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This report discusses the findings of social and environmental impact study undertaken by
Water Solutions Pvt. Ltd. at the request of Ministry of Housing and Infrastructure for the
changes proposed to harbour rehabilitation project at Lh, Kurendhoo.

Kurendhoo with a total land area of about 19.9 hectares is located at 5°32°59° N and
73°27°57” E. The island is inhabited island, with slightly over 72.0 persons per hectare.
Kurendhoo is in a strategic location given that it is located in the middle of all inhabited
islands of the atoll with easy access for inter- and intra-atoll travel. The closest inhabited
island is Maafilaafushi, which was chosen by the Government as a potential growth-focused
island.

The Ministry of Housing and Environment awarded the Kurendhoo harbor developed
project to Works Cooperation Limited in 2011 to develop the harbor in accordance with the

“bfA=po-°=2! £=@®°-®-+£¢=°£! ~ §8§2~2§- n=-1o=

O MN NPA approved the proposed harbor development project at Kurendhoo which was
outlined in the EIA report. The actual harbor development project deviated from the original
plans that were approved by EPA. EPA intervened and stopped the project in 2012. When
EPA intervened, 12,000 m2 of area was reclaimed on south of harbor from the material that
was excavated from the harbor basin. This was the material that needs to dispose to the area
that was eroding on north eastern side of the island. 166 m of the quay wall has been
completed and the dredging of the harbor basin has been completed.

The island community, island council and the MP of the island has requested the Ministry of
Housing and Infrastructure to bring some changes to the original plan that had been
approved. Hence following changes has been made to the Kurendhoo Harbour Development
project.
- Extending the quay wall to northern section of the harbor. Total quay wall would
be 300 m
- Construction of a rock boulder revetment on north eastern side of the island to
mitigate sever erosion
- Construction of a rock boulder breakwater on either side of the entrance channel
- Construction of 450 m of rock boulder breakwater to protect the harbor basin
- Construction of 276 m of coral revetment to protect the area that had been
reclaimed
- Removal of the 6,875 m2 of sand from the area that had been reclaimed on south
side of the island.
- Replenishment of 3,900 m2 of area on north eastern side of the island and 1,570
m?2 on south eastern side of the island.
- Placement of marker lights on the entrance channel and the navigation light to
mark the entrance channel to the atoll.

Environmental and socioeconomic impacts of the additional works for the harbour
development project were assessed. The impacts of the project result mainly from
excavation of the harbour basin of the area that had not been excavated, placement of the
breakwater, construction of the breakwaters at the entrance channel, construction of the
revetment and disposal of the excavated materials as to mitigate the erosion on north west
and south eastern side of the island.
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The impact of excavation would be that of sedimentation. The excavation area also falls to
the hard rock area of the reef flat and hence this would cause difficult to excavate using light
machineries. It is recommended to use heavy machineries to excavate the western sections
of the harbour basin. The project would help to address the current erosion problem by
replenishing the eroding beach with the materials borrowed from the harbour basin. The
socio-economic benefits of the project may be considered to outweigh the negative impacts
of the project on the physical environment of the island especially increasing the usable
space on north western side of the island. The proposed project conforms to prevalent
environmental legislation and thrives to achieve its objectives in a environmentally friendly
manner.

Mitigation measures for these anticipated impacts have been identified and outlined in
detail, including sedimentation and stagnation control methods and measures for minimizing
negative effects of construction waste. These mitigation measures need to be followed in
order to minimize environmental damage. The details of the additional component of the
project have been established after considering the needs and requirements of the
community by assessing and incorporating the outcomes from the stakeholder consultations
held during the data collection stage.

The EIA also allowed to explore the best possible alternatives for the proposed development
and identified key mitigation strategies. Alternative locations and alternative designs have
been investigated for the different components of the project. However, the present project
design seems to be a feasible option in terms of costs, durability, safety and incorporation of
the expectation of all stakeholders.

An environmental management plan with environmental monitoring plan has been
developed including important elements that require regular checks. This monitoring
component will be adhered to and will allow the assessment of changes due to construction
of the harbour.

Although the project involves negative environmental impacts, such impacts are not severe
as to not bring changes to the original harbour development project. The changes to project
is justifiable in light of the socio-economic conditions and anticipated benefits resulting
from the project, which seem to outweigh the negative environmental impacts.

Ministry of Housing and Infrastructure 2013 sfff
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1 Declaration of the consultants

This EIA has been prepared according to the EIA Regulations 2012, issued by the Ministry
of Housing and Environment. I certify that the statements in this EIA study are true,
complete and correct, to my best of knowledge and ability.

Name: Ahmed Jameel ( EIA 07/07 )

Signature:

QB
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Commitment from proponent
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5 Introduction

This Addendum to the Environmental Impact Assessment (EIA) report has been prepared in
order to meet the requirements of Clause 5 of the Environmental Protection and
Preservation Act of the Maldives to assess the impacts of proposed changes to harbour
development project at Lh. Kurendhoo.

5.1 Structure of EIA

This report will identify the potential impacts of proposed changes to the harbour
development project that had been approved by EPA. The report will look at the
justifications for undertaking the changes to the project. Alternatives to proposed
components or activities in terms of location, design and environmental considerations
would be suggested. A mitigation plan and monitoring programme before, during and after
the additional components that had been included to the project would also be included in
the report. This Addendum to the EIA is based mainly on data collected during field
investigation missions undertaken on 2™ March 2013.

5.2 Aims and Objectives of the EIA

This report addresses the environmental concerns of the proposed changes to the harbour
rehabilitation project at Lh. Kurendhoo. The report would facilitate the planning of the
changes to harbour rehabilitation project, assist in mitigating impacts caused due to the
changes to the harbour rehabilitation work on the island’s environment. This report
demonstrates the commitment by the proponent on the importance of environmental
protection and preservation into the public sector development projects.

5.3 EIA Implementation

This EIA has been prepared by Water Solutions represented by the following registered ETIA
consultant working with the Water Solutions.

Ahmed Jameel (Registration number: EIA 07 / 07) (lead consultant)
Abdul Aleem (Registration number: EIA 09 / 07)
Hamdulla Shakeeb (land and marine surveyor)

The major findings of this report are based on qualitative and quantitative assessments
undertaken during site visit. However, due to unavailability of long term site-specific data,
the impact assessment methodology has been restricted to field data collected, consultations,
experience and professional judgment. Available long term data were collected from
available sources, such as long term data on meteorology and climate from global databases.

5.4 Terms of Reference

The terms of reference for this EIA Addendum have been attached as an appendix 1. This
EIA Addendum has been prepared based on this term of reference.

Ministry of Housing and Infrastructure 2013 N
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6  Applicable Policies, Laws and Regulation

6.1 Overview

This section outlines the relevant environmental legislation pertaining to this project as the
project takes place in the context of the Maldivian law and regulations. Hence, this section
will outline the relevant laws and regulations that are relevant for this project and how the
project components address these concerns.

6.2 Environmental Protection and Preservation Act

Article 5 (a) of the Environmental Protection and Preservation Act (Law No. 4/93)
addresses the submission of an EIA (Majilis, 1993). It states that an EIA shall be submitted
to Ministry of Environment before implementing any developing project that may have a
potential impact on the environment.

6.3 Protected Areas and Sensitive Areas

Under Article 4 of the Environment Protection and Preservation Act, the Ministry of
Environment is vested with the responsibility of identifying and registering protected areas
and natural reserves and drawing up of rules and regulations for their protection and
preservation. At present there are no rules and regulations made available to the public on
designation and protection of habitats and heritage areas. This project does not fall to a
boundary of a protected area.

6.4 Environmental Impact Assessment Regulation 2012

The Ministry of Environment has issued EIA regulation on May 2012, which guides the
process of undertaking the Environmental Impact Assessment in the Maldives — This
guideline also provides a comprehensive outline of the EIA process, including the roles and
responsibilities of the consultants and the proponents. This regulation outlines every step of
the IEE/EIA process beginning from application to undertake an EIA, details on the
contents, minimum requirements for consultants undertaking the EIA, format of the
EIA/IEE report and many more.

The guidance provided in this Regulation was followed in the preparation of this EIA
report. The EIA has also been prepared by registered consultants.

6.5 Regulation on Coral, Sand and Aggregate Mining

This regulation addresses sand mining from uninhabited islands that have been leased; sand
mining from the coastal zone of other uninhabited islands; and aggregate mining from
uninhabited islands that have been leased and from the coastal zone of other uninhabited
islands. Coral mining from the house reef and the atoll rim has been banned through a
directive from the President’s Office dated 26th September 1990. Under Article 7 (c) of the
Regulation on Sand and Coral Mining issued by the Ministry of Fisheries, Agriculture and
Marine Resources (MOFAMR) on the 13™ of March 2000, it is an offence to mine sand or
coral from the beach, lagoon or reef of any inhabited island. No new corals would be mined

Ministry of Housing and Infrastructure 2013 o
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for the development of the breakwater. The breakwater would be constructed using the
existing corals in the failed breakwater and seawater that had been constructed at the island.

6.6 National Biodiversity Strategy and Action Plan

The goals of the National Biodiversity Strategy and Action Plan are conserve biological
diversity and sustainably utilize biological resources, build capacity for biodiversity
conservation through a strong governance framework, and improved knowledge and
understanding, foster community participation, ownership and support for biodiversity
conservation (Ministry of Housing and Environment, 2003).

In implementing the proposed project activities due care would be given to ensure that the
national biodiversity strategies are adhered to. The proponent has committed on
conservation and protection of the environment while undertaking this proposed project.
More specifically, the coral reef and generally the marine environment have been assessed
in order to assess baseline values. Quantitative and qualitative surveys were undertaken to
assess the biological diversity of the marine environment, especially in close proximity to
the proposed project area. Practical mitigation measures and solutions have been identified
to conserve and protect the biodiversity.

6.7 Regulation on Cutting Trees

The Regulation on cutting down, uprooting, digging out and export of trees and palms from
one island to another was issued by the Ministry of Environment. Clause 5 (a) of the
regulations states that prior to the commencement of any project(s) that would require the
indiscriminate removal and export of trees/palms from one island to another for the purpose
of agriculture, development/redevelopment, construction or any other purpose, it is
mandatory under the regulation to prepare and Environmental Impact Assessment Report
statingclearly the details of the Project(s) with all necessary information and submit the
same through the relevantMinistry to Ministry of Environment, and the project(s) can only
commence upon the grant of written approvalfrom the Ministry of Environment and Energy.
The regulations requires permission be obtained from Ministry of Environment, if more
than 10 coconut palms thatare of a six of 15 ft (from base of the palm to the tip of the palm
frond) are cut, uprooted or relocated to anotherisland. The regulation also ensures the
replacement of the vegetation that is lost by imposing the planting of twopalms for every
palm tree that is cut or uprooted. Logging on inhabited islands must be done
undersupervision of the islands chief or an official appointed by the island chief (Ministry
of Environment, 2008).

Neither the proposed changes to the harbour nor any of the alternatives proposed in this
report involve land clearing.

6.8 Mari time and Port Legislation

There is no maritime or port legislation of relevance. The only regulations that exist in the
transport sector are Law No. 65/78 (Law on the lighting requirements for vessels parked in
Maldivian ports) and Law No. 66/78 (Law on port tariff or tariff levied on vessels parked in
Maldivian waters).

Ministry of Housing and Infrastructure 2013 P
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6.9 Third National Environment Action Plan

The Third National Environment Action Plan is divided into principles, results and goals to
achieve the results. Some of the fundamental principles prescribed in NEAP 3, which have
been incorporated into this environmental impact assessment exercise include local
democracy, informed decision making, continuous learning and improvement, right to
information and participation and most importantly the complementing role of
environmental protection in socio-economic development. The proposed project is expected
to provide 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).

Ministry of Housing and Infrastructure 2013 Q



7  Project Descriptions

7.1 Project Proponent

This project is proposed by the government of Maldives with Ministry of Housing and
Infrastructure as the Implementing Agency. Ministry of Housing and Infrastructure is the
government ministry responsible for the development and regulation of the construction
sector of the country. It is also the agency which oversees the development of public
infrastructure of the country. All harbour development projects therefore fall under the
responsibility of Ministry of Housing and Infrastructure. Ministry of Housing and
Infrastructure has undertaken several harbour design and implementation projects
throughout the Maldives and have also developed standards and criteria’s for developing
harbours.

The project would be executed by MTCC.

