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Non Technical Summary
This report addresses the environmental concerns of the proposed harbour rehabilitation in Holhudhoo, Noonu
Atoll. The primary objective of the project is to provide safe and adequate access to the island. As such the
project encompasses maintenance dredging of existing entrance channel and basin, replacement of existing
quaywall and breakwater and improvement of existing boat beaching area. The harbour is located on the northern
side of the island. This location is appropriate in terms of beach dynamics since beach material hardly moves to
this location. It may be possible that only part of the beach on the northwest side moves towards the harbour. As
a result the northwest shoreline has been severely eroded and it is the primary location identified for placing the
dredge material. Since this area needs protection and also the powerhouse is in this area with possible fuelling
stations for dhonis and other vehicles, it is recommended that, as an alternative, to consider moving the boat
beaching area to this side as the northeastern end where the beaching area currently exists is a predominantly
residential area. Therefore, zoning light industrial activities to the powerhouse area would be sensible. It has also
been suggested by the community to expand the harbour towards the west after creating a T-jetty at the western
end of the existing harbour. Therefore, the recommended alternative given in the report has taken these landuse
zoning and community aspirations into consideration.
The proposed concept involves the maintenance dredging of the existing harbour basin and provision of new
quaywall and breakwater. However, the concept has not been discussed with the community so far. Therefore,
community views that have been incorporated in this EIA report needs to be given consideration in finalising the
design. Since, the community has been anxiously waiting for the project for quite some time, it is recommended
to allow the proposed project to proceed while further modifications can be finalized in consultation with the
relevant stakeholders during the construction phase. Taking this into consideration the environmental impacts
have been assessed for the worst case scenario in which the Proponent takes into consideration all demands of
the community and provide the final detailed design to the EPA in due course.
The overall environmental impacts of the project have been assessed using appropriate matrices and the results
indicated that the proposed project has net positive impact. Given that the project has several socio-economic
benefits although there would be some negative environmental impacts, it is recommended to allow the project
to proceed as proposed.
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1

Introduction

1.1

Introduction

This 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 the
harbour renovation works proposed for Holhudhoo, Noonu Atoll. This EIA has been produced in accordance with
the EIA Regulations 2007. This report will identify the potential impacts (both positive and negative) of the
proposed project. The report will look at the justifications for undertaking the proposed project components.
Alternatives to proposed components or activities in terms of methods, design and environmental considerations
would be suggested. A mitigation plan and monitoring programme before, during and after the works would also
be included. Monitoring would ensure that the proposed activities are undertaken with caution and appropriate
care so as to protect and preserve the built environment of the areas in proximity to the site or those areas and
environmental aspects affected by the development.
The major findings of this report are based on qualitative and quantitative assessments undertaken during site
visit on 3-4 February 2011. However, due to unavailability of long term site-specific baseline 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.

1.2

Aims and Object ives of t he EIA

This report addresses the environmental concerns of the proposed harbour development project in Holhudhoo,
Noonu Atoll. It helps to achieve the following objectives.
 Allow better project planning
 Assist in mitigating impacts caused due to the project
 Promote informed and environmentally sound decision making
 To demonstrate the commitment by the proponent on the importance of environmental protection and
preservation.

1.3

Methodologies

Internationally recognized and accepted methods have been used in this environmental evaluation and
assessment. This EIA is based mainly on data collected during a field investigation mission from 3 to 4 February
2011 by a team from Sandcays Pvt. Ltd., Maldives. The data collection methods are described in detail under
Section 5.
Proponent: Ministry of Housing and Environment
Consultant: Ahmed Zahid (EIA08/2007)
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1.4

EIA Implementation

This EIA has been prepared by Ahmed Zahid, a registered EIA consultant with a number of years of experience in
Environmental Impact Assessment in the Maldives and has been involved in several coastal, harbour and
reclamation project EIAs undertaken in the Maldives so far.
The different steps involved in the implementation of the EIA and the time frame for those steps/activities are
given below.
 EIA application submission

1 February 2011

 Scoping meeting

20 February 2011

 Submission of TOR

21 February 2011

 Approval of TOR

22 February 2011

 Field mission

3-4 February 2011

 Submission of final EIA report

2 March 2011

Once the EIA has been submitted it is expected that the review process will not take more than 4 weeks. The
review process may result in the requisition of additional information. The Terms of Reference (TOR) for this EIA
has been attached as Appendix 1. This EIA has been prepared based on this term of reference.

Proponent: Ministry of Housing and Environment
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2

Project Description

2.1

General context of the study

The proposed project financed by the Government of Maldives through Ministry of Housing and Environment
involves the renovation or renovation or rehabilitation of the existing harbour in Holhudhoo, Noonu Atoll. The
proposed project encompasses the maintenance dredging of existing entrance channel and basin, modification of
a existing boat beaching area and the replacement of existing quaywall and breakwater. Therefore, demolition of
existing structures, construction of new structures and dredging of existing harbour basin and entrance channel
are the main activities under the project which involves mobilisation of heavy machinery, fuel handling and
management, demolition waste management and management of human resources mobilized to site. The
impacts of these activities on the natural environment including physical, biological and human environment and
the built environment would be the focus of the study.

2.2

The Proponent

The project proponent is Ministry of Housing and Environment (MHE). MHE was formed in late 2008 as the
Ministry of Housing, Transport and Environment, under the new government institutional reform with the
mandates of housing, transport and environment. The mandate of transport and transport infrastructure
development has been recently brought under the mandate of Ministry of Communication and Civil Aviation with
its name changed to Ministry of Communication and Transport. Hence, the proponent of the project at present is
Ministry of Housing and Environment (MHE) with the mandate of housing and environment. The Ministry is the
government body responsible for the development and regulation of the housing as well as environmental
infrastructure of the country. Environmental policies are formulated by the ministry while environmental
regulations, quality monitoring including the task of approving EIA reports are undertaken by EPA under MHE. In
this particular project MHE is the proponent with the EIA report approving authority coming under its jurisdiction.
The mandate of the new Ministry also includes transport infrastructure development, which includes
responsibilities similar to the previous Ministry of Construction and Public Infrastructure.
The Harbour Development Programme undertaken by MHE involves projects at three levels:
 National Harbour and Reclamation Programme, which involves the construction of major harbours and
big reclamation projects in the country
 Access Improvement Programme, which was initiated in 2004 with a scope to provide a minimum
access to all islands that had no means of a proper access
 Repair and Rehabilitation Programme, which was initiated following the catastrophic event of December
2004 tsunami that damaged a large number of harbours and jetties. This programme was initially
Proponent: Ministry of Housing and Environment
Consultant: Ahmed Zahid (EIA08/2007)
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implemented by National Disaster Management Centre (NDMC) and later handed over to the Ministry of
Housing and Environment.

2.3

Project Location and Study Area

Holhudhoo with a total land area of about 19 hectares is located at 5.754955oN and 73.262794oE. It is a
moderately inhabited island, with slightly over 85 persons per hectare. Holhudhoo is located in the middle of a
cluster of inhabited islands and in close proximity to several resort islands that have recently come up or have
been proposed for resort development. The largest populated island in Noonu Atoll, which is Velidhoo, is also
close to Holhudhoo. Therefore, Holhudhoo is in an ideal location for a well-sized harbour. Holhudhoo already is
able to provide several services to travellers, including fuelling service.

Figure 2‐1: Location of Holhudhoo in Noonu Atoll (source: Water Solutions 2006)

The proposed study area comprises the coastal and marine areas of the island, especially those in close
proximity to the existing harbour. The island’s natural coastline has changed little over the past few decades but
major changes occurred after the construction of the harbour and growth of the population or built environment to
the extreme limits of the island but with an acceptable level of planning, especially the preservation of large trees
and coastal vegetation in most areas of the island. These characteristics of the study area would be discussed in
the Existing Environment section of this report.

Proponent: Ministry of Housing and Environment
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2.4

The Project

The proposed project involves the rehabilitation of the existing harbour in Holhudhoo, Noonu Atoll. Environmental
field investigations were based on the initial concept provided by the Proponent. Based on the findings of the
environmental surveys and discussions with local community during EIA field survey, concept modifications have
been proposed. As has been reported by the Proponent in the EIA Scoping Meeting, no community consultations
have been done so far to finalize the concept, a final concept would be made in consultation with the newly
elected Island Council and other community stakeholders. The impact assessment has been based on the
concept proposed by the Proponent as well as that recommended by the EIA consultant. Since the EIA field
mission was carried out prior to the Council elections, it is necessary that the EIA consultants participate in the
follow-up consultations that will lead to the final concept and detailed design.
It is worth mentioning here that any consultations and surveys without actual implementation progress would
further dismay an already frustrated public. Therefore, site mobilisation and starting maintenance dredging and
other preparatory works shall coincide public consultations in order to address public grievances in a more
meaningful manner.

2.4.1

Brief Description of the Proposed Concept

The proposed renovation has the following components:
1. Quay wall – The existing quaywall will be replaced by a new quaywall. The new quaywall would be done
using precast L-blocks anchored to the backshore.
2. Breakwater – The existing cement and rubble breakwater would be replaced a new breakwater made of
rock boulders. The demolition matter may be used as core material. If the demolition matter and rubble
is to be used as core material, it would be necessary to place a filter material or have the core below low
tide level to avoid damage to the core and damage to the breakwater.
3. Harbour basin – The existing harbour basin would be dredge to at least 3m below MSL. Including the
area in which the existing breakwater stands, thereby slightly increasing the size of the basin.
4. Harbour entrance/access channel – The existing harbour entrance channel would also be dredged to at
least 3m below MSL.

Proponent: Ministry of Housing and Environment
Consultant: Ahmed Zahid (EIA08/2007)
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2.4.2

Process and Materials

2.4.2.1

Dredging and dredge material disposal

Dredging will be undertaken by using excavator. The excavator will work from the barge that has already been
mobilized to site. An excavator bed that will be eventually moved to the final fill material disposal site will be
made. Areas that require reclamation under the project would be directly filled. This helps in the retention of the
dredged material due to the high level of compaction that would be achieved. However, if beach is desirable or if
the area that is reclaimed would be used for aesthetic and recreational purposes, it may be important to place a
top layer of sieved fine sand in these areas.
2.4.2.2

Construction Materials

The quaywall would be constructed using prefabricated concrete L-blocks tied with anchor bolts to the reclaimed
area or backshore in case of shore-connected quaywalls. In this method, a reinforced concrete crest beam is
usually cast in situ. This structure is one of the best solutions in the local market today. The greatest advantage is
its life span compared to other methods as discussed in the Alternatives section of this report.
The breakwater or revetments will be constructed of rock boulders weighing approximately 300 to 1000kgs. It is
also possible that some of the additional structures not included in the proposed design would be done using
geotextile containers/bags. Neither the detailed design of the breakwater nor any other structural details is
currently available but they will be submitted to the EPA once the detailed design has been made.

2.5

Project Implementation

The proposed works are expected to be started as soon as the EIA has been approved. Taking into consideration
that EIA approval will usually happen within 4 weeks, the project is expected to start immediately upon EIA
approval, even a conditional approval. The project is expected to be completed in one year. A detailed schedule
has not been made available at this stage. Copies of the detailed schedule will be submitted to the Environmental
Protection Agency in due course prior to start of construction.

2.6

Operation and Maintenance

Harbour maintenance will be undertaken under the jurisdiction of the Island Council. Hence, the Island Council is
also expected to be involved in the final design and implementation of the project. Since the Island Council has
been recently formed, operation and maintenance procedures for the harbour are yet to be developed.

Proponent: Ministry of Housing and Environment
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2.7

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 improved access by a 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 2-1 and Table 2-2.
Table 2‐1: Main inputs of the proposed project
Input resource(s)
Construction workers
Management and maintenance staff
Construction materials. Rock boulders, precast L-blocks,
reinforcement steel bars, sand, cement, aggregates, etc.
Maintenance material
Water (during construction)
Electricity/Energy (during construction)
Machinery such as excavators, barges and dump trucks

How to obtain resources
Contractor’s responsibility
Island Council or harbour management company
Import and purchase where locally available at competitive prices
– Contractor’s responsibility
N/A
Ground or rainwater
Diesel-based electricity from island mains
Contractor’s responsibility

Table 2‐2: Matrix of major outputs
Products and waste materials
Waste oils from machinery
Fill material or dredge spoil
Constructional waste (concrete
and cement debris)

2.8

Anticipated quantities
Minute
30,000m3
Minute

Method of disposal
To Thilafushi once works are over
Disposed to adjacent areas requiring reclamation
Used as landfill

Project Justification

This is a socially-driven project to improve the livelihoods of a people who have been expecting an improved and
protected harbour. The primary objective of the project is to improve the safe usage of the harbour during rough
weather. This will in turn ensure economic sustainability and improve living conditions of the people of
Holhudhoo.
Holhudhoo is also a well known harbour which is visited by local travellers frequently for refuelling their vessels.
Holhudhoo also has some of the largest dhonis operating in the country, therefore, a wider harbour would be
important.
The proposed concrete quaywalls are the new, third generation of quaywalls tried and tested in the Maldives. A
short summary of the three generation quays have been discussed here, in order to provide justification for the
choice of material and design of quaywalls proposed for the project.
The first generation quays were built with bags of sand and cement or coral materials and cement directly on the
seabed. The basin is dredged at a distance of about 3 to 5m from the quaywall, because of which it is not
possible for boats with a draught of more than 1m to berth at the quayside. Also, the top of the quay is made of
non-reinforced mortar, which is very easily cracked.

