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Non-Technical Summary

This report discusses the findings of Environmental Impact Assessment (EIA) study undertaken by Water
Solutions Pvt. Ltd. at the request of Ministry of Environment and Energy for the proposed reclamation of 15
hectares from the shallow lagoon at Thilafalhu, Male[Atoll. Thilafalhu isthe lagoon where Thilafushi islocated.

Thereclamation and coastal protection project isthefirst step to establish aRegional Waste Management Facility
for Zone 11 at Thilafushi to manage and dispose waste which is generated from islands in the central 4 atolls of
the Maldives. The reclamation project involves reclamation 15 hectares of shallow lagoon at Thilafalhu,
Thilafushi to height of +1.7 m above mean sea level. Sand is proposed to be borrowed from the lagoon of
Thilafushi near the reclamation area located on northern side of the proposed site. It is estimated that total of
525,000 cbm of sand will be required for this reclamation. The sand would be dredged using Cutter Suction
Dredger and dredged sand will be pumped to the reclamation area from the dredger. The reclaimed land would
be protected using 510 m rock boulder revetment on southern side and 475 m revetment on northern side.
Ministry of Environment and Energy would undertake adetail design using their engineer based on observations,
issues, and concerns raised during the EIA process.

Environmental impacts of this project were assessed and most of the environmental impacts of the project have
been identified as resulting from the dredging and reclamation works. Dredging to borrow sand for the
reclamation work will be undertaken using Cutter Suction Dredger and thisis particularly a method that creates
lot of sedimentation. Reclamation work for filling and levelling work would be undertaken using excavators and
bulldozer which will have an impact on the marine environment during the initial stage of the project. It is
anticipated that impacts of this projects will be felt on the marine environment of the Thiafushi reef system.

Mitigation measures for the negative impacts have been identified and outlined in the report. Sedimentation
control methods have been specifically focused to reduce itsimpact on the surrounding marine environment. An
important mitigation measure is the use of bund walls in the reclamation area to contain sedimentation and
reduce its impact on the marine environment. In addition, completing the dredging and filling works in the
shortest time frame, during north east monsoon is also a significant mitigation measure to minimize the impact
of sedimentation on the marine environment.

The proposed mitigation measures shall be followed in order to minimize environmental damage. The measures
proposed to mitigate environmental impacts is considered to be appropriate, thereby minimizing the impact by
about 90%. The negative environmental impacts of the proposed project would be sedimentation and destruction
of the lagoon and damage to some areas of the reef, which will cause death of coralsin the direct impact zone
and partial death of coralsin other areas of the coral reef. During dredging works, the sedimentation will also
affect the fish speciesin the vicinity of the project area.

Several aternatives to the proposed project were considered, al of these alternatives cannot be implemented for
various reasons including issues related to regulations, cost, and environment factors. The present project design
seems to be feasible option in terms of costs, durability and safety.

Itisinevitable that there would be negative environmental impacts of this project. It will not be possibleto avoid
environmental damage entirely, but ways to minimize damage are critical factors to consider during
implementation. An Environmental Management Plan (EMP) with environmental monitoring has been
recommended including important elements that require regular checks. This monitoring component shall be
adhered to and will allow the assessment of changes due to the implementation of the proposed project. Asthe
socioeconomic impacts are going to be felt in the long term, monitoring these changesis very essential.

The proposed reclamation pose threats to the marine environment of the Thilafushi and its lagoon. There will be
direct and indirect damage to marine environment in the vicinity of the project site. Some of the coral s patches,
mostly in the reclamation area in the shallow lagoon will die due to smothering as well as from construction
activities. But these are damages that cannot be entirely avoided.

The project involves negative environmental impacts, such impacts are not severe as not to go ahead with this
project. The project is justifiable in light of the socio-economic conditions and anticipated benefits resulting
from the project, which seem to outweigh the negative environmental impacts.
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This EIA has been prepared according to the EIA Regulations 2012, issued by the Ministry of Housing and
Environment. | certify that the statements in this EIA study are true, complete and correct, to my best of
knowledge and ability.

QB

Name: Ahmed Jameel (EIA P07/2107)

a

g

Name: Ibrahim Faiz (EIA P05/2017)
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This Environmental Impact Assessment (EIA) report is an evaluation of the potential environmental impacts of
the proposed reclamation of 15 hectares of new land from the shallow lagoon at Thilafalhu, North Male[Atoll.
The newly created land would be used for the establishment of the Regional Waste Management Facility for
Zone Il at Thilafushi.

ThisEIA report has been prepared based on the Terms of Reference (Appendix A) issued by the Environmental
Protection Agency (EPA) on 29th May 2017. This document is submitted to EPA by the proponent to fulfil the
requirements of Environmental Protection and Preservation Act (Law 4/93). Clause 5 of the Law 4/93 states that
a report should be submitted before implementation of any protect that may have a potential impact on the
environment.

This report provides the background to the proposed reclamation project as well as an assessment of their likely
environmental and social impacts, both beneficial and adverse. The proposed dredging and reclamation and
mitigation measures are outlined where necessary together with an environment management plan and a
monitoring programme. This report demonstrates the commitment by the proponent on the environmental
protection and preservation into the public sector development projects.

QKOf i -®E£=~-¢=qf£°«xt=-a=0£0f£° £ £

The report has been structured to meet the requirements of the EIA regulations 2012 issued by the Ministry of
Environment and Energy. This EIA report has been devel oped based on the TOR issued by the EPA on 29th
May 2017. The EIA report would provide an executive summary at the beginning. The report will then have a
description of the proposed dredging and reclamation project at Thilafushi in detail, existing environmental
conditions, justifications given by the proponent for undertaking the proposed project components and
alternatives. Alternatives to proposed components in terms of location, construction methods and technologies,
design and environmental considerations would be suggested. A mitigation plan and monitoring programme
before, during and after the works has been outlined in the report. The major findings of this report are based on
qualitative and quantitative assessments undertaken during site visits in May and June 2017. These data have
been used to support the report as long term site-specific data is difficult to obtain or lacking.