7.2 Project Location and Study Area
The project takes place at the island of Kurendhoo at Lhaviyani Atoll, Maldives.
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Figure 1: Project location

7.3 Need and Justification

The harbour development project is a socially-driven project to improve the condition of the
existing harbour and to extend the harbour to cater the present demand at the island. The
primary objective of the project is to improve the condition of the harbour to ensure
sustainability and improve living conditions on Kurendhoo.
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The island is facing severe erosion on north eastern side of the island. The community
would like to replenish the beach that is eroding on north eastern side of the island. The rate
of erosion is quite serious as such that it is threatening to properties and infrastructure which
is located around this area. Similarly, the island is also facing erosion on south eastern side
of the island. This area also needs protection. Hence the changes to the harbour
development project includes construction of a revetment to protect the land that would be
reclaimed on north eastern side of the island.

The layout of the Kurendhoo harbour is quite different from the harbours that had been built
in the Maldives. The harbour had been located on western side of the island facing the
Kaashidhoo kandu. The access to the harbour is from north east. Hence the harbour is very
well protected. During the harbour development, a large area on southern side of the
harbour had been reclaimed which is now used as a slipway and a boat repairing area. The
slipway area has blocked the water circulation in the harbour basin area. It is proposed that
breakwater would be placed further out as such that water circulation would be made
possible in the harbour basin.

7.4 Project Duration and Scheduling

The implementation of the project is planned for the second quarter of 2013. The contractor
for the project would be MTCC. Detail work plan would be available after the project is
awarded to MTCC. The project is expected to complete in 18 months.

7.5 Changes to the Harbour Development Project

Following are the changes that had been brought to the project.
1. Construction of the quay wall on north side of the harbor

The quay wall constructed using corals has been badly damaged. The quay wall would
be removed and new quay wall be constructed using concrete L blocks. The materials
from the existing quay wall would be used for coastal protection on south eastern side
of the island. The total length of the quay wall that would be built is 300 m.

2. Construction of a revetment on north western side of the island

A revetment would be build on north western side of the island as a coastal protection
measure. The revetment would be built using rocks and its proposed length is 276 m.

3. Construction of breakwater on either side of the entrance channel

To make effective use of the harbor and to reduce the impacts of swells and waves at
the harbor basin, breakwater would be constructed on either side of the entrance
channel. The breakwater would be constructed using rock boulders. The total length of
the breakwater at the entrance channel would be 66 m.

4. Removal of 20 m wide section of the sand bed on western side of the island

The area south of the harbour had been reclaimed using sand which was excavated
from the harbour basin. This sand bed is blocking the movement of water and hence
flushing of the harbour basin. It is proposed that 20 m section of this reclaimed area
would be removed to facilitate the flushing of the harbour basin. It is estimated that
this activity would generated 13,750 cbm of sand which would be used to reclaim the
area which is being eroded on north western side of the island.

Ministry of Housing and Infrastructure 2013 S
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5. Reclamation of the beach on north western side of the island

North eastern side of the island is facing sever erosion. As part of this project, 3,900
sqm of area would be reclaimed on this side of the island. The reclaimed land would
be protected using rock revetment. The sand for the reclamation would be obtained
from the dredging of the harbour basin and the removal of the sand bed located on
southern side of the harbour.

6. Undertake coastal protection of the beach on south eastern side of the island

Using the material recovered from the demolition of the coral quay wall and
breakwater, the south eastern side of the island would be protected and backfilled. It is
estimated that 1,570 sqm of area would be back filled in this side of the island. The
sand for the reclamation would be obtained from the dredging of the harbour basin and
the removal of the sand bed located on southern side of the harbour.

7.5.1 Process and Materials
qlE-acEC¥-¥me- £t

The dredging of the harbour basin would be undertaken by using an excavator. It is
recommended that excavator which is larger than 460 excavator to be used in the dredging
phase of the harbour development to minimise the impact on the environment. The
excavator would be working on sand beds. It is also recommended to use drop hammer to
break the hard layers of corals located in the area where harbour basin would be excavated.

A EC¥EC-+R-P-C8tR-+~2

The dredged material would be disposed in the area indicated in Annex: Proposed Harbour
Rehabilitation Project. The material excavated from the harbour basin area would be placed
on trucks. The trucks would transport the material from the harbour area to the material
disposal area. The trucks would move along the harbour front road. The harbour project
would also remove the sand bed which is located on southern side of the harbour.
Excavators would excavate the material from the sand bed and would transport it to north
west and south eastern side of the island where it would be disposed.

S 2032 ~2£°5-A

The quaywall would be constructed with concrete L blocks. Breakwaters and revetments
would be constructed using rock boulders. The rock boulders would be unlocated to the
island from north eastern side of the island. The rock boulders would be transport to the
breakwater site on trucks. It will be placed by creating a sand bed. Excavators will place the
rocks boulders at the breakwaters and revetments. Concrete caps on the quay walls would
be replaced using concrete. The rehabilitation of the breakwater would be with existing
corals at the breakwater, corals recovered from the demolition of the quay walls and sand
cements bags.
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7.6 Project Implementation

The proposed works are expected to be started during second quarter of 2013. The total
duration of the project including detailed design is about 18 months.

7.7 Project Inputs and Outputs

The project has inputs in terms of human resources, and natural resources and machinery.
The main output of the project is a rehabilitated harbour that would bring direct and indirect
benefits to the local communities in terms of social and economic development. The inputs
and outputs are summarised in Table 1andTable 2.

Table 1: Main inputs of the proposed project

F-@®32:°£+-3°£ELF e-p2-:- 2~§-=°£+-3°f4
Construction workers Contractor’s responsibility
Management and maintenance staff Island Council

Construction materials. Rock boulders, | Import and purchase where locally
concrete blocks, reinforcement steel available at competitive prices —
bars, sand, cement, aggregates, etc. Contractor’s responsibility.
Maintenance material N/A

Water supply (during construction) Ground or rainwater
Electricity/Energy (during construction) | Diesel-based electricity from island mains
Machinery such as excavators, crane Contractor’s responsibility

lorries and dump trucks

Table 2: Matrix of major outputs

M- 032G~ 2Ercc~268-2 | A-2{§0~2£C | J £21-Co-0-Ci@-+~2

T3 226F+

Removal of the old coral 280 m3 Used as core material for the
breakwaters construction of the breakwater
Removal of the old quay wall 399 m3 Used for the coastal protection on south

eastern side of the island
Fill material or dredge spoil from | 10,000 m3 | Disposed to south eastern side and

the harbor basi north western side to reclaim the island
Constructional waste (concrete 10 tonns / Transported to Thilafushi
and cement debris) week

7.8 Risks Associated with the Project

There are few risk factors associated with this project that could possibly have both
financial and environmental implications. The most significant risk associated is not
completing the work on time and causing delay in demobilizing from the island.

There is also the risk of project delays caused by bad weather. The start of the project period
falls in the south east monsoon. Hence it would be difficult to carry out the breakwater
construction during this monsoon. This risk can be minimized if the works are scheduled as
such that quay wall work is carried out during this period. The mobilisation to the project
could be planned as such heavy machineries are transported at the end of the north east
monsoon.

Ministry of Housing and Infrastructure 2013 U

£ 2?2



i | =h-¢! --=e~° -3°=0Ff£!~ §3§2~2§--=m°-"

7.9 Project Schedule

Following is a tentative schedule for undertaking the proposed harbour rehabilitation project
at Kurendhoo after project is awarded to a contractor

Table 3: Project Schedule

Awarding of contract

undertake site survey.

detail designing
mobilisation

dredging of harbour basin
beach nourishment

construction of quay wall

Construction of the seawall
Construction of the breakwater
undertake as built survey
demoblisation

handover of the harbour

Ministry of Housing and Infrastructure 2013 \%
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Figure 2: Proposed changes to the harbour rehabilitation project at Kurendhoo
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8 Methodology

The section covers methodologies used to collect data on the existing environment. The key
environmental and socio-economic components of the project that were considered are
physical environment, social and economic environment and coral reef areas as the marine
environment.

Hence, data collection was undertaken for the above components. In order to study the
existing environment of the island, the following data collection methodologies were used
during the field visit undertaken in March 2013 to the island.

8.1 General Methodologies of data collection

Conditions of the existing environment were analyzed by using appropriate scientific
methods. The environmental components of the study area were divided into marine and
coastal zone. The marine environment of the island covered the house reef, especially
western, northern and southern side of the island, around the area of the proposed project.
The coastal environment covered the coastline within the project boundary.

8.2 Mapping and Location identification

The entire island, including reef line, shore line, vegetation line and marine survey locations
(in the project boundary) and existing coastal structure were mapped. Mapping was
undertaken using hand held differential GPS. The location of data collection sites were
marked using handheld GPS. These data collection points include water sampling locations,
marine survey areas and proposed borrow areas.

8.3 Marine Survey

The marine environmental survey at Kurendhoo island was focused on three sites as
indicated in the diagramme attached.

Site selection for the marine survey was based on the following considerations outlined
below:

I- One site from along the entrance channel as a breakwater will be constructed at
this site.

2- One site from the western lagoon as the new breakwater will be constructed
slightly north of the existing breakwater.

3- One control site away from the harbour area to understand the baseline condition
at this site.

The methodologies used for the assessment were quantitative complimented by qualitative
methods. Line intercept transects (LIT) of 50 meters each was undertaken at each site. In
addition, photos were taken from these locations to support and assess the marine
environment. Fish counts were undertaken to get a snapshot of the fish population.

General impression and quantitative results of the sites surveyed are observed at the site and
recorded. The maps attached illustrates the marine survey locations as well as reef status
and their GPS coordinates.
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Three sites were surveyed to assess the marine environment as baseline for reef benthic
community. The geographical coordinates and the locations are outlined in the map
attached.
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8.4 Bathymetric survey

A bathymetric survey was undertaken to assess the baseline condition of the proposed the
harbour basin and the disposal site. Bathymetric surveys were also used to determine the
volume of sand that could be borrowed to replenish the beach.

8.5 Marine water quality

The quality of the marine water in the harbour and outside was assessed by testing water
samples at the Public Health Laboratory. Using a GeoXT GPS, the positions of the locations
were identified. Turbidity was the main parameter that was tested.

8.6 Socio-economic condition and stakeholder
consultation

The baseline socio- economic condition of the island and the possible impacts of the project
to be caused to the island community were not studied as part of this project. Details of this
could be found in the Environmental Impact Assessment Report for the Rehabilitation of the
Kurendhoo Harbour (2011).

However the consultation was carried out to find their views of the changes that had been
brought to the project. Stakeholders, most importantly the island community represented by
the Island council was the most significant as they have the maximum knowledge and
experience from the daily difficulties faced due to lack of a harbour. The consultation was
carried out using various methods including, key informant interviews, utilizing existing
data and maps, stakeholder consultation.

The EIA team has also met the island community representatives under the guidance of the
island council. In this meeting detailed discussions were held regarding the proposed
changes to the harbour development project and gathered views and perceptions of
stakeholders. The EIA team also met with the constituency member at the Parliament,
representatives of EPA, project engineer and representatives of Ministry of Housing and
Infrastructure.
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9 Existing Environment

The existing environment of the island had been descried in detail at the Environmental
Impact Assessment Report for the Rehabilitation of the Kurendhoo Harbour (2011). Please
refer to this report to get the detail of the existing environment of the Kureddhoo. This
section presents changes that had happened to the island since the harbour development
project had started at the island.

9.1 Marine Environment

Three sites were surveyed to assess the marine environment as baseline for reef benthic
community. The geographical coordinates and the locations are outlined in the map
attached.

9.2 Status of coral reef at site 1

Site 1 was chosen from the west side of the existing entrance channel. The lagoon in this
area approximately 1.5 meters deep at the survey site during mid tide. As the entrance
channel has been constructed before and due to this site being exposed to strong winds and
waves during south-west monsoon, the site is exposed to very harsh environmental
condition. The area is dominated by coral rubble with sediment and sand dispersed on most
of the rubble material. On the edge of the channel are large rocks that have been placed as a
protection of the entrance channel. However, most of these have fallen and remain
submerged, which does not function in breaking the waves. There are no live corals present
in this site and the site is considered very unhealthy or dead. However, further towards
north, few scattered coral massives were seen, but they were very less and did not intercept
the LIT.

The fish population was another indicator that was used to assess the health of the site. Most
of the fishes at this site were grazers and herbivore species. They were not numerous and
diversity of fish population can be considered very low. To assess the fish population, fish
counts were done for selected fish families as adopted from the Reef Check fish survey
method. The following graph outlines the percentage benthic composition at site 1.
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Figure 4: Percentage benthic composition at site 1

Live coral cover at site 1 was 0%. Of the non living components, coral rubble dominated
this area with 55%. Percentage of rock is 35%. No bleached corals were recorded or found.
The following photos illustrate the status of the reef at site 1.

The status of the reef bed at site 1.
Dominated by coral rubble, this site hardly
contains any live corals. The entire site has
been damaged both by natural causes as well
as human induced.

An 1solated coral massive observed at site 1.
These corals experience difficult conditions
at this site.