Proponent: Ministry of Housing and Environment
Consultant: Ahmed Zahid (EIA08/2007)
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In order to take into account the problems encountered with the first generation quays, the designers then
developed a second generation that could be founded at the level dredged in the basin and with a crest beam
strengthened by reinforced concrete cast in situ. This second generation of quays nevertheless still had two
drawbacks:
 The structure built with the bags of sand and cement or coral was not completely watertight and the sand
from the reclamation tended to run through the quay, causing the reclamation area to subside and the
harbour to be silted up
 This type of quay is designed in such a way that handling equipment such as cranes cannot be used,
while storage and the use of lorries are limited
To solve the problems encountered with the two previous generations and offer structures with a much longer
working life, the designers decided to build prefabricated L-shaped quay walls tied with anchor bolts to the
reclaimed land.
As for the quaywalls, sand cement bags used for breakwaters collapse and deteriorate quickly. Therefore, rock
boulders have been proposed for the breakwaters, which would not only offer durability but also provide greater
wave energy dissipation or absorption.
The proposed design, however, needs to take the following into consideration in order that the project can be
completed to the satisfaction of all concerned.
 The design has to be discussed with the stakeholders in the community. Outcomes of the stakeholder
consultations to finalise the design has to be communicated to the EPA in writing
 Final design has to be approved by the Ministry of Housing and Environment, which is the Proponent
also, and the final approved design has to be submitted to the EPA.
 The community has indicated that they would like to extend the harbour to the west and create a T-jetty
at the western end of the existing harbour for different services and unloading and loading of cargo. The
consultants also recommend that the boat beaching area be moved to the west so that it is in line with
appropriate landuse planning/zoning.
 The community would also like to see that the dredge material is disposed on the eroding area on the
northwest with possible coastal protection.

Proponent: Ministry of Housing and Environment
Consultant: Ahmed Zahid (EIA08/2007)
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3

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
all options and ensure that the best available option(s) is/are chosen to solve the issues/problems.
The alternatives discussed in this report have been considered based mainly on community consultations and
field visit findings. The community has mainly proposed alternatives in terms of the size of the harbour and some
of the design considerations. See discussions from the community consultation meeting given in Section 7 for
details on the concepts or alternatives proposed by the elected community representatives in the Harbour
Committee. The alternatives discussed in this section are illustrated in Figure 3-1.

3.1

No project option

It should be noted that the “no project” option 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 setup is sufficient for the present time
 Existing safety and other socio-economic impacts will remain or may continue to worsen
 Existing public frustration will continue to worsen causing greater political and social problems.
The main advantages and disadvantages of the no-project option are given in Table 3-1.
Table 3‐1: Advantages and disadvantages of the no project option
Strategy
Keep the existing harbour
infrastructure as it is

Advantages
 Costs related to improving
the situation may be avoided
in the short term

Repair structural damages one by
one by using local funds and
material

 Immediate harbour
renovation costs may be
avoided

Proponent: Ministry of Housing and Environment
Consultant: Ahmed Zahid (EIA08/2007)

Disadvantages
 Economic burden may increase
 Long term socio-political problems may arise
 Greater long term costs
 Local development will be hindered and economic
opportunities lost
 Current concerns of vessel safety would remain
 The problems related to damaged structures may
worsen
 Will not address current concerns adequately
 Long term socio-political problems may arise
 Long term costs may be higher and economic
opportunities may be lost
 Increasing public frustration

P a g e | 10

EIA for the proposed rehabilitation of harbour in Holhudhoo, Noonu Atoll

3.2

Alternative St ruct ures

In addition to the proposed concrete L-block quaywall and rock breakwater, there are few practicable options for
the structural protection. These include:
 U-block quaywall and breakwater (with tetrapod or rock on the seaward side)
 Sheet pile quay wall and breakwater structures
 Vegetated breakwater structure with tetrapod or rock revetment
 Geotextile containers for quaywall and breakwater
These options are compared here along with the proposed option. Others such as sand-cement bags or gravity
seawalls for quaywall and rubble-mound breakwaters have not been considered because they have not worked in
any of the islands and are not considered appropriate or durable. They fall apart easily creating aesthetic impacts
and an environmental burden.
Of the proposed alternatives, the U-block quaywall would be preferable based on the experience of Kudafari,
where the community posed for the U-block quaywall. However, this option is not recommended due to cost. The
geotextile containers are environmentally friendly, takes only a small proportion of the dredged material for filling
but they are less durable than concrete and rock boulders. The Ministry of Housing and Environment
recommends at least 50 years design period. Therefore, the low cost option of vegetated breakwater with a rock
or rock boulders revetment on the seaward side is considered to be the preferred alternative in terms of material.
This is also similar to what has been proposed.
There are very few vegetated breakwaters in harbours in the Maldives. These structures have been seen to be
quite effective in reducing wave action inside the harbour basin during rough weather, especially wind-generated
harbour waves in wide harbours. Vegetated breakwaters also provide better wave-overtopping control than plain
rubble-mound breakwaters and 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 and preferably
some wave absorption material such as rock boulders or tetrapods on the seaward side. Such structures often
require great reef extents, therefore, they are not so suitable for Holhudhoo where the reef extent is quite narrow.
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Table 3‐2: Advantages and disadvantages of the different structures
No.

Options

Advantages

1

L-Block quaywall and
rock/tetrapod
breakwater (proposed)

 Durable
 Cost effective for the proposed project
 Low maintenance cost

3

Sheetpile

 Durable but less durable than concrete
 Moderate maintenance cost
 Less wave reflection from the structure

4

Geotextile

5

Vegetated breakwater
with seaward armour or
geotextile
Cement bags/rubble
mound structures











6

3.3

Less environmental impacts
Durable but less durable than concrete
Moderate maintenance and capital costs
Low capital cost
Effective and aesthetically pleasing
Moderate maintenance costs
Suitable for short term, small scale projects
Cheap or small capital cost
Mainly manual labour with minimal machinery

Disadvantages












Moderate to high capital cost
Requires specialized design
Specialized equipment for installation
Skilled labour for installation
Precasting and in-situ construction time
High capital cost
Requires specialized design
Specialized equipment and skilled labour
Piling required
Requires specialized design
Specialized equipment and skilled labour

 Specialized equipment and skilled labour
 High chances of structural failure
 High maintenance cost
 Vessels berth at a distance from structure
due to depth limitations at structure

Alternative harbo ur desig n

Based on discussions with some of the community members and taking their opinions into consideration, it is
proposed to extend the harbour to the south after providing loading area at the western and of existing harbour. It
is also recommended to move the boat beaching area to the western side after extending the basin to this area.
Since the powerhouse is in this area, this helps to keep all light-industrial activities in one location and providing
harbour front residential area on the east with better amenities. If this area were to be used for beaching and the
immediate shoreline is to be nourished, it may be necessary to extend the breakwater in this area. This is the
somewhat preferred alternative based on discussions held with some of the community members. However, this
needs to be further refined after formal community consultations with the newly elected council. This alternative
is shown in Figure 3-1.
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4

The Setting

The project takes place in the Maldives environment. Therefore, the extent to which the project conforms to
existing plans, policies, guidelines, regulations and laws of the Maldives needs to be considered. Hence, this
section will look at the context in which the project activities take place and the legal and policy aspects relevant
to those activities. It is important to note that the project is of a local and regional scale and also has some
bearing on a national context.

4.1

Appl icable Polic ies, La ws a nd Regulatio ns

4.1.1

Environmental Protection and Preservation Act

The Articles of the Environmental Protection and Preservation Act (Law No. 4/93) addresses the following aspects
of environmental management, which are relevant, understood and adhered to in the proposed project.
 An EIA shall be submitted to MEEW before implementing any developing project that may have a
potential impact on the environment.
 Project that has any undesirable impact on the environment can be terminated without compensation.
 Disposal of waste, oil, poisonous substances and other harmful substances within the territory of the
Maldives is prohibited. Waste shall be disposed only in the areas designated for the purpose by the
government.
 The Penalty for Breaking the Law and Damaging the Environment are specified in the Law.
 The government of the Maldives reserves the right to claim compensation for all damages that are
caused by activities that are detrimental to the environment.

4.1.2

Third National Environment Action Plan

The Third National Environment Action Plan or NEAP 3 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. Since innovative flood control and coastal protection
measures is one of the objectives outlined in NEAP 3, the proposed project is expected to provide a learning
experience in terms of improved harbour design and information on implementation and effectiveness through
EIA and appropriate monitoring for which specific focus is laid in Objective 24.1 of NEAP 3.
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4.1.3

National Biodiversity Strategy and Action Plan

The goals of the National Biodiversity Strategy and Action Plan are:
 Conserve biological diversity and sustainably utilize biological resources.
 Build capacity for biodiversity conservation through a strong governance framework, and improved
knowledge and understanding.
 Foster community participation, ownership and support for biodiversity conservation.
In implementing the proposed project activities due to care has to be given to ensure that the national biodiversity
strategies are adhered to.

4.1.4

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.
In the project site or in the vicinity of the site, there are no protected areas or areas that are identified as sensitive
areas.

4.1.5

Regulation on 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.
This regulation will be strictly respected and there would not be any sand and aggregate mining except that which
is required and approved under the terms of this Environmental Impact Assessment.
4.1.5.1

Ban on coral mining

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. According to the Directive,
 coral mining is not to be carried out on island house reefs;
 coral mining cannot be carried out on atoll rim reefs and common bait fishing reefs;
 coral or sand mining is only allowed from designated sites, and approval from the concerned Atoll Office
is required prior to the commencement of any mining operation.
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 requests for coral or sand mining from residents of inhabited islands are required to be submitted to the
Atoll Office through their respective island office
 the island office is required to estimate the quantity of corals required for the applied construction work
and hence this ensures that permission is granted to mine just the required amount;
 every island is required to keep a log book of the amount of corals mined.
 sand mining is not allowed on the beaches of inhabited islands, islands leased for industrial
developments and tourist resorts and within the lagoons adjoining these islands.
This project does not involve coral mining as dredging or excavation would be restricted to already dredged
areas. Mined coral would also not be used for any purpose including the breakwater and quaywall construction.

4.1.6

Consultation and public participation laws

In the Maldives public participation has been limited to the review stages of the EIS until recently with the EIA
Regulation, which considers public consultation as an important and integral part of the EIA process. Hence, this
EIA has also taken public views into consideration. However, public consultation has not been conducted so far in
order to take public opinion, views, suggestions and expectations into consideration in the design of the project.
Therefore, it is recommended to discuss the proposed design with the public stakeholders and finalize the design
based on mutual understanding.

4.1.7

Population Policy

The objective of the Population Policy of Maldives is to contribute to improve standard of living and quality of life
of the Maldivian people through socio-economic development with a sustainable balance between population
and development. One important aspect of the Population Policy is the strategy of population and development
consolidation, which focuses on organising human settlements in such a way that sustainable development is
fostered and economies of scale are met. The proposed project in Holhudhoo has little relevance to this policy.

4.1.8

Regulation on Cutting Trees

The Regulation on cutting down, uprooting, digging out and export of trees and palms from one island to another
was recently 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 stating
clearly the details of the Project(s) with all necessary information and submit the same through the relevant
Ministry to Ministry of Environment, and the project(s) can only commence upon the grant of written approval
from the Ministry of Environment.
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Article 8 (a) requires permission be obtained from Ministry of Environment, if more than 10 coconut palms that
are of a six of 15 ft (from base of the palm to the tip of the palm frond) are cut, uprooted or relocated to another
island. The regulation also ensures the replacement of the vegetation that is lost by imposing the planting of two
palms for every palm tree that is cut or uprooted (Article 2 (d)). Logging on inhabited islands must be done under
supervision of the islands chief or an official appointed by the island chief (Article 8 (c)).
Neither the proposed harbour nor any of the alternatives proposed in this report involve clearing land or felling or
cutting down trees.

4.1.9

Maritime 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).

4.1.10

Relevant Government Policies

The Ministry of Housing and Environment has a harbour and jetties programme where there are minimal
requirements for harbours and jetties in local inhabited islands. The Access Improvement Programme, which was
initiated by the former President in 2004, had a scope to provide minimum access to all islands that had no
means of a proper access. The revised scope is defined such that each island is to have a 300 feet long quay
wall with a 300 feet long, 150 to 200 feet wide and 8 feet deep harbour basin that should provide a safe
anchorage for the vessels. The basin should also have a 50 feet wide access channel. Depending on the
environmental conditions of specific islands, breakwaters or side quay walls would be provided to make the
harbour basin safe from adverse conditions.
There are no other design criteria or considerations. There are also no environmental requirements for the design
and location of harbours in the country. The environmental criteria for each project are, however, defined
according to the findings of the Environmental Impact Assessment, which is required to be undertaken for each
and every harbour project.

4.2

International conventions, treaties and protocols

Some of the international conventions, treaties and protocols of relevance to the proposed project may be
identified as follows:
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4.2.1

United Nations Convention on Biological Diversity
(UNCBD)

The objective of UNCBD is “the conservation of biological diversity, the sustainable use of its components and
the fair and equitable sharing of the benefits arising out of the utilization of genetic resources, including by
appropriate access to genetic resources and by appropriate transfer of relevant technologies, taking into account
all rights over those resources and to technologies, and by appropriate funding”.
Maldives was one of the first nations to ratify UNCBD. Maldives has developed the National Biodiversity Strategy
and Action Plan (NBSAP) in 2002. Formulation of NBSAP was through wide consultation and extensive
stakeholder participation.
The proposed project involves dredging and filling on or close to coral reef areas which may have impacts on
some biological resources. The creation of breakwaters may also impact reef resources. These impacts and
mitigation measures have been dealt with in this report.

