) Recieved Date: 30/12/2020
Date of Analysis: 30/12/2020 - 30/12/2020

Male K
Sample Description ~
Sample Type ~
Sample No
Sampled Date ~

Sample _1 (Project Site)

Sample_2

Sample_3 (Populated Area /
Control)

Ground Water

Ground Water

Ground Water

83215641

83215642

83215643

28/12/2020 09:30

28/12/2020 09:30

28/12/2020 09:30

PARAMETER
Physical Appearance

TEST METHOD

UNIT

ANALYSIS RESULT
Clear with particles

Pale green with particles

Clear with particles

Conductivity *

628

789

891

Method 2510 B. (adapted from Standard methods for the examination of water and waste water, 23rd edition)

µS/cm

pH *

7.47

8.76

7.90

Method 4500-H+ B. (adapted from Standard methods for the examination of water and waste water, 23rd edition)

-

Salinity

0.31

0.39

0.44

Method 2520 B. (adapted from Standard methods for the examination of water and waste water, 23rd edition)

‰

Temperature

23.3

23.6

23.8

Electrometry

°C

Total Dissolved Solids
Total Petroleum Hydrocarbon
(TPH)

314

395

445

Electrometry

mg/L

0.073

0.712

0.948

UV Fluorescence

mg/L

Keys: µS/cm : Micro Seimen per Centimeter, ‰ : Parts Per Thousand, °C : Degree Celcius, mg/L : Milligram Per Liter
Checked by

Approved by

Aminath Sofa
Laboratory Executive

Mohamed Eyman
Manager, Quality

Notes: Sampling Authority: Sampling was not done by MWSC Laboratory
This report shall not be reproduced except in full, without written approval of MWSC
This test report is ONLY FOR THE SAMPLES TESTED.
~ Information provided by the customer
*Parameters accredited by EIAC under ISO/IEC 17025:2017

************************* END OF REPORT *************************
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Male' Water & Sewerage Company Pvt Ltd
Water Quality Assurance Laboratory

Quality Assurance Building, 1st Floor, Male' Hingun, Vilimale', Male' City, Maldives
Tel: +9603323209, Fax: +9603324306, Email: wqa@mwsc.com.mv

WATER QUALITY TEST REPORT
Report No: 500185753

Customer Information:
Aqua Line Pvt Ltd
H.Kees Fila

Report date: 04/01/2021
Test Requisition Form No: 900190915
Sample(s) Recieved Date: 30/12/2020
Date of Analysis: 30/12/2020 - 30/12/2020

Male K
Sample Description ~

Sample_4 (Brine Discharge
Site)

Sample_5 (Sea Water
Control)

Sample Type ~

Sea Water

Sea Water

Sample No

83215644

83215645

Sampled Date ~

28/12/2020 09:30

PARAMETER
Physical Appearance
Conductivity *
pH *

28/12/2020 09:30

TEST METHOD

UNIT

ANALYSIS RESULT
Clear with particles

Clear with particles

52200

49200

Method 2510 B. (adapted from Standard methods for the examination of water and waste water, 23rd edition)

µS/cm

8.59

8.29

Method 4500-H+ B. (adapted from Standard methods for the examination of water and waste water, 23rd edition)

-

Salinity

34.36

32.11

Method 2520 B. (adapted from Standard methods for the examination of water and waste water, 23rd edition)

‰

Total Dissolved Solids

26100

24600

Electrometry

mg/L

8.28

8.24

In-house Test method (Adapted from HACH BOD LDO® Probe (Model LBOD10101) manual)

mg/L

Dissolved Oxygen (DO)

Keys: µS/cm : Micro Seimen per Centimeter, ‰ : Parts Per Thousand, mg/L : Milligram Per Liter
Checked by

Approved by

Aminath Sofa
Laboratory Executive

Mohamed Eyman
Manager, Quality

Notes: Sampling Authority: Sampling was not done by MWSC Laboratory
This report shall not be reproduced except in full, without written approval of MWSC
This test report is ONLY FOR THE SAMPLES TESTED.
~ Information provided by the customer
*Parameters accredited by EIAC under ISO/IEC 17025:2017

************************* END OF REPORT *************************
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