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1 Non-technical Summary

This Environmental Impact Assessment Report is prepared for the proposed harbor
expansion project to meet the requirement of Maldives EIA regulation and ADBs Safeguards
Policy Statement. With financial assistance from ADB this project is an initiative by the
Government of Maldives (GoM) to expand harbor capacity in Kulhudhuffushi, Ha Dhaal
atoll, with a view to improving maritime access and connectivity and fostering urban and
regional development in Kulhudhuffushi and the Northern region.

The Consultant prepared the scope of EIA with support from ADB’s environmental
Safeguards officer assigned to this project. The final ToR for the project was issued by the
EPA on 27" December 2015.

The proposed project consists of three components, reclamation, passenger/cargo harbor
and a waterfront Small Craft Zone area including a separation wall. These structure and
facilities are located in an artificially created shoreline and shallow lagoon between
Kulhudhuffushi port (south end) and existing harbor (north end).

The proposed works under this project includes the following components:

1. Area 1 Reclamation

2. Area 2 Reclamation

3. Waterfront and Small Craft Zone Area with a Harbor separation wall
4. Passenger/Cargo Harbor

These structure and facilities are located in an artificially created shoreline and shallow
lagoon between Kulhudhuffushi port (south end) and existing harbor (north end). In addition
to dredging, reclamation, quay-wall and other civil works on basic infrastructure, operational
port infrastructure (sometimes referred to as infrastructure-plus) includes facilities necessary
for the safe operation of the harbor. Depending on the type, size, and use of the harbor, the
scope and type of operational port infrastructure can vary widely. The main requirements for
the passenger-cargo harbor in terms of operational port infrastructure are:

e Navigation lights

e Timber jetty

e Harbor pavement, drainage and apron lights
o Small passenger terminal

e Harbor markets

¢ Building for business and commerce activities

APPROVED
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The duration of the project in terms of construction period is estimated as 18 months. An
independent contractor will carry out construction of the harbor expansion works where
workforce is considered as mix of both locals and expatriates.

Baseline environmental data for environmental components that are likely to affect were
collected during field visits to the site on November 2015 and January 2016. These included
information on changes to the shoreline of the proposed development area, shoreline profiles,
bathymetry of the proposed dredging and reclamation areas, seawater quality at project
impact areas and a control site, status of coral reef adjacent to impact area that included status
of the coral community, fish community. In addition assessment of sea grass community that
would be almost entirely affected was also carried out. In addition to this socio economic
profile of the island community was also assessed that included concerns and community
need with regard to expansion of the harbor facility.

Significant environmental components of the project that are likely to affect because of the
implementation of various activities are, deterioration of seawater quality, damage to coral
community through direct impact of dredging and reclamation, indirect impacts such as
effects of sedimentation and turbidity. Average coral cover both at residual impact area and
control site was 20%. Coral community diversity was not high. Diversity and abundance of
fish community was normal and similar to marine habitats in the Maldives. The project
impact area was screened through field assessment and literature review for presence of any
nationally and internationally protected species or habits. Only one individual of Hawksbill
sea turtle was encountered during the field survey. No protected species other than a single
turtle were found in the project area and residual boundary.

Impact on sea grass community from dredging and reclamation is expected to be the
highest since the proposed location for harbor basin will impact sea grass community.
Approximately 2 hectares of sea grass area in the shallow lagoon will be thus affected. It is

noted that this sea grass patch is a remnant of a large sea grass bed in the same location prior

project construction phase. Major impact areas identified are coral reef,
sea grass bed. Environmental mitigation measures on reducing i

addressed in the report. These include construction of a bund wall around the proposed
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dredging for harbor basin. Alternatively silt screen can also be placed so that sediments from
dredging and reclamation can be confined to the impact area ensuring impact reduction in
project adjacent and residual impact areas. Since none of the impact areas are identified as
critical or endangered habits at local or national level, no measures to compensate for loss of
these habitats were suggested. Post construction phase of the project is likely to cause only
minor impacts to the seawater quality and waste management. Mitigation measures proposed
through application of local standards and use of available facilities will further minimize
these impacts. Appropriate environmental monitoring program and activities are scheduled to
ensure compliance to environmental mitigation measures and monitoring. An institutional
arrangement has been proposed for environmental compliance and grievance redresses
associated with the project that involve all relevant stakeholders.

Evaluation of project environmental components, impacts of the project on these
components and their magnitude have indicated that the impacts are minor and manageable.
Hence it can be concluded that the project is feasible with very limited impacts on natural
environment. The positive benefits of the project from a socio economic perspective far over
weighs the negative impacts. With the environmental impact mitigation measures proposed,
environmental monitoring appropriately carried out through the proposed institutional
arrangement further impacts that are not foreseen or addressed in this report can be managed.

N

APPRGVED
.
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2 Introduction

This project is an initiative by the Government of Maldives (GoM) to expand harbor
capacity in Kulhudhuffushi, Ha Dhaal atoll, with a view to improving maritime access and
connectivity and fostering urban and regional development in Kulhudhuffushi and the
Northern region. This project is funded under TA-8829 MLD as the Asian Development
Bank (ADB) finances Kulhudhuffushi Harbor Expansion Project. The Ministry of Housing
and Infrastructure (MHI) is the Implementing Agency (1A), and the Ministry of Finance and
Treasury (MoFT) is the Executing Agency (EA).

The project preparatory technical assistance (PPTA) for this project is being undertaken by
PADECO in association with local Consultants Riyan. The tasks of Consultant’s Team
through their Terms of Reference (ToR) specific to technical feasibility for project design
include the identification and specification of key components and their civil works, the
incorporation of climate change adaptation measures into project design especially coastal
structures with viable engineering options taking into account international best practice and
the recommendations from other project components such as the environmental and social
assessments, and the economic and financial analyses.

A major milestone of this PPTA is to ensure environmental safeguards policy of ADB is
inherent to project preparatory works, construction and operation works. In addressing the
project’s environmental and social impact, the methodology and process of assessment was
carried out in accordance to the ADB’s Safeguard Policy Statement (SPS) and GoM’s

policies on environment and social safeguards.

The total construction and maintenance cost of the project is USD 7,941,673 including
contingencies. To this, an additional cost of USD 1,000,000 is added to cater for the cost of
the project management consultant (PMC) and unforeseen mitigation costs. The total cost of
the project is estimated to be USD 8,941,673.

2.1 Purpose of the report and need for the EIA

In accordance to ADB’s Safeguard Policy Statement (SP,

as Category A project. Hence, the projected environme en screened

through a Rapid Environmental Assessment (REA) screeni \DB; which

affirmed the requirement for a category A EIA.

KAPPROVE@
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In addition to ADB’s Safeguard Policy Statement requiring a Category (A) EIA,
environmental regulations of Maldives also require projects similar to this nature to prepare
an EIA report and environmental decision made through a Decision Note (DN) issued by
EPA. Developers of such projects are required to carry out EIA studies under the
Environmental Act of Maldives. The developer is required to obtain approval of EPA prior to
the implementation of any development activities related to this project.

A Scoping Application to EIA with a draft ToR was prepared by the Consultant with
support from ADB’s environmental Safeguards officer assigned to this project. The final ToR
for the project was issues by the EPA on 27™ December 2015. A copy of the ToR is given in
Appendix 1.

This document presents the findings of EIA for the Kulhudhuffushi Harbor Expansion
Project through field assessments of various environmental components as required by the
ToR by EIA consultant, stakeholder consultations by EIA consultant as well as information
and feedback from relevant stakeholders during various fact finding trips made by the project

team.
2.2 Report structure

This report is with reference to the ToR issues by EPA in compliance with EIA Regulation
2012 under Environmental Protection and Preservation Act of Maldives (Law No. 4/93).
Several amendments to the EIA Regulation 2012 are made of which particular relevance to
this project was amendment of November 2015. As part of this Amendment, application for
permit of dredging and reclamation works shall be submitted together with EIAs to the
Environment Protection Agency.

Specific structure of this EIA report also has to comply with this report structure guideline
given in Appendix (Baa), Schedule 1. The report also includes specific information and

assessments required by ADB’s environmental safeguards that are applicable and included in
the ToR.

1. A Non technical summary of the report {both/
English. This shall cover a summarized dscr
justification. All major components of thg
environmental impacts associated with the

significant environmental impacts
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Introduction

3. Legal and Policy Framework
Project Description: A description of the overall project proposal including
justification, main project inputs and outputs, project schedule etc.;

5. Methodology
Existing Environment: An assessment of the existing environmental status of the
proposed development site and surrounding environment;

7.  Potential Environmental Impacts: Prediction of potential environmental impacts and
evaluation of the magnitudes of environmental implications that will be associated
with the proposed developments;

8.  Mitigation Measures: Identification and assessment of the ways in which negative
impacts on the environment of the project site be appropriately managed and
minimized

9.  Environmental Management Plan

10. Stakeholder Consultation

11. Conclusion and Recommendations
In addition, the following sections are included in the report

12. Climate Change Assessment
13. Institutional Arranges
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3 Project Setting

This chapter describes national relevant laws and regulations relevant to this project as
well as international agreements that are pertinent to the construction and operation of the
project.

3.1 National policies and guidelines

3.1.1 Environmental Protection and Preservation Act (Law 4/93)

Environmental protection Act that came soon after ratification of Convention of Biological
Diversity (CBD) in 1993 has a framework law to managing all environmental issues. Under
this Law the most significance component is preparation of environmental impact assessment
for all development projects that could have a significant impact on natural environment.
Clause 5a states that an impact assessment study shall be submitted to the Ministry of
Environment, Energy and Water before implementing any development project that may have
a potentially detrimental impact on the environment. Therefore, Clause 5 is of specific
relevance to this EIA. The EIA Regulations, which came into force in May 2012, has been
developed by the powers vested by the above umbrella law. This EIA has also been prepared
as per this regulation.

3.1.2 The National Solid Waste Management Policy

The National Solid Waste Management Policy NSWMP) was developed in 2008 in order
to address solid waste management issues in the Maldives and thereby create a healthier

environment. This policy was developed through participatory consultations with i

that reflected the universally accepted practices. This includes esfablishif

Development of a waste management system to accommodate the specific requirements of
special wastes based on verifiable facts and known effective strategies that are financially
viable is also part of the strategy. Financial incentives and disincentives will be pursued to
support good waste management practices. Goods that are harmful to the environment or
cause public nuisances and unacceptable waste activities will be discouraged. The

community participation and awareness about good waste management practices will be
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maximized through this policy. In order to achieve this, a Solid Waste Management
Regulation was developed and became effective in 2010.

3.1.3 Solid Waste Management Regulation

The Solid Waste Management Regulation, which is pertinent to the proposed project, was

drafted by the Ministry of Housing and Environment in 2010 with the aim of implementing
the National Solid Waste Management Policy formulated in 2008. The administrating
authority for the regulation has been identified as the Environmental Protection Agency at the

national level and island/city councils at the provincial level. Implementation of the Solid

Waste Management Regulation will aid to protect the environment through:

Minimizing the impact of waste on the environment including, in particular the
impact of waste so far as it directly affects human health;

Establishing an integrated framework for minimizing and managing waste in a
sustainable manner; and

Put in place uniform measures to seek to reduce the amount of waste that is
generated, and where waste is generated, to ensure that waste is reused, recycled
and recovered in an environmentally sound manner before being safely treated and
disposed.

Parts II, III, IV and V of the Regulation provide detailed clauses on the following in the
respective order:

Part II — Waste management measures: this part highlights detailed clatisds on waste

management licenses, license periods and licensing requirements, standards to be

observed by licensees, bundling of services and transferring or surrender of license,
waste management license fees and how to charge the relevant fees, financial
securities and the license register.

Part IV — Transportation of waste: this part gives detailed clauses on duties of

persons transporting waste and duties of receivers of waste, export and trans-
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boundary transportation of hazardous waste, transportation of waste from one island
to another and accidents at sea.

e Part V — Monitoring, Inspection, Auditing and Enforcement: this part gives detailed
clauses on duty to furnish information and duty to report, notice from the
Administrating Authority requiring a review of activities carried out under a
license, revocation of a license, defrayal of Administrating Authority costs, register
of fines and administrative actions, Inspectors, establishment of a national waste

information system and National waste management status reports.

The regulation was gazette in August 2013, and became effective in January 2014 under

authority of the Environmental Protection Agency.

3.1.4 Solid Waste Management Regulation

The guideline suggests specific values of the maximum concentration that can be
tolerated for each parameter potentially present in the wastewater. The values must not be
exceeded when treated wastewater is released into surface water, ground water or into deep
sea. According to this guideline, these values should be used in line with Environmental
Impact Assessments and Clean Production Protocols to finalize the license for the discharge
of specific wastewater.

The guideline covers combined domestic and industrial water requirements for deep sea
discharge. According to this, no trade effluents will be accepted for discharge into deep sea
outfall unless:

e The industry has proven to government that it is following best international Clean

Production practice

e An Environmental Impact Assessment has been submitted, and
o The trade effluent complies with the following conditions:
e The effluents should have a pH in the range 5 —9.5;

e Temperature no more than 44 Degree Celsius;

e Total Suspended Solids up to 150mg/l.

Frequent monitoring of the receiving body is required on a regular basis to ensure the

parameters above mentioned are within acceptable levels.

The project developer and contractor shall follow this guideline in the handling and

disposal of effluents from the operation of batching plants and other sources of wastewater
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from construction and operation of the project.
3.1.5 Third National Environment Action Plans (2009 — 2013)

The proposed project is expected to provide a learning experience in terms of
effectiveness of the use of EIA as a planning instrument and appropriate monitoring for
which specific focus is laid in Objective 24.1 of NEAP 3 (Ministry of Housing, Transport and
Environment, 2009).

3.1.6 National Biodiversity Strategy and Action Plan (NBSAP)

In implementing the proposed project activities, due care has to be taken to ensure that the
national biodiversity strategies are adhered to. To adhere, surveys were undertaken as part of
the EIA to find out if biological resources of value and protected nature are affected by

implementing any component of the proposed project.
3.1.7 Guidelines for Land-use Planning

This guideline outlines the relevant elements of land allocation and how it should be
allocated in inhabited islands. The entire regulation is referenced.

3.1.8 Dredging and Reclamation Regulation

Dredging and permit can be given.

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

Clause 15 outlines the maximum area for dredging. Clause 16 outlines aximum area

for reclamation.
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3.2 ADB’s Safeguard Policies

The operational policies of ADB includes 3 Safeguard Policy Statements: the involuntary
Resettlement policy (1995), the policy on indigenous people (1998) and the environment
policy (2002). Safeguard policies are generally understood to be operational policies that
seek to avoid, minimize, or mitigate adverse environmental and social impacts, including
protecting the rights of those likely to be affected or marginalized by the development
process. All 3 safeguard policies involve a structured process of impact assessment, planning,
and mitigation to address the adverse effects of projects throughout the project cycle. The
safeguard policies require that (i) impacts are identified and assessed early in the project
cycle; (ii) plans to avoid, minimize, mitigate, or compensate for the potential adverse impacts
are developed and implemented; and (iii) affected people are informed and consulted during
project preparation and implementation. The policies apply to all ADB-financed projects,
including private sector operations, and to all project components.