4.2.2

Marpol Convention

International Convention for the Prevention of Pollution from Ships (MARPOL) is the main international
convention covering prevention of pollution of the marine environment by ships from operational or accidental
causes. It is a combination of two treaties adopted in 1973 and 1978 and includes regulations aimed at
preventing and minimizing pollution from ships - both accidental pollution and that from routine operations - and
currently includes Prevention of Pollution by Oil; Control of Pollution by Noxious Liquid Substances in Bulk;
Prevention of Pollution by Harmful Substances Carried by Sea in Packaged Form; Prevention of Pollution by
Sewage from Ships; Prevention of Pollution by Garbage from Ships; and Prevention of Air Pollution from Ships.
This Convention has little or no relevance to the proposed harbour project in Holhudhoo. However, it is worthy of
mention since Maldives is a party to the MARPOL and any establishment of appropriate port side facilities in the
harbour in Holhudhoo will help ensure that the provisions in the MARPOL convention are fully enforced by ships
and other vessels that travel in the territory of the Maldives and pollution of the Maldivian seas are prevented.
The Maldives has guidelines and regulations pertaining to pollution from ships and other vessels which may
anchor at any harbour in the Maldives. Vessels requiring discharging slop from tank cleaning and dirty oil bilge
should request local agent to provide reception facility. Port Authority does not have slop reception facilities. If
any vessel discharges overboard or in case any type of oil spill is found in port, the officer in charge of the vessel
is required to report to Maldives Ports Authority and Coast Guard to take immediate action.
Furthermore, Government regulation states as follows:
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1) It is expressly forbidden for any vessel to dump or discharge into any harbour, lagoon, or into any part of the
waters of the Republic of Maldives, refuse, bunker oil, sewage, noxious substances or any materials or
substances whatsoever.
2) The Master of any vessel and / or its agents will be held directly responsible for any nature or degree of
pollution of the water, lagoons and Islands of the Republic of Maldives through the dumping or discharge of any
refuse and / or substances.
3) In the event of any nature or degree of pollution of Territorial Water of the Republic of Maldives due to the
dumping or discharge of refuse and / or substances, the master and / or the Agent of the offending vessel shall
be subject to an immediate fine deemed by the Authority concerned according to Maldivian Law.

4.3

Relevant Enviro nment al Standards and Guidelines

There are no relevant standards such as water quality criteria for dredging and reclamation activities in the
Maldives. In the past couple of months, the EPA has been providing a guideline document for monitoring
parameters along with all recent Terms of References for EIA reports (see Appendix 1 to the TOR given in
Appendix 1 of this report). Previously, consultants have been providing some criteria for consideration in EIA
reports, which is given in the table below. However, these have not been given any consideration when the EPA
issued their criteria for monitoring seawater quality. Yet, the EPA guidelines have been long awaited and are a
great start although the ranges need to be reviewed to suit the local context, especially BOD and COD. A detailed
assessment of the quality of pristine marine environments needs to be taken into consideration in reviewing such
optimal ranges.
Furthermore, dredging and/or disposal of sediments shall not cause:
 Floating, suspended, or deposited macroscopic particulate matter or foam in marine waters at any
location more than 30 m (100 ft) from the project boundary or point of discharge, except unless
authorized by the EIA/IEE Decision Statement.
 Visible floating, suspended, or deposited oil or other products of petroleum origin in marine waters in
the vicinity of the dredging, which may be related to the dredging activity.
 No toxic or other deleterious substances shall be present in concentrations or quantities which may
cause deleterious effects on aquatic biota, wildlife, or waterfowl, or which render any of these unfit for
recreation either at levels created in recreational areas or as a result of biological concentrations within
the harbour or reclaimed or dredged area.
Turbidity would be the main parameter that needs to be monitored during the dredging process. Given that the
water quality of the marine environment in the Maldives has very low levels of turbidity usually below 2 NTU, an
increase in 1 NTU would be considerable. However, in dredging operations, within an allowable zone of dilution
turbidity may be taken to be less than 5 NTUs or 10% of the background level, whichever is greater.
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Table 4‐1: – Water quality parameter optimum conditions
PARAMETER
Microbiological
Fecal coliforms
Tot. coliforms
Physico-Chemical
pH
Temperature
Dissolved Oxygen (DO)

GUIDELINE
2,000 per 100ml
10,000 per 100ml

Minimum 5 samples collected over a month period. Counts
according to MPN or membrane filtration on suitable culture.
Sampling must be in sterilised containers

< 0.2 pH unit change
< 2°C increase
> 6 mg/l or
80-90% saturation

Electrometry (calibration at pH 7and 9)
Thermometer
Winkler’s method or oxygen meter. Needs to be measured over at
least one diurnal cycle. It is dependent on pH, temperature and
salinity. In-situ measurements are preferable.
Spectrophotometry. In-situ measurements are preferable.
Molecular Absorption Spectrophotometry
Molecular Absorption Spectrophotometry
Spectrophotometry

Turbidity
<10% of background
Phosphates (PO4) *
1-10 μg/l
Nitrates (NO3) *
10-60 μg/l
Chlorophyll-a *
< 1 μg/l
Toxic Substances (monitored annually, if required)
Ammonia (NH4)
< 5 μg/l
Mercury
< 0.1 μg/l
Phenol
< 50.0 μg/l
PAHs

METHODOLOGY

< 3.0 μg/l

Nessler’s Method or Indophenol blue method
Flameless Atomic Absorption Spectrophotometry
Verification of absence of oudor or Absorption Spectrophotometry or
Paranitraniline method. Glass sampling container
Measurement of fluorescence under UV after thin layer
chromatography. Glass or aluminium sampling container

* The ranges of concentration values for these parameters are provided by the Australian Water Conservation Council as an indication of levels at
which eutrophication related problems have been known to occur depending on a series of other factors (light, T°C, water circulation,
zooplankton grazing etc.).

4.4
4.4.1

Environmental Permits required for t he Project
EIA Decision Statement

The most important environmental permit to initiate the proposed harbour project in Holhudhoo would be a
decision regarding this EIA from the Environmental Protection Agency (EPA). The EIA Decision Statement, as it is
referred to, shall govern the manner in which the project activities must be undertaken. This EIA report assists
decision makers in understanding the existing environment and potential impacts of the project. Therefore, the
Decision Statement may only be given to the Proponent after a review of this document following which the EPA
may request for further information or provide a decision if further information is not required. In some cases,
where there are no major environmental impacts associated with the project, the EPA may provide the Decision
Statement while at the same time requesting for further information.
Since EPA is under the Ministry of Housing and Environment (MHE) and MHE is also the implementing agency
for the project, it is often believed that a decision regarding the EIA may be influenced and biased in situation
when the approving authority is under the implementing agency. However, from the experience of the consultants,
this has not happened so far and is not expected to happen in this case either.
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5

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 coastal 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 to Holhudhoo during 4 to
5 February 2011. Data collection was broadly based on the methodologies described in the Appendix 1 of the
Terms of Reference approved by Environmental Protection Agency.

5.1

General Methodologies of data collection

Conditions of the existing environment of the study area were analysed using appropriate scientific methods.
Field surveys were undertaken to get further understanding of the existing environment of the island. Field surveys
were carried out during field visit to the island in February 2011 to collect baseline data. Before the trip was
undertaken all existing information regarding the site was gathered but the details of the proposed project
including harbour design had not been communicated at that time.
The following components of the existing environment were assessed.
 Coastal environment including coastal protection structures, longshore and offshore currents using
drogue, and levels
 Socio-economic aspects
 Existing landuse
 House reef at different locations
 Marine water quality

5.1.1

Quality of marine water

Marine water quality around the proposed harbour and another location was tested on site by using YSI water
quality logger which can measure pH, electrical conductivity (salinity and TDS) and dissolved oxygen (DO).

5.1.2

Bathymetry and Ocean Currents

Bathymetry was done for the project by Works Corporation prior to the field visit. However, the area proposed for
extension was not surveyed and this survey was done by the EIA consultants. In order to verify these depths and
to take further measurements, bathymetry of the proposed harbour area including the channel and at different
locations was done.
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5.1.3

Condition of the housereef

Marine environment was surveyed to assess and obtain baseline data of the existing environmental conditions.
Major components of the marine ecosystems surveyed are the reef-flat, the coral thickets, other benthic
communities and fish communities. The findings of the surveys were used for impact evaluation and mitigation
during the proposed development. The surveys used here are easily replicable and involves inexpensive
techniques. These surveys will be repeated throughout the life of the project and thereafter to monitor the
changes occurring in the biotic and abiotic components of the environment.
Both quantitative and qualitative methods were used to assess the benthic substrate at the survey sites. Where
possible appropriate line intercept transects (LITs) and visual assessments were used to quantify benthic types.
Visual assessment was used in sites where physical or weather conditions hinder the use of LITs or quadrant
methods. This was mainly carried out using photographs.
This study was complemented with extensive underwater photographs of the areas in question. Methodologies
adopted for these surveys are internationally accepted (English et al. 1997) and are widely used to assess the
status of coral reefs in the Maldives as well.
5.1.3.1

Line Intercept Transects (LIT)

Line Intercept Transect (LIT) surveys was carried out to assess the benthic types and species at the survey sites.
This method uses life form categories to assess the benthic sessile community of reefs and it is possible to
incorporate taxonomic data as well. LIT surveys have been proven to be very efficient for studies of benthic coral
reef communities (Loya 1978, English et al. 1997), and can be used to evaluate the community structure of
corals in terms of species composition and diversity patterns in different zones on a reef. LIT method also
provides a rapid estimate of percent cover of corals, algal cover, and cases of other prominent organisms as well
as bare substratum.
Quantitative percent cover data of morphological characteristics of the reef community is obtained using this
method and it can be repeated over time to obtain temporal changes. Disadvantages of this method include
difficulty in standardizing the life form categories and the limitation of the data collected, to information on
percent cover and relative abundance (English et al. 1997). LIT surveys produce valuable data even though they
are time consuming and require considerable effort and skills to record notes underwater (Segal & Castro 2001).
Single transect of 30m length was done at each site.
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5.1.4

Socio‐economic condition and public consultation

The baseline socio- economic condition of the island and the possible impacts of the project to be caused to the
island community were studied by using various methods including, key informant interviews, utilizing existing
data and maps, and meeting community members. Since the concept has not been finalised in consultation with
the community, it was considered that a second trip to the island would be undertaken with the Proponent to
discuss the different alternatives and finalise the design.
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6

Existing Environment

This section covers the existing environmental conditions of Holhudhoo, especially those areas which may be
impacted by the proposed works. The key environmental, social and economic components of the project under
consideration are described below.
Vital Environmental, Social and Economic Components
 Topography
 Marine and coastal water quality
 Human health and well being
 Land use – availability and constraints
Data was collected using internationally recognized methodologies discussed in the previous section.

6.1

Existing Coastal and Marine Enviro nment

Holhudhoo has sandy beaches around the island except the west and east of the northern side where the harbour
exists. In other areas, erosion is seasonal with the sand accumulating on the southwest side of the island during
the northeast monsoon and the eastern side during the southwest monsoon. Since sand moves along the
southern shoreline during both monsoons especially when there is seasonal shift of littoral drift, the southern
shoreline generally has beach with very little erosion. As can be seen in Figure 6-1 the two dominant seasonally
sheltered areas would be prone to seasonal erosion.
The ever-present erosion on the northeast corner of the island, especially during the northeast monsoon is of
particular concern because of the house plots that have been allocated in the area. This area is susceptible to
erosion and there is a strong argument against the provision of household plots in the area too close to the
shoreline. Saraa Manzil and other houses in the area gets flooded during rough days of northeast monsoon and
relocation of occupants becomes necessary.
Holhudhoo has a narrow strip of lagoon that saturates with the narrow reef flat, which slopes rapidly towards the
reef edge. The reef around the island is well formed with mainly massive porites and acropora species. The
northern side reef has less abundance of live coral cover than the other areas. However, a detailed assessment of
the reef areas has not been done during the field survey due to time constraints.
Although the terrestrial environment is not within the scope of this EIA, it is worth mentioning that the island is
cup-shaped and low lying areas in the middle gets easily flooded after rainfall.
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Figure 6‐1: Leeward sides of the island based on wind directions

6.2

General meteorological conditions

The Maldives, in general, has a warm and humid tropical climate with average temperatures ranging between
25C to 30C and relative humidity ranging from 73 per cent to 85 per cent. The country receives an annual
average rainfall of 1,948.4mm. Table 1.1 provides a summary of key meteorological findings recorded for
Maldives.
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. These are discussed in
more detail in the following subsections. 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. However, according to Elliot et al, 2003 due to proximity to the equator, the monsoon
seasons in Maldives are not as well defined as they are in Sri Lanka. The monsoons in Maldives are best defined
in the northern part of the country where a distinct monsoon seasons including the strong southwest monsoon
from June through September and a noticeable northeast monsoon from December through February occurs
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Table 6‐1: Key meteorological information
Parameter

Data
9.1mm/day in May, November
1.1mm/day in February
1900mm annual average
184.5 mm/day in October 1994

Average Rainfall
Maximum Rainfall
Average air temperature

30.0 0C in November 1973
31.7 0C in April

Extreme Air Temperature

34.1 0C in April 1973
17.2 0C in April 1978

Average wind speed

3.7 m/s in March
5.7 m/s in January, June

Maximum wind speed

W 31.9 m/s in November 1978

Average air pressure

1012 mb in December
1010 mb in April

The climate of the Maldives varies slightly from South to North of the country. As pointed out by Elliot et al, 2003
the monsoon in north region is more pronounced and distinct. In Maldives, meteorological data are not recorded
in all islands across Maldives. It has been recorded regional airports. General meteorological conditions
prevailing in the region based on meteorological data for Hulhulé has been used to understand climatic factors
affecting the Holhudhoo. Table below shows summary of four seasons in Maldives.
Table 6‐2: Summary of seasons in the Maldives
Season
North East-Monsoon (Iruvai moosun)
Transition Period - 1 (Hulhangu Halha)