The impact assessment methodology has been restricted to field data collected during various time periods,
consultations with stakeholders, experience and professional judgment of the EIA team members. In addition,
satellite and aerial photos have been used to study the geography and environmental changes where necessary.
Moreover, similar project reports have been reviewed and referred in completing this report. Below are the
reports that have been referred;

EIA for the Permanent Sand Borrow Site for Repairing and Leveling of Roads at K. Thilafushi
(MEECO, 2015)

EIA of shore protection in Maafushi Island (Water Solutions, 2015)

EIA for the Proposed Reclamation of Thilafalhu Thilafushi, Kaafu Atoll, Maldives (Sand Cays,
2011)
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ThisEIA has been prepared by Water Solutions represented by the following registered EIA consultant working
with the Water Solutions.

Ahmed Jameel (EIA Consultant Registration number: EIA P07/2017) (lead consultant)
Ibrahim Faiz (EIA Consultant Registration number: EIA P05 /2017)

Hassan Shah (EIA Consultant Registration number: EIA P02 /2007

Faruhath Jameel (National Building Practitioners Registration Number: BP02406)

The report is based on qualitative and quantitative assessments undertaken during site visits and secondary
information gathered from secondary sources. Due to unavailability of long term site-specific data, the impact
assessment methodology has been restricted to field data collected, consultations, experience and professional
judgment of the EIA team. Available long term data were collected from available sources, such aslong term
data on meteorology and climate from global databases.
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This section outlines the relevant environmental legislation pertaining to this project as the project takes place in the context of the Maldivian law and regulations. Hence, this
section will outline the relevant laws and regulations that are relevant for this project and how the project components address these concerns.

Name of legidation Area relevant to | Details
project

Lawsand Regulations

Environmental Generaly Yes Clause 5a states that an impact assessment study shall be submitted to the Ministry of Environment, Energy and

Protection and covering the Water before implementing any development project that may have a potentially detrimental impact on the

Preservation Act Environment environment. Therefore, Clause 5 is of specific relevance to this EIA. The EIA Regulation (2012), which cameinto

(1993, Law 4/93) forcein May 2012 has been devel oped by the powers vested by the Environmental Protection and Preservation Act
(1993).

This EIA has also been prepared accordance with the guidance provided in the EIA Regulations (2012/R-27). This
EIA will follow the environmental management aspects stated in the Environment Act 4/93 by ensuring that the
Environmental Management Plan and proposed mitigation measures will enable the project from incurring any
undesirable impacts on the environment.

EIA Regulation Environment | Yes The EIA Regulation (2012) guides the process of undertaking the EIA in the Maldives. The regulation provides a
(2012/R-27) detail guidelines outlining the EIA process, including the roles and responsibilities of consultant and the proponent.
It outlines every step of the EIA process beginning from EIA application to undertake an EIA, details on the contents,
minimum requirements for consultants undertaking the EIA, format of the EIA/IEE report. The Ministry of
Environment has issued 3 amendments to this regulation over the past years.

Amendment 1 (issued on 9" April 2013) covers the fines for proponents who fail to obey the regulations.

Amendment 2 (issued on 30" August 2015) covers the EIA report review criteria and review fees. This amendment
alsoincludesthe latest update to thelist of the projectsthat require EIA and the latest update to the list of the projects
that do not require EIA.

Amendment 3 (issued on 11" August 2016) covers the point systems for consultants, categories of the consultants
and amendment of the penalties to consultants and proponents who fail to follow the regulation.

ThisEIA isprepared in order to comply with the EIA Regulation 2012/R-27, as the regulation specifies the need for
EIA clearance for reclamation projects before the commencement of physical work. The guidance provided in this
Regulation and its amendments was followed in the preparation of this EIA report. The EIA has a so been prepared
by registered EIA consultants at EPA.
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Dredging and
Reclamation
Regulations (2013)

Environment

Yes

EPA implements the Dredging and Reclamation Regulation and all the projects which have a component of
dredging or reclamation is subjected to this regulations. The clauses which are relevant to the proposed project is
outlined below:

Clause 6, a, and c outlines the situation or cases to which dredging and permit can be given.

Clause 7 discusses the types of situations in which dredging and reclamation can be undertaken.

Clause 11 outlines the criterials to be utilized during dredging and reclamation.

Clause 13 outlines the details conditions to be met in a borrow area. This includes, minimum buffer zone

between the reef line, shore lines and also buffer zones around reef.

Clause 14 outlines the dredge spoil disposal methods and its use.

Clause 15 outlines the maximum areafor dredging.

Clause 16 outlines the maximum area for reclamation.
Accordl ng to the clause 13 of the regulation, no dredging should be carried out in the buffer area of 100m inside
from the reef edge of an island. Moreover, no dredging should be carried out in 50m buffer area from island
vegetation line into the lagoon. The proposed dredging location falls in this 50 meter and 100 m buffer zone.
Therefore a specia permit need to be obtained from the EPA prior to the dredging work in this area.

Application to obtain permit from EPA under the Dredging and Reclamation regulation will be submitted to EPA at
the time when this EIA report for approval.

Waste Management
Regulations (2013/R-
58)

Environment

Yes

The Ministry of Environment and Environment isimplementing a Waste Management Regulation to minimise the
impact of waste on the natural environment of the Maldives. This Regulation is implemented by EPA. The aim of
the Waste Management Regulation is to implement Nationa Waste Management Policy (NWMP) (2015) of the
Ministry of Environment and Energy. The NWMP has been developed as a framework for a national waste
management to guide the activities implemented to improve the national waste management practices. The key
elements of the policy include;

Ensure safe disposal of solid waste and encourage recycling and reduction in waste generated.

Develop guidelines on waste management and disposal and advocate enforcing these guidelines through inter-

sectorial collaboration.

Implement polluter pay principle to management the solid waste in a sustainable manner.

Ensure the safe disposal of chemical, industrial and hazardous waste.
The Regional Solid Waste Management Facility which will be devel oped on the land that would be created at
Thilafushi as part of the proposed project would facilitate to improve the waste management practices in the Zone
3 of the Maldives targeting to 4 atollsin the central regions of the Maldives. The establishment of the RSWMF
will bein line with the NWMP policy.

This project will conform to thislaw and policy. The waste produced from theinitial site preparation works, during
the dredging and reclamation will be managed according to the Waste Management Regulations. The waste
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generated from the project site will be temporarily stored in a designated area and will be transported to Thilafushi
waste management area.