Due to the nature and extent of this project and applying safeguard standards, the project
has been classified as a category A project. Category A refers to proposed projects if it is
likely to have a significant adverse environmental impact that are irreversible, diverse or
unprecedented. These impacts may affect an area larger than the site for facilities subjected to

physical work. In this case an environmental impact assessment is required.
3.3 International conventions and agreements

Maldives has signed and ratified several international conventions that is relevant to
protection and preservation of the environment. This include protection of biodiversity,
climate change mitigation and adaptation and environmental pollution. The following table

conventions. The GoM has ratified UNFCCC and associated protocols, 2

concerning protection of the world cultural and natural heritage, conventi

Pollution (MARPOL) convention. The GoM has certain obligations under Xatificati
these conventions and local legal and regulatory instruments has to incorpokaterefevant

B
components of these conventions into national environmental managemet&?e era
regulations has already been formulated to address these.
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2016

Table 1 International Conventions of relevance to this project GoM has signed and ratifies

Convention/Agreement

Date of Ratification/

Accession (a) Acceptance (A)

Layer Montreal, 16 September 1987

Vienna Convention for the Protection of the Ozone Layer 26 Apr 1988 (a)
Vienna, 22 March 1985,
Montreal Protocol on Substances that Deplete the Ozone 16 May 1989

Amendment to the Montreal Protocol on Substances that
Deplete the Ozone Layer London, 29 June 1990.

37 Jul 1993 (@)

Amendment to the Montreal Protocol on Substances that

Deplete the Ozone Layer Copenhagen, 25 November
1992,

27 Sep 2001 (A)

Amendment to the Montreal Protocol on Substances that

Deplete the Ozone Layer adopted by the Ninth Meeting of
the Parties Montreal, 17 September 1997.

27 Sep 20071 (A)

Amendment to the Montreal Protocol on Substances that
Deplete the Ozone Layer Beijing, 3 December 1999.

3 Sep 2002 (a)

Basel Convention on the Control of Transboundary
Movements of Hazardous Wastes and their Disposal Basel,
22 March 1989.

28 Apr 1992 (a)

Rio de Janeiro, 5 June 1992.

United Nations Framework Convention on Climate Change | 9 Nov 1992
New York, 9 May 1992.

Kyoto Protocol to the United Nations Framework 28 Mar 2002
Convention on Climate Change Kyoto, 11 December 1997.
Convention on biological diversity 9 Nov 1992

Cartagena Protocol on Biosafety to the Convention on
Biological Diversity Montreal, 29 January 2000.

3 Sep 2002 (a)

Convention Concerning the Protection of the World Cultural
and Natural Heritage, 23 November 1972

22 May 1986

Stockholm Convention on Persistent Organic Pollutants
Stockholm, 22 May 2001

77 Oct 2006 (a)

Rotterdam Convention on the Prior Informed Consent
Procedure for Certain Hazardous Chemicals and
Pesticides in International Trade, Rotterdam 10 Sep 1998

17 Oct 2006 (a)

UnitedWations@ramework@onvention@n@awbfTheBead
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4 Project Description
4.1 Project Proponent

The project proponent is the Government of Maldives (GoM). The Ministry of Housing
and Infrastructure (MHI) is the Implementing Agency (IA), and the Ministry of Finance and

Treasury (MoFT) is the Executing Agency (EA). Project beneficiary is Kulhudhuffushi
Council.

4.2 The Project

The proposed project consists of three components; reclamation, passenger/cargo harbor
and a waterfront Small Craft Zone area including a separation wall. These structures and
facilities are located in an artificially created shoreline and shallow lagoon between
Kulhudhuffushi port (south end) and existing harbor (north end).

The proposed works under this project includes the following components:

5. Area 1 Reclamation

6. Area 2 Reclamation

7. Waterfront and Small Craft Zone Area with a Harbor separation wall
8. Passenger/Cargo Harbor

These structure and facilities are located in an artificially created shoreline and shallow
lagoon between Kulhudhuffushi port (south end) and existing harbor (north end). The
concept design for these facilities are shown in Figure 1 and Appendix 2a.
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PROPISED PASSEISER | WATERFROHT
CARGO HARBOR

l—mw:nmmm

PROPOSED RECLAMATION AREA—————

Figure 1 Concept design for the proposed harbors and associated civil works at Kulhuduffushi (A3
paper size of the concept design layout is given in Appendix 2a).

4.3 Reclamation areas

Reclamation: Area 1 The area will be approximately 100m by 50m when completed and
extends the existing reclaimed land adjacent to the southern quay wall of the existing
Kulhudhuffushi Harbor by approximately 50m (Appendix 2b). The required volume of
reclamation material is estimated to be just less than 15,000 m’.

Reclamation: Area 2 The Area 2 outline shown in Appendix 2¢ is taken from MHI’s
LUP (Appendix 3). The estimated size of this area is 123m by 270m. The majority of this
area has already been reclaimed in earlier work and only the seaward portion of
approximately 25,000 m® remains to be completed. Erosion has occurred along the western
edge of the reclamation and along the southern edge at the interface with the regional port.
Reshaping of the reclamation into an apparently stable beach profile has occurred due to the
action of waves passing through the Regional Port, principally from a south-westerly
direction

revetment has been included.
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Option 3: As in Option 2, a shortened breakwater is provided; however, a quay wall
replaces the revetment along the interior perimeter. Refer to Drawing in Appendix 2f.

Option 1 is preferred as it meets MHI’s needs in the immediate term and is the least costly
for future redevelopment into a separate harbor or extension of the proposed Passenger-cargo
harbor. If the breakwater in Option 1 was constructed to a depth suitable for future dredging,
as shown in Section B-B in Appendix 2g, the cost would be higher than the cost of Option 2.
Option 3 is the highest cost option irrespective of the breakwater adopted, due to the
relatively high cost of the quay walls.

Using the Section B-B breakwater design shown in Appendix 2g, the cost of Option 1 and
Option 2 will be similar, with Option 1 also having the immediate and long term advantages
mentioned above. Section B-B shows how the breakwater could be modified in the event that
future development requires dredging behind it.

4.5 Harbor separation wall:

The harbor separation wall provides a physical barrier from the inherent dangers at the
adjacent passenger-cargo harbor and to prevent sand migrating into the dredged harbor from
the waterfront and small craft zone area. Three options were considered:

- Option 1: Sand bund with armor protection on both sides
- Option 2: Quay wall with sand beach on the waterfront mooring side

Option 3: Precast concrete box caisson, sand-filled with in-situ concrete topping.

Option 3 is preferred as it requires the least capital outlay and offers the greatest flexibility
in terms of future development. Removal of this structure would be less costly than either of
the alternatives, presenting less of a hurdle to future expansion of the proposed passenger-
cargo harbor.

4.6 Passenger/cargo harbor
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The largest vessels to use the harbor will be approximately 30 m in length, with a draft of
up to 3 m. However, it may be possible that vessels with a draft up to 3.4 m or even 3.5 m to
use the harbor subject to a proper evaluation of the minimum under-keel clearance (UKC).
The calculation of a ‘safe’ UKC not only depends on the harbor’s draft, tide, current, and
weather conditions, but also on the vessel’s trim and list characteristics and motions when
approaching and using the harbor. In the absence of compulsory pilotage in Kulhudhuffushi
local harbor, the Consultant recommends an evaluation of the minimum UKC to be
undertaken in the early weeks of harbor operations, in line with the siltation rate and the

frequency of maintenance dredging.

The quay wall will comprise a higher version of the ubiquitous “L” precast concrete wall
used for the 3 m deep harbors (Figure 3). Recent practice in harbor’s construction in the
Maldives relies almost exclusively on this method, the KPL regional port being one notable
exception where a steel sheet pile wall, with in-situ reinforced concrete capping was used.
The greater height of this wall may explain the basis for this choice.

A.C.C. TOPRING
150mm THK.
+1.50
5 DRI
’ PREGAST CONCRETE
STRIP DRAIN

£ 38mm 1.5 TIE ROD

[ Vi VAR CORTNG
+0.00 GAST 14 STTU
1 PRECAST : @ i CASTYP J J

1000mm 50 x 250mm R.C.C. BLOCK
@ Am RS

ANTI CORRDSIVE
BITUMEN PROTEGTION
LP T0 300mm ARDVE

FROMBLSL

Figure 3 Typical cross section of a quay wall

4-14



TA-8829 MLD: Environmental Impact Assessment Report, Kulhudhuffushi Harbor Expansion Project 2016

4.7 Operational port infrastructure

In addition to dredging, reclamation, quay-wall and other civil works on basic
infrastructure, operational port infrastructure (sometimes referred to as infrastructure-plus)
includes facilities necessary for the safe operation of the harbor. Depending on the type, size,
and use of the harbor, the scope and type of operational port infrastructure can vary widely.
For this project, the main requirements for the passenger-cargo harbor in terms of operational
port infrastructure are as follows:

Navigation lights

The standard approach for the provision of navigation lighting in other recent projects
includes a solar Sealite SL-60 unit mounted on the breakwaters either side of the entrance.
They are suitable for illuminating hazards and come with 256 International Association of
Lighthouse Authorities (IALA) flash patterns.

Timber jetty

The existing harbor has a concrete quay wall length of approximately 300 m, which has
proven to be inadequate on some days, especially when visiting vessels moor there for
scveral days at a time. A total of scven timber jetty finger picrs arc proposcd perpendicular to
the harbor separation wali, at a 15 m spacing to provide more berth space for convenient
cargo unloading and passenger access to shore. Detailed design for the timber jetty will be
prepared at a later stage of the project. The proposed material for jetty is of imported marine
quality hardwood.

Harbor pavement, drainage, and apron lights

Consistent with other similar projects conducted by MHI, an allowance for a 6m wide
paved apron is included for the length of the passenger-cargo harbor. An allowance for a

continuous strip drain in the vicinity of the quay wall is included in the cost estimate.

drained to the sea. Local custom is to allow the majority surface wate 01
rather than be collected and drained to the sea. Roadway/ Quay llght

harbor.
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Bunkering and supply

Bunkering and supply facilities provide fuels to ships and vessels for their own use and
range from large tank bunkering stations to small bunker barges. For the passenger-cargo
harbor, and given the small scale of ships and ship operations, there does not appear to be a
need for a bunkering station or a bunker barge at this stage. Further, if required, an existing
gas/petrol station adjacent to the port, could store and supply marine diesel for ships using the
harbor.

Ships also take on fresh water from bunkering facilities and occasionally require
electricity supply. Rather than make provisions for supply at the harbor, these needs can be
met by the existing suppliers in Kulhudhuffushi.

Fire and emergencies

In ports, the scope of firefighting and emergency services normally includes fire
prevention and response to accidents and emergencies both in the harbor and on-board ships.
As such, the response capability should include a wide range of services including attending
fires, dangerous goods incidents, chemical leaks, and oil spills.

In Kulhudhuffushi, there is already a fire station just outside the harbor area (adjacent to
the gas station), which is also responsible for attending fire and emergencies in the port. The
extent to which such a facility has the necessary capacity and capability to deal with major
port emergencies, such as a fire explosion or an oil spill is unknown; however, it is likely that
further training and capacity building along with adequate equipment would be required once
the new expansion becomes fully operational.

Port superstructure and ancillary facilities

Port superstructure refers to port buildings, warehouses, and equipment and may also
include a range of other ancillary facilities. In most port and harbors, a distinction is made
between essential and non-essential ancillary facilities depending on the regulatory

requirements in place and on the needs of the port users and community.
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scoping which will take place during ADB’s final Fact-finding mission, currently scheduled
on 28 February — 06 March 2016; as well as further investigation and detail design during the
PMC’s work.

Passenger terminal

A building with a footprint of 14m x 14m is proposed in front of proposed passenger/cargo
harbor. The location of this building is shown as illustrated in Appendix 2h. Details of this
building will be made at a later stage of the project. It is anticipated that such a size building
would be sufficient to house the passenger terminal and also provide space for the following:

e seating area

e passenger terminal/ atm (automated teller machine)
e prayer room

e one ticketing office

e 2 administrative offices

e amenities

Amenities include washing area for prayers, male and female toilets. Toilets and waste
water from washing area will be connected to existing sewerage network of the island. Other
waste generated from terminal related activities will be disposed at island based waste
disposal facility.

Harbor markets

The harbor markets will comprise separate fishing and vegetable markets to support the
local fishing and produce trading industries. Currently fish processing is conducted in
temporary and very modest circumstances. Similarly, produce and vegetable trade takes

place in an open area near the hospital, without appropriate shade or areas to congregate.

The 15m x 10m fish market would include an ice plant, enabling fishermen to keep their

4-17
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Buildings for commerce and business activities

Additional buildings could be justified to complement the development of the harbor. The
cost estimate includes for an additional building with a footprint of 14m x 11m to house the
following:

e General store

e 2 food and beverage outlets
e 2 retail outlets

e 2 business offices

e Amenities
4.8 Need for the Project

Kulhudhuffushi is a major population center in the north of the Maldives and is currently
being developed as an urban center under the GoM’s development plans. The total registered
local population is 8,011 according to Census 2014 (National Bureau of Statistics).
Kulhudhuffushi is home to major state institutions, both civil service and public enterprises,
the regional hospital, and the northern regional secondary school, and a future airport. Asa
center for the entire north of Maldives the overall population of the region is estimated as
45,000.

The 50 bed hospital, which is earmarked for expansion, provides general medical services,
specialist care, surgery (minor), emergency services, dental services, and services of the
intensive care. Existing education facilities in the form of a preschool, two primary schools,
one secondary and higher secondary school, and a vocational training center; are all designed
to cater for students from Kulhudhuffushi and nearby islands. There is also a small branch
campus of the national university. A project to build a new air strip and airport facilities in
Kulhudhuffushi has been recently approved, and will replace the existing airport in
neighboring Hanimaadhoo island.

The main transport infrastructure in Kulhudhuffushi are the regional port and the local
harbor. Furthermore, a regional airport project was recently approved by the GOM. In
addition to this, an on-going road development project has been recently completed, which
includes the provision of asphalt road surface and the necessary drainage fo
of the island.

€ main raads

Northern atolls, and several non-regular cargo/passenger
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Kulhudhuffushi is currently accessed from Malé and elsewhere via Hanimaadhoo airport
followed by approximately a half- hour transfer by speedboat.

With consideration to all the above, and often considerable congestion of the existing
harbor, the government aims to improve the local maritime transport condition at
Kulhudhuffushi. The ideal of a separate passenger/cargo dedicated harbor will facilitate better
condition and is expected to ease current and future congestion. Allocating existing harbor as
a dedicated fishing harbor will also help overcome the current congestion.

49 Location and Extent of Site Boundaries

The project location is between KPL and existing cargo/passenger harbor annexed to
section of the harbor dedicated to fishing vessel. The specific area for development is also
peripheral to recently reclaimed land (reclamation completed in 2010). Adjacent to boundary
on the proposed project area are KPL on the south and existing harbor on the north side
(Figure 4).
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4.12 Inputs (description of the project in terms of raw materials,
processes, equipment and work force)
4.12.1Workforce

A combined foreign and local labor work-force of a maximum of 50 is anticipated.
Depending on the work methodology it is possible and likely that this will be halved by any
experienced contractor. Based on current industry norms and practices with the exception of a

few local workers, the majority of workers are expected to be expatriate.
4.12.2Power and water supply during construction phase

Kulhudhuffushi being an urban center has a centrally connected grid and reticulated water
and sewerage. Hence electricity, water and sewerage requirement for the project construction
workforce will be using these services. Based on size of the construction workforce it is
expected that the local utility services such as electricity, water and sewerage system be
sufficient for the entire duration of the construction and beyond. Bottled water will be used

predominantly for drinking.
4.12.3Construction methods

* Duration of dredging work

The dredging work is anticipated to take a total of 28 weeks and will be carried out as per
schedule given in Table 2 below.