9.3 Status of coral reef at site 2

Site 2 was selected from the western lagoon, west of the existing breakwater. This side of
the island is exposed to very strong waves throughout the south-west monsoon, which is
also evident from the reef structure. The entire seabed is a rock base. Towards the reef edge,
grooves and ridges are formed, most likely resulting from the rip currents. The average
depth of this area was approximately 1.5 meters during the survey. The site contains very
less coral rubble, and some juvenile coral colonies were seen growing on the hard substrate.
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The fish population was another indicator that was used to assess the health of the site. Most
of the fishes at this site were grazers and herbivore species. They were not numerous and
diversity of fish population can be considered very low. One of the most noticeable feature
of the fish population structure was the presence of large Parrot fishes.

The following graph illustrates the results of the LIT transect at site 2 in Kurendhoo island.
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Figure 5: Percentage benthic composition at site 2

Live coral cover at site 2 was 2%, which were only * | ° - ®- ° ~cordls8Of @non?2 £
living components, rocks dominated this area with 90%. Percentage of coral rubbles is 8%.

The following photos illustrate the status of the reef at site 2.

The reef bottom at site 2 represent a rock
slab, very flat and entirely covering the area
without any other substance. Very few coral
rubbles and juvenile corals were observed
growing on the hard substrate.

Close up of the left photo. The base is rock
solid and very strong, which can withstand
lot of wave impact without damage.
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9.4 Status of coral reef at site 3

Site 3 was selected from the southern side of the island as a control site. This side of the
island is also exposed to very strong waves throughout the south-west monsoon, which is
also evident from the reef structure similar to site 2. Most area of the seabed is formed on a
rock base. Towards the reef edge, grooves and ridges are formed. The average depth of this
area was approximately 3 meters during the survey. The site contains very less sand, and
juvenile coral colonies were seen growing on the hard rock substrate. Few scattered and
isolated coral massives were observed at this site.

The fish population was another indicator that was used to assess the health of the site. Most
of the fishes at this site were grazers and herbivore species. They were not numerous and
diversity of fish population can be considered very low. Similar to site 2, the most
noticeable feature of the fish population structure was the presence of large Parrot fishes.
Although there were plenty of other varieties, the numbers were not abundant.

The following graph illustrates the results of the LIT transect at site 3 in Kurendhoo island.
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Figure 6: Percentage benthic composition at site 3

Live coral cover at site 3 was 4%, which were only A | ° - ®- ° ~cordls&nd &érat 2 £
massives. Of the non living components, rocks dominated this area with 71%. Percentage of
coral rubbles is 17%.
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A juvenile colony of * | ° - ®- ° ~ceral| Site 3 is also dominated by rocks and
at site 3. considered very poor in terms of live coral
cover. However, there were large Parrot
fishes at this site numbering more than 30
during a 15 minute time swim survey.

10 Status of fish abundance

The amount and type of fish present at a given site can be a good indicator of the marine
environment. For example, increased grazers are generally a sign of increased nutrients in
the area, thus decreased coral cover and increased algal cover. Similarly, more live corals
will attract more fish and some of the fishes are associated with different types and growth
forms of corals. For example, Damselfish like a ~ + | - 2 8r3 ¥ = £+ ® &t conn®IK
fish found in branching corals and large schools are often seen around healthy branching
corals. In abundance, fish communities were by far dominated by the herbivorous
Acanthuridae. Details of the fish census survey is outlined below.

N 3aC~jf
C~«§- T o< -~ «E P§2E:N p§2E-0 p8§2E-P
Acanthuridae Surgeonfish 10 18 25
Pomacentridae Damselfish 0 0 5
Labridae Wrasses 2 3 3
Scaridae Parrotfish 0 20 + 30+
Lutjanidae Snappers 0 0 1
Chaetodontidae Butterflyfish 0 2 5
Balistidae Triggerfish 0 0 6
Holocentridae Sqirrel- and Soldierfish 0 0 0
Zanclidae Moorish Idol 0 0 S
Pinguipedidae Sandperches 1 0 0
Mullidae Goatfish 1 0 0

Table 4: Results of the Fish census survey at Kurendhoo
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10.1.1 Environmental Condition of the Dredged Material
Disposal Sites

The dredged material from the harbour basin would be disposed to north western side and
south eastern side of the island which are currently facing sever erosion of the existing
harbour. The average depth is 0.5 m at MSL. No significant benthic life was encountered
during the visual observation.

10.1.2 Marine water quality

The marine water quality was sampled at the proposed location of the new harbour, existing
harbour and at a control site. See 27Annex: Sampled Locations for locations.

Table 5: Results of the marine water quality tests undertaken at Kurendhoo

T2£%N 32 pE:N pE=0 1 @%<<~*="~¥E
Physical appearance Clear with | Clear
suspended | suspended
particles particles
TDS (mg/1) 49,600 49,200
Salinity (mg/1) 34200 3500
Nitrate (mg/1) <0.3 <0.3
Temperature C 25.1 25.0 18 - 32 Degree
Celsius
pH 7.1 7.3 8 to 8.3.
10.2 Coastal Environment

The main coastal feature on the island is the harbour which is located on north western side
of the island. The island has a beach on southern side of the island. North eastern side of the
island is facing severe erosion. A large area south of the harbour had been reclaimed using
sand that had been excavated from the harbour basin during the harbour construction
project. This reclamation has blocked the movement of water in the harbour.

Figure 7: area that had been reclaimed located on south of the existing harbour.
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10.3 Climate

The Maldives, in general, has a warm and humid tropical climate with average temperatures
ranging between 25°C to 30°C and relative humidity ranging from 73 per cent to 85 per
cent. The country receives an annual average rainfall of 1,948.4mm. There is considerable
variation of climate between northern and southern atolls. General studies on climatic
conditions of Maldives were taken into account during study as local level time-series data
are unavailable for longer periods at the nearest meteorological station at Ibrahim Nasir
International Airport.

10.3.1 Monsoons

Monsoons of Indian Ocean govern the climatology of the Maldives. Monsoon wind reversal
plays a significant role in weather patterns. Two monsoon seasons are observed: the
Northeast (Iruvai) and the Southwest (Hulhangu) monsoon. Monsoons can be best
characterized by wind and rainfall patterns. The southwest monsoon is the rainy season
which lasts from May to September and the northeast monsoon is the dry season that occurs
from December to February. The transition period of southwest monsoon occurs between
March and April while that of northeast monsoon occurs from October to November.

10.3.2 Wind

The two monsoon seasons have a dominant influence on winds experienced across
Maldives. These monsoons are relatively mild due to the country’s location close to the
equator and strong winds and gales are infrequent. However, storms and line squalls can
occur, usually in the period May to July; gusts of up to 60 kts have been recorded at Male’
during such storms.

Medium term meteorological data from Male’ International Airport weather station was
used in this analysis. The south-west monsoon brings winds predominantly between SW
and NW. During May and June winds are mainly from WSW to WNW, and in July to
October winds between W and NW predominate. The north-east monsoon brings winds
between N to E quadrant. During March and April, winds are variable and during
November winds are predominantly from west, becoming variable.

Wind was uniform in speed and direction over the past twenty-plus monsoon seasons in the
Maldives (Naseer, 2003). Wind speed is usually higher in central region during both
monsoons, with a maximum wind speed recorded at 18 m.s-1 for the period 1975 to 2001.
Maximum wind speed recorded in the south was 17.5 m.s-1 during the period 1978 to 2001.
Mean wind speed was highest during the months January and June in the central region,
while wind speed was in general lower and more uniform throughout the year in the
southern region. Wind analysis indicated that the monsoon was considerably weaker in the
south (Naseer, 2003). During the peak months of the SW monsoon, southern regions have a
weak wind blowing from the south and south-eastern sectors.
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10.3.3 Waves

It was not possible to obtain site specific data on wave conditions due to lack of time.
Studies conducted elsewhere in the Maldives have been considered as a general guide to
wave conditions in Kurendhoo.

Two major types of waves have been reported on the coasts of the Maldives: wave
generated by local monsoon wind and swells generated by distance storms. The local
monsoon predominantly generates wind waves which are typically strongest during April-
July in the south-west monsoon period. During this season, swells generated north of the
equator with heights of 2-3 m with periods of 18-20 seconds have been reported in the
region. Local wave periods are generally in the range 2-4 seconds and are easily
distinguished from the swell waves.

Distant cyclones and low pressure systems originating from the intense South Indian Ocean
storms are reported to generate long distance swells that occasionally cause flooding in
Maldives (Goda, 1988). The swell waves that reached Malé¢ and Hulhule in 1987, thought to
have originated from a low pressure system of west coast of Australia, had significant wave
heights in the order of 3 metres.

In addition, Maldives have been subject to earthquake generated tsunami reaching heights
of 4.0m on land (UNEP, 2005). Historical wave data from Indian Ocean countries show that
tsunamis have occurred in more than 1 occasion, most notable been the 1883 tsunami
resulting from the volcanic explosion of Karakatoa (Choi and others, 2003).

10.3.4 Currents

In general, currents tend to be monsoonal in origin, generally setting W during the NE
Monsoon (January to March) and E during the SW monsoon (May to October). During the
transition months, the currents are variable. Ocean currents flowing through channels
between the atolls are driven by the monsoon winds. Current speeds of 1 to 1.5 knots are
reported in the Admiralty pilot. However, the current in the E/W channels of the Maldives
may attain 5 knots.

Currents which affect the sea areas around Kurendhoo reef system and within reef flat can
be the result of one or more of tidal currents, wind-induced currents, wave-induced currents
and ocean currents.

Studies on current flow within a reef flat in Male” Atoll suggests that wave over wash and
tides generate currents across the reef platforms, which are also capable of transporting
sediments (Binnie Black & Veatch, 2000). However, available information suggests that
tidal currents are not strong due to small tidal range.

Studies in other coral atolls show that wind and waves as the primary driving mechanism of
lagoon flushing and circulation on coral atolls (Kench, 1994). Within the lagoon, the surface
water is moved primarily by wind, whereas deeper water is moved by tide. Currents within
a reef flat are modified by reef and island morphology. In general terms, the tidal
component of current is eastward during flood tide and westward during ebb tide.
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Tides experienced in Maldives are mixed and semi-diurnal/diurnal. Typical spring and neap
tidal ranges are approximately 1.0m and 0.3m, respectively (MEC, 2004). Maximum spring
tidal range in the central and southern atolls is approximately 1.1m. There is also a 0.2m
seasonal fluctuation in regional mean sea level, with an increase of about 0.1m during
February to April and a decrease of 0.1m during September to November. Tidal variations
in Maldives are presented in Table 5.2.

Table 5.2: Tidal Variations at Male’ International Airport (sourcej b~ | = OMMQF

Tide Level Referred to Mean Sea level

Highest Astronomical Tide (HAT) +0.64

Mean Higher High Water (MHHW) +0.34

Mean Lower High Water (MLHW) +0.14

Mean Sea Level (MSL) 0.00

Mean Higher Low Water (MHLW) -0.16

Mean Lower Low Water (MHLW) -0.36

Lowest Astronomical Tide (LAT) -0.56

The predicted astronomical tides provided above may vary at any given time and location
based on a number of meteorological and other factors including:

«  Wind set-up or set-down, due to onshore or offshore winds;

« Atmospheric pressure deficiency or excess, due to areas of low or high pressure,
leading to a positive or negative surge component respectively.

« Wave set-up or set-down due to ‘groupiness’ of waves reaching the shore, due to
‘surf beats’, or due to ponding of broken waves.

» Seasonal variation in Mean Sea Level; and

« tsunamis

10.3.5 Natural hazard risk

The primary sources of natural hazard risks in Maldives are strong winds during monsoons
or freak storms, earthquakes, island interior flooding caused by heavy rain, coastal flooding
caused by high surf, storm surge, prolonged strong monsoonal wind, high astronomical
tides or tsunamis, and sea level rise. Coastal flooding related flooding and wind damage can
be considered as the most frequent natural hazards that occur in Maldives (see Maniku
(1990), Luthfy (1994)). Most of these risk factors (apart form earthquake, wind damage and
rainfall flooding), stems from the extremely low elevation of all Maldivian islands: the
average elevation is 1.5 meters above sea level. Inspite of the occasional natural hazards,
Maldives in general is relatively from high risk natural disasters.

Spatial variations in hazards are evident across Maldives (Maniku, 1990). Northern atolls
are more exposed to intense storm systems, increasing the risk of wind damage in these
atolls. In comparison, southern atolls experience less storms systems, but are more exposed
to flooding events, probably as a result of exposure to intense South Indian Ocean storm
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surges and wind-waves during south west monsoons. Southern atolls are also more likely to
experience earthquakes.