Protected and
Sensitive Areas

Environment

Yes

Under Article 4 of the Environment Protection and Preservation Act, the Ministry of Environment is vested with the
responsibility of identifying and registering protected areas and natural reserves and drawing up of rules and
regulations for their protection and preservation.

As part of the Environmental Regulation, EPA has established list of [Sensitive sites[in the Maldives. Although not
formalized asaregulation, the sensitive list is mentioned in the Regulation on Dredging and Reclamation (Regulation
number 2014/R-13, see Section 5.7, page34). The sensitive sites, according to EPA are sitesin the Maldives (islands,
reefs, mangroves, inter-tidal areas) where devel opments ought to be restricted, regulated or controlled.

This project does not fall to a boundary of a protected area. However, there are MPAs within 10km radius of the
project site. These sites are detailed in the existing environment section of the EIA report.

Environmental
Liability Regulation
(on 2011/R-9)

Environment

Yes

The Environmental Liability Regulation covers a wide range of issues which enables charging of pendties, and
compensation on environmental polluters enforced by enforced by EPA. The regulation came into effect in order to
ensure that any developmenta activities conducted will ensure the protection of the environment as well as
sustainable development. The regulation also ensures that the surrounding environment is not degraded or
deteriorated, and any natural resources are not wasted during said developmental activities.

The project activitieswill be done according to an Environment Management Plan and proposed mitigation measures
to ensure that the proposed project complies with the Environmental Liability Regulation. Since the EIA forms an
integral part of the civil works and operations contracts, the respective parties shall be aware that Environmental
Liability Regulation will be applied in instances where damage to the environment is caused.

Guidelines & Action Pl

ans

Post EIA Monitoring,
Auditing and
Evaluation

Environment

Yes

The environmental monitoring programme has been recommended in EIA. The monitoring programme outlines the
objectives of the monitoring; the specific information to be collected; the data collection program, and managing the
monitoring programme. Managing the monitoring programme requires assigning institutional responsibility,
reporting requirements, enforcement capability, and ensuring that adequate resources are provided in terms of funds,
skilled staff, etc.

The environmental monitoring programme outlined in this report has been developed to comply with the EIA
Regulations 2012.

National Biodiversity
Strategy and Action
Plan (2016)

Environment

Yes

The NBSAP 2016-2025 isa 10 year plan and is designed to address the following 6 broad areas of concern by setting
astrategy with targets.

Strategy 1 OStrengthen governance, policies and strategies for biodiversity
Strategy 2 [OEnhancing communication and outreach through awareness programmes and capacity building

10
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Strategy 3 OWork together globally for biodiversity conservation

Strategy 4 OEnsure sustainable use of biological resources

Strategy 5 DAddress threats to conserve biodiversity

Strategy 6 OStrengthen information management and resource mobilization

The 3 basic principles of the National Biodiversity Strategy and Action Plan 2016-2015 are

1. The people of this generation and the generations to come reserves the right to access and share benefits of
rich biodiversity and ecosystem service;
2. Responsibility of conserving and sustainable using biodiversity lies on everyonels shoulders and shall be
taken as a shared responsibility;
3. Biodiversity shall be mainstreamed into all sectors and in a manner whereby monitoring progress and
accountability ensured.
The EIA report was prepared after considering the six strategies stipulated in NBSAP. Inimplementing the proposed
project activities, due care should be given to ensure that the national biodiversity strategies are adhered to. The
proponent has committed on protection of the environment by minimising the impact of the natural environment
while undertaking this proposed project. More specifically, the coral reef and generally the marine environment have
been assessed in order to study baseline. Quantitative and qualitative surveys were undertaken to assess the biol ogical
diversity of the marine environment, especialy in close proximity to the proposed project area. Practical mitigation
measures have been identified to protect the marine biodiversity around the proposed project area.

Third National Environment | Yes The Third National Environment Action Plan (NEAP 3) is divided into principles, outcomes and goals to achieve

Environment Action the results. Principles prescribed in NEAP 3, which have been incorporated into this EIA exercise include local

Plan (2009) demoacracy, informed decision making, continuous learning and improvement, right to information and participation
and most importantly the complementing role of environmental protection in socio-economic development. The
proposed project is expected to provide alearning experiencein terms of effectiveness of the use of EIA asaplanning
instrument and appropriate monitoring for which specific focus is laid in Objective 24.1 of NEAP 3 (Ministry of
Housing, Transport and Environment, 2009).
By undertaking EIA prior to developmental projects, it ensuresthat environmental impactsfrom the project activities
are minimized / avoided. This project is aiming to address the national waste management issue by facilitating the
establishment of Regional Waste Management Facility.

Maldives Climate Climate Yes The Maldives Climate Change Policy is a framework to address the climate change issues in the Maldives. It aims

Change Policy Change to adopt and mitigate the current and future effects of climate change. The policy recognises climate change as a

Framework (2015) central player in sustainable development. The policy is based on a set of principles to guide related activities that

take into account national laws, national development plans, strategies, action plans, policies and relevant
documents. The policy has been guided by eight principles: climate leadership, intergenerational equitability,
mainstreaming climate change, relevant international commitments, multinational partnerships, transfer of
technology and climate resiliency.

11
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The proposed project is an adaptation project to improve the resilience of the reef environment through better
management of waste in the islands of the Maldives.

Maldives Marine Marine water | Yes This guideline would be used as a standard to measure the ambient condition to monitor the condition of the marine
Monitoring Standards | quality water quality against the established baseline.

issued by EPA. Water

Australian and New Sediments For Traces of heavy metals and organometallics in the marine sediments would be compared with the Australian and
Zealand Guidelines for comparison | New Zealand Guidelines for Fresh and Marine Water Quality which quote maximum guideline concentrations for
Fresh and Marine purpose contaminantsin freshwater and marine sedimentsfor reference purpose. The traces of heavy metalsin the sediments

Water Quality sampled in the post EIA monitoring will be compared with that of the baseline which has been established in the
EIA process.