Table 2. Proposed schedule for dredging work

Activities

Month | Month | Month 'Month lMonth
1 2 3 4 5

Month lMonth lMonth Month
6 7 8-17 18

Mobilization

Rock sourcing

Dredging/reclamation

Disposal of sand

Revetment/quay wall

Demobilization

* Method and equipment used for dredging
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work after filling proposed reclamation site, back filling works associated with the quay
wall, bedding for revetments and breakwaters will be stock piled in a designated area
(specific location not yet allocated). Estimated volume of dredged material is 144550m’.
Total workforce for the subcomponent is 15-20 workers. Various types of inputs and outputs

of the project are given in Table 3.

Table 3 Estimated Inputs for the construction and operational phase of harbor development

Phase Input resource(s) Source/Type How to manage workers, acquire, dispose
materials and waste
Construction | Construction e 50 foreign/local Workers sourced from contractor’s current
phase workers, workers during peak workforce and supplemented with local and

construction camp

construction period

foreign new recruitment where required.

Pre-fabricated Building (work force
accommodation) . Sufficient land adjacent to
site for camp.

Construction e Rock boulders for e  Sourced from neighboring countries
material (e.g. rock armor rock, depending on where available (e.g.
boulders, geotextile, India, Sri Lanka, Bangladesh)
sediments, for aggregate, cement,
i river sand

reclamation, e reclamation fill e From dredged areas of proposed harbor
c te structure . i

oncrete structu material basin
ete.
Waste management | ¢  Construction related e Local waste disposal site

waste, workforce

borne domestic type

waste
e  Waste from e Local waste site/transported to
vehicles/machinery Thilafushi
Water supply s Reticulated water e  Through commercial user arrangement

sourced from local with the service provider
utility service provider

MWSC.

e Locally purchased
¢ Bottled drinking water
available locally

Electricity/Energy Local utility services Through commercial user arrangement with

company to provide power | the service provider

Fuel storage No large quantities of fuel

Under commercial
are expected to be stored

by the Contractor
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Phase

Input resource(s)

Source/Type

How to manage workers, acquire, dispose
materials and waste

Operational
phase

Water supply

e Reticulated water
sourced from local
utility service provider
MWSC.

e  Through commercial user arrangement
with the service provider

Electricity/Energy

Local utility services
company to provide power

Through commercial user arrangement with
the service provider

Fuel storage

Diesel, petrol

Under commercial terms with local supplier

Waste management

Waste from passenger and
cargo vessels, such as solid
waste, sewage, engine

waste oil, etc.

Solid waste disposed at local waste
management site

No sewage or effluent containment and
disposal systems installed on vessels. When
in harbor waste disposed directly to the
harbor basin. Not yet regulated under waste
management regulation

4.12.40utputs (project components)
4.12.4.1 Detailed designs

Detailed design of various components of the project will be prepared once the concept for

various components are approved by MHI and ADB.

4.12.4.2 Key structures

Description of key structures as described in sections 4.2 to 4.7.
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taken on the same locations in order to have an understanding of the impact of beach
sediment movement in the area for proposed development. This area is not part of the natural
shoreline (reclaimed shoreline in 2010) and therefore should not be taken as natural shoreline
changes. This location where beach profiles were taken will be entirely modified. Adjacent
areas of the shoreline is heavily modified through various coastal structures, hence no profiles
were taken on either side of the harbor as the project works will not have any impact on the
shoreline on either side.

Table 4 Location (GPS referenced) of beach profiles

t Dratila 1 £9°27'71 AMAL 7D°N2Ica oiir
UraTiio < L~ 2rti L FVRL SVIVISE T V0

Uratila L 937NN TYRL TICANIES ol

rrotie / 6~3/7'02.9°N /3"03'56.3"E

5.1.3 Wave and tide

Wave and tide data were used for the purpose of understanding general wave and tide
condition from available secondary data that can be applied. This include national tide
monitoring data available from National Meteorological Centre. Other relevant data on tides
and waves were used where applicable.

514 acea

I,'_ *'l/ 7;_;: .
Current data fat! ree: y@s gpllected using drogue method. A precision GPS was attached to
s

s

speed (surface curre 5 c%@a ed as a function of distance travelled by drogue per unit
time (m/s). asur t was made as meters per second. The final output of
drogue data is using MatLab routine. Drogue data was collected from west side reef

slope and reef flat in the general area for proposed development.
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5.1.5 Shoreline changes

The island morphology or historical changes were analyzed using images obtained from
the Google Earth image archives (images from 2006, 2010 and 2014). Shoreline on all the
images were traced. The image for the year 2006 was used as a base year image. The
movement or the changes of the shoreline line was determined with respect to this baseline.
Change in the area enclosed by the vegetation line was used to determine the net change in
the area of the island enclosed by the vegetation.

5.1.6 Sediment characteristics

Sediment characteristics of the impact area was assessed by sampling upper surface of the
sea bottom from the proposed area for development. 12 sediment samples from three
transects perpendicular to the beach from beach to 150m off shore location were taken and

analyzed for grain size. The location of sediment samples are given in Figure 3.
5.2 Marine Survey

A 200 meter long and 5 meter belt transect area was chosen at each survey site. An
underwater camera with housing was used to take a series of photographs for assessing reef
benthic community at 2 sites, 2 depths (5 and 10 meter depths). Several photo quadrats (Im
by 1m) were taken along 200 by 5 meter belt transect at each site at these two depths 40
randomly selected photo quadrats were used to assess reef benthic community by determining
percentage of various benthic substrate (categories) using standard benthic categories for
coral reef benthic substrate sampling as described by English et. Al., 1997. As a subset of
benthic community, corals were grouped into their taxonomic level as general. Where
identification enabled, coral were also identified to species level, with specific reference to
Endangered Species as classified by IUCN Red list.
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Table 5 GPS coordinates of the survey, water sampling locations
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Assessment of the selected fish community was also carried out at the same sites and same
transects which would also be considered as the reef benthic baseline assessment sites for
future monitoring of the impact of the project. Fish abundance surveys were based on visual
fish census techniques described in English et. al., (1997). The 200 by 5 meter long belt
transect area was used to estimate the diversity and abundance of coral reef fish and
significant invertebrates that are commonly associated with the reef environment of
Maldives. Special reference was given to estimating the numbers of lobsters, giant clams and
sea cucumbers as they are at various levels of protection for conservation and management
locally. In addition to this selected mega fauna such as sharks, napoleon wrasse, and sea
turtle were focus of the assessment. All surveys were carried out by SCUBA.

In addition, qualitative assessment of the shallow lagoon (predominantly a sea grass
meadow) were also made to document the extent and nature of the sea grass community.
Major categories of sea grass were identified to their species level. Presence of sea grass
associated benthic fauna especially invertebrates were assessed. It is expected that this area
will be effected a result \of proposed coastal modification through dredging and

In order to assess the sea water quality, seawater samples taken from 4 locations (Figure 5
and Table 5 sample location). Samples were tested by the Water Quality Assurance
laboratory of MWSC. Samples were also tested for their physical parameters using a multi
probe water instrument (Hanna Instrument, H19828). Samples were analyzed for specific
parameters given in TOR.

54 Socioeconomic condition

Socio economic profile of the project area was assessed and presented through available
secondary data on population and major economic activities with particular emphasis on local
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6 Existing environment
6.1.1 General setting

The Maldives archipelago is a long double chain of coral atolls formed over the
Lacadives-Chagos ridge that runs 1 deg north to 9 deg south along the longitude 73 deg.
Maldives is among the only four independent states that comprises entirely of low lying small
islands. The 26 geographic atolls that form the country cover an area of 21,373 km? over
100,000 km?* with some 1,200 islands (Naseer and Hatcher, 2004). The land area of all the
islands sum up to approximately 300 km® with a total coastline length of 644 km. The
Maldivian atolls are quite diverse in their shape and size, ranging from circular to elliptical to
oval with areas ranging from of 5.4 km? to 4219.48 km”. Channels, which run from east to
west, separate these atolls.

Similar to the atolls, the characteristics of the Maldivian islands also greatly vary from the
North to the South of the archipelago. While fringing reefs in the northern atolls are more
distinct and discontinuous with smaller islands and numerous patch reefs in the shallower
lagoon, the atolls in the south host a large number of continuous reefs of considerable length
along its perimeter, with several reefs hosting large islands. The lagoons of the southern atolls
are deeper and host fewer patch reefs. The shapes of the islands are also influenced by the
climate. Maldives is governed by the Indian Ocean-Mensoom climate. As a result Maldives

experiences a wet season (the southwest dry season (the northeast monsoon)
annually. The strong reversals in the wing reg It of monsoon change bring about
short term changes in island shorelines e sand along the shorelines of the

islands.
OVED

ﬁ Pag[ one,the Carlsberg Ridge which is a
seismically active zone, runs along 800 km west of Maldives. This ridge is a slow spreading
divergent boundary between the African and the Indian plates. The zig-zag pattern observed

Although Maldives is not in a seismi

at the boundary is associated with the transform faults where the plates are moving
horizontally past each other. The earthquake of magnitude 7.5 at the Carlsberg Ridge, in 2003
was experienced by the Maldives. Figure 6 below shows the location of the ridge and the
associated transform faults.
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Figure 7 Location of Haa Alif Atoll in Mal iv&? i IThudhuffushi within Ha Alif Atoll
(B) and an enlarged image of Kulhudhuffushi sh sigilic ine features (C) (Sources: A and

B — Thakuru Publishers, C — LaMer and Riyan survey group)

As typical of many islands in the north of Maldives, the reef is exclusive to the island.
The Reef is almost oval in shape, maximum length and width (visible extend) are 2.87km and
1.78km respectively. Length and width of the island are 2.53km and 0.9km respectively. It
also has significantly large wetlands (mangrove fringe) on north and south ends with a
combined area of 33.46 hectares. The island at its geographic setting is exposed to the north
east monsoon from the ocean side (east) with strong winds, waves and occasional storms
(tropical storm scale) originating from Indian Ocean cyclone belt (UNDP, 2006).

6.3 Ambient air quality

Ambient air quality in the Maldives is generally good with sources of emission in low
density. The main sources of emission that negatively influence air quality are open burning
of waste, exhaust fumes from road and sea transport vehicles and diesel based production of
electricity. Harmful components that may deteriorate air quality as a result of these sources
include, CO,, CO, NOy particulate matter. Road vehicles and sea vehicles are not in high

density at project site. Emissions from such sources is likely to be low. With the nature of

6-32



TA-8829 MLD: Environmental Impact Assessment Report, Kulhudhuffushi Harbor Expansion Project 2016

geographic setting of islands in general including their small sizes, elevation and proximity to
the ocean, it is unlikely that air quality will be a significant issue.

6.4 Ambient noise

Ambient noise at daytime at the proposed location and vicinity are already above resident
level (<55 dBA) at the proposed harbor expansion area. It is important to note that the area is
already adjacent to a functional domestic scale harbor where noise level may attain to a light
commercial sites associated noise levels (70dBA). This is not a continuous level of noise as
harbor activities are not intense. Currently cargo vessels unload their cargo and transport it to
off site locations through road vehicles. Such activities are mainly limited to daytime hours.

Sensitive receptors to noise in the vicinity of the harbor are local residents living nearby. The

and semi commercial activities already on going i

it is unlikely that noise sourced from the proje

AR Lo
APPROVED

Satellite and aerial images of the island from 1969 to 2011 show significant changes to the
shoreline on the north end but minimal change to the south (MEE 2013). This change is
somewhat altered due to construction of port and its coastal structures completed in 2005.

phase of the project be significant.

6.5 Shoreline survey

The most significant changes to the shoreline came from the excavation works and
subsequent surplus dredge spoil associated with local harbor in 2009 and due to large

reclamation project that added approximately 28 hectares to the western shoreline.

Changes to the shoreline using Google based imagery from 2006 to 2014 are shown in
Figure 8. The added land and its artificial shoreline remain exposed to wave energy and
sediment movement. Stabilization of the reclaimed shoreline since 2010 has led to changes
and this change has been surveyed in 2013. Subjected portion of the shoreline that will be
almost entirely modified has been surveyed as part of the EIA which include shoreline

profiles. Comparison of these profiles to 2013 survey including profiles are shown in Figures
13-19.
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Figure 8 Results of shoreline survey compared (EIA based)

6.6 Climatology and oceanography
6.6.1 Temperature

The Meteorological station at Haa Dhaal Hanimaadhoo records temperature on an hourly
basis. Data on mean daily temperature was obtained from the station for the period of May
2008 to December 2012. The whole data set was analyzed to obtain a frequency distribution
of daily mean temperature for the given period. Results of this analysis are shown in Figure 9,
which shows that temperature in the region was most commonly at temperatures between
28°C and 29°C. The lowest recorded temperature was at 24.2°C while the highest recorded
temperature was at 32.5°C.
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region. The highest average annual rainfall was recorded for 2004 at 2209.3mm, while the
lowest was recorded at 2002 at 1346.5mm.
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Figure 11 Average yearly rainfall for the 15-year period between 1998 and 2012

6.6.3 Wind climate

soon climate, with

Asia (Overpeck et, al., 1996). The monsoon cli

one of the major climate systems of the world, i inydaege portions of both Africa and
. e dtmospheric pressure

éhe g]@tn Plateau relative to
the Indian Ocean. During the summer of northern hemisphere the Tibetan Plateau warms
rapidly relative to the Indian Ocean which results in an atmospheric pressure gradient (Low
pressure over Asia and high pressure over the Indian Ocean) between the Asian landmass and
the Indian ocean, which drives the prevailing wind from south to westerly directions. The
period during which prevailing winds are from south to westerly direction is known as the
SW monsoon. In the winter of northern hemisphere the continent cools relative to the ocean.
This reverses the pressure gradient (low pressure over the Indian Ocean high pressure over
the Asian landmass) and the prevailing winds become northeasterly. The period during which
prevailing winds are from northeasterly directions is known as NE monsoon. The transitions
from NE to SW monsoon and vice versa are distinctly different from SW or NE monsoon.
During these transition periods the wind becomes more variable.

The SW monsoon lasts between May and September while the NE monsoon lasts between
December and February. The period between March and April is the transition period from
the NE monsoon to SW monsoon known locally as the Hulhangu Halha, while the transition
period from SW monsoon to NE monsoon is known as lruvai Halha. Iruvai halha lasts from
October to November (Table 6). The SW monsoon is generally rough and wetter than the NE
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monsoon. Storms and gales are infrequent in this part of the world and cyclones do not reach
as far south as the Maldivian archipelago (Ministry of Construction and Public Works, 1999).

Table 6 The four seasons experienced in the Maldives

Season Month
NE-Monsoon December
January
February
Transition Period 1 —~—{-Mareh ~
SW-Monsoon
Transition Period 2 October

November

Since there were no site-specific wind data, wind regime around the island was assumed
to be similar to that at the closest meteorological station, which is at Haa Dhaal
Hanimaadhoo, approximately 30 km north of Kulhudhuffushi. An analysis of the wind
climate was done using hourly wind data between the period of May 2008 to December 2012
from Hanimaadhoo meteorological station. In this analysis, wind rose diagram based on wind
speed and direction and the frequency of speeds and direction was produced.