South West-Monsoon (Hulhangu moosun)

Transition Period - 2 (Iruvai Halha)

6.2.1

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

Wind

Wind has been shown to be an important indirect process affecting formation, development and seasonal
dynamics of the islands in the Maldives. Winds often help to regenerate waves that have been weakened by
travelling across the reef and they also cause locally generated waves in lagoons. Therefore winds are important
here, as being the dominant influence on the hydrodynamics around the island (waves and currents). With the
reversal of winds in the Maldives, NE monsoon period from December to March and a SW monsoon from April to
November, over the year, the accompanying wave and current processes respond accordingly too.
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.
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However, storms and line squalls can occur, usually in the period May to July; gusts of up to 60 knots have been
recorded at Male’ during such storms.
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Figure 6‐2: General wind rose diagram for the Maldives (source MEEW 2005)

Changes in wind directions need to be taken into consideration in determining the most favourable time period of
proposed harbour work. The harbour development work will disturb the floor sediments and form sediment
suspension which depending on the wind speed, direction and ocean current will move until naturally settles
down.
The extreme northern part of the region experience wind climate with a strong southwest monsoon from May
through August and a moderate northeast monsoon from December through February. The Maldives experience
strong ocean wind at speed of 6m/s to 7.5m/s at a height of 10m during June, July and August (Elliott et al,
2003). The proposed harbour area would generally be rough when it is rough during northeast as well southwest
monsoon. However, for dredging works the best period would be the northeast monsoon as it would have the
least impact on the reef with minimal reef ward movement of sediment. Even for the possible extension of the
harbour to the west, the northeast monsoon would be ideal as the area would be in the lee of the existing harbour.
Undertaking the reclamation works during the northeast monsoon would move the sediment towards the western
side reef, the status of which has yet to be determined. However, given the reef extent there and the creation of a
sand bund before filling, this impact would not be of significance.

6.2.2

Waves

Wave energy is also important for the movement and settlement of sediments and suspended solids and is also a
crucial factor controlling coral growth and reef development. Studies by Lanka Hydraulics (1988a & 1998b) on
Malé reef indicated that two major types of waves in Maldives coasts: wave generated by local monsoon wind and
swells generated by distance storms. The local monsoon predominantly generates wind waves which are typically
strongest during May-July in the south-west monsoon period. During this season, swells generated north of the
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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.
Taking the prevailing design and location, wind-generated waves on the reef top during the southwest as well as
northwest monsoon would be of concern and shall be considered in the design. Both ends of the harbour are
most prone to wave attach during the respective monsoons. However, the effect of swell waves would be small as
the island is in the middle of the atoll. Therefore, lower crest heights can be afforded in the design of breakwater.

6.2.3

Tides

The Maldives experience mixed semi-diurnal/diurnal type of tides which on two extreme ends of the country
(North to South) found varying tidal range. The tide at Hanimaadhoo, Haa Dh.Atoll is about 20cm lower than that
of recorded in Gan, Seen Atoll (MHAHE, 2001) Tides affect wave conditions, wave-generated and other reef-top
currents. Tide levels are believed to be significant in controlling amount of wave energy reaching an island, as no
wave energy crosses the edge of the reef at low tide under normal conditions. In the Maldives where the tidal
range is small (1m), may still have significantly important influence on the formation, development, and
sediment movement process around the island. Tides also may play an important role in lagoon flushing, water
circulation within the reef and water residence time within an enclosed reef highly depends on tidal fluctuations.

6.2.4

Currents

Studies on current flow within a reef flat in Male’ Atoll suggests that wave over wash and tides generate currents
across the reef platforms, which are also capable of transporting sediments (Binnie Black & Veatch, 2000).
However, available information suggests that tidal currents are not strong due to small tidal range.
Generally current flow through the Maldives is driven by the dominating two-monsoon season winds. Westwardly
flowing currents are dominated from January to March and eastwardly from May to November. The change in
currents flow pattern occurs in April and December. In April the westward currents flow are weak and eastward
currents flow will slowly take place. Similarly in December eastward currents flows are weak and westward
currents will take over slowly.
Studies on current flow process within a coral atoll have shown that waves and tides generate currents across the
reef flats, which are capable of transporting sediments on them. Currents, like waves are also modified by reef
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morphology. Under low-input wave conditions (0.5m heights) strong lagoonward surge currents (>60cm/sec)
are created by waves breaking at the crest. Studies on current flow across reef platforms have shown that longperiod oscillations in water level cause transportation of fine-grained sediments out of the reef-lagoon system,
while strong, short duration surge currents (<5sec.) transport coarse sediments from the breaker zone to
seaward margin of the backreef lagoon. Always sediment accumulates at the lee of high-speed current zones.
Generally zones of high current speed (jets or rips, 50-80cm/sec) are systematically located around islands.
Drogue studies done at two locations close to the harbour area indicates that the currents are in a westwardly
direction. The results of these two drogues are shown in Figure 6-4.

6.2.5

Natural Vulnerability of Holhudhoo

An island’s natural vulnerability depends on geographic and geomorphologic characteristics of the island. These
include geographic features of the island and location of the island with respect to the country, the formation of
the island, location of the island respect to the atoll, orientation of the island, region of the country where island
is located, level of protection to the island from the reefs and other islands; area of the inland lake found on the
island, width of the island’s house reef, coastal defence structures on the island, shape of the island and the area
of the island. Although Maldives is generally considered to have moderate risk to natural hazards or disasters,
island across Maldives experience varying degree and magnitude of natural disasters.
On a Suffir-Simpson Scale, Holhudhoo is considered to be in a low vulnerability zone when cyclonic winds and
storm surges over the Maldives are concerned and also low risk when tsunamis and earthquakes are concerned.
Located in the bottom of hazard zone 4 on the Suffir-Simpson Scale, wind speed can reach to about 80knots. Sea
level rise due to climate change has uniform hazard throughout the country (RMSI/UNDP 2005).
Except for Seenu, Gnaviyani and Gaafu atolls the earthquake hazard is low across the country. Sea level rise due
to climate change has uniform hazard throughout the country (RMSI/UNDP 2005).
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Figure 6‐3: Cyclonic and related storm surge hazard zones (adapted from RMSI/UNDP 2005)
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6.3

Marine Water Quality

Seawater was tested at two locations namely the proposed harbour area and the western side. Parameters such as
Electrical Conductivity, Total Dissolved Solids, Salinity, Dissolved Oxygen and pH were tested in situ. The results
of water quality tests done in-situ are given below.
Table 6‐3: Marine water quality results (24 June 2010)
Unit
GPS Location
WGS1984, Zone43
Temperature

UTM
o
C

pH

6.4

WQ1
307830.6644E
636745.8376N
29.9

WQ2
307532.0544E
636702.5491N
29.9

8.23

8.01

E-conductivity

uS/cm

51,130

51,057

Salinity

mg/l

34,632

34,050

DO

mg/l

6.32

6.06

Existing Socio-economic environment

Holhudhoo has a population of 1527, according to the 2006 census but the present population estimated at over
2000 people. It has three schools namely Holhudhoo Meynaa School, Holhudhoo Preschool and Holhudhoo
Savaa Preschool. Meynaa School is one of the most renowned schools in the country and provides education up
to the higher secondary level following which students can enrol to GCE Advanced level. There is one Health
Center providing basic health services. There are a couple of NGOs operating in the island (www.isles.egov.mv).
The island has straight, narrow roads with a few wide roads. The island has few vehicles including a lorry. The
island has good mobile phone coverage with over 95% of people with access to mobile phone. Historically,
Holhudhoo has been an agricultural island. Holhudhoo has a lot of large banyan trees with a couple of them on
the water front just behind the harbour. The island is low-lying in the center and flood control systems have been
put in place.
Fishing and general trade are the main localized economic activities while many young men work in nearby
resorts. Employment of women in the tourism sector is rare, however, is on the rise now. Several people are
engaged in the civil service with most of the job opportunities in the island provided by the civil service.
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7

Stakeholder Consultations

Community consultations have not been held so far. However, for the purpose of the EIA, informal consultations
were held with a number of people, some of whom were nominated for the Island Council. The different options
given in this EIA report are based on the information shared during these informal consultations or natural
interviews. In the EIA Scoping Meeting, the Ministry of Housing and Environment has said that further community
consultations will be held to finalize the design and the outcomes of the consultations and the final design would
be shared with the EPA once that has been done.

7.1

Scoping Meeting

The scoping meeting was held on 20 February 2011. The different project components as well as the concept
design were discussed in the meeting. The Proponent, MHE and the Contractor Works Corporation provided
details of the design. EPA concluded that the Terms of Reference for a typical or conventional harbour EIA would
be adequate for this EIA. The meeting was chaired by the Director General of EPA, Mr. Mohamed Zuhair.
It was agreed that formal consultations be held with the community before finalising the design. However, the EIA
report can be submitted in order to proceed with the works, as the Contractor has already mobilized to site and is
waiting for a decision from the Proponent as well as the EIA to start the works. As indicated above, the Ministry of
Housing and Environment agreed that formal consultations will be held with the island community, especially the
newly elected members of the Island Council.
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8

Impacts and Mitigation Measures

This section covers potential environmental impacts due to proposed harbour project in Holhudhoo, Noonu Atoll.
The section also describes the mitigation measures for each identified impact.
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 project, these issues include design, dredging and
reclamation processes and coastal structures. The environmental aspects of the project would impact upon the
following resources or elements of the environment.


Housereef



Marine water quality



Lagoon, beaches and littoral regime



Aesthetic landscape



Human health and well being



Landuse



Social and economic development

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

8.1

Impact Id ent ificatio n

Impacts on the environment from various activities of the proposed development have been identified through:


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



Purpose-built checklists



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



Baseline environmental conditions described in Chapter 5



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 the implementation phase.
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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:
1. Negligible – the impact is too small to be of any significance;
2. Minor adverse – the impact is undesirable but accepted;
3. Moderate adverse – the impact give rise to some concern but is likely to be tolerable in short-term (e.g.
sediment suspension during dredging) or will require a value judgement as to its acceptability;
4. 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.
5. Beneficial impact- the impact represents a positive outcome in terms of either improving the existing
quality of environment.
6. Significant beneficial impact – the impact represents highly desirable outcome in terms of improving
the existing environment.

8.2

Identif ying Mitigatio n Measures

Where an identified impact can be mitigated, mitigation measures are identified and discussed along with the
identification of the impact. The mitigation measures proposed will help to alleviate or eliminate 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:
5. Eliminate or avoid adverse effects, where reasonably achievable.
6. Reduce adverse effects to the lowest reasonably achievable level.
7. Regulate adverse effects to an acceptable level, or to an acceptable time period.
8. Create other beneficial effects to partially or fully substitute for, or counter-balance, adverse effects.
Possible mitigation options include:


Design alterations (e.g., semi-detached quaywalls, etc.)



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



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



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



8.3

Environmental monitoring during civil works and operational phase

Construction Impacts

Construction phase will have the major, direct short-term impacts and some secondary long-term impacts on the
environment. The proposed channel and harbour development mainly involves the dredging of the channel and
harbour area including the reef entrance and the disposal of dredged material. Both activities have the potential to
degrade the environment. However, they may have different impacts, therefore, they are considered separately.
Dredging and excavation work generally lead to major impacts on reef habitats, lagoon and coastal
hydrodynamics. Indirect impacts will be felt to the pelagic 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.
Impacts of excavation and reclamation 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. Direct impacts on the marine environment arising from the
proposed project will be very little as there is no live coral cover in the zone of influence from the proposed
maintenance dredging and especially the new area where dredging will take place. 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 in the immediate vicinity of the
entrance channel. The predicted impacts are small compared to other similar harbour projects because the
sediment plume is expected to move slowly mainly through the entrance channel in the westerly direction if
undertaken during the northeast monsoon, as proposed. Sedimentation on the reef flat would be less as the
harbour is pretty much enclosed and no additional areas would be dredged. However, if an extension to the west
was considered, there would be sediment movement. This can, nevertheless, be minimized by creating a sand
bund on the periphery of the excavation area. The reef extent is also larger on the western side than other areas,
therefore, the level of siltation would be less and the currents in the channel would help to remove the sediment
quickly and efficiently.
Figure below indicates the extent of the sediment plume during dredging of the harbour and entrance channel.
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Figure 8‐1: Possible extent of the sediment plume

8.3.1

Mobilization Impacts

The transport and supply of construction material, the excavator, barge, truck and any other machinery may have
an impact as a result of increased traffic and landuse. The impacts may arise from:
 Accidental spillage of construction materials (cement).
 Accidental oils and other chemical spills.
 Accidental grounding of large vessels such as barges.
 Propellers’ wake can break fragile corals.
 Anchor damage from the vessels.
 Hazards of transport of material and machinery to site including overtopping of barges. Several
accidents have been reported of such incidents in Kaashidhoo Channel.
These impacts are considered to be minor or negligible for some.

8.3.2

Machinery

In addition to accidental damage caused to corals from barges and other machinery, these machines run on
diesel fuel, which will have fuel management and handling issues in addition to carbon emissions. Poor handling
and management of diesel and other fuel has, in many islands, often lead to contamination of the aquifer. Some
degradation of the marine environment is also likely. Moreover, improper handling of fuel could result in
accidents and mishaps such as fires, which has in the past had caused major damages. Therefore, every effort
must be made to avoid accidental spillages from machinery including overtopping leading to severe spillages.
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8.3.3

Construction Materials

Construction materials such as cement and fuel for excavators and trucks have the potential to damage the marine
environment. Pollution of the lagoon and reef system can be caused by waterborne and windblown debris
escaping from the construction. The significance of this is too small and does not require further analysis.