Historical records suggest that Kurendhoo has been relatively safe from natural disasters
compared to other islands of Maldives. Only 3 incidents of significant impact have so far
been reported; a freak storm in September 1984 (Maniku, 1990), flooding during April 1987
and flooding during 2004 tsunami (UNEP, 2005). Amongst these, the tsunami of 2004
caused, by far, the biggest damage to Kurendhoo. However, the damage to Kurendhoo
harbour was minimal.

Project site could be considered as being in a relatively safe zone, in terms of natural
hazards. Impacts from wind damage and flooding due to a combination of high
astronomical tide and strong wind generated waves during southwest monsoon are the most
probable sources. Risk of tsunami damage exists, although its probability is quite low.

10.3.6 Cyclones in the Maldives

The islands of the Maldives are less prone to tropical cyclones. The northern islands of the
country have been affected by weak cyclones that formed in the southern part of the Bay of
Bengal and the Arabian Sea. The number of cyclones directly crossing the Maldives is
small. Only 11 cyclones crossed the islands over the entire span of 128 years between 1877
and 2004.

Most of the cyclones crossed the Maldives north of 6.0°N and none of them crossed south
of 2.7°N during the period. All the cyclones that affected the Maldives were formed during
the months of October to January except one, which formed in April.

The Maldives have not been affected by cyclones since1993.

In the northern islands, the probable maximum storm tide due to cyclones has been
estimated to be around 1.82m (storm surge of 0.84 m) for a return period of 100 years. This
storm surge was computed taking into account probable maximum winds and probable
maximum pressure drops.

10.3.7 Rainfall

Annual average rainfall in Maldives is about 1900mm. There is a marked variation in
rainfall across Maldives with an increasing trend towards south. The annual average rainfall
in north is 1977mm and for south is 2470mm.

The southwest monsoon is known as the wet season with monthly average rainfall ranging
from 125-250mm. The northeast monsoon is known as the dry season with average monthly
rainfall of 50-75mm.

10.3.8 Temperature

Daily temperatures of Maldives vary little throughout the year with a mean annual
temperature of 28°C. The annual mean maximum temperature recorded for Male’ during
the period 1967-1995 was 30.4°C and the annual mean minimum temperature for the same
period was 25.7°C. The highest recorded temperature for Male’ was 34.1°C on 16th and
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28th of April 1973. The hottest month recorded was April 1975 with a maximum monthly
average temperature of 32.7°C, the next highest being 32.6°C in April 1998. The lowest
minimum average temperature of 23.7°C was recorded in July 1992.

Average daily temperatures for Kurendhoo varies between 25°C and 30°C.
10.3.9 Topography

The islands of Maldives are low lying with an average elevation of 1.5 m above mean sea
level and maximum recorded elevation of 3.5m. Majority of the islands are small and
narrow. There is no substantial variation in topography within an island, but studies have
shown that islands often dip slightly towards the centre, especially in more circular islands
(Woodroffe, 1989). Islands facing frequent storms or strong wind generated waves from
Indian Ocean, often have high dunes on the ocean ward side, while islands facing less
frequent storm activity have relatively uniform topography throughout the island. The
process of natural adjusting in oceanward ridges is believed to be a natural response of
islands to oceanic severe weather events and potentially to sea level rise (Kench and
Cowell, 2002). Mangroves, marshes and small inland fresh water wetlands are found in
some larger islands.

The island of Kurendhoo possesses most of these general characteristics of Maldivian
islands. The island is located on the periferi of the Laviyani Atoll. The western side of the
island is exposed to the Indian Ocean while the eastern side is facing to the atoll. The
northern and southern side of the island has two channels (kandu olhi) where their is strong
movement of the currents in between the tides. The island has a wide reef flat on western
side than the eastern side of the island. This suggests the island formation is influenced by
the strong swells from the western for a long period followed by a short north east monsoon
when the prevailing wind direction is from east.

The western side of the island is higher than the eastern side of the island. Naturally the
island would have been high on the western side. However due to the construction of the
harbour and the reclamation of the area near the harbour, the level at this side is higher than
on southern, eastern and northern side of the island.

10.3.10 Beaches

The beach of Kurendhoo had been modified due to the reclamation projects that had been
imlemented at the isalnd. The island has a natural shore line on northern side, eastern side
and southern side of the island. The beaches on northern side of the island is experiencing
sever erosion. erosion is also visible on eastern side of the island.

(refer to the Annex: Erosion and Accretion map to see the extend of erosion). This is a map
that had been produced using the shoreline data that had been collected in August 2006 and
February 2013). Sever erosion has been visible on north eastern side of the isalnd.
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On the western shoreline, incoming swells form the west is the dominant force building and
shaping the island, with longshore currents running north or south most of the time,
diverging in their direction around northern and southern end.

Figure 8: erosion on north western side of the island side of the island

As illustrated in beach profiles included in the appendices of the report, western side of the
island is higher than the level of the natural island. The area of the island had been increased
with the creation of the harbour in 90’s. The new land that had been added to the island had
been utilised to create the public and community infrastructure for the island. During the
consultation with the community, it was revealed that beach erosion is a critical issue facing
the island. During the field survey, it was found that land had been allocated for residential
purpose very close to the beach. It was found that land had not been allocated around the
island as a green belt to buffer the beach erosion. Hence erosion visible even on south and
eastern side of the island.

10.3.11 Bathymetry

A bathymetric survey was undertaken in the lagoon using Echo sounder. The levels were
then corrected for mean sea level and represented in a map. Bathymetric map is attached as
an annex. The average depth of the harbour basin that had been excavated is 3.0 m at MSL.
The average depth in the entrance channel is about 3 m at MSL. The average depth of the
shallow lagoon north of the existing harbour is 0.5 m at MSL.
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11 Stakeholder Consultations

Consultation with the major stake holders of the beneficiary community forms an important
part of the process of assessing the environmental and socio-economic impacts of the
proposed harbour rehabilitation development project. The consultation process has been
used to confirm the issues which need to be considered in the assessment of effects. The
consultation process was conducted under the guidance of the client and limited to the
following form:

« Meetings and interviews with island councils; and

« Meeting with the Environmental Protection Agency
» Meeting with the Project Engineers

« Meeting with the Client

The meeting with the island council was held at the Island Council Office. The Meeting
with the EPA, Project Engineer and the Client was held at Ministry of Housing and
Infrastructure. The following are the summary of issues raised during the stakeholder
meetings.

Methodology for undertaking these discussions was through meetings and discussions.

11.1 Consultation with the Kurendhoo Island
Council

Consultations were held with the island council of Kurendhoo on 20"™ March 2013 through a
formal discussion held at the council office. The following are the major issues discussed
with the council members. The consultations were lead by Water Solutions, with the help of
two consultants who were mediating the discussions. The parliament member of the
Kurendhoo Constituency was presented at the meeting. The following are the main points of
the discussion.

« The change that is proposed to the harbour development project was briefed to the
council by Water Solutions.

« The island council is very much concern that the project is not proceeding. The lack
of an appropriate harbour is causing difficulty to the islanders. The harbour project
which started has not completed. Hence the harbour area is a hazardous area to use
by the boaters.

« The council noted the reclaimed area south of the harbor was blocking the
movement of water in the harbor basin. They asked to change the design for the
harbor as to allow the flushing of the harbor basin.

« The council noted that the north western side of the island is facing sever erosion
and this erosion need to be controlled as to protect the damage to infrastructure
which are located near the beach.

« The council noted that it is important to protect the entrance channel using a
breakwater.

« The council noted that quay wall on eastern side of the harbour could be made
straight as to allow maximum use of the quay wall.

« The council noted that the slipway area which is located on south of the harbour
needs to be protected using corals recovered from the breakwater that is
demolished.
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11.2 Consultation with the Parliament Kurendhoo
Constituent Member

The Parliament Member of the Kurendhoo Constituency was met with several times during
March 2013 regarding the proposed changes to the harbour development project at
Kurendhoo. The meetings were held at Ministry of Housing and Infrastructure and
Kurendhoo Island Council. The following are the main points of the discussion.

The Parliament Member indicated that the area that had been reclaimed south of the
harbour was done outside the scope of the harbour project. Due to this reclamation,
the circulation at the harbour had been restricted as causing stagnation at the
harbour basin.

The Parliament Member stressed that this area that had been reclaimed need to be
removed. He indicated that additional cost that is associated with the removal of
this reclaimed land would be added to the budget that had been approved from the
Parliament. He also noted that the Minister of Finance has agreed to provide the
additional finance to this project due to the additional of the revetment on the north
eastern side of the island and the removal of the reclaimed land located on southern
side of the island.

The Parliament Member noted that EPA would not approve the new changes to the
harbour development project without the component that involves the removal of a
100ft wide strip from the land that had been reclaimed south of the harbour.

The Parliament Member noted it is important to have coastal protection on north
eastern side of the island. This side of the island is facing sever erosion.

The quay wall of the harbour could make it straight rather than having a circular
head at the corner of the entrance channel and the harbour basin.

11.3 Consultation with the Project Engineer

The Project Engineer is the Engineering Department at Ministry of Housing and
Infrastructure. Consultations with the Project Engineer were held at various times during the
month of March 2013 regarding this project. The meetings were held at the Ministry of
Housing and Infrastructure. The following are the main points of the discussion.

The flushing issue that is facing the harbor could be solved by bring changes to the
breakwater design. This could be done either the breakwater could be lowered near
the slipway area to allow the flooding the harbor during the high tide or bring out
the breakwater further out as such that to allow a 30 m gap between the harbor and
the reclaimed land.

The sand required to replenish the north western side and south eastern side of the
island might not be available by excavating the remaining area of the harbour
harbour basin. Hence additional sand might be need to borrow from the area that
had been reclaimed on south of the harbour.

The area that is reclaimed on southern side of the harbour needs to be levelled as
such it can be used by the islanders.

11.4 Consultation with the Client

Several meetings were held with the client regarding the changes to the Kurendhoo harbour
Project. Two State Ministers at Ministry of Housing and Infrastructure were consulted
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regarding this project. The meetings were held at the Ministry of Housing and

Infrastructure. The following are the main points of the discussion.

The Project is an important project and government wishes to complete the project
as soon as possible.

As part of the project, a rock boulder revetment would be placed on north western
side of the island, breakwater would be placed on either side of the entrance
channel, when project is completed the harbour basin should flush appropriately.
The Ministry does not have a stand regarding the removal of the area that had been
reclaimed on southern side of the harbour. However the project should be able to
get enough sand to replenish the area that had been eroded on north western side
and south eastern side of the island.

The inclusion of the revetment component and the removal of the area that had
been reclaimed on southern side of the harbour would increase the cost of the
project from the budgeted value. The additional funding that is required for the
project need to finalised with the consultation with the Ministry of Finance.

11.5 People Consulted
ME°+-- qs*£ I °¥~—§t~%—
Ahmed Ziyad Minister of State Ministry ~of Housing and
Infrastructure
Hassand Rasheed Minister of State Ministry of Housing and
Infrastructure
Ahmed Moosa Member Parliament
Ibrahim Naeem Director General Environmental  Protection
Agency
Mohamed Abdulla Member Kurendhoo Council
Abdulwahaab Husain Member Kurendhoo Council
Mohamed Moosa Member Kurendhoo Council
Ahmed Ibrahim President Kurendhoo Council
Hassan Samee Senior Construction | Ministry of Housing and
Officer Infrastructure
Amir Musthafa Assistant Ministry of Housing and
Environmental Infrastructure
Engineer
Ahmed Latheef Manager MTCC
Musthafa Moosa Manager MTCC
AishathBariya Engineer Ministry of Housing and
Infrastructure
Ahmed Anwar Environment Analyst Ministry of Environment and
Energy
Mumthaaz Fahume Council Member Laamu Atoll Council
FidhaadhJaleel Senior Research | Environmental Protection
Officer Agency
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12 Environmental Impacts

This section covers potential environmental impacts due to proposed changes to the harbour
rehabilitation project at Kurendhoo. Analysis of environmental issues within the lifecycle of
the project identifies the major issues and concerns that are likely to evolve over the life of a
project. For the proposed changes, these issues include location and design, and
constructional and operational impacts of the harbour. The environmental aspects of the
project would impact upon the following resources or elements of the environment.

Marine and coastal water quality

Lagoon and beaches — aesthetics

Human health and well being

Landuse — availability and constraints
Social and economic development

The potential environmental impacts of various activities pertaining to project components
during planning and construction phase of the proposed project components and appropriate
mitigation measures are elaborated in the following sections.