Wind rose plot (Figure 12) shows that winds from the western quadrant are dominant
reaching speeds as high as 30 knots. Winds from the northern and eastern quadrant are less
prevalent and with comparatively low speeds. Wind speeds above 18 knots were found to be
a rare occurrence, and the instances when it does occur, wind direction was from the western
quadrant (Table 7), thus indicating that this was during the SW monsoon, when winds are
generally stronger.
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Tides in the Maldives are usually characterized as a mixed tide. It contains two main
cycles (diurnal and semi-diurnal tides) per day (Figure 13). Harmonic analysis of the tides
represents the period of oscillation of the celestial forcing that gives rise to the respective
harmonic.

Figure 130bserved tide at nearby location to Kulhudhuffushi and predicted tide for Hanimaadhoo
Station

6.6.5 Wave

The dynamics of wave is an important factor to consider in construction of any offshore

structures such as water bungalows, harbors, jetties etc. Waves play a sigpificant role in the

modification of the beach environment and the surrounding.
influence to the shoreline is shown in Figure 14.
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tide) and flow (incoming tide) especially in channels. However, the magnitude of the current
is weak during the time of survey.

6.7 Beach environment

Beach profiles from 7 locations were taken along the shoreline (artificially created) where
the developments are proposed. Specific locations of the beach profiles are given in
Appendix 5.

The existing beach is shaped after a large reclamation work that filled majority of shallow
lagoon between regional harbor (KPL) and existing passenger/cargo and fishery harbor.
Significant change to the shoreline has been observed when compared with 2013 survey (3
years after reclamation) and that of 2016 (EIA report survey). With groyne effect between
two harbors, shoreline appear to be changing with wind generated wave action. Beach
profiles compared between 2013 and 2016 for the 7 locations are shown in Figure 15 to
Figure 21. The northern end of the beach based on the profiles show a significant decrease in
level of beach with respect to MSL (Figure 15). Same profile also indicates that this part of
the beach has eroded significantly. This may be a seasonal pattern as beach movement is
influenced by monsoonal wind and associated near-shore hydrodynamic influence.

Similar pattern is observed in the entire northern part of the beach (Figure 16 and Figure
17). The central part of the beach appear to accrete due to sediment movement (profile 04 and
05). Similar to northern end of beach the southern end of beach also have eroded compared to
2013 (Figure 20 and Figure 21). It is however noted that this change will be stopped due to
development of proposed structure on the entire stretch of this artificially created beach. With

this change the entire shoreline on the western side (almost 2km) will be modified with

natural shoreline on either side of the harbor will change due to
activities associated with this project.
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Figure 15 Beach profiles compared 2013 and 2016 (EIA field survey) on the north end of the beach
(see Appendix beach profile)

t (m)

F

Figure 16 Beach profiles compared 2013 and 2016 (EIA field survey) on the north end of the beach
(see Appendix beach profile)
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Figure 19 Beach profiles compared 2013 and 2016 (EIA field survey) on south-central part of beach
(see Appendix beach profile)
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Figure 21 Beach profiles compared 2013 and 2016 (EIA field survey) on south extent of beach (see
Appendix beach profile)

6.8 Sediment characteristics

Natural sediments of Maldives are entirely marine based and calcareous origin since the
atolls of Maldives are developed on a oceanic ridge toped with calcium carbonate accreted
over several thousand years. Shoreline sediments are thus driven from the reef through
physical (wave action) and biological (grazing and erosion) breakdown of calcium carbonate
based organisms. Sediments are often characterized by their exposure to environmental
forcing, habitat types. Fine sediments where they are present are often settled in and trapped
in calm enclosed habitats. According to United States Geological Survey (USGS) sediments
are characterized as shown in Table 8.

Understanding characteristics of sediments at the proposed project area is important since
majority of the civil works associated with the project involves dredging and reclamation.
This is particularly important with regard to impact of sediments on adjacent and nearby
habitat which may be impacted due to sedimentation and turbidity. Fine sediments especially

silt and clay may impact benthic habitats such as coral reefs and sea grass beds.
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22. The extent of sea bottom from beach toe to lower extent of reef slope (30m) below mean
sea level is approximately 330 meters long. Shallow sandy lagoon width ranges from roughly
120 to 140m with an approximate depth of Im below MSL. The southern part of the shallow
lagoon from near shore towards reef crest is covered by sea grass which extends to 90 meters
from low tide extent of beach. This area is predominantly sandy with very little amount of
fine sand (silt and clay sizes) as shown in section 6.8. Width of reef crest is approximately 60
meters which is highly consolidated due to cementing of this area through wave breaking
continuously in this portion of reef. Wave energy during field visit in January was minimal
due to reduced wave action as a result of NE monsoon where wind direction is from east and
north east making this area as leeward side of wind. However, wave energy during SW
monsoon will be more intense as predominant wind blows from west especially when the
wind is strong during stormy weather. Reef crest has minimal coral community.

Beyond reef crest the upper reef slope and lower reef slope plunges to the atoll basin to a
depth of 30-40 meters. The width of upper and lower slope combined is approximately 80
meters. Coral community (biotic substrate as approximately 20%) with other non biotic
substrate such as rock, rubble and sand characterize reef bottom. This portion of the reef is
also well consolidated. Beyond reef slope the sea bottom is sandy.
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located some 500m north of the residual impact area and is also referred as the control site.
Qualitative assessment of adjacent lagoon which is dominated by sea grass was also carried

out.
6.11 Reef survey

Baseline Survey location R1

This site is located along the shoreline of recently reclaimed land. Hence this site was
chosen as a representative site of baseline conditions for reef health (coral cover and
abundance of fish) that has undergone recent disturbance. Surveys were carried out at two
depths, 5Sm and 10m, following standard protocols. At 5m coral cover as indicator of reef
health that maybe affected due to sedimentation was approximately 20% (Figure 23). Abiotic
benthic substrate that include rock, rubble and sand was over 60%. Composition of algae

(does not include macro algae) was approximately 10%.

Total number of coral general in the Maldives is estimated as 62. At 5Sm depth at survey
location R1 only 7 coral general was encountered which is less than 11% of the total generic
diversity of corals (Figure 24). Massive growth form attaining coral groups (slow growing
corals)such as porites and favites are more dominant (over 60% of live coral composition)
compared with branching (fast growing corals) coral groups such as acropora and pocillopora
(less than 20%).

80
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»
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Figure 23 Reef benthic community structure at the upper reef slope (Sm) at baseline survey location
R1. Values are mean (n = 40), error bars are standard error (SE) of mean.
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Figure 24 Coral genera (diversity) at R1 5m

At 10m, coral cover was also approximately 20% (Figure 25). Abiotic benthic substrate
that include rock, rubble and sand was over 60%. Composition of algae (does not include
macro algae) was approximately 10%. There was no significant difference in reef substrate
between two depth surveyed including coral cover.

At 10m depth 12 coral general was encountered which is less than 20% of the total generic
diversity of corals (Figure 26). Acropora was the dominant coral general accounting for over
50% of live coral cover followed by porites.
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Baseline Survey location R2

This site was chosen as a control site to compare with potential residual impacts from
dredging activities that may affect benthic coral community. At 5m, coral cover was 15%
(Figure 27). Abiotic benthic substrate that include rock, rubble and sand was over 40%.
Composition of algae (does not include macro algae) was approximately 15%. Coralline
algae as important reef cementing biotic organism was significantly high (over 25%) which is
also a good substrate and indicator for coral settlement.

With respect to live coral composition, 12 coral general was encountered which is less
than 20% of the total generic diversity of corals (Figure 28). Massive growth form attaining
coral porites are most dominant (over 35% of live coral composition) followed by branching
(fast growing corals) coral groups such as acropora and pocillopora (over 35%). Among
acroporids, table shape acroporid (Acopora hyacinthus) accounted for 15% of live coral

cover.

35
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)
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Figure 27 Reef benthic community structure at the upper reef slope (5Sm) at baseline survey location
R2. Values are mean (n = 40), error bars are standard error (SE) of mean
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Figure 28 Coral genera encountered at Sm depth at baseline survey location R2, as percentage of total
coral cover

At 10m, coral cover was also approximately 15% (Figure 29). Abiotic benthic substrate
that include rock, rubble and sand was over 60%. Composition of algae was low (less than
5%). There was no significant difference in reef substrate between two depths surveyed
including coral cover.

At 10m depth at survey location R2, only 9 coral general was encountered which is 14%
of the total generic diversity of corals (Figure30). Similar to other reef surveyed locations,
acropora and porites were most dominant coral general accounting for over 70% of live coral
cover. Solitary coral (free living genera fungids) were significantly high accounting for over
15% of live coral community.
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N

Figure 29 Reef benthic community structure at the reef slope (10m) at baseline survey location R2.
Values are mean (n = 40), error bars are standard error (SE) of mean
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is not highly diverse. Only 20% (maximum) of the coral general diversity-were recorded. The
number of coral species recorded in the Maldives is 230 (Picheon and Benzoni, 2007). It is

estimated that the number of coral species at the reef sites would be less than 30.
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Following table (Table 12) provides marine protected species that are often associated
with reef areas and open ocean.

Table 11 List of marine protected species in the Maldives.

Species Locally protected | IUCN Red List category
Napoleon wrasse yes E

Turtles (five species) yes E and CE

Whale shark yes E

Giant Clam (2 species) yes LC

Whale and dolphins (all species) | yes NA

Lobsters (5 species) yes NA

Sharks yes NA

Triton shell yes v

IBAT for business, an integrated Biodiversity assessment tool was used by ADB to
generate a proximity report for Kulhudhuffushi area in January 2016 to identify biodiversity
features and species which are located within 50km radius. Main focus of the assessment
was based on IUCN red list of threatened species that included, corals, fishes, mammals and
invertebrates. Significant organisms that are likely to be associated with the site are corals
and fishes. Non of the species that are classified as Endangered or Critically Endangered

were encountered at the project location. The IBAT assessment report is given in Appendix
7.

6.11.4Seawater quality

The condition or quality of coastal water is important for ecological functioning of the
organisms living in the habitat, for health and safety reasons and also for visual and aesthetic
impacts. The water quality is generally determined by the level of nutrients. There are several
sources that can lead to increased nutrients in coastal waters, e.g. sedimentation from

dredging and reclamation works. Sediment stir-up can also lead to release of puttients within

attractive when the water is clean and one can see the sea bottom. Nowever é.j,e;v.qm clearwaters
ERRE

may sometimes be polluted. Dredging and excavation often carry e@g}?o d"of sediments,
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a rate of 1.68%, which is average, compared to some other atolls in Maldives.
Kulhudhuffushi population contributed to 2.4% of the total population of Maldives during
this period. Population data of Kulhudhuffushi from 2006 to 2014 (Census 2014).

The population of Kulhudhuffushi highly depends on the migration of people from islands
of Haa Dhaal and the neighboring atolls of Haa Alif and Shaviyani.

6.12.2 Access to social services and Amenities

Education: Kulhudhuffushi is one of the few islands where higher secondary and tertiary
education is offered in Maldives. As of November 2015, according to island council, there
are 2808 students and 245 teachers in the island. Jalaaludhin School, the only secondary and
higher secondary school serving in the island is also the largest education center in the Atoll.
Started in 1998, it currently serves more than 1000 students. The two primary schools of
Kulhudhuffushi include Afeefuddin School and Haa Dhaal Atoll Education Center. There are
also 2 preschools in the island managed by the government as well as private parties. From
2012 onwards Maldives National University campus in Kulhudhuffushi is offering degree
courses in the island which gave opportunities for many students who complete their
secondary and higher secondary in the island, to pursue higher education.

According to 2014 census, the majority of the people who have attained education over
the age of 6 has obtained primary education (47%). However, there is a huge decrease in the
number of persons attending secondary education and even more for primary education. The
percent of population who have received secondary education is 12% with 10% completing
GCE Level examinations. Added to this, 6% completed certificate level education, only 0.3%
of this population completed GCE A ‘Level examinations. 0.5% of the population have
attained Diploma level, Degree and Masters Level.

Electricity: Electricity is provided to the island by the government owned company,
Fenaka Corporation Pvt. Ltd. Electricity is provided for 24 hours. The quality of service
provided by them is good. However, the generators used to provide electricity are-oid\and as

generators.

Waste management:
through an island waste

developments coming to

challenges faced by the
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established on the island, there is no proper equipment in the center to manage waste.
Organic wastes including food and plant litter are usually burnt in the open. Other wastes
such as recyclable waste and hazardous waste collected through local facility are sent to
Thilafushi, a waste disposal site near Male regarded as a national level waste disposal and
management site. The community with their limited awareness about the importance of waste
management is challenged by the lack of locally appropriate infrastructure for waste
management which is constrained by lack of technical and financial resources.

Water supply and sewerage: Kulhudhuffushi is one of the few islands in the country that
enjoys utility services such as water supply and sewerage services with household
connections. Before these services, the residents were using ground water and rain water for
drinking and septic tank system. The desalinated water supply and sewerage system is
operated by Malé Water and Sewerage Company.

Communication: Telecommunication services to the island are provided by Dhiraagu and
Ooredhoo. Landline telephone communication service to the island, provided by Dhiraagu, is
the only landline telephone communication service provider in the island. “Ooredhoo” along
with Dhiraagu provides mobile communication services. Almost everyone of the working
population have a mobile phone. Meanwhile, internet services are provided by Dhiraagu and
Infocom Private Limited.

Transport: Modes of transport used on the island include bicycles, motor cycles, cars,
lorries and pick-ups. Earlier there were many bicycles on the island and many have used it as
an ideal form of transportation. However, with the construction of the Harbor on the island,
there has been a sudden boost in the number of vehicles - notably motor cycles. Now it is the
main and preferred mode of transportation in the island. According to the island council,
currently there are 2256 vehicles registered on the island.

Kulhudhuffushi also acts as a key regional maritime connection and cargo interchange
point for the Haa Dhaal atoll and other Northern atolls in general. At present, Kulhudhuffushi
also acts as a major passenger and cargo hub in the Northern region of the country. There are
regular scheduled boats/ferries carrying both cargo and passengers. Improved accessibility
through the passenger harbor project would widen the already existing local sea transport
system.

on May 12, 1973. Since its establ shm

t@ﬂ?}&? mﬁ%@%@ d rapidly increasing population, the
government upgraded the health center to a 50 bed regional hospital on June 11, 2001. The

sector of the island. New infrastr

Because of the geographical isol
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hospital operates daily 24 hours with 2 general practitioners, 4 specialists, 1 radiographer and
36 nurses. Medical tests like blood tests and urine tests can be done in the hospital.

Although, the hospital has been upgraded and it provides a better service compared to the
many other islands in Maldives, it still lacks many facilities and services. Many people travel
to Malé to receive better services. Apart from the hospital there are two private clinics, a
branch of eye care, one STO pharmacy, 3 private pharmacies and one drug rehabilitation and
detoxification center on the island.

The health condition of people in Kulhudhuffushi is generally good compared to other
atolls in Maldives. Most commonly reported diseases are acute respiratory infections, viral
fever and diarrhea. Other diseases rarely reported on the island include dengue fever, typhoid
and scrub typhus.