Per mits

EIA Decision In order to commence work on the project, the proponent requires to obtain the EIA Decision Statement issued by

Statement EPA following evaluation of thisEIA. The EIA Decision Statement is prepared based on the information presented
in this EIA report particularly the mitigation measures provided to prevent or reduce the potential environmental
impacts. In addition, the monitoring requirements of the project are enforced in the EIA Decision Statement.

Dredging and Prior to any coastal work that require dredging or reclamation, a special permit had to be taken from EPA. A specific

Reclamation Permit

form published by EPA has to be completed and submitted for the approval. EIA application form will only be
accepted when the form is submitted with the coastal modification approval given by EPA inwriting. Dredging and
Reclamation approval will be issued from the EPA with EIA Decision Note, if the EPA decides to move forward
with the project.

12
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This project is proposed by the Government of the Maldives where the Ministry of Environment and Energy
(MEE) istheimplementing agency. The finance for the devel opment of this project comesfrom the Government
of Maldives.

The Ministry of Environment and Energy remains committed to finding a solution to the issues of solid waste
management that are inherent throughout the country. This project is a part of a programme which focused on
the development of an Regional Waste Management Facility (RWMF) for Zone 111 of the Maldives, which
encompasses Male[{K) Atoll, North Ari (AA) Atoll, South Ari (ADh.) Atoll, and Felidhu (V) Atoll. A main
facet of the project will be the Waste-to-Energy (WTE) facility that is to be built on the island of K. Thilafushi,
and is the hub where waste generated in Zone 111 will be processed. The Environmental Protection Agency
(EPA) will oversee the enforcement of strict environmental standards during the development and operational
phase of the facility.
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The development of the proposed project takes place in the shallow lagoon of Thilafalhu at K. Thilafushi in the
proximity of the existing landfill site at Thilafushi. The coordinates of the project location are 4°10'54.49"N
73°26'24.38"E. The establishment of RWMF for Zone |11 at Thilafushi requires 27 hectares where 15 hectares
need to be reclaimed from the shallow lagoon. The Figure 1 illustrates the location of the project.

Thilafushi Integrated Sovlid Waste Managemenl System
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Figure 1. Project location
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The aim of this project isto create new land for the establishment of the Regional Waste Management Facility
(RWMF) for Zone Ill at Thilafushi. The Ministry of Environment and Energy (MEE) plans to develop the
RWMF near the existing waste dumpsite which is located Thilafushi. The RWMF established at the new land
would be utilised to treat and rehabilitate the existing dumpsite at Thilafushi.
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Solid waste management is one of the major environmental issuesin the Maldivestoday. Rudimentary practices
in solid waste management has resulted in vastly degrading marine and terrestrial environments throughout the
country. A significant portion of this problem can owe to the geographical scatter of islands and the scarcity of
land on these idlands. An accelerated population growth over a short period of time over the last several decades
has ensured the growth of the solid waste problem with it, while the management of this solid waste has not
been receiving the attention it requires. Thus, solid waste has been managed in the country in the form of
dumpsites and open-air burning.

Theisland of Thilafushi in Kaafu Atoll has been utilized over the past few decades to serve as the dumpsite for
solid waste generated from Malel]Jits biggest source, and other nearby inhabited islands and resorts. Large
quantities of waste generated in Malelare taken to stockpile at the disposal site on theisland of Thilafushi. The
stockpile at the site is continuously burned sending massive plumes of dark smoke into the atmosphere, before
open dumping in abunded lagoon. The Thilafushi Island also receives wastes from tourist resorts. Overall, there
are significant potential impacts of solid waste on the environment and public health, and on the potential
sustainability of tourismin the Maldives. However, the lack of along-term strategy for solid waste management
in Thilafushi has resulted in numerous environmental detriments, from immense visual pollution to locals and
tourists alike, to significant marine pollution and an even greater problem, that of air pollution. Due to the lack
of control over the dumping in Thilafushi, various flammable, reactive and hazardous substances have been
dumped over time. As aresult, surface fires occurs on site on a daily basis, releasing a toxic plume into the air
that spreads to nearby islands, and as far as Malell The waste disposal site at Thilafushi is non-engineered low
lying and by far the largest solid waste disposal site in the Maldives. The site has minima environmental
protection measures.

The issue of solid waste management in the Maldivesis of critical importance, and the Ministry of Environment
seeks to address the issue. A key areaisthe Greater Maleltegion and nearby atolls, which together encompass
a significant portion of the country(s population. Therefore the Ministry of Environment and Energy have
proposed a Regional Waste Management Facility for Zone Il of the Maldives, including Kaafu Atoll, North Ari
Atoll, South Ari Atall, and Vaavu Atall.

According to the Thilafushi Industrial Master zoning 2014 there is an unallocated area of 27.8 ha available
consisting of the following area:

Thilafushi dumpsite: 10,1 ha

Actua docking, administration sorting area: 1,4 ha

Free area (small dumping area, old waste, etc.) : 0,8 ha

Small unallocated area (rain water collection pound): 0,3 ha

MorthOagoon : 8,8 ha

[South(d lagoon: 6,4 ha

Both lagoons are separated by aroad which is under improvement and construction.

Arga aliocated

Ares aliccated

Figure 2: Actual unallocated areas and dumpsite area at T hilafushi
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Ministry of Environment and Energy is presently undertaking design work for the RWMF for Zone Il at
Thilafushi. The existing dumpsite at Thilafushi needs to be rehabilitated and after rehabilitation it is not
recommended to foresee this area for heavy civil constructions in a near future. Only one small part of actual
dumpsite could be used unless the waste is removed entirely and soil/sand is compacted properly. For the start
of the operation (RSWMF at Thilafushi aland availability of additional 15 ha should be foreseen.

Area allocated

Area allocated

Area allocated

Figure 3: Preliminary land allocation for the establishment of the RWMF at Thilafushi.

The proposed RWMF would have (1) waste processing facilitiesfor Construction and Demolition (C& D) waste,
ELV dismantling and storage, hazardous and electronic waste storage, storage of recyclables (2) waste
incineration (3) associated infrastructure for docking, transportation, storage and other facilities and (4)
landfilling for the residual ash and flu gas cleaning.