12.1 Impact Identification

Impacts on the environment from various activities of the proposed development work
(constructional impacts) and operation of the harbour rehabilitation (operational impacts)
have been identified through:
e A consultative process within the EIA team, the proponent and affected communities
e Purpose-built checklists for environmental evaluation of harbour projects
e  Existing literature and reports on similar developments in small island environments and
other research data specific to the context of the Maldives
e  Engineering specifications and preliminary design layouts
e Baseline environmental conditions described and findings of stakeholder consultation in
this report.

e  Consultants experience of projects of similar nature and of the areas in which the
developments will take place

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

Impacts on the environment were identified and described according to their
location/attribute, extent (magnitude) and characteristics (such as short-term or long term,
direct or indirect, reversible or irreversible) and assessed in terms of their significance
according to the following categories:

Positive — the impact is beneficial to the socio-economic or biological and physical
environment of the island

Negligible — the impact is too small to be of any significance;
Minor adverse — the impact is undesirable but accepted,

Moderate adverse — the impact give rise to some concern but is likely to be tolerable in
short-term (e.g. construction phase) or will require a value judgement as to its acceptability;
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Major adverse — the impact is large scale giving rise to great concern; it should be
considered unacceptable and requires significant change or halting of the project.

Since it is difficult to distinguish between direct impacts (i.e. resulting directly from a
specific activity) and indirect impacts (i.e. induced by a series of ecological, social or
economic knock on effects and bearing no apparent connection to any specific activity),
such distinction has not been made. All possible impacts that may be related to project
specific activities have been discussed.

The relationship between an activity and its impacts is rarely linear. There will often be
several factors that could cause a single impact or set of related impacts. There may be
indirect impacts in addition to direct impacts from a given activity. The indirect impacts
would usually be related to socio-cultural or ecological factors that may not be related to the
specific activity or project under consideration. Therefore, such indirect impacts have not
been considered in this EIA.

12.1.1 Impact Matrix

The environmental impacts that may be associated with the proposed changes to harbour
rehabilitation project are predicted in this section by using a simple matrix. The following
matrix distinguishes the types of environmental impacts that may be associated with various
stages of the proposed project, which mainly includes construction phase and operation
phase.

Table 6: Simple Matrix predicts environmental impacts during construction and operation
phases on various environmental components.

Environment | Construction Phase Operation Phase

Component Dredging | Quaywall/ | Removal | Beach Waste Bilge
breakwater/ | of sand | nourishment | disposal | water
seawall bund

Corals X X X X

Reef fish X X X X

Lagoon X X X

bottom

Coastal X X X X X

waters

Oceanography X X X X

Table 6: shows the main project activities and the environmental components upon which
the environmental impacts will occur. The environmental impacts on various environmental
components during the construction phase of the proposed project are greater than those of
the operation phase.

12.2 Construction phase impacts

Construction phase will have the major, direct short-term impacts and some secondary long-
term impacts on the environment. The proposed changes harbour rehabilitation project
includes re-alignment of the quay wall, construction of a revetment, construction of
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breakwaters on either side of the entrance channel, removal of the sand bed on south of the
harbour and nourishment of the beach on north west and south eastern side of the island.

The excavation of the sand bed and disposal of the excavated material are potential
activities that can degrade the environment. The project has considered to remove the sand
bed as to increase the fluxing in the harbour basin which had been disrupted due to the
reclamation of the area south of the harbour.

Dredging and excavation of the harbour basin area work generally lead to major impacts on
reef habitats, lagoon and coastal hydrodynamics. However, the impacts are short-lived. For
this harbour project, the impact would be considerably small since the major damage has
already been done and any further impacts would be cumulative to what has already
occurred.

Indirect impacts will be felt to the organisms inhabiting the reef-flat, lagoon and coral reef
areas close to the development locality. Indirect and long term impacts on the marine
environment will be more accurately assessed by long term monitoring and assessment as
part of this environmental assessment.

Impacts of excavation may range from smothering of live corals and other flora and fauna.
Coastal modification involved in the construction of the harbour can have short to long term
impacts on the on the coastal processes and beach profiles of the island. Specific impacts on
the marine environment arising from the proposed project will be mainly an alteration of the
bottom of reef-flat where excavation is done and a minor impact on the sediment movement
along the shoreline. Main impact from the proposed activities will be due to release of fine
sediment to the water column. There is also a minor impact on the benthic and nektonic
communities that inhabit in the possible impact zone. The predicted impacts are minor
because this project is a rehabilitation project. The proposed excavation areas and spoil
disposal sites were already areas that were used during harbour construction project at the
island.

12.2.1 Construction of Quay Walls

The quay wall is proposed to be re-aligned as such it will be straight. The quay wall wold be
constructed using concrete blocks. The existing quay wall would be demolished. The
material recovered from the demolition would be used as core material for the construction
of the breakwater and coastal protection on south eastern side of the island which would be
replenished. The construction of this quay wall will not generate major environmental
impacts. The quay wall would be constructed using precast concrete blocks and then capped
using concrete. During constructions, use of cement may create siltation around the
immediate marine environment. The quay walls will have very little impacts on corals and
lagoon bottom.

12.2.2 Construction of Breakwater

The existing breakwater which had been constructed using corals would remove. The
demolition material of the breakwater will be used as core material for the construction of
the breakwater. As part of this project, the breakwater would be constructed using rock
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boulders. During the breakwater construction, a temporary sand bund would be created on
western side of the harbour. Excavators would be working on this bund during the
breakwater construction. After construction of the breakwater, the sand bund would be
removed. It is not expected that the construction of the breakwater would have significant
adverse impact on the island’s environment.

The rock boulders for the harbour construction would be unloaded to the island on north
eastern side of the island. The barge would beach the island on this side of the island. It is
not expected that the beaching of the barge and the unload of the rock boulders to the island
could create any significant impact on the island’s natural environment.

12.2.3 Impacts due to Construction Work

Excavation of the harbour basin and removal of the sand bund will be carried out using
excavators. Therefore the negative impact of sedimentation is unavoidable even with the
construction of sandy bund walls. The impacts of sedimentation are short termed since the
monsoonal currents will aid in the dispersal and removal of fine suspended materials.
Growth and recruitment of live corals may have moderate short term negative impact due to
sedimentation.

12.2.4 Impacts of dredging and reclamation

When dredging and disposing of non-contaminated fine materials in coastal waters, the
main environmental effects are associated with suspended sediments and increases in
turbidity. All methods of dredging release suspended sediments into the water column,
during the excavation itself. In many cases, the locally increased suspended sediments and
turbidity associated with dredging and disposal is obvious from the turbidity ‘plumes’
which may be seen trailing behind excavators or disposal sites.

12.2.5 Impacts of Built Coastal Structures

The impact of anthropogenic physical structures such as breakwaters, access channels and
harbours on the coastal processes and marine flora and fauna, can be quite significant and
often permanent. Some of these include:
e  Change in near shore hydrodynamics.
e  FErosion and loss of beach at the low energy areas during either monsoons.
e  Sedimentation and turbidity resulting poor water quality which negatively impacts vitality
of marine organisms.
e  Alteration of bottom substrate.
Degradation of sea water quality due to turbidity.

Changes to the hydrodynamic regime of the island have already occurred and the harbour
rehabilitation project is not expected to bring any major negative changes. Therefore, some
disturbances to the natural sediment transport regime are expected. The changes that is
brought to the project which included the replenishment of the beach on north western side
and south eastern side of the island would help to address the erosion issue that is facing the
island.
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12.2.6 Health and safety

The main health and safety issues during the construction stage would be in the operation of
heavy machinery and equipment such as excavators with the risk of toppling. Falls and
accidents due to carelessness in the project site has been a concern in many construction
sites and must be addressed during the planning and implementation stages.

Noise levels felt by workers can be a health issue too. However, noise levels at the project
site would not be too high and would be intermittent and not continuous. Therefore,
acceptable average daily exposure levels would not be exceeded for construction workforce.
For the general public, on the other hand, the main concern with noise would be sleep
disturbance. Since work activities will not be undertaken during night time, there would not
be any impacts of sleep disturbance. Also, since the residential area is some distance away
from the harbour, noise levels during day time would be small.

12.3 Operational phase environmental impacts

The operational phase will impose threats to the marine environment that are of a
continuous nature and are often difficult to deal with due to the complexity of certain
impacts.

12.3.1 Impacts due to Harbour Operation

Impacts associated with the harbour operation can be considered as minor to moderate and
short to long term. These impacts include (but are not limited to):

e  Poor water quality due to siltation and stagnation of water.

e Impacts due to accidental spillage of oils, other chemicals and waste.

e  Hydrodynamic changes forming dead zones in the inner harbour where litter may

accumulate
e  Erosion and its associated impacts like loss of coastal vegetation.

12.3.2 Impacts from Solid Waste Disposal

Inappropriate handling of solid waste and its disposal into the surrounding environment can
have impacts on the marine environment including pollution of coastal waters and
consequential effects on coral reefs and associated reef organisms. The types of solid waste
generated during the operation will mainly consist of plastic bags, glass and plastic bottles,
cans, tins, paper, wrappings, other discarded litter and human faeces. Such items can have
adverse impacts on the marine environment ranging from reduced aesthetic beauty of the
surrounding area to degraded harbour water quality from marine pollution as well as
potential ecological disturbances. Ecological impacts associated with solid waste disposal
into the marine environment include reductions in fish populations due to water pollution,
as well as killing corals and other marine organisms by smothering and certain items such as
plastic bags.

12.3.3 Impacts from Wastewater and Waste Oil Disposal

Often wastewater gets inappropriately discharged into the harbour during operational phase.
Some of the sources include wastewater from boats that are usually contaminated with oils
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and fats, cleaning agents, detergents and other chemicals. Most of the wastewater is
potential pollutants that can have direct effects on coral reef ecology and has potential to
harm and devastate the ecosystem. Most of the environmental impacts generated from such
sources are difficult to delineate as they are generally not attributed to a single source and
are usually felt simultaneously and have cumulative effects.

Waste oil during the operation of the harbour will be mainly generated from boat cleaning
and refuelling of boats. Waste oil disposal into the harbour can have harmful effects on both
coral and fish as well as on other marine organisms in the reef ecosystem. Mishandling of
oil during transport may cause oil pollution problems on the marine environment.

12.4 Analysis of Marine and Coastal Environmental
Impacts

12.4.1 Significance of the Impacts

Impacts that may arise from activities of the proposed changes to the harbour project were
categorized into the characteristics mentioned in Table 7. The significance of impacts was
determined based on these characteristics and analysis of the impacts from this project and
other analogous projects. These impacts correspond in the worst case scenario and after
mitigation measures were taken. Table 7 shows the main impacts that will arise from the
proposed project activities and their significance based on impact characteristics.

Magnitude of impact is calculated in relation to the total area of the lagoon and the coral
reef. Direct geographic range of impact felt will be the immediate proposed development
area and indirect impacts will be felt on a larger area due spreading of fine sediment.
Duration of the impact is predicted in terms of severity of impacts. The impacts are likely to
be felt on an estimated 40,000m2 of area around the island. In terms of the reef area, this
would be less than 0.1 of the reef-flat. Estimated error of this prediction may vary +£10
present.

possible impact area

Figure 9 Possible impact areas of the proposed harbour rehabilitation project
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Reversibility of impacts was predicted based on natural recovery of the habitats affected.
The coral reef naturally takes longer to recover than the lagoon habitats. Significance of the

impacts is predicted based on the nature, geographic range where impacts are felt,
magnitude, duration and reversibility of the impacts.

Table 7 Significant impacts of the proposed harbour project
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Nature of impacts

Cumulative, long term

Cumulative, short term

Cumulative, long term

Magnitude of impacts

Minor negative

Minor adverse on the reef
flat due to the removal of
the sand bed. The area had
been reclaimed.

Minor- negative on coastal
ecosystems. Positive on
socioeconomic aspects -
additional land created
and erosion mitigated

Geographical range
and environmental
attributes

Direct impact on 5,00m’
on reef flat

Indirect impact on harbor
basin 5,000m’ including
the lagoon and harbor
basin

Direct impact on 5,000m”
on lagoon

Indirect impact on island’s
reef flatl 8,000m2 on
western side of the island

Direct impact on 4,000 m’
lagoon

Direct impact on coral
reef on Om’

Direct impact on seagrass
Om’

Indirect impact on
6,000m’ of lagoon

Duration of impacts

Short term on lagoon
bottom and long term on
the beach

Short term on to the
harbor basin and the reef
flat on the western side of
the island.

Permanent alteration of
physical and biological
system of the sea bottom
bed and marine life

Reversibility of
impacts

Permanent alteration of
physical and biological
system of the harbour
basin, Short term
reversible impacts on
coral reefs, lagoon and
reef-flat adjacent to the
harbour basin

Significant impact on the
reef flat of the area that
had been reclaimed. The
removal of the sand would
help to bring back the reef
flat back to life.