8.3.4

Dredging and Reclamation

Excavation of the entrance channel and harbour basin 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 and 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.
The impacts of excessive sedimentation on corals include:
 Direct physical impacts like smothering of corals and other benthic organisms,
 Changes in water quality of the lagoon
 Changes in littoral transport regime, sediment distribution and ocean currents
 Reduced light penetration reducing the productivity of corals.
 Formation of false bottoms due to unstable shifting of sediments.
 Eutrophication due to increased fine sediments leading to algal blooms.
 Formation of anoxic (black) bottoms under fine sediments.
Increased suspended sediments can affect filter feeding organisms, such as shellfish, through clogging and
damaging feeding and breathing equipment (Brehmer 1965; Parr et al 1998). Similarly, young fish can be
damaged if suspended sediments become trapped in their gills and increased fatalities of young fish have been
observed in heavily turbid water (Wilbur 1971). Adult fish are likely to move away from or avoid areas of high
suspended solids, such as dredging sites, unless food supplies are increased as a result of increases in organic
material.
The degree of resuspension of sediments and turbidity from maintenance dredging and disposal depends on four
main variables (Pennekamp & Quaak 1990):
 the sediments being dredged (size, density and quality of the material),
 method of dredging (and disposal),
 hydrodynamic regime in the dredging and disposal area (current direction and speed, mixing rate, tidal
state), and
 the existing water quality and characteristics (background suspended sediment and turbidity levels).
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The ecological effects of sedimentation on coral reefs range from a temporary slow-down in coral growth to
gradual dying and permanent changes in community structure and species. As sedimentation causes serious
implications on the overall reef and community structure, significant changes felt on the environment include
sand loading, sedimentation, silt deposition on coral colonies, other organisms, crevices and cavities. Within the
coral reef ecosystem, corals and corralline algae are first to suffer from sedimentation. Some corals and algae
will immediately die because they cannot reject mass sedimentation episodes while molluscs and crustaceans as
well as fish leave the damaged reef or die, resulting total decrease in species richness and diversity as well as
loses its renewable high productivity.
However, in terms of withstanding and removing fine sediments falling on them depends on the type of coral
since different types of corals have different abilities to either withstand or reject sedimentation. Branching
species are more advantageous than other flat and massive growthforms in remaining viable in situations of
prolonged sediment deposition. Coral species with habitats close to the coastline, on fringing reefs, are generally
more efficient cleaners than species that live on the outer reef slope.
8.3.4.1

Changes in Coastal Water Quality

During dredging operations, excessive rate of suspended particles in water could change turbidity level which in
turn will affect the quality, quantity and intensity of light reaching reef organisms hence; it will affect coral
metabolism, productivity and growth of reef building corals. The effects of turbidity due to dredging on corals
may be lethal, sub-lethal or acute or chronic depending on the intensity and duration of disturbance. Since the
percent of live corals in the project area is very small and mainly small porites, this impact is not considered to
be significant. Also, due to strong longshore and onshore currents in the area, the water quality would be affected
for a short duration and sediment plumes would be diluted to a great extent. It is important to note here that the
proposed harbour does not have stagnant corners as in typical or traditional harbours. The effects of suspended
sediments and turbidity are generally short term (<1 week after activity) and near-field (<1km from activity).
There generally only needs to be concern if sensitive species are located in the vicinity of the harbour (ABP
1999).
The degradation of water quality in the harbour would not be a concern in the case of Holhudhoo harbour as the
harbour has good flow from one end to the other. However, in case of waste disposal especially floating matter,
they would tend to accumulate in dead zones such as corners of the quaywalls resulting in loss of water quality in
the long term.
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8.3.4.2

Impacts on the Oceanography of the Area

One of the effects of dredging will be creation of an area deeper than the existing lagoon, thus helping to reduce
the energy of the incoming waves reaching the shore. However, the effect will be felt only in the entrance channel
area, where there may be a funnelling effect for incoming wave energy dissipating on the reef flat and on the
breakwaters along the length of the harbour. The deeper water in the channel as well as the harbour may direct
some of the tidal currents into the harbour where the deeper water will help ease the magnitude of the force. If
there is a high current in the surrounding environment, this current will enter through the entrance bringing with it
sediment. As a result, maintenance dredging would often be required in entrance channel areas where strong
currents exist.
In Holhudhoo, the harbour appears to be located in the perfect place in terms of disruption to sediment (sand)
movement around the island. The littoral drift around the island is mainly on the southern half of the island.
8.3.4.3

Impacts on Baitfish, Reef-fish and Other Marine Organisms

As a result of dredging and associated activities and consequential impacts on the physical and biological
environments, the marine organisms such as sea cucumbers, and juvenile fish found in the area will be impacted
and may decline in its numbers and diversity as well as eventual death in certain species. Sedimentation may
also reach short distances within the same reef and causing similar threats to species. However, the magnitude of
the impacts will be determined by current flow patterns and resilience of the species in the region. For
Holhudhoo, this impact is considered to be minor with low significance.
8.3.4.4

Mitigation Measures

Mitigation Measures to minimize sedimentation impacts include:
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 earthen berm, so that suspended sediment will be only confined
to that particular area. Similarly, an earthen berm or barrier 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. In order to avoid sedimentation directly on the reef, the outflow water from the
reclamation area will be directed into the harbour basin.
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8.3.5

Dredged material disposal

Dredged material is proposed to be disposed to the proposed reclamation area on the northeast or southwest
ends of the island, as shown in Figure 8-1. The main impact of the dredged material disposal would be related to
the smothering and death of corals in the immediate vicinity, resuspension of fines in the water column and
increased turbidity in the surrounding marine environment. The sedimentation impacts would be similar to that of
dredging but slightly less as the area to be reclaimed may be bunded by an earthen berm at the start of the
reclamation. The impact will be felt in the short term (during construction) and is not considered to be significant
given that the area has been subjected to several anthropogenic stresses and the reef flat is mainly dead due to
natural sediment deposition as well. It has been observed during the surveys that the northeast corner reef area
was quite turbid at the time possibly due to longshore sediment transport processes affecting the area at the time,
as the westerly currents bring sediments from the southeast towards areas on the northwest.
Dredged material disposal on the proposed southwest corner would have positive impacts on the shoreline while
there may be some degree of siltation on the nearby reef areas. Also, without adequate protection, it is quite
possible that the area would be eroded again, but compaction due to filling would help to keep the sand intact to
some extent.
As a mitigation measure to combat erosion on the dredge material disposal sites indicated in Figure 8-1, it may
be useful to place the sand in such a way that vegetated groynes can be formed. If these are considered in the
final design the details of these shall be clearly indicated in the final design.

8.3.6

Impacts of Coastal Structures

8.3.6.1

Construction of Quay Wall and Breakwater

During construction, use of cement may create siltation around the immediate marine environment. However, this
impact would be very little and insignificant, if the works are carefully supervised.
The breakwater would be created using natural rock boulders. Rock installation does not require any in-situ
construction, therefore no issues of cement disposal in the marine environment. The only impact from the
breakwater installation would be the movement of excavator and the placement of the structures on the reef flat,
which will damage the corals and affect the habitat of marine fauna in the area. These impacts are considered
moderate, however, given the existing anthropogenic impacts and low coral cover, the cumulative impact is not
significant.
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8.3.7

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, there will not be any disturbance due to noise at
site due to the distance of the residential areas from the worksite. Since work activities will not be undertaken
during night time, there would not be any impacts of sleep disturbance.

8.4

Operational 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.

8.4.1

Impacts of coastal structures

Since the existing coastal structures are being enhanced except for an extension of the quaywall and possibly
breakwater, there are no additional impacts from the proposed project during operational phase.

8.4.2

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):
 Poor water quality due to siltation and stagnation of water.
 Impacts due to accidental spillage of oils, other chemicals and waste.
 Hydrodynamic changes forming dead zones in the inner harbour where litter may accumulate
 Erosion and its associated impacts like loss of coastal vegetation.
In the case of the proposed harbour, there is good flushing of the lagoon at all tides and water quality in the
harbour will be maintained. Therefore, there would not be dead zones in the harbour where litter could
accumulate. The proposed concept also has no additional impact on beach or coastal erosion.
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8.4.3

Waste and Bilge Water Disposal

Inappropriate handling of solid waste and garbage 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 possibly 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 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 by certain items such
as plastic bags.
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 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.
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 need to 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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8.4.4

Transport related emissions

Air and noise pollution are the main impacts related to vehicular traffic using the harbour. The use of diesel as
well as petrol in vehicular engines cause emissions of carbon dioxide, sulphur dioxide and nitrogen oxides with
fine particular matter. Carbon dioxide being the primary greenhouse gas and the main contributor to global
warming, carbon emissions would be a cause for concern although the carbon dioxide emissions from the few
vessels that use Holhudhoo harbour are small in size and number, the impact cumulatively adds to the global
burden of carbon emissions. The amount of sulphur dioxide and nitrogen dioxide emitted by vessels using
Holhudhoo harbour would be small and would be an insignificant addition to the global emissions. Yet, the per
capita cumulative impact would be moderate. However, with the country’s goal of carbon neutrality by 2020,
carbon emissions are expected to go down significantly over the years.

8.4.5

Socio‐Economic Impacts

The socio-economic benefits of the proposed project are considered to be mainly positive or beneficial. These
are discussed below.
8.4.5.1

Improved safety of vessels

Vessels parked or berthed at the harbour would be safer once the breakwater is completed.
8.4.5.2

Community satisfaction and acceptance of political commitment

Small communities in the Maldives in the past have experienced years of political promises, which rarely
happens into reality. People on islands do not believe and accept political promises unless it happens. The men
and women of Holhudhoo also had the same mistrust in political commitments in the past. Hence, the
implementation of the project will help to build trust and create a happier community.
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8.5

Overall Impact Evaluatio n

This section provides a summation of the impacts of the project components discussed above. The impacts of
the project have been evaluated according to the following criteria:
1. Magnitude (or severity): the amount or scale of change that will result from the impact
2. Significance: importance of the impact. Reversibility is considered part of its significance
3. Duration: the time over which the impact would be felt
4. Extent/spatial distribution: the spatial extent over which the impact would be felt
The scale associated with the above criteria are given in the table below.
Table 8‐1: Impact evaluation scale
Criteria
Magnitude
Change caused by impact

Significance/Reversibility
Impact implications /
Reversibility of impact's effects
Duration
Duration / Frequency of Impact

Extent/Spatial Distribution
Distribution of impact

Scale
-3
-2
-1
0
1
2
3
0
1
2
3
0
1
2
3
0
1
2
3

Attribute
Major adverse
Moderate adverse
Minor adverse
Negligible
Minor positive
Moderate positive
Major positive
Insignificant
Limited implications / easily reversible
Broad implications / reversible with costly intervention
Nationwide or global implications / irreversible
Immediate
Short term/construction period only
Medium term (five years of operation)
Longterm/continuous
None/within 1m from point of discharge/no affected party
Immediate vicinity/household level/developer/consumer
Specific areas within the island/atoll/specific parties
Entire island/atoll/nation/all stakeholders

Based on the above scale, an impact matrix was developed for the proposed or recommended option to
determine the overall impact of the proposed project. This matrix is given in the table below.
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Table 8‐2: Impact matrix for the proposed project

Live Bait

Lagoon/seawater

Land/seascape

Air/Noise

Services and Infrastructure

Health and Safety

Employment

Costs to consumer/tax payer

Reefs

Property Value/Satisfaction

K EY C OM PO NEN TS
Env i ronme nt
Soci o-Economi c

-1 0

-2 0

-1 1

-1 0

-1 0

1

1

-1 0

1

1

1

1 -2

1

2 1
-2 0

2 1 1 1
-1 0 -2 0

1 1
-1 0

1 1
-1 0

1
1

3 1 1
1 -2 0

1
1

3
1

2
1

1 1
1 -2

1
1

1 1
-1 0

1
0

1 1
-1 0

1 1
-1 0

1 1
-1 0

1
1

3
1

1 1
-1 0

1
1

3
1

2
1

1 1
1 -2

1
1

1 1
-1 0
1 1

0

1 1
-1 0
1 1

1 1 1 1
-1 0 -2 0
1 1 1 1

1
1
1

3
1
3

1 1
-1 1
1 1

1
1
1

3
1
3

2
1
2

1 1
1 -2
1 1

1
1
1

-1 0
1 1

0

0

0

0

-1 0
1 1

1
1

1
1

1
2

1 -2
1 1

1
1

Operation of harbour

-1 0

0

-1 0

-1 0

-1 0

2

2

3

2

2

1

2

1

3

3

3

1

3

3

3

3

3

1

3

3

3

Transport and handling of goods

-1 0

-1 0

2

2

2

1

1

1

1

1

-1 1

3

3

3

1

1

1

3

1

3

Use of reclaimed area/beachfront

-1 0

1

1

2

2

1

1

2

1

-1 1

1

3

2

3

3

1

3

1

3

PROJ EC T AC TIV ITIES
C onst ruct i on
Excavation of channel, basin and additional basin
Construction of quaywall and breakwater
Dredge material disposal
Machinery and construction equipment
Workforce management

1

0

Operat ion
3
3
3

1

KEY: M S
D E

1

0

-1 0

-1 0

3

1

3

1

3

0

-1 0

1

1

0

3

1

3

1
1

1

1

Magnitude
Duration

1

-1 1
1
1
1

Significance
Extent (spatial)

An impact potential index was then developed from the above table. The impact potential index table below
represents a product of the magnitude (M), significance (S), duration (D) and extent/spatial distribution (E) given
in the above table. The sum of all key component specific indexes for one activity (i.e. sum by rows) provides the
Activity Potential Impact Index (API) and the sum of all activity specific indexes for one key component (i.e. sum
by column) provides the Component Potential Vulnerability Index (CPVI) which gives an indication of the
vulnerability of each key component to activity related impacts. The table below represent the impact potential
indices for the proposed project.