The proposed project site has shallow reef flat waters in the range of 1.0 to 1.7 m MSL. Reclamation will be
done mainly in these shallow areas. It will be possible for dredging vessels to approach the project site. Thereis
an existing channel in the reef system. Sand is proposed to be borrowed from the inner atoll lagoon
approximately adjacent to reclamation areareef system. The objective of this project isto reclaim additional 15
hectare land from shallow lagoon of Thilafalhu in K. Thilafushi in order to develop a Regiona Waste
Management Facility

SKRE* | ° 8§8§®2ng°--~"=E-jok ®- - £ -2 %

The proposed project is a reclamation project. The Project is required to address shortage of land issue for the
establishment of the RWMF at Thilafushi for Zone I11. The project will involve:

a) Reclamation of 15 hectares of shallow lagoon at Thilafushi adjacent to the existing dumpsite at the
isand.

b) Dredging of thelagoon at Thilafushi to borrow 525,000 cubic meters of fill material to undertaken
the proposed reclamation work.

¢) Construction of a475 m long geo-bag revetment on northern side of the reclaimed land as shore
protection

d) Relocation of the 510 m rock revetment on southern side of the link road to the southern side of the
reclaimed area for shore protection.

The proposed areafor reclamation is a shallow lagoon (Figure 2). The northern section of the area proposed for
reclamation is adjacent to the existing dumpsite at Thilafushi. The proposed dredging and reclamation area at
Thilafushi is shownin Figure 4.
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Thilafushi Integratzd Solid Waste Management System
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Figure 4. Proposed reclamation for the development of the Regional Waste Management Facility

The elevation of the islands in the central Maldivesisaround +1.2 m MSL. Considering the potential Sea Level
Rise scenarios, flooding risks and ease of building construction, a design elevation of reclaimed land would be
+1.7 m MSL and a construction elevation of +1.8 m has been used. The construction elevation will be +0.1 m
higher than the design height to allow for settlement of the reclaimed land which had been commonly observed
in such kind of projectsin the Maldives.

Coastal protection of the reclaimed land would be constructed to a height of +1.9 m from MSL. On northern
side 510 m Type 1 revetment would be constructed using geo bags. Five tonne geo textiles bags would be filled
with sand and placed on the boundary of the reclaimed land as a revetment. Geo bags are made from abrasion
and UV resistant material geo textile material which can last over 20 years.

Type 1 Revetment

5 tonn Geo bags filled sand

t].ll m

I 2 |
\I '_\‘ 2 I.7m

|

Reclaimed land

I ][ J LJH:] sea bed
A

Gieotextile memberane

Figure 5: Cross section of rock boulder revetment (Type 1)

On southern side, the existing rock boulder revetment on southern side of the Link Road would be moved as
shore protection on the reclaimed area which would be located on southern side of the link road as Type 2
revetment. In this project, a 450 metre long revetment will be constructed using rock boulders. The following
figureillustrates the cross section of the revetment.
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Figure 6: Cross section of rock boulder revetment (Type 2)
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The project is expected to be not more than 9 months for construction. A tentative construction schedule has
been presented in Table 3. The project implementation will be sequenced, to ensure that the harbours at
Thilafushi can continue operate without any undue interference with cargo shipping and handling.

SKSKN-+2°3 [ 28§. a=%+2°~2¢f¥.

It is proposed to undertake the reclamation using Cutter Suction Dredger (CSD). The fill material for the
reclamation is proposed to be dredged from the lagoon in the middle of Thilafushi. The dredger would dredge
sand from the lagoon sea floor and pump the dredge material to the area which is marked for reclamation. The
borrow area shown Figure 4 is considered to yield adequate sand. The existing depth of the area proposed for
dredging is 08 m from MSL. The cutter suction dredger would dredge area of 131,250 square meters to obtain
525,000 cubic meters of fill material. The maximum dredging depth at lagoon would be 12m.

During the construction phase, dredging would be carried out as such that navigation path would be maintainin
the lagoon.
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Marine based activities will be dredging and reclamation works. The proposed filling area for reclamation will
be marked by disposing sand around the boundary of the area to be filled, thus creating a bund wall. Filling will
then be taken by disposing dredged sand to this area and compacting. Creating the perimeter bund wall is
important to control sedimentation and prevention of silts from dispersing in to the lagoon and ultimately in to
the reef. Sand bund walls have been proved effective in controlling sediments in a number of reclamation
projects undertaken in Maldives. If properly bunded, sediment control can be reduced significantly.
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Coastal structures for this project includes the revetments that would be constructed using rock boulders and
geo bags. After reclamation, coastal protection will be undertaken in order to prevent erosion of the shoreline
and to prevent land loss in the short to long term. Revetment will be constructed around the perimeter of the
reclaimed land. Revetments would be made of rock boulders on southern side and geo bags filled with sand
would be used for the construction of the revetment on northern side.
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The project has inputs in terms of human resources, and natural resources and machinery. The main output of
the project isthe creation of 15 hectares of land that would bring direct and indirect benefits to the communities
in central regions of the Maldives. The inputs and outputs are summarised in Table 1 and Table 2.
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Table 1: Main inputs of the proposed project

Input resour ce(s)

How to obtain resour ces

Workers Contractor(s responsibility
Management and mai ntenance staff Contractor
Water supply (during construction) Rainwater

Telecommunication

Available fromidand

Food

Available fromisland

Fuel

Available fromisland

Electricity/Energy (during construction)

Diesel-based electricity from island mains

Machinery such as excavators

Contractor(s responsibility

Table 2: Matrix of major outputs

Products and waste
materials

Anticipated quantities

How to manage workers, acquire, dispose
materials and waste

Dredge material

525,000 m*

Stockpiled in the island for later use

Rock boulder revetment

510 m of revetment

Revetment would be constructed by re using
rock boulders that had been used for the link
road

geo-bag revetment

475 m of revetment using geo-
bag as construction material

Geo bags filled with sand would be used for
the construction of the revetment on northern
side of the land that would be reclaimed.

Waste ail 200 L per week Transported to Thilafushi or Vandhoo at the
end of the project

Noise Localized to project site Unavoidable during the construction stage but
will be minimized. Noiseisunavoidable.

Air pollution Limited quantities of dust, Mainly arising as aresult of emission from the
oxides of Nitrogen and sulfur | construction work such as from the excavators
from use of machinery inthe | and other machinery. Only localized but
construction zone unavoidable.