Irreversible impact on the
benthic life of the filled
area, area where the
replenishment would be
carried on north western
and south eastern side of
the island

Significance of the
impacts

Minor impacts on the
harbour basin and other
environmental attributes.
Significant impacts on the
reef flat

Minor impact on reef flat
and impact on benthic
communities. Moderate
impact on shore-line and
beach. Impacts to
hydrology of the harbor
basin would help to make
the harbor basin clear.

Minor impact on reef flat
and impact on benthic
communities. Moderate
impact on shore-line and
beach. Impacts to
hydrodynamic process
unclear.

12.4.2

Priority of Impacts

Following is the list of impacts of the proposed changes to the harbour development project
given in the order of priority and ranked in terms of significance. It was identified that the

excavation operation and its consequential effects such as sedimentation, coral reef

degradation and water quality deterioration as the most significant environmental impact
that will be associated with the project whereas construction of quay walls, breakwater,
nourishment of the beach which will have very localized impacts in the region as the least
significant environmental impact.

1. Excavation and sedimentation (harbour basin)

2. Excavation of the sand bed on south of the harbour
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Changes in local hydrodynamics due to the replenishment of the beach

o

Impacts on coral reef communities and lagoon bottom due to the breakwater
construction

Impacts of reef fish and other marine organisms
Nourishment of the beach on areas where their is significant erosion
Solid waste disposal

Waste oil disposal

A

Changes in coastal water quality

12.5 Socio-Economic and Cultural Impacts

Improving the harbour condition facilitates a chain of economic activities in the island and
atoll. Some of these directly benefit from the facility while others indirectly. The most
direct socio-economic benefit would be increase of the number of vessels using the harbour
and availably of additional land. Plans have been drawn by the island council that additional
land that would be created as part of this project would be used for provision of public
services to the island communities.

Other benefits, some direct, while mostly indirect, include:

e Increased economic activity
e Increased employment opportunities due to increased economic activity
e Increase in inter-island transport and trans-shipment of cargoes

With the improvement in access to the island and improved infrastructure, there would be
indirect economic advantages such as potential for creation of more jobs and more benefits
to the island, improvement of the living conditions of the people of the island through
additional employment opportunities and improvement in local trade and linkages with
other islands and economic sectors of the whole nation.

12.5.1 Positive socio-economic impacts
b~tf:~jjE42£42-2 } £:843~C

At the completion of the harbour rehabilitation project at the island will make it easier for
the island fishermen, local traders and public to have easy access to the island. The existing
harbour has limitations in terms of access to the island due to lack of proper facilities
including proper anchoring facilities. The existing harbour area cannot be accessed by
bigger vessels due to smallness of the entrance channel, lack of protection in the entrance
channel.

M®-2£j28-—=0- =08t { §-¥ema@o-2 0 £°7 £tER

The local fishermen have started to build bigger fishing vessels to increase the fish catch..
The existing harbour cannot be accessed by bigger fishing vessels. This has become the
major concern of the local fishermen. The existing quay walls of the harbour have been
badly damaged. The harbour is used by locals and fishermen from other islands. Protection
and safety of the visitor’s vessels can be addressed after implementing the project.
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The lack of anchoring facilities, proper landing area of the quay wall, shallowness of the
harbour and size of the harbour causes the vessels to use smaller boats to access the harbour.
This method is used to load and unload the goods. This very often causes accidents whereby
causing greater losses to the goods and sometimes to the workers. Although proper data is
not available on the number of accidents and losses causes to the goods and workers, it is
believed that this can be very much reduced after completion of the new harbour.

12.5.2 Negative Socio-economic Impacts
altt~2840~8-=:¢3£2-:m°-"£j=afl~-

The main negative impact would be dissatisfaction of the community due slow progress of
the project and lack of proper harbour management procedures. These issues need to be
addressed to avoid any community unrest and future operation and maintenance of the
harbour and its facilities.

i ~=¢=q O~—t®-°2-t=d--C+

Air and noise pollution are the main impacts arising from traffic. They are not likely to be
felt as a serious problem initially but they could become one in the long run. Air pollutants
deriving from vehicular fossil fuel combustion include:

Carbon Dioxide (CO / CO2), main contributor to global warming/climate change

Nitrogen Oxides (NOx) and sulphur dioxide (high in diesel than petrol)

Volatile Organic Compounds & Hydrocarbons (VOCs / HCs)
Particulate matter (PM)

These pollutants affect the environment, health and welfare by causing respiratory illnesses
and soiling or corrosion of materials. The have been linked to acid rain depositions which
have detrimental effects on terrestrial vegetation, marine and freshwater life. CO2 is one of
the principal greenhouse gases and contributes to global warming.

12.6 Uncertainties in Impact Prediction

Environmental impact prediction involves a certain degree of uncertainty as the natural and
anthropogenic impacts can vary from place to place due to even slight differences in
ecological, geomorphologic or social conditions in a particular place. There is also no long
term data and information regarding the particular site under consideration, which makes it
difficult to predict impacts. However, the level of uncertainty, in the case of Kurendhoo
may be expected to be low due to the experience of harbour projects in similar settings in
the Maldives.

Professional judgement on the quality or nature of the impacts holds limited uncertainty and

is considered reliable. All potentially relevant impacts have been considered and included in

the analysis. Judgement on the quantity or importance of impacts holds a higher degree of

uncertainty which has been taken into account by assuminga p - ° *2 = | ~ HiEthex | £ -~ °
impact evaluation process.
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Table 8: Summary of impacts of proposed harbour project
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Dredging of the Smothering of bottom Loss of bottom biota and Decreasing the width of the | No significant impact Low
harbour basin biota habitat reef flat

Re-suspension of fine Water quality degradation Increased water turbidity None Moderate
sediments
Altered bathymetry Disruption of sediment Dredging of the harbour Long term sediment Low
transport and current basin would have an impact | transport patterns might be
patterns on the sediment impacted. Monitoring need
transportation and currents. | to be undertaken.
Reclamation and Leaching of salt from Groundwater contamination | Groundwater salinisation Increased reliance on rain or | None
nourishment of the | stockpiles desalinated water
beach where it is . . . . .
ero dinw Smothering of bottom Loss of bottom biota and Decrease in fishes catch at No significant impact Low
& biota habitat the lagoon
Re-suspension of fine Water quality degradation Increased water turbidity No significant impact Low
sediments
Altered bathymetry Disruption of sediment Natural equilibrium upset Natural equilibrium may be | Moderate
transport and current reached after coastal
patterns erosion and accretion in
certain areas
Breakwater Removal of the existing Construction waste Increase turbidity No significant impact low
breakwater
Re-suspension of fine Water quality degradation Increased water turbidity No significant impact Low

sediments

Reuse of the corals as core
material

Lowers the cost of the
project.
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Quay Wall Existing quay wall Debris disposal Increased turbidity Low

demolition

Cement and aggregate Water quality deterioration Increased water turbidity Low
Machinery and | Heavy machinery | Local noise and air | Temporary Disturbance to | None Insignifican
Equipment operation and construction | pollution particularly sensitive t

habitats

Accidental damage from | Local damage to reefs Low

operation of barges, etc.

Accidents during | Oil and waste spillages to | Sudden death of marine life Moderate

machinery and material | oceans/reefs to water quality

transport to site deterioration
Infrastructure and | Changes in  shoreline | Sediment distribution and | Coastal erosion and | Additional costs of shore | Low
port facilities configuration and | current pattern changes accretion patterns change protection

appearance

Need for  additional | Land allocation for future | The new land would be | Disruption of traditional | Low to

space/land use issues developments allocated for the fish | land use patterns Moderate

processing activities
Waste and Waste Discharges or accidental Marine water pollution, Contamination of marine Decrease in fish catch Moderate
Water Disposal spill of motor oils, especially pollution of biota and fisheries resources .
. . Loss of economic revenue

lubricants, hydraulic fuels, | harbours as well as harbour

other chemicals such as sediments

antifoulants and paints in

vessels

Discharge of sanitary Eutrophication of marine Decrease in water quality Loss of local tourism and Low to

waste from vessels such as | waters and pollution of . recreational value of marine | moderate

. Health hazard to swimmers
safari yachts harbour waters and beaches
Discharge of solid waste Littering of marine waters Landscape aesthetic Loss of tourism and Moderate

including fish waste

and beaches

degradation

recreational value of marine
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waters and beaches
Handling and land | Loading unloading noise Air and noise pollution Disturbance to Atoll Low
transport of goods . o Council Office and other
. Dust and air emissions . . X
in harbour area noise sensitive locations
Transport including road Increased risk of accidents Increased casualties, air and | Increased casualties, air and | Low
transport Tncreased pollution noise pollution noise pollution
Inflow of goods Increased traffic of vessels | Increased inter-island Improved access to public Creation of employment Positive
and services to and from the island transport and inter-atoll services such as School, .
. Improved business culture
transport Health Centre, Fish Process
. . facilities, Island Council
Creation of business
o Office
opportunities
Direct and reliable supply
of goods
Increased access to foods Improved diet and health Quality of life improved Positive

benefits
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13 Mitigation Measures
13.1 Identifying Mitigation Measures

Where an impact identified can be mitigated, mitigation measures are identified and
discussed along with the identification of the impact. For existing environmental concerns
or impacts, mitigation measures have not been identified. The mitigation measures proposed
will help to alleviate environmental problems before they occur. Mitigation measures are
important because if identified impacts are significant and/or important, it would be
necessary to identify and implement mitigation measures. Mitigation measures are selected
to reduce or eliminate the severity of any predicted adverse environmental effects and
improve the overall environmental performance and acceptability of the project. Where
mitigation is deemed appropriate, the proponent should strive to act upon effects, in the
following order of priority, to:

Eliminate or avoid adverse effects, where reasonably achievable.

Reduce adverse effects to the lowest reasonably achievable level.

Regulate adverse effects to an acceptable level, or to an acceptable time period.

Create other beneficial effects to partially or fully substitute for, or counter-balance,
adverse effects.

13.1.1 Mitigation Options

Possible mitigation options include:

Design alterations (e.g., different direction to extend the harbour, etc.)

e  Work method alterations (e.g. changes in construction scheduling)
Provision of environmental protection and health and safety equipment (e.g., provision of
first aid or noise mufflers, pollution abatement equipment)

e  Changes in management practices (e.g., contractor’s awareness on environmental issues,
keeping work areas clean, public awareness)

e  Changes in operation (e.g. operational procedures, specific responsibilities for clean up and
maintenance).

13.2 General Mitigation Measures
13.2.1 General construction impact management

The following measures to minimize general impacts of construction will help to reduce or
mitigate the impacts.

e  Early planning is the key to minimize the impacts on the marine and coastal environment
from the proposed project. If environmental concerns are considered concurrently with
technical and logistical planning of the proposed work and precautions are applied from the
outset of the planning process it will not be difficult to mitigate and minimize most of the
adverse impact on the environment.

e  During the construction stage all activities should be properly supervised to ensure that
construction is according to the required specification or standards and that no threat or
damage to the environment other than the specific location is done.

e  Appropriate waste handling, transportation and disposal methods for all waste generated
during the construction works should be implemented to ensure that construction wastes do
not pollute the environment.
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e  Ensure that no leaks and accidental spillages of oil occur from vessels and vehicles and that
they are maintained adequately.

e  Careful control should be exercised to ensure that no materials and machinery fuels enter
the marine environment and cause contamination

13.3 Mitigating construction phase impacts

This section outlines mitigation measures that will be wundertaken to minimize
environmental impacts of the proposed project during construction phase.

13.3.1 Monitoring Turbidity levels during dredging and
reclamation

Given that the water quality in marine environment of the Maldives is very good, the
turbidity levels behind zone of mixing in dredging operations shall be less than 10 NTUs.

The compliance locations given in the monitoring section of this report shall be considered
the limits of the temporary mixing zone for turbidity allowed during construction. If
monitoring reveals turbidity levels at the compliance location indicated above is greater
than 10 NTUs (or 10%) above the associated background turbidity levels, whichever is
greater, construction activities shall cease immediately and not resume until corrective
measures have been taken and turbidity has returned to acceptable levels.

The following measures shall be taken by the proponent whenever turbidity levels at the
limit of the mixing zone exceed the limits given in this report.

e Immediately cease excavation works

e  Modify the work procedures or wait for turbidity to clear in the compliance location

e  Continue to undertake turbidity tests as given in the monitoring programme

e  If the problem persists, use physical barriers to reduce the effects of sedimentation
13.3.2 Using Physical Barriers to Reduce the Effects of

Sedimentation

One of the most effective means of reducing sediment overflow into the surrounding marine
environment is by using physical barriers in which sediments will be only confined to a
certain location in the operation area. In this regard, the dredging area will be covered by an
sand bund, so that suspended sediment will be only confined to that particular area.
Similarly, an sand bund would be created in the outer boundary of the reclamation area.
This may be done by placing dredged sand at the boundary first or by placing sandbags at
the boundary before reclamation.