Proponent: Ministry of Housing and Environment
Consultant: Ahmed Zahid (EIA08/2007)

P a g e | 46

EIA for the proposed rehabilitation of harbour in Holhudhoo, Noonu Atoll

Table 8‐3: Impact potential indices for the proposed project

Property Value

TO TAL AP I

Employment

Costs to consumer/tax payer

Health and Safety

-0.01

0

0

0.04

0

0.04

0.02

-0.02

0.07

0

0

0

0.04

0

0.04

0.02

-0.02

0.08

0

0

0

0

0

0.04

0

0.04

0.02

-0.02

0.08

0

0

0

0

0

0.04

-0.01

0.04

0.02

-0.02

0.07

0

0

0

0

0

0

0

0.01

0.02

-0.02

0.01

0

0

0

0

0

0.44

0.67

0.07

0.22

-0.04

1.36

0

0

0

0

0

0.44

0.07

0.01

0.04

-0.04

0.52

0

0

0

0.04

0

0.04

0.3

0.04

0.07

-0.04

0.45

-0.22

2.64

0

0

-0.01

Air/Noise

Lagoon/seawater

0
0

Land/seascape

Live Bait

0
0

Reefs

PRO J EC T AC TIV ITIES
Construction
Excavation of channel, basin and dredge material disposal
Creation of jetty with culverts/other methods
Disposal of excess material
Machinery and construction equipment
Workforce management
Operation
Operation of harbour
Transport and handling of goods
Use of reclaimed area/beach front
TO TAL C P VI

Services and Infrastructure

K EY C O M P O N ENTS
Soci o-economi c
Env i ronme nt

0.04

0

1.08

1.03

0.29

0.43

API = Activity Potential Impact Index
CPVI = Component Potential Vulnerability Index

The table above indicates that the project has some negative environmental impacts during the construction
phase as well as operational phase, which are not as strong as the positive outcomes of the project, as a result of
which the total potential impact index for the project is positive.

8.6

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, geomorphological 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
Holhudhoo harbour project may be expected to be low due to the experience of similar projects in similar
settings in the Maldives. Nevertheless, it is important to consider that there will be uncertainties and to undertake
voluntary monitoring as described in the monitoring programme given in the EIA report.
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Table 8‐4: Summary of socio‐economic and environmental impacts of the proposed project
Activity
DREDGING or EXCAVATION

RECLAMATION or
MATERIAL DISPOSAL

BREAKWATER

QUAY WALL
MACHINERY &
EQUIPMENT

INFRASTRUCTURE AND
PORT FACILITIES

WASTE DISPOSAL

Causal Factors

Impact

Short Term Effects

Smothering of bottom biota

Loss of bottom biota and habitat

Decrease in baitfish catches

Re-suspension of fine sediments
Altered bathymetry

Water quality degradation
Disruption of sediment transport and
current patterns
Groundwater contamination

Increased water turbidity
Improved flow in the eastern lagoon,
therefore sand accumulation minimized
Groundwater salinisation

Smothering of bottom biota
Re-suspension of fine sediments
Altered bathymetry

Loss of bottom biota and habitat
Water quality degradation
Disruption of sediment transport and
current patterns

Decrease in baitfish catches
Increased water turbidity
Natural equilibrium upset

Re-suspension of fine sediments

Water quality degradation

Increased water turbidity

Imported material use
Disposal of humus when boulders
are placed in the marine environment
Existing quaywall demolition
Cement and aggregate
Heavy machinery operation and
construction
Accidental damage from operation of
barges, etc.
Accidents during machinery and
material transport to site
Changes in shoreline configuration
and appearance
Need for additional space/land use
issues
Discharges or accidental spill of
motor oils, lubricants, hydraulic
fuels, other chemicals such as
antifoulants and paints in vessels

Introduction of alien matter
Turbidity and discolouration of water

Leaching of salt from stockpiles

Proponent: Ministry of Housing and Environment
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Debris disposal
Water quality deterioration
Local noise and air pollution

High level of turbidity and
discolouration
Increased turbidity
Increased water turbidity
Temporary disturbance to particularly
sensitive habitats/people

Long term Effects
Decrease in tuna catches
Loss of economic revenues from
fisheries
None
Longterm sediment transport patterns
would not be affected
Increased reliance on rain or
desalinated water

Natural equilibrium may be reached
after coastal erosion and accretion in
certain areas

Sediment distribution and current
pattern changes
Land allocation for future developments
and uses may have to be considered
Marine water pollution, especially
pollution of harbours

Moderate
Low
None
Low
Low
Moderate
Low

Discolouration may remain
Resuspension of fine

None

Local damage to reefs
Oil and waste spillages to oceans/reefs

Impact
Significance
Low

Low to moderate
Low
Low
Insignificant
Low

Sudden death of marine life to water
quality deterioration
Coastal erosion and accretion patterns
change
Costs linked to new facilities, new
housing and associated service
Contamination of marine biota and
fisheries resources as well as harbour
sediments
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Low to moderate
Additional costs of shore protection

Negligible

Disruption of traditional land use
patterns
Decrease in fish catch
Loss of economic revenue

None
Low
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Activity

Causal Factors

HANDLING AND LAND
TRANSPORT OF GOODS IN
HARBOUR AREA

Discharge of sanitary waste from
vessels such as safari yachts
Discharge of solid waste including
fish waste
Loading/unloading noise
Dust and air emissions
Transport including road transport

INFLOW OF GOODS AND
SERVICES

Increased traffic of vessels to and
from the island
Increased access to building
materials
Increased access to foods

Proponent: Ministry of Housing and Environment
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Impact
Eutrophication of marine waters and
pollution of harbour
Littering of marine waters and beaches

Short Term Effects
Decrease in water quality
Health hazard to swimmers
Landscape aesthetic degradation

Air and noise pollution
Increased risk of accidents
Increased pollution
Increased inter-island transport and
inter-atoll transport
Creation of business opportunities
Direct and reliable supply of goods
Reduction in coral mining
Improved housing
Improved diet and health benefits

Increased casualties, air and noise
pollution
Improved access to public services
such as Atoll School, Regional
Hospital, Atoll/Province Office and the
nation’s capital, Malé
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Long term Effects
Loss of tourism and recreational value
of marine waters and beaches
Loss of tourism and recreational value
of marine waters and beaches
Disturbance to Island Office and other
noise sensitive locations
Increased casualties, air and noise
pollution
Creation of employment
Improved business culture

Impact
Significance
Low to moderate
Low to moderate
Low
Low
Positive

Quality of life improved

Positive

Quality of life improved

Positive
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Table 8‐5: Summary of mitigation measures
Mitigation measures for minimising impacts of dredging and reclamation

Implementing
responsibility

Technology/
equipment

Time frame

Cost

Design Phase

Identify areas for dredge material disposal (reclamation)
Mark the boundaries of dredge material disposal areas so that outer boundaries can be bunded

Project engineer

N/A

Completed

N/A

Construction
phase

Regular monitoring for level of suspended solids and /or turbidity during dredging works
Ensure proper and efficient dredging operation
Selection of appropriate dredging windows (e.g. dredge basin at high tide to ensure flushing and reclamation areas at
low tide)
Minimise spillout of dredged slurry
Contain reclamation area(s) using sandbags or by placing dredged sand bund on the periphery
Create settling compartments to maximise deposition of fine sediments
When reclaiming beaches, it would be better to use sieved sand for the upper layer
Completion of excavation and reclamation as soon as possible
If possible stockpile part of the dredge material for subsequent nourishment in eroding areas
Monitor bathymetry of channel and basin at regular interval

EIA Consultant
Contractor

N/A

N/A

N/A

Island Council

N/A

N/A

N/A

Operation phase

Mitigation measures for mitigating impacts of machinery and equipment

Implementing
responsibility

Design Phase

Technology/
equipment

Time frame

Cost

Plan for the use of appropriate equipment – dredger or excavator, type, etc.
Provide appropriate dredging/reclamation timing windows
Construction
Ensure proper monitoring of construction activities
phase
Establish strict safety measures for machinery operation
Locate storage area in the harbour area and not move to other areas
Provide effective management of fuel handling area and other dangerous substances storage
Mitigation measures for mitigating impacts of coastal infrastructure and harbour facilities

Project engineer

N/A

Completed

N/A

Contractor

N/A

N/A

N/A

Design Phase

Ensure appropriate design based on cost and environmental impact

Construction
phase

Allow for sufficient space for future expansion
Avoid fixed filled structures where possible
Plant new vegetation on reclaimed areas where possible

Project engineer
EIA consultant
Project Engineer
Proponent
Contractor
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Technology/
equipment

Time frame

Cost

N/A

Completed

N/A

N/A

N/A

N/A
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Mitigation measures for mitigating impacts of waste disposal

Implementing
responsibility

Design Phase

Technology/
equipment

Time frame

Cost

Design for appropriate solid waste disposal such as provision of disposal facilities and collection procedures
Establish appropriate mechanisms for the operation and maintenance of harbour
Construction
Construction waste must be disposed appropriately
phase
Construction debris shall not be disposed in the marine environment
Operation phase
Produce and enforce strict regulations for liquid and solid waste disposal from vessels and in the harbour area
Disposal of solid waste including fish waste, wastewater and waste oil disposal 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 are in place in case of spill out of dangerous substances
Appropriate solid waste collection facilities shall be placed at the harbour area
Mitigation measures for mitigating impacts of goods handling at harbour

Project engineer
Island Council
Contractor

N/A

Island Council

Design Phase

Raising awareness and utilizing environmental best practice
Careful planning to ensure minimal disturbance to accessibility to island
Dredging will be carried in a manner that will not interfere with existing operations

Project engineer
Island Council
Contractor

N/A

Not sure

N/A

N/A

N/A

N/A

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

N/A

N/A

N/A

Construction
phase
Operational phase
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Implementing
responsibility

N/A

Detailed design
stage
N/A

N/A

N/A

N/A

N/A

Technology/
equipment

N/A

Time frame

Cost
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Environmental Monitoring

Environmental monitoring is essential to ensure that potential impacts are minimized and to mitigate
unanticipated impacts. The parameters that are most relevant for monitoring the impacts that may arise from the
proposed harbour project are included in the monitoring plan. These include turbidity and nutrient,
sedimentation, beach profile and live coral cover and nektonic fauna. Monitoring will be carried out as part 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. This will help to minimize environmental (socio-economic and cultural) impacts of projects in future.
The monitoring plan shall target to measure:


live coral cover and nektonic fauna



the amount of sedimentation on the reef



water quality and visibility



beach profile and hydrodynamic changes



impacts are accurate and mitigation measures taken are effective and



the thresholds are kept within the baseline limits predicted.

However, given the small scale of this project, it is recommended to monitor water quality on site for turbidity
during the project stage to ensure that the sediment plume does not reach coral reef areas. In addition, as built
shoreline and 3-monthly shoreline monitoring (low tide, mean tide and high tide lines) using differential GPS for
monitoring changes to shoreline up to two years would provide valuable data for future harbour development
projects in the country and for possible future expansion of Holhudhoo harbour.

9.1

Recommended Monitoring Programme

Outlined here are minimum project specific monitoring requirements that can be considered. This monitoring
programme for the proposed project includes at least three monthly monitoring and covers the three stages of the
project implementation.
Stage 1: Immediately before starting works
Stage 2: During dredging and reclamation
Stage 3: Post harbour development phase
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The monitoring needs of each stage are discussed in detail below:
Stage 1 (before reclamation)



Marine water quality for pH, conductivity, dissolved oxygen, turbidity and salinity



Public expectations/feelings

Stage 2 (during reclamation)



Marine water quality for pH, DO, EC, salinity, turbidity (during reclamation and dredging) at possible
reef areas into which sediment plume is expected to move.



Public views, comments and grievances

Stage 3 (post reclamation)



Shoreline (from a benchmark tide line around MSL) immediately after reclamation using DGPS



Shoreline (as above) every three months for two consecutive years



Marine water quality - dissolved oxygen(mg/l), DO, salinity, electrical conductivity, TDS and turbidity
immediately after reclamation and after three months



9.2

Socio-economic changes based on the indicators provided in Appendix 3.

Cost of monitoring

The following table outlines a cost estimate for the monitoring assuming the monitoring will be undertaken by
environmental consultants and most of the parameters would be tested in-situ.
Table 9‐1: Estimated cost of the proposed monitoring programme (annual)
No

Details

Unit cost (MRF)

1

Transport cost (public ferry or other cost effective means)

4,000.00

16,000.00

2

Field allowance for 2 staffs for 2 days

1,000.00

4,000.00

3

Accommodation and food and miscellaneous for 2 staffs for 2 days

500.00

2,000.00

5

Monitoring equipment

2,570.00

20,560.00

Total

9.3

Total (MRF)

42,560.00

Monitoring Report

A detailed environmental monitoring report is required to be compiled and submitted to the Environment
Protection Agency. The report must be based on the data collected for monitoring the parameters included in the
monitoring programme given in this report.
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.
Proponent: Ministry of Housing and Environment
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Declaration of the consultant

This EIA has been prepared according to the EIA Regulations 2007. I certify that the statements in this
Environmental Impact Assessment study are true, complete and correct to the best of my knowledge and abilities.