6.13 Climate change and other Environmental Vulnerabilities

Maldives is a coral atoll based archipelagic island nation, which are exposed to natural
forces of the surrounding seas. The average elevation of the islands where varying density of
people live is 1.5m above Mean Sea Level (MSL). The most important natural asset are coral
reef that protect the islands acting as a sea defense somewhat mitigating wave action
especially during severe storms. Coral reefs also provide nature based goods and services
both to the economy, culture and social well being. Global environmental issues, particularly
climate change associated impacts, are well realized locally and accepted internationally.
Maldives is highly vocal in advocating its physical, economic and social vulnerability to
climate since climate change has been accepted as a global threat. In this regard Government
of Maldives was among the first small island nation that signed UN Framework Convention
on Climate Change (UNFCCC) in 2001. International Panel on Climate Change (IPCC) has
been active on environmental threats associated with climate change on various ecosystems
and populations inhabiting and dependmg on these ecosystems. According to all IPCC

First National Communication of the Maldives to the UNFCCC in 2001 reported the
vulnerability of Maldives to climate challenges. Based on the findings of the First National
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Communication, and at the request of the UNFCCC, the Maldives prepared its National
Adaptation Program of Action (NAPA) in 2007. NAPA acknowledges the impact of climate
change and identifies the vulnerabilities of a small nation that is composed of multitudes of
islands in extreme low elevations. The climatic hazards identified include rise of sea level
and increasing intensity and frequency of extreme events such as wind gusts, precipitation
and storm surges under cyclonic events. The considerable investments made to develop the
country’s infrastructure in the areas of tourism, fisheries, human health, water resources,
agriculture and food security and coral reef ecosystems are highly vulnerable to sea level rise
and storm conditions. The first two priority adaptation actions identified in Maldives NAPA
are: (a) Integration of Future Climate Change Scenarios in the Safer Island Strategy to Adapt
to Sea Level Rise and Extreme Weather Risks Associated with Climate Change and (b)
Coastal Protection of Safer Islands to Reduce the Risk from Sea Induced Flooding and
Predicted Sea Level Rise.

Several environmental management policy strategies have been developed locally to
advocate internationally on climate change vulnerability issues. These include national
environmental action Plans (3), and most recently, Maldives Climate Change Policy
Framework (MCCPF) in 2015. MCCPF identified strategic polices for responding to climate
change impacts over the next 10 years (2014—2024). This Policy defines five thematic goals
and strategies that the Government and the people of Maldives have prioritized for
implementation to ensure that safety and resilience are achieved. Policy goal 3 of the MCCPF
states: Strengthen adaptation actions and opportunities and build climate resilient
infrastructure and communities to address current and future vulnerabilities. Maldives has
also prepared and submitted its most climate change strategy on national climate change
mitigation to UNFCC Conference of Parties (COP21) in 2105 as Intended National
Determined Contribution in an effort to reduce carbon emissions in the context of economic
growth and sustainable development.

Vulnerability to extreme environmental events was hard felt in 2004 tsunami associated
flooding and damage to several islands causing human loss and damage to critical
infrastructures, though not related to climate change. Post tsunami efforts to understand
vulnerability of Maldives with specific focus on selected islands prepared Disaster Risk
Profile for Maldives in 2006 with assistance from the United Nations Development Program

(UNDP). This detailed risk asses eport identifies where risks from multiple hazards

regions of Maldives \ as Wagedn gadlogical evidence, historical data and projections derived
from theoretical analysig :
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6.13.1Climate Change Considerations for Kulhudhuffushi Harbor
Expansion Project

The shorelines of isalnds of Maldives are continuously shaped and defined by the actions
of tides, storm waves, and extreme water level events such as storm surges and tsunamis. In
the absence of human development, the effect of these events on the shore is simply part of
the natural process by which the shores and coastal environment respond to the forces of
nature. It is when human development occurs in the coastal zone that these natural processes
lead to problems.

Kulhudhufushi is located on the eastern rim of Thiladhunmathi Atoll (see Figure 7). An
existing small fishery harbour at Kulhudhufushi is planned to be expanded to accommodate
larger vessels to advance the economy of this populated island. This calls for adaptation
engagement as identified by Maldives NAPA in order to alleviate the climate change hazards
that are widely recognized. The 2006 UNDP disaster risk assessment report identifies notable
hazards to Maldives as windstorm, heavy rain flooding, swells waves and udha (gravity wave
flooding), storm surges, tsunami, earthquakes and climate change.

When undertaking a vulnerability assessment of various assets in the coastal zone to
climate change impacts, the success of the exercise will ultimately hinge on the accuracy of
the climate change projections and the quality of critical data sets necessary to analyze the
projected impacts. Much literature counsel that climate change adaptation is highly context
specific, so generic adaptation actions cannot be adopted without appropriate site-specific
investigation. However, it must be noted at this onset that there are just limited data derived
through site measurements and or site investigations specific to Kulhudhufushi for
determining the various parameters required in a harbor design. Of the multiple hazards
identified, only those that need serious consideration in the design of the harbor and those
that are aggravated by a changing climate (exposure) are discussed here and the information
is based mainly on the UNDP disaster risk assessment reports (DIRAM 2006 and DIRAM
2013).

Sea Level Rise
Sea level rise refers td eanisea level over time. Historically, sea level has
been rising around the glob ds bf years since the end of the last ice age.

uge and satellite recorded measurements indicate an
acceleration of sea level ris V@‘@t\lj&'ﬁﬁ%‘[ rate. Thus, there is high confidence that the
i
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warming atmosphere associated with global climate change is expected to accelerate both the
thermal expansion of seawater and the melting of glaciers and ice sheets and will lead to
increasing rates of sea level rise (Parris et al., 2012). As a result of the rise in sea levels, a
variety of impacts may be expected in Maldives.

In IPCC’s 2001 assessment of global warming, it projected that global mean sea level is
expected to rise between 9 and 88 cm by 2100, with a best estimate of 50 cm (IPCC, 2001b).

The 2006 UNDP disaster risk assessment report for Maldives provides sea level rise
projections by HadCM2 model for three periods and for [S92a (medium) and 1S92e¢ (high)
emission scenarios as given in the table below (Table 15).

Table 14 HadCM2 SLR Projections

Model/ Projections by Year Remarks
Methodology

Sea level rise 1. Estimated
projections for that by 2025,
Maldives by ~15% of
HadCM2 Maldives will be
(HadCM2 is a inundated
coupled
atmosphere-ocean 2. Area of
general circulation inundation  will
model (GCM) increase to 31 %
developed at the by 2050.
Hadley Centre )

3. Projected
that the island
will be
completely
inundated by
2100 in  high
emission scenario

intended to represent potential future conditions associated
warming and ice sheet melting, or loss.
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Tropical Cyclonic Winds

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
(thunder storms/ thunder squalls). The people of Maldives popularly refer to such severe local
storms as ‘freak storms’ (Maniku, 1990).

Tropical cyclones that hit Maldives at times are destructive due to associated strong winds
that exceed a speed of 150 km/hr, with rainfall of above 30 to 40 centimeters in 24 hours and
storm tides that often exceed 4 to 5 meters. Cyclonic winds can cause a sudden rise in sea-
level along the coast, leading to a storm surge. The combined effect of surge and tide called

the ‘storm tide’ can cause catastrophe damages to coastal infrastructure.

Maldives is also affected by severe local storms- thunder storms/ thunder squalls. Hazards
associated with thunderstorms are strong winds, often exceeding a speed of 100 km/hr, 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, thunderstorms
close to the equator are less violent when compared with those in the tropical regions and
beyond. Maldives being close to the equator, thunderstorms are quite frequent but less violent
here. Nonetheless, strong winds generated by severe local storms generate large wind-driven

waves, which are hazardous for coastal structures.
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Figure 31 Cyclone hazard zones of Maldives

The 2006 UNDP disaster risk assessment report for Maldives classifies cyclone hazard
zones of Maldives into 5 regions according to 500-year return period wind speed of each
region. It notes that frequency of wind speeds decrease from north to south (Region 1 is not
affected by any cyclonic storm). See Figure 31.

Using the wind speeds of 21 cyclonic disturbances recorded during 1877 to 2004, the
probabilities and return periods of wind speeds have been evaluated according to the method
described by Chu and Wang (1998).

The return period of a cyclonic storm with a wind speed of 34 knots wi

be\about 23

storms with surface winds having a speed of 65 knots are expecte
in Maldives (Note: 1 knot = 1.852 km/hr).

The probable maximum wind speed (PMWS) estimated for M
zoning as shown in Figure 31 is reproduced below in Table16. The ha
of Kulhudhufushi island falls in Zone 5.

bor expansion project
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Probable Maximum Precipitation (PMP)

Probable maximum precipitation for 24 hours is an important parameter for designing
drainage systems and for many other purposes of planning. The design of drainage should
consider PMP values, the catchment area of drains and characteristics of the catchment area
to avoid local flooding. To estimate the PMP in Maldives, the 2006 UNDP disaster risk
assessment report fits a theoretical distribution to the extreme daily rainfall for three stations
using Gumbel’s Type I extreme value distribution function. The function has been used to
estimate the probabilities and the return period of rainfall for 50, 100, 200 and 500-years. The
derived data of PMP for different return periods for three stations in Maldives are given in
Table 18 below.

Table 17 Estimates of Probable Maximum Precipitation (mm)

6.13.2Adaptation Considerations in the Design of Coastal Defense

Structures

Within the context of climate change, the term ‘adaptation’ is frequently used. The IPCC
defines adaptation as the "adjustment in natural or human systems in response to actual or
expected climatic stimuli or their effects, which moderates harm or exploits beneficial
opportunities" (IPCC, 2007). As described in Burton et al (2006) adaptation can be either
proactive or reactive. It can be distinguished based on the form of the action: Proactive if the

actions aims to reduce future risks, reactive if they alleviate impacts once they have occurred.

said, the challenge is how to be proactive in adapting to climate changa. InterVéfr:l,t'ib"rzi/opn ions

are site specific, depending on the local conditions such as geolo A geomorphology
shoreline stability, exposure and sediment movement. The choice may aldg be affected by the

availability and cost of materials such as sand sources for ongoing nourishment, suitable rock
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for revetment construction, construction access, etc., funding, timeframes and adjacent
development and land use.

This extract from an ADB report aptly points to the difficulties of adaptation planning:
‘Planned adaptation in response to or in anticipation of this impact can mitigate or prevent
some harmful effects of climate change, and draw benefits from the more positive
consequences. But there is a dearth of consistent, comprehensive information about the most
recent developments in adaptation technologies and a lack of access to institutions and
agencies that can facilitate technical and knowledge transfer. Adaptation practitioners are

thus held back from developing a robust portfolio of hard and soft adaptation technologies’.

Planning and designing for adaptation in a coastal environment is a complicated matter
that require plenty of field data to predict the risks and outcomes of planned options. One
may simply think of an adaptation by design would mean increasing the elevation of coastal
defenses by an amount equal to the sea-level rise. But this requires an appropriate balance to
be struck between safety and required strength and serviceability over the life of the structure
and over initial and maintenance costs. This balance can only be achieved using realistic
estimates of future climatic design loads which is also very complex.

The only comprehensive scientific report specific to Maldives that provides a fairly
detailed analysis of risk assessment under a future climate is the 2006 UNDP report. The
salient design input criteria necessary for consideration are summarized in the previous
section (Section 6.12.1). In the dearth of other comprehensive literature, it is proposed that
the climate projections given there be used to determine climate change allowance for sea
level rise and storm surge heights in the design of coastal structures for Kulhudhuffushi
Harbor Expansion Project.

While there are obviously many challenges to projecting future sea level rise, even a
seemingly small increase in sea level can have a dramatic impact on many coastal
environments. The UNDP report (DIRAM) provides sea level rise estimates under medium

and high emission scenarios. The medium emissions scenario may be considered appropriate

uplift/subsidence. It could be possible that SLR for the Malgivi
even lower than global average SLR.
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Design life means the minimum duration a structure is expected to last. The longer is the
design life; the higher is the cost of a project. Therefore, in choosing the design life for a
structure, it makes sense to consider a design life that generates an economical project
without sacrificing the required function. For example, there is little point designing a
protection seawall for the ambient sea level predicted for 2100 if the proposed protection
structure will only have a 30 year working life.

The return period or recurrence interval concept is widely used by policy makers and
planners to assess the risks associated with extreme events and to develop suitable
management strategies. Design water level decisions are usually addressed using the
traditional risk-based approach of a “design return period” as is common in any hydraulic
engineering. For example, the “100-year storm surge level” is the surge elevation with a 1%-
annual risk of exceedance, which is to say that in each year, there is a 1% chance that a storm
surge of this magnitude (or greater) will occur. However, some coastal designs may justify a
lower return period (e.g., 25- year or 50-year) in certain areas - balancing the greater risks
affiliated with such design with engineering and economic considerations.

It is likely under a changed future climate where frequencies of extremes are increased
that a 1 in 50 year event could become a 1 in 20 year event by 2050. It is proposed that sizing
is achieved by doubling the return periods to account for climate change rather than using a
lower recurrence period.

Owing to the fact that sea level rise is additional to other coastal hazards created by storm
surges, cyclonic winds, etc., sea level rise planning allowances must be considered along with
coastal planning and management instruments that address those other coastal inundation
hazards. It is important to note that the allowances only relate to inundation, and not erosion
of soft shorelines, or impacts associated with this erosion.

6.14 Green House Gas (GHG) Emissions

Maldives is one of the most vulnarable countries at risk from the effects of climate change
among Small Island Developing Nations (SIDS). Human induced emmission such as CO; is
the largest contributer to GHSs that has been proved to be the causal

aetot of lopg term

regarded high. According to World Bank, CO, per capita emmigsio \\ 3

Comparative per capita as island nations are, 7.8 (Sychelles), 3.2 ;\_.-—' 2 (Sri

of global emmissions is minimal.
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e Total national CO,e emmisions from transport vessels (Maldives energy supply and
demand survey 2010-2012, Maldives energy Authority)

The following table (Table 19) provides figures used for the calculation.

Table 18 Attributes used for emissions calculation for maritime transport vessels at Kulhuduffuashi

Description Quantity
Total number of registered vessels 12074
Vessels Haa Dhaal 555
Vessels at kulhudhuffushi 138

Total emmisions (tonnes CO,e) 1,229,615
Emmissions from vessels (fishing, cargo and 141,131
others (tonnes CO,e)

Based on the data it is conservatively estimated that 12074 vessels will emmit 141, 131
tonnes of COze. Emission from atoll scale at Haa Dhaal atoll is thus estimated as 6482
tonnes of COze (11% of total maritime (excluding tourism sector) emissions). For
Kulhdhuffushi it is estimated that emissions would be approximately 1613 tonnes CO,e 1%
of national total. Emissons were estimated based on figures from National energy supply and

demand survey estimates for year 2012. This is regarded as insignificant as proportion of
national emission from maritime transport.

Without mitigation policies, emissions will increase steadily as the economy develops
further, the population grows, and consumption patterns change. Inorder to address mitigation
at national level as part of global initiative, Maldives has already commited to reducing GHG
emissions through Intended Nationaly Determined Contribution (INDC) officially
communicated with UNFCCC in 2015. In this regard a 10% reduction for GHG emission by
2030 as Bussiness as Usual (BAU) has been pledged. This pledge can be scaled up. These
actions and undertakings could be scaled-up to 24% in a conditional manner, in the context of
sustainable development, supported and enabled by availability of financial resources,
technology transfer and capacity building. With over 99% of enery requirement met by
import of fossile fuel this is highly challenging. Energy from renewable sources are mainly
from solar, ammounting to less than 0.2 %. Primary area of emmison reduction fouses on

solar based electricity where it aims to provide minimum 30% of daytime elegtricity from

can assit reduction in GHG emmisions in this rector.
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7 Stakeholder consultation
7.1 EIA scoping

As an important part of the EIA formulation, under EIA regulation of Maldives a scoping
application for developing a ToR based on project brief (scoping application form) was
submitted to EPA on 20™ of December 2015. A draft ToR for preparation of EIA was
submitted to EPA along with scoping application form.