13.3.3 Using Appropriate Dredging Methods

There are a number of dredging methods whereby dredging operations are undertaken,
namely, conventional dredging, cutter-suction and excavation to name a few. For the
purpose of this harbour rehabilitation project, excavator will be used. It is recommended to
use large excavators to excavate through hard materials that is found in the area where the
harbour would be extended. Excavation may produce greater sedimentation than cutter-
suction method vacuums. But the effects of excavation on marine life will be far less than
other methods.
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13.3.4 Timing and Scheduling of Dredging

Dredging operations undertaken during low tides and on calm weather can reduce sediment
transport to greater distances. Also, sediment re-suspension would be less. The dredging
operations at Kurendhoo will possibly be undertaken during NE monsoon 2014 when the
general current flow and wave patterns will be moving sedimentation away from the reef
and the island. Therefore, work activities are better undertaken when the tide lowers.

13.3.5 Release of Dredge Waters

Dredge waters will be released into a confined area protected by asand bund so that the
effects of sedimentation will be minimized in the surrounding marine environment. In
addition, the dredge waters will be released into the bottom in order to reduce the spread
since bottom waters are less disturbed by winds; this combined with a shorter distance for
sediments to settle may help to minimize the turbidity effects around the area.

13.3.6 Minimizing Impacts of Reclamation

Reclamation of land is often associated with harbour development in the islands.
Reclaiming a large land area or creating a new land will not be undertaken as part of the
proposed project. The dredged material from the harbour will be used to replenish the beach
that is lost on the north western and south eastern side of the island.

13.3.7 Minimizing Impacts of Construction Waste

A harbour project, especially of a nature indicated in the proposed project, will generate
construction waste including construction debris, cement, concrete, etc... In order to protect
the marine environment of the island, no construction waste will be disposed into the marine
environment. All the construction waste generated from the harbour development project
will be appropriately disposed on the island or any facility designated. The debris from the
demolition of existing quay wall would be used as the materials for the harbour.

In addition, the construction workforce will be made aware not to dispose any construction
material or waste into the marine environment. All the construction activities will be closely
monitored and supervised with regards to protecting the environment of the island.

13.3.8 Reducing impacts of and on project staff

Vessels and equipment used for the work should be properly maintained at all times during
the operation and the work areas must be kept in an orderly manner to reduce accidents and
incidents. Additionally, the project manager and the work force involved during the
operation of the work should be briefed of environment friendly practices. Works should
also be properly supervised and monitored in order to minimise any adverse effects on the
environment and health and safety of the staff.

13.3.9 Mitigation during Harbour Operation

This section outlines mitigation measures for environmental impacts that will be generated
during the operation of the harbour.
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During the operation of the harbour, environmental impacts will occur if inadequate

methods of solid waste, wastewater and waste oil disposal into the harbour occur. A number

of boats and vessels will be regularly using the harbour for various activities. In order to

mitigate the environmental impacts from various activities during harbour operation, the

following measures would be undertaken and strictly enforced. These include:

Disposal of solid waste including fish waste, wastewater and waste oil disposal within the
harbour shall be strictly prohibited

Appropriate solid waste collection facilities shall be placed near the harbour area

Boat cleaning within the harbour shall be prohibited

Fuelling of boats and vessels within the harbour shall be closely supervised and monitored
A signboard indicating “Keep the Harbour Clean” shall be placed

The harbour shall be regularly cleaned and maintained to reduce the potential for pollution
and water contamination
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Table 9: Summary of mitigation measures
B ¥~ r e £~ 130 £ 40— 02 e << S § ¥ < @~ j 24— =G PE C¥E ¥~ B0 L A~ <~ 2 Implementing | Technology/ | Time - +2
responsibility equipment frame
Design o Identify areas for dredging as well as dredge material disposal (replenishment) Project design | N/A Completed | f -~ 2
Phase o  Mark the boundaries of dredge areas so that outer boundaries can be bunded engineer % R =2
-2
Constructio | «  Adoption of early warning mechanism through regular monitoring for level of Env excavator N/A f-j?
n phase suspended solids and /or turbidity during excavation works Consultant § =2
«  Ensure proper and efficient excavation operation Contractor ®° - )
e  Seclection of appropriate dredging windows (e.g. dredge basin at high tide to P-t
ensure flushing and replenishment areas at low tide)
» Disposal of dredge material in areas with no freshwater lens
o  Minimise spillout of dredged slurry
o  Monitor suspended solids in water flowing out of basins and re-entering the
lagoon
o  Contain replenishment areas using sandbags or dredge sand on the periphery
o Completion of excavation and reclamation as soon as possible but by avoiding
working at night
o  Stockpile part of the dredge material for subsequent nourishment in eroding
areas
Operation o  Monitor dredged area beach lines as well as other areas at designated locations EIA N/A 1 year agfE
phase Consultant i -«
¢
P BBt E~+3L 470 01§~ ¥ 8@~ j 2to-0<c~ j 18-E° - :~=CL 3§R<cf2 Implementing | Technology/ | Time T-t2
responsibility equipment frame
Design « Plan for the use of appropriate equipment —excavator, type, etc. Project N/A Completed | f = @
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Phase o  Provide appropriate dredging/reclamation timing windows engineer § =
®° -
i -
Constructio | «  Ensure proper monitoring of construction activities Contractor excavators N/A f o=
n phase »  Establish strict regulations and safety measures for machinery operation §-=
. ®° -
o Locate storage area in the harbour area and not move to other areas 4
o  Provide effective management of fuel handling area and other dangerous s
substances storage
P ¥t E~1+3L 470 1< §Y~28¥ 8 @~ j 2tm-0m —~12~R §0°~1203{23°L:~ (2] ~°  —3°m~ §3§26L +
Design «  Ensure appropriate design based on cost and environmental impact Project N/A Completed | f = j
Phase o  Ensure that area of the sand bed that would be removed would appropriately cngineer § j‘ : _
flux the harbour ®° -
i - %
Constructio | «  Allow for sufficient space for future expansion Project N/A Completed | k L #
n phase «  Avoid square shaped land reclamation at perpendicular angle to shore engineer/
o Avoid fixed filled structures when possible Contractor
P B¥~2- o £~ 13°L 40— O FY~ 2 ¥ f < @~ j 24 - mU~12£-C R -1 ~P
Design o Design for appropriate solid waste disposal such as provision of disposal Project N/A Detailed f o=
Phase facilities and collection procedures engineer, design § - =
«  Establish appropriate mechanisms for the operation and maintenance of harbour | Island Council stage ®° -
i -
Constructio | «  Construction waste must be disposed appropriately Contractor N/A N/A f o=
n phase o  Construction debris shall not be disposed in the marine environment ° -
i - *
Operation o  Produce and enforce strict regulations for liquid and solid waste disposal from Island Council, | N/A N/A kL~
phase vessels and in the harbour area Proponent
» Disposal of solid waste including fish waste, wastewater and waste oil disposal

Ministry of Housing and Infrastructure 2012 QU

CE 2



within the harbour shall be strictly prohibited

Fuelling of boats and vessels within the harbour shall be closely supervised and
monitored

A signboard indicating “Keep the Harbour Clean” shall be placed in the
harbour

The harbour shall be regularly cleaned and maintained

Ensure emergency procedures in case of spill out of dangerous substances are in
place

Appropriate solid waste collection facilities shall be placed at the harbour area

B P £~ 30L - O << Y~ 28 M e B 2470 ¥ - - B |~ 0¥~ 10 -3

Design
Phase

Raising awareness and utilizing environmental best practice
Careful planning to ensure minimal disturbance to current accessibility to island

Project
engineer

N/A

Completed

kL~

Constructio
n phase

Quay wall construction at the old harbour will be carried in a manner that will
not interfere with the operation of the harbour

The breakwater construction shall be carried out as such it would not expose the
harbour basin for strong winds and currents.

Contractor

N/A

N/A

° 1 1

I+

- @ w =

Operational
phase

Produce and enforce hazardous cargo handling and storage procedures

Ensure emergency procedures in case of spill out of dangerous substances are in
place. Identify clear responsibilities.

Enforce health and safety procedures in the harbour area

Island Council

kLA

kLA

Ministry of Housing and Infrastructure 2012 Qv



i 1KE O Ea@lS- -3°=0f! ~ §2 §202E§-CPA=m® -

14 Selection of the Preferred Alternatives

This section looks at alternative ways of undertaking the proposed project. There are two
basic options: (1) leave the problem as it is (no project option), or (2) take measures to
resolve the problem (undertake the project options). If the project were to continue, it would
be necessary to take economic, ecological and social aspects of the project into
consideration and ensure that these concerns exist within a delicate balance. Neither the
economic benefits nor the social and ecological concerns can be avoided. Therefore, it is
important to consider different options and ensure that the best available option(s) is/are
chosen to solve the issues/problems. Therefore, the following sections describe the different
alternative that may be considered other than the proposed option and provides reasons why
these alternatives have not been considered in the final concept design. The issues of the
proposed system are also considered in order to reason why the proposed system have been
chosen.

14.1 No project option

It should be noted that the --=®°-"£j2 = -®%-- cannot be excluded without proper
evaluation. In this report this alternative was considered as the baseline against which to
evaluate the other options. The no project option takes the following into consideration:

= Existing quay wall and breakwaters remain damaged. The sand bed south of the
harbour left as it. The erosion on north western side of the island not mitigated.

« Existing safety and other socio-economic impacts of the project will remain and
continue to worsen

= Existing public frustration will continue to worsen and may lead to political unrest.

The main advantages and disadvantages of the no-project option are given in Table 10.

Table 10Advantages and disadvantages of the no project option

Strategy Advantages Disadvantages
Keep the damaged Costs related to Economic burden may
infrastructure intact improving the situation increase
may be avoided in the Long term socio-political
short term problems may arise
Greater long term costs
Repair structural Short term costs may be The problems related to
damages one by one avoided damaged structures may
using local funds and worsen
material Will not address current
concerns adequately
Public frustrations and anger
may prevail in time
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14.2 Alternative Options

The following alternatives have been considered based mainly on community consultations
and field visit findings.

14.2.1 Harbour Location

The proposed project is to rehabilitate the existing harbour at the island. Hence the project is
to rehabilitate the harbour at its existing locations. The island council is reluctant to increase
the width of the harbour by moving the breakwater west of its existing locations. Hence
moving the location of the harbour is an option that is beyong scope of the proposed
changes to the harbour development project at Kurendhoo. Hence this option is not explored
further.

14.2.2 Harbour Design

There are few practicable options for the design of the rehabilitation works. These include:
« Sheet pile quay wall structure
= Vegetated breakwater

These options are discussed separately in the following sub-sections.
P ££Z=MEE

The existing quay wall could be constructed with sheet pile. However, this option was
rejected by the Authorities based on cost and maintenance issues. The cost factor is the
main factor to drop this option.

SE¥E2~2£¢: °E~Op~2£°

There are very few vegetated breakwaters in harbours in the Maldives. These structures
have been effective in reducing wave action inside the harbour basin during rough weather,
especially wind-generated harbour waves. Vegetated breakwaters also provide better wave-
overtopping control than plain breakwaters. Vegetated breakwaters are made by placing
dredged material on the breakwater area and salt-resistance trees such as Pemphisacidula
(©3 ° g ¢ HiBiscus tiliaccous (¢ | 8 ¥,¥ €atophylluminnophyllum (& 3 » ~or
Scaevolataccada (« ~ ¥ )-are grown on the reclaimed land. Vegetated breakwaters are also
aesthetically pleasant. Nevertheless, vegetated structures take time to form and would still
require a seawall or similar structure on the harbour side of the structure. Therefore, these
may not be that suitable for Kurendhoo, as the wave conditions at the location would still
require protections on the outside of the vegetated breakwaters.

B21£° °E~OU~2£°p2°3{23°F:

Timber pile, cellular sheet pile and floating structures may be considered. These structures
have not been tried in the Maldives so far. Floating breakwaters may be designed to either
prevent overtopping or allow some overtopping for harbour flushing. They are cost-
prohibitive and therefore, are suited for deepwater and sites with poor foundations and/or
where water circulation is desirable.