Name: Ahmed Zahid (EIA 08/07)
Signature:
Date:
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Terms of Reference for Environmental
Impact Assessment
The following is the TOR for undertaking the ELA of the proposed redevelopment of harbour in
Holhudhoo, Noonu Atoll, Maldives. This TOR is based on the issues raised in the scoping meeting
held on Sunday, 20 February 20ll at Environmental Protection Agency. While every attempt has
been made

to ensure that this TOR addresses all of the major issues associated with development

proposal, they are not necessarily exhaustive. They should not be interpreted as excluding from
consideration matters deemed to be significant but not incorporated in them, or matters currently
unforeseen, that emerge as important or significant from environmental studies, or otherwise, during
the course of preparation of the EIA report.
This TOR has been preparedfor the Environmental Impact Assessment ofthe proposed harbour redevelopment
Holhudhoo, Noonu Atoll. The project is proposed by the Ministry of Housing and Environment and
implemented by Works Corporation Ltd. The new size of the harbour proposed is 224.9m by 72.6m. The existing
chqnnel would be closed qnd a new channel made. The quoywall and breahpater would be renovated.
Holhudhoo is approximately 18 hectares in size and has a population of over 1527 people (2006 census).
Although the study involves the whole island and its people, the speci/ic plrysical impact boundqries include the
dredge area (harbour entrqnce and basin) and the area or areqs in which dredge material would be disposed.
Therefore, potential impact qreqs in the vicinity of the project site and the coqstql areas of the island that may
be impacted would be studied in detail.

in

I.
Introduction - Describe the purpose of the project and, if applicable, the background of the site and
the tasks already completed. Define the arrangements required for the environmental assessment including how
work carried out under this project with relevqnt stakeholders qnd institutional arrangements for the execulion
ofthe project.

2.

Submit an A3 size scaled plan with indicqtions of all the proposed infrastructures. Specfy
for the environmental impact assessment highlighting the proposed
development location qnd size. The study area should include adjacent or remote areas including relevont
developments and nearby environmentally sensitive sites (e.g. coral reef, mangroves, marine protecled areas,
special birds site, sensitive species nursery andfeeding grounds). Relevant developments in the areas must also
be addressed including residential areas, all economic ventures and cultural sites.
Stu4v Area

-

the boundaries of the study area

3.

Scope of lltork
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Task 1. Description of the Proposed Project - Provide a full description of the relevant components and
nature of the project, using maps at appropriate scales where necessary. The main components of the harbour
repair and reconstruction work shall include:
a

Brief description of the proponent.

a

Just iJicat i on of t he pr opos ed pr oj e ct.

a

Clearly labelled and approved concept plan (stamped by Ministry of Housing and Environment),
Description of coastal structures including quaywalls, brealoyaters and arry other coastal protection

a

structures.

Information on harbour basin and channel dredging area in terms of batlrymetry, depth, estimated
volume of sediments dredged and how the dredged material would be used.

Detailed informotion on Hqrbour basin including details of breahlater, quay wall and how lhe
construction works will be carried out.
Information on harbour level with respect to mean sea level reflecting drainage issues in the vicinity of
the harbour to include identification of anyflooding issues resultingfrom the harbour.
Project management (include a matrix of project inputs and outputs, scheduling and duration of the
project and life span of facilities; communication of construction details, progress, target dates,
construction/operqtiott/closure of labour cqmp; qccess to site, safety, equipment and mqlerial storage
etc).

Task 2. Description of the Environment

-

include a description of the existing environmental conditions

of

the project site with photos of the site where relevant. Consideration of likely monitoring requirements should

be borne in mind during survey planning, so that data collected is suitable for use as a baseline. As such all
baseline data must be presented in such a way that they nay be usefully applied to future monitoring.
Specific emphasis should

-

4'

Dredge material disposal
Site mobilisation, mochinery and construction equipment
Coastal struclures such as breakwqter, quaywalls and revetments

I(orkforcemanqgement
Coastal recreationql activities of the island community in the project area and possibly other oreas
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As such thefollowingfield investigations must be consideredfor baseline dqtq collection:

-

Longshore/offshore currents in the project area, preferably around lhe island
General climatic and oceanographic conditions in the proiect area
Batlrymetry of the project area
Sea water quality parameters shall specifically include dissolved orygen, salinity, pH, temperature,
BOD, COD and turbidity
Types ofcoastal vegetation around proposed hqrbour area
Condition of the house reef at the project area(s) and possibly other locations around the island which
may be considered to have the least impactfrom the proposed development
Socio-economic conditions of the island community
Housing and landuse patterns of the island (in briefl

-

All suney locations shall be referenced with Geographic Positioning System (GPS) All wqter samples shall be
taken at a depth of t m from mean sea level or mid water depth for shallow areqs. The report should outline the
detailed methodologt of data collection utilized lo describe the existing environment. Absence of facililies in the
country to carry out the water quality tesls will nol exempt lhe proponent from the obligation to provide
necessary dala.

Task 3. Legislative and Regulatory Considerations - Identify the pertinent legislation, regulations and
standards, and environmentat policies that are relevant and applicable to the proposed proiect, and identifi the
appropriate authority jurisdictions that will specifically apply to the project. Legal requirements:
. Approval from the Housing and Environment Ministry;
. Approval from the Transport Ministry.
Task 4. Ahernatives to proposed project - This seclion must include the proposed development scenario
evalualed against the no-project option and other alternatives. These include alternalive design concepts or
tayout of thi harbour, aliernative technologies and materials, and alternatives for fill material disposal. The
report should discuss how the recommended qlternative was selected.
Task 5. Potential impacts (environmental and socio-cultursl)- The EIA report should identify all the
impacts, direct and iniirect, during and after construction, and evaluate the magnitude and significance of
each. Particular altention shall be given to impacts associated with the following:
Impacts on the naturql environment
. Changes in flow velocities/directions, resulting in changes in erosiort/sedimentation patterns, which
may impact shore zone conJiguration/coastal morphologt;
o Loss of marine bottom habitat in the botow area as well resulting in loss of bottom life which may
impact fish stocks and species diversity and density of crabs, shellfish etc.;
Sediment dispersal in water column (turbidity at the dredging site (overflow) and relqted to shore
other benthic
protection activities), possibly resulting in changes in visibility, smothering&re
communltrcs.

o
c
o

Impacts of noise, vibration and disturbance;
Impacts on unique or threatened habitats or species (coral reefs, sea
Impacts on landscape integrity/scenery.
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ImDacts on the socio-economic environment
c Impacts ofthe dredging on resource users (adjacent businesses, nearby resorts and dive sites);
o Level ofprotection against hazards like sea level rise, storm surges, etc.
o Employment qnd economic opportunities and diversification;
c Social destabilization of the island community, and
c Description of socioeconomic and demographic status.

Construction relqted impacts qnd risks
o Pollution of the natural environment (e.g. oil spills, discharge of untreated waste water and solid
wqste, including construction waste resultingfrom the project activilies);
o Rrst of accidents and pollution on workers and local population, and
. Impacts on social values, norms and belief due to presence of construction workers tf they are non
resident.
the
The methods used to identify the significance of the impacts shall be outlined. The report should outline

uncertainties in impact prediction qnd also outline all positive and negative/short and longlerm impactsIdentify impacts thit are'cumulative and unavoidable. (Jse interaction mqtrices (E.g. Leopold Matrix) to assess
the magnitude and significance of the impacts.

Task 6. Mitigation measures - Identify possible measures to prevent or reduce significant negative impacts
materials
to acceptablelevels with particular qtteition paid to sediment control and construction methods and
that may
area
project
in
the
live
corals
of
any
that would minimize impict on the environment. Transplantation
the
Discuss
measure.
mitigation
impoitant
feasibility and cost
be adversely aflecled shatl be considered as an
to it'
commitment
the
and
mitigation
of
the
costs
provide
mitigation meqsure and
efectiveneis i/
"o"h
Erwironmental monitoring shall focus on the construction as
water quality
well as the operational phase of the pioposed project. Constructional monitoring shall cover seq

Task 7. Environmentol Monitoring Plan

-

by
e after th,e
an'ongoing

entation

pH, DO and turbidity at regular intervals before,
oral transplantation was considered as a feasible
o assess the heqlth of the lransplanted coral in the

lransplanted area shall be considered. Monitoring
deposition in the dredged area shall be consideredfor

also provide a detailed cost breakdown fo
programme shall identify the different parties involved
'corimitment
of the Proponent to carryout critical monitoring tasks associatedwith the proiect.

siould

All projects are
This TOR contains an outline of the parameters that hove to be tested (see appendix).
assessments'
and
impact
recovery
collectedfor
will
be
data
less
or
dffirent, therefore additional

*
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Tosk 8. Stakeholder Consultation

- As the main stakeholder is the island community,

extensive

consultations shall be done with key community members, i.e. the Atoll Council and Island Council members.
Key tine agencies from lhe Government including the Ministry of Housing and Environment and Northern
Province Ofice were consulted as part of the scoping and their views shall be incorporated. List of participants
of the scoping meeting as well as community consultations shall be attached.

Timeftame for submittins lhe EIA reoorl - The developer must submit the completed EIA report within
montlufrom the dqte of this Term of Reference.

3

- The environmental impact assessment report, to be presented in print and digital format, will be
on significant erwironmental issues. It will contain the findings, conclusions and
""d focus
actions supporied by summaries of the data collected and citations for any references used in
recommended
interpreting those data.'The environmental assessment report will be organized according to, but not

Presentstion

**it"

necissarily limited by, the outline given in the Environmental Impact Assessment Report, 2007.
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Aopendix

I

PHYSICAL MONITORING
SEA WATER QUALITY TESTING FOR BASELINE DATA COLLECTION
These parameter guideline triggers have been adopted from the Great Barrier Reef Marine Park Authority
(GBRMPA, 2009). The marine ecology in the Maldives is so vulnerable that it should be compared to that in
the GBRMP. This will help maintain healthy ecosystems to preserve valuable natural resources that are directly
or indirectly part of all people's livelihoods.
Take 3 control water samples away from the project site, 3 water samples from the project site and a
representative number of water samples from different locations around the project site. All water
samples shall be taken at a
Record the GPS coordinates of each water sample taken. Analyze the following parameters and
check the water quality standards to evaluate the status of the sample.

Table

l. Water

mum conditions.

ti

REFERENCE

OPTIMAL RANGE

PARAMETER
TEMPERATURE

l8uC and 32"C
*Changes should not surpass loC above the
average long term maximum

GBRMPA.2OO9

SALINITY

3.2% _ 4.2o/o*******

GBRMPA.2OO9

PH

8.0-8.3

TURBIDITY

3-5 NTU

*Levels below 7.4 pH cause stress
Cooper et qL.2008

>5 NTU causes stress

SEDIMENTATION

Maximum mean annual rate 3mg/cm'lday

GBRMPA.2OO9

Daily maximum of l5mg/cm"ldaY
<5 mg I'NO3-N

AMMONIA

Max.2-3 mg

PHOSPHATE

0.005-0.020mgf'PO4-P

TINESCO/WHOruNEP, I996

SULPHATE

2 mgl't and 80 mg l-'

UNESCO/WHOruNEP, I996

BOD

<2mgl-'03
< 20 mg l-'O,

UNESCO/WHO/UNEP, 1996

COD

*,t*,t**,t This could be higher
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ACCEPTABLE DRINKING GROUND WATER QUALITY RANGES

& Sanitation Authority require that ground water quality meets specific standards. Table l, 2
& 3 indicate the ranges for drinking water quality. If the water is not used for such purposes, quality ranges
may not be within the limit but quality wilt not decrease after consffuction. All survey locations shall be
referenced with Geographic Positioning System (GPS). All parameters shall be tested and analysed at a
The Water

certified laboratory.
Table

l.

Weekly tests (Source: WHO).

Parameters
Free chlorine

Reference Range
0.2-0.5 msll

oH

6.5-8.5

Phvsical Appearance
Temperature

Clear

Electrical Conductiviry
Total Coliforms

<1500 us/cm
0/100 ml

Faecal Coliforms

0/100 ml

& Colorless

(Source: WHO)'
Table 2. Six monthly tests should be performed along with those given in table 2

Parameters

Reference Range

Turbiditv

<5NTU

Total Dissolved Solids
Chloride
Nitrates
Ammonia

<1000 me/l

Iron
Total Coliforms (MF)
Faecal Coliforms (MF)

450 msll
<50 meil

me/l
0.3 me/l
0/100 ml
0/100 ml
1.5

(Source: WHO)'
Table 3. Annual tests should be performed along with those given in table 2 & 3
Reference Ranqe
Parameters
<250
me/l
Sulphate
<0.1 ms/l
Manganese

Total Petroleum HYdro Carbon
Sodium

<200 ms/l

Potassium
Calcium Hardness

Bromine
Total Residual Chlorine
Hvdrosen Sulphide
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<0.001
Lead

<0.01 msll

Copper

<2me/l

Boron
Arsenic

<0.3 ms/l
<0.01 me/l

Fluoride

<1.5 me/l

Phenolic compounds

Anionic detersents
<0.003 ms/l

Cadmium
Chromium

0.05 me/l

Cvanide

<0.07 me/l

BATHYMETRY AND HYDROLOGY
Waves, currents, tides: These parameters are important for understanding sediment transportation and
the rate of effluent water dispersion. Ideally, presented a map illustrating the extent of sediment plumes and
highlight the sites which will be affected by high sedimentation and turbidity rates. This study will
complement coastal erosion monitoring.
present bathymetric data on an A3 map. Identifo the sites which have high water dispersion and dilution
rates as well as intense erosion performances. State the tidal ranges in the area including neap and spring tides
throughout the year. Mark the areas where wave action is more intense (e.g. where waves break).