EIA scoping meeting was held on 27" of December with representatives of various
stakeholders of the project. This included representatives from EPA, representatives from
MHI, representatives from Kulhudhuffushi Council and representative from project design
consultants. During the scoping meeting, information with regard to project was briefed by
MHI and representative from design consultants. Based on this discussion, issues raised by
various stakeholders, scope of EIA was finalized based on draft ToR submitted to EIA. EPA
issued ToR for the EIA report on 27" December 2015.

7.2 Meeting with MHI and concept design team

EIA consultant was a member of the concept design team. Hence throughout the concept
design at various stages of design related consultations and discussion EIA consultant has
been involved. In this regard consultant met with relevant stakeholders of the project both at
meeting and was engaged in discussion to understand the components that are likely to have

impacts on the environment in assisting various components of this report.
7.3 Meetings with local stakeholders

As part of socio economic assessment exercise for this project the socio economic
consulting team met with various stakeholders of the project. Consultation with local
stakeholders was carried out using a mixed-method consisting of both quantitative and

qualitative data collection techniques, depending on the requirements of the information. The

public consultation process was held from 20-22 November 2015 and the second consultation
was held from 23-26 December 2015 in Kulhudhuffushi. The first cenSultations\ were held
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chosen for the consultation process. The total number of people that attended these
consultations were 51, of the 7 was women.

7.3.1 Meetings with Public (Kulhuduffushi)

EIA consultant’s made a field visit to independently meet local public. Island Council
facilitated to invite general public (or interested/concerned stakeholder of the island) through
a Public Announcement system used by the council to make announcements to the Public.
Meeting with interested parties were held on 13" of January 2016. Only 27 representatives or
individuals, who showed interest in hearing about the project, raise concern or issues with
regard to the project attended the meeting. No women attended the meeting. List of people
met and their stakes are given in Appendix 8.

EIA consultant gave an introduction; the following is a brief of the introduction to the
project.

The people who attended the meeting were briefed how the EIA work is related to the
project where the government of Maldives has initiated to secure a loan from ADB, for the
proposed harbor expansion works and certain studies have to be made and approved to enable
this. EIA team is from the design contractor side and was there to do a survey of the port and
consult with the relevant community stakeholders as part of an EIA report. As part of EIA,
the consultant informed that community concerns, social needs and requirements have to be
incorporated within the reports. In this regard, they have been informed that a separate
Poverty and Social Assessment study is already ongoing and shall be part of overall design
consultancy outputs. Consultant is therefore seeking their views and concerns on various
aspects of the project concept designs shared with them. Several concerns were raised with
regard to various aspects of harbor design. Consultant affirmed that their concern will be
informed to the project implementing agency (MHI) and design consulting team and
feedback on their concerns will be reflected in final EIA report.

Based on the project component brief on preliminary design, some people who attended
the meeting seemed dissatisfied with previous engagements because of lack of appropriate
considerations in the concept. The following are some of the questions and statements, which
were more relevant to the discussion. The responses to the questions raised are from project
design consulting team and MHI (Table 20)

Table 19 Concerns shown by Public during Consultations

Concern Response/Action ta\(en/ l;{i{"e(c 1 v"n(?q{ﬁion

Proper means of water flow in and out of the | Already considered n t%ﬁp}/ {d’esign nd
harbor will be needed; have they been | details of the circuldtion a ‘;;’i{h'mﬂg‘“ ;@_&g d
sl
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the

concerned that enough means of circulation to

incorporated into design? They were

clear the harbor may not be given.

aspects of the harbor will be done once funding is
approved

During stormy weather, they already experience
difficulties during entry and exit to the harbor.
How has the design been implemented to cater
for that?

Design has already given due consideration to
these by talking to local stakeholders such as
fishermen and boat operators.

Some questions to find the lengths, areas and
depths of the designed harbor. Also how high the
harbor walls will be above high tide. In addition,
there were questions based on the slope, width of
the wall at the top and base. Generally, the people
present were better able to understand when
measurements were based on linear dimensions
rather than slopes and angles. (It may be more
appropriate to include these dimensions when
presenting to the public, in future.)

Depth is considered adequate for similar nature
harbor. Typical local harbor depths are -3m
below MSL. Passenger/ cargo harbor as an
expansion to the current harbor is designed for 14
m below MSL.

More appropriate and detailed drawing of the
various structures will be developed later. These
be shared with the local stakeholders.
Structure already

will

designs  have given

considerations to the design proposed on review
of various reports and harbor works and their
environmental such

factors associated with

structure.

Some commented that outer wall side of harbor
wall (currently a revetment) is never used; can
future extensions include means to utilize the
space

Not considered based on local norms for similar
nature harbor. Harbor is designed with forecasted
vessel usage considered.

Some felt that the entry is very narrow, and that
the current design will bring in swells during the
stormy weather

Entrance channel is based on local harbor user
consultation outputs and existing design aspects,
sizes of the wvessels. No modification is
considered. Minor changes may come in detail

design stage.

Some commented that whatever the design, there
were certain parties who influence how the
project gets built. Will there be proper quality
control to ensure that what is designed and what
gets built.

Agreed. Yes there will be proper quali

to ensure the build con
specifications.

Some were concerned that waves may get bigger
in future.

P "_
This concern is inherent as\patt of esign
requirement. Hence an allowance of 0.2meters

has been considered in the overall height of the

7-75




TA-8829 MLD: Environmental Impact assessment Report, Kulhudhuffushi Harbor expansion project

2016

breakwaters.

Comments about the current design, some feel
that the harbor access channel walls and basin
adjoining points are too sharply defined corners.
This need to be revised to avoid difficulty in
maneuvering larger sized boats.

Noted. Detailed design will look into such
aspects.

Issues with regard to orientation of harbor
entrance channels were also raised. It was
suggested that it should be more inclined to the
existing orientation that what the current design
shows.

Noted. Detailed design will look into such
aspects.

Questioned whether harbor entrance breakwater
wall will be extended right to the edge of the reef.

Not considered as this was not seen necessary
through consultation outputs.

Some commented that rather than having
recreational spaces, why not make the port

bigger.

Recreational area is a community requirement
with future development plans associated with
the newly reclaimed areas. The government has
already committed.

Will there be any repair or upgrading work done
to the existing harbor while new development is

taking place

Not budgeted in this project.

Can vessels utilize the outer harbor wall after
new development?

Yes, if there is a requirement.

Should have better means of loading and
unloading cargo.

Some aspects of this are already included in the
design especially during harbor operation phase.

Some of those present wants to have the drawings
so they can study them later.

7.3.2 Findings of stakeholder consultations

In general, there was a consensus among all the participants o

APRPRGVL
i at the

development and expansion of the harbor would bring in economic development to the island
and region. As other islands depend on Kulhudhuffushi as a business hub, the scale of
business will increase when people gain confidence on the investments and a reliable
transport system between inter-islands in the region is the key to this confidence. There were
also concerns that Kulhudhuffushi Port is Limited and is not being operated to its full
capacity.

In all stakeholder consultations the participants stated that they were aware of the harbor

expansion and redevelopment project by the Ministry of Housing and Infrastructure. There
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was huge media coverage of the project since the promise of the harbor expansion was a
promise made during an election campaign of the current Government according to the local
people.

At the beginning of each consultative meeting, an overall brief of the project was provided
to various groups. Impacts, both negative and positive, that are common with any
infrastructure development program acquiring land were discussed with the stakeholders.
People interacted with interest to learn about the project and shared their views as well.

Additional public consultations will be carried out as part of environmental monitoring
and management aspect of the project as part of continued involvement of the relevant
stakeholders. This is particularly important during project detailed design stages to ensure
that their concerns particularly direct users of the harbor to ensure their concerns and
recommendations identified in section 7.3.1. Detailed design and engineering aspects of the
harbor will also be shared with the Council in addition to the community, and regular
progress of the project development will be shared.
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8 Environmental Impacts
8.1 Impact Identification

Various methods are available to categorize impacts and identify the magnitude and
significance of the impact, such as checklists, matrices, expert opinion, modeling etc. Impacts
on the environment from various activities of the project construction work (constructional
impacts) and operation of the harbor (operational impacts) have been identified through
interviews with the project management team, field data collection surveys and based on past
experience in similar development projects. Data collected during field surveys can be used
to predict outcomes of various operational and construction activities on the various related
environmental components. This data can also be used as a baseline for future monitoring of
the environment.

Possible impacts arising from the construction and operation works are categorized into
reversible and permanent (irreversible) impacts. The impacts identified are also described
according to their location, extent (magnitude) and characteristics. Reversible and irreversible
impacts are further categorized by intensity of impacts (negligible, minor, moderate and
major) for identifying best possible remedial (mitigation measures) action to be taken. Below
are the impact categories ) (Table 21).

Table 20 Impact prediction categories

Impact L. Reversible/ L.
Description . . Cumulative impacts
category irreversible

. The impact has no significant risk to )
Negligible ) ) Reversible
environment either short term or long term

The impact is short term and cause very

Minor Reversible 4

limited risk to the environment e
; )
o \ not.
lmpacts give rise to some concern, may * < /.
) M on  megasures
Moderate | cause long term environmental problems | Reversible Fie b
0 e
but are likely short term and acceptable p 5Ty
g g APPROMwcd’
Reversible | Yes, mitigation

) Impact is long term, large scale
Major . . and measures have to be
environmental risk

Irreversible implemented

The concept of the Leopold Matrix (Leopold et. al., 1971) has been used to classify the
magnitude and importance of possible impacts, which may arise during the construction, and
operational stage of the project. This is one of the best-known matrix methodology used for

identifying the impact of a project on the environment. It is a two dimensional matrix which
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cross-references between the activities which are foreseen to have potential impacts on the
environment and the existing conditions (environmental and social) which could be affected.

The matrix has the actions, which may cause an impact on the horizontal axis and the
environmental conditions, which may be impacted on the vertical axis. While the original
Leopold matrix lists 100 such actions and 88 environmental conditions, not all are applicable
to all projects. Hence the matrix used in the current assessment is a modified matrix
customized to this project.

Each action that is significant is evaluated in terms of magnitude of effects on the
environmental condition and importance of this impact. Value in upper left hand corner of the
block indicates magnitude of interaction and that in the bottom right hand corner of the block
indicates importance. All significant actions, their magnitude of impact and importance of
impact (which specifies whether the impact is short term or long term) are further described
in the text.

The proposed project involves the construction of coastal structures that are likely to have
impact on near-shore, marine environment especially direct impact areas. The severity of

impacts is predicted by reviewing the design plans and construction methodologies.

information of the project impact areas identified with respect
methodologies proposed.

Uncertainty of impact prediction are mainly due to lack of long term a@d‘?s"‘ orel ine, local
currents and wave climate), inherent complexity of ecosystem (reef and shoreline
environment) and limited previous monitoring programs with consistent methodologies that
are locally applicable which can be used to accurately predict outcomes associated with this
project to that of similar previous projects and their impacts.

The impacts are predicted by reviewing the survey data collected during the field visits
and information and predictions for environmental impacts of similar natured projects in
Maldives. These include various environmental impact assessment reports for harbor and
coastal development projects in the Maldives. Data collected during the field visit is limited
in terms of number of days to a week or few more, which limits the overall understanding of
even the short term environmental conditions (wave condition, currents, and littoral
movement).
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The time limitation of EIA field data collection and report preparation is also a hindrance

to properly understanding the environmental factors dictating the conditions of the habitat.
8.3 Impact Analysis

An analysis of impacts due to the project was done using Leopold matrix (Table 22).
Magnitude and importance of an impact is given a numerical value from 1-10, 1 being the
lowest and 10 the highest. Importance of impact is judged based on existing environment
data, methods used and past experience with similar projects.

The matrix showed that impacts on marine habitat due to dredging, reclamation and
construction breakwater are anticipated to be moderate, while impacts on seawater quality
due to excavation and disposal of excavated material are anticipated to be minor to moderate.
Both marine habitat and water quality impacts aspect are direct and indirect.

Direct negative impacts on marine habitats are alteration of lagoon bottom by dredging
leading to habitat loss to benthic and burrowing organisms. Approximately 8 hectares of
shallow area will be modified by dredging for harbor basin and reclamations (2 areas)
combined. Though this shallow area as a significant coral component has less than 1% coral
cover, it occupied approximately 2 hectares of sea grass. It is anticipated that most of this sea
grass area will be destroyed due to dredging. Indirect impacts to the reef as residual impacts
are from increased turbidity due to dredging. Dispersal of sediment plume may have residual
impacts to the nearby coral community. Fish may exhibit avoidance behavior due to
disturbance but alternation of the habitat may lead to loss of feeding or foraging areas.

Benthic organisms in the lagoon other than corals will also be affected due to habitat loss and

alternation.

Deterioration of water quality from dredging, reclamation and b ~sqnstruction is
likely to be short term and limited to the construction period. \Watey 'Glglity deteriotation
through increased turbidity and nutrient release due to disturbange i /%f ect qoral
community and other organisms. Coral and many other organisms inclu ire

Positive impacts due to the project are expected to be a safer docking area for vessels and
easier unloading of fish by the fishing vessels. Furthermore, development of the harbor front
area would open up the area for business facilities and income opportunities. Moreover,
construction of the harbor facility on the western side of the island also provides a coastal
protection feature to the beach that has been naturalized with the reclamation works in 2010.
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8.4 Construction Phase Impacts

In any development project major direct impacts to the environment (either short term or
long term) occur mainly during the construction phase. Potential direct or indirect impacts on
the social and natural environment from the proposed works include:

e Changes to hydrodynamic pattern

e Direct loss of habitat and disturbance to the lagoon bottom and reef flat area by
dredging works

e Indirect impact on reef environment due to sedimentation

e Impacts due to noise

» Occupational health and safety hazards for construction workers and local public
8.4.1 Changes in hydrodynamic pattern

The construction of harbor and associated civil structure at the proposed location (west
side shoreline adjacent to reclaimed area) is likely to cause minor changes to the existing
hydrodynamic pattern at the western side of the island. The wave induced currents will be
minimal to the shoreline at the location of the development. Because of the harbor and
associated infrastructures (including entrance channel side wall breakwaters) current flow
along the reef will be restricted. It is therefore likely that reef sediment transport will be
restricted between this newly built entrance wall and existing wall creating a groyne effect.
During SW monsoon the littoral movement will be from west to east, hence western side of
the breakwater and harbor revetment is envisaged to accumulate sediments. It is unlikely that
this modification will bring any significant change to shorelines beyond the two coastal
structures (harbors) on either end of proposed new harbor that is considered as an expansion.
Western side of the harbor will be sheltered from NE monsoonal wind and associated

8.4.2 Direct loss of habitat and disturbance to the lagoo f? 0,

and reef flat area due to dredging works

The most significant benthic community both at proposed dredging and re
is sea grass. Approximately 2 hectares of sea grass will be directly affected dug t*b
reclamation and removal from dredging. 4 species of sea grass were present at the meadow,
dominated by Thallasia hemprichii. The impact on this sea grass area and associated
organisms cannot be avoided, especially non sessile benthic organisms. Fish and other fast

moving organism will have a change to avoid and move to no impact areas. Live coral cover
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within the impact area was estimated to be approximately 1%. Therefore impacts on live
coral will be insignificant. Impact of habitat loss is irreversible at the basin and entrance
location and is unavoidable.