Ministry of Housing and Infrastructure 2012 RN
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14.3 Flushing of the harbour basin

Reclamation of the area south of the harbour has block the flushing of the harbour basin.
The harbour basin requires flushing as the harbour is located in a very shelter area of the
island. The following are option that had been explored

j ~Of ¥~ ¥~@§-=2 : £- °£~©u~2£°:2—:~aa— H:Z : £-08— — (¢§—¥=—n2 : £- : ~° 3% 484

Initially it was proposed to make a 30 m section of the breakwater lower as to allow the
flooding of the harbour basin during the high tide. The engineers are the Ministry of
Housing and Infrastructure is confident that this option would address the flushing issue at
the harbour. However this option had been not acceptable to island community and the
island council. They indicated that making such provision in the design of the harbour
would make the harbour rough during the south west monsoon. They argued that during the
south west monsoon, the strong swells from the ocean would flood the harbour making it
unsafe for the boats. Hence this option had been dropped. (see Appendix: Alternative
Design — lower breakwater for details of this alternative)

B -SRI CE~ QUL U2 - 00 - O 4E G |~k

It was also proposed that placing breakwater 30 m west of the existing locations would
create a space between the breakwater and the area that had been reclaimed. This gap would
allow the flushing of the harbour basin. This option does not require to remove the sand bed
that had been placed on south of the island. The island that had been created could be used
for the landuse at the island. This option was proposed by the EIA team after visiting the
island. This option was acceptable to the island council but parliament member of the
Kurendhoo Constituency rejected this option stating that without removing the sand bed on
south of the harbour will not address the issue. (see Appendix: Alternative Design —placing
breakwater location on west for the details of this design)
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15 Recommendation

Based on the findings of the EIA, the EIA team makes the following recommendation to the
current project design that is proposed to proposed harbour rehabilitation project.

15.1 Environmental Monitoring

Environmental monitoring is essential to ensure that potential impacts are minimized and to
mitigate unanticipated impacts. It is recommended that environmental monitoring to be
carried as a requirement addressed in this EIA report. It is recommended that this activity
would be carried out as per the proponent’s committed for this development.

15.2 Environmental Supervision

It is recommended to appoint an environment consultant to undertake environmental
supervision during the implementation of the project as to ensure the project is implemented
as outlined in the EIA report. The consultants would also provide necessary technical advice
and guidance in the design of the project and undertake supervision and environmental
monitoring during the implementation of the project.

15.3 Use of Heavy Duty Excavators for excavations

The harbour basin needs to excavated. Hence, it is recommended that heavy duty excavators
to be used for the excavations to avoid the need for controlled blasting of the hard structures
that would be located at the harbour basin area.

Ministry of Housing and Infrastructure 2012 RP
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16 Environmental Management and Monitoring

16.1 Introduction

Environmental monitoring is essential to ensure that potential impacts are minimized and to
mitigate unanticipated impacts. The parameters that are relevant for monitoring the impacts
that may arise from the proposed harbour rehabilitation project are included in the
monitoring plan. These include turbidity, beach profiles, beach lines and live coral cover.
Monitoring will be carried out as a follow up activity of the environmental impact
assessment and mitigation of possible negative impacts from the proposed project.

The purpose of the monitoring is to provide information that will aid impact management,
and secondarily to achieve a better understanding of cause effect relationship and to
improve impact prediction and mitigation methods.

The objectives of the monitoring plan are to measure:
« live coral cover and nektonic fauna
» marine water quality and visibility
« The shoreline of the island
= beach profile and hydrodynamic changes
« impacts are accurate and mitigation measures taken are effective and

« the thresholds are kept within the baseline limits predicted.

16.2 Monitoring Programme

Outlined here are project specific monitoring requirements that the proponent shall include
in their annual monitoring programme. This monitoring programme for the proposed project
includes at best monthly monitoring and covers the three stages of the project
implementation.

p?~¥£-Nll Immediately before starting works

p2~¥£-0l During excavation, quay wall construction, breakwater construction and beach
nourishment

p?~¥£-Pll Immediately after the proposed works
The monitoring needs of each stage are discussed in detail below:
« Percent live coral cover and overall health of the reef
«  Water quality — Turbidity and (TSS, pH and conductivity may be considered)

« Beach profiles at designated locations
« Shorelines of the island

p>~¥£:0
« Sedimentation (visually)
«  Water quality — Turbidity and (TSS, pH and conductivity may be considered)

Ministry of Housing and Infrastructure 2012 RQ
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« Beach profiles at designated locations
« Shorelines of the island
« Longshore currents at beach profile locations

p2~¥£:P

« Percent live coral cover and overall health of the reef

» Sedimentation (visually)

«  Water quality — Turbidity (TSS, DO, pH and conductivity may be considered)
« Beach profiles at designated locations

« Shorelines of the island

16.3

The following table shows the frequency at which the different parameters may be
monitored. Each bar represents one month. Monitoring during the construction phase and
operational phase may be continued in the given manner.

Monitoring Timetable

Table 11: Proposed timetable for monitoring during and after construction period

T o293 8@y ~1f 1 ®£°~2-~~2=Q@ | ~+£
Reef and coral cover ¢ ¢ * *
Water quality . . * *
Beach profiles ¢ ¢ ¢ *
Longshore currents ¢ ¢ * .
Low tide line . . ¢ *
Sedimentation rate . . * *
Table 12: Key coastal and marine environmental monitoring indicators
JP-o5¥ f-¢8j~2-° B -c-a-¥. | g -af2-cf-¥ Of+®-—1§ 3
N220% 32f C°L 3fnj-
Coral and other Percent cover LIT Upon completion of Environment
benthic cover. the project and once a | Consultant
year there after.
Diversity and Number of fish Visual fish Upon completion of Environment
abundance of fish present census the project and once a | Consultant
communities year there after.
Seawater quality DO and turbidity Laboratory As discussed above Contractor
analysis
Beach profile Beach dynamics Beach line As discussed above Environment
with GPS and Consultant
profile with
Auto-level
Hydrodynamic Changes in current | Drogue tracks | As discussed above Environment
Consultant

Ministry of Housing and Infrastructure 2012
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16.4 Monitoring Report

A detailed environmental monitoring report is required to be compiled and submitted to the
EPA yearly based on the data collected for the monitoring the parameters included in the
monitoring plan given in the EIA.

The report will include details of the site, strategy of data collection and analysis, quality
control measures, sampling frequency and monitoring analysis and details of methodologies
and protocols followed. In addition to this, more frequent reporting of environmental
monitoring will be communicated among the environmental consultant, project proponent,
the contractors and supervisors to ensure possible negative impacts are mitigated
appropriately during and after the project works.

16.5 Cost of monitoring

The following table outlines a tentative cost of monitoring programme. The following table
gives the cost of annual monitoring based on three-monthly monitoring and based on
consultants visiting the site at three-monthly interval. This would be for two years. The
frequency may be reduced to every six months in the subsequent years, if monitoring for
additional years may be required. Unit cost is given as the cost per monitoring trip.

Table 13: Cost of two-year monitoring programme

af+j°i®2%-- 3-§2=j-tzfocF | q-2~*tocF

Logistics (A total of 4 trips to be made during the construction stage and during the 2 years monitoring
period)

Return transport 10,000 40,000

Food and accommodation for two (3 days) 5,0000 20,000

Survey costs

Cost of undertaking the environmental surveys during the project 40,000 120,000

construction stage and for the first year

Cost of undertaking the environmental surveys during the second 40,000 80,000

year

ps =:q-2~2 260,000

10 % contingency (to account for variation in transport costs) 26,000
286,000

Ministry of Housing and Infrastructure 2012 RS

£i2=b



i | =h-¢! --=e~° -3°=0Ff£!~ §3§2~2§--=m°-"

17 Conclusion

This report discusses the findings of a social and environmental impact study undertaken by
Water Solutions Pvt. Ltd. at the request of Ministry of Housing and Infrastructure. This
project is to rehabilitate the existing harbour at Lh. Kurendhoo. Some changes have been
brought to the original harbour rehabilitation project at Lh. Kurendhoo.

The Ministry of Housing and Environment awarded the Kurendhoo harbor developed
project to Works Cooperation Limited in 2011 to develop the harbor in accordance with the

“bfA=p-°=2! £=®°-@®-+£¢=°£! ~ §3§2~2§--=-0=

O M N NPA approved the proposed harbor development project at Kurendhoo which was
outlined in the EIA report. The actual harbor development project deviated from the original
plans that were approved by EPA. EPA intervened and stopped the project in 2012. When
EPA intervened, 12,000 m2 of area was reclaimed on south of harbor from the material that
was excavated from the harbor basin. This was the material that needs to dispose to the area
that was eroding on north eastern side of the island. 166 m of the quay wall has been
completed and the dredging of the harbor basin has been completed.

The island community, island council and the MP of the island has requested the Ministry
of Housing and Infrastructure to bring some changes to the original plan that had been
approved.This EIA Addendum is developed to assess the environmental impact due to these
changes to the proposed project. These changes includes extending the quay wall to
northern section of the harbor. Total quay wall would be 300 m, construction of a rock
boulder revetment on north eastern side of the island to mitigate sever erosion, construction
of a rock boulder breakwater on either side of the entrance channel, construction of 66 m of
rock boulder breakwater to protect the harbor basin, construction of 276 m of coral
revetment to protect the area that had been reclaimed, removal of the 6,875 m2 of sand from
the area that had been reclaimed on south side of the island, replenishment of 3,900 m2 of
area on north eastern side of the island and 1,570 m2 on south eastern side of the island and
placement of marker lights on the entrance channel and the navigation light to mark the
entrance channel to the atoll.

Kurendhoo with a total land area of about 19.9 hectares is located at 5°32°59° N and
73°27°57” E. The island is inhabited island, with slightly over 72.0 persons per hectare.
Kurendhoo is in a strategic location given that it is located in the middle of all inhabited
islands of the atoll with easy access for inter- and intra-atoll travel. The closest inhabited
island is Maafilaafushi, which was chosen by the Government as a potential growth-focused
island.

Environmental and socioeconomic impacts of the additional works for the harbour
development project were assessed. The impacts of the project result mainly from
excavation of the harbour basin of the area that had not been excavated, placement of the
breakwater, construction of the breakwaters at the entrance channel, construction of the
revetment and disposal of the excavated materials as to mitigate the erosion on north west
and south eastern side of the island.

The impact of excavation would be that of sedimentation. The excavation area also falls to
the hard rock area of the reef flat and hence this would cause difficult to excavate using
light machineries. It is recommended to use heavy machineries to excavate the western
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sections of the harbour basin. The project would help to address the current erosion problem
by replenishing the eroding beach with the materials borrowed from the harbour basin. The
socio-economic benefits of the project may be considered to outweigh the negative impacts
of the project on the physical environment of the island especially increasing the usable
space on north western side of the island. The proposed project conforms to prevalent
environmental legislation and thrives to achieve its objectives in a environmentally friendly
manner.

Mitigation measures for these anticipated impacts have been identified and outlined in
detail, including sedimentation and stagnation control methods and measures for
minimizing negative effects of construction waste. These mitigation measures need to be
followed in order to minimize environmental damage. The details of the additional
component of the project have been established after considering the needs and
requirements of the community by assessing and incorporating the outcomes from the
stakeholder consultations held during the data collection stage.

The EIA also allowed to explore the best possible alternatives for the proposed development
and identified key mitigation strategies. Alternative locations and alternative designs have
been investigated for the different components of the project. An alternative had been
considered to retain the area that had been reclaimed beyond the original harbour
development project. However this option had been droped as it received strong opposition
from the community. However, the present project design seems to be a feasible option in
terms of costs, durability, safety and incorporation of the expectation of all stakeholders.

An environmental management plan with environmental monitoring plan has been
developed including important elements that require regular checks. This monitoring
component will be adhered to and will allow the assessment of changes due to construction
of the harbour.

Although the project involves negative environmental impacts, such impacts are not severe
as to not bring changes to the original harbour development project. The changes to project
is justifiable in light of the socio-economic conditions and anticipated benefits resulting
from the project, which seem to outweigh the negative environmental impacts.
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20 List of Abbreviations
List of Abbreviations and Acronyms

Abbreviation Meaning

EIA
EPA
MEE
MHI
MSL
TOR
UNFCCC
UNDP
NEAP
GOM
EMP

Environmental Impact Assessment

Environmental Protection Agency

Ministry of Environment and Energy

Ministry of Housing and Infrastructure

Mean Sea Level

Terms of Reference

United Nations Framework Convention on Climate Change
United Nations Development Programme

National Environment Action Plan

Government of Maldives

Environmental Management Plan
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22 Annex: Existing Environmental Condition
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23 Annex: Proposed Harbour Rehabilitation Project

Ministry of Housing and Infrastructure 2012 SSs



i} =hEace) - - =

24 Annex: Bathymetry map
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25 Annex: Shoreline map
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26 Annex: Erosion and Accretion map
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27 Annex: Sampled Locations
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28 Annex: Beach profiles

Mark Mark Type Coordinates
1 Beach Profile 1 5°19°57” N 73°27°46” E
2 Beach Profile 2 5°19°53” N 73°27°53” E

Figure 10: Beach Profile
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29 Alternative Design — lower breakwater
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30 Alternative Design —placing breakwater location on west
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32 Letter from Atoll Council
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