Solid waste 3kg/person/day Disposed through island waste management
center asit is not envisaged to produce large
quantities
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Following is a tentative schedule for undertaking the proposed reclamation project at Thilafushi for the
development of the Regional Waste Management Facility for Zonelll.

Table 3: Project Schedule

Weeks

Description

10|11

14| 15| 16| 17| 18| 19| 20| 21, 24( 25| 26| 27, 31

Approval of the A

Approval of the Design

Preliminary works

Survey and setting out

Mobilization

Site setup

Creation of bunds for the reclamation

Dredging and Reclametion

Levelling of reclaimed area

Undertake Coastal Protection work

Out survey

Site clearance

Demobilization
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The Engineer at the Ministry of Environment and Energy will finalize the design for the dredging and
reclamation project based on the findings and recommendation from the EIA.
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The dredging for the borrow material will be undertaken by using a Cutter Suction Dredger (CSD). The cutter
suction method, to be used for dredging, isin common use in the Maldives. Information on recent large scale
use for Velana Airport is given in section 10.6.6 of the report.
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Cutter suction dredging involves the use of arotating barrel, fitted with cutter blades attached to a suction pipe
through which seawater is drawn, with the use of suction pumps. The equipment is mounted on a frame, or
Tedder[;] which moves the cutter head in a series of arcs across the sea floor. The ladder is attached to a barge
fitted with large vertical [Spud polesCto maintain position. Figure 7 below shows a schematic diagram of a
typical cutter suction dredge assembly, and Figure 8 shows the cutter head.

The action of pumping seawater through the cutter head and into a suction line allows sediment to be collected
and transported efficiently. While some cutter suction dredging operations involve collecting the materia in a
barge, for the proposed work the material is to be pumped directly to the reclamation site, avoiding losses
involved in transfer into and out of the barge.

Step Spud

Lancich
Sucton Lina e—

Ladder Pumg

Figure 7. Schematic diagram of a cutter suction barge

shaft

y . back plate

s ment

Figure 8: Detail of cutter head assembly
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The dredged material would be disposed in the areas indicated in Figure 4. Before material is disposed, a sand
bund would be created at the perimeter of that areas would be reclaimed. The sand bund would be created using
excavator and by excavating sand from the shallow lagoon. Creating the perimeter bund wall is important to
control sedimentation during the reclamation phase of the project. Coastal protection would be carried out after
the reclamation phase of the project.

SKUKQ-+2°3 j28§. 1a=j ~2£°§~2a4

The revetments for the coastal protection of the reclaimed island would be undertaken rock boulders and geo
bags filled with sand. Figure 5 and Figure 6 gives a conceptual plan for the coastal protection to protect the land
that would be created from reclamation.
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The proposed works are expected to be started during Third quarter of 2017. The duration of the project is
expected to be 9 months.
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No physical development has been undertaken. However a number of studies including marine assessment and
surveying has been undertaken. Initial conceptual plan for the reclamation has been devel oped and waiting to
be endorsed by relevant stakeholders. Detail design for the project including the coastal protection would be
undertaken based on the findings and recommendation from the EIA. The contractor has been identified and
they will be mobilising to the site approval of the EIA and design work. The implementation schedule is shown
in Table 3.
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The project will be implemented through a carefully managed plan. The contractor will mobilise as soon as the
EIA isapproved. The dredging and reclamation component of the project has been programmed to be completed
within 3 months from the date of commencement of the construction work. The coastal protection component
will take additional 6 months to complete.
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All the EIA related work was undertaken by consultants from Water Solutions. Dredging and Reclamation
contractor for this project is Maldives Transport and Contracting Company (MTCC). Initial concept for the
reclamation was devel oped by Water Solutions Pvt Ltd.

The Government agencies relevant to this development are Ministry of Environment and Energy, Environmental
Protection Agency and Thilafushi Cooperation Limited.
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The project is finance by Government of Maldives through the Public Service Investment Programme. The
project will be executed by project management team at the Ministry of Environment and Energy.
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Proper site mobilisation is critical to the success of the project. This project will only have a large scale
mobilization in terms of equipment and material.
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The project site area will provide the storage area for al machineries and materials delivered to site. Materials
will be stored within the stores that will be constructed for safe storage. All vulnerable materials / equipment
will be stored in the secure containers. Area marked Figure 9isan empty space that will be used for this purpose.
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Figure 9: possible location to set up the temporary project site at Thilafushi.
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A waste removal strategy will be developed during the pre-commencement period. The contractor proposes that
waste skips will be provided within project site area, which will be removed and replaced on adaily basis. The
contractor is also required to work towards better management of waste so the volume of waste to be disposed
would be reduced. All solid wastes from the construction activities, that is from the construction works will
enter the present waste management cycle in Thilafushi. All other wastes such as hazardous wastes like waste
oil, grease and construction waste alike will be stockpiled at the project site and transferred to all ocated Vandhoo
or Thilafushi waste sites regularly.
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The site will be kept clean and tidy at all times and will accord with the safety requirements. Particular attention
will be given to preventing the contamination of working areas and staff areas.
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Full recognition and regard will be taken in the management and execution of project safety plan. Any
subcontractors are obliged to provide safety policies, plans and method statements and will be interviewed prior
to order placement on all aspects of safety, health and welfare.
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MTCC isthe contractor for the project and MTCC has permanent labour quarters at Thilafushi, where the staff
for the project would be housed.
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Spillages can be an issue in this project if adequate measures are not taken. Hence, oil, grease and other fuel
storage will be held on land in a temporary site that has adequate impervious flooring. Refuelling of dredger,
excavators and trucks will be required to be undertaken in hard floor areas setup at the project site during the
construction works.
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The project activities will start in south west monsoon, and hence environmental conditions are expected to be
moderately favourable during the construction period. Dredging works will be undertaken in a closed lagoon
and is expected to be calm during the construction period.
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The islands of the Maldives occupy the central 700 km Olong portion of the 3000 km Olong Lacadive-Chagos
submarine ridge, where they form a double chain of north-south orientated parallel atolls separated by an inner
sea. The atollsrest on a submarine plateau that is 275 to 700 m deep, 700 km long and up to 130 km wide. There
are several east-west trending deep (~1000 m) channels separating atoll groups.