8.4.3 Indirect impact on reef environment due to sedimentation

Coral cover at the reef area (residual impact area and control site) in the vicinity of harbor
was 20% with mostly massive and branching corals. Hence construction of the facility at the
site and associated dredging is anticipated to have uncertain impacts on the marine

environment of the area, with unknown loss or impacts on the marine fauna.
8.4.4 Indirect impacts due to sedimentation.

The sediment plume due to the dredging works is expected to spread along the western
reef, into the atoll basin. The currents along the reef are expected to transport the sediments
into the atoll basin, depending on the direction of tidal current at the time of dredging. Hence
impacts on seawater quality is anticipated to be moderate as it is not direct. The sediments
which are transported to the west of the island are expected to impact the deeper lagoon area.
Live coral cover at the northern side (control site) of the harbor facility is approximately
20%, and therefore impacts on live coral cover in the area due to sedimentation are also
envisaged to be minor.

8.4.5 Impacts of noise, vibration and other disturbances

The residential area on the northern side of the island is 240m from the project area (newly
built residential houses). Thick vegetation belt separates the project area and residential area.
Hence impacts due to noise and air pollution are expected to be minor. Agricultural land is
approximately 100m away from the project site and is also separated by thick vegetation.

8.4.6 Impacts on sensitive habitats and protected species

protected turtle species that are found in Maldives waters. Hence visual sig

information on turtle nesting at proposed development area specifically or Kuhudhuffushi
beach at large.
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Sea grass, though a globally significant ecosystem providing ecosystem functions and
socioeconomic benefits to communities, locally sea grass are not considered important.
There are no documented reports of any significant subsistent level of fishing by the local
community associated with sea grass bed. Such areas are often popular where they occur in
large meadows as shore fishing areas by surrounding nets. Significantly large sea grass area
existed in the area that was reclaimed in 2010. The existing sea grass meadow is merely a
remnant of the large meadow. Hence removal of approximately 2ha of sea grass in the project
impact area has insignificant environmental implications within Maldives.

8.4.7 Socioeconomic impacts

No negative socio economic impact is envisaged from the proposed development as
dependency on natural resources from the habitats that is likely to be affected directly was
not identified through the consultation process. Project would bring social and economic
benefits from the project in terms of better and improved harbor facility. Associated harbor
infrastructure such as passenger terminal will be favored by visitors. Harbor expansion will
also help to improve trade and other associated benefits.

8.4.8 Occupational health and safety hazards for construction

workers and local public

Occupational health hazards are not expected as high. Only a small amount of workers
will be engaged in the project construction activities. Construction workers will be provided
with appropriate protective gears such as clothes, footwear and head gear. Where dust from
vehicles are concerned, masks to cover nose and mouth will be provided. Hearing protective
devices will be provided to those staff and workers who has to work for long hours in loud

interaction with public and construction works area.

8.5 Operational phase Impacts
8.5.1 Water quality

Operation of the harbor has the potential to pollute the water within harbor and vicinity.

Water pollution could occur as a result of discharges or accidental release of different types
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of (solid, liquid, hazardous) substances from vessels. This may result from harbor activities
such as vessel loading and unloading, handling, and storage activities.

The harbor expansion project will reduce the burden of existing harbor traffic in the north
harbor and also accommodate future requirements. The expansion also enables segregation
of harbor activities (e.g. a separate passenger /cargo harbor basin, a recreational activity area
and fishing harbor). Harbor activities will be limited to distribution of imported goods and
local produce. Mitigation measures include the contractor strictly observing the relevant
provisions of the National Waste Management Regulation. There are no proper waste
management facilities at the project site except for a waste collection facility in the island.
The regulation encourages all waste producers to use the facility in compliance with relevant
components of the regulation.

The potential impact on water quality is therefore considered insignificant. With proper
control and management, spills can be avoided and contingency in case of a spill can prevent
the impact of spills.

8.5.2 Air quality

Dust from operation of vehicles and emissions from boat engines are the likely sources
that would impact air quality from the operation of expanded port. Dust from land-based
operation is already a significant factor that may influence air quality negatively as the harbor
front is not paved. Dust from the unpaved road surface will remain as a source of particulate
matter event after completion of the civil works associated with the project. With the existing
harbor front activity and new expansion related work with potential increase in vehicle
activities, it is likely that dust from such activities will increase but the extent of this is
difficult to estimate.

The maneuvering of boats and handling of cargo from land-based vehicles will result in air

emissions from (mainly diesel) engines. Emissions from buming of fuels may i

standards, such international obligations shall be mainstreamed int

,,,,,,,

Irrespective of availability of national air quality standards as of now, harbaer+man

shall give consideration to implementing the MARPOL regulations.

The impact of emissions from these sources on nearby sensitive receptors (community
settlement area is 200m) is minimal or negligible as the operation of the harbor with the
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expansion works cannot be considered large scale or intensive. At locations of intense vessel
and machinery movement in the port, the impact on occupational health needs to be
maintained to acceptable levels.

8.5.3 Noise

Sources of noise include cargo handling and vehicle movements as a result of cargo
loading and unloading at the new harbor front and recreational activities. There is already
some level of noise from existing harbor and construction in the newly reclaimed area.
Incremental noise from new harbor is not likely to be significant since current activity noise
impact on sensitive receptors (e.g. nearby residential areas) is not likely significant. With new
land use plans on the reclaimed land, it is likely that the distance between sensitive receptors
and the new harbor will reduce. Currently residential area from harbor is approximately
200m. Increase in noise levels may vary depending on the type, duration and intensity of
work. It is not expected to exceed maximum allowable noise for similar industries. Therefore,
impact from noise is considered manageable and not significant.
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9 Alternatives

When Alternatives proposed for harbor expansion works are considered, there are a few
alternative options for this type of projects. The geography and environmental setting allows
certain tested and socially and economically accepted harbor infrastructures throughout
Maldives when it comes to their design, location and materials used. The following sections
look at the said aspects of the project as alternatives that have been considered with respect to
the proposed design. Based on these alternatives and their impact consideration from
environmental and economic perspective the preferred options are discussed.

9.1 Considered alternatives

9.1.1 Design
Proposed design: See appendix 2
Alternative design: None proposed, design was based on widely used and accepted

concept for small scale harbors.

9.1.2 Location of harbor and other civil structures

Proposed location: See appendix 2

Alternative location:  Non proposed, since the design and location of the harbor was
decided based on existing set up (as expansion of an existing
facility) with consultation between MHI and stakeholders of
Kulhudhuffushi.

9.1.3 Location and orientation of entrance channel

Proposed location: See appendix 2 (additional entrance designed based on existing
entrance at Kulhudhuffushi

Alternative location:  According to the concept design the location and orientation of

passenger/ cargo harbor. Alternative option i
channel to north corner or center of the ou
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9.1.4 Construction materials and methods

Materials

Proposed methods: ~ Rock boulders for revetments and breakwater and concrete quay
walls

Alternatives: Coral rock based/sand and cement based bags for quay wall ,

revetments and breakwater. Steel sheet piles for quay walls is also
another alternative

9.1.5 Method of dredging and reclamation

Proposed methods: The proposed method dredging is by using excavators
Alternative : Cutter suction dredger

9.2 Considered options
9.2.1 Design

Proposed design is preferred in the absence of an alternative. It should be noted that the
proposed design is based on environmental variables such as wind, waves and proximity to
the reef etc. The design (shape) is considered in respect to existing harbor and the area
available for expansion works. This design is therefore considered practical and functional
with the associated expansion. It can also be justified in terms of finance available for this
expansion works.

9.2.2 Location of harbor and entrance channel

There is no alternative location thus proposed location is considered. The near shore
areas for locating harbor is not infinite since suitable shoreline adjacent to existing harbor is

limited. As the project is expansion of the existing harbor, alternative-—options are also

harbor.
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9.2.3 Materials and methods

The considered material for revetment are rock boulders. Rock boulders has proven best
available and favored option for construction of revetments and breakwater recently replacing
coral based rocks that are less durable. While being the cheaper option, the geo-bag option
will also function well as a protection structure, however, this is not opted.

The proposed method of dredging is by using an excavator. The alternative is to use a
dredger. However, using a dredger is not chosen as the proposed burrow area is the harbor
basin for the proposed harbor expansion. Due to the proximity of the two proposed areas for
reclamation to the proposed harbor basin there is thus no requirement for a dredger. Large
size excavator can also attain the required depth of the harbor basin which is -4m below
MSL. The scale of the project (extend and duration excavation works) is also a factor in favor
of opting for an excavator instead of a dredger.

9.3 The no-project scenario

The “no project scenario” for the project is also considered. If this option is selected, the
flooding issues due to storm surge and swell waves and absence of a natural ridge system on
the western side of the island would remain unresolved. While there will be environmental
impacts due to the project, it is not considered feasible to leave the issue of flooding
unaddressed, due to the risk posed on the island community.
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10 Environmental Management Plan

An environmental management plan is an implementation plan that consists of mitigation
measures, monitoring program and institutional setup to be adopted during construction and
operation of harbor expansion works to minimize adverse environmental and social impacts.
This plan also includes actions that can be taken to implement mitigation measures.
Budgetary estimates for environmental mitigation measures, monitoring program during
construction and operation phases are also given.

10.1 Mitigation measures: Construction Phase

The environmental impacts associated with the construction phase result from dredging,
reclamation, construction of breakwaters, construction of quay walls and transportation of
construction material and construction of workforce camp. The impacts will be mainly on the
marine and socio-economic environments. The mitigation measures for each of the activities,

which are exerting impacts on the environment, are presented in the following sections.

Dredging, reclamation and construction of breakwater: Dredging of the harbor basin
would generate sandy materials of varying sizes, causing disturbance to the bottom
sediments, impacting seawater quality, air and noise pollution, etc. The dredged material will
be used in reclamation. The construction of breakwaters will require import of granite rock.
The measures proposed to be adopted for mitigation of the impacts are:

e Interaction with local communities and community leaders will be held so that they are
made aware of the construction.

e The construction zones would be demarcated along with display / signboards
restricting movement of locals, limited to the construction period, in and around the
construction limits.

e Mitigation measures like provision of silt screens and creation of burd~Wwall \from
initial dredged material will be adopted. The dredging and

limited mostly to day time and where possible to low tide.

impacted zone is minimal.
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e Diesel driven engines of workboats, barges and dredgers will be well-maintained and
meet emission norms of diesel vehicles.

e Seawater quality monitoring program will be initiated with special emphasis on
turbidity and will follow the schedule given in the monitoring program.

e Extreme precaution will be taken to avoid spillage or leakage of diesel, oils and lubes
from construction related vehicles. To reduce the impacts from spills or leaks
occurring during operation and maintenance of these vehicles will be done only at
designated and surfaces in the construction yard. Spills / leaks, if any, will be
recovered and disposed according to local standards.

e The worker camps will be located close to the harbor within the reclaimed land.

e The camps will be adequately equipped with all the necessary facilities / amenities
such as water supply, power supply, wastewater collection, solid waste collection and
sanitation.

e The domestic wastes generated from the camps will be disposed at local waste disposal
site.

10.2 Mitigation measures: Operation Phase

Harbor expansion works aim to provide a dedicated harbor area for cargo and passengers.
The cargo to and from harbor would be general trade cargo from Male and local produce to
and from nearby islands. Therefore the general cargo to be handled is clean and no significant
impact is expected. Some level of solid waste from general cargo will be produced. Liquid
waste sourced from ships is likely to cause some impact. These include deterioration of water
quality resulting from waste water from ships, sewage waste, ship based bilge water oil and
waste oil spills. The following measures are proposed to mitigate impacts from discharge that
are of ship based;

e Operational facilities such as passenger terminal amenities will be connected to local
sewerage disposal system.

e Oily wastes which are generated from the mechanical areas of the port will be
collected and disposed appropriately according to local standards.
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environment. It is provided as an indication of the duration and magnitude of impacts and

specific institutional responsibility for both construction and operation phase of the project.
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Table 22. Possible environmental impacts and mitigation measures for harbor expansion and operation phase

Phase

Possible

Impacts

Mitigation measures

Location

Time frame

Impact intensity

Institutional
responsibility

Estimated cost
(USD)

CONSTRUCTION PHASE (Temporary impacts)

Littering on
terrestrial and
marine

environment

Littering, accidental disposal
and spillage of any construction

wastes should be avoided by

pre-planning ways of their

transportation and unloading at

site. Careful planning of the
work activities can also reduce
the amount of waste generated.

Lagoon

During construction

Minor to
moderate, short

term impact

Contractor,
MHTI)

N/A (no additional
cost)

During piling works at the over
water structures, all
construction related waste will
be collected and sent to the
waste management site.
Burnable waste will be sent to
local disposal site

Lagoon

During
construction/operational

phases

Minor

Contractor,
MHI

Included in the
initial cost of
project

Development implementation of
a waste disposal management

Sag

strategy\during the construction

Land/Lagoon/Reef

During construction

Moderate

Contractor, MHI

Included in the
initial cost of
project

warks:

=
Wi
L)

by unlﬁadirﬁg:_ ~._] f/rle

2
ey

Vo162

4 on environmentally

e
A\
\a; nefs raising of project
S 1
manager

//3.

1

practices to minimize

gative jmpacts on all aspects

of constriiction

Temporary access
area and land

During construction

Minor, short term
impact

Contractor, MHI

N/A
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Q Possible Mitigation measures Location Time frame Impact intensity | Institutional Estimated cost
-E( Impacts responsibility (USD)
Remaining material and N/A (may cost
machinery demobilized after . . . Contractor, MH1 more for the
. . On land During construction Minor ] .
completion of dredging works r material unloading
process)
Operation of heavy machinery Cost of heavy
only in the low tide (dredging machinery
and piling works) increase of 20%
Sedimentation . . .
o Clearly mark needed areas for Major to Silt curtain cost
and siltation on . . . . Contractor, . .
dredging and reclamation Lagoon During construction moderate, short MHI) unit rate is $46.00,

the reef and
lagoon

term impact

total length
required is 680m
therefore cost is

$31,280.00

Lagoon / reef

During construction

Minor to moderate

Contractor, MHI

N/A
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9 Possible Mitigation measures Location Time frame Impact intensity | Institutional Estimated cost
a:“; Impacts responsibility | (USD)
Oil /chemical handling and
management procedures will be
made known to all relevant
Seawater staff, appropriate supervision, Reef flat area/ During N/A ( included in
L. construction/operational Moderate impact | Contractor, MHI | the initial project
contamination, lagoon
phase cost)
Heavy machinery used dredging
and reclamation works operated
T . Minor/short Contractor, N/A (may increase
Air pollution Minimized Air Construction phase (may
termed MHI. labor cost)
. . Avoid use of heavy machinery L. . ] N/A (same as
Noise pollution ) . At construction site Construction phase Minor/short term Contractor
during night hours above)
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o Possible Mitigation measures Loeation Time frame Impact intensity | Institutional Estimated cost
E Impacts responsibility | (USD)
All waste generated from harbor
related activities with
appropriate guideline
@ Minor if proper
§ Solid waste sorted at service waste Harbor
E Solid waste outlets and sorted at the waste Operational phase | management plans | management | N/A (included in
§ generated at processing area On land are in place, long unit the initial project
g harbor term throughout cost)
é Reuse and recycle waste where the operation of
7 possible the complex
:
=
z
[<—£ Harbor entrance channel clearly USD 100-150
R Damage to the marked (cost of making
% recfby boat land Lagoon, reef Operational phase Minor/long term Harbor markers and
recreational Marked access and recess from management buoys)
activity recreational harbor wit
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9 Possible Mitigation measures Location Time frame Impact intensity | Institutional Estimated cost
5 Impacts responsibility | (USD)
N/A (included in
the staff training
program)
N/A
Air pollution Engine running of the vessels Minor if properly Harbor
from boat ; i minimi Air Operational phase managed, lon
! when in harbor is minimized P p g ) management
operation term
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10.3 Institutional arrangements

Effective implementation and supervision of the environmental mitigation measures and

monitoring activities identified in this document can only be achieved through a suitable

institutional mechanism involving stakeholders of the project. A broad institutional

mechanism for environment safeguards associated with the project, roles and responsibilities

of various agencies and parties for implementing environment safeguards are provided below.