This data is key for sewerage projects, desalination plants, dredging activities, aquaculture ventures,
outfall
agriculture and ail those which involve water dispersion and sediment transport activities. Sewerage

pipes shall be located where currents quickly disperse effluent. B.rine water from desalination plants ought to
fe placed in high energy waters too, however, the impacts from this are still relatively unknown.

2. BIOLOGICAL MONITORING
the
The first action in developing a long-term monitoring program is establishing the key questions about
important
It
is
(English
1994).
al.,
et
study. This will guide the seleition of meihods, sites and times of sampling
or
to select sites for monitoring that are representative of the system as a whole, and not necessarily the closest
is
to
determine
monitoring
of
the
aim
if
most pristine areas. Such "piistine" sitei may be essential as "controls",
study" of the
impacts at test sites (English et at., 1994). All site selection should be made following a "pilot
balance
between
a
be
necessarily
will
monitoring
for
chosen
sites
of
u.*, if th" project is ioca-lizea. The number
(English
available
time
and
resources
of
amount
the
and
of
information
amount
trying to u"hi.u" the maximum
,i ot.l 19gq. The monitoring program should be designed around a series of sites that can be visited on a regular
repetition. The
basis, e.g. every year. Recofoing'itre GPS coordinatei of the sites are really important for survey
hrst stefis to establish a sound baseline description ofthe system before construction occurs.

2.I.

CORAL REEF, FISH & INVERTEBRATES MONITORING
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2.1.1. Pilot study: Manta tow: The manta tow technique is used to assess broad changes in the benthic communities
or coral reefs where the unit of interest is often an entire reef or large portion thereof (English et al. 1994).
Therefore this technique can be used to perform preliminary assessments to design a comprehensive monitoring
study.

o
o
o

Tow an observer, using a rope and manta board, behind a small boat powered by an outboard motor. Tows are
carried out at a constant speed around the perimeter of a reef and are broken into units of 2 minutes duration
(English et al. 1994).
During each 2 minute tow, observations are made on several variables (e.g. percent cover of live coral, dead
coral and soft coral). Additional information may be collected, dependent on the survey objectives, e.g. percent
cover of sand and rubble.
This technique is not recommended for fish counts. A pilot study for fish is not necessary since reef fish will
inhabit the healthiest available reef. Exclusive fish and invertebrates surveys will be carried out in the main
study.

2.1.2. Line Intercept Transects (LIT): It is the standard method recommended by the Global Coral Reef Monitoring
Network (GCRMN) to determine percentage cover and colony size for management level monitoring, and

obtains information on percentage cover of benthic communities e.g. hard coral, soft coral, sponges, algae, rock,

dead coral. The community

is

characterized using lifeform categories which provide

a

morphological

description of the reef community'

o
o

parallel
These categories are recorded on data sheets by divers who swim along lines which are placed roughly
to the reef crest at depths of 3 metres and l0 metres at each site (English et al', 1994).
place 5 x 20m long replicate transects at each ofthe two depths (shallow: 3 m and deep:9-10 m depths)' If
permanent rransects are used, place metal stakes, hammered deep into the substratum (at least 0.5m). If a typical

will be located on the reef

slope, approximately 3
If the
metres below the crest. The deeper transects will be located approximately 9-l0metres below the crest.
mean
site is on a reef without a well defined crest, then transect depth should be approximated to a depth below

reef flat, crest and slope is present, the shallow transects

water mark. If there is little or no coral at l0m then transects should be laid at 6-8m and not difference.

should be surveyed including those that are directly and
indirectly affected by construction. A "control" site shall be selected and test sites thereafter. These shall be
sufficient to make a quantitative assessment of the impacts caused by construction all around the island.
Observers must be as consistent as possible when recording benthic lifeforms. The same observers should
collect data at all sites and, where possible, during repeat surveys'

o A representative number of sites around the island
o

number of new
2.1.3. Coral Recruitment plates: The larval supply of coral species is examined by estimating the
metres
depth on a
5
at
deployed
are
The
tiles
(terracotta
tiles).
substratum
of
units
corals seftling on replicated

is
regular basiJ (e.g. monthly) and are collected after exposure for equal amounts of time, 3 months
round
Year
new
corals.
recommended. ,Lfter collection they are examined microscopically to count the
are known,
sampling should be undertaken to determine the period, or periods, of recruitment. When they
sampling effort can be concentrated in these periods

It is ideal for EIA monitoring because it will evaluate whether the system is recovering after it has been
damaged and at what rate. This *itt tr"tp understand the impact significance in later projects in the Maldives'
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2.1.4. Settlement Quadrats: This is used to measure the growth, mortality ad recruitment of corals in a permanently
marked (fixed) quadrat located at metres depth on the reef slope (English et al., 1994). It complements the LIT
method by providing changes in individual corals and recruitment to a mapped area. This provides abundance
estimates of recruits that have survived the first year, thus giving a more reliable estimate of future coral species
composition than recruitment tiles that look at newly settled recruits
. Using a 25cm x 25cm quadrat, swim in a haphazard fashion around the reef and place the quadrat on the
substratum in areas lacking large (>25 cm diameter) sessile invertebrates;
o Count all small (maximum diameter 2 cm) stony corals within the quadrat. Record to genus if possible;

o

Repeat 80 times.

2.1.5. Sedimentation on the reef: This is to measure direct sedimentation on the reef resulting from land clearing
activities, construction, dredging, mining and drilling activities. Sedimentation reduces light availability for
photosynthesis, deplete dissolved oxygen and cause smothering of organisms. Sedimentation rates are measured
using sediment traps.

o

Affach sets of 3 PVC sediment traps to the reef. The base of the traps should be 20cm above the substratum.

o

Place 4 sets n the reef slope at 3 metres, 2 on either side of the permanent quadrat at one metre intervals'
Collect traps every month, replace traps immediately with new clean traps. Dry and weigh sediments to the

o

nearest milligram.

Monitor monthly for the first year and then every 3 months for the next 2 year.

2.1.6. Coral Reef Fish Census: Belt transect: The aim is to simultaneously estimate the abundance and size of fish
along 50 metre transects. A visual census is conducted during daylight hours along 3 of the same transects as
the line intercept but the fish census transects must be 50 m long at 2 depths (3-5 m and 8-10 m). Wait for 5 to
15 minutes after laying the line before counting to allow fishes to resume normal behaviour, then swim slowly
along the fiansect recording fish encountered in a 5 m belt and 5 m tunnel above the transect' There are two
techniques:

r
.

Detect differences in assemblages of reef fishes at different sites using abundance categories (table 3). It
provides baseline data for zoning, management and monitoring' or;
Count individual fish and estimate their total lengths to determine the standing stock and population size
structure of specific species (those that are favoured by fishermen e.g. Senanids, Siganids, Acanthurids,
Lutjanids, Lethrinids, Haemulids, Balistids). This is to determine the standing stock and population size
structure of specific sPecies.

Table 3. Fish abundance categories.
Number of fish
Category
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2.2. SEAGRASSMONTIORING
Seagrass meadows occur in shallow, sheltered soft-bottomed marine coastlines (Kirkman, 1990). They
physically help to reduce wave and current energy, help to filter suspended sediments from the water column
and stabilise bottom sediments (Fonseca et al., 1982). The habitat complexity attracts high biodiversity and
abundance of animals. They are also nutrient sinks, buffering or filtering nutrient and chemical rich waters

(Short and Short, 1984). The high primary production rates are linked to high fishery production rates.

Monitoring seagrassess consists of mapping the distribution and density of existing meadows to
determine the natural variability (e.g. seasonal dieback) before estimates of loss or gain due to perturbation can
be made (English et al., 1994). Percentage cover are measured within replicate quadrats placed at regular
intervals along the length of a transect.

place transects perpendicular to the shore and that extend to the outer limits of the beds (where seagrass
(50m to l00m)'
disappears). Transects should be parallel and separated by reasonable distances from each other
to the
perpendicular
bearing,
fake-3 replicate transects at each site. Swim along the transect along a compass
shore.

place 25cm

x

25cm quadrats at regular intervals (5m-l0m) and estimate the percent cover using similar

categories to those used in coral reefsurveying.
Estimate the abundance and length of fish the same way as performed in the coral reef visual census'

2.3. TERRESTRIAL MONTIORING
Tenestrial environments in the Maldives play an important role in sustaining island shapes and many
indigenous species. Vegetation maintains the soil on the ground and hosts 70 bird species, many interesting
reptiles and amPhibians and mangrove communities. In Environmental Impact Assessments' terrestrial

4th Floor, Jamaaluddeen Complex

Nikagas Magu
Male', Republic of Maldives

Tel: 333 5949

Fax 333

/

333 5951

5953

E-mail: admin@erc.gov.mv
Wcbsite: www erc.gov.mv

PvtJ-'

-1.ttc

.tJ trJ
-t\

.t2
c.ttt4
' 4..
: tJte
: PyJ

: r.2.

: e'P"

monitoring should include evaluating the damages caused by the project development on the following flora and
fauna:

o
e
o
o
.
.
o

Land clearance activities including removal oftrees, shrubs, seedlings, forest litter;
Mangroves survey including area, species, health;
Reptiles and amphibians including species, population size, location;
Birds including species, population size and location;
Marine turtle tracks;
Soil texture changes, and,
Garbage description.

A general procedure for collecting island data is through focus group discussions where islanders can
identifo the major changes in flora and fauna. All stakeholders should attend this meeting.
Finally, the legislation states that:

o

No trees shall be felled for tourism ventures (Regulation on the Protection and Conservation of the Environment
in the Tourism Industry)

o
o

The maximum area for construction allowed for tourism ventures is 20Vo.

3.

SOCIO.ECONOMIC MONITORING

The buffer zone between the hish water mark and the first construction is 20 metres minimum.

Public consultation is an important part of the project assessment since stakeholders will influence the
or failure of the project. If stakeholders and members of the public fully support the development
activities will process much easier and benefits by both parties will be apparent. The following is important in
all consultations:
success

o
.
o
o
o

List of stakeholders and key informants, describe chronological plan of interviews and meetings and key points
of discussions;
Apply for all the necessary permits for project development;
Census of the economic activities in the area (project island and neighbouring islands);
Employment and economic opportunities and diversification in the area;
Impacts on tourism, and
The key outcomes from each stakeholder and key informant consultation ought to be included in the
EIA. Follow up consultation will validate the success of the project, failures and suggest improvements.

4'n Floor, Jamaaluddeen Complex

Nikagas Magu
Male', Republic of Maldives

Tel: 333 5949

Fax 333

/

333 5951

5953

E-mail: admin@erc.gov.mv
Website: www.erc.gov.mv

-rtt-'

-1-r2c

li:-tt-

'rJ t-Jt 2t+

;:it+ ..tt

---p
Ullnc

i.r!o

EIA for the proposed rehabilitation of harbour in Holhudhoo, Noonu Atoll

Appendix 2: Commitment letter from the proponent to
undertake monitoring

Proponent: Ministry of Housing and Environment
Consultant: Ahmed Zahid (EIA08/2007)
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Appendix 3: Socio-economic monitoring
The following key indicators can be used for monitoring the socio-economic impacts of the project to the island
and its population. The indicators may be revised based on the needs.
Category
Service quality

Indicator

Safety

User survey

% respondents satisfied with service
operation, classified by degree of
satisfaction.

services available

User survey, island and atoll
administration data
User survey.

Type of services available, % of respondents
satisfied with the services.
% respondents identifying each of five most
frequently listed problems
Number of evidence with the facility misused
or not being used
Total revenue collected from the facility

Mobility of
vessels
Employment

User survey evidence of facilities

Income generated from
the facility.
Cost recovery.

Financial statements/audit reports

Subsidy.

Finical records/annul budget
allocations from the government.
Safety standards enforced by island
authorities
Health records

Safety standards.
Records of accidents and
injuries.

Institutional
arrangements

Formula

Efficiency of operation
and maintenance.

Five main operation and
maintenance problems.
Care and use of facilities.

Financial
sustainability

Source

User charges/operational cost

(Total tariff revenue+ subsidies,
miscellaneous) total O&M cost.
Amount of subsidy provided from the
government
Safety standards developed
Number of onsite accidents, injuries and
fatalities during use.

Advocacy of users.

User interviews

% of respondents aware of safety precautions.

Harbor management
committee.
Participation of public.

Island and Atoll office /line Ministry

procedures for selection of members,

Minutes of Island Development
Committee Meetings/

Participation of members from island
committees, consultation with community
groups

Regulatory regime

Island and atoll office

Entry procedures/ price control/ actions
against complaints and non-complaints

Complaints dealt

Correspondences/records

No. of actions dealing with
complaints/number of complaints logged.

Training operation and
maintenance personnel
Development plans

Reports on training/
Island and atoll office/line agencies

Number of training days/duration of the
period
Availability of harbour development plans

Vessel types

Island office

% and type of vessels access to the harbor.

Frequency of use

Island office

Employment
opportunities

Island office, interviews, published
reports

No of vessels arrive on harbour according to
size, tonnage, location, purpose and
frequency.
No and type of works performed by island
people
Direct and indirect employment opportunities
created due to the project
Ratio of local and foreign workers

Proponent: Ministry of Housing and Environment
Consultant: Ahmed Zahid (EIA08/2007)
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Appendix 4: Bathymetric Survey

Proponent: Ministry of Housing and Environment
Consultant: Ahmed Zahid (EIA08/2007)
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