The islands are |ow-1ying Holocene features that began forming between 3000 and 5500 years ago (Woodroffe,
1992). The islands represent the most recent deposition along a submarine plateau that is underlain by
approximately 2100 meters of mostly shallow-water carbonates resting on a slowly-subsiding Eocene volcanic
foundation (Purdy, 1981).

All islands of the Maldives are very low lying; more than 80% of the land areaisless than 1 m above mean high
tidelevel (MEEW, 2005). Combined with the small size of the islands, this means that accelerated sealevel rise
will have devastating effects on the islands and threatens the very existence of all theislands of Maldives.

Thilafushi is located in North Male[&toll, 9.5km from MalellIn terms of geographic coordinates, it is located
at 04° 11' 00" N and 73° 26' 44" E. Nearest inhabited island is Villingili approximately 7.1 km east of Thilafushi.
The reef system hosting Thilafushi does not host any other islands, though it hosts one of the most popular dive
sitesinthe Maldives. Thereef systemisapproximately 4.65 kmlong, 0.94 km wide (width of ring reef, including
the lagoon areq).

Thilafushi Island has been developed as a solid waste land fill since December 1992. The island was initially
developed as a sand bank using dredged material from the Thilafushi Reef. Since then, land has been reclaimed
by placing solid waste in dredged holes on the reef flat and |ater topping it up with fresh lagoon sand. Theisland
referred to as Thilafushi-1 was and is being reclaimed using this method.

A second island, zoned as Thilafushi-2, was reclaimed from lagoon sand to meet the demand. Subsequently a
third island, Thilafushi-3, was initiated to reclaim 167 Ha of land from the remaining reef areas of Thilafushi.
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Beach processes and dynamics were studied by mapping beach of the existing land on east and western side of
the proposed reclamation site. Combination of remote sensing technology and field measurements and ground
truthing were used to assess the coastal and morphological changes of the islands. Aerial photographs was geo-
referenced and comparatively evaluated using GIS technology to assess the devel opments of the island. Beach
profilestaken at Thilafushi 2 and Thilafushi 3 to eval uate beach morphol ogy and beach shape. The measurement
of beach profiles record detailed information on the elevation and distance of the shoreline. Topography of the
existing lands at Thilafushi 2 and Thilafushi 3 was studied by taking transact across the islands and using aerial
photos
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Beach materia at the isand on western side is sand while on the area east of the proposed reclamation site is
sand rubble. On eastern side, the beach area has been created with excavated sand while on the western side it
has been due to the land reclamation using a cutter suction dredger. The southern side of the area on western
side has expose medium grained coral sand and biogenic material derived from the reef typical to high energy
environment.

Six beach profiles taken from the western and eastern side of the proposed reclamation area. Beach profiles 1 to
3 were taken on western side of the proposed reclamation area. Beach profiles 4 to 6 were taken on eastern side
of the proposed reclamation area. The beach profiles has been presented in Figure 16. The coastal areas on
northern side is exposed to fetch waves regenerated in the lagoon after breaking up on the reef and the southern
side is exposed to surfs breaking up on the ocean ward reef flat.
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The coastal environment of the project area can be described as having the following components: (i) natural
shallow lagoon west to project area, (ii) the natural deep lagoon north to project area, (iii) Thilafushi Industrial
Zone area on western side of the proposed location, (iv), waste dump site on eastern side of the proposed |ocation
and (v) Thilafushi Link road which divides the reclamation area into two sections. The condition of the coastal
environment of theisland isillustrated in the Figure 10.
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“EPrpse lamation area

Link Road

Thilafushi Indusiridl Zone

Figure 10: Existing condition of the proposed reclamation area (Photos taken on 6™ June 2017 by Water
Sol utions)

7.2.2.1 Natural Shallow lagoon on western side of the reef system

Western side of the reef system has a natural deep lagoon which gets shallow as approached to the reef flat area.
The lagoon is shallow has a sand in the bottom.

Figure 11: Low aerial photo of the lagoon on western side of the reef system

7.2.2.2 Deep lagoon in the center of the reef system

The project takes place in the shallow lagoon between the T1Z and the existing waste dumpsite at Thilafushi and
section south of the Link Road between Thilafushi and TI1Z. The proposed borrow area for this project is the
deep lagoon found in the centre of Thilafushi reef. The lagoon has an average depth of 7m. Sand and silts
dominates the bottom substrate of this area.
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Borrow area to dredge sand for reclamation

Figure 12: Low aerial photo of the proposed project areataken during field visit

7.2.2.3 Eastern side of the Thilafushi Industrial Zone

The proposed reclamation areais between Thilafushi Industrial Zone and the existing waste dump site located
at Thilafushi Iland. Thilafushi Industrial Zone (T1Z) is located west of the proposed reclamation area and this
land was created after reclaiming the shallow lagoon of Thilafalhu in 2010. The shoreline of the newly created
land had not been protected. However the shoreline of the TIZ has not changed much since the land was
reclaimed. On this side, the reclamation of T1Z was carried out such that reclaimed up to high tide level during
the last reclamation project done in this area. There are few young Messerschmidia argentea (Dhivehi Name:
Boshi) plantsin the area. Photos attached bel ow shows the existing condition of this area.

Figure 13: unprotected shoreline of TIZ, on eastern side.

7.224 Western Side of Waste Dump Site

On east of the proposed reclamation areais the existing waste dump site of the Thilafushi. The dump site has no
shore protection other than a sand bund which was created when the existing cell for waste dumping was created
in 2015. On this side, the sand bund is lower than the MSL and a pool had been created due to overtopping of
the sand bunds during the high tides.
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Figure 14: sand bund protecting the mountain of waste on eastern side of the project site.

7.2.25 Thilafushi Link Road

TCL is currently undertaking a project to construct a link road to connect Thilafushi 1 with the newly created
Thilafushi Industrial Zone. The road passes through the area that has been designated for the development of
the RWMF for Zone I11. The road would be 830 m long with 20 m wide. The road surface would be 2.0 m above
the MSL at the centerline gently sloping towards the sides to maintain an elevation of 1.5m from MSL on the
edge of the road. The road will be finished with a surface of 40mm hot asphaltic concrete over a 150 mm thick
base course. The base course will be laid on compacted coral sand. The road design does not have a specific
rainwater or floodwater drainage system (MEECO, 2015). The road surface would be asphalt. Theroad is being
developed by reclaiming the shallow reef. The material for the reclamation has been borrowed from the area
which is located on south of the road with within the reef platform and also in close proximity to the road
development site.