Project Management Unit (PMU): The Project Director (PD) under the PMU is

will be responsible for processmg the environmental clearance and addres r g en%yroy’
x

N

ADB for disclosure on the ADB website.
Conducting monthly site visits.

Timely endorsement and signing of key documents and forwarding to the
respective agencies required for processing of environmental clearance and other
environment safeguard related permits and licenses.

Award the civil works contract only after the environmental clearance has been
received from EPA.

Ensure all contractors obtain permits, licenses etc. for activities such as dredging
and others before the implementation of the respective construction activity.
Taking proactive and timely measures to address any environment safeguard

related challenges and significant grievances (during construction stage).

Project Management Consultant (PMC). The Environment Specialist under the PMU

will monitor implementation of the EMP and monitoring plan by the contractor. Specific

responsibilities of the Environmental Specialist are:

Review the detailed design of the harbor and ensure it includes the least impacts on
local environment and follows recommendations made in the EIA report.

Conduct an initial training on implementation of the EMP requirements for the
contractor including providing guidance on format of monitoring checklists/reports
to be maintained by the contractor.

Provide job training for contract workers as needed during project construction.
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¢ Conduct monthly site visits to the construction site.

e Review test results for testing seawater quality and air quality.

¢ Review the EMP implementation records of the contractor and crosscheck
project site conditions.

¢ Ensure contractors secure necessary permits and clearances on a timely Basis. B

e Prepare monthly monitoring reports based on site visits and submit it to }}QWROV ED |
review and approval.

e Based on the monthly monitoring reports, prepare semi-annual safeguards
monitoring reports and submit it to the PD for review and approval and further
submission to ADB for disclosure on the ADB website.

¢ Advise the contractor on how to address non-compliances.

e Report the occurrence of any unanticipated impacts to the PD and recommend
mitigation measures and need for the EIA report to be updated.

e Accordingly, advise the contractor on how to address the unanticipated impact.

o Facilitate the functioning of grievance redress mechanism and ensure that all
complaints are resolved on a timely basis.

Contractor. The Contractor is the principal agent to implement the EMP during the pre-
and during construction stage. Specifically, the contractor will:

e Appoint a qualified environment focal person to implement the EMP and monitoring
plan.

e Obtain necessary environmental license(s), permits etc. from relevant agencies as
prior to commencement of civil works contracts.

¢ Implement all mitigation measures in the EMP and activities in the Monitoring Plan.

e Submit monthly self-monitoring reports to the PMU.

e Ensure that all workers, site agents, including site supervisors and management
participate in training sessions delivered by PMU.

e Ensure compliance with environmental statutory requirements and contractual
obligations.

o Participate in resolving issues as a member of the GRC.

e Respond promptly to grievances raised by the local community or any stakeholder
and implement environmental corrective actions or additional environmental
mitigation measures as necessary.

e Based on the results of EMP monitoring, cooperate with the PIU to implement

environmental corrective actions and corrective action plans, as necessary.
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Implementation arrangements for environmental impact mitigation and monitoring to
ensure both local and ADB environmental specific environmental safeguards are met ar
given in Figure 33.

Figure 33 Institutional setup for environmental management of the project

10.4 Grievance Redress Mechanism

GRC will be established at two-levels, one at the project site level and another at PMU
level, to receive, evaluate and facilitate the resolution of displaced person’s concerns,
complaints and grievances. The GRC is aimed to provide a trusted way to voice and resolve
concerns linked to the project, and to be an effective way to address displaced person’s
concerns without allowing it to escalate resulting in delays in project implementation. The
GRC will aim to provide a time-bound and transparent mechanism to voice and resolve social
and environmental concerns linked to the project. The response time prescribed for the GRCs
would be four weeks. The GRC is not intended to bypass the government’s inbuilt redress
process, nor the provisions of the statute, but rather it is intended to address displaced
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person’s concerns and complaints promptly, making it readily accessible to all segments of
the displaced persons and is scaled to the risks and impacts of the project.

First Level of GRC: The project site level GRCs will function on site where the harbor

e Island Council representative
e NGO representative / Person of standing from the community
e NGO representative / Person of standing from the community

e Contractor representative

Second Level GRC: Project Steering Committee

e Senior Official, MoFT
e Senior Official, MHI
e Senior Official, MED

The primary level of actions to address project related grievances are through grievance
redress committee at site (First level of GRC). Complaints from local individuals and
community representatives can be filed to the committee through the project management site
office. A formal complaint logbook can be placed at the site office. Minor complaints can be
resolved immediately where possible by the site supervisor or engineer. If a complaint cannot
be resolved, then the matter has to be discussed at first level grievance committee no later
than 3 days of the logged complaint. If a solution for the complaint can be agreed, it shall be
implemented and rectified to a satisfactory level within 7 days from a decision made from the
committee meeting. If no further compliant from a specific does not recur it shall be assumed
that the specific issue is resolved. All complaints and resolutions for those complaints shall
be appropriately logged for relevant reporting and documentations.

If any complaints cannot be resolved on site and no suitable remedial measures are
reached, then such issues can be brought to attention of second level grievance committee
(Project Steering Committee). Such issues shall be informed to the committee within 7 days
of meeting of the committee (first level) where a decision cannot be made. The time frame
for addressing issues in such instances are difficult to estimate and thus may vary. Where
timely decision can be made by steering committee, it shall be communicated to the site level
committee and to establish good communication between relevant stakeholders of the
complaint. The mechanism for resolving complaints showing various responsible
representatives and time frames are shown in Figure 34.
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> Minimize errors in future assessments and impact predictipns
> Make future assessments more efficient
> Provide information environmentally responsible project manag
> Improve EIA and monitoring process

Impact and mitigation monitoring is carried out to compare predicte
occurring from project activities to determine the efficiency of the mitigation measures. This
type of monitoring is targeted at assessing project related impacts on the natural, social and
economic sectors as well as impacts on natural resources and dependent communities that are
likely to be affected due to implementation of the project. Impact monitoring is supported by
an expectation that at some level anthropogenic impacts become unacceptable and action will
be taken to either prevent further impacts or re-mediate affected systems and community.
Monitoring environmental mitigation identified for significant environmental impacts aims to
compare predicted and actual (residual) impacts so that effectiveness of mitigation measures
can be determined.

Monitoring works during the construction and operational phase will be carried out
according to Table 24. Cost for the monitoring (data collection) activities will be covered by
the project Management Contractor. Commitment to carryout and finance environmental
mitigation and monitoring work shall be provided by Project proponent (MHI). Letter of
commitment is given in the Proponent’s declaration at the beginning of the report, (page xiii).

The EIA monitoring report structure provided in the EIA Regulations 2012 (2012/R-27)
shall be used for the monitoring report preparation. Environmental monitoring reports shall
be submitted every six months to EPA for the duration of construction phase with data
collected as scheduled on environmental attributes as proposed in monitoring program (See
Table 24). Environmental monitoring report during operation stage of the project shall be
submitted to EPA on an yearly basis with data collected as scheduled on environmental
attributes as proposed in the monitoring program during operation (see Table 24).

Environment Safeguard Monitoring: The Environmental Specialist from the PMC will
prepare monthly environmental monitoring reports based on monthly site visits for review
and approval by the PD. Based on the monthly reports he/she will prepare a consolidated
Semi-Annual Safeguards Monitoring report with inputs from the Social Development
Specialist of the PMC on social safeguards. The Semi-Annual Safeguards Monitoring Report
will be submitted to the PD for review and approval and further submission to ADB for
disclosure on the ADB website.
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Table 23 Monitoring program for of the project

Reef community Methodology Sampling Estimated cost for
frequency monitoring

Construction phase

Reef benthos (coral and other | Photo quadrate method at 250 | Every 3 months Rate per field

benthic cover)

by 5 meter belt transect areas
at baseline project impact
area and control site

survey USD 800.00

Reef fish community, diversity
and abundance

Visual Census of reef fish
diversity and abundance at
baseline data collection
locations

Every 3 months

Rate per field
survey USD 800.00

Seawater (seawater tested for
contaminants or increased in
nutrients due to dredging,
reclamation and harbor

protection related works),

Water sampled from baseline
sampling locations. Water
samples tested by a
Nationally accredited
laboratory Following

parameters are to be tested;

Physical properties:
Salinity, pH, Electrical
conductivity, Dissolved
oxygen, Turbidity
Chemical properties:
Biological Oxygen Demand,
Chemical Oxygen Demand,
Nitrite, Nitrate, Phosphate,
Sulfates

Biological properties: Total
coliforms, fecal coliforms
Metals including heavy
metals:

Iron, Copper, Tin, Zinc,

Magnesium, Mercury,

Every 1 months

Rate per test set

USD 1000.00

Sedimentation rates

Set up sediment traps on
baseline data collected as
project impact area and
control site

Every 2 weeks for
the entire duration
of dredging and
reclamation works,
3 months post
dredging and

reclamation

USD 500.00 per

cycle
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Reef community Methodology Sampling Estimated cost for
frequency monitoring

Operation phase
Reef benthos (coral and other | Photo quadrate method at 250 | Every 6 months USD 800.00
benthic cover) by 5 meter belt transect areas | after construction

at baseline project impact phase is completed

area and control site (total 2 years)
Reef fish community, diversity | Visual Census of reef fish Every 6 months USD 700.00
and abundance diversity and abundance at after construction

baseline data collection phase is completed

locations (total 2 years)
Sediment quality Sediment sampling at harbor | Quarterly for 2 USD 300.00

basins (2) are core samples
and analyzed for physic-
chemical properties and
heavy metals by a Nationally
accredited laboratory to
include:

pH, organic matter, nutrients,
Iron, Copper, Tin, Zinc,
Magnesium, Mercury

years

Seawater (seawater tested for
contaminants or increased in
nutrients due to waste from
vessels, fuel and waste oils,

Water sampled from baseline
sampling locations. Water
samples tested by a
Nationally accredited
laboratory Following
parameters are to be tested;

Physical properties:
Salinity, pH, Electrical
conductivity, Dissolved
oxygen, Turbidity

Chemical properties:
Biological Oxygen Demand,
Chemical Oxygen Demand,
Nitrite, Nitrate, Phosphate,
Sulfates

Biological properties: Total
coliforms, fecal coliforms
Metals including heavy
metals:

Iron, Copper, Tin, Zinc,
Magnesium, Mercury,

Quarterly for 2
years
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10.6 Monitoring reporting and format

Monitoring reporting and format will follow the schedule and report structure shown in

Environmental Impact Assessment Guidelines by EPA.
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11 Conclusion

The findings of Environmental Impact Assessment show that the impacts of the harbor
expansion on marine habitat are anticipated to be moderate while the impacts on seawater
quality due to excavation and disposal of excavated material are anticipated to be minor to
moderate due to the low cover of live coral in the area and currents within the area. On the
other hand, the project will have positive impacts against erosion, providing safer mooring
and docking for fishing, cargo, and passenger vessels and small crafts, and generating
environmental and socio economic benefits.

To mitigate against significant impacts on sensitive environmental receptors, an
Environmental Management Plan and Monitoring Program for both the construction and
operational stages of the project has been prepared. These environmental mitigation measures
and monitoring plans were prepared with allocation of adequate funds for their effective
implementation. Furthermore, a Grievance Redress Mechanism (GRM) has been formulated
including through the establishment of a joint grievance redress committee to address both
social and environmental grievances that may arise during all project phases.

To make the harbor expansion works and its operation a viable undertaking,
environmental considerations identified through assessment of sensitive receptors of the
environment need to be incorporated in implementation strategies. The Environment Act and
EIA regulation of Maldives provide a good framework on how to effectively manage the
country’s environment and natural resources. The EIA has examined potential environmental

impacts of the project construction and operation through examination of eavironmental

components that would be affected. The EIA also meets the requirements ofth arnment

and, in principle, complies with ADB’s Environmental Assessmerit Req
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Appendix 2 Project Design related drawings
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Appendix 3 Land Use Plan of Kulhudhuffushi
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Appendix 4 Bathymetry of the proposed harbor expansion and
breakwaters
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Appendix 5 Beach profile locations
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Appendix 6 Sea grass pictures
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Appendix 7 IBAT document
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The Integrated Biodiversity Assessment Tool (IBAT) provides key decision-makers with access to
critical information on biodiversity priority sites to inform risk management and decision-making
processes that address potential biodiversity impacts. Developed through a partnership of BirdLife
International, Conservation International, International Union for Conservation of Nature {(IJUCN) and
United Nations Environment Programme World Conservation Monitoring Centre (UNEP-WCMC), the
vision of IBAT is that decisions affecting critical natural habitats are informed by the best scientific
information and in turn decision makers will support the quest to collect and enhance the
underlying datasets and maintain that scientific information.
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Appendix 8 List of people met and related pictures
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List of community members who turned up for the meeting 13 Jan 2016
Kulhudhuffushi

Name

Abdul Raheem Mohamed

Ibrahim Rashid
Abdulla Adam
Mohamed Hassan
Amjad Moosa
Ibrahim Adam
Assad

Abdulla Thaufeeq
Abdulla Adam
Mohamed Ibrahim
Hassan Gasim
Mohamed Moosa
Adam Mohamed
Hassan Ali
Ibrahim Ahmed
Abdul Latheef
Hassan Moosa
Arif Ali

Ali Hassan
Mohamed Hussain

Abdul Salaam Abd. Rasheed

Mohamed [qbaal
Jaleel Ali
Zakariya Adam
Ahmed Hassan
Abul Salaam

Abdul Rahman Usman

Mohamed Ali
Ibrahim Niyaz
Adam Ibrahim

Ali Ismail
AbdulLatheef
Habeeba Ali
Shaheedha Ali
Niyaz Moosa
Ahmed Adam

Ali Abdul Raheem

Profession/trade

Boat owner
Boat captain
Boat owner
Boat owner
Boat owner

Boat crew

Boat captain
Boat owner

Boat owner

Contractor
Fisherman
Fisherman
Fish Processor
Fish Processor

Fishing Vessel Owner

Bank of Maldives
Jalaaludheen School
Taxi driver
Construction
Security services

Contact
7865030
7856770
7613252
9933575
7824746
7727176
7835444
7741826
7924016
7778821
7584342
7678074
9913500
7909305
7896445
9886617
7918475
9904040
9914584
9733511
9922500
7742363
7717702
7739577
7793322
9115339
9851164
















TA-8829 MLD: Environmental Impact assessment Report, Kulhudhuffushi Harbor expansion project 2016

Appendix 11 Existing harbor front plate

11-124