Figure 15: Link road at Thilfushi, view from TIZ.
NKNKN2 | - «£2°

A detailed bathymetric survey of the Thilafushi reef system has been undertaken by Water Solutions for the
proposed land reclamation project for Ministry of Environment and Energy. The reef system of the Thilafushi
Island comprises of an ocean ward reef flat, alagoon ward reef and a central deep lagoon. The reef flat areas on
the ocean ward side of the reef system (south of the proposed |ocation) have a fairly flat depth ranging from
-1.0to-1.5m MSL. Profile 8 and profile 9 in Figure 16 shows the transect that had been surveyed through the
proposed reclamation and borrow area at the Thilafushi.

A large section of the reef flat had been excavated to borrow the sand for the construction of the link road
between Thilafushi and Thilafushi Industrial Zone. The reef areas towards the atoll lagoon (area where it has
been proposed for reclamation) have an average depth of -1.3 m. The deep lagoon areas have a depth ranging
from -2.0 mto -8.0 m MSL. A detail bathymetry of the proposed location for reclamation and borrow site is
attached as Annex to this report.
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Figure 16: Beach profiles and transect through the lagoon
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Thilafushi is an island that has been reclaimed by dumping of wastes on the submerged [ThilafalhuClagoon
area since December 1992. The island was initially devel oped as a sand bank using dredged material from the
Thilafushi Reef. Since then, land has been reclaimed by placing solid waste in dredged holes on the reef flat and
later topping it up with fresh lagoon sand. At present, only a part of entire Thilafushi island areais being used
for dumping, segregation and burning of the wastes. Therest of theisland, which comprises mostly of previously
filled areas, is being used for industrial purposes. Thilafushi Corporation Limited is to undertake extensive
reclamation of the reef area and convert the isand into a large commercia and port devel opment project using
sand and reef bed materials. The reclamation plan leaves aside the present waste dump and processing area,
which is made available for the development of RWMF for Zone 1.

The land use system of Thilafushi was developed in an ad hoc manner without a master plan. Hence, the present
land use patterns show a mixed approach to development with variety of industrial, manufacturing and
warehousing activities being undertaken on the island.

THILAFUSHI LAND USE PLAN
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Figure 17: Thilafushi Land use plan (source: TCL)

The bulk of the land in Thilafushi appears to be used for manufacturing or industrial activities. These include
activities like aluminium product assembly, construction prefabrication, boat building and workshops, among
others. Most of these developments are located at Thilafushi 2 (see the legend in Figure 17). Thisis primarily
dueto the large plots of land leased from these areas. A number of new manufacturing activities have appeared
on the old Thilafushi 1 Island, primarily in the form of workshops, construction related manufacturing and boat
building. Some of these plots were initially allocated for ware housing.
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The marine environment of Thilafushi consists of shallow lagoon, deep lagoon, reef-flat, and reef slope areas.
Thilafushi 1sland is situated on the southern rim of North MalelAtoll near Gulhifalhu. AlImost half of Thilafushi
lagoon is now reclaimed. The deep lagoon areais used as a mooring basin.
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Thilafushi consists of deep, shallow lagoon, reef flat and reef slope areas. More than half of shallow lagoon or
reef flat areais now reclaimed. South wing of Thilafushi iswider compared to north wing. Widest reef flat area
is on the south wing on the west side of the reef. The enclosed deep lagoon area towards east is well protected
with very restricted water movement. Thisareaisused by vesselsasamooring basin. The stagnant water coupled
with waste dumping in this area has degraded the lagoon environment on the east side. Deep lagoon of this area
has very low visibility. Bottom substrate of the deep lagoon consisted of mainly sand. Towardsthe east of deep
lagoon, bottom substrate is mainly mud and garbage debris.
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Seven sites were studied to assess the marine environment as baseline for reef benthic community. The
geographical coordinates and the locations are outlined in Figure 41.

7.3.21 Statusof coral reef at sitel1(M1)

Site 1 was chosen from the southern side of the island reef. This location is on the reef flat area nearest to the
proposed reclamation area. Marine environment of this area was studied during the field visit undertaken on
12th June 2017. This site cannot be considered as very healthy as the live coral cover is very low. The area
mostly contains rocks and coral rubbles and looks like alot of human impact had occurred. However, few coral
Massives and Digitate corals were found on the area. The following graph outlines the percentage benthic
composition at site 1. No IUCN listed critically endangered (CE) or endangered (EN) cora species were
encountered within the survey area.

Mean Percent Cover Of Substrate For Thilafushi Site M1
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Figure 18: Mean reef substrate cover for Site 1 (Surveyed on 12 June 2017)
Table 4: Summary Percentage reef composition for Site 1

Live reef cover Mean % per segment SE

HC 6% 2%
SC 0% 0%
NIA 0% 0%
SP 3% 1%
oT 3% 1%
Non-living reef cover Mean % per segment SE
RKC 1% 1%
RC 43% 4%
RB 27% 3%
SD 16% 2%
Sl 1% 1%
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Figure 19: Photos from survey site 1 (Taken on 12th June 2017)

7.3.22 Statusof coral reef at site2 (M2)

Site 2 was chosen from inside the project area. This location inside the shallow lagoon area where the road
development works area now going on. Marine environment of this area was sourced from EIA Report for
Access Road Development Project (MEECO, 2015). The severe effect of previous reclamation projects in
Thilafushi was evident on thisarea. High level of siltation and smothered corals were found in thislocation. The
bottom substrate in the area is dominated by rocks and rubbles. Few colonies of Massive corals were aso
observed on the site. No IUCN listed critically endangered (CE) or endangered (EN) coral species were
encountered within the survey area. Below are the images taken from this location.

Figure 20: Photos from survey site 2 (Source: EIA Report for Access Road Development Project (MEECO,
2015)
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